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INTRODUCTION

LS-DYNA USER'S MANUAL

INTRODUCTION

CHRONOLOGICAL HISTORY

DYNAZ3D originated at the Lawrence Livermore National Laboratory [Hallquist 1976] . The
early applications were primarily for the stress analysis of structures subjected to a variety of impact
loading. These applications required what was then significant computer resources, and the need for
a much faster version was immediately obvious. Part of the speed problem was related to the
inefficient implementation of the element technology which was further aggravated by the fact that
supercomputers in 1976 were much slower than today’s PC. Furthermore, the primitive sliding
interface treatment could only treat logically regular interfaces that are uncommon in most finite
element discretizations of complicated three dimensional geometries; consequently, defining a
suitable mesh for handling contact was often very difficult. The first version contained trusses,
membranes, and a choice of solid elements. The solid elements ranged from a one-point quadrature
eight-noded element with hourglass control to a twenty-noded element with eight integration points.
Due to the high cost of the twenty node solid, the zero energy modes related to the reduced 8-point
integration, and the high frequency content which drove the time step size down, higher order
elements were all but abandoned in later versions of DYNA3D. A two-dimensiona version,
DYNA2D, was developed concurrently.

A new version of DYNA3D was released in 1979 that was programmed to provide near
optimal speed on the CRAY -1 supercomputers, contained an improved diding interface treatment that
permitted triangular segments and was an order of magnitude faster than the previous contact
treatment. The 1979 version eliminated structural and higher order solid elements and some of the
material models of the first version. This version also included an optional element-wise
implementation of the integral difference method developed by Wilkins et al. [1974].

The 1981 version [Hallquist 1981a] evolved from the 1979 version. Nine additional material
models were added to allow a much broader range of problems to be modeled including explosive-
structure and soil-structure interactions. Body force loads were implemented for angular velocities
and base accelerations. A link was also established from the 3D Eulerian code, JOY [Couch, et. al.,
1983] for studying the structural response to impacts by penetrating projectiles. An option was
provided for storing el ement data on disk thereby doubling the capacity of DY NA3D.

The 1982 version of DYNA3D [Hallquist 1982] accepted DY NA2D [Hallquist 1980] material
input directly. The new organization was such that equations of state and constitutive models of any
complexity could be easily added. Complete vectorization of the material models had been nearly
achieved with about a 10 percent increase in execution speed over the 1981 version.

In the 1986 version of DYNA3D [Hallquist and Benson 1986], many new features were
added, including beams, shells, rigid bodies, single surface contact, interface friction, discrete
springs and dampers, optional hourglass treatments, optional exact volume integration, and VAX/
VMS, IBM, UNIX, COS operating systems compatibility, that greatly expanded its range of
applications. DY NA3D thus became the first code to have a general single surface contact algorithm.

In the 1987 version of DY NA3D [Hallquist and Benson 1987] metal forming simulations and
composite analysis became aredlity. Thisversion included shell thickness changes, the Belytschko-
Tsay shell element [Belytschko and Tsay, 1981], and dynamic relaxation. Also included were non-
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reflecting boundaries, user specified integration rules for shell and beam elements, a layered
composite damage model, and single point constraints.
New capabilities added in the 1988 DYNA3D [Hallquist 1988] version included a cost

effective resultant beam element, a truss element, a CO triangular shell, the BCIZ triangular shell
[Bazeley et a. 1965], mixing of element formulations in calculations, composite failure modeling for
solids, noniterative plane stress plasticity, contact surfaces with spot welds, tie break sliding
surfaces, beam surface contact, finite stonewalls, stonewall reaction forces, energy calculations for
al elements, a crushable foam constitutive model, comment cards in the input, and one-dimensional
didelines.

By the end of 1988 it was obvious that a much more concentrated effort would be required in
the development of this software if problems in crashworthiness were to be properly solved,;
therefore, Livermore Software Technology Corporation was founded to continue the development of
DYNA3D as acommercial version called LS-DYNA3D which was later shortened to LS-DY NA.
The 1989 release introduced many enhanced capabilities including a one-way treatment of slide
surfaces with voids and friction; cross-sectional forces for structural elements; an optional user
specified minimum time step size for shell elements using elastic and elastoplastic material models;
nodal accelerations in the time history database; a compressible Mooney-Rivlin material model; a
closed-form update shell plasticity model; a general rubber material model; unique penalty
specifications for each slide surface; external work tracking; optional time step criterion for 4-node
shell elements; and internal element sorting to allow full vectorization of right-hand-side force
assembly.

During the last ten years, considerable progress has been made as may be seen in the
chronology of the developments which follows.

Capahil |t| es added in 1989-1990:

arbitrary node and e ement numbers,

fabric model for seat belts and airbags,

composite glass model,

vectorized type 3 contact and single surface contact,

many more |/O options,

all shell materials available for 8 node thick shell,

strain rate dependent plasticity for beams,

fully vectorized iterative plagticity,

interactive graphics on some computers,

nodal damping,

shell thickness taken into account in shell type 3 contact,

shell thinning accounted for in type 3 and type 4 contact,

soft stonewalls,

print suppression option for node and e ement data,

massless truss elements, rivets — based on equations of rigid body dynamics,
massless beam elements, spot welds — based on equations of rigid body dynamics,
expanded databases with more history variables and integration points,

force limited resultant beam,

rotational spring and dampers, local coordinate systems for discrete elements,

resultant plasticity for CO triangular element,

energy dissipation calculations for stonewalls,

hourglass energy calculations for solid and shell elements,

viscous and Coulomb friction with arbitrary variation over surface,
distributed |oads on beam elements,

Cowper and Symonds strain rate model,

segmented stonewalls,

stonewall Coulomb friction,
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stonewall energy dissipation,

airbags (1990),

nodal rigid bodies,

automatic sorting of triangular shellsinto CO groups,
mass scaling for quas static analyses,

user defined subroutines,

warpage checks on shell elements,

thickness consideration in all contact types,

automatic orientation of contact segments,

diding interface energy dissipation calculations,

nodal force and energy database for applied boundary conditions,
defined stonewall velocity with input energy calculations,

Capahil |t| es added in 1991-1992:

rigid/deformable material switching,

rigid bodies impacting rigid walls,

strain-rate effects in metallic honeycomb model 26,

shells and beams interfaces included for subsequent component analyses,
external work computed for prescribed displacement/vel ocity/accel erations,
linear constraint equations,

M PGS database,

MOV IE database,

Slideline interfacefile,

automated contact input for al input types,

automatic single surface contact without el ement orientation,
constraint technique for contact,

cut planes for resultant forces,

crushable cellular foams,

urethane foam model with hysteresis,

subcycling,

friction in the contact entities,

strains computed and written for the 8 node thick shells,

“good” 4 node tetrahedron solid el ement with nodal rotations,

8 node solid element with nodal rotations,

2 x 2 integration for the membrane element,

Belytschko-Schwer integrated beam,

thin-walled Belytschko-Schwer integrated beam,

improved TAURUS database control,

null material for beamsto display springs and seatbeltsin TAURUS,
paralel implementation on Crays and SGI computers,

coupling to rigid body codes,

seat belt capability.

Capabili |t| es added in 1993-1994:

Arbitrary Lagrangian Eulerian brick elements,
Belytschko-Wong-Chiang quadrilateral shell element,
Warping stiffness in the Belytschko-Tsay shell element,
Fast Hughes-Liu shell element,

Fully integrated thick shell element,

Discrete 3D beam element,

Generaized dampers,

Cable modeling,

Airbag reference geometry,
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Capabilit

Multiple jet model,

Generalized joint stiffnesses,

Enhanced rigid body to rigid body contact,

Orthotropic rigid walls,

Time zero mass scaling,

Coupling with USA (Underwater Shock Analysis),

Layered spot welds with failure based on resultants or plastic strain,
Fillet welds with failure,

Butt welds with failure,

Automatic eroding contact,

Edge-to-edge contact,

Automatic mesh generation with contact entities,

Drawbead modeling,

Shells constrained inside brick elements,

NIKE3D coupling for springback,

Barlat’ s anisotropic plasticity,

Superplastic forming option,

Rigid body stoppers,

Keyword input,

Adaptivity,

First MPP (Massively Pardlel) version with limited capabilities.
Built in least squaresfit for rubber model constitutive constants,
Large hystersisin hyperelastic foam,

Bilhkw/Dubois foam model,

Generalized rubber model,

es added in 1995:
Belytschko - Leviathan Shell
Automatic switching between rigid and deformable bodies.
Accuracy on SMP machinesto give identical answers on one, two or more processors.
Local coordinate systems for cross-section output can be specified.
Null material for shell elements.
Global body force loads now may be applied to a subset of materials.
User defined loading subroutine.
Improved interactive graphics.
New initial velocity options for specifying rotational velocities.
Geometry changes after dynamic relaxation can be considered for initial velocities..
Vel ocities may aso be specified by using material or part ID’s.
Improved speed of brick element hourglass force and energy calculations.
Pressure outflow boundary conditions have been added for the ALE options.
More user control for hourglass control constants for shell elements.
Full vectorization in constitutive models for foam, models 57 and 63.
Damage mechanics plasticity model, material 81,
Generd linear viscoelasticity with 6 term prony series.
Least squaresfit for viscoelastic material constants.
Table definitions for strain rate effectsin materia type 24.
Improved treatment of free flying nodes after element failure.
Automatic projection of nodesin CONTACT _TIED to eliminate gapsin the surface.
More user control over contact defaults.
Improved interpenetration warnings printed in automatic contact.
Flag for using actual shell thickness in single surface contact logic rather than the default.
Definition by exempted part ID’s.
Airbag to Airbag venting/segmented airbags are now supported.
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Airbag reference geometry speed improvements by using the reference geometry for the
time step size calculation.

| sotropic airbag material may now be directly for cost efficiency.

Airbag fabric material damping is specified asthe ratio of critical damping.

Ability to attach jetsto the structure so the airbag, jets, and structure to move together.
PVM 5.1 Madymo coupling is available.

Meshes are generated within LS-DYNAS3D for al standard contact entities.

Joint damping for trandational motion.

Angular displacements, rates of displacements, damping forces, etc. in INTFORC file.
Link between LS-NIKE3D to LS-DYNA3D via*INITIAL_STRESS keywords.

Trim curves for metal forming springback.

Sparse equation solver for springback.

Improved mesh generation for IGES and VDA provides a mesh that can directly be used
to model tooling in metal stamping analyses.

Capabilities added in 1996-1997 in Version 940:

Part/Material ID’s may be specified with 8 digits.

Rigid body motion can be prescribed in alocal system fixed to the rigid body.
Nonlinear least squares fit available for the Ogden rubber model.

L ease squares fit to the relaxation curves for the viscoelasticity in rubber.
Fu-Chang rate sensitive foam.

6 term Prony series expansion for rate effects in model 57-now 73

Viscoelastic material model 76 implemented for shell elements.

Mechanical threshold stress (MTYS) plasticity model for rate effects.
Thermoelastic-plastic material model for Hughes-Liu beam element.
Ramberg-Osgood soil model

Invariant local coordinate systems for shell elements are optional.

Second order accurate stress updates.

Four noded, linear, tetrahedron el ement.

Co-rotational solid element for foam that can invert without stability problems.
Improved speed in rigid body to rigid body contacts.

Improved searching for thea 3, a 5 and al0 contact types.

Invariant results on shared memory parallel machines with thea n contact types.
Thickness offsetsin type 8 and 9 tie break contact algorithms.

Bucket sort frequency can be controlled by aload curve for airbag applications.
In automatic contact each part 1D in the definition may have unique:

-Static coefficient of friction

-Dynamic coefficient of friction

-Exponential decay coefficient

-Viscous friction coefficient

-Optional contact thickness

-Optional thickness scale factor

-Local penalty scale factor

Automatic beam-to-beam, shell edge-to-beam, shell edge-to-shell edge and single surface
contact algorithm.

Release criteria may be a multiple of the shell thicknessin typesa 3, a 5, al0, 13, and
26 contact.

Force transducers to obtain reaction forces in automatic contact definitions. Defined
manually via segments, or automatically viapart ID’s.

Searching depth can be defined as a function of time.

Bucket sort frequency can be defined as a function of time.

Interior contact for solid (foam) elements to prevent "negative volumes.”

Locking joint
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Temperature dependent heat capacity added to Wang-Nefske inflator models.

Wang Hybrid inflator model [Wang, 1996] with jetting options and bag-to-bag venting.
Aspiration included in Wang' s hybrid model [Nusholtz, Wang, Wylie, 1996].

Extended Wang' s hybrid inflator with a quadratic temperature variation for heat capacities
[Nusholtz, 1996].

Fabric porosity added as part of the airbag constitutive mode .

Blockage of vent holes and fabric in contact with structure or itself considered in venting
with leakage of gas.

Option to delay airbag liner with using the reference geometry until the reference areais
reached.

Birth time for the reference geometry.

Multi-material Euler/ALE fluids,

-2nd order accurate formulations.

-Automatic coupling to shell, brick, or beam elements

-Coupling using LS-DY NA contact options.

-Element with fluid + void and void material

-Element with multi-materials and pressure equilibrium

Nodal inertiatensors.

2D plane stress, plane strain, rigid, and axisymmetric elements

2D plane strain shell eement

2D axisymmetric shell element.

Full contact support in 2D, tied, diding only, penalty and constraint techniques.

Most material types supported for 2D elements.

I nteractive remeshing and graphics options available for 2D.

Subsystem definitions for energy and momentum output.

Boundary element method for incompressible fluid dynamics and fluid-structure
interaction problems.

Capabili |t|e£ added during 1997-1998 in Version 950:

Adaptive refinement can be based on tooling curvature with FORMING contact.
The display of drawbeads is now possible since the drawbead data is output into the
D3PLOT database.
An adaptive box option, *DEFINE_BOX_ADAPTIVE, alows control over the
refinement level and location of elementsto be adapted.
A root identification file, ADAPT.RID, gives the parent element ID for adapted elements.
Draw bead box option,* DEFINE_BOX_DRAWBEAD, smplifies drawbead inpui.
The new control option, CONTROL_IMPLICIT, activates an implicit solution scheme.
2D Arbitrary-Lagrangian-Eulerian elements are available.
2D automatic contact is defined by listing part ID's.
2D r-adaptivity for plane strain and axisymmetric forging smulationsis available.
2D automatic non-interactive rezoning asin LS-DYNAZ2D.
2D plane strain and axisymmetric element with 2x2 selective-reduced integration are
implemented.
Implicit 2D solid and plane strain el ements are available.
Implicit 2D contact is available.
The new keyword, *DELETE_CONTACT_2DAUTO, allows the deletion of 2D
automatic contact definitions.
The keyword, *LOAD_BEAM is added for pressure boundary conditions on 2D
elements.
A viscoplastic strain rate option is available for materials:
*MAT_PLASTIC_KINEMATIC
*MAT_JOHNSON_COOK
*MAT_POWER_LAW_PLASTICITY
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*MAT_STRAIN_RATE _DEPENDENT_PLASTICITY
*MAT_PIECEWISE_LINEAR_PLASTICITY
*MAT_RATE_SENSITIVE_POWERLAW_PLASTICITY
*MAT_ZERILLI-ARMSTRONG
*MAT_PLASTICITY_WITH_DAMAGE
*MAT_PLASTICITY_COMPRESSION_TENSION
Material model, *MAT_PLASTICITY_WITH_DAMAGE, has a piecewise linear damage
curve given by ‘aload curve ID.
The Arruda-Boyce hyper-viscoelastic rubber model is available, see *MAT _
ARRUDA_BOYCE.
Transverse-anisotropic-viscoelastic material for heart tissue, see *MAT_HEART _
TISSUE.
Lung hyper-viscoelastic material, see *MAT_LUNG_TISSUE.
Compression/tension plasticity model, see *MAT_PLASTICITY_COMPRESSION _
TENSION.
The Lund strain rate model, *MAT_STEINBERG_LUND, isadded to Steinberg-Guinan
plasticity model.
Rate sensitive foam model, *MAT_FU_CHANG_FOAM, has been extended to include
engineering strain rates, etc.
Model, *MAT_MODIFIED_PIECEWISE_LINEAR_PLASTICITY, is added for
modeling the failure of aluminum.
Material moddl, *MAT_SPECIAL_ORTHOTROPIC, added for television shadow mask
problems.
Erosion strain isimplemented for materia type, *MAT_BAMMAN_DAMAGE.
The equation of state, *EOS JWLB, is available for modeling the expansion of
explosive gases.
The reference geometry option is extended for foam and rubber materials and can be used
for stressinitidization, see*INITIAL_FOAM_REFERENCE_GEOMETRY.
A vehicle positioning option is available for setting the initial orientation and velocities,
see*INITIAL_VEHICLE_KINEMATICS.
A boundary element method is available for incompressible fluid dynamics problems.

The thermal materials work with instantaneous coefficients of thermal expansion:
*MAT_ELASTIC PLASTIC_ THERMAL
*MAT_ORTHOTROPIC_THERMAL
*MAT_TEMPERATURE_DEPENDENT_ORTHOTROPIC
*MAT_ELASTIC_ WITH_VISCOSITY.
Airbag interaction flow rate versus pressure differences.
Contact segment search option, [bricksfirst optional]
A through thickness Gauss integration rule with 1-10 points is available for shell
elements. Previoudy, 5 were available.
Shell element formulations can be changed in afull deck restart.
The tied interface which is based on constraint equations, TIED SURFACE _TO__
SURFACE, can now fail if _FAILURE, is appended.
A general failure criteria for solid elements is independent of the material type, see
*MAT_ADD_EROSION
Load curve control can be based on thinning and a flow limit diagram, see *DEFINE _
CURVE_FEEDBACK.
An option to filter the spotweld resultant forces prior to checking for failure has been
added the the option, * CONSTRAINED_SPOTWELD, by appending, FILTERED _
FORCE, to the keyword.
Bulk viscosity is available for shell types 1, 2, 10, and 16.
When defining the local coordinate system for the rigid body inertia tensor a local
coordinate system ID can be used. This simplifiesdummy positioning.

LS-DYNA
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Prescribing displacements, velocities, and accelerations is now possible for rigid body
nodes.

Oneway flow is optional for segmented airbag interactions.

Pressure time history input for airbag type, LINEAR_FLUID, can be used.

An option is available to independently scale system damping by part ID in each of the
global directions.

An option is available to independently scale global system damping in each of the global
directions.

Added option to constrain global DOF along lines parallel with the global axes. The
keyword is* CONSTRAINED_GLOBAL. Thisoption is useful for adaptive remeshing.
Beam end code releases are available, see *ELEMENT _BEAM.

An initial force can be directly defined for the cable material, *MAT_CABLE_
DISCRETE_BEAM. The specification of dack is not required if this option is used.
Airbag pop pressure can be activated by accelerometers.

Termination may now be controlled by contact, via* TERMINATION_CONTACT.
Modified shell elements types 8, 10 and the warping stiffness option in the Belytschko-
Tsay shell to ensure orthogonality with rigid body motions in the event that the shell is
badly warped. Thisisoptional in the Belytschko-Tsay shell and the type 10 shell.

A one point quadrature brick element with an exact hourglass stiffness matrix has been
implemented for implicit and explicit calculations.

Automatic file length determination for D3PLOT binary database is now implemented.
Thisinsuresthat at least asingle stateis contained in each D3PLOT file and eliminatesthe
problem with the states being split between files.

The dump files, which can be very large, can be placed in another directory by specifying
d=/home/user /test/d3dump on the execution line.

A print flag controls the output of data into the MATSUM and RBDOUT files by part
ID's. The option, PRINT, has been added as an option to the * PART keyword.

Flag has been added to delete material datafrom the D3THDT file. See*DATABASE
EXTENT_BINARY and column 25 of the 19th control card in the structured input.

After dynamic relaxation completes, afile iswritten giving the displaced state which can
be used for stressinitialization in later runs.

Capabilities added during 1998-2000 in Version 960. Most new capabilities work on both the MPP
and SMP versions; however, the capabilities that are implemented for the SMP version only, which
were not considered critical for this release, are flagged below. These SMP unique capabilities are
being extended for MPP calculations and will be availablein the near future. Theimplicit capabilities
for MPP require the devel opment of a scalable eigenvalue solver, which is under development for a
later release of LS-DYNA.

Incompressible flow solver isavailable. Structural coupling is not yet implemented.
Adaptive mesh coarsening can be done before the implicit springback calculation in metal
forming applications.

Two-dimensional adaptivity can be activated in both implicit and explicit calculations.
(SMP version only)

Aninternally generated smooth load curve for metal forming tool motion can be activated
with the keyword: *DEFINE_CURVE_SMOOTH.

Torsional forces can be carried through the deformable spot welds by using the contact
type: *CONTACT_SPOTWELD_WITH_TORSION (SMP version only with a high
priority for the MPP version if this option proves to be stable.)

Tie break automatic contact is now available viathe * CONTACT_AUTOMATIC ...
TIEBREAK options. This option can be used for glued panels. (SMP only)
*CONTACT_RIGID_SURFACE option is now available for modeling road surfaces
(SMP version only).
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» Fixedrigid walls PLANAR and PLANAR_FINITE are represented in the binary output
file by a single shell element.

» Interferencefits can be modeled with the INTERFERENCE option in contact.

* A layered shell theory is implemented for several constitutive models including the
composite models to more accurately represent the shear stiffness of laminated shells.

» Damage mechanicsis available to smooth the post-failure reduction of the resultant forces
in the congtitutive model *MAT_SPOTWELD DAMAGE.

* Finite elastic strain isotropic plasticity model is available for solid elements. *MAT _
FINITE_ELASTIC_STRAIN_PLASTICITY.

A shape memory aloy materia isavailable: *MAT_SHAPE_MEMORY.

 Reference geometry for material, *MAT_| MODIFIED_HONEY COMB, can be set at
arbitrary relative volumes or when ‘the time > step size reaches a limiting value. This option
isnow availablefor al element typesincluding the fully integrated solid element.

* Non orthogonal material axes are available in the airbag fabric model. See *MAT _
FABRIC.

»  Other new congtitutive models include for the beam elements:

*MAT_MODIFED_FORCE_LIMITED
*MAT_SEISMIC_BEAM
*MAT_CONCRETE_BEAM

for shell and solid elements:
*MAT_ELASTIC VISCOPLASTIC_THERMAL

for the shell elements:
*MAT_GURSON
*MAT_GEPLASTIC_SRATE2000
*MAT_ELASTIC VISCOPLASTIC_THERMAL
*MAT_COMPOSITE LAYUP
*MAT_COMPOSITE_LAYUP
*MAT_COMPOSITE_DIRECT

for the solid elements:
*MAT_JOHNSON_HOLMQUIST_CERAMICS
*MAT_JOHNSON_HOLMQUIST_CONCRETE
*MAT_INV_HYPERBOLIC_SIN
*MAT_UNIFIED_CREEP
*MAT_SOIL_BRICK
*MAT_DRUCKER_PRAGER
*MAT_RC SHEAR WALL

and for all element options a very fast and efficient version of the Johnson-Cook plasticity

model isavailable:
*MAT_SIMPLIFIED_JOHNSON_COOK

* A fully integrated version of the type 16 shell element is available for the resultant
constitutive models.

* A nonlocal failure theory isimplemented for predicting failure in metallic materials. The
keyword *MAT_NONLOCAL activates this option for a subset of elastoplastic
constitutive models.

» A discrete Kirchhoff triangular shell element (DKT) for explicit analysis with three in
plane integration points is flagged as a type 17 shell element. This element has much
better bending behavior than the CO triangular element.

» A discrete Kirchhoff linear triangular and quadrilaterial shell element is available as atype
18 shell. Thisshell isfor extracting normal modes and static analysis.

* A COlinear 4-node quadrilaterial shell element isimplemented as element type 20 with
drilling stiffness for norma modes and static analysis.

* Anassumed strain linear brick element is avaiable for normal modes and statics.

* Thefully integrated thick shell element has been extended for use in implicit calculations.
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» A fully integrated thick shell element based on an assumed strain formulation is now
available. This element uses a full 3D constitutive model which includes the normal
stress component and, therefore, does not use the plane stress assumption.

* The 4-node constant strain tetrahedron element has been extended for use in implicit

calculations.

Relative damping between partsis available, see *DAMPING_RELATIVE (SMP only).

Preload forces are can be input for the discrete beam elements.

Objective stress updates are implemented for the fully integrated brick shell el ement.

Acceleration time histories can be prescribed for rigid bodies.

Prescribed motion for nodal rigid bodiesis now possible.

Generalized set definitions, i.e.,, SET_SHELL_GENERAL etc. provide much flexibility

in the set definitions.

* Thecommand "sw4." will write a state into the dynamic relaxation file, D3DRLF, during
the dynamic relaxation phase if the D3DRLF fileis requested in the input.

* Added mass by PART ID iswritten into the MATSUM file when mass scaling is used to
maintain the time step size, (SMP version only).

» Upon termination due to a large mass increase during a mass scaled calculation a print
summary of 20 nodes with the maximum added massis printed.

* Eigenvalue analysis of models containing rigid bodies is now available using BCSLIB-
EXT solversfrom Boeing. (SMP version only).

* Second order stress updates can be activated by part 1D instead of globally on the
*CONTROL_ACCURACY input.

* Interfacefrictional energy is optionally computed for heat generation and is output into the
interface force file (SMP version only).

* Theinterface force binary database now includes the distance from the contact surface for
the FORMING contact options. This distance is given after the nodes are detected as
possible contact candidates. (SMP version only).

* Type 14 acoustic brick element isimplemented. Thiseement isafully integrated version
of type 8, the acoustic element (SMP version only).

» A flooded surface option for acoustic applicationsis available (SMP version only).

» Attachment nodes can be defined for rigid bodies. This option is useful for NVH
applications.

» CONSTRAINED_POINTS ie any two points together. These points must lie on a shell
elements.

» Soft constraint is available for edge to edge contact in type 26 contact.

* CONSTAINED_INTERPOLATION option for beam to solid interfaces and for
spreading the mass and loads. (SMP version only).

* A database option has been added that allows the output of added mass for shell el ements
instead of the time step size.

* A new contact option allows the inclusion of all internal shell edges in contact type
*CONTACT_GENERAL, type 26. Thisoption isactivated by adding INTERIOR after
the GENERAL keyword.

* A new option allows the use deviatoric strain rates rather than total ratesin material model
24 for the Cowper-Symonds rate model.

* The CADFEM option for ASCII databases is now the default. Their option includes
more significant figuresin the output files.

*  When using deformable spot welds, the added mass for spot welds is now printed for the
case where global mass scaling is activated. This output isin the log file, D3HSP file,
and the MESSAG file.

» Initia penetration warnings for edge-to-edge contact are now written into the MESSAG
file and the D3HSP file.

» Each compilation of LS-DY NA is given aunique version number.
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» Finitelength discrete beams with various local axes options are now available for material
types 66, 67, 68, 93, and 95. In thisimplementation the absolute value of SCOOR must
besetto 2 or 3inthe*SECTION_BEAM inpui.

* New discrete element congtitutive models are available:
*MAT_ELASTIC_SPRING_DISCRETE_BEAM
*MAT_INELASTIC_SPRING_DISCRETE_BEAM
*MAT_ELASTIC 6DOF SPRING_DISCRETE_BEAM
*MAT_INELASTIC 6DOF SPRING_DISCRETE_BEAM

The latter two can be used as finite length beams with local coordinate systems.

* Moving SPC'sare optional in that the constraints are applied in alocal system that rotates
with the 3 defining nodes.

* A moving local coordinate system, CID, can be used to determine orientation of discrete
beam elements.

* Modal superposition analysis can be performed after an eigenvalue analysis. Stress
recovery is based on type 18 shell and brick (SMP only).

» Rayleigh damping input factor is now input as a fraction of critical damping, i.e. 0.10.
The old method required the frequency of interest and could be highly unstable for large
input values.

* Airbag option "SIMPLE_PRESSURE_VOLUME" alows for the constant CN to be
replaced by aload curve for initialization. Also, another load curve can be defined which
allows CN to vary as a function of time during dynamic relaxation. After dynamic
relaxation CN can be used as afixed constant or |oad curve.

* Hybrid inflator model utilizing CHEMKIN and NIST databasesis now available. Up to
ten gases can be mixed.

* Option to track initial penetrations has been added in the automatic SMP contact types
rather than moving the nodes back to the surface. This option has been available in the
MPP contact for some time. This input can be defined on the fourth card of the
*CONTROL_CONTACT input and on each contact definition on the third optional card
inthe* CONTACT definitions.

» |If the average acceleration flag is active, the average acceleration for rigid body nodesis
now written into the D3THDT and NODOUT files. In previous versions of LS-DYNA,
the accelerations on rigid nodes were not averaged.

* A capability to initialize the thickness and plastic strain in the crash model is available
through the option *INCLUDE_STAMPED_PART, which takes the resultsfrom the LS
DYNA stamping simulation and maps the thickness and strain distribution onto the same
part with a different mesh pattern.

* A capability to include finite element data from other models is available through the
option, *INCLUDE_TRANSFORM. This option will take the model defined in an
INCLUDE file: offset all ID's; trandate, rotate, and scale the coordinates; and transform
the constitutive constants to another set of units.

Many new capabilities were added during 2001-2002 to create version 970 of LS-DYNA. Some of
the new features, which are also listed below, were also added to later releases of version 960. Most
new explicit capabilities work for both the MPP and SMP versions, however, the implicit capabilities
for MPP require the devel opment of a scalable eigenvalue solver and a parallel implementation of the
constraint equations into the global matrices. Thiswork isunderway. A later release of version 970
is planned in 2003 that will be scalable for implicit solutions.
Below islist of new capabilities and features:
* MPP decomposition can be controlled using *CONTROL_MPP_ DECOMPOSITION
commands in the input deck.
* TheMPP arhitrary Lagrangian-Eulerian fluid capability now works for airbag deployment
in both SMP and MPP calculations.
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 Euler-to-Euler coupling is now available through the keyword
*CONSTRAINED_EULER_TO_EULER.

* Uptoten ALE multi-material groups may now be defined. The previous limit was three
groups.

* Volume fractions can be automatically assigned during initialization of multi-material
cells. Seethe GEOMETRY option of *INITIAL_VOLUME_FRACTION.

* A new ALE smoothing option is available to accurately predict shock fronts.

« DATABASE _FSl activates output of fluid-structure interaction datato ASCII file DBFSI.

» Point sourcesfor airbag inflators are available. The origin and mass flow vector of these
inflators are permitted to vary with time.

* A mgority of the material models for solid materials are available for calculations using
the SPH (Smooth Particle Hydrodynamics) option.

* The Element Free Galerkin method (EFG or meshfree) is available for two-dimensional
and three-dimensional solids. This new capability is not yet implemented for MPP
applications.

* A binary option for the ASCII filesis now available. This option appliesto all ASCII
files and results in one binary file that contains all the information normally spread
between alarge number of separate ASCI| files.

* Material models can now be defined by numbers rather than long names in the keyword
input. For example the keyword *MAT_PIECEWISE_LINEAR_PLASTICITY can be
replaced by the keyword: *MAT_024.

* Anembedded NASTRAN reader for direct reading of NASTRAN input filesis available.
Thisoption allows atypical input filefor NASTRAN to be read directly and used without
additional input. Seethe*INCLUDE_NASTRAN keyword.

* Namesin the keyword input can represent numbersif the * PARAMETER option is used
to relate the names and the corresponding numbers.

* Model documentation for the major ASCII output files is now optional. This option
allows descriptors to be included within the ASCII files that document the contents of the
file.

» |Dishave been added to the following keywords:

*BOUNDARY_PRESCRIBED _MOTION
*BOUNDARY_PRESCRIBED_SPC
*CONSTRAINED_GENERALIZED WELD
*CONSTRAINED_JOINT
*CONSTRAINED_NODE_SET
*CONSTRAINED_RIVET
*CONSTRAINED_SPOTWELD
*DATABASE_CROSS SECTION
*ELEMENT_MASS

» The*DATABASE_ADAMS keyword is available to output a modal neutral file d3mnf.
Thiswill isavailable upon customer request sinceit requires linking to an ADAMS library
file.

» Penetration warnings for the contact option, iignore initial penetration,i are added as an
option. Previously, no penetration warnings were written when this contact option was
activated.

* Penetration warnings for nodes in-plane with shell mid-surface are printed for the
AUTOMATIC contact options. Previously, these nodes were ignored since it was
assumed that they belonged to a tied interface where an offset was not used;
consequently, they should not be treated in contact.

» For the arbitrary spot weld option, the spot welded nodes and their contact segments are
optionally written into the D3HSP file. See* CONTROL_ CONTACT.

* For the arbitrary spot weld option, if a segment cannot be found for the spot welded
node, an option now existsto error terminate. See* CONTROL_ CONTACT.

[.12 (INTRODUCTION) LSDYNA Version 970



INTRODUCTION

» Spot weld resultant forces are written into the SWFORC file for solid elements used as
spot welds.

» Solid materials have now been added to the failed element report and additional
information iswritten for the inode is del etedi messages.

* A new option for terminating acalculation is available, * TERMINATION_ CURVE.

* A 10-noded tetrahedron solid element is available with either a4 or 5 point integration
rule. Thiselement can aso be used for implicit solutions.

* A new 4 node linear shell element is available that is based on Wilsonis plate element
combined with a Pian-Sumihara membrane element. Thisis shell type 21.

* A shear panel element has been added for linear applications. Thisisshell type22. This
element can also be used for implicit solutions.

* A null beam element for visualization is available. The keyword to define this null beam
iIS*ELEMENT_PLOTEL. Thiselement is necessary for compatibility with NASTRAN.

» A scaar node can be defined for spring-mass systems. The keyword to define this node
is*NODE_SCALAR. Thisnode can have from 1 to 6 scalar degrees-of-freedom.

* A thermal shell has been added for through-thickness heat conduction. Internally, 8
additional nodes are created, four above and four below the mid-surface of the shell
element. A quadratic temperature field is modeled through the shell thickness. Internally,
the thermal shell isa 12 node solid element.

* A beam OFFSET option isavailable for the*ELEMENT_BEAM definition to permit the
beam to be offset from its defining nodal points. This has the advantage that all beam
formulations can now be used as shell stiffeners.

* A beam ORIENTATION option for orienting the beams by a vector instead of the third
nodeisavailablein the*ELEMENT_BEAM definition for NASTRAN compatibility.

* Non-structural mass has been added to beam elements for modeling trim mass and for
NASTRAN compatibility.

* Anoptiona checking of shell elementsto avoid abnormal terminationsis available. See
*CONTROL_SHELL. If thisoption is active, every shell is checked each time step to
see if the distortion is so large that the element will invert, which will result in an
abnormal termination. If a bad shell is detected, either the shell will be deleted or the
calculation will terminate. The latter is controlled by the input.

* Anoffset option is added to the inertia definition. See*ELEMENT _ INERTIA_OFFSET
keyword. Thisalows the inertiatensor to be offset from the nodal point.

* Plastic strain and thickness initialization is added to the draw bead contact option. See
*CONTACT_DRAWBEAD _INITIALIZE.

» Tied contact with offsets based on both constraint equations and beam elements for solid
elements and shell elements that have 3 and 6 degrees-of-freedom per node, respectively.
See BEAM_OFFSET and CONSTRAINED__ OFFSET contact options. These options
will not cause problems for rigid body motions.

* The segment-based (SOFT=2) contact is implemented for MPP calculations. This
enables airbags to be easily deployed on the MPP version.

