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No MBSE without ModSim

Modelling and Simulation in a Systems Engineering Context
Klaus Krohne — SIMULIA APAC Senior Sales Director
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EMPOWERING MBSE WITH SIMULATION

Project Mgrs /
Systems Engineers

BN CATIA Magic &=

battery Cooling System

&é

battery Module - Behavior Structure Simulation
«blocks
Battery Module - Behavior Structure Simulation

constraints
: Total Mumber of Cells

Valis
batteryTemperature : Real = 25
ofCelk

battery Junction box

Real
o <blacks numberOfhodules : Real = 1.0 T p—— battery Pack|Controller
Battery Cooling System Battery Junctionbox | |batteryThickness : Real
wort_a batteryLength : Real “<blocks oty l:h::::lg i
ery Pack Controller

Module Connector

batteryHeight : Real
batteryWeight : Real
batteryEnergy - Real
Vot : Real

L r
port_out: FluidPort  port_in : Fluid Port «requirements

Max Temperature

cell 1.4 asatistys| _[ld="
— = 7|~ 7|Text="Temperatre shall be less than 113 degreeg F*
<blocks
Cell Module - BDD
s &l

sensors : Fensors NT—
cell Contagt System : Cell Contact System = deLticbi)
cold Plate [Cold Piat i
module Housing : Module Housing Bp Negetive Pin
cell: Cell - Bl

Cell Controller : Cell Controller

values «blocks
numberOfCellsinSeries : Real = 150.0 Battery Prismatic Module A
moduleLength : length[milimetre] = 700{unit = millmetre} Vales
moduleWicth : length{millimetre] = 300{unit metre} chargingTime : Real | ssatisty; «requiremer ity
moduleVeight - Real > Battery Charging Time
numberOfCellsinParallel : Real = 2.0 d="
Text = "The fast charging time of the battery shall be less than

battory Prismall Modile & 35 minutes for a ambient temperature of 25 deg Celsius’

- T

Benefits

Earlier detection, fewer issues, reduced cost

better decisions...

Program/Project Management (Wisdom)

Technical Management (Knowledge)

System Analysis (Information)

Model Integration
Provides Full
Lifecycle
Continuity

Requirements
Definition

System
Validation

System
Verification

Design
Integration

i% Domain Experts (SMEs)
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CABIN COMFORT

Thesimulation(s) by Dassault Systemes and other technical or operational information represented in this video are presented as an illustration and are for informational
purposes only. Any use of information presented in or derived from this video is at the viewer's sole risk and Dassault Systémes disclaims all related liability.
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EXAMPLE CONTEXT

Autonomous Package Delivery via Drone

“Amazing Invention — This Drone Will Change Everything”,
YouTube, uploaded by Mark Rober, 18 Mar 2023,

https://youtu.be/DOWDNBu9DkU

b 835K GP /> Share =+ Save

Chris Philpot, The Zippy Flier, digital image, IEEE, accessed 19 May 2023,
<https://spectrum.ieee.org/in-the-air-with-ziplines-medical-delivery-drones>
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SIM PROCESS WITHIN SYSML

INTEGRATION 1

Drone Battery Charg

ing

Stephen Shankland, Zipline Battery, digital image, CNET,
accessed 19 May 2023,
<https://www.cnet.com/pictures/take-a-look-at-ziplines-
new-drone-delivery-system/12/>

\
WAL

2\
DS sistemes

Change Everything”, YouTube, uploaded
by Mark Rober, 18 Mar 2023,
https://youtu.be/DOWDNBu9DkU

“Amazing Invention — This Drone Will . ﬁ .

