achkongres
Composite

Simulation

| @

~

Effiziente und effektive
Composite-Entwicklung mit
SIEMENS FIBERSIM

Boris Vetter, Siemens PLM Software, 20.3.2014, 3. Fachkongress
Composite Simulation, VDC (Virtual Dimension Center), Fellbach
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Vistagy is now business segment SES (Specialized SIEMENS

Engineering Software) of SIEMENS PLM

Vistagy Inc. r

Y VisT =Ny
- R | L‘TAGY :

 Founded 1991 a

- — — —

\,\T:‘\%‘ &R A;u
‘l‘l,l‘.,l,_““l' =

AL b gy 2P ok

i) ity -
) W imy Loy

T L il "U el L by

aul | W |

 Headquarters:
Waltham, MA, USA

« 300+ Global
Customers

« Acquired by
SIEMENS PLM in
Dec. 2011
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Specialized Engineering Software Portfolio

Page 3

FIBERSIM

Designing and manufacturing innovative,
durable and lightweight composite structures

SYNCROFIT

Designing and manufacturing
complex assemblies and large aero structures

SEAT DESIGN
ENVIRONMENT

Developing seat cover systems
and covered interior components

Siemens PLM Software
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Agenda

1. Challenges of composite design
in High Volume Automotive
Structures

2. Engineering Software for the cost
effective design of High Volume
Composite Structures

2. Examples

Unrestricted © Siemens AG 2014. All rights reserved.
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Fuel Economy & Emissions Reductions Are Driving
Innovation to New Levels for the Automotive Industry

65

60

55

50

N
o

Miles per gallon

w
(31

30

25

EU bo
Japan 5
China 50
(4
/ US 50
/7
/
7
”’
-
2000 2005 2010 2015 2020 2025

Source An, F., and A Sauer.

Page 5

Huge improvements

to fuel economy

required by 2025!

Past ~0.5 mpg per year

Future ~2.0 mpg per year

Siemens PLM Software
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Percentage of surveyed respondents

3 i1 =

Fuel Efficiency Production of Differentiation Sustainable
& Emissions lower cost with high quality Materials Usage
Standards automobiles and performance Regulations

Source Aberdeen Group, Harte Hanks Research Study, 2013

Unrestricted © Siemens AG 2014. All rights reserved.
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Biggest Challenges

In Automotive Industry

Top Two Challenges of Achieving Fuel
Efficiency/Reduced Emissions

Powertrain  Plug-in Hybrids
Electric Vehicles

Combustion
Powertrain Efficiency
Transmission & Drives

Vehicle Architecture
Weight Efficiency

Tradeoff weight/attributes
Joining technology
Materials

Performance Aerodynamics
Driving Behavior

Rolling Resistance
Energy Management
Climate Systems

]IIIII‘”E

Source Aberdeen Group, Harte Hanks Research Study, 2013

Unrestricted © Siemens AG 2014. All rights reserved.
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Automotive Lightweighting | Cause and Effect

DECREASING WEIGHT

Smaller Engine

Reduced fuel tank capacity,

Additional Body Weight Reduction fewer batteries

Unrestricted © Siemens AG 2014. All rights reserved.
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The composites potential

Typical

- Saving weight B Fotenti
* = Saving material cost!

50% Uncertainty
Overdesign
Black metal

o Al Mg

CFRP

Unrestricted © Siemens AG 2014. All rights reserved.
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KOSTENSTRUKTUR CARBONFASER-REFERENZBAUTEIL (RTM)

KOSTENSTRUKTUR STAHLBLECH-REFERENZBAUTEIL

> Referenzbauteil der Grofe — R
08mx0,8m —
> Gewicht 1,8 kg _
> Bauteilkosten ~50-60 EUR 20%  Andere
~50%

Prozess — 159  Arbeit

Andere
Abschreibung ----------------------- [

9% NN e LT 5-10%

Maschinen
u. Werkzeuge

Harz

85% e > Referenzbauteil der
Groke 0,8 mx 0,8 m

> Gewicht 4,5 kg

> Bauteilkosten <10 EUR

Andere

Rohstoffe
i 12% - Hilfs- und

o)
¥
o
-
o
*
0
»
0
-
x
o

12%
Arbeit 10% ~50% Carbonfaser-
Material -45%
Rl 0-45% ET———
18%
Energie Precursor
CFK-Bauteil
(RTM Verfahren)

¥ . Betriebs-
Sonstige? ~25% = stoffe
onstige Prozess :
Anderes I =’I 7%  Abschrei-
Material ~75% 10% bung
Stahl Material Arbeit
... iy
Stahlblech fierge
Bauteil

1) Textile Rollenware ohne weiteren Zuschnitt etc. 2) Split: Maschinen und Werkzeuge ca. 5%; Arbeit ca. 12%; Andere ca. 8%