* Improvements are made to segment-based contact for edge-to-edge and sliding
conditions, and for contact conditions involving warped segments.

* Animproved interior contact has been implemented to handle large shear deformationsin
the solid elements. A specia interior contact algorithm is available for tetrahedron
elements.

* Coupling with MADY MO 6.0 uses an extended coupling that allows users to link most
MADYMO geometric entities with LS-DYNA FEM simulations. In this coupling
MADYMO contact algorithms are used to calculate interface forces between the two
models.

* Release flags for degrees-of-freedom for nodal points within nodal rigid bodies are
available. This makes the nodal rigid body option nearly compatible with the RBE2
optionin NASTRAN.
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» Fast updates of rigid bodies for metalforming applications can now be accomplished by
ignoring the rotational degrees-of-freedom in the rigid bodies that are typically inactive
during sheet metal stamping smulations. See the keyword: *CONTROL_RIGID.

» Center of mass constraints can be imposed on nodal rigid bodies with the SPC option in
either alocal or aglobal coordinate system.

» Joint failure based on resultant forces and moments can now be used to simulate the
failure of joints.

» CONSTRAINED_JOINT_STIFFNESS now has a TRANSLATIONAL option for the
trandational and cylindrical joints.

» Joint friction has been added using table look-up so that the frictional moment can now be
afunction of the resultant trandational force.

* The nodal constraint options *CONSTRAINED_INTERPOLATION and
*CONSTRAINED_LINEAR now have a local option to allow these constraints to be
applied in aloca coordinate system.

* Mesh coarsening can now be applied to automotive crash models at the beginning of an
analysis to reduce computation times. See the new keyword: * CONTROL_COARSEN.

» Force versustime seatbelt pretensioner option has been added.

* Both static and dynamic coefficients of friction are available for seat belt slip rings.
Previoudly, only one friction constant could be defined.

e *MAT_SPOTWELD now includes a new failure model with rate effects as well as
additional failure options.

» Condtitutive models added for the discrete beam elements:

*MAT_1DOF GENERALIZED_SPRING
*MAT_GENERAL_NONLINEAR_6dof DISCRETE BEAM
*MAT_GENERAL_NONLINEAR_1dof DISCRETE BEAM
*MAT_GENERAL_SPRING_DISCRETE _BEAM
*MAT_GENERAL_JOINT_DISCRETE_BEAM
*MAT_SEISMIC ISOLATOR
for shell and solid elements:

*MAT plagticity_with_damage ortho

*mat_simplified_johnson_cook_orthotropic_damage

*MAT_HILL_3R

*MAT_GURSON_RCDC
for the solid elements:

*MAT_SPOTWELD

*MAT_HILL_FOAM

*mat_wood

*MAT_VISCOELASTIC HILL_FOAM

*MAT_LOW_DENSITY_SYNTHETIC FOAM

*MAT_RATE_SENSITIVE_POLYMER

*MAT_QUASILINEAR VISCOELASTIC

*MAT_TRANSVERSELY_ANISOTROPIC_CRUSHABLE_FOAM

*MAT_VACUUM

*MAT_modified_crushable foam

*MAT_PITZER_CRUSHABLE FOAM

*MAT_JOINTED_ROCK

*MAT_SIMPLIFIED_RUBBER

*MAT_FHWA SOIL

*MAT_SCHWER_MURRAY_CAP MODEL

+ Failuretime added to MAT_EROSION for solid elements,

« Damping in the material models *MAT_LOW_DENSITY_FOAM and *MAT_LOW_
DENSITY_VISCOUS FOAM can now be a tabulated function of the smallest stretch
ratio.
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e  Themateriad modd *MAT _PLASTICITY _WITH_DAMAGE alowsthe table definitions
for strain rate.

* Improvementsin the option *INCLUDE_STAMPED_PART now allow all history datato
be mapped to the crash part from the stamped part. Also, symmetry planes can be used to
allow the use of asingle stamping to initialize symmetric parts.

* Extensive improvementsin trimming result in much better elements after the trimming is
completed. Also, trimming can be defined in either alocal or global coordinate system.
Thisisanew option in *DEFINE_CURVE_TRIM.

* An option to move parts close before solving the contact problem is available, see
*CONTACT_AUTO_MOVE.

* Anoptionto add or remove discrete beams during a calculation is available with the new
keyword: * PART_SENSOR.

* Multiplejetting is now available for the Hybrid and Chemkin airbag inflator models.

* Nearly dl constraint types are now handled for implicit solutions.

e Calculation of constraint and attachment modes can be easily done by using the option:
*CONTROL_IMPLICIT_MODES.

* Penalty option, see *CONTROL_CONTACT, now appliesto al *RIGIDWALL options
and is always used when solving implicit problems.

» Solid elements types 3 and 4, the 4 and 8 node elements with 6 degrees-of-freedom per
node are available for implicit solutions.

* The warping stiffness option for the Belytschko-Tsay shell is implemented for implicit
solutions. The Belytschko-Wong-Chang shell element is now available for implicit
applications. The full projection method isimplemented due to it accuracy over the drill
projection.

* Rigidto deformable switching isimplemented for implicit solutions.

* Automatic switching can be used to switch between implicit and explicit calculations. See
the keyword: *CONTROL_IMPLICIT_GENERAL.

* Implicit dynamics rigid bodies are now implemented. See the keyword
*CONTROL_IMPLICIT_DYNAMIC.

» Eigenvaue solutions can be intermittently calculated during atransient analysis.

* A linear buckling option is implemented. See the new control input: * CONTROL _
IMPLICIT_BUCKLE

* Implicit initialization can be used instead of dynamic relaxation. See the keyword
*CONTROL_DYNAMIC_RELAXATION where the parameter, IDFLG, isset to 5.

* Superelements, i.e., *ELEMENT_DIRECT_MATRIX_INPUT, are now available for
implicit applications.

* Thereisan extension of the option, * BOUNDARY _CY CLIC, to symmetry planesin the
global Cartesian system. Also, automatic sorting of nodes on symmetry planes is now
doneby LS-DYNA.

* Modeling of wheel-rail contact for railway applications is now available, see
*RAIL_TRACK and *RAIL_TRAIN.

* A new, reduced CPU, element formulation is available for vibration studies when
elements are aligned with the global coordinate system. See * SECTION_SOLID and
*SECTION_SHELL formulation 98.

* An option to provide approximately constant damping over a range of frequenciesis
implemented, see *DAMPING_FREQUENCY _RANGE.
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DESCRIPTION OF KEYWORD INPUT

The keyword input provides a flexible and logically organized database that is simple to
understand. Similar functions are grouped together under the same keyword. For example, under
the keyword *ELEMENT are included solid, beam, shell elements, spring elements, discrete
dampers, seat belts, and lumped masses.

LS-DYNA User’'sManua is aphabetically organized in logical sections of input data. Each
logical section relates to a particular input. There is a control section for resetting LS-DY NA
defaults, a material section for defining constitutive constants, an equation-of-state section, an
element section where element part identifiers and nodal connectivities are defined, a section for
defining parts, and so on. Nearly al model data can be input in block form. For example, consider
the following where two nodal points with their respective coordinates and shell elements with their
part identity and nodal connectivities are defined:

$
$ DEFINE TWO NODES
$
*NODE
10101 X y z
10201 X y z
$
$ DEFINE TWO SHELL ELEMENTS
$
*ELEMENT_SHELL
10201 pid nl n2 n3 n4
10301 pid nl n2 n3 n4

Alternatively, acceptable input could also be of the form:

$
$ DEFINE ONE NODE
$
*NODE
10101 X y z
$
$ DEFINE ONE SHELL ELEMENT
$
*ELEMENT_SHELL
10201 pid nl n2 n3 n4
$
$ DEFINE ONE MORE NODE
$
*NODE
10201 X y z
$
$ DEFINE ONE MORE SHELL ELEMENT
$
*ELEMENT_SHELL
10301 pid nl n2 n3 n4

A data block begins with a keyword followed by the data pertaining to the keyword. The next
keyword encountered during the reading of the block data defines the end of the block and the
beginning of anew block. A keyword must be left justified with the “*” contained in column one. A
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dollar sign “$” in column one precedes a comment and causes the input line to be ignored. Data
blocks are not a requirement for LS-DYNA but they can be used to group nodes and elements for
user convenience. Multiple blocks can be defined with each keyword if desired as shown above. It
would be possible to put al nodal points definitions under one keyword *NODE, or to define one
*NODE keyword prior to each node definition. The entire LS-DYNA input is order independent
with the exception of the optional keyword, * END, which defines the end of input stream. Without
the *END termination is assumed to occur when an end-of-file is encountered during the reading.

Figure .1 attempts to show the general philosophy of the input organization and how various
entities relate to each other. In thisfigure the data included for the keyword, *ELEMENT, is the
element identifier, EID, the part identifier, PID, and the nodal pointsidentifiers, the NID’s, defining
the element connectivity: N1, N2, N3, and N4. The nodal point identifiers are defined in the
*NODE section where each NID should be defined just once. A part defined with the *PART
keyword has a unique part identifier, PID, a section identifier, SID, amaterial or constitutive model
identifier, MID, an equation of state identifier, EOSID, and the hourglass control identifier, HGID.
The *SECTION keyword defines the section identifier, SID, where a section has an element
formulation specified, a shear factor, SHRF, a numerical integration rule, NIP, and so on. The
constitutive constants are defined in the *MAT section where constitutive data is defined for all
element types including solids, beams, shells, thick shells, seat belts, springs, and dampers.
Equations of state, which are used only with certain *MAT materials for solid elements, are defined
in the *EOS section. Since many elements in LS-DYNA use uniformly reduced numerical
integration, zero energy deformation modes may develop. These modes are controlled numerically
by either an artificial stiffness or viscosity which resists the formation of these undesirable modes.
The hourglass control can optionally be user specified using the input in the *HOURGLASS section.

During the keyword input phase where datais read, only limited checking is performed on
the data since the data must first be counted for the array allocations and then reordered.
Considerably more checking is done during the second phase where the input data is printed out.
Since LS-DYNA has retained the option of reading older non-keyword input files, we print out the
datainto the output file D3HSP (default name) asin previous versions of LS-DYNA. An attempt is
made to complete the input phase before error terminating if errors are encountered in the input.
Unfortunately, thisis not always possible and the code may terminate with an error message. The
user should always check either output file, D3HSP or MESSAG, for the word “Error”.

*NODE NID X Y Z
s ~
*ELEMENT EID PID N1 N2 N3 N4
»
*PART PID SID MID EOSID HGID
A
*SECTION_SHELL SID EkFORM/SHR/F’NIP PROPT QR ICOMP
/ v d 7
*MAT_ELASTIC MID R®@ E PR DA DB
Y S
*EOS EOSID -~

V4

*HOURGLASS HGID

Figurel.1l Organization of the keyword input.
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Theinput data following each keyword can be input in free format. 1n the case of free format
input the data is separated by commas, i.e.,

*NODE

10101,x vy ,z

10201,x vy ,z
*ELEMENT_SHELL
10201,pid,n1,n2,n3,n4
10301,pid,n1,n2,n3,n4

When using commas, the formats must not be violated. An I8 integer is limited to a
maximum positive value of 99999999, and larger numbers having more than eight characters are
unacceptable. The format of the input can change from free to fixed anywhere in the input file. The
input is caseinsensitive and keywords can be given in either upper or lower case. THE ASTERISKS
“*” PRECEDING EACH KEYWORD MUST BE IN COLUMN ONE.

To provide a better understanding behind the keyword philosophy and how the options
work, a brief review of some of the more important keywords is given below.

*AIRBAG

The geometric definition of airbags and the thermodynamic properties for the airbag inflator models
can be made in this section. This capability is not necessarily limited to the modeling of automotive
airbags, but it can also be used for many other applications such astires and pneumatic dampers.

*BOUNDARY

This section applies to various methods of specifying either fixed or prescribed boundary conditions.
For compatibility with older versions of LS-DY NA it is still possible to specify some nodal boundary
conditions in the *NODE card section.

*COMPONENT
This section contains analytical rigid body dummies that can be placed within vehicle and integrated
implicitly.

*CONSTRAINED

This section applies constraints within the structure between structural parts. For example, nodal
rigid bodies, rivets, spot welds, linear constraints, tying a shell edge to a shell edge with failure,
merging rigid bodies, adding extra nodes to rigid bodies and defining rigid body joints are all options
in this section.

*CONTACT

This section isdivided in to three main sections. The* CONTACT section alows the user to define
many different contact types. These contact options are primarily for treating contact of deformable
to deformable bodies, single surface contact in deformable bodies, deformable body to rigid body
contact, and tying deformable structures with an option to release the tie based on plastic strain. The
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surface definition for contact is made up of segments on the shell or solid element surfaces. The
keyword options and the corresponding numbers in previous code versions are:

STRUCTURED INPUT TYPE ID KEYWORD NAME

1 SLIDING_ONLY

pl SLIDING_ONLY_PENALTY

TIED_SURFACE_TO_SURFACE

3 SURFACE_TO_SURFACE

a3 AUTOMATIC_SURFACE_TO_SURFACE
4 SINGLE_SURFACE
5 NODES TO_SURFACE

ab AUTOMATIC_NODES TO_SURFACE
6 TIED_NODES TO_SURFACE
7 TIED_SHELL_EDGE TO SURFACE
8 TIEBREAK_NODES TO_SURFACE
9 TIEBREAK_SURFACE_TO_SURFACE

10 ONE_WAY_SURFACE_TO SURFACE

alo AUTOMATIC ONE_WAY_SURFACE_TO_SURFACE
13 AUTOMATIC_SINGLE_SURFACE

al3 AIRBAG_SINGLE_SURFACE

14 ERODING_SURFACE_TO_SURFACE

15 ERODING_SINGLE_SURFACE

16 ERODING_NODES TO SURFACE

17 CONSTRAINT_SURFACE_TO_SURFACE
18 CONSTRAINT_NODES TO_SURFACE

19 RIGID_BODY_TWO _WAY_TO RIGID_BODY
20 RIGID_NODES TO RIGID_BODY

21 RIGID_BODY_ONE_WAY_TO_RIGID_BODY
22 SINGLE_EDGE

23 DRAWBEAD

The*CONTACT_ENTITY section treats contact between arigid surface, usually defined as
an analytical surface, and a deformable structure. Applications of this type of contact exist in the
metal forming area where the punch and die surface geometries can be input as VDA surfaces which
are treated as rigid. Another application is treating contact between rigid body occupant dummy
hyper-ellipsoids and deformable structures such as airbags and instrument panels. This option is
particularly valuable in coupling with the rigid body occupant modeling codes MADYMO and
CAL3D. The*CONTACT_1D isfor modeling rebars in concrete structure.

*CONTROL

Options available in the * CONTROL section allow the resetting of default global parameters such as
the hourglass type, the contact penalty scale factor, shell element formulation, numerical damping,
and termination time.

*DAMPING
Defines damping either globally or by part identifier.

*DATABASE

This keyword with a combination of options can be used for controlling the output of ASCII
databases and binary files output by LS-DYNA. With this keyword the frequency of writing the
various databases can be determined.
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*DEFINE

This section allows the user to define curves for loading, constitutive behaviors, etc.; boxesto limit
the geometric extent of certain inputs; local coordinate systems; vectors; and orientation vectors
specific to spring and damper elements. Items defined in this section are referenced by their
identifiers throughout the input. For example, a coordinate system identifier is sometimes used on
the*BOUNDARY cards, and load curves are used on the * AIRBAG cards.

*DEFORMABLE_TO_RIGID

This section allows the user to switch parts that are defined as deformable to rigid at the start of the
analysis. This capability provides a cost efficient method for simulating events such as rollover
events. While the vehicle is rotating the computation cost can be reduced significantly by switching
deformable parts that are not expected to deform to rigid parts. Just before the vehicle comes in
contact with ground, the analysis can be stopped and restarted with the part switched back to
deformable.

*ELEMENT
Defineidentifiers and connectivities for all e ements which include shells, beams, solids, thick shells,
springs, dampers, seat belts, and concentrated massesin LS-DY NA.

*EOS
This section reads the equations of state parameters. The equation of state identifier, EOSID, points
to the equation of state identifier on the * PART card.

*HOURGLASS
Defines hourglass and bulk viscosity properties. The identifier, HGID, on the *HOURGLASS card
refersto HGID on *PART card.

*INCLUDE

To make the input file easy to maintain, this keyword allows the input file to be split into subfiles.
Each subfile can again be split into sub-subfiles and so on. This option is beneficial when the input
data deck isvery large.

*INITIAL

Initial velocity and initial momentum for the structure can be specified in this section. The initial
velocity specification can be made by *INITIAL_VELOCITY_NODE card or *INITIAL_
VELOCITY cards. In the case of *INITIAL_VELOCITY_NODE nodal identifiers are used to
specify the velocity components for the node. Since al the nodes in the system are initialized to
zero, only the nodes with non zero velocities need to be specified. The*INITIAL_VELOCITY card
provides the capability of being able to specify velocities using the set concept or boxes.

*INTEGRATION

In this section the user defined integration rules for beam and shell elements are specified. IRID
refers to integration rule number IRID on *SECTION_BEAM and *SECTION_SHELL cards
respectively. Quadraturerulesinthe*SECTION_SHELL and *SECTION_BEAM cards need to be
specified as a negative number. The absolute value of the negative number refers to user defined
integration rule number. Positive rule numbers refer to the built in quadrature rules within
LS-DYNA.

*INTERFACE

Interface definitions are used to define surfaces, nodal lines, and nodal points for which the
displacement and velocity time histories are saved at some user specified frequency. This data may
then used in subsequent analyses as an interface ID in the *INTERFACE_LINKING _DISCRETE _
NODE as master nodes, in *INTERFACE_LINKING_SEGMENT as master segments and in
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*INTERFACE_LINKING_EDGE as the master edge for a series of nodes. This capability is
especially useful for studying the detailed response of a small member in alarge structure. For the
first analysis, the member of interest need only be discretized sufficiently that the displacements and
velocities on its boundaries are reasonably accurate. After the first analysis is completed, the
member can be finely discretized in the region bounded by the interfaces. Finally, the second
analysis is performed to obtain highly detailed information in the local region of interest. When
beginning the first analysis, specify a name for the interface segment file using the Z=parameter on
the LS-DY NA execution line. When starting the second analysis, the name of the interface segment
file created in the first run should be specified using the L=parameter on the LS-DY NA command
line. Following the above procedure, multiple levels of sub-modeling are easily accommodated.
The interface file may contain a multitude of interface definitions so that a single run of afull model
can provide enough interface data for many component analyses. The interface feature represents a
powerful extension of LS-DYNA’sanaysis capabilities.

*KEYWORD

Flags LS-DY NA that the input deck is akeyword deck. To have an effect this must be the very first
card in the input deck. Alternatively, by typing “keyword” on the execute line, keyword input
formats are assumed and the “*KEYWORD” is not required. If a number is specified on this card
after the word KEYWORD it defines the memory size to used in words. The memory size can also
be set on the command line. NOTE THAT THE MEMORY SPECIFIED ON THE *KEYWORD
CARD OVERRIDES MEMORY SPECIFIED ON THE EXECUTION LINE.

*LOAD
This section provides various methods of loading the structure with concentrated point loads,
distributed pressures, body force loads, and a variety of thermal loadings.

*MAT

This section allows the definition of constitutive constants for all material models available in
LS-DYNA including springs, dampers, and seat belts. The material identifier, MID, points to the
MID on the * PART card.

*NODE
Define nodal point identifiers and their coordinates.

*PART

This keyword serves two purposes.

1. Relatespart ID to*SECTION, *MATERIAL, *EOS and * HOURGLASS sections.

2. Optionally, in the case of arigid material, rigid body inertia properties and initial conditions can
be specified. Deformable material repositioning data can also be specified in this section if the
reposition option isinvoked on the * PART card, i.e., *PART_REPOSITION.

*RIGIDWALL

Rigid wall definitions have been divided into two separate sections, PLANAR and _GEOMETRIC.
Planar walls can be either stationary or moving in translational motion with mass and initial velocity.
The planar wall can be either finite or infinite. Geometric walls can be planar as well as have the
geometric shapes such as rectangular prism, cylindrical prism and sphere. By default, these walls
are stationary unless the option MOTION is invoked for either prescribed tranglational velocity or
displacement. Unlike the planar walls, the motion of the geometric wall is governed by aload curve.
Multiple geometric walls can be defined to model combinations of geometric shapes available. For
example, awall defined with the _CYLINDER option can be combined with two walls defined with
the SPHERICAL option to model hemispherical surface caps on the two ends of a cylinder.
Contact entities are also analytical surfaces but have the significant advantage that the motion can be
influenced by the contact to other bodies, or prescribed with six full degrees-of-freedom.

LS-DYNA Version 970 1.21 (INTRODUCTION)



INTRODUCTION

*SET

A concept of grouping nodes, elements, materials, etc., in sets is employed throughout the
LS-DYNA input deck. Sets of data entities can be used for output. So-called slave nodes used in
contact definitions, slaves segment sets, master segment sets, pressure segment sets and so on can
also be defined. The keyword, * SET, can be defined in two ways:

1. Option _LIST requires alist of entities, eight entities per card, and define as many cards as
needed to define all the entities.

2. Option _COLUMN, where applicable, requires an input of one entity per line along with up to
four attribute values which are needed to specify, for example, failure criterion input that is
needed for *CONTACT_CONSTRAINT_NODES TO_SURFACE.

*TITLE
In this section atitle for the analysisis defined.

*USER_INTERFACE
This section provides a method to provide user control of some aspects of the contact algorithms
including friction coefficients via user defined subroutines.

RESTART

This section of the input is intended to allow the user to restart the simulation by providing a restart
file and optionally arestart input defining changes to the model such as deleting contacts, materials,
elements, switching materials from rigid to deformable, deformableto rigid ,etc.

*RIGID_TO_DEFORMABLE
This section switches rigid parts back to deformable in a restart to continue the event of a vehicle
impacting the ground which may have been modeled with arigid wall.

*STRESS_INITIALIZATION

Thisis an option available for restart runs. In some cases there may be a need for the user to add
contacts, elements, etc., which are not available options for standard restart runs. A full input
containing the additionsis needed if this option isinvoked upon restart.
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SUMMARY OF COMMONLY USED OPTIONS
The following table gives alist of the commonly used keywords related by topic.

Tablel.1l. Keywords for the most commonly used options.

Topic Component Keyword

Geometry Nodes *NODE

Elements *ELEMENT_BEAM
*ELEMENT_SHELL
*ELEMENT_SOLID
*ELEMENT_TSHELL

Discrete Elements *ELEMENT_DISCRETE
*ELEMENT_MASS
*ELEMENT_SEATBELT_Option

Materials Part (whichis *PART
composed of
Materia and
Section, equation
of state and
hourglass data)
Materid *MAT_Option
Sections *SECTION_BEAM

*SECTION_SHELL
*SECTION_SOLID
*SECTION_TSHELL

Discrete sections *SECTION_DISCRETE
*SECTION_SEATBELT
Equation of state *EOS Option
Hourglass *CONTROL_HOURGLASS
*HOURGLASS
Contactsand | Defaults for contacts *CONTROL_CONTACT
Rigidwalls Definition of contacts *CONTACT _Ogption

Definition of rigidwalls *RIGIDWALL_Option
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Table 1.1. (continued) Keywords for the most commonly used options.

Topic Component Keyword
Boundary Restraints *NODE
Conditions & _ *BOUNDARY_SPC _Option
Loadings Gravity (body) load *LOAD_BODY_Option
Point load *LOAD_NODE_Option
Pressure load *OAD_SEGMENT _Option
*LOAD_SHELL_Option
Thermdl load *LOAD_THERMAL _Option
L oadl curves *DEFINE_CURVE
Constraints | Constrained nodes *CONSTRAINED_NODE_SET
and spot Welds *CONSTRAINED_GENERALIZED WELD _
welds Option
_ *CONSTRAINED_SPOT_WELD
Rivet *CONSTRAINED _RIVET
Output Defaults *CONTROL_OUTPUT
Control ASCII time history files *DATABASE_Option
Begar%/fpll ot, time history and| *DATABASE_BINARY _Option
restart files
Itemsintime history blocks | *DATABASE HISTORY_Option
yl?tgeuktsfor nodal reaction | *xDATABASE_NODAL_FORCE_GROUP
Termination | Termination time *CONTROL_TERMINATION
Termination cycle *CONTROL_TERMINATION
CPU termination *CONTROL_CPU
Degree of freedom *TERMINATION_NODE
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MATERIAL MODELS

Some of the material models presently implemented are:

elastic,

orthotropic elastic,

kinematic/isotropic plasticity [Krieg and Key 1976],
thermoel astoplastic [Hallquist 1979],

soil and crushable/non-crushable foam [Key 1974],

linear viscoelastic [Key 1974],

Blatz-Ko rubber [Key 1974],

high explosive burn,

hydrodynamic without deviatoric stresses,

elastoplastic hydrodynamic,

temperature dependent elastoplastic [ Steinberg and Guinan 1978],
isotropic elastoplastic,

isotropic elastoplastic with failure,

soil and crushable foam with failure,

Johnson/Cook plasticity model [Johnson and Cook 1983],
pseudo TENSOR geological model [Sackett 1987],
elastoplastic with fracture,

power law isotropic plasticity,

strain rate dependent plasticity,

rigid,

thermal orthotropic,

composite damage model [Chang and Chang 1987a1987h],
thermal orthotropic with 12 curves,

piecewise linear isotropic plasticity,

inviscid, two invariant geologic cap [Sandler and Rubin 1979, Simo et al, 1988a
1988Db],

orthotropic crushable model,

Mooney-Rivlin rubber,

resultant plasticity,

force limited resultant formulation,

closed form update shell plasticity,

Frazer-Nash rubber model,

laminated glass model,

fabric,

unified creep plasticity,

temperature and rate dependent plasticity,

elastic with viscosity,

anisotropic plasticity,

user defined,

crushable cellular foams (Neilsen, Morgan, and Krieg 1987),
urethane foam model with hystersis,

and some more foam and rubber models, as well as many materials models for springs and dampers.
The hydrodynamic material models determine only the deviatoric stresses. Pressure is determined by
one of ten equations of state including:

* linear polynomial [Woodruff 1973],
* JWL high explosive [Dobratz 1981],
» Sack “Tuesday” high explosive [Woodruff 1973],
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Gruneisen [Woodruff 1973],

ratio of polynomials [Woodruff 1973],

linear polynomial with energy deposition,

ignition and growth of reaction in HE [Lee and Tarver 1980, Cochran and Chan 1979],
tabulated compaction,

tabulated,

TENSOR pore collapse [Burton et. al. 1982].

The ignition and growth EOS was adapted from KOVEC [Woodruff 1973]; the other
subroutines, programmed by the authors, are based in part on the cited references and are nearly 100
percent vectorized. The forms of the first five equations of state are also given in the KOVEC user’s
manual and are retained in thismanual. The high explosive programmed burn model is described by
Giroux [Simo et al. 1988].

The orthotropic elastic and the rubber material subroutines use Green-St. Venant strains to
compute second Piola-Kirchhoff stresses, which transform to Cauchy stresses. The Jaumann stress
rate formulation is used with all other materials with the exception of one plasticity model which uses
the Green-Naghdi rate.

SPATIAL DISCRETIZATION

The elements shown in Figure 1.2 are presently available. Currently springs, dampers,
beams, membranes, shells, bricks, thick shells and seatbelt elements are included.

The first shell element in DYNA3D was that of Hughes and Liu [Hughes and Liu 1981a,
1981b, 1981c], implemented as described in [Hallquist et al. 1985, Hallquist and Benson 1986].
This element [designated as HL] was selected from among a substantial body of shell element
literature because the element formulation has several desirable qualities:

* [tisincrementally objective (rigid body rotations do not generate strains), allowing for
the treatment of finite strains that occur in many practical applications;

» Itiscompatible with brick elements, because the element is based on a degenerated brick
element formulation. This compatibility allows many of the efficient and effective
techniques developed for the DY NA3D brick elements to be used with this shell e ement;

e |tincludesfinite transverse shear strains;

* A through-the-thickness thinning option (see [Hughes and Carnoy 1981]) is also
available.

All shellsin our current LS-DY NA code must satisfy these desirable traits to at least some extent to
be useful in metalforming and crash ssimulations.

The mgjor disadvantage of the HL element turned out to be cost related and, for this reason,
within ayear of its implementation we looked at the Belytschko-Tsay [BT] shell [Belytschko and
Tsay 1981 1983 1984] as a more cost effective, but possibly less accurate alternative. In the BT
shell the geometry of the shell is assumed to be perfectly flat, the local coordinate system originates at
the first node of the connectivity, and the co-rotational stress update does not use the costly Jaumann
stress rotation. With these and other simplifications, a very cost effective shell was derived which
today has become perhaps the most widely used shell elements in both metalforming and crash
applications. Results generated by the BT shell usually compare favorably with those of the more
costly HL shell. Triangular shell elements are implemented, based on work by Belytschko and co-
workers [Belytschko and Marchertas 1974, Bazeley et al. 1965, Belytschko et al. 1984], and are
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frequently used since collapsed quadrilateral shell elements tend to lock and give very bad results.

LS-DYNA automatically treats collapsed quadrilateral shell elements as CO triangular elements

Since the Belytschko-Tsay element is based on a perfectly flat geometry, warpage is not
considered. Although this generally poses no major difficulties and provides for an efficient
element, incorrect resultsin the twisted beam problem and similar situations are obtained where the
nodal points of the elements used in the discretization are not coplanar. The Hughes-Liu shell
element considers non-planar geometries and gives good results on the twisted beam. The effect of
neglecting warpage in atypical application cannot be predicted beforehand and may lead to less than
accurate results, but the latter is only speculation and is difficult to verify in practice. Obvioudly, it
would be better to use shells that consider warpage if the added costs are reasonable and if this
unknown effect is eliminated. Another shell published by Belytschko, Wong, and Chiang
[Belytschko, Wong, and Chiang 1989, 1992] proposes inexpensive modifications to include the
warping stiffness in the Belytschko-Tsay shell. Animproved transverse shear treatment also allows
the element to pass the Kirchhoff patch test. This element isnow availablein LS-DYNA. Also, two
fully integrated shell elements, based on the Hughes and Liu formulation, are available in
LS-DYNA, but are rather expensive. A much faster fully integrated element which is essentially a
fully integrated version of the Belytschko, Wong, and Chiang element, type 16, is a more recent
addition and isrecommended if fully integrated elements are needed due to its cost effectiveness.

Three-dimensional plane stress constitutive subroutines are implemented for the shell
elements which iteratively update the stress tensor such that the stress component normal to the shell
midsurface is zero. An iterative update is necessary to accurately determine the normal strain
component which is necessary to predict thinning. One constitutive evaluation is made for each
integration point through the shell thickness.

Zero energy modes in the shell and solid elements are controlled by either an hourglass
viscosity or stiffness. Eight node thick shell elements are implemented and have been found to
perform well in many applications. All elements are nearly 100% vectorized. All element classes
can beincluded as parts of arigid body. The rigid body formulation is documented in [Benson and
Hallquist 1986]. Rigid body point nodes, as well as concentrated masses, springs and dashpots can
be added to thisrigid body.

Membrane elements can be either defined directly as shell elements with a membrane
formulation option or as shell elements with only one point for through thickness integration. The
latter choice includes transverse shear stiffness and may be inappropriate. For airbag material a
specia fully integrated three and four node membrane e ement is available.

Two different beam types are available: a stress resultant beam and a beam with cross section
integration at one point along the axis. The cross section integration allows for a more genera
definition of arbitrarily shaped cross sections taking into account material nonlinearities.

Spring and damper elements can be trandational or rotational. Many behavior options can be
defined, e.g., arbitrary nonlinear behavior including locking and separation.

Solid elementsin LS-DYNA may be defined using from 4 to 8 nodes. The standard elements
are based on linear shape functions and use one point integration and hourglass control. A selective-
reduced integrated (called fully integrated) 8 node solid element is available for situations when the
hourglass control fails. Also, two additional solid elements, a 4 noded tetrahedron and an 8 noded
hexahedron, with nodal rotational degrees of freedom, are implemented based on the idea of Allman
[1984] to replace the nodal midside translational degrees of freedom of the elements with quadratic
shape functions by corresponding nodal rotations at the corner nodes. The latter el ements, which do
not need hourglass control, require many numerical operations compared to the hourglass controlled
elements and should be used at places where the hourglass elementsfail. However, it iswell known
that the elements using more than one point integration are more sensitive to large distortions than
one point integrated elements.

The thick shell element is a shell element with only nodal translations for the eight nodes.
The assumptions of shell theory are included in a non-standard fashion. It also uses hourglass
control or selective-reduced integration. This element can be used in place of any four node shell
element. It isfavorably used for shell-brick transitions, as no additional constraint conditions are
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necessary. However, care has to be taken to know in which direction the shell assumptions are

made; therefore, the numbering of the element isimportant.
Seatbelt elements can be separately defined to model seatbelt actions combined with dummy

models. Separate definitions of seatbelts, which are one-dimensional elements, with accel erometers,
sensors, pretensioners, retractors, and sliprings are possible. The actions of the various seatbelt

definitions can a so be arbitrarily combined.

shells
solids @
o trusses
beams
springs lumped masses [E
dampers

Figure|.2. Elementsin LS-DYNA.
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CONTACT-IMPACT INTERFACES

The three-dimensional contact-impact algorithm was originally an extension of the NIKE2D
[Hallquist 1979] two-dimensional algorithm. As currently implemented, one surface of the interface
isidentified as a master surface and the other asadlave. Each surface is defined by a set of three or
four node quadrilateral segments, called master and slave segments, on which the nodes of the dave
and master surfaces, respectively, must slide. In general, an input for the contact-impact algorithm
requiresthat alist of master and slave segments be defined. For the single surface algorithm only the
slave surface is defined and each node in the surface is checked each time step to ensure that it does
not penetrate through the surface. Internal logic [Hallquist 1977, Hallquist et al. 1985] identifies a
master segment for each slave node and a slave segment for each master node and updates this
information every time step as the slave and master nodes slide along their respective surfaces. It
must be noted that for general automatic definitions only parts/materials or three-dimensional boxes
have to be given. Then the possible contacting outer surfaces are identified by the internal logic in
LS-DYNA. Morethan 20 types of interfaces can presently be defined including:

diding only for fluid/structure or gas/structure interfaces,

tied,

diding, impact, friction,

single surface contact,

discrete nodes impacting surface,

discrete nodes tied to surface,

shell edgetied to shell surface,

nodes spot welded to surface,

tiebreak interface,

one way treatment of sliding, impact, friction,

box/material limited automatic contact for shells,

automatic contact for shells (no additional input required),

automatic single surface with beams and arbitrary orientations,
surface to surface eroding contact,

node to surface eroding contact,

single surface eroding contact,

surface to surface symmetric constraint method [ Taylor and Flanagan 1989],
node to surface constraint method [ Taylor and Flanagan 1989,

rigid body to rigid body contact with arbitrary force/deflection curve,
rigid nodesto rigid body contact with arbitrary force/deflection curve,
edge-to-edge,

draw beads.

Interface friction can be used with most interface types. The tied and dliding only interface
options are similar to the two-dimensional algorithm used in LS-DYNAZ2D [Hallquist 1976, 1978,
1980]. Unlikethe general option, the tied treatments are not symmetric; therefore, the surface which
is more coarsely zoned should be chosen as the master surface. When using the one-way slide
surface with rigid materials, the rigid material should be chosen as the master surface.