1202 Wewnooq~Sae i | 1202/L0/€2 | uoneusoju] feauspyuod | sewgisis jnesseq @

Chris Philpot, The Zippy Flier, digital image, IEEE, accessed 19 May 2023,
<https://spectrum.ieee.org/in-the-air-with-ziplines-medical-delivery-drones>
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AS-I1S: VERIFYING REQUIREMENTS WITH SIMULATION

Evaluating changing requirements often requires some simulation expertise to verify

Example: What is the maximum battery temp during an EV rapid charging cycle?
Q E =0

Requests

Sys Engineer

«system contexts
%ﬂﬂery Charging Analysis

battery Cooling System

w battery, ior Structure Simuiation

= | «blocks
= _L Battery Module - Behavior Structure Simulation
= = constraints

: Total Number of Cells

Reliance on SMEs:
Not an Expert on Methods
No access to Tools

valwes
battery Junction box halleryTem;ge:glet;lrse:.';e:ll =25
«blocks numberOfiodules : Real = 1.0

Battery Junction box batteryThickness : Real

batteryLength : Real

hatteryHeight : Real

batteryWeight : Real

batteryEnergy : Real

VoltageMax : Real

VoltageMin : Real

stpTime : Real = 2000.0

El% results : Real [*]

v i cl modelName : String [1..*]

- Bl PR fniNames : String [1..*]
port_out : Fluid Port port_in : Fluid Port iniNames - String [1.4]
iniValues : Real [1..*]
isSuccess : Boolean

cell [1.* maxTemperature : Real
<blocks maxSOC : Real

«hlocks
Battery Cooling System

d esafisfys[a _[ld=""
o i

Cell Module - BDD gxcu" ent : Real
parts 1

Sensors : pensors

cell Contagt System : Cell Contact System

cold Plate L Cold Plate

p1: Posttive Pin

«hlocks

Battery Housing

modulg Connector battery Pack|Controller

«hlocks

Module Connector .
p1: Thermal p3: Thermal

: I
FeAnaee sesnnaan feennas Sessssssnnnnnnnns "33 e

srequirements
Max Temperature

s ~|Text = "Temperatyre shall be less than 113 degreeg F*

module Housing : Module Housing E’Hp T Negative Fin
cell: Cell - BDD
Cell Controller : Cell Cantroller

values «hlocks
numberOfCellsinSeries : Real = 150.0 Battery Prismatic Module A
moduleLength : length[millimetre] = 700{unit = millimetre } eties
moduleWicth : length[milimetre] = 300{unit = milimetre } chargingTime : Real AN

moduleWeight : Real
numberOfCellsinParallel : Real = 2.0

o T battery Prismatic Module A

Slow
Inefficient
Not Scalable
Introduces Error
No Traceability
No Oppty to perform trades

Results

) 2
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Accurate Simulation Is A Start, But ...

“l can build a prototype faster than you can build a (simulation) model.”

- Executive of a large American OEM
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CAD-CAE Silo Process AS IS ~ 3-4 WEEKS

DESIGN BODY MODEL PREPARATION SIMULATION RESULTS

' CAD
2. DOWNLOAD

—
CAD + PLM

CAD & AUTOMATED CAD BODY MODEL

FASTENER MIDSURFACING INTEGRATION
IMPORT PREPROCESSOR

CAE SCENARIO

CAE
SETUP

POST-PROCESSOR

NETWORK DRIVE
FILE SYSTEM

FASTENER

“l:/lTEOSm‘JGED CONNECTIONS HPC SOLVE g

SAFETY DURABILITY

ANALYZE STORE/LOAD

MATERIAL ASSIGNMENT RESULTS RESULTS

(SCRIPT)

FASTENER
DOWNLOAD

g SUBASSEMBLY MODEL

MATERIAL PREP. BY SUPPLIER
DATABASE

NETWORK CRIVE

FASTENER

DATABASE FILE SYSTEM

REALISTIC VISUALIZATION

3-10 DAYS 6-10 DAYS 0.5-2 DAYS 0.5 -2 DAYS

* ONLY CRE SCENARIO SETUP PER VERIFICATION
** CAE ANALYSIS & REPORT GENERATION PER VERIFICATION

pys SESTEs L | The 3DEXPERIENCE’ Company



MODELING & SIMULATION

SOLIDWORKS
2

= MOD'Sﬂ!I._L *

MODSIM unifies modeling and simulation

on a common data model
within a single user experience on the 3DEXPERIENCE platform




MODSIM -
MODeling and SIMulation

Design (CAD)

