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Outline

m DYNAmore at a glance

- short company presentation

m LS-DYNA applications
- crash analysis
- occupant safety (airbags, dummy models)
- sheet metal forming
- ... and others

m Summary
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DYNAmore at a glance

DYNAmore GmbH

Gesellschaft fir
FEM-Ingenieurdienstleistungen

Stuttgart - Karlsruhe - Ingolstadt - Langlingen - Dresden

IndustriestraBe 2
D-70565 Stuttgart

Phone: +49-711-459600-0
Fax: +49-711-4596 00 - 29
e-mail:  info@dynamore.de
Internet: www.dynamore.de
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Cooperation between
Dr. Hallquist and Prof. Schweizerhof since 1986

IOvnna

NMIORE

founded in 1987 by Dr. John Hallquist = Distributor of LS-DYNA and related

located in Livermore, California software products S
more than 600 customers = further development and customization in

. . collaboration with LSTC
worldwide distribution = Support, Seminars and Projects
annual growth rate: about 30% PPOM, J
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DYNAmore - facts

= 50 employees in 2011

= more than 250 customers in D, A, CH, E, NL, B, PL, P,TK, ...
= LS-DYNA distribution rights for Italy since 3/2007

= additional customers from US, Asia, Australia

= several thousand LS-DYNA licenses are maintained by DYNAmore
= employees with vast experience in nonlinear FE applications
= headquarters located in Stuttgart/Vaihingen

= Office in Langlingen (Wolfsburg)

= office in Ingolstadt (Audi)

= office in Dresden

= on-site office in Sindelfingen (Mercedes passenger cars)

= on-site office in Untertirkheim (Mercedes trucks)

= on-site office in Weissach (Porsche)
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DYNA more - Portfolio

_ m all CAE services
m LSTC product suite

= LS-DYNA models |

m DYNAmore-Toolbox
for LS-DYNA -mon site engineering

. m benchmarking

pilot projects

support

m training & seminar

m coaching on site m software development

m  workshops m system and process integration

m information events m e-services
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DYNA mMmore - e-Services

Finite Element Solutions
ovrua

= www.dynamore.de 2

Willkommen bei DYNAmore Seminare
Sware Die Firm DYNAmore steht fr exzellere | bei der numerischen Lisung nichtinear ischer Probleme. Unser Kortakte in LS-DYNA
F io umfasst die Finite-E iy LS-DYNA, den Pre-und Postprozessar LE-PrePost und die Stuttgart, 08.10.
u S O tWa re ro u CtS Modelle LS-OPT sowie zahlreiche FE-Modelle. Unsere Schwerpunkde sind: Suppon, Vertrieb, Sehulung, Netie Perikelmathode Dir.
= und Sof Airbagsimulation fir Out-Of.
Eminare Position Lastfalle
LS-DYNA Forum Stuttgart, 11.10.
Dienstieistungen 12.- 13 OKober in Bambery - In ca. 80 Vortragen berichten Anwender dber ire Efahrungen mit LS-DYNA aus den Modelirung von Explosionen
. C u a re ease no eS . i iy i aeben einen Einblick in die Mbglichkeiten und die Bamberg, 14.10.
bl ST Anwendung neuer Implementierungen. Neben den Gblichen wie Crash- und U gl
Konfe finden Sie dieses Jahr viele Vortrage zur won Kui 1 und der
. AT Insassensimulation. Wir freuen uns iiber Keynote-Prasentationen von Prof. M. Kaliske (TU Dresden), 8. Frik (Opel), H. Klamser Infotans (Kosterrel
u Own O a a re a O r SO tware OC u m e ntat I O n (Porsche), K. Wiegand (Daimler), C. Lemailre (Faureria), T. Zeguer (Jaguar Cars), P. Du Bois (Consultant) und J. Hallquist (LSTC) g€ ( )
Dokumente _mehr Supporttag
(5] Linkzur Agenda (&) Agenda (pd) [ Konferenz Seminare (pdf) [3) Online-Anmeldung (5] Anmeldeformular Stuttgart, 22,10,
Unternehmen Simudation von Faltests mi
LS-DYNA
™ I ' l O e S Suche * Infotag LS-OPT and LS-OPT/Topolagy simulationsdatenmanagement (SOM) Suttgan, 28.10.
Kostenlose Informationsveranstaltung zu Hier finden Sie die Viortrage der instieg in dis Unformsimulation
Web-Support aktugllen Entwicklungen in LS-0PT am 20 = Informationsveranstaliung zum Thema mit LS-DYNA und
. . = e 4 Oktober 20101in Ingolstadt. Vortrage von Nielen =E’E= Simulationsdatenmanagemnentvom 28. Juni ETADYNAFORM
I r I n I n h | Telefon & E-Mail Stander (LSTC, Chefentwickler LS-OFT) 2010, Die Vortrage sind kostenfiei im Dreaden, 2310,
[ | 7L Mahrnio. et Enrmot hanimtasiadhar—mabr i
News
LS-DYNA Examples
nore
ertwickhing
L uchsdaten
ou are here: Home:
® WWw.aynalooK.com