For geometric contact entities, contact has to be separately defined. It must be noted that for
the contact of arigid body with aflexible body, either the diding interface definitions as explained
above or the geometric contact entity contact can be used. Currently, the geometric contact entity
definition is recommended for metalforming problems due to high accuracy and computational
efficiency.
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INTERFACE DEFINITIONS FOR COMPONENT ANALYSIS

Interface definitions for component analyses are used to define surfaces, nodal lines, or nodal
points (*INTERFACE_COMPONENTS) for which the displacement and velocity time histories are
saved at some user specified frequency (*CONTROL_OUTPUT). This datamay then used to drive
interfaces (*INTERFACE _LINKING) in subsequent analyses. This capability is especially useful
for studying the detailed response of a small member in alarge structure. For thefirst analysis, the
member of interest need only be discretized sufficiently that the displacements and velocities on its
boundaries are reasonably accurate. After thefirst analysisis completed, the member can be finely
discretized and interfaces defined to correspond with the first analysis. Finally, the second analysis
is performed to obtain highly detailed information in the local region of interest.

When starting the analysis, specify a name for the interface segment file using the
Z = parameter on the LS-DYNA command line. When starting the second analysis, the name of the
interface segment file (created in the first run) should be specified using the L = parameter on the
LS-DYNA command line.

Following the above procedure, multiple levels of sub-modeling are easily accommodated.
The interface file may contain a multitude of interface definitions so that a single run of afull model
can provide enough interface data for many component analyses. The interface feature represents a
powerful extension of LS-DY NA’s analysis capability.

CAPACITY

Storage allocation is dynamic. The only limit that exists on the number of boundary
condition cards, number of material cards, number of pressure cards, etc., is the capacity of the
computer. Typical LS-DYNA calculations may have 10,000 to 500,000 elements. Memory
allocation is dynamic and can be controlled during execution.

SENSE SWITCH CONTROLS

The status of an in-progress LS-DYNA simulation can be determined by using the sense
switch. On UNIX versions, thisis accomplished by first typing a“~C” (Control-C). This sends an
interrupt to LS-DY NA which is trapped and the user is prompted to input the sense switch code. LS
DY NA has nineterminal sense switch controls that are tabulated below:

Type Response

SW1. A restart fileiswritten and LS-DY NA terminates.

SwW2. LS-DYNA responds with time and cycle numbers.

SW 3. A restart fileiswritten and LS-DY NA continues.

SwW4., A plot state iswritten and LS-DY NA continues.

SW5. Enter interactive graphics phase and real time visualization.

SW7. Turn off real time visualization.

SW8. Interactive 2D rezoner for solid elements and real time visualization.
SWO. Turn off real time visualization (for option SW8).

SWA.  Flush ASCII file buffers.
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Type Response (Implicit Mode Only)

lprint Enable/Disable printing of equation solver memory, cpu requirements.
niprint  Enable/Disable printing of nonlinear equilibrium iteration information.

iter Enable/Disable output of binary plot database "d3iter" showing mesh after
each equilibrium iteration. Useful for debugging convergence problems.

conv Temporarily override nonlinear convergence tolerances.

stop Halt execution immediately, closing open files.

On UNIX systems the sense switches can still be used if the job is running in the background or in
batch mode. To interrupt LS-DYNA simply create afile call D3KIL containing the desired sense
switch, e.g., "swl." LS-DYNA periodically looks for this file and if found, the sense switch
contained therein is invoked and the D3KIL file is deleted. A null D3KIL fileis equivalent to a
"swl."

When LS-DYNA terminates, all scratch files are destroyed: the restart file, plot files, and
high-speed printer files remain on disk. Of these, only the restart file is needed to continue the
interrupted analysis.

PRECISION

The explicit timeintegration algorithms used in LS-DY NA arein general much less sensitive
to machine precision than other finite element solution methods. Consequently, double precision is
not used. The benefits of this are greatly improved utilization of memory and disk. When problems
have been found we have usually been able to overcome them by reorganizing the algorithm or by
converting to double precision locally in the subroutine where the problem occurs. A few of the
known problems include: (32-bit computers only!):

* Round-off errors can cause difficulties with extremely small deflection problems.
(Maximum vibration amplitudes are <10-6 times nodal coordinates).
Workaround: Increase the load.
*  Buckling prablems, which are very sensitive to small imperfections.
However, the users of LS-DY NA have to be aware of potentia problems.

A major reorganization of LS-DY NA hasled to aversion using double precision throughout
the full program. As memory and disk space of the computers is less of a problem, we prefer to
provide this version for al machines. It also alows LS-DYNA to take advantage of the 64-bit
technology offered by some computer manufacturers.

EXECUTION SYNTAX

Theinteractive execution linefor LS-DY NA isasfollows:

LS-DYNA I=inf O=otf G=ptf D=dpf F=thf U=xtf T=tpf A=rrd M=sif J5jif S=iff Z=isfl
L=isf2 B=rlf W=root E=efl X=scIl C=cpu K=kill V=vda Y=c3d {KEYWORD}
{THERMAL} {COUPLE} {INIT} MEMORY=nwds NCPU= ncpu PARA=para
ENDTIME=time NCYLCE=ncycle

where
inf = input file (user specified)
otf = high speed printer file (default=D3HSP)
ptf = binary plot filefor graphics (default=D3PLOT)
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dpf = dumpfilefor restarting (default=D3DUMP). Thisfileiswritten at the end of every
run and during the run as requested in the input. To stop the generation of thisfile set
the file name to NODUMP.
thf = binary plot filefor time histories of selected data (default=D3THDT)
xtf = binary plot filefor time extradata (default-X TFILE)
tpf = optional temperature file (TOPAZ3D plotfile)
rrd = running restart dump file (default=RUNRSF)
sif = dressinitidization file (user specified)
jif = optiona JOY interfacefile
iff = interfaceforcefile (user specified)
isf1 = interface segment savefileto be created (user specified)
isf2 = exiging interface segment savefile to be used (user specified)
rif = binary plot filefor dynamic relaxation (default=D3DRFL )
efl = echofilecontaining optiona input echo with or without node/element data
root = root file namefor general print option
scl = scaefactor for binary file sizes (default=7)
cpu = cpulimitin seconds, appliesto total calculation not just cpu from arestart
kill = if LSDYNA encountersthisfile nameit will terminate with arestart file
(default=D3KIL)
vda = VDA/IGES database for geometrical surfaces
c3d = CAL3Dinputfile
nwds = Number of wordsto be allocated. On engineering workstations aword is usually
32bits. This number is ignored if memory is specified on the
*KEYWORD card at the beginning of the input deck.
ncpu = OverridesNCPU and CONST defined in *CONTROL_PARALLEL. A positive
value sets CONST=2 and a negative values sets CONST=1. See
*CONTROL_PARALLEL for an explanation of these parameters.
npara = Overides PARA definedin*CONTROL_PARALLEL.
time = OveridesENDTIM definedin* CONTROL_TERMINATION.
ncycle = OverridesENDCY C defined in * CONTROL_TERMINATION.

In order to avoid undesirable or confusing results, each LS-DY NA run should be performed
in aseparate directory. If rerunning ajob in the same directory, old files should first be removed or
renamed to avoid confusion since the possibility exists that the binary database may contain results
from both the old and new run.

By including KEYWORD anywhere on the execute line or instead if * KEYWORD isthe
first card in the input file, the keyword formats are expected; otherwise, the older structured input file
will be expected.

To run a coupled thermal analysis the command COUPL E must be in the execute line. A
thermal only analysis may be run by including the word THERMAL in the execution line.

The INIT (or swl. can be used instead) command on the execution line causes the
calculation to run just one cycle followed by termination with a full restart file. No editing of the
input deck isrequired. The calculation can then be restarted with or without any additional input.
Sometimes this option can be used to reduce the memory on restart if the required memory is given
on the execution line and is specified too large in the beginning when the amount of required memory
isunknown. Generally, this option would be used at the beginning of anew calculation.

If the word MEM ORY is found anywhere on the execution line and if it is not set via
(=nwds) LS-DYNA will give the default size of memory, request, and then read in the desired
memory size. Thisoption is necessary if the default value is insufficient memory and termination
occurs as aresult. Occasionally, the default value is too large for execution and this option can be
used to lower the default size. Memory can aso be specified on the * KEYWORD card.
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File names must be unique. The interface force file is created only if it is specified on the
execution line (S=iff). On large problems the default file sizes may not be large enough for asingle
fileto hold either arestart dump or aplot state. Then thefile size may be increased by specifying the
file size on the execute line using X=scl. The default file size holds seven times one-million octal
word (262144) or 1835008 words. If the core required by LS-DYNA requires more space, it is
recommended that the scl be increased appropriately. Using C=cpu defines the maximum cpu
usage allowed that if exceeded will cause LS-DY NA to terminate with arestart file. During arestart,
cpu should be set to the total cpu used up to the current restart plus whatever amount of additional
timeiswanted.

When restarting from a dump file, the execution line becomes

LS-DYNA I=inf O=otf G=ptf D=dpf R=rtf F=thf U=xtf T=tpf A=rrd J=jif S=iff Z=isfl
L=isf2 B=rIf W=root E=efl X=scI C=cpu K=kill Q=option KEYWORD
MEMORY =nwds

where
rtf = restart filename.

Restarting adaptive runs requires that the following parameter be specified on the command line:
LS-DYNA R=adapt.dumpO1 ...........

The adaptive dump files contain all information required to successfully restart so that no other files
are needed except when CAD surface datais used. When restarting a problem that uses VDA/IGES
surface data, the vdainput file must be specified:

LS-DYNA R=adapt.dumpOl V=vda ...........
If the data from the last run is to be remapped onto a new mesh, then specify: Q=remap. The
remap file is the dump file from which the remapping data are taken. The remap option is available
for brick elements only. File name dropouts are permitted; for example, the following execution
lines are acceptable.

LS-DYNA I=inf
LS-DYNA R=rtf

Default names for the output file, binary plot files, and the dump file are D3HSP, D3PLOT,
D3THDT, and D3DUMP, respectively.
For an analysis using interface segments the execution line in thefirst analysisis given by:

LS-DYNA I=inf Z=isfl
and in the second by:
LS-DYNA I=inf L=isfl
Batch execution in some installations (e.g., GM) is controlled by file NAMES on unit 88.
NAMES is a2 line file in which the second line is blank. The first line of NAMES contains the
execution line:
| =inf

if thisistheinitial run. For arestart the execution line becomes;
I=inf R=rtf

Remark: No stress initialization is possible at restart. Also the VDA files and the CAL3D files
cannot be changed.
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RESTART ANALYSIS

The LS-DY NA restart capability allows analyses to be broken down into stages. After the
completion of each stage in the calculation a “restart dump” iswritten that contains all information
necessary to continue the analysis. The size of this “dump” file is roughly the same size as the
memory required for the calculation. Results can be checked at each stage by post-processing the
output databases in the normal way, so the chance of wasting computer time on incorrect analysesis
reduced. The restart capability is frequently used to modify models by deleting excessively distorted
elements, materials that are no longer important, and contact surfaces that are no longer needed.
Output frequencies of the various databases can also be altered. Often, these simple modifications
permit the calculation to continue on to a successful completion. Restarting can aso help to diagnose
why amodel is giving problems. By restarting from a dump that is written before the occurrence of
anumerical problem and obtaining output at more frequent intervals, it is often possible to identify
where the first symptoms appear and what aspect of the model is causing them.

The format of the restart input file is described in this manual. If, for example, the user
wishes to restart the analysis from dump state nn, contained in file D3DUMPNn, then the following
procedure is followed:

1. Create the restart input deck, if required, as described in the Restart Section of this
manual. Call thisfile restartinput.

2. By invoking the execution line:
LS-DYNA I=restartinput R=D3DUMPnNn
execution begins. If no dterations to the model are made, then the execution line:

LS-DYNA R=D3DUMPnNNn

will suffice. Of course, the other output files should be assigned names if the defaults
have been changed in the original run.

The R=D3DUMPnNN on the status line informs the program that thisis arestart anaysis.

The full deck restart option allows the user to begin a new analysis, with deformed shapes
and stresses carried forward from a previous analysis for selected materials. The new analysis can
be different from the original, e.g., more contact surfaces, different geometry (of parts which are not
carried forward), etc. Examples of applicationsinclude:

» Crash analysis continued with extra contact surfaces,
» Sheet metalforming continued with different tools for modeling a multi-stage forming
process.

Assume an analysisis run using the input file, jobl.inf, and a restart dump named d3dumpO1
iscreated. A new input file job2.inf is generated and submitted as a restart with R=d3dump01 as the
dump file. Theinput filejob2.inf contains the entire model in its original undeformed state but with
more contact surfaces, new output databases, and so on. Since thisis arestart job, information must
be given to tell LS-DY NA which parts of the model should be initialized in the full deck restart.
When the calculation begins the restart database contained in the file d3dumpOLl is read, and a new
database is created to initialize the model in the input file, job2.inf. The datain file job2.inf isread
and the LS-DYNA proceeds through the entire input deck and initialization. At the end of the
initialization process, all the parts selected are initialized from the data saved from d3dumpOl. This
means that the deformed position and velocities of the nodes on the elements of each part, and the
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stresses and strains in the elements (and, if the material of the part isrigid, therigid body properties)
will be assigned.

It is assumed during this process that any initialized part has the same elements, in the same
order, with the same topology, in jobl and job2. If this is not the case, the parts cannot be
initialized. However, the parts may have different identifying numbers.

For discrete elements and seat belts, the choice is all or nothing. All discrete and belt
elements, retractors, sliprings, pretensioners and sensors must exist in both files and will be
initialized.

Materials which are not initialized will have no initial deformations or stresses. However, if
initialized and non-initialized materials have nodes in common, the nodes will be moved by the
initialized material causing a sudden strain in the non-initialized material. This effect could giverise
to sudden spikesin loading.

Points to note are:

» Timeand output intervals are continuous with jobl, i.e., the timeis not reset to zero.

* Don't try to use the restart part of the input to change anything since this will be
overwritten by the new input file.

* Usually, the complete input file part of job2.in1 will be copied from jobl.inf, with the
required alterations. We again mention that there is no need to update the nodal
coordinates since the deformed shapes of the initialized materials will be carried forward
from job1l.

» Completely new databases will be generated with the time offset.

VDA/IGES DATABASES

VDA surfaces are surfaces of geometric entities which are given in the form of polynomials.
The format of these surfaces is as defined by the German automobile and supplier industry in the
VDA guidelines, [VDA, 1987].

The advantage of using VDA surfacesistwofold. First, the problem of meshing the surface
of the geometric entities is avoided and, second, smooth surfaces can be achieved which are very
important in metalforming. With smooth surfaces, artificial friction introduced by standard faceted
meshes with corners and edges can be avoided. Thisis abig advantage in springback calculations.

A very simple and general handling of VDA surfaces is possible allowing arbitrary motion
and generation of surfaces. For adetailed description, see Appendix I.

MESH GENERATION

LS-DYNA is designed to operate with a variety of commercial pre-processing packages.
Currently, direct support is available from TRUEGRID?!, PATRAN, FEMB, HY PERMESH, and
MEDINA. Severd third-party trandation programs are available for PATRAN and IDEAS.

Alternately, the pre-processor LS-INGRID [LSTC Report 1019] is available from LSTC and
isspeciaized to LS-DYNA. Some of the capabilitiesavailablein LS INGRID are:

Complete support for all control parameters, loads and materia types,

1 TRUEGRID isatrademark of XYZ Scientific Applications, Inc., PATRAN is atrademark of PDA Engineering,
HYPERMESH is atrademark of Altair Engineering, FEMB is atrademark of Engineering Technology Associates,
IDEAS is atrademark of Structural Dynamics Research Corporation.
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Mass property calculations,

Importing models from other sources (TRUEGRID, PATRAN, IDEAS, IGES and
NASTRAN formats),

Interactive viewing and graphical inspection of boundary conditions, etc.,

Model editing,

General purpose mesh generation,

Importing LS-DYNA and DYNA3D modelsin avariety of older formats,

Complex surface treatment including NURB surfaces,

Parametric modeling.

Capabilities specialized to automotive applications:

Airbag folding and inspection,

Occupant positioning,

Seat belt positioning (both beam and shells),

Merging of occupants, airbags and belts with car models.

L S-PREPOST

LS-PREPOST processes output from LS-DYNA. LS-PREPOST reads the binary plot-files
generated by LS-DYNA and plots contours, fringes, time histories, and deformed shapes. Color
contours and fringes of a large number of quantities may be interactively plotted on meshes
consisting of plate, shell, and solid type elements. LS-PREPOST can compute a variety of strain
measures, reaction forces along constrained boundaries, and momenta. LS-PREPOST is operational
on the CRAY, SUN, DEC, IBM RS6000, SGI, HP and PC computers.

LS-DYNA generates three binary databases. One contains information for complete states at
infrequent intervals; 50 to 100 states of this sort istypical in aLS-DYNA calculation. The second
contains information for a subset of nodes and elements at frequent intervals, 1000 to 10,000 statesis
typica. Thethird containsinterface datafor contact surfaces.

Because of the difficulty in handling one largefile, an alternative method for obtaining printed
output is also available. Many ASCII databases are created at the user’s option containing such
information as cross-sectional forces, rigidwall forces, nodal point data, element integration point
data, global data like total internal and kinetic energy, material energies, nodal interface forces,
resultant interface forces, single point constraint forces, as well as files that are compatible with
MOVIE.BYU and the Cray Research developed post-processor, MPGS. A SMUG animator
database and a NASTRAN BDF file iswritten for users at General Motors. Each ASCI| databaseis
written at its own unique output interval defined in the user input.
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EXECUTION SPEEDS

The relative execution speeds for various elementsin LS-DY NA are tabulated below:

Element Type Relative Cost

8 node solid with 1 point integration and default 4
hourglass control

as above but with Flanagan-Belytschko hourglass

control

constant stress and Flanagan-Belytschko hourglass
contral, i.e., the Flanagan-Belytschko element

4 node Belytschko-Tsay shell with four thickness
integration points

4 node Belytschko-Tsay shell with resultant plasticity
BCIZ triangular shell with four thickness integration points
CO triangular shell with four thickness integration points

2 node Hughes-Liu beam with four integration points

2 node Belytschko-Schwer beam

2 node simple truss elements

8 node solid-shell with four thickness integration points

RPRNORANW A~ N O

|

These relative timings are very approximate. Each interface node of the dliding interfaces is roughly
equivalent to one-half zone cycle in cost. Figure 1.5 illustrates the relative cost of the various shell
formulationsin LS-DY NA.

BT BTW BL BWC CHL HL FBT CRHL FHL
Fully integrated elements

Element Type

Figure 1.5. Relative cost of the four noded shells available in LS-DYNA where BT is the
Belytschko-Tsay shell, BTW is the Belytschko-Tsay shell with the warping stiffness
taken from the Belytschko-Wong-Chiang, BWC, shell. The BL shell is the
Belytschko-Leviathan shell. CHL denotes the Hughes-Liu shell, HL, with one point
quadrature and a co-rotational formulation. FBT is a Belytschko-Tsay like shell with
full integration, FHL isthe fully integrated Hughes-Liu shell, and the CFHL shell isits
co-rotational version.
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UNITS

The unitsin LS-DYNA must be consistent. One way of testing whether a set of unitsis
consistent isto check that:

1 (force unit) = 1 (mass unit) x 1 (acceleration unit)

1 (length unit)
[1(time unit)]”

and that 1 (acceleration unit) =

Examples of sets of consistent units are:

(a) (b) (c)

Length unit meter millimeter millimeter
Time unit second second millisecond
Mass unit kilogram tonne kilogram
Force unit Newton Newton kiloNewton
Young's Modulus of Steel 210.0E+09 210.0E+03 210.0
Density of Stedl 7.85E+03 7.85E-09 7.85E-06
Yield stress of Mild Steel 200.0E+06 200.0 0.200
Acceleration due to gravity 9.81 9.81E+03 9.81E-03
Velocity equivalent to 30 mph 134 13.4E+03 134

GENERAL CARD FORMAT
The following sections specify for each keyword the cards that have to be defined. Each card
is defined in its rigid format form and is shown as a number of fields in an 80 character string.
Most cards are 8 fields with a length of 10 and a sample card is shown below.

Card Format

1 2 3 4 5 6 7 8
Variable NSID PSID Al A2 A3 VEZ
Type I I F F F I
Default none none 1.0 1.0 0 1
Remarks 1 2 3

Thetypeisthe variable type and is either F, for floating point or |, for an integer. The default gives
the value set if zero is specified, the field is left blank or the card is not defined. The remarks refer to
comments at the end of the section. The card format is given above the card if it is other than eight
fields of 10. Free formats may be used with the data separated by commas. When using comma
format, the number of characters used to specify a number must not exceed the number which would
fit into the equivalent rigid format field. An 18 number islimited to a number of 99999999 and larger
numbers with more than eight characters are unacceptable. Rigid and free formats can be mixed
throughout the deck but not within a card.
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*AIRBAG

Purpose: Define an airbag or control volume.

The keyword * AIRBAG provides away of defining thermodynamic behavior of the gas flow
into the airbag as well as areference configuration for the fully inflated bag. The keyword cardsin
this section are defined in aphabetical order:

*AIRBAG_OPTIONL {OPTION2} {OPTION3} {OPTION4}
*AIRBAG_INTERACTION

* AIRBAG_REFERENCE_GEOMETRY_OPTION_OPTION
* AIRBAG_OPTIONL_{OPTION2} {OPTION3} {OPTION4}

OPTIONL specifies one of the following thermodynamic relationships:

SIMPLE_PRESSURE_VOLUME
SIMPLE_AIRBAG_MODEL
ADIABATIC_GAS MODEL
WANG_NEFSKE
WANG_NEFSKE_JETTING
WANG_NEFSKE_MULTIPLE_JETTING
LOAD_CURVE
LINEAR_FLUID
HYBRID
HYBRID_JETTING
HYBRID_CHEMKIN

OPTIONZ2 specifies that an additional line of data is read for the WANG_NEFSKE type

thermodynamic relationships. The additional data controls the initiation of exit flow from the airbag.
OPTIONZ takes the single option:

POP

OPTIONS specifies that a constant momentum formulation is used to calculate the jetting load on the
airbag an additional line of dataisread in: OPTION3 takes the single option:

CM
OPTION4 given by:
ID
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specifiesthat an airbag ID and heading information will be thefirst card of the airbag definition. This
ID isaunique number that is necessary for the identification of the airbags in the definition of airbag
interaction via* AIRBAG_INTERACTION keyword. The numeric ID's and heading are written into
the ABSTAT and D3HSPfiles.

The following card is read if and only if the ID option is specified. An ID is
necessary for the AIRBAG_INTERACTION option.

Optional 1 2-8
Variable ABID HEADING
Type I A70
VARIABLE DESCRIPTION
ABID Contact interface ID. This must be a unique number.
HEADING Airbag descriptor. It is suggested that unique descriptions be used.

Card Format

1 2 3 4 5 6 7 8
Variable SID SIDTYP RBID VSCA PSCA VINI MWD SPSF
Type | | | F F F F F
Default none 0 0 1 1. 0 0 0
Remarks optional
VARIABLE DESCRIPTION
SID Set 1D
SIDTYP Set type:
EQ.O: segment,
NE.O: part IDs.
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VARIABLE DESCRIPTION

RBID Rigid body part ID for user defined activation subroutine:
EQ.-RBID: Sensor subroutine flags initiates the inflator. Load curves
are offset by initiation time,
EQ.O: the control volumeis active from time zero,
EQ. RBID: User sensor subroutine flags the start of the inflation.
Load curves are offset by initiation time. See Appendix B.

VSCA Volume scale factor, V5 (default=1.0)
PSCA Pressure scale factor, Pscy (default=1.0)
VINI Initial filled volume, Vini
MWD Mass weighted damping factor, D
SPSF Stagnation pressure scale factor, 0<=y <=1
Remarks:

Thefirst card is necessary for all airbag options. The sequence for the following cards which
isdifferent for each option is explained on the next pages.

Lumped parameter control volumes are a mechanism for determining volumes of closed
surfaces and applying a pressure based on some thermodynamic relationships. The volume is
specified by alist of polygons similar to the pressure boundary condition cards or by specifying a
material subset which represents shell elements which form the closed boundary. All polygon
normals must be oriented to face outwards from the control volume. If holes are detected, they are
assumed to be covered by planar surfaces.

V sca @nd Pgcg allow for unit system changes from the inflator to the finite element model.
There are two sets of volume and pressure used for each control volume. First, the finite element

model computes a volume (Vemodel) and applies a pressure (P, )- The thermodynamics of a

control volume may be computed in a different unit system; thus, there is a separate volume
(V cvolume) and pressure (Peyvolume) Which are used for integrating the differential equations for the
control volume. The conversion isasfollows:

cholume = (Vscavfemodel ) - Vini

Pfemodel = P P

sca’ cvolume

Damping can be applied to the structure enclosing a control volume by using a mass weighted
damping formula:

I:id =m D(\/I _ch)
where F! is the damping force, my is the nodal mass, v is the velocity for a node, V, is the mass

weighted average velocity of the structure enclosing the control volume, and D is the damping
factor.
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An dternative, separate damping is based on the stagnation pressure concept. The stagnation
pressure is roughly the maximum pressure on aflat plate oriented normal to a steady state flow field.
The stagnation pressure is defined as p = ypV? where V isthe normal velocity of the control volume
relative to the ambient velocity, p isthe ambient air density, and y is afactor which varies from O to
1 and hasto be chosen by the user. Small values are recommended to avoid excessive damping.

Sensor Input to Activate Inflator
Define if and only if RBID nonzero.

Skip thisinput if RBID=0. If therigid body ID is non-zero then define either the input for
the user defined sensor subroutine (A) or define the data for the default sensor (B).

The sensor is mounted on arigid body which is attached to the structure. The motion of the
sensor is provided in the local coordinate system defined for the rigid body in the definition of the
rigid material, see *MAT_RIGID. Thisisimportant since the default local system is taken as the
principal axes of the inertiatensor. The local system rotates and translates with the rigid material.
When the user defined criterion is met for the deployment of the airbag, a flag is set and the
deployment begins. All load curves relating to the mass flow rate versus time are then shifted by the
initiation time.
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A. Sensor Input for User Subroutine (RBID>0)
See Appendix B. A user supplied subroutine must be provided.

Define the following card sets which provide the input parameters for the user defined subroutine.
Up to 25 parameters may be used with each control volume.

Card Format

1 2 3 4 5 6 7 8
Varidble N
Type I
Default none

Card Format (Define up to 25 constants for the user subroutine. Input only the
number of cards necessary, i.e. for nine constants use 2 cards)

1 2 3 4 5 6 7 8
Varigble C1 C2 C3 C4 C5
Type F F F F F
Default 0. 0. 0. 0. 0.
VARIABLE DESCRIPTION
N Number of input parameters (not to exceed 25)
C1,..CN Up to 25 constants for the user subroutine.
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B. LS-DYNA Sensor Input (RBID<O0)

Define three cards which provide the input parameters for the built in sensor subroutine.

Acceleration/Velocity/Displacement Activation

1 2 3 4 5 6 7 8
Variadble AX AY AZ AMAG TDUR
Type F F F F F
Default 0 0 0. 0 0

1 2 3 4 5 6 7 8
Varigble DVX DVY DvVZ DVMAG
Type F F F F
Default 0 0 0 0

1 2 3 4 5 6 7 8
Varigble UX uy uz UMAG
Type F F F F
Default 0 0 0 0

1.6 (AIRBAG)
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VARIABLE

AX

AY

AZ

AMAG

TDUR

DVX

DvY

Dvz

DVMAG

UXx

uy

uz

UMAG

DESCRIPTION

Accderation leve inlocal x-direction to activate inflator. The absolute value
of the x-acceleration is used.

EQ.O: inactive.

Acceleration level inloca y-direction to activate inflator. The absolute value
of the y-acceleration is used.
EQ.O: inactive.

Accdleration level inlocal z-direction to activate inflator. The absolute value
of the z-acceleration is used.

EQ.O: inactive.

Acceleration magnitude required to activate inflator.
EQ.O: inactive.

Time duration acceleration must be exceeded before the inflator activates.
Thisisthe cummulative time from the beginning of the calculation, i.e., itis
not continuous.

Velocity change in local x-direction to activate the inflator. The absolute
value of the velocity change is used.
EQ.O: inactive.

Velocity change in local y-direction to activate the inflator. The absolute
value of the velocity change is used.
EQ.O: inactive.

Velocity change in local z-direction to activate the inflator. The absolute
value of the velocity changeis used.
EQ.O: inactive.

Velocity change magnitude required to activate the inflator.
EQ.O: inactive.

Displacement increment in local x-direction to activate the inflator. The
absolute value of the x-displacement is used.
EQ.O: inactive.

Displacement increment in local y-direction to activate the inflator. The
absolute value of the y-displacement is used.
EQ.O: inactive.

Displacement increment in local z-direction to activate the inflator. The
absolute value of the z-displacement is used.
EQ.O: inactive.

Displacement magnitude required to activate the inflator.
EQ.O: inactive.
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Additional card required for SSIMPLE_PRESSURE_VOLUME option

1 2 3 4 5 6 7 8
Variable CN BETA LCID LCIDDR
Type F F | |
Default none none none 0
VARIABLE DESCRIPTION
CN Coefficient. Defineif theload curveID, LCID, isunspecified.

LT.0.0: [cN|istheload curve ID, which defines the coefficient as a
function of time.

BETA Scalefactor, . Defineif aload curve ID is not specified.
LCID Optional load curve ID defining pressure versus relative volume.
LCIDDR Optional load curve ID defining the coefficient, CN, as afunction of time

during the dynamic relaxation phase.

Remarks:

The relationship isthe following:

CN
Relative Volume

Pressure=f3

Current Volume
Initial Volume

Relative Volume =

The pressure is then a function of the ratio of current volume to the initial volume. The constant,
CN, is used to establish arelationship known from the literature. The scale factor  is simply used
to scale the given values. This simple model can be used when an initial pressure is given and no
leakage, no temperature, and no input mass flow is assumed. A typical application is the modeling
of air in automobile tires.

The load curve, LCIDDR, can be used to ramp up the pressure during the dynamic relaxation
phase in order to avoid oscillations after the desired gas pressure is reached. In the
DEFINE_CURVE section thisload curve must be flagged for dynamic relaxation. After initialization
either the constant or load curve ID, |CN| is usedto determine the pressure.
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Additional cards required for SSIMPLE_AIRBAG_MODEL option
Cad1 1 2 3 4 5 6 7 8
Variable cv CP T LCID MU A PE RO
Type F F F | F F F F
Default none none none none none none none none
Card 2
Variable LOU TEXT A B MW GASC
Type | F F F F F
Default 0 0. 0. 0. 0. 0.
Remarks 0 optional optional optional optional optional
VARIABLE DESCRIPTION
cv Heat capacity at constant volume
CP Heat capacity at constant pressure
T Temperature of input gas
LCID Load curve ID specifying input mass flow rate. See*DEFINE_CURVE.
MU Shape factor for exit hole, u:
LT.0.0: |u|isthe load curve number defining the shape factor as a
function of absolute pressure.
A Exit area, A:
GE.0.0: A istheexit areaand isconstant in time,
LT.0.0: |A|istheload curve number defining the exit areaas afunction
of absolute pressure.
PE Ambient pressure, pe
RO Ambient density, p
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VARIABLE DESCRIPTION
LOU Optional load curve ID giving mass flow out versus gauge pressurein
bag. See*DEFINE_CURVE.
TEXT Ambient temperature. (Defineif and only if CV=0.)
A First heat capacity coefficient of inflator gas (e.g., Joulessmole/°K).
(Defineif and only if CvV=0.)
B Second heat capacity coefficient of inflator gas, (e.g., Joules/mole/°K?).
(Defineif and only if CV=0.)
MW Molecular weight of inflator gas (e.g., Kg/mole). (Defineif and only if
Cv=0)
GASC Universal gas constant.of inflator gas (e.g., 8.314 Joules/mole/°K).

(Defineif and only if CV=0.)
Remarks:
The gamma law equation of state used to determine the pressure in the airbag:
p=(r-1)pe

where p is the pressure, p isthe density, e is the specific interna energy of the gas, and vy is the
ratio of the specific heats:

From conservation of mass, the time rate of change of mass flowing into the bag is given as:

dM _ dMm,, B dM,,,
dt ot dt

The inflow mass flow rate is given by the load curve ID, LCID. Leakage, the mass flow rate out of
the bag, can be modeled in two aternative ways. Oneisto give an exit area with the corresponding
shape factor, then the load curve ID, LOU, must be set to zero. The other is to define a mass flow
out by aload curve, then u and A have to both be set to zero.

If CV=0. then the constant-pressure specific heat is given by:

(a+bT)
c,=——=
P MW
and the constant-volume specific heat is then found from:

R
C,=Cp——r
MW
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Additional card required for ADIABATIC_GAS MODEL option

1 2 3 4 5 6 7 8
Variable PSF LCID GAMMA PO PE RO
Type F | F F F F
Default 1.0 none none none none none
VARIABLE DESCRIPTION
PSF Pressure scale factor
LCID Optional load curve for preload flag. See*DEFINE_CURVE.
GAMMA Ratio of specific heats
PO Initial pressure (gauge)
PE Ambient pressure
RO Initial density of gas
Remarks:

The optional load curve ID, LCID, defines a preload flag. During the preload phase the
function value of the load curve versus time is zero, and the pressure in the control volumeis given

as.

p=PSF Po

When the fir st nonzer o function value is encountered, the preload phase stops and the ideal gas

law appliesfor the rest of the analysis. If LCID iszero, no preload is performed.

The gamma law equation of state for the adiabatic expansion of an ideal gas is used to
determine the pressure after preload:

p=(r-1)pe

where p isthe pressure, p isthe density, e is the specific internal energy of the gas, and y is the
ratio of the specific heats:

’J/:

S
C,
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The pressure above is the absolute pressure, the resultant pressure acting on the control volumeis:
ps = PSF ( p - pe)

where PSF is the pressure scale factor. Starting from the initial pressure p, aninitial internal energy
is calculated:

P + Pe
p(y-1)

eO:
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Additional 4 cards

are required for all WANG_NEFSKE models

Cad 1 1 2 3 4 5 6 7 8
Varigble cv CpP T LCT LCMT TVOL LCDT IABT
Type F F F I | F | F
Default none none 0. 0 none 0. 0. not used
Cad?2 1 2 3 4 5 6 7 8
Varidble Cc23 LCC23 A23 LCA23 CP23 LCCP23 AP23 LCAP23
Type F I F I F | F |
Default none 0 none 0 none 0 0.0 0
Cad3 1 2 3 4 5 6 7 8
Varigble PE RO GC LCEFR POVER PPOP OPT KNKDN
Type F F F | F F F |
Default none none none 0 0.0 0.0 0.0 0
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If the inflator is modeled, LcMT=0, define, the following card.

If not, define but

leave blank.

Cad4 1 2 3 4 5 6 7 8
Variable 10C I0A IVOL IRO IT LCBF

Type F F F F F |

Default none none none none none none

Define the following card if and only if CV=0.

This option allows temperature
dependent heat capacities to be defined. See below.