Design Iteration ¢

MODSIM

SIMULATION

CAE Report

p——l CAD Select

/{ and Store
e

Assembly

Part

SCENARIO

&,

7t0 Initial Conditions

e Interactions

7© Boundary Conditions

N @ Procedures

ve ©
41 Parameters
@] Features

RESULTS

d.

s Shape Material Abstraction Mesh Publication

Meshing

Connect

CAE Mesh
Build,
Store,
Reuse

L o

EConnections

Sim Setup

A

/

CAE
Simulation

b SRR

= Evaluation
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Expand physics-based design space upfront

| SIMULIA

Design Space Checks
Points to sample: 30 = O | Level of checks: | Model v
Show model updates Show only failed points (1) [ BB
|x Framelpos\DOE 1\CSE... (¥ Frame2pos\DOE 1\CSE... & Status
100
@ Passed
= (o) B ralled
(] QO Notchecked
o
o
T 50 . ]
E o
= e]
(¢]
g o e}
g o
a (e}
W o @
s
% Q o
8 o
2 (o)
8 (o]
9 5o 2 )
& o
& (e]
o
(o]
(6]
= (e]
-100| @
-100 -50 0 50 100
Frame1pos\DOE 1\CSEPanel_V8 A (mm)
Updating design number: 7
Stop

Check All Points Close

3DS Collab Space ~
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INCREASE MBSE PRODUCTIVITY WITH 3DEXPERIENCE

Evaluate Requirements Directly from CATIA Magic using latest SME-approved validation models

Value to Dec.reased Reliance on SMEs
Verify on-demand

S ys E ng INeer  No tool access required
Enhances SysML model

V&V Models can be: \/3|ye to
Shared

Lifecycled SMEs

Executed by SE

Battery Charging Analysis

battery Cooling System

battery Module - Behavior Structure Si {

«blocks P .
Battery Module -
ik arametric
: Total Number of Cells
e Model
attan et b batteryTemperature : Real = 25 «blocks
G ¥ rOfCells : Real Battery Housing R L T t
«blocks numberOfiodules : Real = 1.0 moduld Connector rY. - m I
Bmery Cooling System Battery Junction box batteryThickness : Real 5 : e p ate
s i | fmegt e s : Pack Assembl
_ e Module Comnestor | (11— g | y
s - batteryEnergy : Real SHEM oot H
wort_b - Flui ‘YoltageMax : Real H
Vottagehin : Real H T}
stpTime : Real = 2000.0 ——— - o = -
& fonte: ey T [ W g e =
- modelhame : String m
port_out: Fluid Pt port_in: Fluid Port friNames : String [1.%] - s H ard € C
_out: _in: niNames - String (1 *] H <requireme rits .
iniValues : Real [1..*] - Max Temperature FELLLEETELL] =TT M 0 d e I
isSuccess : Boolean stisfys| ™ |d=" n \
cell [1.* maxTemperature : Real q Aty o) .
R maxS0C : Real . Text = "Temperatyre shall be less than 113 degreeg F* w f
Coll Madule 500 mexxCurrent : Real CrTETTEETy TrEETTEETTEEy wa® - Te m p d te
= & 1D Controls
Sensors : Bensors ) -
ool Cortadt Sysiem Cell Cortact System g Peste
cold Plate L Cold
module Housing Module Housing [_"392 T Negative Fin -
cell : Cell - BDD
Cell Cortroller : Cell Controller Pa ra etnc
«blocks
numberOfCeMsInSev fes : R i 150 0 Battery Prismatic Module A d I
maduleLength - | 00{uni vakwes i i M 0 e
modulerdlh Iength[mlimet e] 300 vt [I mvt chargingTime : Real = _{:sﬂlsf}p «requirements.
moduleieight : Real & q > Battery Charging Time T I
number ofCellsInP rallel : Real = 2.0 d=" . e m p a te
Text = "The fast charging time of the battery shall be less than 3 D P g S I CS
ﬁ T battery Prismatic Module & 35 minutes for a ambient temperature of 25 deg Celsius”

Verification Frequency
Verification Accuracy
Confidence in System Model DS Bassasit
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DEMO: CHARGING SYSTEM ANALYSIS USING SIMULATION