Navigation Welcome to LS-DYMA Examples

Intro by K Weimar =

.
D f r I I h r n L - D YN A Inro by A Tabis! The site presents 200 LS-DYNA I training classes. The input files and several class notes are available
| | - for download, The download is Tree of charge, a 1ogin is not reguired. The majority of content has been contributed by LSTC, All examples are

Intro by J. Reid presented with a brief description. You may find an example by checking a specific class or by using the search functionality of the site.

Iniro by J. Day The contentis prepared for educational purposes. Hente, material properties and other parameters might be non-physic for simpiification

= Collection of simple examples T — T

gkl.Ewm Soull and L. The examples inthis section are from the The examples in this section are from the ALE
lovsson

. . . GiETERR introductory elass on metal farming from LETC. You (Arbitrary Lagrangian Eulerian Method) class of
SPHbyJ-L Lacome Ay access the examples separately by the menu Mhamed Souli and Lars Olvosson, Mhamed Soull is
[ | ro e I I l S O u I O n CO eC I O n u I y - u S e rs TnemmaloyA Shopra  Onhe et The examples are prepared for L5-DYNA 970 ang Professor at the Universily in Lille France. Both authars are key
— T upwards. more developers for the powerful capabilities of the Eulérian Methods in
Implicit L&-DYNA You may access the examples separately byusing the

Examples Manual
— — | DYNAlook
Valuable Sites Z

= www.dynaexamples.com

Developer of LS-DyA

DYN
H LS-DYNA Support Site varlg i i
pyt  The site presents papers from European and Intemational LS-DYNA User Conferences and papers provided by other users. More than 1050 papers are available
[ | Tutoriais, HOWT0s, FAQS
and are accessable via the search functionality helow.
DYNAIOOK [ [searen ]

= More than 120 examples presented e T e T R

Free Download of Papers from LS-DYNA Conferences - Service of LSTC and DYNAmore.

= Download area it

11th International LS-DYNA Conference 7th European LS-DYNA Conference
Detroit, 2010 ...more Salzburg, 2009 ...more
10th International LS-DYNA Conference 6th European LS-DYNA Confarence
Detroit, 2008 ..more Gothenburg, 2007 .._more
- www- d y n as u p po rt L] co m 9th International LS-DYNA Conference 5th European LS-DYNA Conference
Detroit, 2006 ...more Birmingham, 2005 ._.mare
. . .
™ an S u O rt I n fo r' I I at I O n re ard I n LS_ DYN A Gth International LS-DYNA Conference 4th European LS-DYNA Conference
Detroit, 2004 ..more Ulm, 2003 ...mare
Tth International LS-DYNA Conference 3rd European L5-DYNA Conference
[ | Detroit, 2002 __maore Paris, 2001 .__mare
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DYNA mMmore - Services

=sTraining and Seminars

m Introductory seminars

m Advanced seminars in LS-DYNA

m Over 50 different topics

m Seminars with focus on automotive applications

m Classes on other specific topics and applications

m Instructors from DYNAmore, LSTC and external experts

Overview of all seminar topics can be found under:
www.dynamore.de/seminars.htm
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DYNA mMmore - SbM-solutions