Card5 1 2 3 4 5 6 7 8
Variable TEXT A B MW GASC

Type F F F F F

Default none none none none none

Define the following card if and only if the POP option is specified Use this option
to specify additional criteria for initiating exit flow from the airbag.

Card5 1 2 3 4 5 6 7 8
Varigble TDP AXP AYP AZP AMAGP | TDURP TDA RBIDP
Type F F F F F F F |
Default 0.0 0.0 0.0 0.0 0.0 0.0 0.0 none
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VARIABLE DESCRIPTION
cv Heat capacity at constant volume
CP Heat capacity at constant pressure
T Temperature of input gas. For temperature variations a load curve, LCT,
may be defined.
LCT Optional load curve number defining temperature of input gas versus time.

This overides columns T.

LCMT Load curve specifying input mass flow rate or tank pressure versustime. If
the tank volume, TVOL, is nonzero the curve ID is assumed to be tank
pressure versustime. If LCMT=0, then the inflator has to be modeled, see
Card 4. During the dynamic relaxation phase the airbag is ignored unless
the curve is flagged to act during dynamic relaxation.

TVOL Tank volume which is required only for the tank pressure versus time
curve, LCMT.
LCDT Load curvefor time rate of change of temperature (dT/dt) versustime.
IABT Initial airbag temperature. (Optional, generally not defined.)
C23 Vent orifice coefficient which applies to exit hole. Set to zero if LCC23 is
defined below.
LCC23 Load curve number defining the vent orifice coefficient which appliesto exit
hole as afunction of time. A nonzero value for C23 overrides LCC23.
A23 Vent orifice areawhich appliesto exit hole. Set to zero if LCA23 isdefined
below.
LCA23 Load curve number defining the vent orifice area which applies to exit hole
as a function of absolute pressure. A nonzero value for A23 overrides
LCA23.
CcP23 Orifice coefficient for leakage (fabric porosity). Set to zero if LCCP23 is
defined below.
LCCP23 Load curve number defining the orifice coefficient for leakage (fabric
porosity) as a function of time. A nonzero value for CP23 overrides
LCCP23.
AP23 Areafor leakage (fabric porosity)
LCAP23 Load curve number defining the area for leakage (fabric porosity) as a
function of (absolute) pressure. A nonzero value for AP23 overrides
LCAP23.
PE Ambient pressure
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VARIABLE

RO

GC

LCEFR

POVER

PPOP

OPT

KNKDN

10C

I0A

IVOL

IRO

LCBF

TEXT

A

B

DESCRIPTION

Ambient density

Gravitational conversion constant (mandatory - no default). If consistent
units are being used for all parameters in the airbag definition then unity
should be input.

Optional curvefor exit flow rate versus (gauge) pressure
Initial relative overpressure (gauge), Pover in control volume
Pop Pressure: relative pressure (gauge) for initiating exit flow, Ppop

Fabric venting option, if nonzero CP23, LCCP23, AP23, and LCAP23 are set
to zero.
EQ. 1. Wang-Nefske formulas for venting through an orifice are used.
Blockage is not considered.
EQ. 2: Wang-Nefske formulas for venting through an orifice are used.
Blockage of venting area due to contact is considered.
EQ. 3: Leakage formulas of Graefe, Krummheuer, and Sigjak [1990]
are used. Blockageis not considered.
EQ. 4: Leakage formulas of Graefe, Krummheuer, and Sigjak [1990]
are used. Blockage of venting area due to contact is considered.
EQ. 5: Leakage formulas based on flow through a porous media are
used. Blockageis not considered.
EQ. 6: Leakage formulas based on flow through a porous media are
used. Blockage of venting area due to contact is considered.

Optional load curve ID defining the knock down pressure scale factor
versustime. Thisoption only appliesto jetting. The scale factor defined by
this load curve scales the pressure applied to airbag segments which do not
have a clear line-of-sight to the jet. Typically, at very early timesthis scale
factor will be less than unity and equal to unity at later times. The full
pressure is always applied to segments which can see the jets.

Inflator orifice coefficient

Inflator orifice area

Inflator volume

Inflator density

Inflator temperature

Load curve defining burn fraction versustime

Ambient temperature.
First heat capacity coefficient of inflator gas (e.g., Joules/mole/°K)

Second heat capacity coefficient of inflator gas, (e.g., Jouless/mole/°K?)
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VARIABLE DESCRIPTION
MW Molecular weight of inflator gas (e.g., Kg/mole).

GASC Universal gas constant.of inflator gas (e.g., 8.314 Joules/mole/°K)
TDP Time delay beforeinitiating exit flow after pop pressureis reached.
AXP Pop acceleration magnitude in local x-direction.

EQ. 0.0: Inactive.
AYP Pop acceleration magnitude in local y-direction.
EQ. 0.0: Inactive.
AZP Pop acceleration magnitude in local z-direction.
EQ. 0.0: Inactive.
AMAGP Pop acceleration magnitude.
EQ. 0.0: Inactive.

TDURP Time duration pop accel eration must be exceeded to initiate exit flow. This
is a cumulative time from the beginning of the calculation, i.e., it is not
continuous.

TDA Time delay before initiating exit flow after pop acceleration is exceeded for
the prescribed time duration.

RBIDP Part ID of the rigid body for checking accelerations against pop
accelerations.

Remarks:

The gamma law equation of state for the adiabatic expansion of an ideal gas is used to
determine the pressure after preload:

p=(y-1)pe

where p isthe pressure, p isthe density, e is the specific internal energy of the gas, and y is the
ratio of the specific heats:

where cy is the specific heat at constant volume, and ¢, is the specific heat at constant pressure. A
pressure relation is defined:

Q=L
p
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where pe is the external pressure and p is the internal pressure in the bag. A critical pressure
relationship is defined as.
R
crit Y+1

wherey istheratio of specific heats:

Q<Qgit then Q= Qqit
Wang and Nefske define the mass flow through the vents and |eakage by

zsAzspr% 29{ }(1 Q)

and

It must be noted that the gravitational conversion constant has to be given in consistent units.
As an aternative to computing the mass flow out of the bag by the Wang-Nefske model, a curve for
the exit flow rate depending on the internal pressure can be taken. Then, no definitions for C23,
LCC23, A23, LCA23, CP23, LCCP23, AP23, and LCAP23 are necessary.

The airbag inflator assumes that the control volume of the inflator is constant and that the
amount of propellant reacted can be defined by the user as a tabulated curve of fraction reacted versus
time. A pressurerelation is defined:

4

P2 )
chit - pl (’}/-l-l)

where p, isacritical pressure at which sonic flow occurs, p,, is the inflator pressure. The exhaust
pressureis given by

P.=p, if P.2P

=P if p<p
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where p, isthe pressure in the control volume. The mass flow into the control volume is governed
by the equation:

QCY(QV—QV]
mn = COAb \/2p|P| \“‘

-1
where C,, A,, and p, aretheinflator orifice coefficient, area, and gas density, respectively.

If OPT is defined, then for OPT set to 1 or 2 the mass flow rate out of the bag, m,, isgiven
by:

nairmats

r(@-Q”
My = /G [ > (FLC(), - FAC(p), Arean)}v%\M

y-1

n=1

where, p isthe density of airbag gas, nairmatsis the number of fabrics used in the airbag, and
Areap, isthe current unblocked area of fabric number n.

If OPT set to 3 or 4 then:

e = [WZ(SFLC(D” FAC(p), - Areah)] 2P pa)p

n=1
and for OPT setto 5 or 6:

nairmats

e [ S (FLC(), - FAC(P), Areaq)]-(p— n.)

n=1

Multiple airbags may share the same part ID since the area summation is over the airbag segments
whose corresponding part ID’s are known. Currently, we assume that no more than ten materials are
used per bag for purposes of the output. This constraint can be eliminated if necessary.

The total mass flow out will include the portion due to venting, i.e., constants C23 and A23
or their load curves above.

If CV=0. then the constant-pressure specific heat is given by:

(a+bT)
c.=——1
P MW

and the constant-volume specific heat is then found from:

R
G, =Cp—
MW
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Further additional 2 cards are required for JETTING models

The following additional cards are defined for the WANG_NEFSKE_JETTING and
WANG_NEFSKE_MULTIPLE_JETTING options, two further cards are defined for each option.
The jet may be defined by specifying either the coordinates of the jet focal point, jet vector head and
secondary jet focal point, or by specifying three nodes located at these positions. The nodal point
option is recommended when the location of the airbag changes as afunction of time.

Define either card below but not both:

1st additional card of 2 required for WANG_NEFSKE_JETTING option

Cad 1 1 2 3 4 5 6 7 8
Variable XJIFP Y JFP ZJFP XIVH YJIVH ZNH CA BETA
Type F F F F F F F F
Default none none none none none none none 1.0
Remark 1 1 1 1 1 1

1st additional card of 2 required for WANG_NEFSKE_MULTIPLE_JETTING
option

Cadl 1 2 3 4 5 6 7 8
Vaiable XJIFP Y JFP ZJFP XIVH YIVH ZWVH LCIRV BETA
Type F F F F F F F F
Default none none none none none none none 1.0
Remark 1 1 1 1 1 1
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2nd additional

card of

required for
WANG_NEFSKE_MULTIPLE_JETTING option

WANG_NEFSKE_JETTING and

Card?2 1 2 3 4 5 6 7 8
Variable XSJIFP Y SIFP ZSJFP PSID ANGLE | NODE1 | NODE2 | NODE3
Type F F F | F | | |
Default none none none none none 0 0 0
Remark 1 1 1
VARIABLE DESCRIPTION
XJFP x-coordinate of jet focal point, i.e., thevirtual originin Figure 1.1. See
Remark 1 below.
YJFP y-coordinate of jet focal point, i.e., thevirtual originin Figure 1.1.
ZJFP z-coordinate of jet focal point, i.e., the virtual origin in Figure 1.1.
XIVH x-coordinate of jet vector head to defined code centerline
YIVH y-coordinate of jet vector head to defined code centerline
ZWVH z-coordinate of jet vector head to defined code centerline
CA Cone angle, a, defined in radians.
LT.0.0: |of isthe load curve ID defining cone angle as a function of
time
LCIRV Load curve ID giving the spatia et relative velocity distribution, see Figures
1.2 and 1.3. Thejet velocity isdetermined from the inflow mass rate and
scaled by the load curve function value corresponding to the value of the angle
v . Typicaly, the values on the load curve vary between 0 and unity. See
*DEFINE_CURVE.
BETA Efficiency factor, 3, which scalesthe final value of pressure obtained from

Bernoulli’ s equation.
LT.0.0: || isthe load curve ID defining the efficiency factor asa
function of time
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VARIABLE DESCRIPTION

1.

XSJIFP x-coordinate of secondary jet focal point, passenger side bag. If the
coordinates of the secondary point are (0,0,0) then aconical jet (driver's
side airbag) is assumed.

Y SIFP y-coordinate of secondary jet focal point
ZSJFP z-coordinate of secondary jet focal point
PSID Optional part set ID, see*SET_PART. If zero all elementsareincluded in
the airbag.
ANGLE Cutoff anglein degrees. Thereative jet velocity is set to zero for angles

greater than the cutoff. See Figure 1.3. This option appliesto the
MULTIPLE jet only.

NODE1 Node ID located at the jet focal point, i.e., the virtual originin Figure 1.1.
See Remark 1 below.

NODE2 Node ID for node along the axis of the jet .

NODE3 Optional node ID located at secondary jet focal point.

Remarks:

It is assumed that the jet direction is defined by the coordinate method (XJFP, Y JFP, ZJFP)
and (XJVH, YJVH, ZJVH) unless both NODE1 and NODE2 are defined. In which case the
coordinates of the nodes give by NODE1, NODE2 and NODE3 will override (XJFP, Y JFP,
ZJFP) and (XJVH, YJVH, ZJVH). The use of nodes is recommended if the airbag system is
undergoing rigid body motion. The nodes should be attached to the vehicle to alow for the
coordinates of the jet to be continuously updated with the motion of the vehicle.

The jetting option provides a simple model to simulate the real pressure distribution in the
airbag during the breakout and early unfolding phase. Only the sufaces that are in the line of
sight to the virtual origin have an increased pressure applied. With the optional load curve
LCRJV, the pressure distribution with the code can be scaled according to the so-called relative
jet velocity distribution.

For passenger side airbags the cone is replaced by a wedge type shape. The first and
secondary jet focal points define the corners of the wedge and the angle o then defines the
wedge angle.

Instead of applying pressureto all surfacesin the line of sight of the virtual origin(s), a part set
can be defined to which the pressureis applied.

Care must be used to place the jet focal point within the bag. If the focal point is outside the
bag, inside surfaces will not be vissible so jetting pressure will not be applied correctly.
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Figure 1.1 Jetting configuration for (a.) driver's side airbag (pressure applied only if centroid
of surfaceisin line-of-sight) and (b.) the passenger’ s side bag.
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Figure 1.3 Normalized jet velocity versus angle for multiple jet driver's side airbag.
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Further additional required for CM option.

The following additional card is defined for the WANG_NEFSKE_JETTING_CM and WANG _
NEFSKE _MULTIPLE JETTING_CM options.

Additional card required for _CM option

Cad1 1 2 3 4 5 6 7 8

Variable NREACT

Default none

Remark

VARIABLE DESCRIPTION

NREACT Node for reacting jet force. If zero the jet force will not be applied.

Remarks:

Compared with the standard LS-DY NA jetting formulation, the Constant Momentum option
has several differences. Overall, the jetting usually has a more significant effect on airbag
deployment than the standard LS-DY NA jetting: the total force is often greater, and does not reduce
with distance from the jet.

The velocity at the jet outlet is assumed to be a choked (sonic) adiabatic flow of a perfect gas.
Therefore the velocity at the outlet is given by:

Vs = RT) = J[@)

C,

The density in the nozzle is then calculated from conservation of mass flow.

PoVouriet Abutlet =m

Thisis different from the standard LS-DY NA jetting formulation, which assumes that the density of
the gasin thejet isthe same as atmospheric air, and then calculates the jet velocity from conservation
of mass flow.
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The velocity distribution at any radius, r, from the jet centerline and distance, z, from the
focus, vrz, relates to the velocity of the jet centreline, vr=0,z , in the same way as the standard LS-
DY NA jetting options:

The velocity at the jet centerline, vyr=0, at the distance, z, from the focus of the jet is calulated such
that the momentum in the jet is conserved.

Momentum at nozzle = Momentum &t z
2 _ 2
pOVoutIetAbutIet - po.[vjetdAja

= PoVr2=o,z{b+ F\/B}
where

2
b=@
F = distance between jet focii for a passenger jet

Finally, the pressure exerted on an airbag element in view of the jey isgiveny:
pr,z = ﬂpovrz,z
By combining the egations above
. 572
B[]

pr,z = I 2
{n(azf L () }
2

2 \
Thetotal force exerted by the jet is given by:

Fa= r'nvoutlet (independent of distance from the nozzle)

Mass flow in the jet is not necessarily conserved, because gas is entrained into the jet from
the surrounding volume. By contrast, the standard LS-DY NA jetting formulation conserves mass
flow but not momentum. This has the effect of making the jet force reduce with distance from the
nozzle.

The jetting forces can be reacted onto a node (NREACT), to allow the reaction force through
the steering column or support bracketry to be modelled. The jetting force is written to the ASCI|
ABSTAT fileand the binary XTFfile
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Additional card required for LOAD_CURVE option

1 2 3 4 5 6 7 8
Vaiable STIME LCID RO PE PO T TO
Type F | F F F F F
Default 0.0 none none none none none none
VARIABLE DESCRIPTION
STIME Time at which pressureis applied. Theload curveis offset by this amount.
LCID Load curve ID defining pressure versustime, see *DEFINE_CURVE.
RO Initial density of gas (ignored if LCID > 0)
PE Ambient pressure (ignored if LCID > 0)
PO Initial gauge pressure (ignored if LCID > 0)
T Gas Temperature (ignored if LCID > 0)
TO Absoloute zero on temperature scale (ignored if LCID > 0)

Remarks:

Within this ssimple model the control volume is inflated with a pressure defined as a
function of time or calculated using the following equation if LCID = 0.

Ptotaj = CP(T - To)
R Rota = P

gauge = ambient

The pressure is uniform throughout the control volume.
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Additional card required for

LINEAR_FLUID option

1 2 3 4 5 6 7 8
Variable BULK RO LCINT | LCOUTT | LCOUTP | LCHIT | LCBULK LCID
Type F F | | | | | |
Default none none none optional optional optional optional none
VARIABLE DESCRIPTION
BULK K, bulk modulus of the fluid in the control volume. Constant as a function
of time. Defineif LCBULK=O0.
RO p, density of the fluid
LCINT F(t) input flow curve defining mass per unit time as afunction of time, see
*DEFINE_CURVE.
LCOUTT G(t), output flow curve defining mass per unit time as a function of time.
Thisload curveis optional.
LCOUTP H(p), output flow curve defining mass per unit time as a function of
pressure. Thisload curveisoptional.
LFIT L(t), added pressure asafunction of time. Thisload curveisoptional.
LCBULK Curve defining the bulk modulus as a function of time. Thisload curveis
optional, but if defined, the constant, BULK, is not used.
LCID Load curve ID defining pressure versustime, see * DEFINE_CURVE.
Remarks:

If LCID = 0 then the pressure is determined from:

where

_ Vo(t)
P(t) = K(t)ln( v )+ L(t)

P(t)  pressure,

V() volume of fluid in compressed state,
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M(®)

V,(t) =V, (t) = Volume of fluid in uncompressed state,

M(t) = M(0) + [ F(t)dt - [ G(t)dt — [ H(p)dt Current fluid mass,

M(0)=V(0)p  Massof fluid at time zero P(0) = 0.

By setting LCID # 0 a pressure time history may be specified for the control volume and the mass of
fluid within the volume is then calculated from the volume and density.

This model is for the simulation of hydroforming processes or similar problems. The
pressure is controlled by the mass flowing into the volume and by the current volume. The pressure
isuniformly applied to the control volume.

Note the signs used in the the equation for M(t). The mass flow should always be defined
as positive since the output flow is subtracted.
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Additional cards required for HYBRID and HYBRID_JETTING options

1 2 3 4 5 6 7 8
Variable ATMOST | ATMOSP | ATMOSD GC cC
Type F F F F F
Default none none none none 1.0
1 2 3 4 5 6 7 8
Variable C23 LCC23 A23 LCA23 CP23 LCP23 AP23 LCAP23
Type F I F I F | E |
Default none 0 none 0 none 0 none 0
1 2 3 4 5 6 7 8
Varidble OPT PVENT NGAS
Type | F |
Default none none none
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Define 2*NGAS cards below, two for each gas type.

1 2 3 4 5 6 7 8
Variable LCIDM LCIDT MW INITM A B C
Type | | F F F F F F
Default none none not used none none none none none
1 2 3 4 5 6 7 8
Variable FMASS
Type F
Default none
VARIABLE DESCRIPTION
ATMOST Atmospheric temperature
ATMOSP Atmospheric pressure
ATMOSD Atmospheric density
GC Universal molar gas constant
cc Conversion constant
EQ: .0 Set to 1.0.
Cc23 Vent orifice coefficient which appliesto exit hole. Set to zero if LCC23 is
defined below.
LCCc23 Load curve number defining the vent orifice coefficient which appliesto exit
hole as afunction of time. A nonzero value for C23 overrides LCC23.
A23 Vent orifice areawhich appliesto exit hole. Set to zero if LCA23 is defined

below.
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VARIABLE DESCRIPTION
LCA23 Load curve number defining the vent orifice area which appliesto exit hole
as a function of absolute pressure. A nonzero value for A23 overrides
LCA23.
CP23 Orifice coefficient for leakage (fabric porosity). Set to zero if LCCP23 is
defined below.
LCCP23 Load curve number defining the orifice coefficient for leakage (fabric
porosity) as a function of time. A nonzero value for CP23 overrides
LCCP23.
AP23 Areafor leakage (fabric porosity)
LCAP23 Load curve number defining the area for leakage (fabric porosity) as a
function of (absolute) pressure. A nonzero value for AP23 overrides
LCAP23.
OPT Fabric venting option, if nonzero CP23, LCCP23, AP23, and LCAP23 are set
to zero.

EQ. 1. Wang-Nefske formulas for venting through an orifice are used.
Blockage is not considered.

EQ. 2: Wang-Nefske formulas for venting through an orifice are used.
Blockage of venting area due to contact is considered.

EQ. 3: Leakage formulas of Graefe, Krummheuer, and Sigjak [1990]
are used. Blockageis not considered.

EQ. 4: Leakage formulas of Graefe, Krummheuer, and Sigjak [1990]
are used. Blockage of venting area due to contact is considered.

EQ. 5: Leakage formulas based on flow through a porous media are
used. Blockageis not considered.

EQ. 6: Leakage formulas based on flow through a porous media are
used. Blockage of venting area due to contact is considered.

PVENT Gauge pressure when venting begins
NGAS Number of gasinputsto be defined below. (Including initial air)
LCIDM Load curve ID for inflator mass flow rate (eq. O for gasin the bag at time 0)

GT.0: piecewiselinear interpolation
LT.O: cubic splineinterpolation

LCIDT Load curve ID for inflator gas temperature (eq.0 for gasin the bag at time 0)
GT.0: piecewiselinear interpolation
LT.O: cubic splineinterpolation

BLANK (not used)
MW Molecular weight
INITM Initial mass fraction of gas component
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VARIABLE DESCRIPTION

A Coefficient for molar heat capacity of inflator gas at constant pressure,
(e.g., Joules/mole/°K)

B Coefficient for molar heat capacity of inflator gas at constant pressure,
(e.g., Joules/mole/°K 2)

C Coefficient for molar heat capacity of inflator gas at constant pressure,
(e.g., Joules/mole/°K 3)

FMASS Fraction of additional aspirated mass.
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Further additional 2 cards are required for HYBRID_JETTING models

The following two additional cards are defined for the HYBRID_JETTING options. The jet may be
defined by specifying either the coordinates of the jet focal point, jet vector head and secondary jet
focal point, or by specifying three nodes located at these positions. The nodal point option is
recommended when the location of the airbag changes as afunction of time.

Cad1 1 2 3 4 5 6 7 8
Vaiable XJFP Y JFP ZJFP XIVH YIVH ZWH CA BETA
Type F F F F F F F F
Default none none none none none none none none
Remark 1 1 1 1 1 1
Card 2 1 2 3 4 5 6 7 8
Vaiable XSJIFP Y SIFP ZSJFP PSID IDUM NODE1 | NODE2 | NODE3
Type F F F | F | | |
Default none none none none none 0 0 0
Remark 2 1 1 1
VARIABLE DESCRIPTION
XJFP x-coordinate of jet focal point, i.e., thevirtual originin Figure 1.1. See
Remark 1 below.

Y JFP y-coordinate of jet focal point, i.e., the virtual originin Figure 1.1.

ZJFP z-coordinate of jet focal point, i.e., the virtua origin in Figure 1.1.

XIVH x-coordinate of jet vector head to defined code centerline
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VARIABLE DESCRIPTION
YIVH y-coordinate of jet vector head to defined code centerline
ZWVH z-coordinate of jet vector head to defined code centerline
CA Cone angle, a, defined in radians.
LT.0.0: o] isthe load curve ID defining cone angle as a function of
time
BETA Efficiency factor, B, which scales the final value of pressure obtained from

Bernoulli’ s equation.
LT.0.0: |B] is the load curve ID defining the efficiency factor as a
function of time

XSJIFP x-coordinate of secondary jet focal point, passenger side bag. If the
coordinate of the secondary point is (0,0,0) then aconical jet (driver’s side
airbag) is assumed.

Y SIFP y-coordinate of secondary jet focal point

ZSJFP z-coordinate of secondary jet focal point

PSID Optional part set ID, see*SET_PART. If zero all elementsare included in
the airbag.

IDUM Dummy field (Variable not used)

NODE1 Node ID located at the jet focal point, i.e., the virtual origin in Figure 1.1.
See Remark 1 below.

NODE2 Node ID for node along the axis of the jet .

NODE3 Optiona node ID located at secondary jet focal point.

Remarks:

1. Itisassumed that the jet direction is defined by the coordinate method (XJFP, Y JFP, ZJFP)
and (XJVH, YJVH, ZJVH) unless both NODE1 and NODE?2 are defined. In which case the
coordinates of the nodes give by NODE1, NODE2 and NODE3 will override (XJFP, Y JFP,
ZJFP) and (XJVH, YJVH, ZJVH). The use of nodes is recommended if the airbag system is
undergoing rigid body motion. The nodes should be attached to the vehicle to alow for the
coordinates of the jet to be continuously updated with the motion of the vehicle.

The jetting option provides a simple model to simulate the real pressure distribution in the
airbag during the breakout and early unfolding phase. Only the sufaces that are in the line of
sight to the virtual origin have an increased pressure applied. With the optional load curve
LCRJV, the pressure distribution with the code can be scaled according to the so-called relative
jet velocity distribution.
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For passenger side airbags the cone is replaced by a wedge type shape. The first and
secondary jet focal points define the corners of the wedge and the angle o then defines the
wedge angle.

Instead of applying pressureto all surfacesin the line of sight of the virtual origin(s), a part set
can be defined to which the pressureis applied.

2. This variable is not used and has been included to maintain the same format as the
WANG_NEFSKE _JETTING options.

3. Care must be used to place the jet focal point within the bag. If the focal point is outside the
bag, inside surfaces will not be vissible so jetting pressure will not be applied correctly.
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Additional cards required for HYBRID_CHEMKIN model

The HYBRID_CHEMKIN model includes 3 control cards. For each gas species an additional set of
cards must follow consisting of a control card and several thermodynamic property data cards.

Cad 1 1 2 3 4 5 6 7 8
Varigble LCIDM LCIDT NGAS DATA ATMT ATMP RG
Type I I I | = F F
Default none none none none none none none
Card 2 1 2 3 4 5 6 7 8
Varidble HCONV
Type F
Default 0.
Cad3 1 2 3 4 5 6 7 8
Variable C23 A23
Type F F
Default 0. 0.

VARIABLE DESCRIPTION

LCIDM Load curve specifying input mass flow rate versustime.

GT.0: piecewiselinear interpolation
LT.O: cubic splineinterpolation

LCIDT Load curve specifying input gas temperature versus time.
GT.0: piecewiselinear interpolation
LT.0: cubic splineinterpolation

LS-DYNA Version 970 1.37 (AIRBAG)



*AIRBAG

VARIABLE

DESCRIPTION

NGAS

DATA

ATMT

ATMP

RG

HCONV

C23

A23

Number of gasinputsto be defined below. (Including initial air)

Thermodynamic database
EQ. 1. NIST database (3 additional property cards are required below)
EQ. 2. CHEMKIN database (no additional property cards are required)
EQ. 3. Polynomial data (1 additional property card is required below)

Atmospheric temperature.

Atmospheric pressure

Universal gas constant

Convection hest transfer coefficient

Vent orifice coefficient

Vent orifice area

For each gas species include a set of cards consisting of a control card followed by several thermo-
dynamic property datacards. The next "*" card terminates the reading of this data.

Control Card

cad1 2 3 4 5 6 7 8
Variable CHNAME MW LCIDN FMOLE | FMOLET
Type F I F F
Default none 0 none 0.
VARIABLE DESCRIPTION
CHNAME Chemical symbol for this gas species (e.g., N2 for nitrogen, AR for argon).
Required for DATA=2 (CHEMKIN), optional for DATA=1 or DATA=3.
MW Molecular weight of this gas species.
LCIDN Load curve specifying the input mole fraction versustime for this gas
species. If >0, FMOLE is not used.
FMOLE Molefraction of this gas speciesin the inlet stream.
FMOLET Initial mole fraction of this gas species in the tank.
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Additiona thermodynamic data cards for each gas species. No additional cards are needed if using
the CHEMKIN database (DATA=2). However, the CHEMKIN database file with file name
chemkin, must reside in the same directory that you are running LS-DYNA.

If DATA=L, include the following 3 cards for the NIST database. The required data can
be found on the NIST web site at http://webbook.nist.gov/chemistry/

cad1l 1 2 3 4 5 6 7 8

Variable TLOW TMID THIGH

Type F F F

Default none none none

cad?2

Vaidble a b c d e f h
low low low low low low low

Type F F F F F F F

Default none none none none none none none

Cad3

Vaidble a b c d e f h
high high high high high high high

Type F F F F F F F

Default none none none none none none none

LS-DYNA Version 970 1.39 (AIRBAG)




*AIRBAG

VARIABLE DESCRIPTION
TLOW Curvefit low temperature limit.
TMID Curvefit low-to-high transition temperature.
THIGH Curvefit high temperature limit.
3w Now Low temperature range NIST polynomial curve fit coefficients (see below).
%high' hhigh High temperature range NIST polynomial curve fit coefficients (see below).

If DATA=3, include the following card for the polynomial curve fit.

cadl 1 2 3 4 5 6 7 8
Variable a b c d e
Type F F F F F
Default none 0. 0. 0. 0.
VARIABLE DESCRIPTION

a Coefficient, see below.

b Coefficient, see below.

c Coefficient, see below.

d Coefficient, see below.

e Coefficient, see below.
Heat capacity curvefits:

1 2 5 €

NIST cpzﬁ a+bT+cT +dT +F
CHEMKIN cng(a+bT+cT2+dT3+eT4)
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R = universal gas constant (8.314 Nm/ mole K)
M = gas molecular weight

Polynomial c,= %(a+ bT +cT? +dT° +€T*)
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*AIRBAG_INTERACTION
Purpose: To define two connected airbags which vent into each other.

Define one card for each airbag interaction definition

1 2 3 4 5 6 7
Variable AB1 AB2 AREA SF PID LCID IFLOW
Type | | F F | | |
Default none none none none 0 0 0
VARIABLE DESCRIPTION
AB1 First airbag 1D, as defined on * AIRBAG card.
AB2 Second airbag 1D, as defined on * AIRBAG card.
AREA Orifice area between connected bags.
LT.0.0: JAREA]| is the load curve ID defining the orifice area as a
function of absolute pressure.
EQ.0.0: AREA istaken asthe surface area of the part 1D defined below.
SF Shape factor.
LT.0.0: |SF|istheload curve ID defining vent orifice coefficient as a
function of relative time.
PID Optional part ID of the partition between the interacting control volumes.
AREA isbased on this part ID.
LCID Load curve ID defining mass flow rate versus pressure difference, see
*DEFINE_CURVE. If LCID isdefined AREA, SF and PID are ignored.
IFLOW Flow direction

LT.0: Oneway flow from AB1to AB2 only.
EQ.O: Two way flow between AB1 and AB2
GT.0: One way flow from AB2to AB1 only.
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Remarks:

Mass flow rate and temperature load curves for the secondary chambers must be defined as
null curves, for example, in the DEFINE_CURVE definitions give two points (0.0,0.0) and
(10000.,0.0).

All input options are valid for the following airbag types:

*AIRBAG_SIMPLE_AIRBAG_MODEL
*AIRBAG_WANG_NEFSKE
*AIRBAG_WANG_NEFSKE_JETTING
*AIRBAG_WANG_NEFSKE_MULTIPLE_JETTING
*AIRBAG_HYBRID
*AIRBAG_HYBRID_JETTING

The LCID defining mass flow rate vs. pressure difference may additionally be used with:
*AIRBAG_LOAD_CURVE
*AIRBAG_LINEAR_FLUID

If the AREA, SF, and PID defined method is used to define the interaction then the airbags must

contain the same gas, i.e. Cp, Cy and g must be the same. The flow between bags is governed by

formulas which are similar to those of Wang-Nefske, except that choked flow is currently ignored.
Thiswill be added later.

LS-DYNA Version 970 1.43 (AIRBAG)



*AIRBAG

*AIRBAG_REFERENCE_GEOMETRY_OPTION_OPTION

Available optionsinclude:

BIRTH
RDT

The reference geometry becomes active at time BIRTH. Until this time the input geometry is used to
inflate the airbag. Until the birth time is reached the actual geometry is used to determine the time
step sizeeven if RDT isactive.

If RDT isactive the time step size will be based on the reference geometry once the solution
time exceeds the birth time.. This option is useful for shrunken bags where the bag does not carry
compressive loads and the elements can freely expand before stresses develop. If this option is not
specified, the time step size will be based on the current configuration and will increase as the area of
the elementsincrease. The default may be much more expensive but possibly more stable.

Purpose: If the reference configuration of the airbag is taken as the folded configuration, the
geometrical accuracy of the deployed bag will be affected by both the stretching and the compression
of elements during the folding process. Such element distortions are very difficult to avoid in a
folded bag. By reading in areference configuration such as the final unstretched configuration of a
deployed bag, any distortions in the initial geometry of the folded bag will have no effect on the final
geometry of the inflated bag. Thisis because the stresses depend only on the deformation gradient
meatrix:

F Nz
T

where the choice of X; may coincide with the folded or unfold configurations. It is this unfolded

configuration which may be specified here.

Note that a reference geometry which is smaller than the initial airbag geometry will not
induce initial tensile stresses.

If aliner isincluded and the parameter LNRC set to 1in *MAT_FABRIC, compression is
disabled in the liner until the reference geometry is reached, i.e., the fabric element becomestensile.
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Define the follow card if and only if the option BIRTH is specified in the keyword.

1 2 3 4 5 6 7 8
Variable BIRTH
Type F
Default 0.0

Card Format (I18,3E16.0)

Card 2,... 1 2 3 4 5 6 7 8 9 10
Variable NID X Y z
Type | F F F
Default none 0 0. 0
Remarks
VARIABLE DESCRIPTION
BIRTH Time at which the reference geometry activates (default=0.0)
NID Node number

X X coordinate

Y y coordinate

z z coordinate
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*ALE

The keyword *ALE provides a way of defining input data pertaining to the Arbitrary-
Lagrangian-Eulerian capability. The keyword cardsin this section are defined in alphabetical order:

*ALE_MULTI-MATERIAL_GROUP
*ALE_REFERENCE_SYSTEM_CURVE
*ALE_REFERENCE_SYSTEM_GROUP
*ALE_REFERENCE_SYSTEM_NODE
*ALE_REFERENCE_SYSTEM_SWITCH
*ALE_SMOOTHING
*ALE_TANK_TEST

For other input information related to the AL E capability, see keywords:

*ALE TANK_TEST
*BOUNDARY_AMBIENT _EOS
*CONSTRAINED_EULER IN_EULER
*CONSTRAINED LAGRANGE_IN_SOLID
*CONTROL_ALE

*DATABASE_FS|

*INITIAL_VOID
*INITIAL_VOLUME_FRACTION
*INITIAL_VOLUME_FRACTION_GEOMETRY
*SECTION_SOLID
*SECTION_POINT_SOURCE (for gas only)
*SECTION_POINT_SOURCE_MIXTURE
*SET_MULTI-MATERIAL_GROUP LIST
*CONSTRAINED_EULER IN_EULER

For single gaseous material:
*MAT_NULL

*EOS LINEAR_POLYNOMIAL
*EOS IDEAL_GAS

For multiple gaseous material:

*MAT_GAS MIXTURE
*INTIAL_GAS MIXTURE
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*ALE_MULTI-MATERIAL_GROUP

Purpose: This command defines the appropriate ALE material groupings for interface
reconstruction when many ALE Multi-Material Groups (AMMG) are present in amodel. This
card is required when ELFORM=11 in the *SECTION_SOLID card. Thisisthe ALE Multi-
Material element formulation requiring at least 2 ALE materials to be present in amode.

