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Abstract

Numerical simulations asintegral part in the virtual product development process exhibit a huge spectrum. Ranging
from simple modal analyses over linear and nonlinear stiffness and strength based problems up to coupled multi-
physic analyses, where different physical disciplinesinteract with each other. Thereby simulation toolsin
combination with preprocessors must enable users to perform product devel opment tasks faster and therefore more
efficient. One essential part is hereby the seamless model file transfer from and to 3D CAD systems. Additionally
model and assembly handling in-between the different simulation disciplines in combination with an automatic mesh
generation and automatic contact detection is also important to speed up devel opment time. With the Workbench
environment, ANSYStook a quantum leap into model analysis and handling different simulation disciplinesin one
standard user interface in combination with a tight interface from and to almost all common 3D CAD systems.

An interface between ANSYS Workbench and LS-DYNA therefore provides the opportunity to use Workbench
preprocessing functionalities for LS-DYNA simulations. The German ANSYS and LS DYNA distributor CADFEM
has thus created a unidirectional, interactive graphic interface “ Workbench LSDYNA" for the transfer of data from
ANSYS Workbench to LS DYNA. This not only enables usersto transfer the pure structure in form of nodes and
elements, but also sections, materials, contact definitions and boundary conditions, including prescribed motions
and force loading. LS DYNA specific control and database options are included from a template file, which can be
customized by the user. Moreover any LS-DYNA keyword command can be defined within the Workbench GUI and
will be added into the LS-DYNA input file.

Besides using CAD interfaces, automatic mesh generation and contact detection of Workbench,

LS DYNA userswill benefit from this interface. With an existing ANSYS Workbench license and LSTC' s free of
charge LS-PrePost an additional preprocessor causing cost and training effort may no longer be necessary. Even
more important, the interface enables easier data exchange with other analysis departments using already ANSYS
Workbench. Moreover the CAD interfaces in ANSYS Workbench also allow a closer link to construction
departments.

Workflow in Figures

[ANSYS Workbench & [ANSYS Workbench for [LS-PrePost]
DesignModeler] LS-DYNA Interface] (optional)
generate mid surfaces, adjust and save control check and modify

delete faces, cut bodies, and database setting, LS-DYNA
generate a mesh, define check all settings, write Keyword file,
boundary conditions, modify LS-DYNA Keyword file writes enhanced
contacts, ... Keyword file
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)
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Figure 1: Workflow using ANSY S Workbench, Interface “ANSY S Workbench for
LS-DYNA®”, LS-DYNA® and LS-PrePost®
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Part Definitions

Part-1ds are automatically assigned. Section- and Material-ids are correspondingly used. User has
the possibility to define gravity and adaptivity as well asthe * PART_INERTIA option of LS-
DYNA. Equation of states and hourglass definitions can be defined by the user and will be
accounted for.

&) Model

-, & Geometry
|A] Global Section Settings

Preview of LS-DYNA file

(This information is not complete)

=5 Part
- @ TA_LL
TaL2
JBTa_L3

F 9

EOSID and HGID will be defined
by LS-DYNA commands

Figure 2: Part definitions
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GRAV and ADPOPT will be defined
by User-Defined comments

Default element forms are set within the interface. A new default isin terms of tetrahedrons were
element form #4 is used. Any element form of LS-DY NA can be accessed viathe interface. In
case of shell elements one can aso defined number of integrations points across thickness and
shear correction factor, whereby default is 0.833.

