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CHRONOLOGICAL HISTORY

DYNAS3D 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-dimensional version, DYNA2D, was developed concurrently.

A new version of DYNAS3D was released in 1979 that was programmed to provide near
optimal speed on the CRAY-1 supercomputers, contained an improved sliding 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
etal. [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 element data on disk thereby doubling the
capacity of DYNA3D.

The 1982 version of DYNA3D [Hallquist 1982] accepted DYNA2D [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 DYNAS3D [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. DYNAS3D thus became the first code to have a general single surface contact
algorithm.

In the 1987 version of DYNA3D [Hallquist and Benson 1987] metal forming simulations
and composite analysis became a reality. This version included shell thickness changes, the
Belytschko-Tsay shell element [Belytschko and Tsay, 1981], and dynamic relaxation. Also
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included were non-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 al. 1965], mixing of element formulations in calculatlons 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 all elements, a crushable foam constitutive model, comment cards in the input,
and one-dimensional slidelines.

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 a commercial version called LS-DYNA3D which was later
shortened to LS-DYNA. 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.

Capabllltles added in 1989-1990:

arbitrary node and element numbers,

fabric model for seat belts and alrbags

composite glass model,

vectorized type 3 contact and single surface contact,

many more 1/O options,

all shell materials available for 8 node thick shell,

strain rate dependent plasticity for beams,

fully vectorized iterative plasticity,

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 element 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 loads on beam elements,

Cowper and Symonds strain rate model,

segmented stonewalls,

stonewall Coulomb friction,

stonewall energy dissipation,

airbags (1990),
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nodal rigid bodies,

automatic sorting of triangular shells into CO groups,

mass scaling for quasi static analyses,

user defined subroutines,

warpage checks on shell elements,

thickness consideration in all contact types,

automatic orientation of contact segments,

sliding interface energy dissipation calculations,

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

Capabllltles 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/velocity/accelerations,
linear constraint equations,

MPGS database,

MOVIE database,

Slideline interface file,

automated contact input for all input types,

automatic single surface contact without element 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 element with nodal rotations,

8 node solid element with nodal rotations,

2x2 integration for the membrane element,

Belytschko-Schwer integrated beam,

thin-walled Belytschko-Schwer integrated beam,

improved TAURUS database control,

null material for beams to display springs and seatbelts in TAURUS,
parallel implementation on Crays and SGI computers,

coupling to rigid body codes,

seat belt capability.

Capabllltles added in 1993-1994:

Avrbitrary 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,

Generalized dampers,

Cable modeling,

Airbag reference geometry,

Multiple jet model,

Generalized joint stiffnesses,

Enhanced rigid body to rigid body contact,
Orthotropic rigid walls,
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Capabilitie

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 Parallel) version with limited capabilities.
Built in least squares fit for rubber model constitutive constants,
Large hysteresis in hyperelastic foam,

Bilhku/Dubois foam model,

Generalized rubber model,

s added in 1995:

Belytschko - Leviathan Shell

Automatic switching between rigid and deformable bodies.

Accuracy on SMP machines to 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..
Velocities may also 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,

General linear viscoelasticity with 6 term prony series.

Least squares fit for viscoelastic material constants.

Table definitions for strain rate effects in material type 24.

Improved treatment of free flying nodes after element failure.

Automatic projection of nodes in CONTACT_TIED to eliminate gaps in 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.

Airbag reference geometry speed improvements by using the reference geometry for
the time step size calculation.

Isotropic airbag material may now be directly for cost efficiency.

Airbag fabric material damping is specified as the ratio of critical damping.
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Ability to attach jets to the structure so the airbag, jets, and structure to move
together.

PVM 5.1 Madymo coupling is available.

Meshes are generated within LS-DYNA3D for all standard contact entities.

Joint damping for translational motion.

Angular displacements, rates of displacements, damping forces, etc. in INTFORC
file.

Link between LS-NIKE3D to LS-DYNAZ3D 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.

Capabllltles added in 1996-1997 in Version 940:

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

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

Lease 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 (MTS) 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 element.

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

Improved searching for the a_3, a_5 and a10 contact types.

Invariant results on shared memory parallel machines with the a_n contact types.
Thickness offsets in type 8 and 9 tie break contact algorithms.

Bucket sort frequency can be controlled by a load curve for airbag applications.
In automatic contact each part ID 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 thickness in types a_3, a_5, al0, 13,
and 26 contact.

Force transducers to obtain reaction forces in automatic contact definitions. Defined
manually via segments, or automatically via part 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

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

Fabric porosity added as part of the airbag constitutive model .

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 area
IS 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-DYNA contact options.

-Element with fluid + void and void material

-Element with multi-materials and pressure equilibrium

Nodal inertia tensors.

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

2D plane strain shell element

2D axisymmetric shell element.

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

Most material types supported for 2D elements.

Interactive 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.

Capabllltles 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, allows control over the

refinement level and location of elements to be adapted.

A root identification file, ADAPT.RID, gives the parent element ID for adapted

elements.

Draw bead box option,*DEFINE_BOX_DRAWBEAD, simplifies drawbead input.

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 simulations is available.

2D automatic non-interactive rezoning as in LS-DYNAZ2D.

2D plane strain and axisymmetric element with 2x2 selective-reduced integration are

implemented.

Implicit 2D solid and plane strain elements 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
*MAT_STRAIN_RATE_DEPENDENT_PLASTICITY
*MAT_PIECEWISE_LINEAR_PLASTICITY
*MAT_RATE_SENSITIVE_POWERLAW_PLASTICITY
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*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 a load 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, is added to Steinberg-
Guinan plasticity model.
» Rate sensitive foam model, *MAT_FU_CHANG_FOAM, has been extended to
include engineering strain rates, etc.
e Model, *MAT_MODIFIED_PIECEWISE_LINEAR_PLASTICITY, is added for
modeling the failure of aluminum.
* Material model, *MAT_SPECIAL_ ORTHOTROPIC, added for television shadow
mask problems.
» Erosion strain is implemented for material 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 stress initialization, 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, [bricks first optional]

» A through thickness Gauss integration rule with 1-10 points is available for shell
elements. Previously, 5 were available.

» Shell element formulations can be changed in a full 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 simplifies dummy positioning.

» Prescribing displacements, velocities, and accelerations is now possible for rigid body
nodes.

* One way flow is optional for segmented airbag interactions.

» Pressure time history input for airbag type, LINEAR_FLUID, can be used.
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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. This option 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 slack 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. This is optional 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. This insures that at least a single state is contained in each D3PLOT
file and eliminates the 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 data from the D3THDT file. See
*DATABASE_ EXTENT_BINARY and column 25 of the 19th control card in the
structured input.

After dynamic relaxation completes, a file is written giving the displaced state which
can be used for stress initialization 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 available in the near future. The
implicit capabilities for MPP require the development of a scalable eigenvalue solver, which is
under development for a later release of LS-DYNA.

Incompressible flow solver is available. 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)

An internally 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 via the *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).

Fixed rigid walls PLANAR and PLANAR_FINITE are represented in the binary
output file by a single shell element.

Interference fits can be modeled with the INTERFERENCE option in contact.
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* 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 mechanics is available to smooth the post-failure reduction of the resultant
forces in the constitutive model *MAT_SPOTWELD_DAMAGE.

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

A shape memory alloy material is available: *MAT_SHAPE_MEMORY.

+ Reference geometry for material, *“MAT_MODIFIED_HONEYCOMB, can be set at
arbitrary relative volumes or when the time step size reaches a I|m|t|ng value. This
option is now available for all element types including the fully integrated solid
element.

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

»  Other new constitutive models include for the beam elements:

*MAT_MODIFIED_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_SRATEZ2000
*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 is available:
*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 is implemented 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 quadrilateral shell element is available as a
type 18 shell. This shell is for extracting normal modes and static analysis.

* A CO linear 4-node quadrilateral shell element is implemented as element type 20
with drilling stiffness for normal modes and static analysis.

» Anassumed strain linear brick element is available for normal modes and statics.

» The fully integrated thick shell element has been extended for use in implicit
calculations.

» 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.
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» The 4-node constant strain tetrahedron element has been extended for use in implicit
calculations.

* Relative damping between parts is 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 element.

Acceleration time histories can be prescribed for rigid bodies.

Prescribed motion for nodal rigid bodies is now possible.

Generalized set definitions, i.e., SET_SHELL GENERAL etc. provide much

flexibility in the set definitions.

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

* Added mass by PART ID is written 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 mass is printed.

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

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

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

» The interface 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 is implemented. This element is a fully integrated
version of type 8, the acoustic element (SMP version only).

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

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

* CONSTRAINED_POINTS tie 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
elements 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. This option is activated by adding _INTERIOR
after the GENERAL keyword.

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

» The CADFEM option for ASCII databases is now the default. Their option includes
more significant figures in 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 is in the log file, D3HSP
file, and the MESSAG file.

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

» Each compilation of LS-DYNA is given a unique version number.

» Finite length discrete beams with various local axes options are now available for
material types 66, 67, 68, 93, and 95. In this implementation the absolute value of
SCOOR must be set to 2 or 3 in the *SECTION_BEAM input.

* New discrete element constitutive models are available:

*MAT_ELASTIC_SPRING_DISCRETE_BEAM
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*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's are optional in that the constraints are applied in a local 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" allows for the constant CN to be
replaced by a load 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 a fixed constant or load curve.

» Hybrid inflator model utilizing CHEMKIN and NIST databases is 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 in the *CONTACT definitions.

» If the average acceleration flag is active, the average acceleration for rigid body nodes
is 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 results from 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; translate, 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 development of a scalable eigenvalue solver and a parallel
implementation of the constraint equations into the global matrices. This work is underway. A
later release of version 970 is planned in 2003 that will be scalable for implicit solutions.
Below is list of new capabilities and features:
e MPP  decomposition can be controlled using *CONTROL_MPP_
DECOMPOSITION commands in the input deck.
 The MPP arbitrary Lagrangian-Eulerian fluid capability now works for airbag
deployment in both SMP and MPP calculations.
» Euler-to-Euler  coupling is now available  through  the  keyword
*CONSTRAINED_EULER_TO _EULER.
* Up to ten 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. See the GEOMETRY option of *INITIAL_VOLUME_ FRACTION.
* A new ALE smoothing option is available to accurately predict shock fronts.
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» DATABASE_FSI activates output of fluid-structure interaction data to ASCII file
DBFSI.

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

* A majority 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 files is now available. This option applies to all ASCII
files and results in one binary file that contains all the information normally spread
between a large number of separate ASCII 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.

« An embedded NASTRAN reader for direct reading of NASTRAN input files is
available. This option allows a typical input file for NASTRAN to be read directly
and used without additional input. See the *INCLUDE_NASTRAN keyword.

« Names in the keyword input can represent numbers if 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.

* ID’s have 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. This will is available upon customer request since it requires linking to an
ADAMS library file.

» Penetration warnings for the contact option, ignore initial penetration, 1 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 exists to error terminate. See *CONTROL_CONTACT.

» 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.

* A new option for terminating a calculation is available, *TERMINATION_CURVE.

« A 10-noded tetrahedron solid element is available with either a 4 or 5 point
integration rule. This element can also be used for implicit solutions.

* Anew 4 node linear shell element is available that is based on Wilson’s plate element
combined with a Pian-Sumihara membrane element. This is shell type 21.
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* A shear panel element has been added for linear applications. This is shell type 22.
This element can also be used for implicit solutions.

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

» A scalar node can be defined for spring-mass systems. The keyword to define this
node is *NODE_SCALAR. This node 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 is a 12 node solid element.

* A beam OFFSET option is available 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 node is available in the *ELEMENT_BEAM definition for NASTRAN
compatibility.

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

» An optional checking of shell elements to avoid abnormal terminations is available.
See *CONTROL_SHELL. If this option 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.

* An offset option is added to the inertia definition.  See *ELEMENT _
INERTIA_OFFSET keyword. This allows the inertia tensor 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.

* An improved interior contact has been implemented to handle large shear
deformations in the solid elements. A special interior contact algorithm is available
for tetrahedron elements.

* Coupling with MADYMO 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
option in NASTRAN.

» 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 simulations. See the keyword:
*CONTROL_RIGID.

» Center of mass constraints can be imposed on nodal rigid bodies with the SPC option
in either a local or a global coordinate system.
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» 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
translational and cylindrical joints.

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

» The nodal constraint options *CONSTRAINED_INTERPOLATION and
*CONSTRAINED_LINEAR now have a local option to allow these constraints to be
applied in a local 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 versus time seatbelt pretensioner option has been added.

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

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

» Constitutive 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_plasticity_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

« Failure time added to MAT_EROSION for solid elements.

o« 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.

* The material model *MAT_PLASTICITY_WITH_DAMAGE allows the table
definitions for strain rate.

* Improvements in the option *INCLUDE_STAMPED_PART now allow all history
data to be mapped to the crash part from the stamped part. Also, symmetry planes can
be used to allow the use of a single stamping to initialize symmetric parts.
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» Extensive improvements in trimming result in much better elements after the
trimming is completed. Also, trimming can be defined in either a local or global
coordinate system. This is a new option in *DEFINE_CURVE_TRIM.

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

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

» Multiple jetting is now available for the Hybrid and Chemkin airbag inflator models.

» Nearly all constraint types are now handled for implicit solutions.

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

* Penalty option, see *CONTROL_CONTACT, now applies to all *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 is implemented due to it accuracy
over the drill projection.

* Rigid to deformable switching is implemented 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.

» Eigenvalue solutions can be intermittently calculated during a transient 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, is set to 5.

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

» There is an extension of the option, * BOUNDARY_CYCLIC, to symmetry planes in
the global Cartesian system. Also, automatic sorting of nodes on symmetry planes is
now done by 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 frequencies is
implemented, see *DAMPING_FREQUENCY_RANGE.

Many new capabilities were added during 2003-2005 to create version 971 of LS-DYNA.
Initially, the intent was to quickly release version 971 after 970 with the implicit capabilities fully
functional for distributed memory processing using MPI. Unfortunately, the effort required for
parallel implicit was grossly underestimated, and, as a result, the release has been delayed.
Because of the delay, version 971 has turned into a major release. Some of the new features,
listed below, were also added to later releases of version 970. The new explicit capabilities are
implemented in the MPP version and except for one case, in the SMP version as well.
Below is list of new capabilities and features:
» A simplified method for using the ALE capability with airbags is now available with
the keyword *AIRBAG_ALE.
» Case control using the *CASE keyword, which provides a way of running multiple
load cases sequentially within a single run
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* New option to forming contact: *CONTACT_FORMING_ONE_WAY_SURFACE _
TO_SURFACE_SMOOTH, which use fitted surface in contact calculation.

+ Butt weld definition by using the *CONSTRAINED BUTT_WELD option which
makes the definition of butt welds simple relative to the option: *CONSTRAINED _
GENERALIZED WELD BUTT.

» H-adaptive fusion is now possible as an option with the control input, *CONTROL _
ADAPTIVE.

* Added a parameter on, *CONTROL_ADAPTIVE, to specify the number of elements
generated around a 90 degree radius. A new option to better calculate the curvature
was also implemented.

* Added a new keyword: *CONTROL_ADAPTIVE_CURVE, to refine the element
along trimming curves

» Birth and death times for implicit dynamics on the keyword *CONTROL_IMPLICIT
_DYNAMICS.

» Added an option to scale the spot weld failure resultants to account for the location of
the weld on the segment surface, see *CONTROL_SPOTWELD_BEAM.

* Added an option which automatically replaces a single beam spot weld by an
assembly of solid elements using the same ID as the beam that was replaced, see
*CONTROL_SPOTWELD_BEAM.

* Boundary constraint in a local coordinate system using *CONSTRAINED_LOCAL
keyword.

» A cubic spline interpolation element is now available, *CONSTRAINED_SPLINE.