Pre-SDM Pre-Processing Sj : Post
imulation :
Meshing ... >> Medina, Primer, nedit, vi, ... >> >> Processing

a o f g W)

L 7

™
N
NV

—
r )
O&, > S
1
= p—

\_ 9 o g e /

CAD-Metadata >> CAE-Metadata >> CAE-Metadata >
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8th European LS-DYNA® Users Conference

23. & 24. May 2011 in Strasbourg (France)

= crash

= occupant safety

= optimization

= airbags, dummy modelling
= sheet metal forming

= impact and drop tests

= manufacturing processes

B Home
B General information
] Papersubmission

'MW Conference program

= fluid-structure-interaction |8 Regutaten
= aUtomO’[Ive B Exhibition

o Spensoting

Il Pre-Post conference

= ship building ;
= gerospace
= transportation
= biomechanics

seminars

B social events

May 23r4-24th 2011

LS-DYNA

8th European Users Conference

FRANCE

.'-‘.‘ I'J' L[]
| l’,';ffﬁ'mw‘“

it y ALYOTECH
u ;l
I
nm’ Wyl ARUP
ovnAa
MORE
Welcome to the 8th European LS-DYNA® Users Conference
Eq ENGINEERING
On behalf of the Conference Committee, we are honored to invite you to RESEARCH AB
the Bth European LS-DYNA® Users Conference which will take place in
Strasbourg (France) on May 23 & 24% 2011,
LSTC
Technology Corp.

The conference will be an excellent occasion to meet LS-DYNA® users
from all over the world and to share LS-DYNA® applications in different
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LS-DYNA applications - overview

KANNENVERSUCH
Time = 0 Fringe Levels
Vector of Total-velocity
min=0, at node# 113928 0.000e+00
max=0, at nodes 113928
0.000e+00
0.000e+00 _|
0.000e+00 _
0.000e+00
Y |
0.000e+00 |
0.000e+00
0.000e+00 _|
i
0.000e+00 _
0.000e+00 ]
0.000e+00 _|
&
X

(FSI/ALE)

Crash

e LT
N KR - 2

;‘l‘- .,':-

e B ™ M NS

Drop test

Occupant Simulation Earthquake

Stamping
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LS-DYNA applications - crash

Crash simulation:

m Front, side, rear end crash scenarios

m Roof crush simulations

m Non-automotive crash scenarios

(planes, trains, etc.)

e T ~
e .o £
L .
£ - ’/ -~
"1
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LS-DYNA applications - crash

NCAC Neon 1 million elements 1056353 quad shells

=130 beams
:::-:21 mi‘ljlion Element quad model '2852 SO“dS
=1 contact for the entire model
=Termination time 0.080 secs
»Timestep 3.618e-6 secs
=Ascii and binary outputs disabled.
»Pre-decomposed with 1cpu
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———— Suction CRASH_BOX VO_UI SAEYED | .
Saction LT_VO_LI SAE180

——— Saction SCHWELLER_UI SAE180

—1]
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LS-DYNA applications - occupant safety

»Courtesy of SAAB

»Passenger side bag
(here test setup in ALE simulation)

=Courtesy of VW
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LS-DYNA applications - occupant safety
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LS-DYNA applications - occupant safety

m Out of Position Airbag analysis
= Arbitrary Lagrange Euler
= Fluid-Structure coupling
= Calibration of inlet boundary conditions
= Airbag folding

=15 ms =20 ms 25 ms
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LS-DYNA applications - compression folding of airbag
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LS-DYNA applications - compression folding of airbag
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LS-DYNA applications - compression folding of airbag
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LS-DYNA applications - airbag in impactor test (particle method)
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LS-DYNA applications - mixing of two gases (particle method)

. FEA with LS-DYNA in industrial applications Stefan Hartmann, April 14th, 2011, Pavia, Italy rIDYl\l y AN

MORE 22



LS-DYNA Software Models

m Dummy models
m Barrier models

m Pedestrian safety impactor models
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LS-DYNA Software Models .