Card Format

1 2 3 4 5 6 7 8
Vaiable SID IDTYPE
Type I I
Default none 0
Remarks 1
VARIABLE DESCRIPTION
SID Set ID.
IDTYPE Set type:
EQ.O: Part set,
EQ.1: Part.
Remarks:

1. When ELFORM=12 in the *SECTION_SOLID card (single material and void), this card
should not be used. 1n one model, ELFORM=12 cannot be used together with ELFORM=11.

2. Each AMMG is given an ID (AMMGID), and consists of one or more PART ID’s. The
interface of each AMMGID is reconstructed as it evolves dynamically. Each AMMGID is
represented by one materia contour color in LS-PREPOST.

3. Themaximum number of AMMGIDs allowed has been increased to 20.

4. Toplot these AMMGIDsin LS-PREPOST:
[FCOMP] = [MISC] = [HISTORY VARIABLES 2] = [APPLY]

HISTORY VARIABLE 1 = density = Rho

HISTORY VARIABLE 2 =1 AMMG = AMMGID =1
HISTORY VARIABLE 3 = 2" AMMG = AMMGID =2
HISTORY VARIABLE n =n" AMMG = AMMGID =n
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HISTORY VARIABLE NALEGP =NALEGP"AMMG = AMMGID = NALEGP
etc. (Note: Contour definitions maybe different for gas mixture application)
5. Itisvery important to distinguish among the
(a) Physical materials,
(b) PART IDs, and
(c) AMMGIDs.

A PART may be any mesh component (simply a geometric entity). An AMMGID represents a
material group which istreated as one material entity (represented by 1 materia color contour in
LS-PREPOST plotting). AMMGID isused in dealing with multiple ALE or Eulerian materials.
For example, it can be used to specify amaster ALE group in acoupling card.

Example1

Consider a system containing 3 containers containing 2 different physical materials (fluids 1 and
2). All surrounded by the background material (maybe air). The containers are made of the same
material, say, metal. Assume that these containers explode and spill the fluids. We want to track
the flow and possibly mixing of the various materials. Note that all 7 parts have ELFORM=11in
their *SECTION_SOLID cards. So we have total of 7 PIDs, but only 4 different physical
materials.

Physical Physical Physical
Material 3 Material 3 Material 3
(PID 44) (PID 55) (PID 66)

Physical
Material 4
(PID 77)

Physical Physical Physical
Material 1 Material 2 Material 2
(PID 11) (PID 22) (PID 33)
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Approach 1: If we want to track only the interfaces of the physical materials.

S IR RN ISR WA NI WAPRRN IR AN DR SN IR SR IR, B
*SET_ PART

1

11
*SET_ PART

2

22 33
*SET_ PART

3

44 55 66
*SET_ PART

4

77
*ALE MULTI-MATERIAL GROUP

1 0 & 1°% line = 1°* AMMG — AMMGID=1

2 0 & 279 1ine = 2°¢ AMMG = AMMGID=2

3 0 & 379 1ine = 3¢ AMMG = AMMGID=3

4 0 &< 4" line = 4 AMMG —> AMMGID=4
$...| B R R | | .4. - S [ S I AT

With this approach, we define only 4 AMMGs (NALEGP=4). Soin LS-PREPOST, when
plotting the material-group (history variable) contours, we will see 4 colors, one for each
material group. One implication isthat when the fluids from part 22 and part 33 flow into the
same element, they will coalesce and no boundary distinction between them is maintained
subsequently. While this may be acceptable for fluids at similar thermodynamic stetes, this may
not be intuitive for solids. For example, if the solid container materials from parts 44, 55 and 66
flow into one element, they will coalesce “like asingle fluid”, and no interfaces among them are
tracked. If thisis undesirable, an alternate approach may be taken. It is presented next.

Approach 2: If we want to reconstruct as many interfaces as necessary, in this case, we follow
the interface of each part.

-3 (. I [P S I 3 | 4 | .5. | 6 7
*ALE MULTI-MATERIAL GROUP

1 1 & 1°° line = 1°°* AMMG — AMMGID=1

2 1 & 27 line = 2™ AMMG = AMMGID=2

3 1 & 3" line = 3" AMMG = AMMGID=3

4 1 & 4% line = 4% AMMG = AMMGID=4

5 1 & 5% line = 5" AMMG = AMMGID=5

6 1 & 6" line = 6% AMMG = AMMGID=6

7 1 &< 7 line = 7" AMMG = AMMGID=7
$...| .1. S R S I | PP S .5. | 6 7

Thereare 7 AMMGs in this case (NALEGP=7). Thiswill involve more computational cost for
the additional tracking. Redlistically, accuracy will be significantly reduced if there are more
than 3 or 4 materialsin any one element. In that case, higher mesh resolution may be required.
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Example2:
OlIL WATER AIR
GROUP 1 GROUP 2 GROUP 3
PART ID'S1 AND 2 PARTID 3 PART ID'S5, 6, AND 7

The above example defines a mixture of three groups of materials, oil, water and air, that is,

the number of ALE groupls, NALEGP=3.
The first group contains two parts (materials), part ID's 1 and 2.
The second group contains one part (material), part ID 3.

The third group contains three parts (materials), part ID's 5, 6 and 7.

LS-DYNA Version 970
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*ALE_REFERENCE_SYSTEM_CURVE

Purpose: This command defines a motion and/or a deformation prescribed for a geometric entity

(where ageometric entity may be any part, part set, node set, or segment set). The motion or

deformation may be completely defined by 12 parameters (shown in the equation below). These 12
parameters are defined in terms of 12 load curves. This command is required only when PRTY PE=3

inthe* ALE_REFERENCE_SY STEM_GROUP command.

Card Format

Cad 1 1 2 3 4 5 6 7 8
Variable ID
Type I
Default none
Card2 1 2 3 4 5 6 7 8
Variable LCID1 LCID2 LCID3 LCID4 LCID5 LCID6 LCID7 LCID8
Type | | | | | | | |
Default none none none none none none none none
Cad3 1 2 3 4 5 6 7 8
Varidble LCID9 LCID10 LCID11 LCID12
Type I [ [ I
Default none none none none
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VARIABLE DESCRIPTION
ID Curvegroup ID.
LCID1..LCID12 Load curve ID's.
Remark:

1. Theveocity of anode at coordinate (X,Y,z) isdefined as:

f, f, f,[|x
y = fs + fe f? fs y
.Z f9 flO fll f12 z
f(t) isthevaueof load curve LCID1attimet etc. Notethat f(t), f(t), fy(t)correspond
to the trandation component and the remaining functions correspond to the rotation and

deformation.

Example1

Consider a motion that consists of trandation in the x and y direction only. Thusonly f(t) and
f;(t) arerequired. Hence only 2 load curve 1D’ s need be defined:

= e . e - 2 - T T e I
*ALE REFERENCE SYSTEM GROUP
$ SID STYPE PRTYP PRID BCTRAN BCEXP BCROT
ICOORD
1 0 3 11 0 7 0
$ XC YC zc EXPLIM
0 0 0 0

*ALE REFERENCE SYSTEM CURVE
$ CURVESID

11
$ LCID1 LCID2 LCID3 LCID4 LCIDS LCID6 LCID7 LCIDS8
111 0 0 0 222 0 0 0
$ LCIDS LCID10 LCID11 LCID12
0 0 0 0
*DEFINE CURVE
111
0.0, 5.0
0.15, 4.0
*DEFINE_ CURVE
222
0.0, -1.0
0.15,-5.0
20N PR RPN PO SAPUPR [DUPIPS: IUPIPEN [P SRR IUPPUPN- SRR [PPUPRN - SUPUPRRN PPN AR [P
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*ALE_REFERENCE_SYSTEM_GROUP

Purpose: This command defines the type of reference system that may be prescribed for a geometric
entity (where a geometric entity may be any part, part set, node set, or segment set). A geometric
entity (or mesh) may be smoothed, moved, expanded, etc. according to the reference system type

defined.

Card Format

Cad1 1 2 3 4 5 6 7 8
Variable SID STYPE | PRTYPE PRID BCTRAN | BCEXP | BCROT | ICOORD
Type | | | | | | | |
Default none 0 0 0 0 0 0 0

Cad?2 1 2 3 4 5 6 7 8
Variable XC YC ZC EXPLIM EFAC
Type F F F F F
Default 0.0 0.0 0.0 inf. 0.0

VARIABLE DESCRIPTION
SID Set ID.
STYPE Set type:
EQ.O: part s¢t,
EQ.1: part,
EQ.2: node set,

EQ.3: segment set.

2.8 (ALE)
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VARIABLE

PRTY PE

PRID

BCTRAN

BCEXP

BCROT

DESCRIPTION

Reference system type (See Remark 1 below)
EQ.O: Eulerian,
EQ.1: Lagrangian,
EQ.2: Normal ALE mesh smoothing,
EQ.3: Prescribed motion following load curves, see
*ALE_REFERENCE_SYSTEM_CURVE,
EQ.4: Automatic mesh motion following mass weighted average
velocity in ALE mesh,
EQ.5: Automatic mesh motion following coordinate system defined by
three user defined nodes, see* ALE_ REFERENCE_SY STEM_NODE,
EQ.6: Switching in time between different reference system types, see
*ALE_REFERENCE_SYSTEM_SWITCH,
EQ.7: Automatic mesh expansion in order to enclose up to twelve user
defined nodes, see *ALE_REFERENCE_SY STEM_NODE.
EQ.8: Mesh smoothing option for shock waves, where the element grid
contractsin the vicinity of the shock front. Thismay be referred to as
the Delayed-ALE option. It controls how much the mesh isto be
moved during the remap step.  This option requires the definition of
the 5th parameter in the 2nd card, EFAC; see below for definition.

ID of switch list (PRTY PE 6), node group (PRTYPE 5 or 7), or curve
group (PRTY PE 3).

Trandational constraints (PRTYPE 3, 4, 5and 7):
EQ.O: no constraints,
EQ.1: constrained x trandation,
EQ.2: constrained y trandation,
EQ.3: constrained z trandation,
EQ.4: constrained x and y trangdlation,
EQ.5: constrained y and z randation,
EQ.6: constrained z and x trandation,
EQ.7: constrained X, y, and z trandation.

Mesh expansion constraints (PRTYPE 3, 4, 5and 7):
EQ.O: no constraints,
EQ.1: constrained x expansion,
EQ.2: constrained y expansion,
EQ.3: constrained z expansion,
EQ.4: constrained x and y expansion,
EQ.5: constrained y and z expansion,
EQ.6: constrained z and x expansion,
EQ.7: constrained x, y, and z expansion.

Mesh rotation constraints (PRTY PE 3,4 5 and 7):

EQ.O: no constraints,

EQ.1: constrained x rotation,

EQ.2: constrained y rotation,

EQ.3: constrained z rotation,

EQ.4: constrained x and y rotation,

EQ.5: constrained y and z rotation,

EQ.6: constrained z and x rotation,

LS-DYNA Version 970
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VARIABLE

DESCRIPTION

ICOORD

XC)YC,zZC

EXPLIM

EFAC

Remarks:

EQ.7: constrained X, y, and z rotation.

Center of mesh expansion and rotation (PRTYPE 3, 4, 5and 7):
EQ.O: at center of gravity,
EQ.1: at (XC,YC,ZC).

Center of mesh expansion.

Limit ratio for mesh expansion and shrinkage. Each cartesian directionis
treated separately. The distance between the nodes is not allowed to
increase by more than afactor EXPLIM, or decrease to less than afactor
VEXPLIM.

Mesh contraction factor for PRTY PE=8 only, ranging between 0.0 and 1.0.
Note: The smaller the value of EFAC, the better the mesh will follow the
materia flow in the vicinity of ashock front. However, avery small value
might lead to severe mesh distortions.

1. Some PRTYP may require a corresponding PRID. For example, PRTYP=3 requires a
*ALE_REFERENCE_ _SYSTEM_CURVE card. If PRID=n, then in the corresponding
*ALE REFERENCE_SYSTEM_CURVE card, ID=n. Similar association applies for any
PRTYP (i.e. 3,5,6, or 7) which requires adefinition for its corresponding PRID parameter.

Examplel

Consider a bird-strike model containing 2 ALE parts: abird is surrounded by air (or void). A part-
set ID 1 isdefined containing both parts. To allow for the meshes of these 2 parts to move with their
combined mass-weighted-average velocity, PRTYPE=4 is used. Note that BCEXP=7 indicating
mesh expansion is constrained in all global directions.

N IO TN ISP WU RPN SAPRPRRN IR AN IR SN ISR IR, S IR
*ALE REFERENCE SYSTEM GROUP
$ SID STYPE PRTYP PRID BCTRAN BCEXP BCROT
ICOORD
1 0 4 0 0 7 0
$ XC YC ZC EXPLIM
0 0 0 0
-2 I, IR I PN [ DAY [N ISR [PRDRD S (PR L [ 7....]...8
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Example 2

Consider abouncing ball model containing 2 ALE parts: asolid ball (PID 1) is surrounded by air or
void (PID 2). A part-set ID 1 isdefined containing both parts. To alow for the meshes of these 2
parts to move with 2 reference system types: (@) first, they move with their combined mass-
weighted-average vel ocity between 0.0 and 0.01 second; and subsequently (between 0.01 and 10.0
seconds) their reference system is switched to (b) an Eulerian system (thus the meshisfixed in
space), areference system “SWITCH” isrequired. Thisisdone by setting PRTYPE=6. This
PRTY PE requires acorresponding *ALE_REFERENCE _SYSTEM_SWITCH card. Note that
PRID=11inthe*ALE_REFERENCE_SYSTEM_GROUP card corresponds to the SWITCHID=11
in*ALE_REFERENCE_SY STEM_SWITCH card.

S N DA [N SN RS- SRPPI IR SR ISR DUP INRPIN-SNRNY ISR SN IR
*ALE REFERENCE SYSTEM GROUP
] SID STYPE PRTYP PRID BCTRAN BCEXP BCROT
ICOORD
1 0 6 11 0 7 7
$ XC YC ZC EXPLIM EULFACT SMOOTHVMX
0 0 0 0 0.0

*ALE REFERENCE SYSTEM SWITCH
$ SWITCHID

11
$ t1 t2 t3 t4 t5 t6 t7
0.01 10.0

$ TYPE1 TYPE2 TYPE3 TYPE4 TYPES TYPE6 TYPE7
TYPES

4 0
$ ID1 ID2 ID3 ID4 IDS ID6 ID7
ID8

0 0 0 0 0 0 0
0
S|l 2 I I Y S 5eeei]enn. [ [ Teeeu|...8
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*ALE_REFERENCE_SYSTEM_NODE

Purpose: This command defines a group of nodes that control the motion of an ALE mesh. Itis
used only when PRTYPE=5 or 7 in acorresponding *ALE_ REFERENCE _ SYSTEM_GROUP

card.

Card Format

Cad1

1

Variable

Type

Default

none

Card Format

Cad1

1

Variable

NID1

NID2

NID3

NID4

NID5

NID6

NID7

NID8

Type

Default

none

none

none

none

none

none

none

none

Card Format

Cad1

Variable

NID9

NID10

NID11

NID12

Type

Default

none

none

none

none
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VARIABLE DESCRIPTION
ID Node group ID for PRTYPE 5 or 7, see
*ALE_REFERENCE_SY STEM__ GROUP.
NID1..NID12 User specified nodes.
Remark:

1. For PRTY PE=5 the ALE mesh isforced to follow the motion of a coordinate system, which
is defined by three nodes (NID1, NID2, NID3). These nodes are located at x;, X, and X;,

respectively. The axes of the coordinate system, x’, y’ and Z', are defined as:

X'= 06 =)/ %=X |
Z = XX (X =) [ X' X (% = %) |
y=Zxx

Notethat x, — X, isthelocal x’axis, x, = X, istheloca y” axisand X" crosses y’ gives
thelocal Z' axis.

2. For PRTY PE=7, the ALE mesh isforced to move and expand, so asto enclose up to twelve
user defined nodes (NID1...NI1D12).

Example1

Consider modeling sloshing of water inside arigid tank. Assuming there are 2 ALE parts, the water
(PID 1) and air or void (PID 2) contained inside arigid (Lagrangian) tank (PID 3). The outer
boundary nodes of both ALE parts are merged with the inner tank nodes. A part-set ID 1 isdefined
containing both ALE parts (PIDs 1 and 2). To alow for the meshes of the 2 ALE parts to move with
therigid Lagrangian tank, PRTYPE=5isused. The motion of the ALE parts then follows 3
reference nodes on therigid tank. These 3 reference nodes must be defined by a corresponding
*ALE_REFERENCE_SYSTEM_NODE card. In this case the reference nodes have the nodal 1Ds of
5 6and 7. Notethat PRID=12 inthe*ALE_ REFERENCE_SYSTEM_GROUP card
corresponds to the SID=12 in the *ALE_REFERENCE_SYSTEM_NODE card.

= [ O [~ S [ S I L S I - [P A I -
*ALE REFERENCE SYSTEM GROUP
$ SID STYPE PRTYP PRID BCTRAN BCEXP BCROT
ICOORD
1 0 5 12
$ XC YC zC EXPLIM
0 0 0 0
*ALE REFERENCE SYSTEM NODE
$ NSID
12
$ N1 N2 N3 N4 N5 N6 N7
N8
5 6 7
= e . e s 2 - I A P
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*ALE_REFERENCE_SYSTEM_SWITCH

Purpose: The PRTY P parameter inthe* ALE_REFERENCE_SY STEM_GROUP card alows (8)
choices of the reference system types for any ALE geometric entity. This command alows for the

time-dependent switches between these different types of reference systems, i.e., Lagrangian,

Eulerian and ALE formulations, etc. during the smulation. This command is required only when
PRTYPE=6in*ALE_REFERENCE_SYSTEM_GROUP. Please see example2inthe*ALE_

REFERENCE_ SY STEM_GROUP section.

Card Format

Cad1 1 2 3 4 5 6 7 8
Variable ID
Type |
Default none
Card Format

Card 2 1 2 3 4 5 6 7 8
Vaiddle T1 T2 T3 T4 T5 T6 T7
Type F F F F F F F
Default 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Card Format

Cad3 1 2 3 4 5 6 7 8
Variable TYPE1L TYPE2 TYPE3 TYPE4 TYPES TYPE6 TYPE7 TYPES
Type | | | | | | | |
Default 0 0 0 0 0 0 0 0
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Card Format

Cad4 1

Vaiable

ID1

ID2 ID3 ID4 ID5 ID6 ID7 ID8

Type

Default

none

none none none none none none none

VARIABLE

ID

T1.

TYPEL

ID1.

WT7

..TYPES

..1D8

Remark:

DESCRIPTION

Switch list ID, see* ALE_REFERENCE_SY STEM_GROUP,

Times for switching reference system type. By default, the reference
system TY PE1 occurs between time=0 and time=T1, and TY PE2 occurs
between time=T1 and time=T2, etc.

Reference system types:
EQ.O: Eulerian,
EQ.1: Lagrangian,
EQ.2: Normal ALE mesh smoothing,
EQ.3: Prescribed motion following load curves, see
*ALE_REFERENCE_SYSTEM_CURVE,
EQ.4: Automatic mesh motion following mass weighted average
velocity in ALE mesh,
EQ.5: Automatic mesh motion following coordinate system defined by
three user defined nodes, see * ALE_REFERENCE_SYSEM_NODE,
EQ.7: Automatic mesh expansion in order to enclose up to twelve user
defined nodes, see *ALE_REFERENCE_SYSEM_NODE.
EQ.8: Mesh smoothing option for shock waves, where the element grid
contractsin the vicinity of the shock front.  Thismay be referred to as
the Delayed-ALE option. It controls how much the mesh isto be
moved during the remap step.

IDs of the reference node group(s) or curve group(s) (PRTYPE 3,5 or 7).

At time T2 the reference system typeis switched from TYPE2 to TY PE3 etc.

LS-DYNA Version 970
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*ALE_SMOOTHING

Purpose: This smoothing constraint keeps a node at its initial parametric location along a line
between two other nodes. This congtraint is active during each mesh smoothing operation.

Card Format

1 2 3 4 5 6 7 8
Variable SNID MNID1 MNID2 IPRE XCO YCO ZCO
Type | | | | F F F
Default none none none 0 0.0 0.0 0.0
VARIABLE DESCRIPTION
SNID Slave node ID, see Figure 2.1.
MNID1 First master node ID.
MNID2 Second master node ID.
IPRE EQ.O: smoothing constraints are performed after mesh relaxation,
EQ.1: smoothing constraints are performed before mesh relaxation.
XCO x-coordinate of constraint vector
YCO y-coordinate of constraint vector
ZCO z-coordinate of constraint vector
Remark:

1. Abritrary Lagrangian Eulerian meshes are defined via the choice of the element type and the
*CONTROL_ALE card. Thiscan only be used with solid elements.

1st master node

dave node

2nd master node

Figure 2.1 Thissmple constraint, which ensures that a lave node remains on astraight line
between two master nodes, is sometimes necessary during ALE smoothing.
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*ALE_TANK _TEST

Purpose: This command allows for the airbag information input (rh(t),'Tgas(t)) of the control volume

(*AIRBAG ) approach to be used as input for the ALE/Eulerian fluid-structure interaction model of
the airbag. It complements and must be used together with the* SECTION_POINT_SOURCE
command. Please see*SECTION_POINT_SOURCE for additional information.

Card Format

1 2 3 4 5 6 7 8
Variable MDOTLC TANKVOL PAMB PFINAL MACHLIM VELMAX AORIF
Type | F F F F F F
Default 0 0.0 0.0 0.0 0.0 0.0 0.0

Varigble AMMGIDG | AMMGIDA | NUMPNT

Type I I I
Default 0 0 50
VARIABLE DESCRIPTION
MDOTLC LCID for mass flow rate as a function of time. This may be obtained
directly from the control-volume type input data
TANKVOL Volume of the tank used [1 atank test from which the tank pressureis
measured, and m(t)and T_(t) are computed from this tank pressure data.
PAMB The pressure inside the tank before jetting (usually 1bar).

PFINAL Thefinal equilibrated pressure inside the tank from the tank test.
MACHLIM A limiting MACH number for the gas at the throat (MACH=1 preferred).
VELMAX Maximum allowable gas velocity across the inflator orifice (not preferred).

AORIF Total inflator orifice area (optional, only needed if the

*SECTION_POINT_SOURCE card is not used).
AMMGIDG The ALE multi-material group ID (AMMGID) of the gas.

LS-DYNA Version 970
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VARIABLE DESCRIPTION
AMMGIDA The ALE multi-materia group ID (AMMGID) of theair.
NUMPNT The number of pointsin m(t) and Tgas(t) curves. If NUMPNT=0, defaults
to 50 points.
Remark:
1. Inan airbag inflator tank test, the tank pressure data is measured. This pressure is used to

derive m(t) and the estimated Tgas(t), usually via a lumped-parameter method, a system of
conservation equations and EOS. These 2 curves are used as the direct input for the control
volume method in LS-DYNA viathe *AIRBAG_ cards. Typically, Tgas(t) is the stagnation
temperature of the incoming inflator gas. In an ALE or Eulerian fluid-structure interaction
analysis, the gas velocity, vel(t), and density, p(t), at theinlet must be computed. Since only
m(t) isknown, additional assumptions about the inlet condition must be made to compute both
vel(t)and p(t)curves from the information available. If this computation is done outside of
LS-DYNA, then m(t) and 'Tgas(t)are used to compute 3 curves which are then used as the input

forthe ALE model: T, correnea(t), VEI(t) and p(t). This*ALE_TANK_TEST card allows for

thisinlet condition conversion to be doneinside LS-DYNA. Thus, with this card together with
the *SECTION_POINT_SOURCE card, LS-DYNA can take in directly the control volume

input (m(t) and 'Izas(t)) and performs an ALE or Eulerian fluid-structure interaction analysis.
The users do not have to do the conversion themselves.

If the* ALE TANK_TEST card is present:

2.

The definitions of the relative volume,v,(t) and vel(t) curves in the
*SECTION_POINT_SOURCE card will beignored. They are computed internally inside LS-
DYNA.

The m(t) curvewill bereadinon*ALE_TANK_TEST card.

The Tgas(t) curve (stagnation temperature) will be read in on * SECTION_POINT_SOURCE
card (ot T, correaea(t))- A fine distinction between the two temperatures may be made.
'I_'gas(t) is derived directly from the tank pressure data based on a lump-parameter approach.

Tees_correcea (1) 1S cOMputed from m(t) and T (t) with additional isentropic and sonic flow

assumption for the maximum velocity at an orifice (T coreea(t) iS the static temperature).
These assumptions are necessary since in m(t) = p(t) = vel(t) * A, we only know m(t) (1
known) but we need p(t) and vel(t) (2 unknowns).

The inflator area is computed from the *SECTION_POINT_SOURCE card that has the
AMMGID of the inflator gas in the *ALE_TANK_TEST card. If the
*BOUNDARY_AMBIENT_EOS card is used instead of the *SECTION_POINT_SOURCE
card, then the areamay beinput in this *ALE_TANK_TEST card.
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6. The reference density of the propellant “gas’, p,, is computed internally and automatically
used for the calculation. The p, value from the*MAT_NULL card isignored.

Example:

Consider atank test model consists of the inflator gas (PID 1) and the air inside the tank (PID 2).
The following information from the control volume model is available:

- m(t) (LCID 1isfrom control volume model input).
- 'Tgas(t) (LCID 2isfrom control volume model input).

- Volume of the tank used in the inflator tank test.
- Final equilibrated pressure inside the tank.
- Ambient pressurein the air.
Also available are
- The nodal 1Ds of the nodes defining the orifice holes through which the gas flowsinto the
tank.
- The area associated with each hole (the node is assumed to be at the center of this area).
- The vector associated with each hole defining the direction of flow.

Intheinput below LCID 1 and 2 are m(t) and ‘I_'gas(t), respectively. LCID 4 and 5 will be ignored

whenthe* ALE_TANK_TEST card ispresent. If it isnot present, all 3 curvesin the
*SECTION_POINT_SOURCE card will be used. Whenthe*SECTION_POINT_SOURCE card is
present, the element formulation is equivaent to an ELFORM=11.

= e . e - 2 - R I A I
*PART
inflator gas
$ PID SECID MID EOSID HGID GRAV ADPOPT
TMID
1 1 1 0 0 0 0
0
*PART
air inside the tank
$ PID SECID MID EOSID HGID GRAV ADPOPT
TMID
2 2 2 0 0 0 0
0 *SECTION_ SOLID
$ SECID ELFORM AET
2 11 0
*ALE MULTI-MATERIAL GROUP
$ SID SIDTYPE
1 1
2 1
*SECTION_ POINT SOURCE
$ SECID LCIDT LCIDVOLR LCIDVEL <= 3 curves in tempvolrvel.k file
1 2 4 5
$ NODEID VECTID AREA
24485 3 15.066
24557 3 15.066
*ALE_TANK_TEST
$ MDOTLCID TANKVOL PAMBIENT PFINAL MACH VELMAX ORIFAREA
1 6.0E7 1.0E-4 5.288E-4 1.0 0.0
$AMMGIDGAS AMMGIDAIR NUMPOINT
1 2 80
R [P T IS SN (N SR IO SN ISR SR ISR~ (NI DR IR
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*BOUNDARY

nodes.

*BOUNDARY

The keyword *BOUNDARY provides a way of defining imposed motions on boundary
The keyword control cardsin this section are defined in alphabetical order:

*BOUNDARY_ACOUSTIC_COUPLING
*BOUNDARY_AMBIENT_EOS
*BOUNDARY_CONVECTION_OPTION
*BOUNDARY_CYCLIC
*BOUNDARY_ELEMENT_METHOD_OPTION
*BOUNDARY_FLUX_OPTION
*BOUNDARY_MCOL
*BOUNDARY_NON_REFLECTING
*BOUNDARY_NON_REFLECTING_2D
*BOUNDARY_OUTFLOW_CFD_OPTION
*BOUNDARY_PRESCRIBED_CFD_OPTION
*BOUNDARY_PRESCRIBED_MOTION_{OPTION1} {OPTION2}
*BOUNDARY_PRESSURE_CFD_SET
*BOUNDARY_PRESSURE_OUTFLOW_OPTION
*BOUNDARY_RADIATION_OPTION
*BOUNDARY _SLIDING_PLANE
*BOUNDARY_SPC_{OPTION1} {OPTION2}
*BOUNDARY_SPH_FLOW
*BOUNDARY_SPH_SYMMETRY_PLANE
*BOUNDARY_SYMMETRY_FAILURE
*BOUNDARY_TEMPERATURE_OPTION
*BOUNDARY_THERMAL _WELD
*BOUNDARY_USA_SURFACE
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*BOUNDARY_ACOUSTIC_COUPLING

Purpose: Define a segment set for acoustic coupling. The segments should define the surface of a
shell or solid (structural) element. This option alows for acoustic elements (type 8 solid elements) to
couple on either one side of a shell or solid element structure or both sides of a shell structure. The
nodal points of the shell segments and those on either side of the segments must be coincident. If the
fluid exists on just one side of the segment and if the nodes are merged, no input is necessary and
input data in this section is not needed. Two sided coupling will not work if the interface nodes are
merged out.

Card Format

1 2 3 4 5 6 7 8
Variable SSID
Type I
Default none
VARIABLE DESCRIPTION
SSID Segment set ID, see*SET_SEGMENT
Remark:

For the stability of the acoustic-structure coupling, the following condition must be satisfied:

2p.D <5
Pl

where p, isthe density of the acoustic medium, D is the total thickness of the acoustic elements

adjacent to the structural element, p, is the density, and t, is the thickness of the structural shell
element.
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*BOUNDARY_AMBIENT_EOS

Purpose: This command definesthe IDs of 2 load curves:. (1) internal energy per unit reference
specific volume (or temperature if using *EOS IDEAL_GAS) and (2) relative volume. These 2
curves completely prescribe the thermodynamic state as a function of time for any ALE or Eulerian
part with an “ambient” type element formulation (please see remark 3).

Card Format

1 2 3 4 5 6 7 8
Variable PID LCID1 LCID2
Type I I I
Default none none none
VARIABLE DESCRIPTION
PID The ambient Part ID for which the thermodynamic state is being defined.
LCID1 Load curve ID for internal energy per unit reference specific volume (or a
temperature load curve ID if *EOS_IDEAL_GASis being used).
LCID2 Load curve D for relative volume, v, = (1 = &J
Vo P

Remarks:

1. In genera, athermodynamic state of a non-reacting and no phase change material may be
defined by 2 thermodynamic variables. By defining [a] an internal energy per unit reference
specific volume load curve (or atemperature load curveif using *EOS IDEAL_GAS) and [b] a
relative volume load curve, the pressure as a function of time for this ambient part ID can be
computed directly viathe equation of state (*EOS ).

2. A reference specific volume, v, = i, istheinverse of areference density, p,. The reference
0
density is defined as the density at which the material is under a reference or nominal state.

Please refer to the * EOS section for additional explanation on this.

3. Theinternal energy per unit reference specific volume may be defined as €, = % The
0
specific internal energy (or internal energy per unit mass) isdefined as C,T.
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4. Thiscardisonly to be used with “ambient” element type:
- ELFORM =7, 0r
- ELFORM =11and AET=4, or
- ELFORM =12 and AET=4.

Example:

Consider an ambient ALE part ID 1 which hasitsinterna energy per unit reference specific volume
inaload curve ID 2 and relative volume load curve ID 3:

$oo o] 20 B d BB T8
*BOUNDARY_AMBIENT_EOS
$ PID eT_LCID rvol_LCID
1 2 3
$.. 020 B A 56 T8

3.4 (BOUNDARY) LSDYNA Version 970



*BOUNDARY

*BOUNDARY_CONVECTION_OPTION
Available options are:

SEGMENT

SET

Purpose: Define convection boundary conditions for athermal or coupled thermal/structural analysis.
Two cards are defined for each option.

For the SET option define the following card:
Card Format (Card 1 of 2)

Cad1 1 2 3 4 5 6 7 8
Variable SSID

Type I

Default none

For the SEGMENT option define the following card:

Card Format (Card 1 of 2)

Cad1 1 2 3 4 7 8
Variable N1 N2 N3 N4

Type | | | |

Default none none none none
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Define the following card for both options:

Card Format (Card 2 of 2)

Cad1 1 2 3 4 5 6 7 8
Variable HLCID | HMULT | TLCID TMULT LOC
Type | F | F |
Default none 1.0 none 1.0 0
VARIABLE DESCRIPTION
SSID Segment set ID, see*SET_SEGMENT.
N1,N2... Node ID’ s defining segment.
HLCID Load curve ID for heat transfer coefficient, h:
GT.0: function versustime,
EQ.O: use constant multiplier value, HMULT,
LT.O: function versus temperature.
HMULT Curve multiplier for h.
TLCID Load curve ID for T versustime, see* DEFINE_CURVE:
EQ.O: use constant multiplier value, TMULT.
TMULT Curve multiplier for Teo
LOC Application of surface for thermal shell elements, see paramter, TSHELL,
inthe *CONTROL_SHELL input::
EQ.-1. lower surface of thermal shell element
EQ. 1: upper surface of thermal shell element
Remarks:

A convection boundary conditionis caculated using q” = h(T - T) Where

h
(T-Te)

heat transfer coefficient

temperature potential

Three alternatives are possible for the heat transfer coefficient which can be a function of
time, afunction of temperature, or constant. Also, the temperature of the boundary T .. can be either
constant or afunction of time. For both curves, multipliers can be used to scale the values.
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*BOUNDARY_CYCLIC

Purpose: Define nodes in boundary planes for cyclic symmetry.

These boundary conditions can be used to model a segment of an object that has rotational symmetry
such asanimpeller, i.e., Figure 3.1. The segment boundary, denoted asaside 1 and side 2, may be
curved or planar. Inthissection, apaired list of points are defined on the sides that are to be joined.

Card Format

1 2 3 4 5 6 7 8
Vaiable XC YC ZC NSID1 NSID2 | IGLOBAL | ISORT
Type F F F | | | I
Default none none none none none 0 2
VARIABLE DESCRIPTION
XC X-component axis vector of axis of rotation
YC y-component axis vector of axis of rotation
zc z-component axis vector of axis of rotation
NSID1 Node set ID for first boundary plane (side 1, see Figure 3.1).
NSID2 Node set ID for second boundary plane (side 2, see Figure 3.1). Each

boundary node in this boundary plane is constrained to its corresponding
node in the first node set. Node sets NSID1 and NSID2 must contain the
same number of nodal points. Care has to be taken that the nodes in both
node sets have alocation which, if given in cylindrical coordinates, all differ
by the same angle.

IGLOBAL Flag for repeating symmetry:
EQ. 0: Cyclic symmetry (default)
EQ. 1: Repeating symmetry in planes normal to global X
EQ. 2: Repeating symmetry in planes normal to global Y
EQ. 3: Repeating symmetry in planes normal to global Z

ISORT Flag for automatic sorting of boundary nodes:
EQ. 0: No automatic sorting (default)
EQ. 1: Automatic sorting of nodes.
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Remarks:
1. Each node set should lie on a plane, and these should generally be boundaries of the model.
2. Previous versions of LS-Dyna, prior to version 970, it was assumed that the nodes are

correctly ordered within each set, i.e. the n’th nodein NSID1 is equivaent to the n’th nodein
NSID2. If the ISORT flag is active, the nodes in NSID2 are automatically sorted to achieve
equivalence, so the nodes can be picked by the quickest available method. However, for
cyclic symmetry (IGLOBAL=0), it is assumed that the axis passes through the origin, i.e.,
only globally defined axes of rotation are possible.