Typically used element forms (ELFORM):

Element EQ | Description
Hexahedron | 1 | one point integrated element (default)
Hexahedron | 2 | fully integrated element
Tetrahedron | 4 | quadratic tetrahedron element with nodal rotations, 5 integration points (default)
Tetrahedron | 10 | linear tetrahedron element w/o nodal rotations
Tetrahedron | 16 | quadratic tetrahedron element with mid side nodes (10 nodes)
Shell 2 | one point integrated shell (default)
Shell 16 | fully integrated shell

All other element forms available in LS-DYNA can be defined as well

Figure 3: Element form definitions
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= SectionSetting

*SECTION_SOLID / *SECTION_SHELL

SectionlD (=PartNo)

1 Hexahedron (20-MNodes) and/or Pentahedron (15-Nodes) - will be redefined
2 Hexahedron (20-Nodes) and/or Pentahedron (15-Nodes) - will be redefined
3 Hexahedron (20-Nodes) and/or Pentahedron (15-Nodes) - will be redefined
4 Tetrahedron (10-Nodes)

5 Hexahedron (20-Nodes) and/or Pentahedron (15-Nodes) - will be redefined
6 Shell (Quad4/8 and/or Tri3/6) - quadratic elements will be redefined

Element form  NIP
2
2
2
10
2
16

SHRFACT

11 0.833

ﬁ

It is often useful to define section
settings directly inside Geometry.
That means that all bodies inherit

m Gg_ometry
|A] Global Section Settings
= Part | Azl e = B £
:‘g 12-1: section_solid hex_def
S TA_1:3 el foz}:m=2 ‘
& HI_2 - section_solid_tet_def
8B MK_3 elform=10
& Wo_s section_shell def
- A8 Connections elform=16
@& Mesh nip=11

this global settings.

Figure 4: Element form definitions and modifications within ANSY S Workbench

M aterial Definitions

There are three ways to define amaterial for LS-DY NA within the ANSY S Workbench GUI.

1. Using Workbench material in Engineering Data

2. Use short cut command to switch materia torigid (*MAT_RIGID)
3. Using LS-DY NA keyword command directly in ANSY S Workbench
Consequently al available material modelsin LS-DYNA can be included into ANSY S

Workbench.

',Q Geometry
= «& Part
B/ TA_L1
l\"] mat_wb 1.
B TA_L2
A8 TA_L3
lﬁ] mat_rigid
& HI_2
=@ MK_3
[A] *MAT_aDD_EROSION
=@ wo_4

[A] *MAT_3-PARAMETER _BARLAT

= MaterialSetting
*MAT_
MateriallD (=PartNo) Type
1 Structural Steel linear elastic
2 Structural Steel -> C rigid user defined 111000
g Structural Steel -> Custo rigid user defined 111000
4 Structural Steel 2 biso
5 Structural Steel 3 miso
6 (orig. ID: 5) Structural Steel -> Custom Matenial *MAT_3-PARAMETER_BARLAT _TITLE

1. Use Workbench material in Engineering Data

2. Use short cut mat_rigid
3. Use LS-DYNA Keyword Command

Additional

*MAT_ADD_EROSION

'\] Material ID is automatically switched to corresponding Part ID

Figure 4: Materia definitions
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For the rigid material definition it is possible to define the support condition in local or global
coordinate system. Additionally the interface checks for rigid bodies which are connected.
Consequently a* CONSTRAINED_RIGID_BODIES definition will be automatically written.

The following material models are directly supported from ANSY S Workbench GUI:

Isotropic linear elastic - *MAT_ELASTIC (#1)

Orthotropic linear elastic - *MAT_ORTHOTROPIC_ELASTIC (#2)

BISO > *MAT_PIECEWISE_LINEAR_PLASTICITY (#24)
MISO - *MAT_PIECEWISE_LINEAR_PLASTICITY (#24)
BKIN > *MAT_PLASTIC_KINEMATIC (#3)

For the rubber material models one can use the curve fitting method in ANSY S Workbench,
which takes into account not only uniaxial test data but also biaxial, pure shear, planar shear and
compression experimental test.

The fitted rubber constants are then used in LS-DY NA material models
*MAT_HYPERELASTIC_RUBBER and *MAT_OGDEN_RUBBER.