Quelle: Desk-Research; Experteninterviews; Roland Berger

Unrestricted © Siemens AG 2014. All rights reserved.
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Automotive Composites are Unique |

Tight Integration Analysis, Design Manufacturing

Shorter Time

Optimized Structure
Fewer Prototypes

Manufacturing

« Performance strongly influenced by material, process, geometry
 Requires tight integration between analyst, design/manufacturing engineers
« Accommodate early and frequent changes

« Bi-directional communication between analyst, designers and manufacturing

Unrestricted © Siemens AG 2014. All rights reserved.
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Aerospace Composite Configuration and Shape

Boelng 787

Frame/Skin
Assembly

Unrestricted © Siemens AG 2014. All rights reserved.
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High Volume Automotive Composites
Unique Challenges

*Time to market and design cycles are shorter
»Complex part shapes / limited space
»Strong emphasis on weight and cost reduction

Crash sensitive to stiffness, not as tolerant to over
designing

»Unigue CAE and Design data exchange requirements

»High Production volumes necessitate new materials
and reliable automated processes

Page 13 Siemens PLM Software
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Automotive Composite Process Choices

Each process imposes

Resin infusion ) ]
unique constraints

* RTM
* RFI

Automated deposition
« Braiding

» Tailored Fiber placement
* Winding

« Spray Fiber

Forming
*  Dry Preform
* Wet/Infused
* HotTP

Pultrusion

Unrestricted © Siemens AG 2014. All rights reserved.
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Agenda

1. Challenges of composite design
in High Volume Automotive
Structures

2. Engineering Software for the cost
effective design of High Volume
Composite Structures

2. Examples

Unrestricted © Siemens AG 2014. All rights reserved.
Page 15 Siemens PLM Software



SIEMENS

The Composite Engineering Process

Design Validation Certification of
Design Report

Documentation for
Manufacturing/Productiof

Draping simulation

Splicing/Darting
e NN

==
Manufacturing Process Planning, Production

Simulation & Optimization

Product Lifecycle Management

Unrestricted © Siemens AG 2014. All rights reserved.
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SIEMENS

FIBERSIM

Software for designing and manufacturing
innovative, durable and lightweight composite structures

Tricot Stitching

Chopped Strand Mat

-45¢ Direction

Siemens PLM Software
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FIBERSIM SIEMENS
Producibility Simulation & Flat Pattern Generation

[
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v [ Fix
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Dependencies

Details

Preview
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Manufacturable Composite Designs

M NX 8 - Fib

2 bile i View Inseri bormih Tools Assemblic Iniormigion  Araysis Preicrences Window  kip
Yo NIHG+aBX 0o He w D@ we @G-S =5 2>
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®

¢ | E
Dependencies v
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Preview v
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Metallic Composite
Isotropic Non-Isotropic

Properties Equal Properties vary based on
Material, Process, Geometry

Unrestricted © Siemens AG 2014. All rights reserved.
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FIBERSIM SIEMENS

True Fiber Orientations

M NX 8 - Fibersim - [B_Pillar_NX8.prt (Modified) ] SIEMENS = =
G kile i View  Inserc Formin Tools  Assemblics  Informigion  Anabysis Preivrences Window Ll Q@

ur MW tBBX 0o H&QQR@E@-[- 0o G- FPw =8 A3INT S YADESS

(Voiri B (e Assombly ) k0 ] @ @2 % Ti-

Core Sample Analysis

= Deviation Simulation

Parent: B Pillar

=

€3 History Mode

»a | Rosette: ROS001
| | 8 Model Views i
o [ Cameras Identifier: Point 32135
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» -3 Sheet "Ply_Book _Template® Units: Millimeter {(mm)
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& OFgC
@ @ OpgG Name Seq/Step Orient Material Thickness
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Warp Weft Warp Weft
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Improve Forming Producilbity Feedback

V/ UNIDIREC TIONAL
%“‘— COMPOSITE
!

20

-
o
s

~J
T T

UNIAXIAL STRENGTH IN UI(KSH
S

(58]

30 45 60 75 Q0
FIBER ORIENTATION (b (DEGREES?