» Static implicit analyses in of a structure with rigid body modes is possible using the
option, *CONTROL_IMPLICIT_INERTIA_RELIEF.

+ Shell element thickness updates can now be limited to part ID’s within a specified set
ID, see the *CONTROL_SHELL keyword. The thickness update for shells can now
be optionally limited to the plastic part of the strain tensor for better stability in crash
analysis.

» Solid element stresses in spot welds are optionally output in the local system using the
SWLOCL parameter on the *CONTROL_SOLID keyword.

« SPOTHIN option on the *CONTROL_CONTACT keyword cards locally thins the
spot welded parts to prevent premature breakage of the weld by the contact
treatments.

* New function: *CONTROL_FORMING_PROJECT, which can initial move the
penetrating slave nodes to the master surface

* New function *CONTROL_FORMING_TEMPLATE, which allows user to easily set
up input deck. Its function includes auto-position, define travel curve, termination
time, and most of the forming parameters for most of the typical forming process.

e New function *CONTROL_FORMING USER, *CONTROL_FORMING

POSITION, and *CONTROL_FORMING_TRAVEL, when used together, can allow

the user to define atypical forming process.

Added new contact type *CONTACT_GUIDED_CABLE.

Circular cut planes are available for *DATABASE_CROSS_SECTION definitions.

New binary database FSIFOR for fluid structure coupllng

Added *DATABASE_BINARY_D3PROP for writing the material and property data

to the first D3PLOT file or to a new database D3PROP.

» DATABASE_EXTENT_BINARY has new flags to output peak pressure, surface
energy density, nodal mass increase from mass scaling, thermal fluxes, and
temperatures at the outer surfaces of the thermal shell.

» Eight-character alphanumeric labels can now be used for the parameters SECID,
MID, EOSID, HGID, and TMID on the *PART keyword.

* Two NODOUT files are now written: one for high frequency output and a second for
low frequency output.

» Nodal mass scaling information can now be optionally written to the D3PLOT file.
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» Added option, MASS_PROPERTIES, to include the mass and inertial properties in
the GLSTAT and SSSTAT files.

* Added option in *CONTROL_CPU to output the cpu and elapsed time into the
GLSTAT file.

* Added an option, IERODE, on the *CONTROL_OUTPUT keyword to include
eroded energies by part ID into the MATSUM file. Lumped mass kinetic energy is
also in the MATSUM file as part ID 0.

* Added an option, TET10, on the *CONTROL_OUTPUT keyword to output ten
connectivity nodes into D3PLOT database rather than 4.

* New keyword, *ELEMENT _SOLID_T4TOT10 to convert 4 node tetrahedron
elements to 10 node tetrahedron elements.

* New keyword, *ELEMENT_MASS_PART defines the total additional non-structural
mass to be distributed by an area weighted distribution to all nodes of a given part ID.

* New keyword option, SET, for *INTIAL_STRESS_SHELL_SET allows a set of
shells to be initialized with the state of stress.

* New option allows the number of cpu’s to be specified on the *KEYWORD input.

* Tubular drawbead box option for defining the elements that are included in the
drawbead contact, see *DEFINE_BOX_DRAWBEAD.

* New function: *DEFINE_CURVE_DRAWBEAD, allow user to conveniently define
drawbead by using curves (in x, y format or iges format)

«  New function; *DEFINE_DRAWBEAD BEAM, which allows user to conveniently
define drawbead by using beam part ID, and speC|fy the drawbead force.

* Analytic function can be used in place of load curves with the option *DEFINE_
CURVE_FUNCTION.

» Friction can now be defined between part pair using the *DEFINE_FRICTION input.

* New keyword: *DEFINE_CURVE_TRIM_3D, to allow trimming happens based on
blank element normal, rather than use pre-defined direction

* A new trimming algorithm was added: *DEFINE_CURVE_TRIM_NEW, which
allow seed node to be input and is much faster then the original algorithm.

* A new keyword, *DEFINE_HEX_SPOTWELD_ASSEMBLY, is available to define
a cluster of solid elements that comprise a single spot weld.

* The definition of a vector, see *DEFINE_VECTOR, can be done by defining
coordinates in a local coordinate system.

» The definition of a failure criteria between part pairs is possible with a table defined
using the keyword, *DEFINE_SPOTWELD_FAILURE_RESULTANTS.

* A new keyword, *DEFINE CONNECTION_PROPERTIES is available for defining
failure properties of spot welds.

* Added *DEFINE_SET_ADAPTIVE to allow the adaptive level and element size to
be specified by part ID or element set ID.

» Static rupture stresses for beam type spot welds can be defined in the keyword input,
*DEFINE_SPOTWELD_RUPTURE_STRESS.

» Section properties can be define in the *ELEMENT_BEAM definitions for resultant
beam elements using the SECTION option.

» Physical offsets of the shell reference surface can be specified on the shell element
cards, see the OFFSET option on *ELEMENT_SHELL.

« File names can be located in remote directories and accessed through the *INCLUDE

PART keyword.

« New features to *INCLUDE_STAMPED_PART: two different mirror options, user-
defined searching radius.

* *INTIAL_STRESS_SECTION allows for stress initialization across a cross-section,
which consists of solid elements.

* Anoption, IVATN, is available for setting the velocities of slaved nodes and parts for
keyword, *INITIAL_VELOCITY_GENERATION.

» Twenty-two built-in cross-section are now available in the definition of beam
integration rules, see *INTEGRATION_BEAM.
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» The possibility of changing material types is now available for shells using the user
defined integration rule, see *INTEGRATION_SHELL.

* The interface springback file created by using the keyword, *INTERFACE_
SPRINGBACK is now optionally written as a binary file.

* An optional input line for *KEYWORD allows the definition of a prefix for all file
names created during a simulation. This allows multiple jobs to be executed in the
same directory.

* Body force loads can now be applied in a local coordinate system for *LOAD _
BODY.

» A pressure loading feature allows moving pressures to be applied to a surface to
simulate spraying a surface with stream of fluid through a nozzle. See keyword
*LOAD_MOVING_PRESSURE.

* Thermal expansion can be added to any material by the keyword, *MAT_ADD _
THERMAL_EXPANSION.

» Curves can now be used instead of eight digitized data points in the material model
*MAT_ELASTIC_WITH_VISCOSITY_CURVE

* New options for spot weld failure in *MAT_SPOTWELD, which apply to beam and
solid elements.

» Failure criteria based on plastic strain to failure is added to material *MAT _
ANISOTROPIC_VISCOPLASTIC.

» Strain rate failure criterion is added to material *MAT_MODIFIED_PIECEWISE _
LINEAR_PLASTICITY.

» Strain rate scaling of the yield stress can now be done differently in tension and
compression in material with separate pressure cut-offs in tension and compression in
material model *MAT_PLASTICITY_TENSION_COMPRESSION.

« The RCDC model is now available to predict failure in material *MAT_
PLASTICITY_WITH_DAMAGE.

* Two additional yield surfaces have been added to material *MAT_MODIFIED _
HONEYCOMB to provide more accurate predictions of the behavior of honeycomb
barrier models.

* Unique coordinate systems can be assigned to the two nodal points of material
*MAT_1DOF_GENERALIZED SPRING.

» Poisson’s ratio effects are available in foam defined by load curves in the material
*MAT_SIMPLIFIED RUBBER/FOAM

» Failure effects are available in the rubber/foam material defined by load curves in the
*MAT_SIMPLIFIED RUBBER/FOAM_WITH_FAILURE.

* The material option *MAT_ADD_EROSION now allows the maximum pressure at
failure and the minimum principal strain at failure to be specified.

» Strains rather than displacements can now be used with the material model for
discrete beams, *MAT_GENERAL_NONLINEAR_6DOF_DISCRETE_BEAM.

* New option for MAT _TRANSVERSELY_ANISOTROPIC_ELASTIC PLASTIC
(ECHANGE), which allow two ways to change the Young’s modulus during forming
simulation.

* New Material model: *MAT_HILL_3R: includes the shear term in the yield surface
calculation by using Hill’s 1948 an-isotropic material model.

e New Material model: *MAT_KINEMATIC_HARDENING_TRANSVERSELY
ANISOTROPIC: which integrates Mat #37 with Yoshida’s two-surface kinematic
hardening model.

* Improved formulation for the fabric material, *MAT_FABRIC for formulations 2, 3,
and 4. The improved formulations are types 12, 13, and 14.

» Constitutive models added for truss elements:

*MAT_MUSCLE
For beam elements
*MAT_MOMENT-CURVATURE
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For shell elements
*MAT_RESULTANT_ANISOTROPIC
*MAT_RATE_ SENSITIVE_COMPOSITE_FABRIC.
*MAT_SAMP-1
*MAT_SHAPE_MEMORY is now implemented for shells.
for shell and solid elements:
*MAT_ BARLAT_YLD2000 for anisotropic aluminum alloys.
*MAT_SIMPLIFIED _RUBBER_WITH_DAMAGE
*MAT_VISCOELASTIC_THERMAL
*MAT_THERMO_ELASTO_VISCOPLASTIC_CREEP
for the solid elements:
*MAT_ARUP_ADHESIVE
*MAT_BRAIN_LINEAR_VISCOELASTIC.
*MAT_CSCM for modeling concrete.
*MAT_PLASTICITY_COMPRESSION_TENSION_EOS for modeling ice.
*MAT_COHESIVE_ELASTIC
*MAT_COHESIVE_TH
*MAT_COHESIVE_GENERAL
*MAT_EOS GASKET
*MAT_SIMPLIFIED_JOHNSON_COOK is now implemented for solids.
*MAT_PLASTICITY_WITH_DAMAGE is now implemented for solids.
*MAT_SPOTWELD DAIMLERCHRYSLER
« User defined equations-of-state are now available.
* There is now an interface with the MOLDFLOW code.
» Damping defined in *DAMPING_PART_STIFFNESS now works for the Belytschko
—Schwer beam element.
» The option *NODE_TRANSFORMATION allows a node set to be transformed based
on a transformation defined in *DEFINE_TRANSFORMATION.
» Parameters can be defined in FORTRAN like expressions using *PARAMETER_
EXPRESSION.
» A part can be moved in a local coordinate system in *PART_MOVE.
* A simplified method for defining composite layups is available with *PART_
COMPOSITE
* The rigid body inertia can be changed in restart via *CHANGE_RIGID_BODY _
INERTIA.
» A part set can now be defined by combining other part sets in *SET_PART_ADD.
» Termination of the calculation is now possible if a specified number of shell elements
are deleted in a give part ID. See *TERMINATION_DELETED_SHELLS.
« Added hourglass control type 7 for solid elements for use when modeling hyperelastic
materials.
» Shell formulations 4, 11, 16, and 17 can now model rubber materials.
» Added a new seatbelt pretensioner type 7 in which the pretensioner and retractor
forces are calculated independently and added.
* A new composite tetrahedron element made up from 12 tetrahedron is now available
as solid element type 17.
» Shell thickness offsets for *SECTION_SHELL now works for most shell elements,
not just the Hughes-Liu shell.
* The Hughes-Liu beam has been extended to include warpage for open cross-sections.
» Arresultant beam formulation with warpage is available as beam type 12.
* Two nonlinear shell elements are available with 8 degrees-of-freedom per node to
include thickness stretch.
» Tetrahedron type 13, which uses nodal pressures, is now implemented for implicit
applications.
» Cohesive solid elements are now available for treating failure.
» Seatbelt shell elements are available for use with the all seatbelt capabilities.
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» Superelements can now share degrees-of-freedom and are implemented for implicit

applications under MPI.

A user defined element interface is available for solid and shell elements.

Thermal shells are available for treating heat flow through shell elements.

EFG shell formulations 41 and 42 are implemented for explicit analysis.

EFGPACK is implemented in addition to BCSLIB-EXT solver on the keyword

*CONTROL_EFG.

» EFG MPP version is available for explicit analysis.

» EFG fast transformation method is implemented in the EFG solid formulation.

» EFG Semi-Lagrangian kernel and Eulerian kernel options are added for the foam
materials.

» EFG 3D adaptivity is implemented for the metal materials.

» EFG E.O.S. and *MAT_ELASTIC_FLUID materials are included in the 4-noded
background element formulation.

» Airbag simulations by using ALE method can be switched to control volume method
by *ALE_CV_SWITCH.

» *MAT_ALE_VISCOUS now supports Non-Newtonian viscosity by power law or
load curve.

 *DATABASE_BINARY_FSIFOR outputs fluid-structure interaction data to binary
file.

» *DATABASE_FSI_SENSOR outputs ALE element pressure to ASCII file dbsor.

« *MAT_GAS_MIXTURE supports nonlinear heat capacities.

« *INITIAL_VOLUME_FRACTION_GEOMETRY uses an enhanced algorithm to
handle both concave and convex geometries and substantially reduce run time.

* A new keyword *DELETE_FSI allows the deletion of coupling definitions.

» Convection heat transfer activates by *LOAD_ALE_CONVECTION in ALE FSI
analysis.

 *ALE_FSI_SWITCH_MMG is implemented to switch between ALE multi-material
groups to treat immersed FSI problems.

» Type 9 option is added in *ALE_REFERENCE_SYSTEM_GROUP to deal complex
ALE mesh motions including translation, rotation, expansion and contraction, etc.

«  New options in *CONSTRAINED_LAGRANGE_IN_SOLID

Shell thickness option for coupling type 4.
Bulk modulus based coupling stiffness.
Shell erosion treatment.

Enable/disable interface force file.

* New coupling method for fluid flowing through porous media are implemented as
type 11 (shell) and type 12 (solid) in *CONSTRAINED LAGRANGE_IN_SOLID.

« *ALE_MODIFIED_STRAIN allows multiple strain fields in certain ALE elements to
solve sticking behavior in FSI. (MPP underdevelopment)

 *ALE_FSI_PROJECTION is added as a new constraint coupling method to solve
small pressure variation problem. (MPP underdevelopment)

* *BOUNDARY_PRESCRIBED_ORIENTATION_RIGID is added as a means to
prescribe as a function of time the general orientation of a rigid body using a variety
of methods. This feature is available in release R3 and higher of Version 971.

* *BOUNDARY_PRESCRIBED_ACCELEROMETER_RIGID is added as a means to
prescribe the motion of a rigid body based un experimental data gathered from
accelerometers affixed to the rigid body. . This feature is available in release R3 and
higher of Version 971.
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MATERIAL MODELS

Some of the material models presently implemented are:

elastic,

orthotropic elastic,

kinematic/isotropic plasticity [Krieg and Key 1976],
thermoelastoplastic [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 1987a 1987b],
thermal orthotropic with 12 curves,

piecewise linear isotropic plasticity,

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

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 hysteresis,
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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],

* 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 this manual. 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 1.1 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:

» It is incrementally objective (rigid body rotations do not generate strains), allowing
for the treatment of finite strains that occur in many practical applications;

» It is compatible 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 DYNAS3D brick elements to be used with this
shell element;

e |tincludes finite transverse shear strains;

» A through-the-thickness thinning option (see [Hughes and Carnoy 1981]) is also
available.
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All shells in our current LS-DYNA code must satisfy these desirable traits to at least some extent
to be useful in metalforming and crash simulations.

The major disadvantage of the HL element turned out to be cost related and, for this
reason, within a year 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 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 results in 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 a typical 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. Obviously, 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. An improved
transverse shear treatment also allows the element to pass the Kirchhoff patch test. This element
is now available in 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 is recommended 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 be included as parts of a rigid 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 this rigid 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 special fully integrated three and four node membrane element is available.
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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
general definition of arbitrarily shaped cross sections taking into account material nonlinearities.

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

Solid elements in 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 elements, 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 elements fail. However, it is well 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 is favorably used for shell-brick transitions, as no additional constraint conditions are
necessary. However, care has to be taken to know in which direction the shell assumptions are
made; therefore, the numbering of the element is important.