= MaterialSetting
*MAT_ e  Uniax Bxp
MateriallD (=PartNo) Name Type &  BaxExp
1 Polynomial Rubber  mooney3 e  Shear Bxp
Uniax Fit
Biax Fit
Shear Fit
| Density 1200, kg/mm3
| Uniaxial Test Data
Biaxial Test Data

‘ Shear Test Data
Mooney-Rivin 3 Parameter

*MAT HYPERELASTIC RUBBER_TITLE

Polynomial Rubber

$# mid ro pr n
1 0.499 0

£3 cio0 col cii cz0

0.27039863-0.03086730.00910927

- Mooney-Rivlin 3 Parameter I ]‘ x

Al 7]

Material Constant C10 MPa 0,2704
Material Constant C01 MPa -3,0867e-002
Material Constant C11 MPa 9,1093e-003
Incompressibility Parameter D1 1,| 0,

Figure 5: Rubber material datafit and export to LS-DY NA keyword command

*MAT_ADD_EROSION is also possible to be defined.
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Contact Definitions

The following Fig. 5 shows the available contact definitions, which are accessible through the
interface.

Single surface contact

[m/v User-Defined Comment S| Scope
contact def
i . Scoping Method Geometry Selection
automatic=1 There are additional flags Contact T
forming:(} N d_ . . h . f ontac ace \! - 3
eroding=0 to distinguish a variety o Target 1Face e =)
contacts.
*CONTACT_AUTOMATIC_SURFACE_TO_SURFACE *CONTACT_TIED_NODES_TQ_SURFACE_OFFSET
*CONTACT_SURFACE_TO_SURFACE *CONTACT_TIED_SURFACE_TQ_SURFACE_OFFSET

*CONTACT_FORMING_SURFACE_TO_SURFACE
*CONTACT_ERODING_SURFACE_TO_SURFACE
*CONTACT_AUTOMATIC_ONE_WAY_SURFACE_TO_SURFACE
*CONTACT_ONE_WAY_SURFACE_TO_SURFACE
*CONTACT_FORMING_ONE_WAY_SURFACE_TO_SURFACE
*CONTACT_AUTOMATIC_SINGLE_SURFACE
*CONTACT_SINGLE_SURFACE
*CONTACT_ERODING_SINGLE_SURFACE
*CONTACT_NODES_TO_SURFACE
*CONTACT_AUTOMATIC_NODES_TO_SURFACE
*CONTACT _ERODING NODES TO SURFACE
*CONTACT_FORMING_NODES TO_SURFACE

Figure 6: Available contact definitions viathe interface

The following contact flags can be defined and accessed within ANSY S Workbench GUI.

i thinviall [Project] @ thirvall (esignModeler] @ thinwall [Simulation] X

Fle Edt View Units Tools welp || 1 7 bd (| @ b [ | Slmew Anaysis + DR e (T YTERRR S

% pody-Ground ~ WBady-Body ~ ERBady views 3 Syne views | 9 B et it

Courier New -I
contact aet | = _All available LS-DYNA Contact

e rg Solution Geometry, = Print Previe h R .
- smopros » Flags can be directly adjusted in
DEPTH=5 ANSYS Workbench
|
1 SSID MSID SSTYP MSTYP 5BOX MBOX SPR MPR
FS FD DC VC VDC PENCHK BT DT
SFS SFM SST MST SFST SFMT FSF VSF

SOFT | SOFSCL | LCIDAB | MAXPAR | SBOPT | DEPTH | BSORT | FRCFRQ

PENMAX| THKOPT | SHLTHK | SNLOG ISYM I2D3D | SLDTHK | SLDSTF

O|W@W|[>F|lwWw|N

IGAP | IGNORE | DPRFAC | DTSTIF FLANGL

Figure 7: Available contact flags
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Boundary Definitions

Beside standard fixed boundary conditions also prescribed motions can be applied and used via

ANSY S Workbench.

All available LS-DYNA Flags in *BOUNDARY_PRESCRIBED_MOTION can be
adjusted within ANSYS Workbench

BOUNDARY_PRESCRIBED_MOTION SET_ID
HEADING

& iDp
Displacement Z
= VAD SF VID DEATH BIRTH
0 0.03 0.0E+00 100 0.1

|CnunerNew L”E[IUnt);l B
boundary_ pres_z_def

[VAD=0
SF=0.03
(VID=0.0
DEATH=100
BIRTH=0.1

NSID, DOF and LCID are automatically taken from ANSYS Workbench,
but can be also modified using the comment.

