// ‘ .

SCIENCE
N THE AGEQF EXPERIEKJCE
'\

d hﬂe\unru Atrl Industry Processes through Simufle

> =
) o’ '
‘ s?t?ss'rsé:’ié's-r” The SDEXPERIENCE Company



Where Do You Want to Go Today?
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Our Vision

66

Dassault Systémes provides business & people
with 3DEXPERIENCE universes to imagine
sustainable innovations capable of
harmonizing product, nature and life. ,,
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Aerospace Industry Revolutions

1st Revolution 1
World’s first successful ~.:'f’ i 3d Revolution

& ,/
airplane, invented, ’\(:,» —— . Personal air taxis for
built, and flown by the on-demand urban
Wright Brothers transportation

2nd Revolution
Introduction of the
jet engine leads to
large scale
commercial aircraft

2
25 simuLIA pSS.,f'SSEEﬁ'J;’é-g I The 3DEXPERIENCE’ Company




3DS.COM/SIMULIA © Dassault Systémes | 11/30/2018 | ref.: 3DS_Document_2015

5

Challenges

3rd Revolution
Personal air taxis for
on-demand urban
transportation
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Feasibility Barriers

O Vehicle Performance
O Certification

O Aircraft Noise

O Vehicle Efficiency

O Cost and Affordability
0 Safety
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How Can Simulation Help?

‘ Aerodynamic Performance

Aircraft Noise

Airframe Composites

@ Lightweighting

Communication Systems

% Environmental Effects (E3)
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Feasibility Barriers

O Vehicle Performance
O Certification

0 Community Noise

O Vehicle Efficiency

O Cost and Affordability
0 Safety
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Accelerate Innovation in Aerospace

Joint project at Wichita SDEXPERIENCE Center: Deliver a Search and Rescue UAS in 90 days

(NIAR | WICHITA STATE UNIVERSITY | ;5

DASSAULT
SYSTEMES

| The ZDEXPERIENCE”CDmpang>
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How Can Simulation Help?

a Aerodynamic Performance

2
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Feasibility Barriers

O Vehicle Performance ‘
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Aerodynamic Performance | CFD Solutions

N

\ %

... to exploring the entire Flight Envelope
* Unsteady simulations
» Separated flows
* Fully detailed geometries

2
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Taking CFD from the Center of the
Flight Envelope ...

« Steady state simulations

« Smooth geometries

————
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Cruise Conditions | Parametric Model

Predict UAS performance through CAD-enabled CFD on the 3SDEXPERIENCE platform

( Parametric UAS geometry )

Angle of attack
Sideslip angle

Flap angles

2
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Cruise Conditions | Automation

Predict UAS performance through CAD-enabled CFD on the 3SDEXPERIENCE platform

© . L. .
g ( Specify flow conditions ) Use process automation to evaluate
o—a‘ -
5 aerodynamic performance
g
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< ~ Physics % ~ Steady-State Step X
-
E Name: | Fluid Physics.1 Name: | Steady-State Step.1
% State: | Fluid ~ Maximum iterations: = 2000
3 Enable temperature effects. Error threshold: 0.01
a Enable compressible flow
© * Pressure equation controls
Turbulence model: | Realizable k-epsilon ~
» Momentum equation controls
» Turbulence model parameters * Turbulence equation controls Run CFD Simulation and Extract Results

oK Cancel OK Cancel
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Cruise Conditions | Verification

Wind tunnel test data is used for verification of simulation results

0.20 (

Document_2015
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B 3DEXPERIENCE CFD
—e=\/ind Tunnel Data
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Drag coefficient ¢,
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Cruise Conditions | Fluid Structure Interaction
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2. Build structural
model

4. Setup FSI co-
simulation experiment
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o 1. Create parametric

geometry

o—|

@ 3. Build CFD model

-

& 5- Monitor and post-
~ process results

2 Results | (O

= Atbans Tite Deseripton Name Mogicaton Date Creston Dste: Type
W Type

1 UAV_SutSR  sim 60420419-000000001  4/32018 24423 PM 37720183:33.22 M @ Physics Simuistion
UAV_ctasim Sim-G0420419-000000002 4130018 24323 PM N01833322PM @ Physics Simuiation
Q Collaborative Sp
© Modif D
Last Modified B
f Responsible
[
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Exploring the flight envelope | High-Lift Conditions
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Exploring the flight envelope | High-Lift Conditions

Transient CFD
PowerFLOW

Experiment
Wind Tunnel

Document_2015
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Key Benefits

0 Accurate prediction of stall mechanism and maximum lift
U Fast evaluation of multiple designs

U Replace large wind tunnel campaigns
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Exploring the flight envelope | High-Speed Buffet

©JAXA/Tohoku Univ.

Document_2015

2 -5 1 05 0 05 R

6.00 deg.

Key Benefits

Q Predition of buffet onset and post-stall
regime in conceptual and pre-WT
definition status
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Skin Friction [dimless]

Q Provide aircraft handling information to the
aircraft project during early phases

0.000 0.002
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Exploring the flight envelope | High-Speed Buffet
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PAY

95 10
ALPHA- deg

Accurate simulation of buffet
onset and post-stall regime
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‘How Can Simulation Help?