Seatbelt elements can be separately defined to model seatbelt actions combined with
dummy models. Separate definitions of seatbelts, which are one-dimensional elements, with
accelerometers, sensors, pretensioners, retractors, and sliprings are possible. The actions of the
various seatbelt definitions can also be arbitrarily combined.
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Figurel.l. 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 is identified as a master surface and the other as a slave. 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 slave and master surfaces, respectively, must slide. In general, an input for the
contact-impact algorithm requires that a list 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. More than 20 types of interfaces can
presently be defined including:

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

tied,

sliding, impact, friction,

single surface contact,

discrete nodes impacting surface,

discrete nodes tied to surface,

shell edge tied 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 nodes to 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 sliding only
interface options are similar to the two-dimensional algorithm used in LS-DYNA2D [Hallquist
1976, 1978, 1980]. Unlike the 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 a rigid body with a flexible body, either the sliding interface definitions as
explained above or the geometric contact entity contact can be used. Currently, the geometric
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contact entity definition is recommended for metalforming problems due to high accuracy and
computational efficiency.

INTERFACE DEFINITIONSFOR 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 data may
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 a large 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 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 a full model can provide enough interface data for many component analyses. The
interface feature represents a powerful extension of LS-DYNA’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.

PRECISION

The explicit time integration algorithms used in LS-DYNA are in 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 computersonly!):

* 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 problems, which are very sensitive to small imperfections.

However, the users of LS-DYNA have to be aware of potential problems.

A major reorganization of LS-DYNA has led to a version using double precision
throughout the full program. As memory and disk space of the computer is less of a problem, we
prefer to provide this version for all machines. It also allows LS-DYNA to take advantage of the
64-bit technology offered by many computer manufacturers.
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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. Many keywords have options that are
identified as follows: “OPTIONS’ and “{OPTIONS}”. The difference is that “OPTIONS’
requires that one of the options must be selected to complete the keyword command. The option
<BLANK?> is included when {} are used to further indicate that these particular options are not
necessary to complete the keyword.

LS-DYNA User’s Manual is alphabetically organized in logical sections of input data.
Each logical section relates to a particular input. There is a control section for resetting LS-
DYNA 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 all 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 y
10201 X y y
$ 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
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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 a new block. A keyword must be left justified with the “*” contained in column
one. A 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 all 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 GS.1 attempts to show the general philosophy of the input organization and how
various entities relate to each other. In this figure the data included for the keyword,
*ELEMENT, is the element identifier, EID, the part identifier, PID, and the nodal points
identifiers, 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,
a material 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 data is 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 data into the output file D3HSP (default name) as in 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, this is 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
~_ -

*ELEMENT EID PID N1 N2 N3 N4
»

*PART PID SID MID EOSID HGID

y S v/
*SECTION_SHELL SID EkFORM/SHR}: fIP PROPT QR ICOMP

)/ e g 7
*MAT_ELASTIC MID RO E /PR/ DA DB
Y
*EOS EOSE/ 7

*HOURGLASS HGID

Figure GS.1 Organization of the keyword input.
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The input data following each keyword can be input in free format. In the case of free
format input the data is separated by commas, i.e.,

*NODE

10101,x .y ,z

10201,x \y ,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 18 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 case insensitive 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 the 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 as tires and
pneumatic dampers.

*ALE
This keyword provides a way of defining input data pertaining to the Arbitrary-Lagrangian-
Eulerian capability.

*BOUNDARY

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

*CASE

This keyword option provides a way of running multiple load cases sequentially. Within each
case, the input parameters, which include loads, boundary conditions, control cards, contact
definitions, initial conditions, etc., can change. If desired, the results from a previous case can be
used during initialization. Each case creates unique file names for all output results files by
appending “CIDn.” to the default file name.

*COMPONENT
This section contains analytical rigid body dummies that can be placed within vehicle and
integrated implicitly.
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*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 is divided in to three main sections. The *CONTACT section allows 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 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
2 TIED_SURFACE_TO_SURFACE
3 SURFACE_TO_SURFACE
a3 AUTOMATIC_SURFACE_TO_SURFACE
4 SINGLE_SURFACE
5 NODES_TO_SURFACE
a5 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
a 10 AUTOMATIC_ONE_WAY_SURFACE_TO_SURFACE
13 AUTOMATIC_SINGLE_SURFACE
a13 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 a rigid 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
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option is particularly valuable in coupling with the rigid body occupant modeling codes
MADYMO and CAL3D. The *CONTACT_1D is for 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.

*DEFINE

This section allows the user to define curves for loading, constitutive behaviors, etc.; boxes to
limit the geometric extent of certain inputs; local coordinate systems; vectors; and orientation
vectors specific to spring and damper elements. ltems 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.

*EF

Exchange factors characterize radiative heat transfer between collections of flat surfaces, the
union of which is a closed surface (an enclosure). LS-DYNA can calculate exchange factors and
then use them as boundary conditions for thermal runs. The (i,j)™ element of an exchange factor
matrix, Ej;, is the fraction of the Stefan-Boltzman surface energy radiated from surface i that is
absorbed by surface j. LS-DYNA employs a Monte Carlo algorithm to calculate these exchange
factors. For each surface, LS-DYNA simulates photon emission one photon at a time. For each
photon, LS-DYNA generates a random initial position on the emitting surfaces as well as a
random initial direction that points into the enclosure. LS-DYNA ray traces each photon until it
is absorbed. The path of a simulated photon can be complex involving multiple diffuse and
specular reflections as well as multiple diffuse and specular transmissions. The results of this
Monte Carlo algorithm are used to assemble a matrix that is related to the exchange factor
matrix, for which, the (i,j)" entry contains the number of photons emitted from surface i that are
absorbed by surface j. From this matrix LS-DYNA then assembles the exchange factor matrix.

*ELEMENT
Define identifiers and connectivities for all elements which include shells, beams, solids, thick
shells, springs, dampers, seat belts, and concentrated masses in LS-DYNA.
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*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 refers to 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 is very 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 all 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. Quadrature rules in the *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 *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 a large 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-DYNA 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-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 a full model can provide
enough interface data for many component analyses. The interface feature represents a powerful
extension of LS-DYNA'’s analysis capabilities.
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*KEYWORD

Flags LS-DYNA that the input deck is a keyword 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
EXECUTION LINE OVERRIDES MEMORY SPECIFIED ON THE *KEYWORD CARD.

*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.

*PARAMETER

This option provides a way of specifying numerical values of parameter names that are
referenced throughout the input file. The parameter definitions, if used, should be placed at the
beginning of the input file following *KEYWORD. *PARAMETER_EXPRESSION permits
general algebraic expressions to be used to set the values.

*PART

This keyword serves two purposes.

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

2. Optionally, in the case of a rigid 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 is invoked on the *PART card, i.e., *PART_REPOSITION.

*PERTURBATION
This keyword provides a way of defining deviations from the designed structure such as,
buckling imperfections.

*RAIL

This keyword provides a way of defining a wheel-rail contact algorithm intended for railway
applications but can also be used for other purposes. The wheel nodes (defined on
*RAIL_TRAIN) represent the contact patch between wheel and rail.

*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 translational velocity or displacement. Unlike the planar walls, the motion of the
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geometric wall is governed by a load curve. Multiple geometric walls can be defined to model
combinations of geometric shapes available. For example, a wall 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.

*SECTION

In this section, the element formulation, integration rule, nodal thicknesses, and cross sectional
properties are defined. All section identifiers (SECID’s) defined in this section must be unique,
i.e., if a number is used as a section ID for a beam element then this number cannot be used again
as a section ID for a solid element.

*SENSOR

This keyword provides a convenient way of activating and deactivating boundary conditions,
airbags, discrete elements, joints, contact, rigid walls, single point constraints, and constrained
nodes. The sensor capability is new in the second release of version 971 and will evolve in later
releases to encompass many more LS-DYNA capabilities and replace some of the existing
capabilities such as the airbag sensor logic.

*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 a list 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 .

*TERMINATION

This keyword provides an alternative way of stopping the calculation before the termination time
is reached. The termination time is specified on the *CONTROL_TERMINATION input and
will terminate the calculation whether or not the options available in this section are active.

*TITLE
In this section a title for the analysis is 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 a restart input defining changes to the model such as deleting contacts,
materials, elements, switching materials from rigid to deformable, deformable to rigid, etc.
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*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 a rigid wall.

*STRESS INITIALIZATION
This is 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 additions is needed if this option is invoked upon restart.

SUMMARY OF COMMONLY USED OPTIONS

The following table gives a list of the commonly used keywords related by topic.

Table GS.1. 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 (which is *PART
composed of
Material and
Section, equation
of state and
hourglass data)
Material *MAT_Option
Sections *SECTION_BEAM

Discrete sections

Equation of state
Hourglass

*SECTION_SHELL
*SECTION_SOLID
*SECTION_TSHELL
*SECTION_DISCRETE
*SECTION_SEATBELT
*EOS_Option
*CONTROL_HOURGLASS
*HOURGLASS

Contacts and
Rigid walls

Defaults for contacts
Definition of contacts
Definition of rigid walls

*CONTROL_CONTACT
*CONTACT _Option
*RIGIDWALL_Option

LS-DYNA Version 971
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Table GS.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 *LOAD_SEGMENT _Option
*LOAD_SHELL_Option
Thermal load *LOAD_THERMAL_Option
Load 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
Binary plot, time history *DATABASE_BINARY_Option
and restart files
Items in time history blocks | *DATABASE_HISTORY_Option
Nodes for nodal reaction *DATABASE_NODAL_FORCE_GROUP
output
Termination | Termination time *CONTROL_TERMINATION
Termination cycle *CONTROL_TERMINATION
CPU termination *CONTROL_CPU
Degree of freedom *TERMINATION_NODE

EXECUTION SYNTAX
The interactive execution line for LS-DYNA is as follows:

LS-DYNA I=inf O=otf G=ptf D=dpf F=thf U=xtf T=tpf A=rrd M=sif J=jif S=iff Z=isfl
L=isf2 B=rIf W=root E=efl X=scl C=cpu K=kill V=vda Y=c3d BEM=bof {KEYWORD}
{THERMAL} {COUPLE} {INIT} MEMORY=nwds NCPU= ncpu PARA=para
ENDTIME=time NCYCLE=ncycle JOBID=jobid D3PROP=d3prop

where

inf = input file (user specified)

otf = high speed printer file (default=D3HSP)

ptf = binary plot file for graphics (default=D3PLQOT)

dpf = dump file for restarting (default=D3DUMP). This file is written at the end of
every run and during the run as requested in the input. To stop the generation of
this file set the file name to NODUMP.

thf = binary plot file for time histories of selected data (default=D3THDT)
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xtf = binary plot file for time extra data (default-XTFILE)
tpf = optional temperature file
rrd = running restart dump file (default=RUNRSF)
sif = stress initialization file (user specified)
jif = optional JOY interface file
iff = interface force file (user specified)
isf1 = interface segment save file to be created (user specified)
isf2 = existing interface segment save file to be used (user specified)
rif = binary plot file for dynamic relaxation (default=D3DRFL)
efl = echo file containing optional input echo with or without node/element data
root = root file name for general print option
scl = scale factor for binary file sizes (default=7)
cpu = cpu limitin seconds, applies to total calculation not just cpu from a restart
kill = if LS-DYNA encounters this file name it will terminate with a restart file
(default=D3KIL)
vda = VDAJ/IGES database for geometrical surfaces
c3d = CAL3D input file
bof = *BOUNDARY_ELEMENT_METHOD_ACOUSTIC output file
nwds = Number of words to be allocated. On engineering workstations a word is
usually 32bits. Thisnumber overwritesthe memory size specified on the
*KEYWORD card at the beginning of the input deck.
ncpu = Overrides NCPU and CONST defined in *CONTROL_PARALLEL. A positive
value sets CONST=2 and a negative values sets CONST=1. See the
*CONTROL_PARALLEL command for an explanation of these parameters. The
*KEYWORD command provides an alternative way to set the number of CPUSs.
npara = Overrides PARA defined in *CONTROL_PARALLEL.
time = Overrides ENDTIM defined in *CONTROL_TERMINATION.
ncycle = Overrides ENDCY C defined in *CONTROL_TERMINATION.
jobid = Character string which acts as a prefix for all output files. Maximum length is 72
characters. Do not include the following characters: ) (*/?\.
d3prop = See *DATABASE_BINARY_D3PROP input parameter IFILE for options.

In order to avoid undesirable or confusing results, each LS-DYNA run should be
performed in a separate directory, unless using the command line parameter “jobid” described
above. If rerunning a job 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 is
the 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 COUPLE 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 is required. 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
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required memory is unknown. Generally, this option would be used at the beginning of a new
calculation.

If the word MEMORY 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. This option is necessary if the default value is insufficient memory and
termination occurs as a result. Occasionally, the default value is too large for execution and this
option can be used to lower the default size. Memory can also be specified on the
*KEYWORD card.

SENSE SWITCH CONTROLS

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

Type Response

SW1. A restart file is written and LS-DYNA terminates.
SW2. LS-DYNA responds with time and cycle numbers.
SW3. A restart file is written and LS-DYNA continues.
SW4. A plot state is written and LS-DYNA continues.

SW5. Enter interactive graphics phase and real time visualization.
SWY. 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.

Type Response (I mplicit M ode Only)

Iprint Enable/Disable printing of equation solver memory, cpu requirements.
nlprint  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/LINUX 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 a file called 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 file is equivalent to a "sw1."

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.
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Procedurefor LS-DYNA/M PP

As described above the serial/SMP code supports the use of the SIGINT signal (usually Ctrl-C)
to interrupt the execution and prompt the user for a "sense switch.” The MPP code also supports
this capability. However, on many systems a shell script or front end program (generally
"mpirun”) is required to start MPI applications. Pressing Ctrl-C on some systems will kill this
process, and thus kill the running MPP-DYNA executable. As a workaround, when the MPP
code begins execution it creates a file named "bg_switch" in the current working directory. This
file contains the following single line:

rsh <machine name> kill -INT <PID>
where <machine name> is the hostname of the machine on which the root MPP-DYNA process
is running, and <PID> is its process id. (on HP systems, "rsh" is replaced by "remsh™). Thus,

simply executing this file will send the appropriate signal.

For more information about running the LS-DYNA/MPP Version see Appendix O.
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Files. Input and Output

input stress restart interface vda geometry
initialization segment
I = M= R= = V=

CAL3D THERMAL
input \ / ]fll_ le

LS-DYNA

printer file raphics restart
grap dump
O = d3hsp G=d3plot D = d3dump
time histories running restart
messag dump
f = d3thdt A = runrsf
input echo interface force interface
segment save
E= S = /=
dynamic
ASCII ;
relaxation
Database B = d3drfl
Figure GS.2
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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 a
single file to hold either a restart dump or a plot state. Then the file 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-DYNA to terminate with a restart
file. During a restart, cpu should be set to the total cpu used up to the current restart plus
whatever amount of additional time is wanted.

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=isf1 L=isf2
B=rIf W=root E=efl X=scl C=cpu K=kill Q=option KEYWORD MEMORY =nwds

where
rtf = restart filename.

The adaptive dump files contain all information required to successfully restart so that no other
files are needed except when CAD surface data is used. When restarting a problem that uses
VDAVJIGES surface data, the vda input file must be specified, e.g.:

LS-DYNA R=d3dumpO01 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 is 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 the first analysis is given
by:
LS-DYNA I=inf Z=isf1
and in the second by:
LS-DYNA I=inf L=isf1

Batch execution in some installations (e.g., GM) is controlled by file NAMES on unit
88. NAMES is a 2 line file in which the second line is blank. The first line of NAMES contains
the execution line:
I =inf

if this is the initial run. For a restart the execution line becomes:
|=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-DYNA restart capability allows analyses to be broken down into stages. After
the completion of each stage in the calculation a “restart dump” is written 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 analyses is 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 also help to diagnose why a model is giving problems. By restarting
from a dump that is written before the occurrence of a numerical 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 this file restartinpuit.