Use the user defined comment: houndary_pres x_def, boundary pres_y. def,
boundary. pres_z. def to adjust the desired LS-DYNA flag separately for each
direction. Use boundary_pres. def to adjust all directions within one comment.

Figure 8: Prescribed Motions
A corresponding listing in the Interface GUI looks like this

= BoundarySetting
*BOUNDARY_SPC
1D Name DOFX DOFY DOFZ DOFRX DOFRY
1 fixfree free  SPC applied to rigid (PID 8); SPC defined on MAT_RIGID definition -> SPC not written.
2 fix 1 1 1 1 1
3 fix_tabular_tabul 1 0 0 0 0
4 free_free functio 0 0 1 0 0
5 fix_free_tabular 1 0 0 0 0

*BOUNDARY_PRESCRIBED_MOTION_SET

NSID Name Direction DOF VAD
12 free_free_tabular z 4 0
12 fix_tabular_tabular Y 2 1
223 fix_tabular_tabular Z 3 0
Sytem defined fix_free_tabular Z 3 2

*BOUNDARY_PRESCRIBED_MOTION_RIGID

PID Name Direction DOF VAD
16 Displacement 2 X 1 2
16 Displacement 2 Y 2 2
16 Displacement 2 Z 3 2

where checking is done, whether boundary conditions are applied to rigid bodies. A distinction is

made for the prescribed motions whether body is rigid or not.
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Load and I nitial Definitions

Loads, gravity and initial velocities can be defined using the ANSY S Workbench GUI.
Corresponding LS-DY NA keyword commands are the written.

= LoadSetting
“LOAD_NODE_SET
No

Details of "Standard Earth Gravity®
2| Scope
Geometry

Definition

[l Bodies

=| @] Flexible Dynamic
/T=2 Initial Condition

[0l J3 | KT | vy
load_node_set_def » /N Analysis Settings X Component |0, mm/s? (step apﬂe@
s£=10 b : . ¥ Component |0, mm/s2 (step applied)
iasd /@, Standard Earth Gravity 7 Component | 9806,6 mmjs (step appled)
|Suppressed | N

NSID, DOF and LCID are automatically taken from ANSYS ;Dﬂm;se -_:Dlmmn
Workbench, but can be also modified using the comment. L

Details of "Initial Condition™ Details of "Initial Condition™

=l| Definition )| Definition
@ Model |Input Type: Constant Velodity Input Type Constant Velocity

& e . Define By Vector | Define 8y __y [ Components |
+
By comery |Total 200, mm/s X Component | 200, mm/s
= ./@ Connections |Direction Click to Change Y Component 100, mm/s
[+ ‘(® Mesh ?-].SS«:ope pre—l I = Z Component |0, mm/s
. COf etho eometry Selection
- @) Named Selections - GE;?W l — | Scope )
B @ Flexible Dynamic L Scoping Method |Geom§h’y Selection
JTE:Q Initial Condition Geometry | 3 Bodies

‘,/'\ Analysis Settings

Figure 9: Loads, gravity and initial velocity options
Node Set and Part Set Definitions

Loads, gravity and initial velocities can be defined using the ANSY S Workbench GUI.
Corresponding LS-DY NA keyword commands are the written.

Named selections, which are defined in ANSYS Workbench, are
automatically written into the *.k file as *SET_NODE_LIST

@ Named Selections

/I 3Bodies
=] ,,@ 3Faces
@ Comment
2Edges -
/B 28dg \ = SetSetting
[comment | ey
Commear NSID TYPE Name
| Courier New =l[200pt) =] System defined *SET_NODE_LIST 3 Bodies
cot dof >0 "SET_NODE_LIST 3 Faces
set node ID=10 — | System defined *SET_NODE_LIST 2 Edges
set_part ID=11 *SET_NODE_LIST / *SET_PART_LIST
\‘ PSID TYPE Name
11 “SET_PART _LIST 3 Faces

Part sets are created by the user defined Comment “set_def” and the flag
“set_part_ID”. Node set IDs can also be changed by the user using the flag

Figure 10: Named selections in form of node and part sets
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Control and Database Definitions

Loads, gravity and initial velocities can be defined using the ANSY S Workbench GUI.
Corresponding LS-DY NA keyword commands are the written.