W

‘0es

B Containment

Containment

Bz

3

3]
=]

/7 Relations
-[] 1 Problem Domain
(3 2 System Solution Domain

~DBB-Y-

9 Diagrams | €2 Simulation

3 1 System Requirements
EB3-[ Battery Module Requirements Specification
E3-[] Battery Pack Requirements Specification
-i=| Battery Requirements
D| Battery Requirements to Stakeholder Needs
- Module Requirements Table «RequirermentTables
= D] Module to Pack
- Pack Requirements Specification «Requirerm
-| D] System Requirements
[ 2 System Behavior
[ 3 System Structure
B/ Relations
B[ 1Interfaces
B3-[7 2 Exchange ltems
E
E

7-[] 3 Subsystems
£ Vehicle Structure
&% Vehicle Blocks Definition
e Battery Module - Behavior Structure Simulation «Bloc
B Relations
B8 Battery Characteristic Parametric

&

i §g] Battery Module Internal Interfaces and Connectiol
=5 Battery Charging Analysis e:
B}/ Relations
-8 Battery Charging
B3 T Battery Charging
By« BatteryChargingSimulation( stpTime : Real, nu
battery Module - Behavior Structure Simulatio
maxTemperature : Real
maxSOC : Real
maxCurrent : Real
chargingTime : Real
nurberOfCellsinSeries : Real
numberOfCellsinParallel : Real
stpTime : Real
& Battery Cooling Systern «Block
E Battery Housing v
& Battery Junction box
Battery Pack Controller «Blo
* BatteryChargingSimulation «ConstraintBlocks «30
Connectors by Port Types
- & Module Connector «Elocks
Port Types
[ Total Mumber of Cells «Canstraints
T4 Battery Behavior - Simulation
& Battery Module - Behavior Structure Simulation

>

v

: File Edit View Layout Diagrams Options Tools Analyze Collaborate 3DEXPERIENCE Window Help

:BY v @ Create Diagram : X Save Results of Best Architectu v | [>

£ Battery Module Block Def... X

03 Common,

£%| Block Definition Diagr...
[ Package A
B Block

2l Interface Block

2] Flow Specification

Ed cConstraint Block

2 Domain v
Walue Type v

[E Enumeration

3 Signal

= Instance

O Interface

iz} Proxy Port v
A Interface Realiz.. v
/{ Link

é Association Blo.. ¥
/" Directed Associ.. ¥
" Directed Aggre... v
«" Directed Comp... v
<" Generalization v

~
<y Usage -
“u

g v

f2 Internal Block Diagram
Tl Requirements Diagram
& Requirernent

[ Extended Require.. v
72 Satisfy

/3 Derive

L% Copy

7 Trace

L0 Verify

% Refine

T Test Case Activity v

e Diagram
3 Profiling Mechanism

a

B i

bdd [Block] Battery Module - Behavior Structure Simulation [ Battery Module Block Definition - BOD | )

battery Cooling System

battery Module - Behavior Structure Simulation

«system contexts
rging Analysis

«blocks

Battery Module - Behavior Structure Si

port_b - Fluid Port

port_out : Fluid

«hlocks
Battery Cooling System

p4 : Thermal

Tl

Port  port_in: Fluid Port

cell

battery Junction box.

constraints

: Total Number of Cells

batteryTemperature - Rea!‘
OfCells : Real

«blocks
Battery Junction box

«blocks
Cell Module - BDD

sensors :
cell Conta
cold Plate

parts
pensors
System : Cell Cortact System
Cold Plate

L1 Postive Pin

&

values

numberOfvodules : Real = 1.0
batteryThickness : Real
batteryLength : Real
batteryHeioht : Real
batteryWeight : Real
batteryEnergy : Real
oltageMax : Real
‘VoltageMin : Real
stpTime : Real = 2000.0
results : Real [*]
modelName : String [1..*]
fniNames : String [1.%]
iniNames : String [1..4]
iniValues : Real [1.%]
isSuccess : Boolean
maxTemperature : Real
maxS0C : Real
maxCurrent : Real