2. By invoking the execution line:
LS-DYNA I=restartinput R=D3DUMPnn
execution begins. If no alterations to the model are made, then the execution line:
LS-DYNA R=D3DUMPNN

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

The R=D3DUMPnN on the status line informs the program that this is a restart analysis.

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 applications include:

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

Assume an analysis is run using the input file, jobl.inf, and a restart dump named
d3dumpO1 is created. A new input file job2.inf is generated and submitted as a restart with
R=d3dump01 as the dump file. The input file job2.inf contains the entire model in its original
undeformed state but with more contact surfaces, new output databases, and so on. Since this is
a restart job, information must be given to tell LS-DYNA which parts of the model should be
initialized in the full deck restart. When the calculation begins the restart database contained in
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the file d3dumpO1 is read, and a new database is created to initialize the model in the input file,
job2.inf. The data in file job2.inf is read 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 d3dump0l. This means that the deformed position and
velocities of the nodes on the elements of each part, and the stresses and strains in the elements
(and, if the material of the part is rigid, the rigid 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 give rise to sudden spikes in loading.

Points to note are:

» Time and output intervals are continuous with jobl, i.e., the time is 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 jobl.

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

VDA/IGESDATABASES

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 surfaces is twofold. 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. This is a big advantage in
springback calculations.

A very simple and general handling of VDA surfaces is possible allowing arbitrary
motion and generation of surfaces. For a detailed description, see Appendix L.
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L S-PrePost®

LS-DYNA is designed to operate with a variety of commercial pre- and post-processing
packages. Currently, direct support is available from TRUEGRID, PATRAN, eta/VPG,
HYPERMESH, EASI-CRASH DYNA and FEMAP. Several third-party translation programs are
available for PATRAN and IDEAS.

Alternately, the pre- and post-processor LS-PrePost is available from LSTC and is
specialized for LS-DYNA. LS-PrePost is an advanced pre- and post-processor that is delivered
free with LS-DYNA. The user interface is designed to be both efficient and intuitive. LS-
PrePost runs on Windows, Linux, and Unix, utilizing OpenGL graphics to achieve fast model
rendering and XY plotting.

Some of the capabilities available in LS-PrePost are:
» Complete support for all LS-DYNA keyword data.

» Importing and combining multiple models from many sources (LS-DYNA keyword,
IDEAS neutral file, NASTRAN bulk data, STL ascii, and STL binary formats).

» Improved renumbering of model entities.
* Model Manipulation: Translate, Rotate, Scale, Project, Offset, Reflect

 LS-DYNA Entity Creation: Coordinate Systems, Sets, Parts, Masses, CNRBs,
Boxes, Spot welds, SPCs, Rigidwalls, Rivets, Initial Velocity, Accelerometers, Cross
Sections, etc.

* Mesh Generation: 2Dmesh Sketchboard, nLine Meshing, Line sweep into shell, Shell
sweep into solid, Tet-Meshing, Automatic surface meshing of IGES and VDA data,
Meshing of simple geometric objects (Plate, Sphere, Cylinder)

» Special Applications: Airbag folding, Dummy positioning, Seatbelt fitting, Initial
penetration check, Spot weld generation using MAT_100

» Complete support of LS-DYNA results data file: d3plot file, d3thdt file, All ascii
time history data file, Interface force file

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.

LS-DYNA generates three binary databases. One contains information for complete
states at infrequent intervals; 50 to 100 states of this sort is typical in a LS-DYNA calculation.
The second contains information for a subset of nodes and elements at frequent intervals; 1000 to
10,000 states is typical. The third contains interface data for contact surfaces.
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File Organization
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Animations
Figure GS.3
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EXECUTION SPEEDS

The relative execution speeds for various elements in LS-DYNA 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 5
control
constant stress and Flanagan-Belytschko hourglass 7

control, 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
CoO 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 1
8 node solid-shell with four thickness integration points 11

SN

NO P~ NW

These relative timings are very approximate. Each interface node of the sliding interfaces is
roughly equivalent to one-half zone cycle in cost. Figure GS.3 illustrates the relative cost of the
various shell formulations in LS-DYNA.

Qowo.f scow
10

BT BTW BL BWC CHL HL FBT CFHL FHL
gement  Type _Fully Integrated elements

Figure GS4 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 is the fully integrated Hughes-Liu shell, and
the CFHL shell is its co-rotational version.
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UNITS

The units in LS-DYNA must be consistent. One way of testing whether a set of units is

consistent is to check that:

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

and that 1 (acceleration unit) =

1(lengthunit)

[1 (timeunit)

Examples of sets of consistent units are:

(@) (b) (©
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 Steel 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 13.4 13.4E+03 13.4

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 cardsare 8 fieldswith alength 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 HAZ
Type | | F F F |
Default none none 1.0 1.0 0 1
Remarks 1 2 3

The type is the variable type and is either F, for floating point or I, 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
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the number which would fit into the equivalent rigid format field. An I8 number is limited 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 a way of defining thermodynamic behavior of the gas
flow into the airbag as well as a reference configuration for the fully inflated bag. The keyword
cards in this section are defined in alphabetical order:

* AIRBAG_OPTION1 {OPTION2} {OPTION3} {OPTION4}
* AIRBAG_ADVANCED _ALE

*AIRBAG_ALE

* AIRBAG_INTERACTION

* AIRBAG_REFERENCE_GEOMETRY_OPTION_OPTION
*AIRBAG_SHELL_ REFERENCE_GEOMETRY
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* AIRBAG_OPTION1 {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

OPTIONZ 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. OPTIONZ2 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 data is read in: OPTIONS takes the single option:

CM
OPTION4 given by:

ID
Specifies that an airbag ID and heading information will be the first card of the airbag definition.
This ID is a unique 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 D3HSP files.

Thefollowing card isread if and only if the ID option is specified.
Note: An D isnecessary for *AIRBAG_INTERACTION.

Optional 1 2-8
Variable ABID HEADING
Type | AT0
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VARIABLE DESCRIPTION
ABID Contact interface ID. This must be a unique number.
HEADING Airbag descriptor. It is suggested that unique descriptions be used.
Card 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 ID
SIDTYP Set type:
EQ.0: segment,
NE.O: part IDs.
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 volume is active from time zero,
EQ. RBID: User sensor subroutine flags the start of the inflation.
Load curves are offset by initiation time. See Appendix D.
VSCA Volume scale factor, Vsca (default=1.0)
PSCA Pressure scale factor, Pscy (default=1.0)
VINI Initial filled volume, Vipj
MWD Mass weighted damping factor, D
SPSF Stagnation pressure scale factor, 0 <=y <=1
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Remarks:

The first card is necessary for all airbag options. The sequence for the following cards
which is different 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 a list 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.

Vsca and Pscy 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 (Pfemodel)- The thermodynamics of
a control volume may be computed in a different unit system; thus, there is a separate volume
(Vevolume) and pressure (Pevolume) Which are used for integrating the differential equations for

the control volume. The conversion is as follows:
\ = (Vscavfemodd ) -V

cvolume —

Premods = Peca P

sca’ cvolume

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

I:id =mD(V| _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.

An alternative, separate damping is based on the stagnation pressure concept. The
stagnation pressure is roughly the maximum pressure on a flat plate oriented normal to a steady
state flow field. The stagnation pressure is defined as p = yoV? where V is the normal velocity
of the control volume relative to the ambient velocity, p is the ambient air density, and y is a

factor which varies from 0 to 1 and has to be chosen by the user. Small values are recommended
to avoid excessive damping.

Sensor I nput to Activate I nflator
Defineif and only if RBID nonzero.

Skip this input if RBID=0. If the rigid 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 a rigid 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. This is important since the default local system is taken
as the principal axes of the inertia tensor. 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 D. 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 1 2 3 4 5 6 7 8
Variable N

Type |

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)

Card 1 2 3 4 5 6 7 8
Variable 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<0)

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

Acceler ation/Velocity/Displacement Activation

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

Variable DVX DVY DVvZz DVMAG

Type F F F F

Default 0 0 0 0

Card

Variable uUXx 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

DVvY

DvZ

DVMAG

uXx

uy

uz

UMAG

DESCRIPTION

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

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

Acceleration level in local 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. This is the cumulative time from the beginning of the
calculation, i.e., it is 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 change is 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

Card 1 2 3 4 5 6 7 8
Variable CN BETA LCID LCIDDR
Type F F | I
Default none none none 0
VARIABLE DESCRIPTION
CN Coefficient. Define if the load curve ID, LCID, is unspecified.

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

BETA Scale factor, . Define if a load curve ID is not specified.
LCID Optional load curve ID defining pressure versus relative volume.
LCIDDR Optional load curve 1D defining the coefficient, CN, as a function of

time during the dynamic relaxation phase.

Remarks:
The relationship is the following:

CN

Pressure= f _
RelativeVVolume

CurrentVolume
I nitial Volume

RelativeVolume =

The pressure is then a function of the ratio of current volume to the initial volume. The constant,
CN, is used to establish a relationship known from the literature. The scale factor B 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 this load curve must be flagged for dynamic relaxation. After
initialization either the constant or load curve ID, [CN]| is used to determine the pressure.

1.8 (AIRBAG) LS-DYNA Version 971




*AIRBAG_SIMPLE_AIRBAG_MODEL *AIRBAG

Additional cardsrequired for SSMPLE_AIRBAG_MODEL option

Card 1 1 2 3 4 5 6 7 8
Variable cVv 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 I F F F F F
Default 0 0. 0. 0. 0. 0.
Remarks 0 optional optional optional optional optional
VARIABLE DESCRIPTION
cVv 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, ux:

LT.0.0: |,u| is the load curve number defining the shape factor as a
function of absolute pressure.

A Exit area, A:
GE.0.0: Ais the exit area and is constant in time,
LT.0.0: |A| is the load curve number defining the exit area as a
function of absolute pressure.

PE Ambient pressure, pe
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VARIABLE DESCRIPTION
RO Ambient density, p
LouU Optional load curve ID giving mass flow out versus gauge pressure in

bag. See *DEFINE_CURVE.
TEXT Ambient temperature. (Define if and only if CV=0.)

A First heat capacity coefficient of inflator gas (e.g., Joules/mole/°K).
(Define if and only if CV=0.)

B Second heat capacity coefficient of inflator gas, (e.g., Joules/mole/°K2).
(Define if and only if Cv=0.)

MW Molecular weight of inflator gas (e.g., Kg/mole). (Define if and only if
Cv=0.)
GASC Universal gas constant of inflator gas (e.g., 8.314 Joules/mole/°K).

(Define if 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 is the density, € is the specific internal energy of the gas, and vy is the
ratio of the specific heats:

yole
C,
From conservation of mass, the time rate of change of mass flowing into the bag is given as:
dM _d™M,, dM,,
dt dt 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 alternative ways. One is to 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 a load curve, then « 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. ——
“=5 MW
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Additional card required for ADIABATIC_GAS MODEL option

Card 1 2 3 4 5 6 7 8
Variable PSF LCID | GAMMA PO PE RO
Type F I 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 1D, 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 volume is
given as:

p=PS-p,

When the first nonzero function value is encountered, the preload phase stops and the ideal gas
law applies for the rest of the analysis. If LCID is zero, 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=(-1pe

where p is the pressure, p is the density, e is the specific internal energy of the gas, and y is the
ratio of the specific heats:
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The pressure above is the absolute pressure, the resultant pressure acting on the control volume
is:

p,=PSF(p- p,)

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

_ Pt P

% o (r-1)
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Additional 4 cardsarerequired for all WANG_NEFSKE models

Card 1 1 2 3 4 5 6 7 8
Variable cv CP T LCT LCMT TVOL LCDT IABT
Type F F F | | F | F
Default none none 0. 0 none 0. 0. not used
Card 2

Variable C23 LCC23 A23 LCA23 CP23 LCCP23 AP23 LCAP23
Type F I F | F | F I
Default none 0 none 0 none 0 0.0 0
Card 3

Variable 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.

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

Type F F F F F I

Default none none none none none none

Define the following card if and only if CV=0. This option allows temperature dependent
heat capacitiesto be defined. See below.

Card 5 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 criteriafor initiating exit flow from the airbag.

Card 5 1 2 3 4 5 6 7 8
Variable 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
VARIABLE DESCRIPTION
cVv Heat capacity at constant volume
ol Heat capacity at constant pressure
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VARIABLE

T

LCT

LCMT

TVOL

LCDT

IABT

C23

LCC23

A23

LCAZ23

CP23

LCCP23

AP23

DESCRIPTION

Temperature of input gas. For temperature variations a load curve, LCT,
may be defined.

Optional load curve number defining temperature of input gas versus
time. This overrides columns T.

Load curve specifying input mass flow rate or tank pressure versus time.
If the tank volume, TVOL, is nonzero the curve ID is assumed to be tank
pressure versus time. 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.

Tank volume which is required only for the tank pressure versus time
curve, LCMT.

Load curve for time rate of change of temperature (dT/dt) versus time.
Initial airbag temperature. (Optional, generally not defined.)

Vent orifice coefficient which applies to exit hole. Set to zero if LCC23
is defined below.

The absolute value, |[LCC23|, is a load curve ID. If the ID is positive, the
load curve defines the vent orifice coefficient which applies to exit hole
as a function of time. If the ID is negative, the vent orifice coefficient is
defined as a function of relative pressure, P, /B,,, see [Anagonye and

ag !

Wang 1999]. A nonzero value for C23 overrides LCC23.

If defined as a positive number, A23 is the vent orifice area which
applies to exit hole. If defined as a negative number, the absolute value
|A23| is a part ID, see [Anagonye and Wang, 1999]. The area of this part
becomes the vent orifice area. Set A23 to zero if LCA23 is defined
below.

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.

Orifice coefficient for leakage (fabric porosity). Set to zero if LCCP23 is
defined below.

Load curve number defining the orifice coefficient for leakage (fabric
porosity) as a function of time. A nonzero value for CP23 overrides
LCCP23.

Avrea for leakage (fabric porosity)

LS-DYNA Version 971
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VARIABLE

LCAP23

PE

RO

GC

LCEFR

POVER

PPOP

OPT

KNKDN

DESCRIPTION

Load curve number defining the area for leakage (fabric porosity) as a
function of (absolute) pressure. A nonzero value for AP23 overrides
LCAP23.

Ambient pressure
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 curve for 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 Siejak
[1990] are used. Blockage is not considered.
EQ. 4. Leakage formulas of Graefe, Krummheuer, and Siejak
[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. Blockage is not considered.
EQ. 6: Leakage formulas based on flow through a porous media are
used. Blockage of venting area due to contact is considered.
EQ. 7: Leakage is based on gas volume outflow versus pressure
load curve. Blockage of flow area due to contact is not considered.
Absolute pressure is used in the porous-velocity-versus-pressure
load curve, given as FAC(P) in the *MAT_FABRIC card.
EQ. 8: Leakage is based on gas volume outflow versus pressure
load curve. Blockage of flow area due to contact is considered.
Absolute pressure is used in the porous-velocity-versus-pressure
load curve, given as FAC(P) in the *MAT_FABRIC card.

Optional load curve ID defining the knock down pressure scale factor
versus time. This option only applies to jetting. The scale factor defined
by this load curve scales the pressure applied to airbag segments which
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VARIABLE DESCRIPTION

do not have a clear line-of-sight to the jet. Typically, at very early times
this 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.