15 degree misalignment results in
75% reduction in strength

Siemens PLM Software
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Open Bi-Directional Analyste—=>Designer Interface

CAE Pre/Post

MeshLoads
Boundary Conditions
Materials

Define Composite
Layers (plies)
Thickness
Rosette/Orientations

Solve and Optimize
Layers (plies)
Thickness
Orientations

Import/Update
Layers (plies)
Materials
Orientations

Solve/Verify
Make Changes

CAD System +
FiberSIM

CAE Import
Plies
Rosette
Material

Detailed ply design
Splice
Dart

Mfg Simulation
CAE Update

Outputs:
Documentation

Solids
Laser/Cutter

Unrestricted © Siemens AG 2014. All rights reserved.
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Multi-CAD Advanced Assembly Linear Nonlinear Response
Geometry Editing Meshing Management Structures Structures Dynamics
—ag |

~

FE Correlation Durability Optimization Laminate Motion and
and Update Composites Controls

Multi-Solver

Nastran
Ansys
Abaqus
LS-Dyna
& Recurdyn

= | Adams

Knowledge Integrated Data
Automation Management

L= A
]
=

Thermal Flow Electronics Space Systems
Systems Cooling Thermal

4 ®
dp & P
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LMS - Multi-attribute Structural Performance

Validation and Optimization

AT —

-

IF"II (32

M
e

Classic Failure Analysis
Tsai-Hill, Tsai-Wu

Progressive Damage Stiffness Degradation
Intra-laminar & Inter-laminar under cyclic loading
ERINSTITUT gﬁ.
E o = 111111
| UNIVERSITEIT

FAS
FIBRE

BREMEN

SIEMENS
FIBERSIM

PR T

Engineering

Manufacturing
Process Core Composite Modeling

B

o
V.

C A C H AN

Technology
Partners

Siemens PLM Software

Page 26



SIEMENS

TEAMCENTER

PLM PLATFORM

Unrestricted © Siemens AG 2014. All rights reserved.
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Agenda

. Challenges of composite design
in High Volume Automotive
Structures

Engineering Software for the cost
effective design of High Volume
Composite Structures

Examples

Unrestricted © Siemens AG 2014. All rights reserved.
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Quickly Analyse different designs & materials

(Draping Simulation < 1 minute)

=Example for “black metal design” — is it feasible?
=Get results and decision criteria in a few minutes using FIBERSIM!

file Edit View Insert Format Tools Assemblies Informatior Analysis Preferences Window Help _iixs.s-r.xcuel‘ng-[8_13243761_&-»_R£M_n0oD_nsi_wvmIecuunm_ooyiy«
sat-0 S + BB O Wommandfinder @ - D@ -0 -O-G¢. AF-LPd w2 =,

"IV IR Lo, W TSI FIINSY). B A RB-BR-®D. IYSB_p2-.

election Fiter  w) [ v I & % - -9 %%  L+00+, @ @ :
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Technischer Ablauf

CFK in der Automobilindustrie

Ausblick in
: die
NX in der Fertigungs-

Werkzeug- simulation
konstruktion

CFK ~ und die
Bauteilopti- ~ @ssoziative
Bauteilkon- mierung mit CAM-
~ struktion mit NX und Bearbeitung
Sre NX und Nastran
skalierbare  Fibersim -
C“CON lL 5 Daten' ‘.'- e TR
Er ?Xi§-l verwaltung | \ 3
eispie —_— —
Turinnenteil = | A ‘j | a :&3

Smarter decisions, better products.
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NX Nastran Design Optimization — SOL 200

C-CON Door: What is an appropriate ply stack to %

satisfy the following requirements? % (>
72777
il
=
SN

.. . 500 N
Minimum Weight l

without violating design constraints

= Vertical displacement < 2.5 mm

= Failure indices <0.9
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Optimized
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| Typical

B rotential

Uncertainty
Overdesign
Black metal
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LOTUS
FTTEAM SIEMENS

Fibersim & Lotus F1 Team




Cs) SIEMENS

Confidence in Fibersim:

» Technical Partner for over 10 years

* Proven software for composites
design with established procedures

« Enhanced precision and
manufacturability of parts

« Cutting edge new functionality in
every new release to stretch our
capabilities and creativity
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Fibersim usage:

» Chassis
« Structural Bulkheads
* Front and Rear Wing parts

* Floor/Diffuser

« Body work, fairings, covers
» Suspension (wishbones, trackrods)

» Crash structures (nose, side impact, RCS)
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P TEAN SIEMENS

Quantifying the design driven methodologies and Fibersim benefits

Accelerated overall development time by
Reduced design time by typically
Reduced layup time by over traditional methods
Reduced laminate templating time by

Optimized and verified part performance

Automatically transferred analysis data to design, increasing speed & providing more analysis
testing cycles

Verified optimal part performance by sending composite design definitions back to analysis
Delivered accurate data

Optimized part strength and weight

Weight variation of only
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“Engineers make million dollar
decisions and don’t know It.”

Steve Luby

Sr. Vice President

Specialized Engineering Software, Siemens PLM Software
(Founder and Former CEO of Vistagy)
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Questions, Comments, Suggestions?

Page 39
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Contact me:

Boris Vetter
PreSales Consultant

Specialized Engineering Software

Siemens Industry Software
Richard-Strauss-Str. 76
81679 Munchen, Germany

Mobile: +49 (174) 7341 606

Smarter decisions, better products.

Siemens PLM Software