housing

«hlocks
Battery Housing

modulg Connector

«hlocks

Module Connector

p1: Therm|

«satisfys|

3

.
gl p3: Thermal

battery Pack|Controller

«hlocks
Battery Pack Controller

Tl
| p3: Real

srequirements
Max Temperature

id="
Text = “Temperaty

jre shall be less than 113 degrees F*

module Housing : Module Housing
cell: Cell -
Cell Controller : Cell Controller

BDD

rL‘ p2 : Negative Pin

alves

numberOfCellsinSeries : Real = 150.0
moduleLength : length[milimetre] = 700{
moduleVict]
moduleVWeight : Real
numberOfCellsinParallel : Real = 2.0

lengthfmilimetre] = 300{uni

nit = millimetre }

«hlocks
Battery Prismatic Module A

|

miflimet

chargingTime : Real

L «satisty}

Elqﬁ battery Prismatic Module A
battery| Module |(redefines cel}
«hlocks «hlocks <hlocks
Cell Module Cylindrical Cell Module Prismatic Cell Module Pouch

«requirements
Battery Charging Time

d="

Text = "The fast charging time of the battery shall be less than
35 minutes for a ambient temperature of 25 deg Celsius”

Ready

@ [100% v |G

DAY
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VERIFICATION USING SIMULATION

Sys Engineer SMEs

«system contexts
Battery Charging Analysis

Document_2021

battery Cooling System

battery Module - Behavior Structure Si

«hlocks
Battery Module -

constraints
: Total Mumber of Cells

valwes.
i batteryTemperature : Real = 25
e battery Junction box OfCells - Real

«blocks numberOfiodules : Real = 1.0 i

Battery Cooling System Battery Junction box | |batteryTrickness - Real meddig connector
iidd Port batteryLength : Real abiocks.
ﬁgmﬂng| Module Connector
batteryEnergy : Real
Voltagemax : Real
VoltageMin : Real T|
stpTime : Real = 2000.0 .
results : Real [*] p3: Real
modeliame : String [1.4]
3 ¢ 3 - Stri *
port_out : Fluid Port port_in : Fluid Port if:iINamess 5 Ssttl"ig'gg[[:....’]l «requirements
iniValues : Real [1..*] Max Temperature
isSuccess : Boolean 5 —-
cell [1.* axTemperature : Real «setisfyy =
«blocks ma;(sgmcpf Real % o= === Text = “Temperatyre shall be less than 113 degrees F*

Cell Module - BDD maxCurrent : Real

parts

p1: Posttive Pin

Battery Housing

battery Pack|Controller

nformation | 23/07/2021 | ref.: 3DS

«blocks
¥ Battery Pack Controller
p1: Thermil p3: Thermal

' Validated
Share in 3DX Model

Template

sensors : pensors

cell Cortagt System : Cell Contact System
cold Plate [ Cald Plate

module Housing : Module Housing E.'] P2 Negative Pin
cell : Cell - BDD

Cell Controller : Cell Controller

Process Composer

© Dassault Systémes | Confidenti

Valoes «hlocks
numberOfCellsinSeries : Real = 150.0 Battery Prismatic Module A
modulelencth : il = 700{unit i =
: ilimetre] = 300{unit = ! chargingTime.: Real e L esatistyp erequirements
moduleieight : Real & 1 > Battery Charging Time
numberOfCellsinParallel : Real = 2.0 -
Text = "The fast charging time of the battery shall be less than

35 minutes for a ambient temperature of 25 deg Celsius”

el ‘I‘ battery Prismatic Module &

SYSTEMES

D7S DASSAULT

19



MODSIM - —
MODeling and SIMulation

/{ and Store
e

Meshing
Design (CAD)

Assembly

Part

Connect

s Shape Material Abstraction Mesh Publication

L ' CAE Mesh

SCENARIO ® S @ %@ o Buildes
4] Parameters Store,

m ﬂ Features EConnections Reuse

7t0 Initial Conditions

e Interactions

Design Iteration ¢ 7© Boundary Conditions

N @ Procedures

RESULTS

Sim Setup

d.