Control Settings Database Settings
= ControlSetting = DatabaseSetting
ME
[metal_forming Interval Type
I e o
osu inn pidosu.
= k= o or BINARY
R e
o = - or BINARY
1500000 [0-060000 [1=] o 53
SLSFAC RWPNAL  ISLCHK SHLTHK PENOPT THKCHG ORIEN ENMASS
0-100000 0.000 [Tl [=] [o=] o=l = o= or BINARY
USRSTR USRFRC NSBCS INTERM XPENE SSTHK ECOT TIEDPR 0100000 [35]
[o o [o [o=] [+-co0000 [o=] [o=] o]
SFRIC DFRIC EDC VEC TH TH_SF PEN_SF or BINARY
[o-000 [o.000 [0.000 fo.000 [0:000 [0.000 fo-000 [0-700000 =
IGHORE FRCENG SKIPRWG  OUTSEG SPOTSTP  SPOTDEL  SPOTHIN
[o=] fo=] [o=] fo=] [o=] fo=] [o=] o BINARY
1s¥u NSEROD ~ RWGAPS  RWGDTH
[o=] o=l o=l [ 0100000 [3=]
SLNTEN or BINARY
% l;wE'—;r 2= T,—_,T 0700000 [3=]
Ha aH or BINARY
1= [oroos0n o100 =

Figure 11: Control and database settings
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Mor e Information

Additional information on the interface as well as downloading the interface can be found on
http://www.cadfem.de/Workbench-LS-DY NA.3622.0.html

Ubersicht | Ablauf|| Details | Veranstaltungen | Download || Kontakt

Ubersicht "ANSYS Workbench for LS-DYNA"

Workbench Explizit

"ANSYS Workbench for LS-DYNA" ist der Schlissel fir die explizite Berechnung in der Workbench
Umgebung, der dem ANSYS Anwender die Tir zu den herausragenden expliziten Méglichkeiten von
LS-DYMA &ffnet.

Oie von CADFEM entwickelte Schnittstelle erlaubt den Datenzustausch von ANSYS Workbench v11 nach
LS-DYNA. Ergebnis: Typische explizite L5-DYNA Aufgabenstellungen - groBe Deformationen, stark
nichtlineares Materialverhalten oder kurzzeitdynamische Vorgange, z.B. Falltestanalysen - kénnen in
der gewochnten komfortablen ANSYS Workbench Umgebung aufbereitet, per Mausklick an LS-DYNA
ibergeben und dort berechnet werden.

Uber die reine Struktur hinaus werden Materialian, Kontaktdefiniticnan, Randbedingungen sowie
Verschiebungsgriaben- und Kraftvorgaben Gbertragen.

Auf folgenden Seiten finden Sie umfassende Informationen rund um diese Schnittstelle:

Beispiel zum Ablauf einer expliziten Berechnung mit L5-DYNA aus ANSYS Workbench
Details zu Elementtypen. Kontakten, Randbedingungen etc. sowie techn. Prasentation. Handbuch
2] Veranstaltungen rund um ANSYS Workbench for LS-DYNA
[2] Dovmload Schnittstelle "ANSYS Workbench for LS-DYHA"
[2] thre Ansprechpartner

Beispiele

. 4
Dynamisches Eindriicken Komplexe Metallumformun
einer Crashbox Kontaktberechnung 9

i W ',
Quasi-Statische Belastung Versagensanalyse Versagensanalyse
eines Zugstabes Gewindeniet Kunststoffteil
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