I0C Inflator orifice coefficient
I0A Inflator orifice area
IVOL Inflator volume
IRO Inflator density
IT Inflator temperature
LCBF Load curve defining burn fraction versus time
TEXT Ambient temperature.
A First heat capacity coefficient of inflator gas (e.g., Joules/mole/°K)
B Second heat capacity coefficient of inflator gas, (e.g., Joules/mole/°K?)
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 before initiating exit flow after pop pressure is 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 acceleration 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.
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Remarks:

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

p=(7-1)pe

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

}/:_
C,

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

where pe is the external pressure and p is the internal pressure in the bag. A critical pressure

relationship is defined as:
2 i
chit - (mj

where 7 is the ratio of specific heats:

Q<Qcit then Q= Qcrit

Wang and Nefske define the mass flow through the vents and leakage by

(o)

My, =CA,

and

mgs = Cés A23

el o)
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It must be noted that the gravitational conversion constant has to be given in consistent
units. As an alternative 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 pressure relation is defined:

7
P2 )
chit - pi (7/4_1}

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

Pe=P. if p,2p

Pe=P. if P.<P

where p, is the pressure in the control volume. The mass flow into the control volume is
governed by the equation:

Q?’_Q?’]

y-1

J
m, = Co'Ab\/2 P o

where C,, A,, and p, are the inflator 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,, is

given by:
: % 7%
nairmats 7/ Q _Q
URENER { Y. (FLC(t), FAC(p),- Arean)}-\/z PP \/Q

where, p is the density of airbag gas, nairmats is the number of fabrics used in the airbag, and
Areay, is the current unblocked area of fabric number n.

If OPT set to 3 or 4 then:

nairmats

mo{ 3 (FLca)n-FAcw)n-Arean)] 2(0-p)7

n=1

and for OPT setto 5 or 6:
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nairmats

rm[ 3 (FLca)n-FAc<p>n-Arean)]<p—pm)

n=1

and for OPT set to 7 or 8 (may be comparable to an equivalent model ALE model):

nairmats
My = Y, FLC(t),- FAC(p),- Area, - p,

n=1

Note that for different OPT settings, FAC(p), has different meanings (all units shown just as
demonstrations):

e For OPT of 1, 2, 3 and 4, FAC(P) is unit-less.
e For OPT of 5 and 6, FAC(P) has a unit of (s/m).

e For OPT of 7 or 8, FAC(P) is the gas volume outflow through a unit area per unit time
thus has the unit of speed, i.e. vol = m*/(m* es) = m/s =~ vel(P).

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

(a+bT)
C,=— "
MW

and the constant-volume specific heat is then found from:
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Further additional 2 cardsarerequired 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 a function of time.

Define either card below but not both:

1st additional card of 2 required for WANG_NEFSKE_JETTING option

Card 1 1 2 3 4 5 6 7 8
Variable XJFP YJFP ZJFP XJVH YJVH ZJVH 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

Card 1 1

2 3 4 5 6 7 8
Variable XJFP YJFP ZJFP XIVH YJVH ZIVH 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
LS-DYNA Version 971
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2nd additional card of 2 required for WANG_NEFSKE_JETTING and WANG_NEFSKE_
MULTIPLE_JETTING option

Card 2 1 2 3 4 5 6 7 8
Variable XSJFP YSJFP 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., the virtual origin in Figure 1.1. See
Remark 1 below.
YJFP y-coordinate of jet focal point, i.e., the virtual origin in Figure 1.1.
ZJFP z-coordinate of jet focal point, i.e., the virtual origin in Figure 1.1.
XJVH x-coordinate of jet vector head to defined code centerline
YJVH y-coordinate of jet vector head to defined code centerline
ZJVH z-coordinate of jet vector head to defined code centerline
CA Cone angle, «, defined in radians.
LT.0.0: |a| is the load curve 1D defining cone angle as a function of
time
LCIRV Load curve ID giving the spatial jet relative velocity distribution, see
Figures 1.2 and 1.3. The jet velocity is determined from the inflow mass
rate and scaled by the load curve function value corresponding to the
value of the angle . Typically, the values on the load curve vary
between 0 and unity. See *DEFINE_CURVE.
BETA Efficiency factor, £, which scales the final value of pressure obtained

from Bernoulli’s equation.
LT.0.0: |ﬁ| is the load curve ID defining the efficiency factor as a

function of time
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VARIABLE DESCRIPTION

XSJFP x-coordinate of secondary jet focal point, passenger side bag. If the

coordinates of the secondary point are (0,0,0) then a conical jet (driver’s
side airbag) is assumed.

YSJFP 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 elements are included
in the airbag.
ANGLE Cutoff angle in degrees. The relative jet velocity is set to zero for angles

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

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 Optional node ID located at secondary jet focal point.

Remarks:

1.

It is assumed that the jet direction is defined by the coordinate method (XJFP, YJFP,
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, YJFP, 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 allow 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 surfaces 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 pressure to all surfaces in the line of sight of the virtual origin(s), a
part set can be defined to which the pressure is 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 visible so jetting pressure will not be applied correctly.
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Airbag Gaussian profile
Virtual origin —
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Figure1.1 Jetting configuration for (a.) driver's side airbag (pressure applied only if
centroid of surface is in line-of-sight) and (b.) the passenger’s side bag.
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e

Jet Focal Point

Figure 1.2 Multiple jet model for driver's side airbag.

Relative jet
velocity

| >
i (degrees) cut off angle

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

Card 1 1 2 3 4 5 6 7 8

Variable NREACT

Type |

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-DYNA 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-DYNA 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:

o}

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

pOVoutIetA\)utlet =m

This is different from the standard LS-DYNA jetting formulation, which assumes that the density
of the gas in the jet is the 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 centerline, v. =0, z, in the same way as the standard

LS-DYNA jetting options:

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

Momentum at nozzle = Momentum at z

povgutlet A = po_[ ijetdAjet

= poVrZ:o,z {b+ F\/B}
where
_ m(az)?
2
F = distance between jet focii for a passenger jet

b

Finally, the pressure exerted on an airbag element in view of the jet is given as:

pr,z = ﬂpovrz,z

By combining the equations above

The total force exerted by the jet is given by:

Fia =MV, (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-DYNA 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 the support brackets to be modeled. The jetting force is written to
the ASCII ABSTAT file and the binary XTF file.
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Additional card required for LOAD_CURVE option

Card 1 2 3 4 5 6 7
Variable 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 pressure is applied. The load curve is offset by this
amount.
LCID Load curve ID defining pressure versus time, 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 Absolute zero on temperature scale (ignored if LCID > 0)
Remarks:

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

Poa = Co(T =Ty)
P

gauge — F:t’otal - Parrbient

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

Card 1 2 3 4 5 6 7 8
Variable BULK RO LCINT LCOUTT | LCOUTP LCFIT 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. Define if LCBULK=0.

RO p , density of the fluid

LCINT F(t) input flow curve defining mass per unit time as a function of time,
see *DEFINE_CURVE.

LCOUTT G(t), output flow curve defining mass per unit time as a function of
time. This load curve is optional.

LCOUTP H(p), output flow curve defining mass per unit time as a function of
pressure. This load curve is optional.

LFIT L(t), added pressure as a function of time. This load curve is optional.
LCBULK Curve defining the bulk modulus as a function of time. This load curve
is optional, but if defined, the constant, BULK, is not used.
LCID Load curve ID defining pressure versus time, see *DEFINE_CURVE.
Remarks:

If LCID = 0 then the pressure is determined from:

Vo ()

P(t) = K(t)ln(v(t)

j+ L(t)

where

P(t) Pressure,

V(t) Volume of fluid in compressed state,
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V,(t) =V, (t) = MT(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  Mass of 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 is uniformly applied to the control volume.

Note the signs used in 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 cardsrequired for HYBRID and HYBRID_JETTING options

Card 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

Card

Variable C23 LCC23 A23 LCA23 CP23 LCP23 AP23 LCAP23
Type F I F | F | F I
Default none 0 none 0 none 0 none 0
Card

Variable OPT PVENT NGAS

Type | F |

Default none none none
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Define 2*NGAS cards below, two for each gastype.

Card 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
Card
Variable FMASS
Type F
Default none
VARIABLE DESCRIPTION
ATMOST Atmospheric temperature
ATMOSP Atmospheric pressure
ATMOSD Atmospheric density
GC Universal molar gas constant
ccC Conversion constant
EQ: .0 Setto 1.0.
c23 Vent orifice coefficient which applies to exit hole. Set to zero if LCC23
is defined below.
LCC23 The absolute value, |LCC23|, is a load curve ID. If the ID is positive, the

load curve defines the vent orifice coefficient which applies to exit hole
as a function of time. If the ID is negative, the vent orifice coefficient is
defined as a function of relative pressure, P, /B,,, see [Anagonye and

Wang 1999]. A nonzero value for C23 overrides LCC23.
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VARIABLE DESCRIPTION

A23 If defined as a positive number, A23 is the vent orifice area which
applies to exit hole. If defined as a negative number, the absolute value
|A23| is a part ID, see [Anagonye and Wang 1999]. The area of this part
becomes the vent orifice area. Set A23 to zero if LCA23 is defined
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.

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 Area for 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 Siejak
[1990] are used. Blockage is not considered.

EQ. 4. Leakage formulas of Graefe, Krummheuer, and Siejak
[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. Blockage due to contact is not considered.

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

EQ. 7: Leakage is based on gas volume outflow versus pressure
load curve. Blockage of flow area due to contact is not considered.
Absolute pressure is used in the porous-velocity-versus-pressure
load curve, given as FAC(P) in the *MAT_FABRIC card.

EQ. 8: Leakage is based on gas volume outflow versus pressure
load curve. Blockage of flow area due to contact is considered.
Absolute pressure is used in the porous-velocity-versus-pressure
load curve, given as FAC(P) in the *MAT_FABRIC card.
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VARIABLE

PVENT

NGAS

LCIDM

LCIDT

BLANK

MW

INITM

FMASS

DESCRIPTION

Gauge pressure when venting begins
Number of gas inputs to be defined below. (Including initial air)
Load curve ID for inflator mass flow rate (eg. O for gas in the bag at time
0)
GT.0: piece wise linear interpolation
LT.0: cubic spline interpolation
Load curve ID for inflator gas temperature (eg.0 for gas in the bag at
time 0)
GT.0: piece wise linear interpolation
LT.0: cubic spline interpolation
(not used)
Molecular weight
Initial mass fraction of gas component

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

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

Coefficient for molar heat capacity of inflator gas at constant pressure,
(e.g., Joules/mole/°K3)

Fraction of additional aspirated mass.
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Further additional cardsarerequired for HYBRID_JETTING and ..._CM 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 a function of time.

Card 1 1 2 3 4 5 6 7 8
Variable XJIFP YJFP ZJFP XIVH YJVH ZIVH 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

Variable XSJFP YSJFP ZSJFP PSID IDUM NODE1 NODE2 NODE3
Type F F F | F I I I
Default none none none none none 0 0 0
Remark 2 1 1 1

Additional card required for HYBRID_JETTING_CM option

Card 1 1 2 3 4 5 6 7 8

Variable NREACT

Type |
Default None
Remark 4
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VARIABLE

XJFP

YJFP

ZJFP

XJVH

YJVH

ZJVH

CA

BETA

XSJFP

YSJFP

ZSJFP

PSID

IDUM

NODE1

NODE2

NODE3

NREACT

DESCRIPTION

x-coordinate of jet focal point, i.e., the virtual origin in Figure 1.1. See
Remark 1 below.

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

x-coordinate of jet vector head to defined code centerline

y-coordinate of jet vector head to defined code centerline
z-coordinate of jet vector head to defined code centerline

Cone angle, «, defined in radians.
LT.0.0: |a| is the load curve ID defining cone angle as a function of

time

Efficiency factor, £, which scales the final value of pressure obtained
from Bernoulli’s equation.
LT.0.0: |A] is the load curve ID defining the efficiency factor as a
function of time

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

y-coordinate of secondary jet focal point

z-coordinate of secondary jet focal point

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

Dummy field (Variable not used)

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

Node ID for node along the axis of the jet.
Optional node ID located at secondary jet focal point.

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

1.

It is assumed that the jet direction is defined by the coordinate method (XJFP, YJFP,
ZJFP) and (XJVH, YJVH, ZJVH) unless both NODE1 and NODE?2 are defined. In
which case the coordinates of the nodes given by NODE1, NODE2 and NODE3 will
override (XJFP, YJFP, 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 allow 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 surfaces 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 « then defines
the wedge angle.

Instead of applying pressure to all surfaces in the line of sight of the virtual origin(s), a
part set can be defined to which the pressure is applied.

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

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 visible so jetting pressure will not be applied correctly.

See the description related to the WANG_NEFSKE_JETTING_CM option. For the
hybrid inflator model the heat capacities are compute from the combination of gases
which inflate the bag.
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Additional cardsrequired 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.

Card 1 1 2 3 4 5 6 7 8
Variable LCIDM | LCIDT NGAS DATA ATMT ATMP RG

Type | | | | F F F

Default none none none none none none none

Card 2

Variable HCONV

Type F
Default 0.
Card 3
Variable C23 A23
Type F F
Default 0. 0.
VARIABLE DESCRIPTION
LCIDM Load curve specifying input mass flow rate versus time.
GT.0: piece wise linear interpolation
LT.0: cubic spline interpolation
LCIDT Load curve specifying input gas temperature versus time.

GT.0: piece wise linear interpolation
LT.0: cubic spline interpolation
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VARIABLE

NGAS

DATA

ATMT

ATMP

RG

HCONV

C23

A23

DESCRIPTION

Number of gas inputs to 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 heat 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 data cards. The next "*" card terminates the reading of this data.

Control Card

Card 1 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 versus time for this gas

species. If >0, FMOLE is not used.
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VARIABLE DESCRIPTION
FMOLE Mole fraction of this gas species in the inlet stream.
FMOLET Initial mole fraction of this gas species in the tank.

Additional thermodynamic data cards for each gas species. No additional cards are needed if
using the CHEMKIN database (DATA=2).

If DATA=1, includethefollowing 3 cardsfor the NI ST database. The required data can be
found on the NIST web site at http://webbook.nist.gov/chemistry/

Card 1 1 2 3 4 5 6 7 8

Variable TLOW TMID THIGH

Type F A8 F

Default none none none

Card 2

Variable 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

Card 3

Variable 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
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VARIABLE DESCRIPTION
TLOW Curve fit low temperature limit.
TMID Curve fit low-to-high transition temperature.
THIGH Curve fit high temperature limit.
40 Now Low temperature range NIST polynomial curve fit coefficients (see
below).
Bhigh' hhigh High temperature range NIST polynomial curve fit coefficients (see

below).

If DATA=3, includethefollowing card for the polynomial curvefit.

Card 1 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 curve fits:

NIST cp:ﬁ(a+bT+cT2+dT3+T—i)
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CHEMKIN C,=

p

2|2

(a+ bT +cT?2 +dT3+eT4)

R = universal gas constant (8.314 Nm / mole K)
M = gas molecular weight

Polynomial cp=ﬁ(a+ bT +CT? +dT>+€T*)
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*AIRBAG_ADVANCED_ALE

Purpose: This *AIRBAG_ADVANCED_ALE (AAA) card provides an alternate, simplified
approach to simulating airbag deployment with ALE capabilities. Its input is translated into ALE
keywords internally inside LS-DYNA (please review an output file called “advalebag.kw” which
contains all the translated ALE commands). It has an option to start the simulation with the ALE
method then switch to the control volume (CV) method at a chosen switch time. The CV input
data may be used directly. A basic Lagrangian airbag shell structure may consist of an inflator
compartment, an airbag, and possibly vent holes. The Lagrangian airbag interacts with the ALE
inflator  gas. The AAA card requires, at the minimum, one or more
*DEFINE_ALEBAG_INFLATOR cards (one for each inflator), and one or more
*DEFINE_ALEBAG_BAG cards (one for each bag structure). In addition, one optional card,
*DEFINE_ALEBAG_HOLE, may be used to define each physical vent hole on the airbag.
Multiple fluid-to-structure interactions may be simulated using multiple AAA definitions.
However, more complex couplings most likely must be modeled via the traditional ALE
approach (remark 1)..