= developed by Toyota

= DYNAmore distributor of THUMS model

= commercial projects with 3 OEMs with THUMS
= licensed to research departments

= work on material modeling for tissues, ....
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LS-DYNA applications - sheet metal forming

B Metal forming with eta/DYNAform
= Deep drawing, rolling,...
' >
m Sheet Metal forming V

= Gravity loading
= Trimming )
m Springback analysis [ == e
= Binder wrap
= Deep drawing
m Hydroforming
m Bending
m Bulk forming
m Thermal coupling

Camtours of Sl Thickess
0,918, a4 siems 164717
e 25161, ol s 12662

B | Vectr | Mean

Find uﬂ
History | Views

1 Appess | Color | Model |

| oo | | s

\ | 2130 41 31 ¢ 21 of

Frings
e =

el enengy

HEHAHUAEG

e
S

Yo Logd| Tiws| Tiad]| Booirf Mos] Frin| s | Lown| Acen| Zin | +10 | Ru | DoON DoON Top | Front] Rigu] Rede Home]
| Hide | Shad| View | Wire | Foot | Bdge| Orid | Mosh] Shen| Roen| Zowi | _# | Clp | Al | Rput| Dot Back | Lot | Anivn| Rowt |

) ™ N
:L:Jjjljjﬂjjjjiﬂ:“” st [147

!
1

......
o — et
) | Perf: 04851 Max |

[roomazaotes
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LS-DYNA applications - sheet metal forming

= deep drawing e
= tube forming
=« flanging, hemming
= thermal forming
= hydro forming
= forging
= extrusion
BULK FORMING USING THE 3D REMESH FUCTIO 4

Time = 0 AY

RIVETING TEST FROM GM

Time = [} Fringe Levels
‘Contours of Effective Plastic Strain

max ipt. value 2.000e+00

min=0, at elem# 1
1.800e+00
1.600e+00 ]
1.400e+00 _
1.200e+00
1.000e+00
8.000e-01

6.000e-01

Y

XLZ va
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LS-DYNA applications - drop test

FALLTEST ALE 09.06.2004 PENALTY V.
Time = 0 ﬁ
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LS-DYNA applications - impact

m Bird Impact
= Comparison of Lagrange, ALE and SPH approach
= Determine blade load from Fluid-structure interaction
= Investigation of fiber metal laminate material

Frinye Levels

Time = [1]
Contours of history variable #2 —
reference shell swface B o
min=-7.27596e-12, at elem# 3717
max=1, at elem# 26882 $.000€-01_

BIRD IMPACT
0

Time =

3,000 -01 _

7.000€-01 _

=2.276e-12 _
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LS-DYNA applications - production processes

METAL EXTRUSION (E-P HYDRODYNAMIC)

Time = 0, #nodes=2556, #elem=2267 Fringe Levels

Contours of Temperature z

min=0, at node# 1 3.000e+02

max=300, at node# 1202 _
2.700e+02

Time = 0 Fringe Levels

Isosurfaces of History Variable #2

min=0, at elem# 1 1.000e+00

max=1, at elem# 1313 _
9.000e-01

2.400e+02 8.000e-01

7.000e-01

6.000e-01

2.100e+02
1.800e+02
5.000e-01
4.000e-01

1.500e+02
1.200e+02

9.000e+01 3.000e-01

2.000e-01 |
1.000e-01 _

6.000e+01 |
3.000e+01 _|

0.000e+00 _ 0.000e+00 _

=Extrusion =Casting
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LS-DYNA applications - production processes

BLOCK SLIDING ON A PLATE (KG-MM-SEC-K)
Time = 0 Fringe Levels

Fringe Levels

Contours of Temperature Co_ntours of history variable #2 5.100€-01
min=273.1, at node# 1 5.000e+03 _ min=0, at elem# 7201 5.067¢-01
max=273.1, at node# 1 max=1, at elem# 1 -

4.527e+03 ) e - 5.033€-01
: — 5.000€-01
4.034e+03 _§ ) = 967€-01
3.581e+03 2 1 N [ assse-n I
‘ — = il ‘ 4900¢-01 _
3.108e+03
2.635e+03
2.162e+03
1.689e+03
1.2166+03 |
7.430e+02 _
2.7008+02
*Welding =Cutting
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LS-DYNA applications - spot weld modeling

m Comparison of spotweld models
= Beam nodal connection
= Contact shell set
= Continuum element connection
= Mesh dependency