(of:]3
CAE Report Simulation

b SRR

= Evaluation

MODSIM
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WHICH IS FEA? WHICH IS ML?

5, Mises

(Avg: 759)
+2.761e+02
+2.531e+02
+2.301e+02
+2.071e+02
+1.840e+02
+1.610e+02
+1.380e+02
+1.150e+02
+9.204e+01
+6.904e+01
+4.604e+01
+2.303e+01
+3.046e-02

Max: +2.761e+02
Elem: SHAFT2.1040
Mode: 1321

Landing Gear
z CDRB: 2.odb

Y
Step: Step-1,
Increment

ML

(Avg: 75%)
+2.76%9e+02
+2.537e+02
+2.305e+02
+2.073e+02

Prediction

+1.841e+02 160000 -
+1.609e+02
+1.377e+02 ) 140000 4
+1.145e+02
+9.131e+01 g
+6.612e+01 ] 120000
+4.493e+01 ; 100000 4
+2.173e+01
-1.461e+00 T soooo
3 (=

Max: +2.769e+02
Elemn: SHAFTZ.1040 £0000 -
Mode: 134 P 40000

20000 1

0

Landing Gear
Ahaqus/Standard L aging Version (MNTY - Man Oct 24 10036 z ODB: 2. 0db Abagus/Standard U aaing Version (MNTY - Man Oct 24 10:36

Y
KINEMATIC ANALYSIS Step: Step-1, KINEMATIC AMNALYSIS
10: Step Time = 1.000 Tncrement 10: Step Time = 1.000

Primary Yar: 5, Mises Primary Var: ML

Ceformed Yar: U Deformation Scale Factor: +1.000e+00

Ceformed var: U Deformation Scale Factor: +1.000e+00

ML Total Cost:
100s/1000s of times faster per result
(plus training runs)

FEA Total Cost:
1x per result

T T T
130 200 250
Time

DAY
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Girish PATIL G I
EMEA Demo - 796 | IPS_Data We 7

AUENCE | Performance Study - Panel_surrogate__model(-) »v

(- [E

I Panel_surrogate_model(-) EhYE NS X

‘ Panel_surrogate_mode... Completed on Aug 26, 2024

4 InputsfOutputs

&

w Inputs
Frame 1 position (L1) Frame 3,4 flange size (F1) Parameter details

-100 A2 20
-100 100 20 25

" . . Frame 1

Frame 2 position {L2) Stiffener flange size (F2) L1 : Frame 1 position

1o ¥ (w0 Frame 4 L2 : Frame 2 position
-100 100 15 40 g F1: Frame 3 4 flange size

Frame 3 ~ F2 : Stiffener flange size

Stiffener height (H2) SRR 10> Samoner height

25 Frame2 ¥

h
23]
s
o

w Ouputs

Simulation results Displacement plot

ﬁ Surrogate_model_results

Desplacenont 2 (oum)
Max: 0955
Min: 76806

1
' 00
os
} o7

06
05

"04

03
o>
E

Detors stinn sl 1
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SURROGATE MODEL GENERATION & USAGE

)
a Usage of Surrogate Model A

MIKE JIM
ML Expert Design Expert

Generation of Surrogate Model

Frame 1

¥ Inputs
Frame 4
ate M od e I Frame 1 position (L1) Frame 3,4 flange size (F1) parameter details
-0 il
"""""" T * Stiffeners So0 100 0 25

Frame 2

Frame 2 position (L2) Stiffener flange size (F2)
— 100 — 40
- -100 100 15 40
* 1

Stiffener height (H2)

< 25
I 25 45
-

Parametric Model Process Template
Results Dataset arametric Mode P
.9.°
-0
O
. °JI°:°
Create User Interface Publish Template
Frame 1 position (L1) Frame 3.4 flange size (F1)
Frame 2 position (L2) Stiffener flange size (F2)

10
-100 100 16 40

40

Stiffener height (H2)

25
25 45

Predicted Results



SYSTEM TRADE STUDIES & OPTIMIZATION

How does a System Engineer evaluate alternatives?