Card 1 Format

Card 1 1 2 3 4 5 6 7 8
Variable BAGID1 | BAGID2 | BAGID3 | BAGID4 | BAGID5 | BAGID6 | BAGID7 | BAGIDS8
Type | | | | | | | |
Default none none none none none none none none
Remarks
Card 2
Variable HOLEID1 | HOLEID2 | HOLEID3 | HOLEID4 | HOLEIDS | HOLEID6 | HOLEID7 | HOLEIDS8
Type | | | | | | | |
Default none none none none none none none none
Remarks
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Card 3

1 2 3 4 5 6 7 8
Variable INFLID1 | INFLID2 | INFLID3 | INFLID4 | INFLID5 | INFLID6 | INFLID7 | INFLID8
Type I I | | | I | I
Default none none none none none none none none
Remarks 8
Card 4 Format (Define information related to the automatic AL E mesh gener ation)
Card 4 1 2 3 4 5 6 7 8
Variable NX/IDA NY NZ unused ARSNID | IDCENT EXSID
Type | | | | | |
Default none none none none none none
Remarks 4 4 4

Card 4b (optional, only defineif NX & NY & NZ arenonzero, for automatic ALE mesh

gener ation)
Card 4 1 2 3 4 5 6 7 8
Variable LX LY LZ ITRANS UIDAIR
Type F F F | I
Default none none none
Remarks
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Card 5: Parametersfor defining ambient environment CV *AIRBAG_PARAMETERS

Card 5

1 2 3 4 5 6 7 8
Variable ATMOST | ATMOSP | unused GC CcC unused MWD SPSF
Type F F F F F F
Default 0. 0. none 1.0 0.0 0.0
Remarks 5 5

Card 6: Parametersfor defining ambient environment CV *AIRBAG_PARAMETERS

Card 6

1 2 3 4 5 6 7 8
Variable SWTIME unused HG NAIR
Type F F |
Default 0. 0. 0
Remarks 6
Card 7+ (Defineair: repeat thiscard “NAIR” times. NAIR isdefined in Card 6)
Card 1 2 3 4 5 6 7 8
Variable unused unused unused | MWAIR INITM AIRA AIRB AIRC
Type F F F F F
Default 0 0 0 0. 0.
Remarks 2
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VARIABLE

BAGID#

HOLEID#

INFLID#

NX/IDA

NY

NZ

DESCRIPTION

Each BAGID refers to an airbag definition defined via a corresponding
*DEFINE_ALEBAG _BAG (DAB) card. Each DAB card defines (a)
one Lagrangian shell structure representing an airbag (or part of one), (b)
its venting characteristics, and (c) its coupling behavior..

Each HOLEID refers to a vent hole definition defined via a
corresponding *DEFINE_ALEBAG_HOLE (DAH) card. Each DAH
defines the information required for modeling a physical venting hole
including the switching of the ALE multi-material group (AMMG) ID
when a gas passes through this vent hole. The information in DAH is
translated into a simplified form of the *ALE_FSI_SWITCH_MMG _ID
(AFSM) card.

Each INFLID refers to one inflator definition defined via a
corresponding *DEFINE_ALEBAG_INFLATOR (DAI) card. Each
DAl defines the information required for the modeling of a physical
inflator (which pumps a gas mixture in to inflate the airbag).
INFLID# > 0: INFLID is associated with an inflator definition
defined via a corresponding DAI card

Option 1: NX is defined as the number of ALE elements to be
generated by LS-DYNA automatically in the x direction. If
option 1 is chosen, option 1 must also be used for NY and
NZ, and card 4B must also be defined.

Option 2: IDA is the Part ID of the initial background air mesh
(remarks 4 and 9). If IDA is a negative integer, the PID of
the air mesh is the same as the one used in a previous AAA
card. This approach is only used in the cases of (a) bag-in-
bag or (b) bag-to-bag model where there may be more than
one AAA card defined.

Option 1: NY is defined as the number of ALE elements to be
generated by LS-DYNA automatically in the y direction. If
option 1 is chosen, option 1 must also be used for NX and
NZ, and card 4B must also be defined.

Option 2: Leave blank or 0 (remark 4).

Option 1: NZ is defined as the number of ALE elements to be
generated by LS-DYNA automatically in the z direction. If
option 1 is chosen, option 1 must also be used for NX and
NY, and card 4B must also be defined

Option 2: Leave blank or 0 (remark 4).
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VARIABLE

ARSNID

IDCENT

EXSID

LX

LY

LZ

ITRANS

UIDAIR

ATMOST

ATMOSP

GC

CcC

DESCRIPTION

An ID associated with an *ALE_REFERENCE_SYSTEM_NODE card
defining 3 nodes making up a local coordinate system. The ALE mesh
system will automatically follow this local coordinate system. If there is
mesh expansion, and if IDCENT > 0, the expansion will occur along
these local axes. Else if IDCENT is not defined (0), the expansion will
occur along the global coordinate axes.

A Lagrangian node ID defines the center of expansion for the ALE mesh
system. For example, this node may be located on a rigid section of a
steering wheel, near the inflator region. The ALE mesh can then move
with the steering wheel as it expands. This provides a similar expansion
mechanism the *ALE_REFERENCE_SYSTEM_GROUP command
(PRTYPE=9).

A part ID which makes up a portion of the overall the ALE mesh system
to be excluded from expansion. This part can still move with the rest of
the ALE system, but will not expand with the rest. This may be used to
exclude the inner ALE mesh region surrounding the inflator (which is
typically finer resolution to better resolve the inflator gas inflow at the
orifices).

Absolute length in the global X-coordinate of the ALE mesh
Absolute length in the global Y-coordinate of the ALE mesh
Absolute length in the global Z-coordinate of the ALE mesh

An integer ID pointing an ID of a *DEFINE_TRANSFORMATION
card which may be used to position the automatically generated ALE
mesh at its chosen location and orientation. The mesh is first generated
with respect to the origin of the global coordinate system. Then it is
moved to the t=0 position via this *DEFINE_ TRANSFORMATION
card.

User-defined PID number for the background ALE air mesh. If this is
left blank, LS-DYNA will assign a PID for this automatically generated
ALE mesh. This may be used to actively define the PID number for the
ALE mesh ~ ATMOST Atmospheric ambient temperature (See
Remark 5).

Atmospheric ambient temperature (See Remark 5).
Atmospheric ambient pressure (See Remark 5).
Universal molar gas constant.

Conversion constant.
EQ: 0.0 Set to 1.0.
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VARIABLE DESCRIPTION
MWD Mass weighted damping factor, D
SPSF Stagnation pressure scale factor.
SWTIME Time to switch from ALE method to control volume (CV) method.

Once switched, the airbag inflation is simulated by a control volume
method similar to that used by the *AIRBAG_HYBRID card (See
Remark 6).

EQ.0.0: switch to CV method at time = 0.0.

EQ.blank: switch time is set at 1.0E16 (ALE method is used).

EQ.t: switch from ALE to CV method at time = t.

HG Hourglass coefficient for ALE fluid mesh(es). A typical value on the
order of 1.0E-5 or 1.0E-6 may be used for gases and liquids.

NAIR Number of species for air. If air is defined as 1 single gas then NAIR=1.
Card 7 is repeated “NAIR” number of times, one for each species. For
example, NAIR=2 for a 2-component air model containing 80% of N2
and 20% of O2. Then card 7 is defined twice.

MWAIR Molecular weight of this air component
INITMFA Initial Mass Fraction of this air component
AIRA First Coefficient of molar heat capacity at constant pressure

(e.g., JImole/K, See Remark 2).

AIRB Second Coefficient of molar heat capacity at constant pressure
(e.g., J/mole/K?).

AIRC Third Coefficient of molar heat capacity at constant pressure
(e.g., J/mole/K?).
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Remarks:

1.

This card defines information for simulating an airbag deployment. It defines:
- The IDs of the bags, vent holes, and inflators;

Information about the ALE background (air) mesh;

- Basic ambient condition (similar to that from *AIRBAG_HYBRID);

Switch time (time for switching from ALE to CV method);

Material properties of air and some other miscellaneous information.

As the input to this command, *AIRBAG_ADVANCED_ALE, is simply translated into the
traditional ALE keywords, this command will not have all the flexibilities that the general
ALE method allows. It does not provide a grammatical framework for understanding the
modeling of fluid structure interaction. It is recommended that the users familiarize
themselves with the traditional method of modeling airbag deployment using the ALE
method. This is critical in understanding the interactions between the ALE inflator gas and
the Lagrangian airbag structure.

The per-mass-unit, temperature-dependent, constant-pressure heat capacity is
[A+B*T +C*T?] o J

MW kg * K
A=C,, ~ J/(mole* K)

B~ J/(mole*K?)
C ~ J/(mole*K?)

C,(T)=

The units shown are only for demonstration of the equation.

In general, it is best to locate a point source near the center of an ALE element. Associated
width each point source is an area and a vector indicating flow direction. Each point source
should occupy 1 ALE element by itself, and there should be at least 2 empty ALE elements
between any 2 point sources. A point source should be located at least 3 elements away from
the free surface of an ALE mesh for stability (see
*SECTION_POINT_SOURCE_MIXTURE card)

There are 2 options for defining the ALE mesh for an airbag deployment simulation. Option 1
lets LS-DYNA generate the background ALE mesh. NX, NY and NZ must be defined. Card
4b must also be defined. Option 2 uses an existing ALE mesh for the background air. The
PID of this ALE mesh is defined via IDA (same as the NX field). In this case, the
background ALE air mesh should envelope the airbag deployment space. There is no need to
define card 4b. If IDA is a negative integer, the PID for the air mesh is the same as the one
used in another AAA card (multiple AAA cards implied).

Atmospheric density for the ambient gas (air) can be computed from p,., = P /(R*T,0) -

This card is similar to the 1% additional card for the *AIRBAG_HYBRID command with 2
additional parameters (MWD & SPSF) from the 1% card of the *AIRBAG_ command.

Since ALL ALE related activities will be turned off after the switch from ALE method to
control-volume method, no other ALE coupling will exist beyond t=SWTIME. Using the
traditional ALE modeling method, this switching can also be modeled via the command
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*ALE_UP_SWITCH. The user should review its usage as it can provide extensively more
coupling controls for general airbag modeling.

7. The *AIRBAG_ADVANCED_ALE (AAA) card may be considered an alternate approach
for inputting the information required by the traditional ALE card:

*AIRBAG_ADVANCED_ALE

*PART (AMMG2)
*SECTION_SOLID
*MAT_GAS MIXTURE

*PART (AMMG1)
Gas =  <{*SECTION_POINT_SOURCE_MIXTURE
*MAT_GAS MIXTURE

.

*CONSTRAINED_LAGRANGE_IN_SOLID

AL

Air —)

MUltlple —)
Couplings
*AIRBAG_HYBRID
CVv

|

Venting definitions

|

Multiple
Vents

Multiple
airbags
structure

Multiple
inflators
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*AIRBAG_ALE

Purpose: The input in this section provides a simplified approach to defining the deployment of
the airbag using the ALE capabilities with an option to switch from the initial ALE method to
control volume (CV) method (*AIRBAG_HYBRID) at a chosen time. An enclosed airbag (and
possibly the airbag canister/compartment and/or a simple representation of the inflator) shell
structure interacts with the inflator gas(es). This definition provides a single fluid to structure
coupling for the airbag-gas interaction during deployment in which the CV input data may be
used directly.

Card 1 1 2 3 4 5 6 7 8
Variable SID SIDTYP MWD SPSF
Type I | = =
Default none none 0 0
Remarks 1
VARIABLE DESCRIPTION
SID Set ID as defined on *AIRBAG card. This set ID contains the

Lagrangian elements (segments) which make up the airbag and possibly
the airbag canister/compartment and/or a simple representation of the
inflator. See Remark 1.

SIDTYP Set type:
EQ.O: Segment set.
EQ.1: Part set.

MWD Mass weighted damping factor, D. This is used during the CV phase for
*AIRBAG_HYBRID.

SPSF Stagnation pressure scale factor, 0< ¥ <1. This is used during the CV
phase for *AIRBAG_HYBRID.
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Parametersfor defining ambient environment.

Card 2 1 2 3 4 5 6 7 8
Variable ATMOST | ATMOSP GC cc TNKVOL | TNKFINP
Type F F F F F F
Default 0. 0. none 1.0 0.0 0.0
Remarks 2 2 10 10
VARIABLE DESCRIPTION
ATMOST Atmospheric ambient temperature. See Remark 2.
ATMOSP Atmospheric ambient pressure. See Remark 2.
GC Universal molar gas constant.
cc Conversion constant. If EQ: .0 Set to 1.0.
TNKVOL Tank volume from the inflator tank test — or — Inflator canister volume.
See remark 10.
Option 1: (LCVEL = 0) This is defined as Tank volume (must also
define TNKFINP). Inlet gas velocity is estimated by LS-DYNA
method (testing).
Option 2: (LCVEL = 0) This is defined as estimated inflator canister
volume (must NOT define TNKFINP). Inlet gas velocity is
estimated automatically by the Lian-Bhalsod-Olovsson method.
Option 3: (LCVEL .NE. 0) This must be left blank.
TNKFINP Tank final pressure from the inflator tank test data. Only define this

parameter for option 1 of TNKVOL definition above. See Remark 10.
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Parametersfor coupling, see keyword *CONSTRAINED _LAGRANGE_IN_SOLID.

Card 3 1 2 3 4 5 6 7 8
Variable NQUAD | CTYPE PFAC FRIC FRCMIN | NORMTYP | ILEAK | PLEAK
Type | | F F F | | F
Default 4 4 0.1 0.0 0.3 0 2 0.1
Remarks 13 13 14
VARIABLE DESCRIPTION
NQUAD Number of (quadrature) coupling points for coupling Lagrangian slave
parts to ALE master solid parts. If NQUAD=n, then nXn coupling
points will be parametrically distributed over the surface of each
Lagrangian slave segment (default=4). See Remark 13.
CTYPE Coupling type (default=4, see Remark 13):
EQ.4: (default) penalty coupling with DIREC=2 implied.
EQ.6: penalty coupling in which DIREC is automatically set to
DIREC=1 for the unfolded region and DIREC=2 for folded region.
PFAC Penalty factor. PFAC is a scale factor for scaling the estimated stiffness
of the interacting (coupling) system. It is used to compute the coupling
forces to be distributed on the slave and master parts.
If positive real: Fraction of estimated critical stiffness
default=0.1).
If negative integer, -n: Refers to load curve ID n. The curve defines
the relative coupling pressure (y-axis) as a
function of the tolerable fluid penetration
distance (x-axis).
FRIC Coupling coefficient of friction.
FRCMIN Minimum fluid volume fraction in an ALE element to activate coupling
(default is 0.3).
NORMTYP Penalty coupling spring direction (DIREC 1 and 2):

EQ.O0: normal vectors are interpolated from nodal normals (default)
EQ.1: normal vectors are interpolated from segment normals.
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VARIABLE

ILEAK

PLEAK

DESCRIPTION

Leakage control flag. Default=2 (with energy compensation).

Leakage control penalty factor (default=0.1)

Parametersfor airbag venting hole

Card 4 1 2 3 4 5 6 7 8
Variable IVSETID | IVTYPE | IBLOCK | VNTCOF
Type | | | F
Default 0 0 0 0.0
Remarks 4 5 6
VARIABLE DESCRIPTION
IVSETID Set ID defining the venting hole surface(s). See Remark 4.
IVTYPE Set type of IVSETID:
EQ.O: Part Set (default).
EQ.1: Part ID.
EQ.2: Segment Set.
IBLOCK Flag for considering blockage effects for porosity and vents (see Remark
5):
EQ.O: no (blockage is NOT considered, default).
EQ.1: yes (blockage is considered).
VNTCOF Vent Coefficient for scaling the flow. See Remark 6.
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Parametersfor AL E mesh automatic definition and itstransfor mation.