Conformable
Interface

\

Segment

Figure 3.1 With cyclic symmetry only one segment is modeled.
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*BOUNDARY_ELEMENT_METHOD_OPTION
Available options are:

CONTROL

FLOW

NEIGHBOR

SYMMETRY

WAKE

Purpose: Define input parameters for boundary element method analysis of incompressible fluid
dynamics or fluid-structure interaction problems.

The boundary element method (BEM) can be used to compute the steady state or transient
fluid flow about arigid or deformable body. The theory which underlies the method (see the LS
DYNA Theoretical Manual) is restricted to inviscid, incompressible, attached fluid flow. The
method should not be used to analyze flows where shocks or cavitation are present.

In practice the method can be successfully applied to a wider class of fluid flow problems
than the assumption of inviscid, incompressible, attached flow would imply. Many flows of
practical engineering significance have large Reynolds numbers (above 1 million). For these flows
the effects of fluid viscosity are small if the flow remains attached, and the assumption of zero
viscosity may not be a significant limitation. Flow separation does not necessarily invalidate the
analysis. If well-defined separation lines exist on the body, then wakes can be attached to these
separation lines and reasonable results can be obtained. The Prandtl-Glauert rule can be used to
correct for non-zero Mach numbers in a gas, so the effects of aerodynamic compressibility can be
correctly modeled (as long as no shocks are present).

The BOUNDARY_ELEMENT_METHOD_FLOW card turns on the analysis, and is
mandatory.
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*BOUNDARY_ELEMENT_METHOD_CONTROL

Purpose: Control the execution time of the boundary element method calculation. The CONTROL
option is used to control the execution time of the boundary element method cal culation, and the use
of this option is strongly recommended. The BEM calculations can easily dominate the total
execution time of a LS-DY NA run unless the parameters on this card (especially DTBEM and/or
I[UPBEM) are used appropriately.

DTBEM is used to increase the time increment between calls to the BEM routines. This can
usually be done with little loss in accuracy since the characteristic times of the structural dynamics
and the fluid flow can differ by several orders of magnitude. The characteristic time of the structural
dynamicsin LS-DY NA isgiven by the size of the smallest structural element divided by the speed of
sound of itsmaterial. For atypical problem this characteristic time might be equal to 1 microsecond.
Since the fluid in the boundary element method is assumed to be incompressible (infinite speed of
sound), the characteristic time of the fluid flow is given by the streamwise length of the smallest
surface in the flow divided by the fluid velocity. For atypical problem this characteristic time might
be equal to 10 milliseconds. For this example DTBEM might be set to 1 millisecond with little loss
of accuracy. Thus, for this example, the boundary element method would be called only once for
every 1000 LS-DY NA iterations, saving an enormous amount of computer time.

IUPBEM is used to increase the number of times the BEM routines are called before the
matrix of influence coefficients is recomputed and factored (these are time-consuming procedures).
If the motion of the body is entirely rigid body motion there is no need to ever recompute and factor
the matrix of influence coefficients after initialization, and the execution time of the BEM can be
significantly reduced by setting lUPBEM to avery large number. For situations where the structural
deformations are modest an intermediate value (e.g. 10) for [IUPBEM can be used.

Define one card.

1 2 3 4 5 6 7 8
Variable LWAKE | DTBEM | IUPBEM | FARBEM
Type I F I F
Default 50 0. 100 2.0
Remark 1 2
VARIABLE DESCRIPTION
LWAKE Number of elementsin the wake of lifting surfaces. Wakes must be defined

for all lifting surfaces.
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VARIABLE

DTBEM

I[UPBEM

FARBEM

Remarks:

DESCRIPTION

Time increment between calls to the boundary element method. The fluid
pressures computed during the previous call to the BEM will continue to be
used for subsequent LS-DY NA iterations until atime increment of DTBEM
has el apsed.

The number of times the BEM routines are called before the matrix of
influence coefficients is recomputed and refactored.

Nondimensiona boundary between near-field and far-field calculation of
influence coefficients.

1. Wakesconvect with the free-stream velocity. The number of e ementsin the wake should be
set to provide atotal wake length equal to 5-10 times the characteristic streamwise length of the
lifting surface to which the wake is attached. Note that each wake element has a streamwise
length equal to the magnitude of the free stream velocity multiplied by the time increment
between calls to the boundary element method routines. Thistime increment is controlled by

DTBEM.

2. Themost accurate results will be obtained with FARBEM set to 5 or more, while values as low
as 2 will provide dightly reduced accuracy with a 50% reduction in the time required to
compute the matrix of influence coefficients.
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*BOUNDARY_ELEMENT_METHOD_FLOW

Purpose: Turn on the boundary element method calculation, specify the set of shells which define
the surface of the bodies of interest, and specify the onset flow.

The*BOUNDARY_ELEMENT METHOD_ FLOW card turnson the BEM calculation. This
card also identifies the shell elements which define the surfaces of the bodies of interest, and the
properties of the onset fluid flow. The onset flow can be zero for bodies which move through afluid
whichisinitidly at rest.

Define one card.

1 2 3 4 5 6 7 8
Variable SSID VX VY \4 RO PSTATIC MACH
Type | F F F F F F
Default none none none none none 0. 0.
Remark 1 2 3
VARIABLE DESCRIPTION
SSID Shell set ID for the set of shell elements which define the surface of the

bodies of interest (see*SET_SHELL). The nodes of these shells should be
ordered so that the shell normals point into the fluid.

VX, VY, VZ X, ¥, and z components of the free-stream fluid velocity.
RO Fluid density.
PSTATIC Fluid static pressure.
MACH Free-stream Mach number.
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Remarks:

1. It is recommended that the shell segments in the SSID set use the NULL material (see
*MAT_NULL). Thiswill provide for the display of fluid pressures in the post-processor. For
triangular shells the 4th node number should be the same as the 3rd node number. For fluid-
structure interaction problems it is recommended that the boundary element shells use the same
nodes and be coincident with the structural shell elements (or the outer face of solid elements)
which define the surface of the body. This approach guarantees that the boundary element
segments will move with the surface of the body asit deforms.

2. A pressureof PSTATIC is applied uniformly to all segmentsin the segment set. If the body of
interest is hollow, then PSTATIC should be set to the free-stream static pressure minus the
pressure on the inside of the body.

3. Theeffects of sushsonic compressibility on gas flows can be included using a non-zero value
for MACH. The pressures which arise from the fluid flow are increased using the Prandtl-
Glauert compressibility correction. MACH should be set to zero for water or other liquid
flows.
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*BOUNDARY_ELEMENT_METHOD_NEIGHBOR

Purpose: Define the neighboring elements for a given boundary element segment.

The pressure at the surface of abody is determined by the gradient of the doublet distribution
on the surface (see the LS DYNA Theoretical Manual). The “Neighbor Array” is used to specify
how the gradient is computed for each boundary element segment. Ordinarily, the Neighbor Array is
set up automatically by LS-DYNA, and no user input is required. The NEIGHBOR option is
provided for those circumstances when the user desires to define this array manually.

For the NEIGHBOR option define the following cards:

Card Format - Cards 1, 2, 3, ... (The next “*” card terminates the input.)

1 2 3 4 5 6 7 8
Variable NELEM | NABOR1 | NABOR2 [ NABOR3 | NABOR4
Type [ I I | |
Default none none none none none
VARIABLE DESCRIPTION
NELEM Element number.
NABOR1 Neighbor for side 1 of NELEM.
NABOR2 Neighbor for side 2 of NELEM.
NABOR3 Neighbor for side 3 of NELEM.
NABOR4 Neighbor for side 4 of NELEM.
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Remarks:

Each boundary element has 4 sides (Figure 3.2). Side 1 connects the 1st and 2nd nodes, side
2 connects the 2nd and 3rd nodes, etc. The 4th sideis null for triangular elements.

node 4 node 3

side3
side4 side2

sidel

node 1 node 2

Figure 3.2 Each segment has 4 sides.

For most elements the specification of neighbors is straightforward. For the typical case a
quadrilateral element is surrounded by 4 other elements, and the neighbor array is as shown in Figure
3.3.

neighbor(3,))

side3
segment
sidel

neighbor(4,))
side4

neighbor(2,))

neighbor(1,))

Figure 3.3 Typical neighbor specification.

There are several situations for which the user may desire to directly specify the neighbor
array for certain elements. For example, boundary element wakes result in discontinuous doublet
distributions, and neighbors which cross a wake should not be used. Figure 3.4 illustrates a
situation where a wake is attached to side 2 of segment j. For this situation two options exist. If
neighbor(2,)) is set to zero, then alinear computation of the gradient in the side 2 to side 4 direction
will be made using the difference between the doublet strengths on segment j and segment
neighbor(4,j). Thisis the default setup used by LS-DY NA when no user input is provided. By
specifying neighbor(2,j) as a negative number a more accurate quadratic curve fit will be used to
compute the gradient. The curve fit will use segment j, segment neighbor(4,j), and segment
-neighbor(2,j); which islocated on the opposite side of segment neighbor(4,j) as segment j.
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-neighbor(2,j) neighbor(4,j) segment |
side4 side 2

Figure 3.4 If neighbor(2,)) is a negative number it is assumed to lie on the
opposite side of neighbor(4,j) as segment j.

Another possibility isthat no neighbors at all are availablein the side 2 to side 4 direction. In
this case both neighbor(2,j) and neighbor(4,j) can be set to zero, and the gradient in that direction
will be assumed to be zero. This option should be used with caution, as the resulting fluid pressures
will not be accurate for three-dimensional flows. However, this option is occaisionally useful where
guasi-two dimensional results are desired. All of the above options apply to the side 1 to side 3
direction in the obvious ways.

For triangular boundary elementsside 4 isnull. Gradientsin the side 2 to side 4 direction can
be computed as described above by setting neighbor(4,j) to zero for alinear derivative computation
(thisisthe default setup used by LS-DY NA when no user input is provided) or to a negative number
to use the segment on the other side of neighbor(2,j) and a quadratic curve fit. There may also be
another triangular segment which can be used as neighbor(4,j) (see Figure 3.5).

Figure 3.5 Sometimes another triangular boundary element segment can be used
as neighbor(4,)).

The rules for computing the doublet gradient in the side 2 to side 4 direction can be
summarized asfollows (the side 1 to side 3 caseis similar):
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Table 3.1  Surface pressure computation for element j.

NABOR2 NABOR4 Doublet Gradient Computation

GT.0 GT.0 quadratic fit using elementsj,
NABOR?2, and NABOR4

LT.O GT.0 quadratic fit using elementsj,

-NABOR2, and NABORA4.
-NABOR2 isassumed to lieon
the opposite side of NABOR4

as segment j (see Fig. 3.4)

GT.0 LT.O0 quadratic fit using elements ),
NABOR2, and -NABORA4.
-NABOR4 isassumed to lieon
the opposite side of NABOR?2

as segment j
EQ.0 GT.0 linear fit using elementsj and
NABOR4
GT.0 EQ.0 linear fit using elementsj and
NABOR?2
EQ.O0 EQ.O0 zero gradient
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*BOUNDARY_ELEMENT_METHOD_SYMMETRY

Purpose: To define a plane of symmetry for the boundary element method. The SYMMETRY
option can be used to reduce the time and memory required for symmetric configurations. For these
configurations the reduction in the number of boundary elements by a factor of 2 will reduce the
memory used by the boundary element method by a factor of 4, and will reduce the computer time

required to factor the matrix of influence coefficients by afactor of 8. Only 1 plane of symmetry can
be defined.

For the SYMMETRY option define the the following card:

Define one card.

1 2 3 4 5 6 7 8
Variable BEMSYM
Type I
Default 0
Remark
VARIABLE DESCRIPTION
BEMSYM Defines symmetry plane for boundary element method.

EQ. 0: no symmetry planeis defined
EQ. 1. x =0 isasymmetry plane
EQ. 2. y =0 isasymmetry plane
EQ. 3: z=0 isasymmetry plane
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*BOUNDARY_ELEMENT_METHOD_WAKE

Purpose: To attach wakes to the trailing edges of lifting surfaces. Wakes should be attached to
boundary elements at the trailing edge of alifting surface (such as awing, propeller blade, rudder, or
diving plane). Wakes should also be attached to known separation lines when detached flow is
known to exist (such asthe sharp leading edge of adelatawing at high angles of attack). Wakes are
required for the correct computation of surface pressures for these situations. As described above,
two segments on opposite sides of a wake should never be used as neighbors.

For the WAK E option define the the following cards:

Card Format - Cards 1, 2, 3, ... (The next “*” card terminates the input.)

1 2 3 4 5 6 7 8
Variable NELEM NSIDE
Type I I
Default none none
Remark 1
VARIABLE DESCRIPTION
NELEM Element number to which awake is attached.
NSIDE The side of NELEM to which the wake is attached (see Fig. 3.2). This
should be the "downstream” side of NELEM.

Remarks:

1. Normally two elements meet at a trailing edge (one on the "upper" surface and one on the
"lower" surface). The wake can be attached to either e ement, but not to both.
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*BOUNDARY_FLUX_OPTION
Available options are:

SEGMENT

SET

Purpose: Define flux boundary conditions for athermal or coupled thermal/structural analysis. Two
cards are defined for each option.

For the SET option define the following card:

Card Format (Card 1 of 2)

Cad1 1 2 3 4 5 6 7 8
Variable SSID

Type I

Default none

For the SEGMENT option define the following card:

Card Format (Card 1 of 2)

Cadl 1 2 3 4 5 6 7 8
Vaiable N1 N2 N3 N4

Type I I | |

Default none none none none
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Define the following card for both options:

Card Format (Card 2 of 2)

Cad1 1 2 3 4 5 6 7 8
Variable LCID MLC1 MLC2 MLC3 MLC4 LoC
Type | F F F F |
Default none 1.0 1.0 1.0 1.0 0
VARIABLE DESCRIPTION
SsID Segment set 1D, see*SET_SEGMENT
N1,N2... Node ID’ s defining segment
LCID Load curve ID for heat flux, see*DEFINE_CURVE:
GT.O: function versus time,
EQ.O: use constant multiplier values at nodes,
LT.O: function versus temperature.
MLC1 Curve multiplier at node N1, see Figure 3.2.
MLC2 Curve multiplier at node N2, see Figure 3.2.
MLC3 Curve multiplier at node N3, see Figure 3.2.
MLC4 Curve multiplier at node N4, see Figure 3.2.
LOC Application of surface for thermal shell elements, see paramter, TSHELL,
inthe *CONTROL_SHELL input:
EQ.-1. lower surface of thermal shell element
EQ. 1 upper surface of thermal shell element
Remarks:

Three definitions for heat flux are possible. Heat flux can be afunction of time, a function of
temperature, or constant values that are maintained throughout the calculation. With the definition of
multipliers at each node of the segment, a bilinear spatia variation can be assumed.

By convention, heat flow is negative in the direction of the surface outward normal vector.
Surface definition is in accordance with the left hand rule. The outward normal vector points to the
left as one progresses from node N1-N2-N3-N4. See Figure 3.6.
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g4

nl

Figure 3.6. Noda number determines outward normal.
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*BOUNDARY_MCOL

Purpose: Define parameters for MCOL coupling. The MCOL Program is arigid body mechanics
program for modeling the dynamics of ships. See Remark 1 for more information

Card Format

1 2 3 4 5 6 7 8
Variable NMCOL | MXSTEP | ENDTMCOL | TSUBC PRTMCOL
Type | | F F F
Default 2 none 0.0 0.0 none
Remarks 2

Card 2 must be defined for each ship

Cad 2 1 2 3 4 5
Variable RBMCOL MCOLFILE
Type [ AB0
Default none
Remarks
VARIABLE DESCRIPTION
NMCOL Number of shipsin MCOL coupling.
MXSTEP Maximum of time step in MCOL calculation. If the number of MCOL time

steps exceeds MXSTEP, then LS-DY NA will terminate.

ENDTMCOL Uncoupling termination time, see Remark 2 below.
EQ. 0.0: setto LS-DYNA termination time
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VARIABLE DESCRIPTION
TSUBC Timeinterval for MCOL subcycling.
EQ. 0.0: no subcycling
PRTMCOL Timeinterva for output of MCOL rigid body data.
RBMCOL LS-DYNA rigid body materia assignment for the ship.
MCOLFILE Filename containing MCOL input parameters for the ship.
Remarks:

1. Thebasisfor MCOL isaconvolution integral approach for simulating the equations of motion.
A mass and inertia tensor are required as input for each ship. The masses are then augmented to
include the effects of the mass of the surrounding water. A separate program determines the
various terms of the damping/buoyancy force formulas which are also input to MCOL. The
coupling is accomplished in a simple manner: at each time step LS-DYNA computes the
resultant forces and moments on the MCOL rigid bodies and passes them to MCOL. MCOL
then updates the positions of the ships and returns the new rigid body locationsto LS-DY NA.
A more detailed theoretical and practical description of MCOL can be found in a separate report

(to appear).

2. After theend of the LS-DYNA / MCOL calculation, the analysis can be pursued using MCOL
alone. ENDTMCOL isthetermination time for thisanalysis. If ENDTMCOL islower than the
LS-DY NA termination time, the uncoupled analysis will not be activated.

3. TheMCOL output is set to the filesMCOLOUT (ship position) and MCOLENERGY (energy
breakdown). In LS-PREPOST, MCOLOUT can be plotted through the rigid body time history
option and MCOLENERGY .
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*BOUNDARY_NON_REFLECTING

Purpose: Define a non-reflecting boundary. This option applies to continuum domains modeled
with solid elements, as indefinite domains are usually not modeled. For geomechanical problems
this option isimportant for limiting the size of the models.

Card Format

Cad 1 1 2 3 4 5 6 7 8
Variable SSID AD AS
Type | F F
Default none 0.0 0.0
Remarks 1,2 3 3
VARIABLE DESCRIPTION
SSID Segment set ID, see*SET_SEGMENT.
AD Default activation flag for dilatational waves. (on.EQ.0.0, off.NE.0.0)
AS Default activation flag for shear waves. (on.EQ.0.0, off.NE.0.0)
Remarks:

1. Non-reflecting boundaries defined with this keyword are only used with three-dimensional solid
elements. Boundaries are defined as a collection of segments, and segments are equivalent to
element faces on the boundary. Segments are defined by listing the corner nodes in either a
clockwise or counterclockwise order.

2.  Non-reflecting boundaries are used on the exterior boundaries of an analysis model of an infinite
domain, such as a half-space to prevent artificial stress wave reflections generated at the model
boundaries form reentering the model and contaminating the results. Internally, LS-DYNA
computes an impedance matching function for all non-reflecting boundary segments based on an
assumption of linear material behavior. Thus, the finite element mesh should be constructed so
that all significant nonlinear behavior is contained within the discrete analysis mode.

3.  Withthetwo optiona switches, the influence of reflecting waves can be studied.

4. During the dynamic relaxation phase (optional), nodes on non-reflecting segments are
constrained in the normal direction. Nodal forces associated with these constraints are then
applied as external loads and held constaint in the transient phase while the constraints are
replaced with the impedence matching functions. In this manner, soil can be quasi-statically
prestressed during the dynamic relaxation phase and dynamic loads (with non-reflecting
boundaries) subsequently applied in the transient phase.
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*BOUNDARY_NON_REFLECTING_2D

Purpose: Define a non-reflecting boundary. This option applies to continuum domains modeled
with two dimensional solid elementsin the xy plane, as indefinite domains are usually not model ed.
For geomechanical problems, this option isimportant for limiting the size of the models.

Card Format

1 2 3 4 5 6 7 8

Variable NSID

Type I

Default none

Remarks 1,2

VARIABLE DESCRIPTION
NSID Node set ID, see*SET_NODE. See Figure 3.7.
Remarks:

1. Non-reflecting boundaries defined with this keyword are only used with two-dimensional solid
elements in either plane strain or axisymmetric geometries. Boundaries are defined as a
sequential string of nodes moving counterclockwise around the boundary.

2. Non-reflecting boundaries are used on the exterior boundaries of an analysis model of an infinite
domain, such as a half-space to prevent artificial stress wave reflections generated at the model
boundaries form reentering the model and contaminating the results. Internally, LS-DYNA
computes an impedance matching function for all non-reflecting boundary segments based on an
assumption of linear material behavior. Thus, the finite e ement mesh should be constructed so
that all significant nonlinear behavior in contained within the discrete analysis model.
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Definethe nodesk, k+1, k+2, ....k+n
while moving counterclockwise around
the boundary.

k+....

X k+2

} k+1

Figure 3.7 When defining atransmitting boundary in 2D define the node numbers in the node set
in consecutive order while moving counterclockwise around the boundary.
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*BOUNDARY_OUTFLOW_CFD_OPTION
Available optionsinclude:
SEGMENT
SET
Purpose: Define "passive" outflow boundary conditions for the incompressible flow solvers. These
Ece);ljcvd(?rrg conditions are active only when SOLN=4 or SOLN=5 on the* CONTROL_SOLUTION

For the SET option define the following card.

Card Format

Cad1 1 2 3 4 5 6 7 8
Variable SSID

Type I

Default none

For the SEGMENT option define the following card.

Card Format

Cad1 1 2 3 4 5 6 7 8
Variable N1 N2 N3 N4
Type | | | |
Default none none none none
VARIABLE DESCRIPTION
SSID Segment set ID.
N1, N2, ... Node ID's defining segment.

3.28 (BOUNDARY) LSDYNA Version 970



*BOUNDARY

Remarks:

In the incompressible flow solver, the role of the outflow boundary conditionsisto provide a
computational boundary that is passive - particularly in the presence of strong vortical flow
structures. Typically, this boundary condition is applied at boundaries that have been artificially
imposed to emulate far-field conditions in alarge physical domain.
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*BOUNDARY_PRESCRIBED_CFD_OPTION
Available optionsinclude:
NODE
SET
Purpose: Define an imposed nodal variable (velocity, temperature, species, etc.) on anode or a set

of nodes for the Navier-Stokes flow solver. Do not use the NODE option in r-adaptive problems
since the node ID's may change during the adaptive step.

Card Format

Cad 1 1 2 3 4 5 6 7 8
Variable typel D DOF LCID SF
Type I I I F
Default none none none 1.
VARIABLE DESCRIPTION
typel D Node ID (NID) or nodal set ID (NSID), see*SET_NODE.
DOF Applicable degrees-of-freedom:

EQ. 101: x-velocity,

EQ. 102: y-velocity,

EQ. 103: z-velocity,

EQ. 104: Temperature,

EQ. 107: turbulent kinetic energy,
EQ. 110: turbulent eddy viscosity,
EQ. 121: Species mass fraction-1,
EQ. 122: Species mass fraction-2,
EQ. 123: Species mass fraction-3,
EQ. 124: Species mass fraction-4,
EQ. 125: Species mass fraction-5,
EQ. 126: Species mass fraction-6,
EQ. 127: Species mass fraction-7,
EQ. 128: Species mass fraction-8,
EQ. 129: Species mass fraction-9,
EQ. 130: Species mass fraction-10,
EQ. 201: x-, y-, z-velocity,

EQ. 202: x-, y-velocity,

EQ. 203: x-, z-velocity,

EQ. 204. y-, z-velocity,
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EQ. 301: All species.

LCID Load curve ID to describe motion value versus time, see
*DEFINE_CURVE.
SF Load curve scale factor. (default=1.0)
Remarks:

The prescription of al nodal variablesin the incompressible flow solver are defined using this
keyword. Itissimilar in function to the * BOUNDARY _PRESCRIBED _MOTION_OPTION
keyword, but permits the specification of boundary conditions for velocities, mass concentration of
each species, temperature, turbulent kinetic energy, etc. Additionally, the keyword optionally
provides for prescribing all velocities, for example on a no-dip and no-penetration surface. Multiple
instances of the keyword permit individual nodal variablesto be prescribed using independent load
curves and scale factors.

§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
zxs *BOUNDARY PRESCRIBED CFD SET
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
2 A set of nodes is given a prescribed velocity in the

$ x-direction according to a specified vel-time curve (which is scaled).

$
*BOUNDARY PRESCRIBED CFD SET

$
[ J - I A SSC S S - S < S SRS < |
S nsid dof lcid st
4 101 8 2.0
$
S nsid = 4 nodal set ID number, requires a *SET NODE option
S dof = 101 x-velocity is prescribed
$ lcid = 8 velocity follows load curve 8, requires a *DEFINE CURVE
S sf = 2.0 velocity specified by load curve is scaled by 2.0
$
B e
$
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*BOUNDARY_PRESCRIBED MOTION_{OPTION1} {OPTIONZ2}
Available options for OPTIONL1 include:

NODE

SET

RIGID

RIGID_LOCAL

OPTIONZ allows an optional ID to be given that applies either to the single node, node set: or arigid
body:

ID

If aheading is defined with the ID, then the ID with the heading will be written at the beginning of
the ASCII file, BNDOUT.

Purpose: Define an imposed nodal motion (velocity, acceleration, or displacement) on anode or a set
of nodes. Also velocities and displacements can be imposed on rigid bodies. If the local option is
active the motion is prescribed with respect to the local coordinate system for the rigid body (See
variable LCO for keyword *MAT_RIGID). Translational nodal velocity and acceleration
specifications for rigid body nodes are allowed and are applied as described at the end of this section.
For nodes on rigid bodies use the NODE option. Do not use the NODE option in r-adaptive
problems since the node ID's may change during the adaptive step.

The following card is read if and only if the ID option is specified. The second card
is required.

Optiona 1 2-8

Variable ID HEADING

Type I AT0

Cad1l 1 2 3 4 5 6 7 8
Variable typel D DOF VAD LCID SF VID DEATH BIRTH
Type I | I I F I F =
Default none none 0 none 1. 0 1.E+28 0.0
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Card is required if DOF=9,10,11 on the first card or VAD=4. |If DOF<9 and
VAD<4, skip this card.
Card 2 1 2 3 4 5 6 7 8
Vaiable OFFSET1 | OFFSET2| MRB NODE1 | NODE2
Type F F I | |
Default 0. 0. 0 0 0
VARIABLE DESCRIPTION
ID Optional PRESCRIBED MOTION set ID to which this node, node set , or
rigid body belongs. This D does not need to be unique.
HEADING An optional descriptor for the given ID that will be written into the D3HSP
fileand the BNDOUT file.
NID, NSID, PID Node ID (NID), nodal set ID (NSID), SEE *SET_NODE, or part ID
(PID), see *PART, for arigid body.
DOF Applicable degrees-of-freedom:

EQ. 1: x-trandational degree-of-freedom,

EQ. 2: y-trandational degree-of-freedom,

EQ. 3: z-trandational degree-of-freedom,

EQ. 4. trandational motion in direction given by the VID. Movement
on plane normal to the vector is permitted.

EQ.-4: trandational motion in direction given by the VID. Movement
on plane normal to the vector is not permitted. This option does not
apply torigid bodies.

EQ.5: x-rotational degree-of-freedom,

EQ. 6: y-rotational degree-of-freedom,

EQ. 7: z-rotational degree-of-freedom,

EQ. 8: rotationa motion about the vector given by the VID. Rotation
about the normal axesis permitted.

EQ.-8: rotational motion about the vector given by the VID. Rotation
about the normal axes is not permitted. This option does not apply to
rigid bodies.

EQ. 9: y/z degrees-of-freedom for node rotating about the x-axis at
location (OFFSET1,0FFSET2) in the yz-plane, point (y,z). Radial
motion isNOT permitted. Not applicableto rigid bodies.
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VARIABLE

VAD

LCID

SF

VID

DEATH

BIRTH

OFFSET1

OFFSET2

MRB

NODE1

NODE2

DESCRIPTION

EQ.-9: y/z degrees-of-freedom for node rotating about the x-axis at
location (OFFSET1,0FFSET2) in the yz-plane, point (y,z). Radial
motion is permitted. Not applicable to rigid bodies.

EQ.10: z/x degrees-of-freedom for node rotating about the y-axis at
location (OFFSET1,0FFSET?2) in the zx-plane, point (z,x). Radial motion
iISNOT permitted. Not applicableto rigid bodies.

EQ.-10: z/x degrees-of-freedom for node rotating about the y-axis at
location (OFFSET1,0FFSET?2) in the zx-plane, point (zx). Radial motion
is permitted. Not applicable to rigid bodies.

EQ.11: x/y degrees-of-freedom for node rotating about the z-axis at
location (OFFSET1,0FFSET2) in the xy-plane, point (x,y). Radia
motion isNOT permitted. Not applicableto rigid bodies.

EQ.-11: x/y degrees-of-freedom for node rotating about the z-axis at
location (OFFSET1,0FFSET2) in the xy-plane, point (x,y). Radia
motion is permitted. Not applicable to rigid bodies.

Ve ocity/Acceleration/Displacement flag:
EQ.O: velocity (rigid bodies and nodes),
EQ.1: acceleration (rigid bodies and nodes only),
EQ.2: displacement (rigid bodies and nodes).
EQ.3: velocity versus displacement (rigid bodies and nodes)
EQ.4. relative displacement (rigid bodies only)

Load curve ID to describe motion value versustime, see * DEFINE _
CURVE.

Load curve scale factor. (default=1.0)
Vector ID for DOF values of 4 or 8, see*DEFINE_VECTOR.

Time imposed motion/constraint is removed:
EQ.0.0: default set to 1028.

Time imposed motion/congtraint is activated.

Offset for DOF types 9-11 (y, z, X direction)

Offset for DOF types 9-11 (z, X, y direction)

Master rigid body for measuring the relative displacement.
Optional orientation node, N1, for relative displacement

Optional orientation node, N2, for relative displacement
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Remarks:

Arbitrary trandations and rotations are possible. Rotations around local axis can be defined
either by setting DOF=8 or by using the offset option of DOF>8. The load curve scale factor can be
used for simple modifications or unit adjustments.

The relative displacement can be measured in either of two ways:
1. Along astraight line between the mass centers of the rigid bodies,
2. Along avector beginning at node n1 and terminating at node n2.

With option 1, a positive displacement will move the rigid bodies further apart, and, likewise a
negative motion will move the rigid bodies closer together. The mass centers of the rigid bodies
must not be coincident when this option isused. With option 2 the relative displacement is measured
along the vector, and the rigid bodies may be coincident. Note that the motion of the master rigid
body is not directly affected by this option, i.e., no forces are generated on the master rigid body.

The activation time, BIRTH, is the time during the solution that the constraint begins to act.
Until thistime, the prescribed motion card isignored. The function value of the load curves will be
evaluated at the offset time given by the difference of the solution time and BIRTH, i.e., (solution
time-BIRTH). Relative displacementsthat occur prior to reaching BIRTH areignored. Only relative
displacements that occur after BIRTH are prescribed.

When the constrained node is on arigid body, the translational motion is imposed without
altering the angular velocity of the rigid body by calculating the appropriate trandational velocity for
the center of mass of the rigid body using the equation:

Vem = Vioge — @ X (Xcm - Xnode)

where v, isthe velocity of the center of mass, v, iSthe specified nodal velocity, @ isthe angular

velocity of the rigid body, x,, is the current coordinate of the mass center, and X, isthe current
coordinate of the nodal point. Extreme care must be used when prescribing motion of arigid body
node. Typically, for nodes on a given rigid body, the motion of no more than one node should be
prescribed or unexpected results may be obtained.

When the RIGID option is used to prescribe rotation of arigid body, the axis of rotation will always
be shifted such that it passes through the center-of-mass of the rigid body. By using
*PART_INERTIA or *CONSTRAINED_NODAL_RIGID_BODY_INERTIA, one can override the
internally-cal culated location of the center-of-mass.

When the RIGID_LOCAL option isinvoked, the orientation of the local coordinate system rotates
with time in accordance with rotation of the rigid body.
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$
e e SN
$

s$ss  *BOUNDARY PRESCRIBED MOTION SET

$

SRS RS R RS E EE SSSS R R SSSSSE R SSSSS R RS e
$

S A set of nodes is given a prescribed translational velocity in the

$ x-direction according to a specified vel-time curve (which is scaled).

$

*BOUNDARY PRESCRIBED MOTION SET

nsid dof vad lcid st vid death
4 1 0 8 2.0
nsid = 4 nodal set ID number, requires a *SET NODE cption
dof =1 motion is in x-translation
vad = 0 motion prescribed is velocity
lcid = 8 velocity follows load curve 8, requires a *DEFINE CURVE
sf = 2.0 wvelocity specified by load curve is scaled by 2.0
vid not used in this example
death use default (essentially no death time for the motion)

e R

e e R
s$s  *BOUNDARY PRESCRIBED MOTION RIGID

R

Ur Ur Ur r Ur U Ur Ur Ur U Uy Ur U 0 U Ur Uy Ur 0

$ A rigid body is given a prescribed rotational displacement about the
$ z-axis according to a specified displacement-time curve.

$
*BOUNDARY PRESCRIBED MOTION RIGID

$
S o T T I B U  JA S A e -
S pid dof vad lcid sf vid death
84 7 2 9 14.0
$
S pid = 84 apply motion to part number 84
S dof = 7 rotation is prescribed about the z-axis
S vad = 2 the prescribed motion is displacement (angular)
S lcid = 9 rotation follows load curve 9, requires a *DEFINE CURVE
S (rotation should be in radians)
S sf use default (sf = 1.0)
S vid not used in this example
S death = 14 prescribed motion is removed at 14 ms (assuming time is in ms)
$
e e e e e S e R S e e e S S e R S S SR S SRR RE
$
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*BOUNDARY_PRESSURE_CFD_SET

Purpose: Apply a pressure load over each segment in a segment set for the incompressible flow
solver. The pressure convention follows Figure 3.8.

Card Format

Cad1 1 2 3 4 5 6 7 8
Variable SSID LCID P
Type | | F
Default none none none
Remarks 1 1
VARIABLE DESCRIPTION
SSID Segment set ID, see*SET_SEGMENT
LCID Load curve ID, see *DEFINE_CURVE
P Pressure to be applied.

Remarks:

1. Theload curve multipliers may be used to increase or decrease the pressure amplitude. Thetime
valueisnot scaled.
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b) 3-Dimensional definition for pressure boundary segments

Figure 3.8. Noda numbering for pressure boundary segments. Positive pressure acts in the
negative t-direction. For two dimensional problems repeat the second node for the
third and fourth nodes in the segment definitions.
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*BOUNDARY_PRESSURE_OUTFLOW_OPTION
Available options are

SEGMENT

SET
Purpose: Define pressure outflow boundary conditions. These boundary conditions are attached to
solid elements using the Eulerian ambient formulation (7) and defined to be pressure outflow ambient
elements (3). See*SECTION_SOLID_OPTION.
For the SET option define the following card

Card Format

Cad1 1 2 3 4 5 6 7 8
Variable SSID

Type |

Default none

For the SEGMENT option define the following card

Card Format

Cad 1 1 2 3 4 5 6 7 8
Variable N1 N2 N3 N4
Type I I I I
Default none none none none
VARIABLE DESCRIPTION
SSID Segment set 1D
N1,N2... Node ID’ s defining segment
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*BOUNDARY_RADIATION_OPTION
Available options are:

SEGMENT
SET
Purpose: Define radiation boundary conditions for athermal or coupled thermal/structural analysis.
Two cards are defined for each option.
There are two types of radiation boundary conditions that can be specified.
1. Thefirst type, models radiation exchange between a finite element surface segment and the

environment at temperature T... The view factor between the finite element surface segment and
the environment is 1.