S ] Spotweld at
element center /

_________ Spotweld at /S
" elementedge
7/

_______ Spotweld
Jat corner :

ﬂ

30° At element corner At element corner
0° At center of element edge At center of element edge

In element center In element center

-~
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LS-DYNA applications - implicit analysis

= Frequency response
= Static analysis
= [ransient dynamic analysis

max displacement factor=5

LS-DYNA eigenvalue problem - FORD TAURUS BIW
Time = 38.736
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LS-DYNA applications

m Multi-physics (coupling structural, thermal, fluid, Acoustic analysis)

m Arbitrary Lagrangian-Eulerian (ALE)

m Smooth Particle Hydrodynamics (SPH)

m Fluid-Structure-Interaction (FSI)

TENSILE TEST MULTIFILAMENT 115T
Time= 0.00525

Time = 0
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— recent developments

<<<<<<<<<<

S AT FhhL

SPIN TEST

m Smooth Particle Hydrodynamics (SPH) schemes

m Element Free Galerkin (EFG) schemes
m Coupled FEM/Mesh-free Galerkin Method

Meshless methods

LS-DYNA applications

FEA with LS-DYNA in industrial applications
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LS-DYNA applications - recent developments

CFD-Method
m Incompressible and compressible Navier-Stokes
m Coupling to heat-transfer
m Turbulence models available

m MPP-version available
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LS-DYNA applications - aerodynamics

Flow Around Wheel House and Rotating Tyre

* Study of the detached flow
behind the wheelhouse
* Incompressible Implicit CFD
* Reynolds Number 9e5
* Boundary Layer mesh
around vehicle and tyre 100
*1.2M Tet elements with
250K in the Boundary
Layer

750

A
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LS-DYNA applications - biomechanics

- Strong Fluid-Structure interaction ( \

- coupling is mandatory for bio-medical
applications

- Miss-match fluid and structural mesh p

allows proper resolution for each domain

time|sec]: 0.000000
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LS-DYNA applications — metal cutting .

Fracture in Concrete plate

" Fracture in Concrete plate

Time - 022215, #nodes-34081, #elem-138321 FeingeLavals Time = 1A Socdes_aiens salem=a86973 g Fringe Levels

Contours of Effective Plastic Strain 2.000€+00 ¥ 2.000e+00

max ipt. value

T s T miN=0, at elem# 131398 18008400
1.800€+00 max=13.0723, at elemd# 32280 1.600e+00
1.400e+00 _ ¥ 1.900e+00 _
1.200e+00 _ 1.200e400 _
1.000€+00 1.0006+00
8.000¢-01 ] B.000e-01
6.000e-01 _|

6.000e-01 _
4.000e-01

e
Effective plastic strain

4000601 _
2.000e-01
0.000¢+00 |

Mela_l cutting - -y Frinye Levels
. . . . ;::“I‘;ﬁ_llﬁ d:;e::iv:sl;m:?éz;i:m_'“szz 2,000e400 _

A special surface reconstruction algorithm is Z“{.m i
developed for metal cutting analysis. 14000100 _
1.200€400 _

Ny £.000e-01

Interactive adaptivity is able to detect distortion somes1 Y
that occurs frequently and irregularly in metal z.oeoe-m]
cutting analysis.
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-
Summary

®m  many applications
- crash analysis
- occupant safety (dummy modeling, barriers, impactors, thums, ...)
- sheet metal forming
- drop tests
- process simulation

m various techniques
- implicit and explicit time integration
- eigenvalue analysis
- fluid-structure-interaction (will come soon)
- meshless methods (EFG, SPH)
- particle & discrete methods

m one CODE-strategy

- all different disciplines can be performed with one executable

. FEA with LS-DYNA in industrial applications Stefan Hartmann, April 14th, 2011, Pavia, Italy rI)Yl\l y AN

WMIORE 39



Thank you!
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