Card 5 1 2 3 4 5 6 7 8
Variable NX/IDA | NY/IDG NZ MOVERN | ZOOM
Type | | I I I
Default None None None 0 0
Remarks 7 7 7 8 9
VARIABLE DESCRIPTION
NX/IDAIR Option 1: NX is defined (as the number of ALE elements to be

generated in the x direction). This must goes together with
option 1 for NY and NZ.

Option 2: IDAIR is defined as Part ID of the initial air mesh.

See remark 7.

NY/IDGAS Option 1: NY is defined (as the number of ALE elements to be
generated in the y direction). This must goes together with
option 1 for NX and NZ.

Option 2: IDGAS is defined as Part ID of the initial gas mesh.

See remark 7.

NZ Option 1: NZ is defined (as the number of ALE elements to be
generated in the z direction). This must goes together with
option 1 for NX and NY.

Option 2: Leave blank.

See remark 7.

MOVERN ALE mesh automatic motion option (see Remark 8):
EQ.O0: ALE mesh is fixed in space.
GT.0: Node group id. See *ALE_REFERENCE_SYSTEM_NODE
ALE mesh can be moved with PRTYP=5, mesh motion follows a

coordinate system defined by 3 reference nodes.

ZOOM ALE mesh automatic expansion option (see Remark 9):
EQ.O: do not expand ALE mesh
EQ.1: Expand/contract ALE mesh by keeping all airbag parts

contained within the ALE mesh (equivalent to PRTYP=9).
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Definecard 5aand 5b if NZ >0

Card 5a 1 2 3 4 5 6 7 8
Variable X0 YO0 Z0 X1 Y1 Z1 IPAIR IPGAS
Type F F F F F F | |
Default None None None None None None None None
Card 5b
Variable X2 Y2 Z2 Z3 Y3 Z3
Type F F F F F F
Default None None None None None None
VARIABLE DESCRIPTION
X0, Y0, Z0 Coordinates of origin for ALE mesh generation (node0).
X1,Y1,21 Coordinates of point 1 for ALE mesh generation (nodel). node0=>nodel = x
X2,Y2,22 Coordinates of point 2 for ALE mesh generation (node2). node0=>node2 =y
X3,Y3,2Z3 Coordinates of point 3 for ALE mesh generation(node3). node0=>node3 = z

Figure1.4.

1.56 (AIRBAG) LS-DYNA Version 971




*AIRBAG_ALE *AIRBAG

Card 6 1 2 3 4 5 6 7 8
Variable SWTIME HG NAIR NGAS NORIF | LCVEL LCT
Type F F I | I | I
Default 0. 0. 0 0 0 0 0
Remarks 3 10 11
VARIABLE DESCRIPTION
SWTIME Time to switch from ALE method to control volume (CV) method.

Once switched, a method similar to that used by the
*AIRBAG_HYBRID card is used.

EQ.0.0: switch to CV method at time=0.0.

EQ.blank: switch time is set at 1.0E16 (ALE method is used).

EQ.t: switch from ALE to CV method at time=t.

HG Hourglass control for ALE fluid mesh(es).
NAIR Number of Air components. For example, this equals 2 in case air
contains 80% of N2 and 20% of O2. If air is defined as 1 single gas then
NAIR=1.
NGAS Number of inflator Gas components.
NORIF Number of point sources or orifices (defined below)

EQ.n: will require n lines of card 9 definitions below, one for each
point source.

LCVEL Load curve ID for inlet velocity (see also TNKVOL & TNKFINP of
card 2 above). This is the same estimated velocity curve used in
*SECTION_POINT_SOURCE_MIXTURE card.

LCT Load curve ID for inlet gas temperature (see *AIRBAG_HYBRID).
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Define NAIR cardsbelow for air component

Card 7 1 2 3 4 5 6 7 8
Variable MWAIR | INITM AIRA AIRB AIRC
Type F F F F F
Default 0 0 0 0. 0.
Remarks 12 12 12
VARIABLE DESCRIPTION

MWAIR Molecular weight of air component

INITA Initial Mass Fraction of Air component(s)

AIRA First Coefficient of molar heat capacity at constant pressure (e.g.,

J/mole/K, remark 12).

AIRB Second Coefficient of molar heat capacity at constant pressure (e.g.,
J/imole/K?, remark 12).

AIRC Third Coefficient of molar heat capacity at constant pressure (e.g.,
Jimole/K3, remark 12).
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Define NGAS cards below for the GAS components

Cards 8... 1 2 3 4 5 6 7 8
Variable LCMF MWGAS GASA GASB GASC
Type I F F F F
Default none 0 0 0 0
Remarks 11 12 12 12
VARIABLE DESCRIPTION
LCMF Load curve ID for mass flow rate (see *AIRBAG_HYBRID, e.g., kg/s).
MWGAS Molecular weight of inflator gas components.
GASA First Coefficient of molar heat capacity at constant pressure (e.g.,
J/imole/K, remark 12).
GASB Second Coefficient of molar heat capacity at constant pressure (e.g.,
J/imole/K?, remark 12).
GASC Third Coefficient of molar heat capacity at constant pressure (e.g.,

Jimole/K3, remark 12).
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Define NORIF cards below for each point source
Cards 9... 1 2 3 4 5 6 7 8
Variable NODEID | VECID | ORIFARE
Type I | |
Default 0 0 0
VARIABLE DESCRIPTION
NODEID The node ID defining the point source.
VECID The vector ID defining the direction of flow at the point source.

ORIFARE The orifice area at the point source.
Remarks:
1. This set ID typically contains the Lagrangian segments of the 3 parts that are coupled to

the inflator gas: airbag, airbag canister (compartment), inflator. As in all control-volume,
orientation of elements representing bag and canister should point outward. During the
ALE phase the segment normal will be reversed automatically for fluid-structure
coupling. However, the orientation of inflator element normal vectors should point to its
center. See Figure 1.5.

ambient be

Atmospheric  density for the

Pt = P/ (R* Ty,)

gas

(air) can computed from

Since ALL ALE related activities will be turned off after the switch from ALE method to
control-volume method, no other ALE coupling will exist beyond t=SWTIME.

Vent definition will be used for ALE venting. Upon switching area of the segments will
be used for venting as a23 in *AIRBAG_HYBRID.

Fabric porosity for ALE and *AIRBAG_HYBRID can be defined on MAT_FABRIC.
Define FLC and FAC on *MAT_FABRIC. FVOPT 7 and 8 will be used for both ALE
and *AIRBAG_HYBRID. IBLOCK=0 will use FVOPT=7 and IBLOCK=1 will use
FVOPT=8.

VVCOF will be used to scale the vent area for ALE venting and this coefficient will be
used as vent coefficient c23 for *AIRBAG_HYBRID upon switching.
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7.

10.

11.

12.

13.

14.

If Nz, Ny and Nz are defined (option 1), card 5a and card 5b should be defined to let LS-
DYNA generate the mesh for ALE. Alternatively if Nz is O (option 2), then Nx=IDAIR
and Ny=IDGAS. In the later case the user need to supply the ALE mesh whose
PID=IDAIR.

If the airbag moves with the vehicle, set MOVERN=GROUPID, this GROUPID is
defined using *ALE_REFERENCE_SYSTEM_NODE. The 3 nodes defined in
ALE_REFERENCE_SYSTEM_NODE will be used to transform the ALE mesh. The
point sources will also follow this motion. This simulates PRTYP=5 in the
*ALE_REFERENCE_SYSTEM_GROUP card.

Automatic expansion/contraction of the ALE mesh to follow the airbag expansion can be
turned on by setting zoom=1. This feature is particularly useful for fully folded airbags
requiring very fine ale mesh initially. As the airbag inflates the ale mesh will be
automatically scaled such that the airbag will be contained within the ALE mesh. This
simulates PRTYP=9 in the *ALE_REFERENCE_SYSTEM_GROUP card.

There are 3 methods for defining the inlet gas velocity:

Option 1: define LCVEL =0 =» TNKVOL = Tank volume, and TNKFINP = Tank final
pressure from tank test data. Inlet gas velocity is estimated by LSDYNA method (testing).
Option 2: define LCVEL =0 =» TNKVOL = inflator can volume, and TNKFINP =
blank. Inlet gas velocity is estimated automatically by Lian-Bhalsod-Olovsson method.
Option 3: define LCVEL = n =» TNKVOL =0, and TNKFINP = 0. Inlet gas velocity is
defined by user via a load curve ID =n.

LCT and LCIDM should have the same number of sampling points.

The per-mass-unit, temperature-dependent, constant-pressure heat capacity is

)_[A+ B*T+C*T?]  J
MW kg * K
A=C,, ~ J/(mole* K)

C,(T B~ J/(mole*K?)

C ~ J/(mole*K?)

The units shown are only for demonstration of the equation.

Sometimes CTYPE=6 may be used for complex folded airbag. NQUAD=2 may be used
as a starting value and increase as necessary depending on the relative mesh resolutions of

the Lagrangian and ALE meshes.

Use a load curve for PFAC whenever possible. It tends to be more robust.
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*AIRBAG_ALE —

*PART (AMMG2)
AIR — {*SECTION_SOLID
*MAT_GAS_MIXTURE

“PART (AMMG1)
GAS — {*SECTION_POINT_SOURCE_MIXTURE
*MAT_GAS_MIXTURE
Couplings — *CONSTRAINED LAGRANGE_IN_SOLID
ALE Mesh motion — *ALE_REFERENCE_SYSTEM_GROUP
CV — *AIRBAG_HYBRID

VENT — Venting Definitions

Shell normals should

point outwards
Bag fabric

Inflator

/

\L /
- _)/ +$<——>

vy

Figure 1.5.

Canister
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Example 1:
= R R OO N SO (OO PR OO SRR O PP [ AP I -
*AIRBAG ALE
SH#1 SID SIDTYPE NONE NONE NONE NONE MWD SPSF
123 1 0 0 0 0 0.0 0.0
S#2 ATMOST ATMOSP NONE GC CcC TNKVOL TNKFP
298.15 1.0132E-4 0 8.314 0.0 0.0 0.0
S#3 NQUAD CTYPE PFAC FRIC FRCMIN NORMTYPE ILEAK PLEAK
4 4 -1000 0.0 0.3 0 2 0.1
S#4 VSETID IVSETTYP IBLOCK VENTCOEF
1 2 0 1.00
S#5NXIDAIR NYIDGAS NZ MOVERN ZOOM
50000 50003 0 0 0
S#6 SWTIME NONE HG NATIR NGAS NORIF LCVEL LCT
1000.00 0.000 l.e-4 1 1 8 2002 2001
S#7 AIR NONE NONE MWAIR INITM AIRA AIRB AIRC
0 0 0 0.02897 1.00 29.100 0.00000 0.00000
S#8 GASLCM NONE NONE MWGAS NONE GASA GASB GASC
2003 0 0 0.0235 0 28.000 0.00000 0.00000
$#9 NODEID VECTID ORIFAREA
100019 1 13.500000
100020 2 13.500000
100021 3 13.500000
100022 4 13.500000
100023 5 13.500000
100024 6 13.500000
100017 7 13.500000
100018 8 13.500000
$ PFAC CURVE = penalty factor curve.
*DEFINE_CURVE
S lcid sidr sfa sfo offa offo dattyp
1000 0 0.0 2.0 0.0 0.0
S al ol
0.0 0.00000000
1.0000000 4.013000e-04
*SET_SEGMENT TITLE
vent segments (defined in IVSETID)
1 0.0 0.0 0.0 0.0
1735 1736 661 1697 0.0 0.0 0.0 0.0
1735 2337 1993 1736 0.0 0.0 0.0 0.0
1735 1969 1988 2337 0.0 0.0 0.0 0.0
1735 1697 656 1969 0.0 0.0 0.0 0.0
*DEFINE_VECTOR
SH vid xt vt zt xh vh zh
1 0.0 0.0-16.250000 21.213200 21.213200-16.250000
2 0.0 0.0-16.250000 30.000000-1.000e-06-16.250000
3 0.0 0.0-16.250000 21.213200-21.213200-16.250000
4 0.0 0.0-16.250000-1.000e-06-30.000000-16.250000
5 0.0 0.0-16.250000-21.213200-21.213200-16.250000
6 0.0 0.0-16.250000-30.0000001.0000e-06-16.250000
7 0.0 0.0-16.250000-21.213200 21.213200-16.250000
8 0.0 0.0-16.2500001.0000e-06 30.000000-16.250000
S...] T o [ S L <SP A A I

In this example, pre-existing background air mesh with part ID 50000 and gas mesh with part 1D
50003 are used. Thus NZ = 0. There is no mesh motion nor expansion allowed. An inlet gas

velocity curve is provided.
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*AIRBAG_ALE

Example 2:

$ | 1 | 2 [ oo 3] eide e B BT

$ SIDTYP: 0=SGSID; 1=PSI
*AIRBAG ALE

SH#1 SID SIDTYPE NONE NONE NONE NONE MWD
1 1 0 0. 0. 0. 0.
S$S#2 ATMOST ATMOSP NONE GC ccC TNKVOL TNKFP
298. 101325. 0.0 8.314 1. 6.0E-5 0
S#3 NQUAD CTYPE PFAC FRIC FRCMIN NORMTYPE ILEAK
2 6 -321 0.0 0.3 1 2
$#4 VSETID IVSETTYP IBLOCK VENTCOEF
0 0 0 0
SH#5NXIDAIR NYIDGAS NZ MOVERN ZOOM
11 11 9
$5b x0 vO0 z0 x1 vl z1l NOT-USED
-0.3 -0.3 -0.135 0.3 -0.3 -0.135
$5c X2 v2 z2 x3 v3 z3 NOT-USED
-0.3 0.3 -0.135 -0.3 -0.3 0.39
S#6 SWTIME NONE HG NAIR NGAS NORIF LCVEL
0.04000 0.005 l.e-4 2 1 1 0
S#7 AIR NONE NONE MWAIR INITM AIRA AIRB
0.028 0.80 27.296 0.00523
0.032 0.20 25.723 0.01298
S#8 GASLCM NONE NONE MWGAS NONE GASA GASB
1 0.0249 29.680 0.00880
S$S#9 NODEID VECTID ORIFAREA
9272 1 1.00e-4

$ Lagrangian shell structure to be coupled to the inflator gas
*SET PART LIST
1 0.0 0.0 0.0 0.0
1 2 3
*DEFINE_VECTOR
$0.100000E+01, 10.000000000
S vid xt vt zt xh vh zh
1 0.0 0.0 0.0 0.0 0.0 0.100000
$ bag penetration ~ 1 mm <====> P_coup ~ 500000 pascal ==> ~ 5 atm
*DEFINE CURVE

S lcid sidr sfa sfo offa offo dattyp
321 0 0.0 0.0 0.0 0.0
S al ol
0.0 0.0
0.00100000 5.0000000e+05
= e R [ O P O o [ S A A

SPSF

PLEAK
0.1

NOT-USED
NOT-USED
LCT

2
ATIRC

GASC

In this example, LS-DYNA automatically creates the background ALE mesh with:

NX =11 elements in the x direction.
NY =11 elements in the y direction.
NZ =9 elements in the z direction.
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*AIRBAG_INTERACTION
Purpose: To define two connected airbags which vent into each other.

Defineone card for each airbag interaction definition

Card 1 2 3 4 5 6 7 8
Variable AB1 AB2 AREA SF PID LCID IFLOW
Type | | F F | | |
Default none none none none 0 0 0
VARIABLE DESCRIPTION
AB1 First airbag ID, as defined on *AIRBAG card.
AB2 Second airbag ID, 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 is taken as the surface area of the part ID defined
below.