«system contexts
Battery Charging Anal

Document_2021

hattery Cooling System . ~ 1 ~E ~
bl 2, t=stpTime p=numberOfCelisinParallel s=numberofCellsinSe

battery Module - Behavior Structure Simulation

8 <blocks ™1 ™1 ™1
™ Battery Module - Behavior Structure Simulation 1 - |
"L constraints
@ : Total Number of Cells
<)
= ey
~ i batteryTemperature : Real = 25 «hlocks
o T kettery. Aaxction b OfCelss - Real Battery Housing T L.
> «hlocks numberOfivodules : Real =1.0 duld C i ry Pack| Controller
S Battery Cooling System Battery Junction box batteryThickness : Real iz Rk
o baﬂevyLef\gh Real <blocks <blocks
> Emerwv?:gmm RRexall Module Connector 3 Battery Pack Controller
N eryVeight | Real T -
o~ batteryEnergy : Real p1: Thermal p3: Thermal
o VoltageMax : Real o o eyl R
K= VoltageMin : Real I yeipTime g O arallel numberC
= stpTime : Real = 2000.0 =
= & resutts : Real [*] p3: Real - -
5 2 ;"?ﬂe“ﬁ'"esf"mﬁ ik ]--*1 «3DXSimulationTemplate:
- Flui o i niNames : String (1. = B 3] A
‘s poftioutzEad o jporijnitkad Fart iniNames © String [1..%] «reruirements BatteryChargingSimulation
iniValues : Real [1.4] Max Temperature
= e isSuccess : Boolean «satisfys) — al
cell |1. iExTe at Real g
é <blocks axSoC Resl [ = = 7| ?|Text="Temperatire shall be less than 113 degrees F* %
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Quantification (UQ) techniques

Auto matrix Generation
Fast, parallel execution

Execute at any level of
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16 Optimization Techniques
* Drive design towards desired objectives
* Includes DS-proprietary Hybrid Optimizers

Monte Carlo Simulation for UQ
» Evaluate robustness of designs when
introducing uncertainty / tolerances
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ANALYZING RESULTS TO DRIVE ENGINEERING DECISIONS

Collect analysis datasets to study
Rank and score alternative designs

Compare the performance KPIs of
designs in a single view

Update Requirements from study

Create reduced order models
(FMUs) from the datasets

"q
L
Results Analytics
T =D

ssssss

eeeeeeeeeeeee

nnnnnnnnnnnnnnnn

xxxxxxxxxxxxxxxxxxxxx

=07 BearnHeight =02: FlangeThickness =03 FlangeWidth 04 WebThickness

D7S DASSAULT

SYSTEMES



© Dassault Systémes | Confidential Information | 23/07/2021 | ref.: 3DS_Document_2021

USING CATIA MAGIC & SDEXPERIENCE FOR TRADE STUDIES

Develop Architecture
Evaluate Performance e e
against Targets ,  EE o oEEE

-
-
-

-~

-
-

—

\ -

B ——— = === |~ | Develop analysis &
BT s N e = [=———— "= design models

o External

>Rt —*  Analysis

Validation

Q|

SIMULIA
Results || Results

I Analytics
Execute system-level !
trade analyses ‘.‘ -

SIMULIA Integrate Integrate
Experience ({{*:D}D 3DX (({*::J}]) External

Studio Cid-i Models @+E Models

Ln-n T SIMULIA Link to models
CE.D Process

Composer

rrrrrrrr

««««««
nnnnnnnnnnnnnnn

]
: =] Dymola
p3: Real

Scalability

- - N N NN NN S S S N S e e e om0 (| | MexTemperature

«satisfys|

D7S DASSAULT

SYSTEMES



nt_2021

© Dassault Systémes | Confidential Information | 23/07/2021 | ref.: 3DS_Docume!

TAKEAWAYS ON IMPROVING SIMULATION TO SYSTEM MODELS

> Enable Systems Engineers to validate within Cameo using
managed Methods/Processes supplied by SMEs

> Easy Drag & Drop to create integrated SysML Models

> Perform trade-studies & optimizations quickly through parallel
execution and easily Analyze Results

> Extends the SysML Model rather than replicating the System
Definition as seen in other software offerings
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