2. The second type, models the radiation exchange between al the finite element segments that define
acompletely closed volume. The view factors between all the finite el ement segments defining the
enclosure must be calculated and stored in afile named viewfl. With the _SET option multiple
independent boundary radiation enclosures may be defined.

For the SET option define the following card:

Card Format (Card 1 of 2)

Cad1l 1 2 3 4 5 7 8
Variable SSID TYPE | RAD_GRP| FILE_NO

Type I I I I

Default none 1 0 0

For the SEGMENT option define the following card:

Card Format (Card 1 of 2)

Cad1 1 2 3 4 5 7 8
Variable N1 N2 N3 N4 TYPE

Type [ I I | |

Default none none none none 1
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Define the following card boundary radiation type 1 :

Card Format (Card 2 of 2)

1 2 3 4 5 7 8
Varigble RFLCID | RFMULT TILCID TIMULT LOC
Type [ F I F |
Default none 1.0 none 1.0 0

Define the following card boundary radiation type 2:

Card Format (Card 2 of 2) Note:The parameter "LOC" does note apply for radation

type 2.
1 2 3 4 5 7 8
Variable SELCID | SEMULT
Type | F
Default none 1.0
VARIABLE DESCRIPTION
SSID Segment set ID, see*SET_SEGMENT
N1,N2... Node ID’ s defining segment
TYPE Radiation type:
EQ.L: Radiation boundary to environment (default),
EQ.2: Radiation in enclosure.
The following two parameters are used for enclosure radiation definitions
defined using the _SET option.
RAD_GRP Radiation enclosure group ID. The segment sets from all radiation

enclosure definitions with the same group ID are augmented to form asingle
enclosure definition. If RAD_GRP is not specified or set to zero, then the
segments are placed in group zero.

_SEGMENT option are placed in set zero.

All segments defined by the
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VARIABLE DESCRIPTION

FILE_NO File number for view factor file. FILE_NO is added to viewfl _to form
the name of the file containing the view factors. For exampleif FILE_NO
is specified as 22, then the view factors are read from viewfl _22. For
radiation enclosure group zero FILE_NO is ignored and view factors are
read from viewfl. The same file may be used for different radiation
enclosure group definitions.

RFLCID Load curve ID for radiation factor f, see *DEFINE_CURVE:
GT.O: function versus time,
EQ.O: use constant multiplier value, RFMULT,
LT.O: function versus temperature.

RFMULT Curve multiplier for f, see*DEFINE_CURVE

TILCID Load curve ID for Too versustime, see *DEFINE_CURVE:
EQ.O: use constant multiplier, TIMULT.

TIMULT Curve multiplier for T, See *DEFINE_CURVE

LOC Shell surface for thermal shell elements, see paramter, TSHELL, in the
*CONTROL_SHELL input:

EQ.-1: lower surface of thermal shell element
EQ. 1. upper surface of thermal shell element

SELCID Load curve ID for surface emissivity, see *DEFINE_CURVE:
GT.O: function versus time,
EQ.O: use constant multiplier value, SEMULT,
LT.O: function versus temperature.

SEMULT Curve multiplier for surface emissivity, see *DEFINE_CURVE

Remarks:

A radiation boundary condition is calculated using a radiant-hegt-transfer coefficient. Set
q” =hr (T - Tw), where hy isaradiant-heat-transfer coefficient defined as

h=f(T+T)(T?+T%)

The exchange factor, F, is a characterization of the effect of the system geometry, emissivity
and reflectivity on the capability of radiative transport between surfaces. The radiation boundary
condition data cards require specification of the product, f=F o , and T . for the boundary surface.

The Stefan Boltzmann constant must be defined for radiation in enclosure (type 2). See
*CONTROL_THERMAL_SOLVER.
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A file, with the name viewfl or viewfl _**, containing the surface-to-surface area* view
factor products (i.e., AjFij) must be defined. The A|F| j products must be stored in thisfile by row
and formatted as 8E10.0.

rowl A1F11 A1F12 eeee A1F1n

row?2 A2F21 A1F22 eeee A2F2n

rown AnFnl AnFn2 eeee ApFnn

The order of segmentsin the view factor file follow the order the sets are assigned to the boundary
radiation definition. For example with the following definition,
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

§$$$ *BOUNDARY RADIATION SET
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$
$  Make boundary enclosure radiation groups 8 and 9.

$
*BOUNDARY RADIATION_ SET

15 2 9 10
1.0 .0

*BOUNDARY RADIATION_SET
12 2 9 10
1.0 1.0

*BOUNDARY RADIATION_ SET
13 2 8 21
1.0 1.0

$

$

e e SN
$

Enclousre radiation group 9 is composed of al the segmentsin SEGMENT_SET 15 followed by
thosein SEGMENT_SET 12, the view factors are stored file view_10. Enclosure radiation group 8
is composed of the segment in SEGMENT_SET 13 and reads the view factors from viewfl 21.

For the zero group definition the order is segments defined by
*BOUNDARY_RADIATION_SEGMENT followed by segments defined by
*BOUNDARY_RADIATION_SET.
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*BOUNDARY_SLIDING_PLANE

Purpose: Define adiding symmetry plane. This option applies to continuum domains modeled with
solid elements.

Card Format

1 2 3 4 5 6 7 8
Variable NSID VX VY \V4 COPT
Type | F F F |
Default none 0 0 0 0
VARIABLE DESCRIPTION
NSID Nodal set ID, see*SET_NODE
VX X-component of vector defining normal or vector
VY y-component of vector defining normal or vector
vz z-component of vector defining normal or vector
COPT Option:

EQ.O: node moves on normal plane,
EQ.1: node moves only in vector direction.

Remarks:

Any node may be constrained to move on an arbitrarily oriented plane or line depending on
the choice of COPT. Each boundary condition card defines a vector originating at (0,0,0) and
terminating at the coordinates defined above. Since an arbitrary magnitude is assumed for this
vector, the specified coordinates are non-unique and define only a direction. Use of
*BOUNDARY_SPC is preferred over *BOUNDARY_SLIDING_PLANE as the boundary
conditions imposed via the latter have been seen to break down somewhat in lengthy simulations
owing to numerical roundoff.
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*BOUNDARY_SPC_{OPTION1} {OPTIONZ2}

OPTIONL1 isrequired since it specifies whether the SPC applies to asingle node or to aset. Thetwo
choices are;

NODE
SET

OPTIONZ alows an optional 1D to be given that applies either to the single node or to the entire set:
ID

If aheading is defined with the ID, then the ID with the heading will be written at the beginning of
the ASCII file, SPCFORC.

Purpose: Define nodal single point constraints. Do not use this option in r-adaptive problems since
the nodal point ID's change during the adaptive step. If possible use CONSTRAINED GLOBAL
instead.

The following card is read if and only if the ID option is specified. The second card
is required.

Optional 1 2-8
Vaiable ID HEADING
Type I AT0
1 2 3 4 5 6 7 8
Vaiable NID/NSID CID DOFX DOFY DOFZ DOFRX | DOFRY | DOFRZ
Type | | | | | | | |
Default none 0 0 0 0 0 0 0
VARIABLE DESCRIPTION
ID Optional SPC set ID to which this node or node set belongs. This|D does
not need to be unique
HEADING An optional SPC descriptor that will be written into the D3HSP file and the
SPCFORC file.

LS-DYNA Version 970 3.45 (BOUNDARY)



*BOUNDARY

VARIABLE DESCRIPTION
NID/NSID Node ID or nodal set ID, see*SET_NODE.
CID Coordinate system ID, see *DEFINE_COORDINATE_SY STEM.
DOFX Insert 1 for trandational constraint in local x-direction.
DOFY Insert 1 for trandational constraint in local y-direction.
DOFZ Insert 1 for trandational constraint in local z-direction.
DOFRX Insert 1 for rotational constraint about local x-axis.
DOFRY Insert 1 for rotational constraint about local y-axis.
DOFRZ Insert 1 for rotational constraint about local z-axis.
Remark:

Constraints are applied if a value of 1 is given for DOFxx. A value of zero means no
constraint. No attempt should be made to apply SPCs to nodes belonging to rigid bodies (see
*MAT_RIGID for application of rigid body constraints).

8
L LR S L S U ST S U St B L C L L ST E L S B L S R B
s

ssss *BOUNDARY SPC NODE

$

R L U ST S U L L L C e R L SR L L SRS B C S L L B

$
$ Make boundary constraints for nodes 6 and 542.

$

*BOUNDARY SPC NODE

$

S...>. .. lu> L 200> 0 300> b4l o> L Bllls L6l iu> o0 T >0 L8

S nid cid dofx dofy dofz dofrx dofry dofrz

6 0 1 1 1 1 1 1

542 0 0 1 0 1 0 1

$

S Node 6 is fixed in all six degrees of freedom (no motion allowed) .

$

S Node 542 has a symmetry condition constraint in the x-z plane,

S no motion allowed for y translation, and x & z rotation.

$

B e

$

3.46 (BOUNDARY) LSDYNA Version 970



*BOUNDARY

*BOUNDARY_SPH_FLOW

Purpose: Define aflow of particles. This option applies to continuum domains modeled with SPH
elements.

Card 1 Format

Cad 1 1 2 3 4 5 6 7 8
Varigble ID STYP DOF VAD LCID SF DEATH BIRTH
Type I I I | | = F F
Default none none none 0 none 1. 1.E+20 0.0

Card 2 Format

Cad?2 1 2 3 4 5 6 7 8
Variable NODE VID
Type | |
Default none 0
VARIABLE DESCRIPTION
NSID, PID Nodal set ID (NSID), SEE *SET_NODE, or part ID (PID), see * PART.
STYP Set type:

EQ. 1: part set ID, see*SET_PART,
EQ. 2: part ID, see * PART,
EQ. 3: node set ID, see*NODE_SET,

DOF Applicable degrees-of-freedom:
EQ. 1. x-trandationa degree-of-freedom,
EQ. 2. y-trandationa degree-of-freedom,
EQ. 3. z-trandational degree-of-freedom,
EQ. 4: trandational motion in direction given by the VID. Movement
on plane normal to the vector is permitted.
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VARIABLE

VAD

LCID

SF

DEATH

BIRTH

NODE

VID

Remarks:

DESCRIPTION

Vel ocity/Acceleration/Displacement flag applied to SPH elements before
activation:

EQ.O: velocity,

EQ.1: acceleration,

EQ.2: displacement.

Load curve ID to describe motion value versus time, see * DEFINE
CURVE.

Load curve scale factor. (default=1.0)

Time imposed motion/congtraint is removed:
EQ.0.0: default set to 1020-

Time imposed motion/constraint is activated.

Node fixed in space which determines the boundary between activated
particles and deactivated particles.

Vector ID for DOF value of 4, see*DEFINE_VECTOR

Initially, the user defines the set of particles that are representing the flow of particles during the
simulation. At timet=0, all the particles are deactivated which means that no particle approximation is
calculated. The boundary of activation is a plane determined by the NODE, and normal to the vector
VID. The particles are activated when they reached the boundary. Since they are activated, particle
approximation is started.

boundary

Node

[
>/ vector VID deactivated particle

—

activated particle

SPH Flow

Figure 3.9. Vector VID determines the orientation of the SPH flow.
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*BOUNDARY_SPH_SYMMETRY_PLANE

Purpose: Define a symmetry plane for SPH. This option applies to continuum domains modeled
with SPH elements.

Card Format

1 2 3 4 5 6 7 8
Variable VTX VTY VTZ VHX VHY VHZ
Type F F F F F F
Default 0. 0. 0. 0. 0. 0.
VARIABLE DESCRIPTION
VTX x-coordinate of taill of anormal vector originating on thewall (tail) and
terminating in the body (head) (i.e., vector points from the symmetry plane
into the body).
VTY y-coordinate of tail
VTZ z-coordinate of tal
VHX x-coordinate of head
VHY y-coordinate of head
VHZ z-coordinate of head

Remarks:
1. A planeof symmetry is assumed for all SPH elements defined in the moddl.

2.  Theplane of symmetry hasto be normal to either the x,y or z direction.
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*BOUNDARY_SYMMETRY_FAILURE

Purpose: Define a symmetry plane with a failure criterion. This option applies to continuum
domains modeled with solid elements.

Card Format

1 2 3 4 5 6 7 8
Variable SSID FS VTX VTY VTZ VHX VHY VHZ
Type | F F F F F F F
Default none 0. 0. 0. 0. 0. 0. 0.
VARIABLE DESCRIPTION
SSID Segment set 1D, see*SET_SEGMENT
FS Tensilefailure stress > 0.0. The average stress in the elements surrounding
the boundary nodes in a direction perpendicular to the boundary is used.
VTX x-coordinate of tail of anorma vector originating on the wall (tail) and
terminating in the body (head) (i.e., vector points from the symmetry plane
into the body).
VTY y-coordinate of tail
VTZ z-coordinate of tall
VHX x-coordinate of head
VHY y-coordinate of head
VHZ z-coordinate of head
Remarks:

A plane of symmetry is assumed for the nodes on the boundary at the tail of the vector given
above. Only the motion perpendicular to the symmetry planeis constrained. After failure the nodes
are set free.
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*BOUNDARY_TEMPERATURE_OPTION
Available options are:

NODE

SET

Purpose: Define temperature boundary conditions for a thermal or coupled thermal/structural
analysis.

Card Format

1 2 3 4 5 6 7 8
Varigble NID/SID LCID CMULT LOC
Type I I F I
Default none 0 1.0 0
VARIABLE DESCRIPTION
NID/SID Node ID/Node Set 1D, see*SET_NODE_OPTION
LCID Load curve ID for temperature versustime:
EQ.O: usethe constant multiplier value given below by CMULT.
CMULT Curve multiplier for temperature
LOC Application of surface for thermal shell elements, see paramter, TSHELL,
inthe *CONTROL_SHELL input:
EQ.-1. lower surface of thermal shell element

EQ. O middle surface of thermal shell element
EQ. 1 upper surface of thermal shell element

Remarks:

If no load curve ID is given, then a constant boundary temperature is assumed. CMULT is
also used to scale the load curve values.
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*BOUNDARY_THERMAL_WELD

Purpose: Define amoving heat source to model welding. Only applicable for a coupled thermal-

structural simulations in which the weld source or workpiece is moving.

Card 1 Format

1 2 3 4 5 6 7 8
Variable PID PTYP NID NFLAG X0 YO Z0 N2ID
Type | [ I | F F F |
Default none 1 none 1 none none none none
Card 2 Format

1 2 3 4 5 6 7 8
Variable a b ¢ ¢ LCID Q Fe F
Type F F F F | F F F
Default none none none none none none none none
Optional Card 3 Format (define this card only if N2ID = -1 on card 1 above)

1 2 3 4 5 6 7 8
Varidble tx ty tz
Type F F F
Default none none none
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VARIABLE

DESCRIPTION

PID

PTYP

NID

NFLAG

X0,Y0,20

N2ID

Remarks:

Part ID or Part Set ID to which weld source is applied
PID type:

EQ.1: PID definesasingle part ID

EQ.2: PID definesapart set ID

Node ID giving location of weld source
EQ.O: location defined by (X0,Y0,Z0) below

Flag controlling motion of weld source
EQ.1: source moves with node NID
EQ.2: sourceisfixed in space at origina position of node NID

Coordinates of weld source, which remains fixed in space (optional,
ignored if NID nonzero above)

Second node ID for weld beam aiming direction
GT. 0: beamisaimed from N2ID to NID, moves with these nodes
EQ.-1: beam aiming direction is (tx,ty,tz) input on optional card 3
weld pool width
weld pool depth (in beam aiming direction)
weld pool forward direction

weld pool rearward direction

load curve ID for weld energy input rate vs. time
EQ.O: use constant multiplier value Q.

curve multiplier for weld energy input rate [energy/time, e.g., Waitt]

forward distribution function
reward distribution function (Note: Ff+ Fr =2.0)

weld beam direction vector in global coordinates (N2ID = -1 only)

This boundary condition allows simulation of a moving weld heat source, following the work of
Goldak (J. Goldak, "A New Finite Element Model for Welding Heat Sources', Metallurgical
Transactions B, Volume 15B, June 1984, pp 299-305). Heat is generated in a ellipsoidal region
centered at the weld source, and decaying exponentialy with distance according to:
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FF)[F)
- :\gl;ie HPANLEANCS
where:
g= weld source power density
(x,y,z) = coordinates of point p in weld material

_ | R if point pisin front of beam
| R if point p is behind beam

cs if point pisin front of beam
c= o . .
c, if point p is behind beam
A local coordinate system is constructed which is centered at the heat source. The relative velocity
vector of the heat source defines the "forward" direction, so material points that are approaching the
heat source arein "front" of the beam. The beam aiming direction is used to compute the weld pool
depth. The weld pool width is measured normal to the relative velocity - aiming direction plane.
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*BOUNDARY_USA_SURFACE

Purpose: Define asurface for coupling with the USA boundary element code [DeRuntz, 1993]. The
outward normal vectors should point into the fluid media.

Card Format

1 2 3 4 5 6 7 8
Variable SSID | WETDRY | NBEAM
Type I I I
Default none 0 0
VARIABLE DESCRIPTION
SSID Segment set 1D, see*SET_SEGMENT
WETDRY Wet surface flag:
EQ.O: dry, no coupling,
EQ.1: wet, coupled with USA.
NBEAM The number of nodes touched by USA Surface-of-Revolution (SOR)
elements. It isnot necessary that the LS-DY NA model has beams where
USA has beams (i.e., SOR elements), merely that the LS-DYNA model has
nodes to receive the forces that USA will return.
Remarks:

The wet surface of 3 and 4-noded USA General boundary elementsisdefined in LS-DYNA
with a segment set of 4-noded surface segments, where the fourth node can duplicate the third node
to form atriangle. The segment normals should be directed into the USA fluid. If USA overlaysare
going to be used to reduce the size of the DAA maitrices, the user should nonethel ess define the wet
surface here as if no overlay were being used. If Surface-of -Revolution elements (SORs) are being
used in USA, then NBEAM should be non zero on one and only one card in this section.

When running a coupled problem with USA, the procedure involves several steps. First,
LS DYNA isexecuted to create aLS-DY NA dump file "d3dump" and alinking file "strnam" which
contains the nodal grid point data and wet segment connectivity data for the FLUMAS processor, and
the dof-equation table and strutural mass vector for the AUGMAT processor. "Dyna.pre” is denoted
"grdnam" in the FLUMAS manual and "strnam” in the AUGMAT manual. The execution linein the
firststepis:
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L S-DYNA memory=nwds i=inputfilename > outputfilename
where "inputfilename” isthe LS-DY NA input file.

In the second step, the DAA fluid mass matrix is created through execution of the USA
FLUMAS processor:

FLUMAS -m nwds < flumasinputfilename > flumasoutputfilename

In the third step, the modified augmented DAA equations for the coupled problem are
calculated and saved through execution of the USA AUGMAT processor:

AUGMAT -m nwds < augmatinputfilename > augmatoutputfilename

This step is repeated whenever one wishesto change DAA formulations.

In the fourth step the actual coupled time-integration is conducted using the execution line:

L S-DYNA memory=nwds r=d3dump usa=usai nputfilename > outputfilename

Theinput files, flumasinputfilename, augmatinputfilename, and usainputfilename, are prepared in
accordance with the USA code documentation.

It is advisable when running coupled problems to check the ASCII output files to ensure that
each run completed normally.
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*COMPONENT

The keyword * COMPONENT provides away of incorporating specialized components and
features. The keyword control cardsin this section are defined in a phabetical order:

*COMPONENT_GEBOD_OPTION
*COMPONENT_GEBOD_JOINT_OPTION
*COMPONENT_HYBRIDIII
*COMPONENT_HYBRIDIII_JOINT_OPTION

LS-DYNA Version 970 4.1 (COMPONENT)



*COMPONENT

*COMPONENT_GEBOD_OPTION

Purpose: Generate arigid body dummy based on dimensions and mass properties from the GEBOD
database. The motion of the dummy is governed by equations integrated within LS-DYNA
separately from the finite element model. Default joint characteristics (stiffnesses, stop angles, etc.)
are set internally and should give reasonable results, however, they may be altered using the
*COMPONENT_GEBOD_JOINT command. Contact between the segments of the dummy and the
finite element model is defined using the * CONTACT_GEBOD command. The use of a positoning
fileis essential with thisfeature, see Appendix K for further details.

OPTION specifies the human subject type. The male and female type represent adults while the
child is genderless.

MALE
FEMALE
CHILD

Card Format (Card 1 of 2)

1 2 3 4 5 6 7 8
Variable DID UNITS SIZE
Type | | F
Default none none none
VARIABLE DESCRIPTION
DID Dummy ID. A unigue number must be specified.
UNITS System of units used in the finite element model.

EQ.1: Ibf*sec?fin - inch - sec
EQ.2: kg - meter - sec

EQ.3: kgf*secZ/mm - mm - sec
EQ.4: metricton - mm - sec
EQ.5: kg- mm - msec

SIZE Size of the dummy. This represents a combined height and weight
percentile ranging from 0 to 100 for the male and female types. For the
child the number of months of age is input with an admissible range from
24 to 240.
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Card Format (Card 2 of 2)

Card 1 1 2 3 4 5 6 7 8
Vaiable VX VY \V4 GX GY GZ
Type F F F F F F
Default 0. 0. 0. 0. 0. 0.
VARIABLE DESCRIPTION
VX,VY VZ Initial velocity of the dummy in the global x, y and z directions.
GX,GY,GZ Global x,y, and z components of gravitational acceleration applied to the
dummy.

$

B e
$

$sss *COMPONENT GEBOD MALE

$
B e
$

$ A 50th percentile male dummy with the ID number of 7 is generated in the

$ lbf*sec™2-inch-sec system of units. The dummy is given an initial velocity of
$ 616 in/sec in the negative x direction and gravity acts in the negative z

$ direction with a value 386 in/sec™2.

$
*COMPONENT GEBOD MALE
S
o S o S - A e -
S did units size
7 1 50

S VX vy vz ax ay gz

-616 0 0 0 0 -386
S

e RS
$
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*COMPONENT_GEBOD_JOINT_OPTION

Purpose : Alter the joint characteristics of a GEBOD rigid body dummy. Setting ajoint parameter
value to zero retains the default value set internally. See Appendix K for further details.

The following options are available.
PELVIS
WAIST
LOWER_NECK
UPPER_NECK
LEFT_SHOULDER
RIGHT_SHOULDER
LEFT_ELBOW
RIGHT_ELBOW
LEFT_HIP
RIGHT_HIP
LEFT_KNEE
RIGHT_KNEE
LEFT_ANKLE
RIGHT_ANKLE

Card 1 - Required.

1 2 3 4 5 6 7 8
Variable DID LC1 LC2 LC3 SCF1 SCF2 SCF3
Type F I | | F F F
VARIABLE DESCRIPTION
DID Dummy ID, see* COMPONENT_GEBOD_OPTION.
LCi Load curve ID specifying the loading torque versus rotation (in radians) for

thei-th degree of freedom of the joint.
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VARIABLE

SCFi

Card 2 - Required.

DESCRIPTION

Scale factor applied to the load curve of thei-th joint degree of freedom.

1 2 3 4 5 6 7 8
Variable c1 c2 (ox] NEUT1 NEUT2 NEUT3
Type F F F F F F
VARIABLE DESCRIPTION
Ci Linear viscous damping coefficient applied to the i-th DOF of the joint.
Units are torque* time/radian, where the units of torque and time depend on
the choice of UNITSin card 1 of *COMPONENT_GEBOD_OPTION.
NEUTi Neutral angle (degrees) of joint'si-th DOF.

Card 3 - Required.

1 2 3 4 5 6 7 8
Vaiable LOSA1 HISA1 LOSA2 HISA2 LOSA3 HISA3
Type F F F F F F
VARIABLE DESCRIPTION
LOSAI Value of the low stop angle (degrees) for the i-th DOF of thisjoint.
HISAI Value of the high stop angle (degrees) for the i-th DOF of thisjoint.
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Card 4 - Required.

1 2 3 7 8
Vaiable UNK1 UNK2 UNK3
Type F F F
Default 0. 0. 0.
VARIABLE DESCRIPTION
UNKi Unloading stiffness (torque/radian) for the i-th degree of freedom of the

joint. This must be a positive number. Units of torque depend on the
choice of UNITSin card 1 of *COMPONENT_GEBOD_OPTION.
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$

e e S SEEN
$

$$s¢  *COMPONENT GEBOD JOINT LEFT SHOULDER

$

SEERIRRSSSSSE RS EE R R SSSS R SSSS R R SSSSSE R SSSS R SS s s e E
$

S The damping coefficients applied to all three degrees of freedom of the left
S shoulder of dummy 7 are set to 2.5. All other characteristics of this joint
$ remain set to the default value.

$

*COMPONENT GEBOD JOINT LEFT SHOULDER

did 1cl 1c2 1c3 scfl scf2 scf3
7 0 0 0 0 0 0
cl c2 c3 neutl neut2 neut3
2.5 2.5 2.5 0 0 0
hisal losa2 hisa2 losa3l hisa3
0 0 0 0 0 0
unkl unk2 unk3
0 0 0

e R

v U w» W»n or v v
=
[0}
]
Q
=

5
S0 S S 0S50 S5 55855595 5555559555555595655
s

s$s6 *COMPONENT GEBOD JOINT WAIST

$
B e
$

$ Load curve 8 gives the torgue versus rotation relationship for the 2nd DOF

S  (lateral flexion) of the waist of dummy 7. Also, the high stop angle of the
S 1st DOF (forward flexion) is set to 45 degrees. All other characteristics

$ of this joint remain set to the default value.

$

*COMPONENT GEBOD JOINT WAIST

e e e R

S
o S o S - A e -
S did 1lc1 1c2 1c3 scfl scf2 scf3
7 0 8 0 0 0 0
S cl c2 c3 neutl neut?2 neut3
0 0 0 0 0 0
S losal hisal losa2 hisa2 losa3 hisa3
0 45 0 0 0 0
S unkl unk2 unk3
0 0 0
$
$
S
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*COMPONENT_HYBRIDIII

Purpose: Define a HYBRID Il dummy. The motion of the dummy is governed by equations
integrated within LS-DY NA separately from the finite element model. The dummy interacts with the
finite element structure through contact interfaces. Joint characteristics (stiffnesses, damping,
friction, etc.) are set internally and should give reasonable results, however, they may be altered
using the* COMPONENT_HYBRIDIII_JOINT command. Joint force and moments can be written

to an ASCII file (see * DATABASE_H30UT).

Card Format (Card 1 of 2)

1

2

Variable

DID

SIZE

UNITS DEFRM VX VY VZ

Type

Default

none

none

none 1 0. 0. 0.

VARIABLE

DID

SIZE

UNITS

DEFRM

VX\VYVZ

DESCRIPTION

Dummy ID. A unigue number must be specified.

Size of dummy.

EQ.1:
EQ.2:
EQ.3:

Note: If negative then the best of currently available joint properties are

5th percentile adult
50th percemtile adult
95th percentile adult

applied.

System of
EQ.1:
EQ.2:
EQ.3:
EQ.4:
EQ.5:

Deformabi
EQ.L
EQ.2:
EQ.3:
EQ.4
EQ.5:
EQ.6:

EQ.7:
EQ.S8:

units used in the finite element mode!.
Ibf*sec?fin - inch - sec

kg - meter - sec

kgf* sec2/mm - mm - sec

metric ton - mm - sec

kg - mm - msec

lity type.

1. al dummy segments entirely rigid

deformable abdomen (low density foam, mat #57)
deformable jacket (low density foam, mat #57)
deformable headskin (viscoelastic, mat #6)
deformable abdomen/jacket

deformabl e jacket/headskin

deformable abdomen/headskin

deformabl e abdomen/jacket/headskin

Initial velocity of the dummy in the global x, y and z directions.
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Card Format (Card 2 of 2)

Card 1 1 2 3 4 5 6 7 8
Vaiable HX HY HZ RX RY RZ
Type F F F F F F
Default 0. 0. 0. 0. 0. 0.
VARIABLE DESCRIPTION
HX,HY,HZ Initial global x,y, and z coordinate values of the H-point .
RX,RY,RZ Initial rotation of dummy about the H-point with respect to the global x,y,
and z axes (degrees).

$

e
$

$$s6  *COMPONENT HYBRIDIII

$
e e e e e SN

U

$ A 50th percentile adult rigid HYBRID III dummy with an ID number of 7 is defined
$ in the lbf*sec”2-inch-sec system of units. The dummy is assigned an initial

$ wvelocity of 616 in/sec in the negative x direction. The H-point is initially

$ situated at (x,vy,2z)=(38,20,0) and the dummy is rotated 18 degrees about the

S global x-axis.

$

*

$

COMPCNENT HYBRIDIII

S did size units defrm VX vy vz
7 2 1 1 -616 0 0
S hx hy hz rx ry rz
38 20 0. 18 0 0
$

e RS
$
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*COMPONENT_HYBRIDIII_JOINT_OPTION

Purpose : Alter the joint characteristics of aHYBRID 111 dummy. Setting ajoint parameter valueto
zero retains the default value set internally. Joint force and moments can be written to an ASCII file
(see *DATABASE H3O0UT). Further details pertaining to the joints are found in the Hybrid I11

Dummies section of Appendix K.

The following options are available.

LUMBAR
LOWER_NECK

RIGHT_ELBOW
LEFT_WRIST

RIGHT_KNEE
LEFT_ANKLE

UPPER_NECK RIGHT _WRIST RIGHT_ANKLE
LEFT_SHOULDER LEFT _HIP RIBCAGE
RIGHT_SHOULDER RIGHT_HIP LEFT_KNEE_SLIDER
LEFT_ELBOW LEFT_KNEE RIGHT_KNEE_SLIDER
Card 1 - Required.

1 2 3 4 5 6 7 8
Variable DID Q1 Q2 Q3 FRIC
Type F F F F F
Card 2 - Required.

1 2 3 4 5 6 7 8
Variagble C1 ALO1 BLO1 AHI1 BHI1 QLO1 QHI1 SCLK1
Type F F F F F F F F

4.10 (COMPONENT)

LSDYNA Version 970




*COMPONENT

Card 3 - Required.

Left blank if joint has only one degree of freedom.

1 2 3 4 5 6 7 8
Variable c2 ALO2 BLO2 AHI2 BHI2 QLO2 QHI2 | SCLK2
Type F F F F F F F F

Card 4 - Required.

Left blank if the joint has only two degrees of freedom.

1 2 3 4 5 6 7 8
Varidble C3 ALO3 BLO3 AHI3 BHI3 QLO3 QHI3 SCLK3
Type F F F F F F F F
VARIABLE DESCRIPTION
DID Dummy ID, see*COMPONENT_HYBRIDIII
Qi Initial value of the joint'si-th degree of freedom. Units of degrees are
defined for rotational DOF. See Appendix K for alisting of the applicable
DOF.
FRIC Friction load on thejoint.
Ci Linear viscous damping coefficient applied to the i-th DOF of the joint.
ALOi Linear coefficient for the low regime spring of the joint'si-th DOF.
BLOI Cubic coeffient for the low regime spring of thejoint'si-th DOF.
AHIi Linear coeffient for the high regime spring of the joint'si-th DOF.
BHIi Cubic coeffient for the high regime spring of the joint'si-th DOF.
QLOI Value at which the low regime spring definition becomes active.
QHli Value at which the high regime spring definition becomes active.
SCLKi Scale vaue applied to the stiffnes of the joint's i-th DOF (default=1.0).
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$
e e SN
$

s$s¢  *COMPONENT HYBRIDIII JOINT LEFT ANKLE

$

e e N

$
S The damping coefficients applied to all three degrees of freedom of the left
$ ankle of dummy 7 are set to 2.5. All other characteristics of this joint
$ remain set to the default value. The dorsi-plantar flexion angle is set to
$ 20 degrees.
$
*COMPONENT HYBRIDIII JOINT LEFT ANKLE
$
1SS [P > A SIC S S SN S S S < S S SRR S
S did ql a2 a3 fric
7 0 20 0 0 0

S cl alol blol ahil bhil glol ghil

2.5 0 0 0 0 0 0
S c2 alo2 blo2 ahi2 bhi2 qlo2 ghi2

2.5 0 0 0 0 0 0
S 2.5 alo3 blo3 ahi3 bhi3 glo3 ghi3
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*CONSTRAINED

The keyword * CONSTRAINED provides away of constraining degrees of freedom to move
together in some way. The keyword cards in this section are defined in al phabetical order:

*CONSTRAINED_ADAPTIVITY
*CONSTRAINED_EULER_IN_EULER
*CONSTRAINED_EXTRA_NODES_OPTION
*CONSTRAINED_GENERALIZED_WELD_OPTION_{OPTION}
*CONSTRAINED_GLOBAL
*CONSTRAINED_INTERPOLATION_{OPTION}
*CONSTRAINED_JOINT_OPTION_{OPTION}_{OPTION}_{OPTION}
*CONSTRAINED_JOINT_STIFFNESS_OPTION
*CONSTRAINED_LAGRANGE_IN_SOLID
*CONSTRAINED_LINEAR_GLOBAL
*CONSTRAINED_LINEAR_LOCAL
*CONSTRAINED_NODAL_RIGID_BODY_{OPTION}_{OPTION}
*CONSTRAINED_NODE_SET_{OPTION}
*CONSTRAINED_POINTS

*CONSTRAINED_RIGID_BODIES
*CONSTRAINED_RIGID_BODY_STOPPERS
*CONSTRAINED_RIVET_{OPTION}
*CONSTRAINED_SHELL_TO_SOLID
*CONSTRAINED_SPOTWELD_{OPTION}_{OPTION}
*CONSTRAINED_TIE-BREAK
*CONSTRAINED_TIED_NODES_FAILURE
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*CONSTRAINED_ADAPTIVITY

Purpose: Define an adaptive constraint which constrains a node to the midpoint along an edge of a
shell element. This keyword is also created by LS-DYNA during an adaptive calculation. This
option appliesto shell elements.

Card Format

1 2 3 4 5 6 7 8
Variable SN! MN1 MN2
Type I I I
Default none none none
VARIABLE DESCRIPTION
SN Slave node. This is the node constrained at the midpoint of an edge of a
shell element.
MN1 One node aong the edge of the shell element.
MN2 The second node aong the edge.
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*CONSTRAINED_EULER_IN_EULER

Purpose: This command defines the coupling interaction between materials in two overlapping,
geometrically identical, multi-material Eulerian mesh sets. The command allows africtionless contact
between two or more different Eulerian materials.

Card Format

Variable PSIDSLV | PSIDMST PFAC

Type I I F
Defaullt 0 0 0.1
VARIABLE DESCRIPTION
PSIDSLV Part set ID of the 1* ALE or Eulerian set of mesh(es) (dave).
PSIDMST Part set ID of the 2™ ALE or Eulerian set of mesh(es) (master).
PFAC A penalty factor for the coupling interaction between the two PSIDs.
Remarks:

1. Contact pressureisbuilt up in two overlapping Eulerian elementsif their combined material fill
fraction exceeds 1.0 (penalty formulation).

2. Thisfeature needsto be combined with*MAT_VACUUM (element formulation 11), or with
initially voided elements (element formulation 12).