Feasibility Barriers

) Aircraft Noise L Certification
O Aircraft Noise

,-
fw‘
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Aircraft Noise | Ccommunity Noise
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Aircraft Noise | Air Taxi Community Noise
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Aircraft Noise | Air Taxi Community Noise
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Aircraft Noise | Air Taxi Community Noise

- g ‘\,‘,"::. ’(‘ % ))/ v \'}‘ '\“
N " \\‘ o .
" /

3DS.COM/SIMULIA © Dassault Systemes | 11/30/2018 | ref.: 3DS_Document 2015

2,
S simuLIAa 975 SGSTEMES | The 3DEXPERIENCE® Company

23



community Noise | Geometry Modification

" (_Baseline ) = (Low-Noise) \
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community Noise | Geometry-based Noise Reduction

( Baseline vs. Low-Noise )
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community Noise | Geometry-based Noise Reduction

( Baseline vs. Low-Noise )
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How Can Simulation Help?

a, Feasibility Barriers
Q Vehicle Efficiency
Y O Cost and Affordability

Airframe Composites
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Airframe Composites

2. Creation of
composite design and @—
draping simulation

4 3. Rules based
meshing

4. Map the composite
onto the mesh

5. Definition of
simulation scenario

6. Modify layups or (5 i
design geometry and ' ‘ .
automatically update st b L e e s s e B

FEM properties

o 1. Parametric
geometry creation
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Airframe Composites | Key Capabilities

Capabilities of composites solutions on 3SDEXPERIENCE platform
Seamless integration C Supports all design methods available in )

with CATIA composite CATIA composite design
design tools

Document_2015

Plies Design Zones Design Grid Design

Full range of solver capabilities from linear
analysis to progressive damage analysis

Ply-based post- p: Tsai-Hill - Ply 3 e
processing tools & i .
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Tsai-Hill - Max envelope
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'How Can Simulation Help?

Y. '?' N Feasibility Barriers

O Vehicle Efficiency
O Cost and Affordability
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Lightweighting

1. Capture
@ Functional
Specification (

2. Generate and
validate concept @——
shape

3. Concept trade-off
Study

a

o Broyley BazzELE @P +

3DEXPERIENCE | CATIA Functional Generative Design

=

A © i

Q&Y sUAS - Preliminary design_Front Payload Section A1 Gimbal Mount Plate 0 A1 RFLP - Gimbal Mount Weig! Sim_Gimbal Mount Plate 4

@

4. Generative shape

1 \ s e T Deign  MilgRstucion Shpehiven PoditEdten | View ol Tah
modeling and @ * b B.9. 6. 6 &. ]+ 0 F P
validation i b ke T e i il o e g e
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Lightweighting | Key Capabilities

( Assembly optimization ) ( Different manufacturing constraints )

Document_2015

Additive
Manufacturing

Milling Casting

(Automatic smooth geometry creation )
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'How Can Simulation Help?

" Feasibility Barriers

0 Safety

Communication Systems

3DS.COM/SIMULIA © Dassault Systemes | 11/30/2018 | ref.: 3DS_Document 2015

\% ﬂ- //

2
25 simuLIA ;S sistemes | The 3DEXPERIENCE® Company

35



Antenna and Array System Analysis

Element: Antenna Synthesis

__[O

Periodic and Finite Array Analysis

Powerful Visualization
and Post-Processing

©

Cosite / Coexistence Analysis
for multiple Antenna Systems
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Antenna Analysis | Key Capabilities

High performance 3D
field visualization

Document_2015
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MM - WILENIM
Mot
Low i Resonance High
- Fraquengy
‘% Subisr
FEhl = MOR

Tiny ¥ Small

975 SiSremes | The 3DEXPERIENCE" Company




Antenna Analysis |

Array tool,
setup and

Document_2015

optimize
large arrays
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Key Capabilities

Coupling Matrix

Parametric RF Systems Violation Matrix
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'How Can Simulation Help?

" Feasibility Barriers

0 Safety
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% Environmental Effects (E3)
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Lightning Strike Event Analysis

Aircraft Fuselage / Cabin Model

:I l @ Ensure electrical systems maintain

performance to specification

rrrrrrr

30

Locate strike areas with Aircraft
Zoning (static E field)

251

shielde:
unshiel ire
£ 20 : : - /
< 15 /
5 d
O ——— 3 10 {-ie F S - e
5 ; / ; =
3 LA
0 5 10 15 20 25 30 35 40 45 50

Time / us

Visualize resulting fields and currents

03
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Lightning Strike | Key Capabilities

Tight integration between
Computer Aided Design and
Computational
Electromagnetics

Document_2015

Large 4 Big Asyrpiobc

High performance
3D field visualization

Complete EM solver technology, ransloil Sobsis

st e Itsgral
hybrid simulation, single GUI bl
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Lightning Strike | Key Capabilities

Probe Time Signals in A/m (Perfect boundary approximation (PBA) mesh, octree Iumping)

—_
(=]

e

f=

""""""""" Native transient
"""""" analysis, use direct
lightning waveform

00
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~
P —
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H] / (kA/m)

[ R SR OO N S N

High Frequency Mesh

1
gEm==r ——C )

0 5 10 15 20 25 30 35 40 45 50
Time / us Meshplaneat X -0.050

Mouse At
XY, Z -0.050, 1069, 9510

Meshcells 7,649,450 | | | | | | |

Symmetry planes none

Bidirectional cable harness,
3DEM cosimulation
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Comfort to Safety

‘ Data Driven

’ Model Based

&) e

2)

y irtual-l-Real]

Eonnected ]
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