Example:

Consider an ALE/Eulerian multi-material model (ELFORM=11) consisting of

-PID 1 =*MAT_NULL (material 1)

-PID 2=*MAT_VACUUM = PID lismerged a its boundary to PID 2.

-PID 3=*MAT_NULL (materia 3)

-PID4=*MAT_VACUUM = PID 3ismerged a its boundary to PID 4.
The mesh set containing PID 1 & 2 intersects or overlaps with the mesh set containing PID 3 & 4.
PID lisgiven aninitia velocity in the positive x direction. Thiswill cause material 1 to contact
material 3 (note that materials 2 & 4 arevoid). The interaction between materials 1 & 3 is possble by
defining this coupling command. In this case material 1 can flow within the mesh region of PID 1 &
2 only, and materia 3 can flow within the mesh region of PID 3 & 4 only.
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S I DA U SUNN DU DI
*ALE MULTI-MATERIAL GROUP
$ SID SIDYTPE

1 1

2 1

3 1

4 1
*CONSTRAINED EULER_ IN EULER
$ PSID1 PSID2 PENAL

11 12 0.1
*SET PART LIST

11

1 2
*SET PART LIST

12

3 4
-2 I IR I RPN DU S
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*CONSTRAINED_EXTRA_NODES_OPTION

Available optionsinclude:

NODE
SET

Purpose: Define extra nodes for rigid body.

Card Format

1 2 3 4 5 6 7 8
Variable PID NID/NSID
Type I I
Default none none
VARIABLE DESCRIPTION
PID Part ID of rigid body to which the nodes will be added, see * PART.
NID/NSID Node (option: _NODE) or node set ID (option: _SET), see *SET_NODE,
of added nodes.
Remarks:

Extra nodes for rigid bodies may be placed anywhere, even outside the body, and they are
assumed to be part of therigid body They have many usesincluding:

1. Thedefinition of draw beadsin metal forming applications by listing nodes along
the draw bead.

2.  Placing nodes where joints will be attached between rigid bodies.

3. Defining a nodes where point loads are to be applied or where springs may be
attached.

4. Defining alumped mass at a particular location.

and so on. The coordinates of the extra nodes are updated according to the rigid body motion.

LS-DYNA Version 970
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$
e e SN
$

s$s¢  *CONSTRAINED EXTRA NODES NODE

$

e e N

$
$ Rigidly attach nodes 285 and 4576 to part 14. (Part 14 MUST be a rigid body.)

$
*CONSTRATNED EXTRA NODES NODE
$
[ O R S SC S S - SR < S SRS
S pid nid
14 285
14 4576
$

e e e SN
$

$

e e e e SRS
$

s$ss *CONSTRAINED EXTRA NODES SET

$
B S S S
$

$ Rigidly attach all nodes in set 4 to part 17. (Part 17 MUST be a rigid body.)
$

$ In this example, four nodes from a deformable body are attached

$ to rigid body 17 as a means of joining the two parts.

$
*CONSTRAINED EXTRA NODES SET
S
[ IS S S C SIS S-S - SO - DAPR SOy AU - |
S pid nsid
17 4
$
$
*SET NODE LIST
S sid
4
S nidl nid2 nid3 nid4 nids nidé nid7 nids
665 778 896 827
$
S

e
$
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*CONSTRAINED_GENERALIZED_WELD_OPTION_{ OPTION}

Then the following options are available:

SPOT

FILLET

BUTT

CROSS FILLET

COMBINED
To defined an ID for the weld use the option:

ID
Purpose: Define spot, fillet, butt, and otyer types of welds. Coincident nodes are permitted if the
local coordinate ID isdefined. For the spot weld alocal coordinate ID is not required if the nodes are
offset. Failures can include both the plastic and brittle failures. These can be used either

independently or together. Failure occurs when either criteriais met. The welds may undergo large
rotations since the equations of rigid body mechanics are used to update their motion.

ID Card - Required if the option _ID is active on the keyword card.

Cadl 1 2 3 4 5 6 7 8
Variable WID

Type I

Default 0
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Card 1 Format.

1

2

3

4

This card is required for all weld options.

5

Variable

NSID

CID

FILTER

WINDOW

NPR

NPRT

Type

Default

none

none

VARIABLE

WID

NSID

CID

FILTER

WINDOW

NPR

NPRT

DESCRIPTION

Optiona weld ID.
Nodal set ID, see*SET_NODE_OPTION.

Coordinate system ID for output of datain local system, see *DEFINE _
COORDINATE_OPTION. CID isnot required for spotwelds if the nodes
are not conincident.

Number of force vectors saved for filtering. This option can eliminate
spurious failures due to numerical force spikes; however, memory
requirements are significant since 6 force components are stored with each
vector.
LE.1: nofiltering
EQ.n: simple average of force components divided by n or the
maximum number of force vectors that are stored for the time window
option below.

Time window for filtering. This option requires the specification of the
maximum number of steps which can occur within the filtering time
window. If the time step decreases too far, then the filtering time window
will beignored and the smple average is used.

EQ.O: timewindow is not used

NFW, number of individual nodal pairs in the cross fillet or combined
general weld.

Print option in file RBDOUT.
EQ.O: default from the control card, *CONTROL_OUTPUT, isused,
see variable name IPRTF.
EQ.1: dataisprinted
EQ.2: dataisnot printed

5.8 (CONSTRAINED)
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Additional Card required for the CONSTRAINED_GENERALIZED WELD_SPOT
option:

Card?2 1 2 3 4 5 6 7 8
Variable TFAIL EPSF SN SS N M
Type F F F F F F
VARIABLE DESCRIPTION
TFAIL Failure time for constraint set, tf . (default=1.E+20)
EPSF Effective plastic strain at failure, €f;, defines ductile failure.
SN Sh, hormal force at failure, only for the brittle failure of spotwelds.
SS Ss, shear force at failure, only for the brittle failure of spotwelds.
N n, exponent for normal force, only for the brittle failure of spotwelds.
M m, exponent for shear force, only for the brittle failure of spotwelds.
Remarks:

Spotweld failure due to plastic straining occurs when the effective nodal plastic strain exceeds
theinput value, € '?a” . Thisoption can model the tearing out of a spotweld from the sheet metal since

the plasticity isin the material that surrounds the spotweld, not the spotweld itself. A least squares
algorithm is used to generate the nodal values of plastic strains at the nodes from the element
integration point values. The plastic strain is integrated through the element and the average value is
projected to the nodes via aleast square fit. This option should only be used for the material models
related to metallic plasticity and can result in dlightly increased run times.

Brittle failure of the spotwelds occurs when:

n m
f
S S
where f,, and fs are the normal and shear interface force. Component f,, contributes for tensile values
only. When the failuretime, t; , is reached the nodal rigid body becomes inactive and the constrained

nodes may move freely. In Figure 5.1 the ordering of the nodes is shown for the 2 node and 3 node
spotwelds. Thisorder iswith respect to the local coordinate system where the local z axis determines
the tensile direction. The nodes in the spotweld may coincide. The failure of the 3 node spotweld
may occur gradually with first one node failing and later the second node may fail. For n noded
spotwelds the failure is progressive starting with the outer nodes (1 and n) and then moving inward
tonodes 2 and n-1. Progressive failure is necessary to preclude failures that would create new rigid
bodies.
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node 2 node 3
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node 1 node 2
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2 NODE SPOTWELD 3 NODE SPOTWELD
node 1
X X |
Az
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L 2 '
node n-1

n NODE SPOTWELD

oy

y

node 2

)

node 1

Figure 5.1. Noda ordering and orientation of the local coordinate system is important for
determining spotweld failure.
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Additional Card required for the FILLET option:

Card?2 1 2 3 4 5 6 7 8
Variable TFAIL EPSF SIGY BETA L w A ALPHA
Type F F F F F F F F
VARIABLE DESCRIPTION

TFAIL Failure time for constraint set, tf . (default=1.E+20)
EPSF Effective plastic strain at failure, €f;, defines ductile failure.
SIGY of, stress at failure for brittle failure.
BETA B, failure parameter for brittle failure.
L L, length of fillet/butt weld (see Figure 5.2 and 5.3).
W w, width of flange (see Figure 5.2).
A a, width of fillet weld (see Figure 5.2).
ALPHA o, weld angle (see Figure 5.2) in degrees.
Remarks:

Ductile fillet weld failure, due to plastic straining, is treated identically to spotweld failure.
Brittle failure of the fillet welds occurs when:

B\fcﬁ +3(‘C% +1:{2) >0¢

where on = hormal stress
Tn = shear stressin direction of weld (local y)
Tt = shear stress normal to weld (local x)
of = falurestress
B = falure parameter

Component o, is nonzero for tensile values only. When the failure time, t; , is reached the nodal
rigid body becomes inactive and the constrained nodes may move freely. In Figure 5.2 the ordering
of the nodes is shown for the 2 node and 3 node fillet welds. This order is with respect to the local
coordinate system where the local z axis determines the tensile direction. The nodesin thefillet weld
may coincide. The failure of the 3 node fillet weld may occur gradually with first one node failing
and later the second node may fail.

LS-DYNA Version 970 5.11 (CONSTRAINED)



*CONSTRAINED

7 local coordinate

A |~ sysem Az

2NODE FILLET WELD

\

S I R S—

W—»‘ - o

ja— | —»

3NODE FILLET WELD

Figure 5.2. Nodal ordering and orientation of the local coordinate system is shown for fillet weld
fallure. Theangleisdefined in degrees.
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Additional Card required for the BUTT option:

Card?2 1 2 3 4 5 6 7 8
Variable TFAIL EPSF SIGY BETA L D LT
Type F F F F F F F

VARIABLE DESCRIPTION
TFAIL Failure time for constraint set, tf . (default=1.E+20)
EPSF Effective plastic strain at failure, €, defines ductile failure.
SIGY of, stress at failure for brittle failure.
BETA B, failure parameter for brittle failure.
L L, length of fillet/butt weld (see Figure 5.2 and 5.3).
D d, thickness of butt weld (see Figure 5.3).
LT Lt, transverse length of butt weld (see Figure 5.3).
Remarks:

Ductile butt weld failure, due to plastic straining, is treated identically to spotweld
failure. Brittle failure of the butt welds occurs when:

i
B\se‘cﬁ +3(Tﬁ +‘Ct2) >20¢

where
on = hormal stress
Ty = Shear stressin direction of weld (loca y)
Tt = shear stressnormal to weld (loca z)
of = falurestress
B = falure parameter

Component oy, is nonzero for tensile values only. When the failure time, t; , is reached the nodal

rigid body becomes inactive and the constrained nodes may move freely. The nodes in the butt weld
may coincide.
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Figure 5.3. Orientation of the local coordinate system and nodal ordering is shown for butt weld
failure.
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$
B e e e e e e e S e S e e S S S S S S S S S S S S S S SIS
S
$$$$  *CONSTRAINED GENERALIZED WELD BUTT
$
B e e e e e e e e e e S e S e S S S S SIS SIS
$
S Weld two plates that butt up against each other at three nodal pair
$ locations. The nodal pairs are 32-33, 34-35 and 36-37.
S
$ This requires 3 separate *CONSTRAINED GENERALIZED WELID BUTIT definitions,
$ one for each nodal pair. Each weld is to have a length (L) = 10,
$ thickness (D) = 2, and a transverse length (Lt) = 1.
$
$ Failure is defined two ways:
S Ductile failure if effective plastic strain exceeds 0.3
S Brittle failure if the stress failure criteria exceeds 0.25
] - scale the brittle failure criteria by beta = 0.9.
S Note: beta < 1 weakens weld beta > 1 strengthens weld
$
*CONSTRAINED GENERALIZED WELD BUTT
S
S...>. . 1> o 2000003000004 o> 0Bl > Ll 60 e > T >0 08
] nsid cid
21
S tfail epst sigy beta L D It
0.3 0.250 0.9 10.0 2.0 1.0
S
$
*CONSTRAINED GENERALIZED WELD BUTT
S nsid cid
23
S tfail epst sigy beta L D It
0.3 0.250 0.9 10.0 2.0 1.0
$
$
*CONSTRAINED GENERALIZED WELD BUTT
$ nsid cid
25
S tfail epst sigy beta L D It
0.3 0.250 0.9 10.0 2.0 1.0
$
$
*SET NODE LIST
S sid
21
S nidl nid2
32 33
*SET NODE_LIST
23
34 35
*SET NODE_LIST
25
36 37

$
e e SN

$
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Additional Cards (1+NPR) required for the CROSS FILLET option:

Card 2 1 2 3 4 5 6 7 8
Variable TFAIL EPSF SIGY BETA L w A ALPHA
Type F F F F F F F F

Cards 3,4,
....2+NPR
Variable NODEA | NODEB NCID
Type | | |
VARIABLE DESCRIPTION
TFAIL Failuretime for constraint set, t; . (default=1.E+20)
EPSF Effective plastic strain at failure, e, defines ductile failure.
SIGY of, stress at failure for brittle failure.
BETA B, failure parameter for brittle failure.
L L, length of fillet/butt weld (see Figure 5.2 and 5.3).
w w, width of flange (see Figure 5.2).
A a, width of fillet weld (see Figure 5.2).
ALPHA o, weld angle (see Figure 5.2) in degrees.
NODEA NodelID, A, inweld pair (CROSS or COMBINED option only). See
Figure 5.4.
NODEB Node D, B, in weld pair (CROSS orCOMBINED option only).
NCID Local coordinate system ID (CROSS or COMBINED option only).
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Figure 5.4. A smple crossfillet weld illustrates the required input. Here NFW=3 with nodal pairs
(A=2, B=1), (A=3, B=1), and (A=3, B=2). The local coordinate axes are shown.
These axes are fixed in the rigid body and are referenced to the local rigid body
coordinate system which tracks the rigid body rotation.
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Additional NPR Card Sets required for

the COMBINED option. Repeat cards 2 and

3 below NPR times:

Card 2 1 2 3 4 5 6 7 8
Variable TFAIL EPSF SIGY BETA L w A ALPHA
Type F F F F F F F F

Cad 3
Variable NODEA | NODEB NCID WTYP
Type | I I I

VARIABLE DESCRIPTION
TFAIL Failuretime for constraint set, t; . (default=1.E+20)
EPSF Effective plastic strain at failure, €f;, defines ductile failure.
SIGY of, stress at failure for brittle failure.
BETA B, failure parameter for brittle failure.
L L, length of fillet/butt weld (see Figure 5.2 and 5.3).
w w, width of flange (see Figure 5.2).
A a, width of fillet weld (see Figure 5.2).
ALPHA o, weld angle (see Figure 5.2) in degrees.
NODEA NodelD, A, inweld pair (CROSS or COMBINED option only).
NODEB Node D, B, in weld pair (CROSS or COMBINED option only).
NCID Local coordinate system ID (CROSS or COMBINED option only).
WTYPE Weld pair type (GENERAL option only). SeeFigure 5.5.

EQ.O: fillet weld
EQ.1: butt weld
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Figure 5.5. A combined weld is a mixture of fillet and butt welds.
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*CONSTRAINED_GLOBAL

Purpose: Define aglobal boundary constraint plane.

Card Format

Variable

TC

RC

DIR X Y

Type

Default

VARIABLE

TC

RC

DIR

DESCRIPTION

Trandational Constraint:

EQ. 1.
EQ. 2:
EQ. 3:
EQ. 4.
EQ. 5:
EQ. 6:
EQ. 7

constrained x trandation,
constrained y trandation,
constrained z trandation,
constrained x and y translations,
constrained y and z trangdlations,
constrained x and z trangdlations,
constrained X, y, and z trandations,

Rotationa Constraint:

EQ. 1.
EQ. 2:
EQ. 3:
EQ. 4.
EQ. 5:
EQ. 6:
EQ. 7

constrained x-rotation,
constrained y-rotation,
constrained z-rotation,
constrained x and y rotations,
constrained y and z rotations,
constrained z and X rotations,
constrained X, y, and z rotations.

Direction of normal

EQ. 1.
EQ. 2:
EQ. 3:

global X,
global y,
global z.

x-offset coordinate

y-offset coordinate

z-offset coordinate
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Remarks:

Nodes within a mesh-size-dependent tolerance are constrained on a global plane. Thisoption
is recommended for use with r-method adaptive remeshing where nodal constraints are lost during
the remeshing phase.
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*CONSTRAINED_INTERPOLATION_{OPTION}

Thefollowing option is available:
<BLANK>
LOCAL

Purpose: Define an interpolation constraint. With this constraint type, the motion of a single
dependent node is interpolated from the motion of a set of independent nodes. This option is useful
for the load redistribution of aload, which can be either atrandational force or moment, applied to
the dependent node to the surrounding independent nodes, and it can also be used to model shell-
brick and beam-brick interfaces. The mass and rotary inertia of the dependent nodal point is also
redistributed. This constraint is applied in the global coordinate system unless the option LOCAL is
active. One*CONSTRAINED_INTERPOLATION card isrequired for each constraint definition.
Theinput list of independent nodes is terminated when the next "*" card is found.

Card Format

1 2 3 4 5 6 7 8
Varigble ICID DNID DDOF CIDD
Type [ I | |
Default 0 0 123456 optional

Cards 2, 3, 4, etc. Define one card per independent node. If the option LOCAL is
active, the define two cards per independent node. Input is terminated when a "*"
card is found.

1 2 3 4 5 6 7 8
Variable INID IDOF | TWGHTX | TWGHTY | TWGHTZ | RWGHTX | RWGHTY | RWGHTZ
Type | | F F F F F F
Default 0 123456 1.0 TWGHTX | TWGHTX | TWGHTX | TWGHTX | TWGHTX
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Define the second card if and only if the option LOCAL is active

1 2 3 4 5 6 7 8
Variable CIDI
Type I
Default 0
VARIABLE DESCRIPTION
ICID Interpolation constraint I1D.

DNID Dependent node ID. This node should not be a member of arigid body, or
elsawhere constrained in the input.

DDOF Dependent degrees-of-freedom. The list of dependent degrees-of-freedom
consists of a number with up to six digits, with each digit representing a
degree of freedom. For example, the value 1356 indicates that degrees of
freedom 1, 3, 5, and 6 are controlled by the constraint. The default is
123456. Digit: degree of freedom ID's:

EQ.1:x
EQ.2ly
EQ.3:z
EQ.4:rotation about x axis
EQ.5:rotation about y axis
EQ.6:rotation about z axis

CIDD Local coordinate system ID if LOCAL option isactive. If blank the global

coordinate system is assumed.
INID Independent node ID.

IDOF Independent degrees-of-freedom using the same form as for the dependent
degrees-of-freedom, DDOF, above.

TWGHTX Weighting factor for node INID with active degrees-of-freedom IDOF.
Thisweight scales the x-trandational component. It is normally sufficient
to define only TWGHTX even if its degree-of-freedom is inactive since the
other factors are set equal to this input value as the default. There is no
requirement on the values that are chosen as the weighting factors, i.e., that
they sum to unity. The default value for the weighting factor is unity.

TWGHTY Weighting factor for node INID with active degrees-of-freedom IDOF.

Thisweight scalesthe y-trandational component.
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VARIABLE DESCRIPTION

TWGHTZ Weighting factor for node INID with active degrees-of-freedom IDOF.
Thisweight scalesthe z-trandational component.

RWGHTX Weighting factor for node INID with active degrees-of-freedom IDOF.
Thisweight scales the x-rotational component.

RWGHTY Weighting factor for node INID with active degrees-of-freedom IDOF.
Thisweight scales the y-rotational component.

RWGHTZ Weighting factor for node INID with active degrees-of-freedom IDOF.
Thisweight scales the z-rotational component.

CIDI Local coordinate system ID if LOCAL option isactive. If blank the global
coordinate system is assumed.

SRSl SRR SR R S  RS S SS S R S SSRRR S eess ee
§$$$ *CONSTRAINED INTERPOLATION (Beam to solid coupling)
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
2 Tie a beam element to a solid element.

z The node of the beam to be tied does not share a common node with the solids.
$ If the beam node is shared, for example, then set ddof=456.

$
*CONSTRATNED INTERPOLATION
$
o S S T T S O O -
S icid dnid ddof
1 45 123456
S inid idof twghtx twohty twghtz rwghtx rwohty rwghtz
22 123
44 123
43 123
$
L
$
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B e
$

$$$S  *CONSTRAINED INTERPOLATION (Load redistribution)

S

B e e e e e e S e S S S e S S S S
$

$  Moment about normal axis of node 100 is converted to an equivalent load by

S  applying x-force resultants to the nodes lying along the right boundary

$

*DEFINE CURVE

1,0,0.,0.,0.,0.,0

0.,0.

.1,10000.

*LOAD NODE_POINT

100,6,1,1.0

$

*CONSTRAINED INTERPOLATTION

$

[ IO > A SSC S SIS SRS < SIS AN S < |

S icid dnid ddof
1 100 5

S inid idof twghtx twghty twghtz rwghtx rwghty rwghtz
96 1
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97
98
99
177
178
179
180

PR RRRRER
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96
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*CONSTRAINED_JOINT_OPTION_{OPTION}_{OPTION}_{OPTION}
Available formsinclude (one is mandatory):

CONSTRAINED_JOINT_SPHERICAL
CONSTRAINED_JOINT_REVOLUTE
CONSTRAINED_JOINT_CYLINDRICAL
CONSTRAINED_JOINT_PLANAR
CONSTRAINED_JOINT_UNIVERSAL
CONSTRAINED_JOINT_TRANSLATIONAL
CONSTRAINED _JOINT_LOCKING
CONSTRAINED_JOINT_TRANSLATIONAL_MOTOR
CONSTRAINED_JOINT_ROTATIONAL_MOTOR
CONSTRAINED_JOINT_GEARS
CONSTRAINED_JOINT_RACK_AND_PINION
CONSTRAINED_JOINT_CONSTANT_VELOCITY
CONSTRAINED_JOINT_PULLEY
CONSTRAINED_JOINT_SCREW

If the force output data is to be transformed into alocal coordinate use the option:
LOCAL

to defineajoint ID and heading the following option is available:
ID

and to define failure use:
FAILURE

The ordering of the bracketed optionsis arbitrary.

Purpose: Define ajoint between two rigid bodies, see Figure 5.6.

Card Format:

Card lisrequired for al joint types.

Card 2 isrequired for joint types: MOTOR, GEARS, RACK_AND_PINION, PULLEY, and
SCREW

Optiona Card isrequired only if LOCAL is specified in the keyword.

In the first seven joint types above excepting the Universal joint, the nodal points within the
nodal pairs (1,2), (3,4), and (5,6) (see Figure 5.6) should coincide in the initial configuration, and
the nodal pairs should be as far apart as possible to obtain the best behavior. For the Universal Joint
the nodes within the nodal pair (3,4) do not coincide, but the lines drawn between nodes (1,3) and
(2,4) must be perpendicular.

For the Gear joint the nodes within the nodal pair (1,2) must not coincide.

The geometry of joints is defined in Figure 5.6. When the penalty method is used (see
*CONTROL_RIGID), at each time step, the relative penalty stiffness is multiplied by a function
dependent on the step size to give the maximum stiffness that will not destroy the stability of the
solution. Instabilities can result in the explicit time integration scheme if the penalty stiffnessistoo
large. If instabilities occur, the recommended way to eliminate these problems is to decrease the time
step or reduce the scale factor on the penalties..
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For cylindrical joints, by setting node 3 to zero, it is possible to use a cylindrical joint tojoin
anode that isnot on arigid body (node 1) to arigid body (nodes 2 and 4).

The following card is read if and only if the ID option is specified.

Optional 1 2-8
Variable JD HEADING
Type I AT70

The heading is picked up by some of the peripheral LS-DYNA codes to aid in post-
processing.

VARIABLE DESCRIPTION
JD Joint ID. This must be a unique number.
HEADING Joint descriptor. It is suggested that unique descriptions be used.

Card 1 - Required

Cad1 1 2 3 4 5 6 7 8
Variable N1 N2 N3 N4 N5 N6 RPS DAMP
Type | | | | | | F F
Default 0 0 0 0 0 0 1.0 1.0
VARIABLE DESCRIPTION

N2 Node 2, inrigid body B. Definefor all joint types.

N3 Node 3, inrigid body A. Definefor al joint types except SPHERICAL

N4 Node 4, inrigid body B. Definefor al joint types except SPHERICAL.

N5 Node 5, in rigid body A. Define for joint types TRANSLATIONAL,

LOCKING, ROTATIONAL_MOTOR, CONSTANT_VELOCITY,
GEARS, RACK_AND_PINION, PULLEY, and SCREW
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VARIABLE

N6

RPS

DAMP

Card 2. Required for

DESCRIPTION

Node 6, in rigid body B. Define for joint types TRANSLATIONAL,
LOCKING, ROTATIONAL_MOTOR, CONSTANT_VELOCITY,
GEARS, RACK_AND_PINION, PULLEY, and SCREW

Relative penalty stiffness (default = 1.0).
Damping scale factor on default damping value. (Revolute and Spherical
Joints):

EQ.0.0: default issetto 1.0,
LE.0.01 and GT.0.0: no damping is used.

joint types MOTOR, GEARS, RACK_AND_PINION,

PULLEY, and SCREW only.

Cad1 1
Variable PARM LCID TYPE R1
Type F I I F
Default none
VARIABLE DESCRIPTION
PARM Parameter which afunction of joint type. Leave blank for MOTORS.
Gears. define R,/ R
Rack and Pinion: define h
Pulley: define R,/ R
Screw: define x/
LCID Defineload curve ID for MOTOR joints.

LS-DYNA Version 970
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VARIABLE

TYPE

R1

DESCRIPTION

Define integer flag for MOTOR joints asfollows:
EQ.O: trandational/rotational velocity
EQ.1: trandational/rotational acceleration
EQ.2: trandational/rotationa displacement

Radius, R, for the gear and pulley joint type. If left undefined, nodal
points 5 and 6 are assumed to be on the outer radius.

Optional Card Format: Required only if LOCAL is specified after the keyword.

Cad1 1 2 3 4 5 6 7 8
Variable RAID LST
Type | |
Default 0 0
VARIABLE DESCRIPTION
RAID Rigid body or accelerometer ID. The force resultants are output in the local
system of therigid body or accelerometer.
LST Flag for local system type:

EQ. O: rigid body
EQ. 1. acceerometer

Optional Card Format: Required only if FAILURE is specified after the keyword.

Cadl 1 2 3 4 5 6 7 8
Variable CID TFAIL COUPL

Type I F F

Default 0 0 0
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Card 2
Vaiable NRR NRS NRT MRR MSS MTT
Type F F F F F F
Default 0 0 0 0 0 0
VARIABLE DESCRIPTION
CID Coordinate ID for resultants in the failure criteria. If zero, the global
coordinate system is used.
TFAIL Timefor joint faillure. If zero, joint never fails.
COUPL Coupling between the force and moment failure criteria. If COUPL isless
than or equal to zero, the failure criteriais identical to the spotwelds. When
COUPL is greater than zero, the force and moment results are considered
independently. See the remark below.
NXX Axial forceresultant N,, at failure. If zero, failure due to this component
is not considered.
NYY Forceresultant N, at failure. If zero, failure due to this component is not
considered.
Nzz Forceresultant N, at failure. If zero, failure due to this component is not
considered.
MXX Torsional moment resultant M, at failure. If zero, failure due to this
component is not considered.
MYY Moment resultant M, at failure. If zero, failure due to this component is
not considered.
Mzz Moment resultant M,, at failure. If zero, failure due to this component is
not considered.
Remarks:

When COUPL islessthan or equal to zero, the failure criteriais

max(N
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otherwiseitis

Cylindrical joint Planar joint

Universal joint Trangational joint

Figure 5.6. Joint definitions 1-6

Locking joint N

Figure 5.7. Locking joint.
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L oad curve defines
relative motion

Figure 5.8. Translational motor joint. This joint can be used in combination with the
trandational or the cylindrica joint.

Load curve definesrelative
A rotational motion in radians

per unit time.
N )
2
A

Figure 5.9. Rotational motor joint. Thisjoint can be used in combination with other joints such
asthe revolute or cylindrical joints.
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Figure 5.10. Gearjoint. Nodal pairs(1,3) and (2,4) define axesthat are orthogonal to the gears.

Nodal pairs (1,5) and (2,6) define vectorsin the plane of the gears. Theratio % is

specified.

Figure 5.11. Rack and pinion joint. Nodal pair (1,3) defines a vector that is orthogonal to the
plane of the gear. Nodal pair (1,5) is avector in the plane of the gear. Nodal pair
(2,4) definesthe direction of travel for the second body. The value h is specified.
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12

Figure 5.12. Constant velocity joint. Nodal pairs (1,3) and (2,4) define an axes for the constant
angular velocity, and nodal pairs (1,5) are orthogonal vectors. Here nodal points 1
and 2 must be coincident.

N

Figure 5.13. Pulley joint. Nodal pairs (1,3) and (2,4) define axes that are orthogonal to the
pulleys. Nodal pairs (1,5) and (2,6) define vectorsin the plane of the pulleys. The

ratio % is specified.
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A

L E

Figure 5.14. Screw joint. The second body trandatesin response to the spin of the first body.

Nodal pairs (1,

3) and (2,4) lieaong the same axis and nodal pairs (1,5) and (2,6)

. . X . -
are orthogonal vectors. The helix ratio, —, is specified.
w

$
B e
$
$SSS *CONSTRAINED JOINT PLANAR
$
e e e e e e e R S e e e S S S R S S S SR S SRREE
$
$ Define a planar joint between two rigid bodies.
S - Nodes 91 and 94 are on rigid body 1.
S - Nodes 21 and 150 are on rigid body 2.
S - Nodes 91 and 21 must be coincident.
S * These nodes define the origin of the joint plane.
S - Nodes 94 and 150 must be coincident.
S * To accomplish this, massless node 150 is artificially created at
S the same coordinates as node 94 and then added to rigid body 2.
S * These nodes define the normal of the joint plane (e.g., the
S vector from node 91 to 94 defines the planes' normal) .
$
*CONSTRAINED JOINT PLANAR
$
[ O SR SrC S S - S < S AN S
S nl n2 n3 n4 n5 ne rps

91 21 94 150 0.000E+00
$
$
*NODE
S nid X Y Z tc rc

150 0.00 3.00 0.00 0 0
$
*CONSTRAINED EXTRA NODES SET
S pid nsid
2 6

$
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*SET _NODE LIST

S sid
6
S nidl
150
$
$$S  request output for joint force data
$
*DATABASE JNTFORC
$ dt/cycl ledt
0.0001
$

e e e e e SN
$

$

e e SN
$

$$%$  *CONSTRAINED JOINT REVOLUTE

$
e e e SN

Create a revolute joint between two rigid bodies. The rigid bodies must
share a common edge to define the joint along. This edge, however, must
not have the nodes merged together. Rigid bodies A and B will rotate
relative to each other along the axis defined by the common edge.

Nodes 1 and 2 are on rigid body A and coincide with nodes 9 and 10
on rigid body B, respectively. (This defines the axis of rotation.)

The relative penalty stiffness on the revolute joint is to be 1.0,
the joint is well lubricated, thus no damping at the joint is supplied.

CONSTRAINED JOINT REVOLUTE

Note: A joint stiffness is not mandatory for this joint to work.
However, to see how a joint stiffness can be defined for this
particular joint, see the corresponding example listed in:

*CONSTRATINED JOINT STIFENESS GENERALIZED

e e e e R

Ur Ur Ur Ur U U r > Ur Ur Ur * Uy Ur U U U U U U U U O 2
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*CONSTRAINED_JOINT_STIFFNESS_OPTION
Optionsinclude:

FLEXION-TORSION

GENERALIZED

TRANSLATIONAL
Purpose: Define optional rotational and translational joint stiffnesses for joints defined by
*CONSTRAINED_JOINT_OPTION. These definitions apply to al joints even though degrees of
freedom that are considered in the joint stiffness capability may constrained out in some joint types.
The energy that is dissipated with the joint stiffness option is written for each joint in joint forcefile
with the default name, INTFORC. In the global energy balance this energy is included with the
energy of the discrete elements, i.e., the springs and dampers.

Card Formats:

Card 1 iscommon to al joint stiffness types.
Cards 2 to 4 are unique for each stiffness type.

Card 1 - Required for all joint stiffness types.

Cad1 1 2 3 4 5 6
Variable JSID PIDA PIDB CIDA CIDB JD
Type I I I I I [
Default none none none none CIDA none
VARIABLE DESCRIPTION
JSID Joint stiffness ID
PIDA Part ID for rigid body A, see * PART.
PIDB Part ID for rigid body B, see * PART.
CIDA Coordinate ID for rigid body A, see *DEFINE_COORDINATE_OPTION.

For the translational stiffness the local coordinate system must be
defined by nodal points, *DEFINE_COORDINATE_NODES since the
first nodal point in each coordinate systemis used to track the motion.
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VARIABLE DESCRIPTION

CIDB Coordinate ID for rigid body B. If zero, the coordinate ID for rigid body A
is used, see *DEFINE_COORDINATE_OPTION. For the translational
stiffness the local coordinate system must be defined by nodal points,
*DEFINE_COORDINATE_NODES, since the first nodal point in each
coordinate system is used to track the motion.

JD Joint ID for the joint reaction forces. If zero, tables can't be used in place of
load curves for defining the frictional moments.

Card 2 of 4 - Required for FLEXION-TORSION stiffness.

Cad?2 1 2 3 4 5 6
Variable LCIDAL LCIDG LCIDBT | DLCIDAL | DLCIDG | DLCIDBT
Type [ [ | | | |
Default none 1.0 none none 1.0 none
Cad3 1 2 3 4

Varigble ESAL FMAL ESBT FMBT

Type F F F F

Default 0.0 0.0 0.0 0.0

Cad4 1 2 3

Varigble SAAL NSABT PSABT

Type F F F

Default not used not used not used
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VARIABLE DESCRIPTION

LCIDAL Load curve ID for o—moment versus rotation in radians. See Figure 5.15
whereit should be noted that 0< o < 7. If zero, the applied moment is set
to zero. See*DEFINE_CURVE.

LCIDG Load curve ID for y versus a scal e factor which scales the bending moment
due to the o rotation. This load curve should be defined in the interval
—r<y<m. If zero the scale factor defaults to 1.0. See *DEFINE_
CURVE.

LCIDBT Load curve ID for B—torsion moment versus twist in radians. If zero the
applied twist is set to zero. See*DEFINE_CURVE.

DLCIDAL Load curve ID for a—damping moment versus rate of rotation in radians per
unit time. If zero, damping is not considered. See *DEFINE_CURVE.

DLCIDG Load curve ID for y—damping scale factor versus rate of rotation in radians
per unit time. This scale factor scales the a—damping moment. If zero, the
scale factor defaultsto one. See *DEFINE_CURVE.

DLCIDBT Load curve ID for B—damping torque versus rate of twist. If zero damping
isnot considered. See *DEFINE_CURVE.

ESAL Elastic stiffness per unit radian for friction and stop angles for o rotation,
see Figure 5.15. If zero, friction and stop angles are inactive for o
rotation..

FMAL Frictional moment limiting value for o rotation. If zero, friction isinactive

for o rotation. This option may also be thought of as an elastic-plastic
spring. If a negative value is input then the absolute value is taken as the
load curve or table ID defining the yield moment versus o rotation, see
Figure 5.15. A table permits the moment to also be a function of the joint
reaction force and requires the specification of JD on card 1.

ESBT Elastic stiffness per unit radian for friction and stop angles for B twist, see
Figure 5.15. If zero, friction and stop angles are inactive for 3 twist.

FMBT F