SF Shape factor.
LT.0.0: |SF| is the load 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 is based on this part ID.

LCID Load curve ID defining mass flow rate versus pressure difference, see
*DEFINE_CURVE. If LCID is defined AREA, SF and PID are ignored.

IFLOW Flow direction
LT.0: One way flow from AB1 to AB2 only.
EQ.0: Two way flow between AB1 and AB2.
GT.0: One way flow from AB2 to 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. This will be added later.
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*AIRBAG_REFERENCE_GEOMETRY_{OPTION} (OPTION}
Available options include:
<BLANK>

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 size even if RDT is active.

If RDT is active 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 elements increase. 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 a reference 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. This is because the stresses depend only
on the deformation gradient matrix:

X
F=—L
ij O—Xj

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 a liner is included and the parameter LNRC set to 1 in *MAT_FABRIC, compression is
disabled in the liner until the reference geometry is reached, i.e., the fabric element becomes
tensile.
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Definethefollow card if and only if the option BIRTH is specified in the keyword.

Card 1 2 3 4 5 6 7 8

Variable BIRTH

Type F

Default 0.0

Card Format (18,3E16.0) Thenext “*” keyword card terminatesthisinput.

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 ID for which a reference configuration is defined. Nodes defined

in this section must also appear under the *NODE input. It is only
necessary to define the reference coordinates of nodal points, if their
coordinates are different than those defined in the *NODE section.

X X coordinate
Y y coordinate
z z coordinate
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*AIRBAG_SHELL_REFERENCE_GEOMETRY

Purpose: Usually, the input in this section is not needed; however, sometimes it is convenient to
use disjoint pre-cut airbag parts to define the reference geometries. If the reference geometry is
based only on nodal input, this is not possible since in the assembled airbag the boundary nodes
are merged between parts. By including the shell connectivity with the reference geometry, the
reference geometry can be based on the pre-cut airbag parts instead of the assembled airbag. The
elements, which are defined in this section, must have identical element ID’s as those defined in
the *ELEMENT_SHELL input, but the nodal ID’s, which may be unique, are only used for the
reference geometry. These nodes are defined in the *NODE section, but can also be additionally
defined above under *AIRBAG_REFERENCE_GEOMETRY. The element orientation and n1-
n4 ordering must be identical to the *ELEMENT_SHELL input.

Card Format (618)

Card 1 1 2 3 4 5 6 7 8 9 10
Variable EID PID N1 N2 N3 N4
Type I I I I | |
Default none none none none none none
Remarks 3 3 3 3
VARIABLE DESCRIPTION
EID Element ID
PID Optional part ID, see *PART, the part ID is not used in this section.
N1 Nodal point 1
N2 Nodal point 2
N3 Nodal point 3
N4 Nodal point 4
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*ALE

*ALE

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

order:

*ALE_FSI_PROJECTION
*ALE_FSI_SWITCH_MMG_{OPTION}
*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

*ALE_UP_SWITCH

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

*ALE_TANK_TEST
*BOUNDARY_AMBIENT_EOS
*CONSTRAINED_EULER_IN_EULER
*CONSTRAINED_LAGRANGE_IN_SOLID
*CONTROL_ALE

*DATABASE_FSI

*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

SINGLE GASEOUSMATERIAL MULTIPLE GASEOUSMATERIAL

*EOS_LINEAR_POLYNOMIAL *MAT_GAS_MIXTURE
*EOS_IDEAL_GAS *INTIAL_GAS_MIXTURE
*MAT_NULL
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*ALE_FSI_PROJECTION

Purpose: This card provides a coupling method for simulating the interaction between a
Lagrangian material set (structure) and ALE material set (fluid). The nearest ALE nodes are
projected onto the Lagrangian structure surface at each time step. This method does not conserve
energy, as mass and momentum are transferred via constrained based approach.

Card 1 1 2 3 4 5 6 7 8

Variable LAGSID | ALESID | LSIDTYP | ASIDTYP | SMMGID | ICORREC | INORM

Type | | | | | | |

Default 0 0 0 0 0 0 0

Card 2

Variable BIRTH DEATH

Type F F
Default 0.0 1.E+10
VARIABLE DESCRIPTION
LAGSID A set ID defining the Lagrangian part(s) for this coupling (structures).
ALESID A set ID defining the ALE part(s) for this coupling (fluids).
LSIDTYP Lagrangian set ID type

EQ.O: Part set ID (PSID),
EQ.1: Part ID (PID).

ASIDTYP ALE set ID type
EQ.O: Part set ID (PSID),
EQ.1: Part ID (PID).

SMMGID A set ID referring to a group of one or more ALE-Multi-Material-Group
(AMMG) IDs which represents the ALE materials interacting with the
Lagrangian structure.  This SMMGID is a set ID defined by
*SET_MULTI-MATERIAL_GROUP_LIST.
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VARIABLE DESCRIPTION

ICORREC Advection error correction method (See Remark 1).
EQ.1: ALE mass is conserved. Leaked mass is moved,
EQ.2: ALE mass is almost conserved,
EQ.3: No correction performed (default). ALE mass is conserved.
Some leakage may occur. This may be the best solution.

INORM Type of coupling.
EQ.O: Couple in all directions,
EQ.1: Couple in compression and tension (free sliding),
EQ.2: Couple in compression only (free sliding). This choice
requires ICORREC=3.

BIRTH Start time for coupling.
DEATH End time for coupling.
Remarks:

1. Asthe ALE nodes are projected onto the closest Lagrangian surface, there may be some
advection errors introduced. These errors may result in a small element mass fraction being
present on the “wrong” side of the coupled Lagrangian surface. There are 3 possible
scenarios:

a. Mass on the wrong side of the Lagrangian structure may be moved to the right side. This
may cause P oscillations. No leakage will occur.

b. Mass on the wrong side is deleted. Mass on the right side is scaled up to compensate for
the lost mass. No leakage will occur.

c. Mass on the wrong side is allowed (no correction performed). Some leakage may occur.
This may be the most robust and simplest approach.
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Example:

Model Summary:

H1 = AMMG1 = background air mesh.

H2 = AMMG?2 = fluid inside container S3.

S3 = cylinder containing AMMG2.

S4 = dummy target cylinder for impact.

The gas inside S3 is AMMG2. S3is given an initial velocity and it will impact S4.

S R N OO~ [ SO (OO R OO SRR U PR [ AP R -
*ALE_MULTI-MATERIAL GROUP
1 1
2 1
*SET_MULTI-MATERIAL GROUP_LIST
22
2
*ALE_FSI_ PROJECTION
S LAGSID ALESID LSIDTYP ASIDTYP SMMGID ICORREC INORM
3 1 1 1 22 3 2
S BIRTH DEATH
0.0 20.0
=S AR RN AU~ N SO (OO R O SAPRRRN O PP IR AP PP -
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*ALE_FSI_SWITCH_MMG_{OPTION}

Purpose: This card is used to allow the switching of an ALE multi-material-group 1D
(AMMGID) of a fluid as that fluid passes across a monitoring surface. This monitoring surface
may be a Lagrangian shell structure, or a segment set. It does not have to be included in the slave
set of the coupling card (CLIS).

Available options include:
<BLANK>
ID

An ID number (up to 8 digits) may be defined for this switch command in the first 10-character
space.

or
TITLE

A title for the card may be input between the 11" and 80™ character on the title-ID line. The
optional title line precedes all other cards for this command.

The user can explicitly define a title for this coupling.

Title Card Format
Thefollowing card isread if and only if thelID or TITLE option is specified.

Optional

Variable ID TITLE

Type 110 A70

Card 1 1 2 3 4 5 6 7 8
Variable SID STYPE NQUAD XOFF BTIME DTIME NFREQ NFOLD
Type | | | F F F | |
Default none 0 1 0.0 0.0 1.0E20 1 0
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Card 2 1 2 3 4 5 6 7 8

Variable FR_MMG [ TO_MMG | XLEN

Type | | F
Default none none 0.0
VARIABLE DESCRIPTION
SID A set ID defining a monitoring surface over which an ALE fluid flows

across, and its ALE multi-material-group-ID (AMMGID) is switched.
The monitoring surface may be a Lagrangian shell structure, or a
segment set. This surface, if Lagrangian, does not have to be included in
the coupling definition (see remark 4).

STYPE Set ID type of the above SID.
EQ.O: Part set ID (PSID) (default).
EQ.1: Part ID (PID).
EQ.2: Segment set ID (SGSID).

NQUAD The number of flow-sensor points to be distributed over each monitoring
surface/segment. There should be enough sensor points distributed to
monitor the flow in each ALE element intersected by this monitoring
surface (default=1, see remark 3).

XOFF An offset distance away from the monitoring surface, beyond which the
AMMGID switching occurs. The direction of XOFF is defined by the
normal vector of the monitoring segment. This offset distance, in
general, should be at least 2 ALE element widths away from, and
beyond the monitoring interface (default=0.0).

BTIME Start time for the AMMGID switch to be activated (default=0.0).

DTIME Ending time for the AMMGID switch (default=1.0E20).

NFREQ Number of computational cycles between ALE switch check
(default=1).

NFOLD Flag for checking folding logic (default=0=0ff). If NFOLD=1=0n, then

LS-DYNA will check if the monitoring segment is in the fold,
applicable to airbag. If the monitoring segment is still located within a
folded (shell) region, then no switching is allowed yet until it has
unfolded.
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VARIABLE DESCRIPTION

FR_MMG This is the AMMG-SID before the switch. The AMMG-SID

corresponds to the SID defined under the *SET_MULTI-
MATERIAL_GROUP_LIST (SMMGL) card. This SID points to one or
more AMMGs. See Remark 1.

TO_MMG This is the AMMG-SID after the switch. The AMMG-SID corresponds

to the SID defined under the *SET_MULTI-MATERIAL_GROUP_
LIST card. This SID points to one or more AMMGSs. See Remark 1.

XLEN This is an absolute distance for distributing the flow sensor points over

the ALE elements. To make sure that at least 1 sensor point, defined on
each Lagrangian segment, is present in each ALE element to track the
flow of an AMMG, XLEN may be estimated as roughly half the length
of the smallest ALE element in the mesh. See Remark 3.

Remarks:

1.

There is a correspondence between the FR_MMG and TO_MMG. Consider an example
where:

a. The FR_MMG SID points to a SID=12 (the SID of its SMMGL card is 12, and
this SID contains AMMG 1 and AMMG 2)

b. The TO_MMG points to a SID=34 (the SID of the SMMGL card is 34, and this
SID contains AMMG 3 and AMMG 4)

Then, AMMG 1, if switched, will become AMMG 3, and AMMG 2, if switched, will
become AMMG 4.

The ID option must be activated if the parameter swiD is used in the *DATABAS_FSI
card. Then the accumulated mass of an AMMG that goes through a tracking surface, and
being switched, will be reported via the parameter “PLEAK” in the “dbfsi” ASCII output
file (or equivalently the “POROSITY” parameter inside LS-Prepost ASCII plotting
option).

When both NQUAD and XLEN are defined, whichever gives smaller sensor-point
interval distance will be used. XLEN may give better control as in the case of a null shell
acting as the monitoring surface. As this null shell is stretched, NQUAD distribution of
sensor-points may not be adequate, but XLEN would be.

The monitoring surface does not have to be included in the slave set of the coupling card.
However, at least one coupling card must be present in the model. The monitoring
segment set can be made up of Lagrangian or ALE nodes.
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Example:

Consider a simple airbag model with 3 part IDs:

H25 = AMMGL. = Inflator gas injected into the airbag.

H24 = AMMG?2 = Air outside the airbag = background mesh

H26 = AMMG3 = Dummy AMMG of inflator gas after it passes through a vent hole.
S9 = A Lagrangian shell part representing a vent hole.

S1 = A Lagrangian shell part representing the top half of an airbag.

S2 = A Lagrangian shell part representing the bottom half of an airbag.

The inflator gas inside the airbag is distinguished from the inflator gas that has passed through
the monitoring surface (vent hole) to the outside of the airbag by assigning different ALE multi-
material group set ID to each. The dummy fluid part (H26) should have the same material and
EOS model IDs as the before-switched fluid (H25).

Fr_MMG=1 ==> points to AMMGID=1 ==> points to H25 (inflator gas if inside)
To_MMG=2 ==> points to AMMGID=3 ==> points to H26 (inflator gas if outside)

S DU DU A SRR AU SR AU SR AURNT- SUNU RPN SORU DU BURPRN DU
*ALE_MULTI-MATERIAL GROUP
25 1
24 1
26 1
*DATABASE FSI
$ TOUT [STYPE: 0=PSID ; 1=PID ; 2=SGSID]
0.1000
$ DBFSI_ID SID STYPE AMMGSWID LDCONVID
1 1 1
2 2 1
3 9 1 90000
*SET MULTI-MATERIAL GROUP LIST
125
1
*SET_MULTI-MATERIAL GROUP_LIST
126
3
*ALE_FSI_SWITCH MMG ID
90000
$ SID SIDTYPE NQUAD XOFF BTIME DTIME NFREQ FOLD
9 1 3 -20.0 5.0 0.0 1 1
$ Fr MMG To MMG XCLEN
125 126 5.
S DR U AP S RS- S AP SR AURT- SUNN AU SN DU BURURN DU
NOTE

1. The *DATABASE_FSI card tracks 3 surface entities: (a) top half of an airbag, (b) bottom
half of an airbag, and (c) the vent hole monitoring surface where the AMMGID of the
inflator gas is switched.

2. The amount of mass passing through the vent hole during the switch is output to a
parameter called “pleak” in a “dbfsi” ASCII file. See *DATABASE_FSI.

3. The *ALE_FSI_SWITCH_MMG_ID card track any flow across S9 and switch the
AMMGSID from 125 (AMMG 1) to 126 (AMMG 3).

2.8 (ALE) LS-DYNA Version 971



*ALE_MULTI-MATERIAL_GROUP *ALE

*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 a model. This
card is required when ELFORM=11 in the *SECTION_SOLID card. This is the ALE Multi-
Material element formulation requiring at least 2 ALE materials to be present in a model. Each
data line represents 1 ALE multi-material group (AMMG), with the first line referring to group 1,
second line group 2, etc. Each AMMG represents one unique “fluid” which may undergo
interaction with any Lagrangian structure in the model.

Card 1 2 3 4 5 6 7 8
Variable SID IDTYPE
Type 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. In one model, ELFORM=12 cannot be used together with
ELFORM=11. If possible, it is recommended that ELFORM=11 be used as it is the most
robust and versatile formulation for treating multi-material ALE parts.

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 material contour color in LS-PREPOST.

3. The maximum number of AMMGIDs allowed has been increased to 20. However, there
may be 2, at most 3, AMMGs inside an ALE element at anytime. If there are more than 3
AMMG:s inside any 1 ALE element, the ALE mesh needs refinement. Better accuracy is
obtained with 2 AMMGs in mixed elements.
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4.  To plot these AMMGIDs in LS-PREPOST:
[FCOMP] = [MISC] = [VOLUME FRACTION OF AMMGID #] = [APPLY]
(Note: Contour definitions maybe different for gas mixture application)

5. Itis very important to distinguish among the
(@) Physical materials,
(b) PART IDs, and
(c) AMMGIDs.

A *PART may be any mesh component. In ALE formulation, it is simply a geometric
entity and a time=0 concept. This means a *PART may be a mesh region that can be filled
with one or more AMMGIDs at time zero, via a volume filling command
(*INITIAL_VOLUME_FRACTION_GEOMETRY). An AMMGID represents a physical
material group which is treated as one material entity (represented by 1 material color
contour in LS-PREPOST plotting). AMMGID is used in dealing with multiple ALE or
Eulerian materials. For example, it can be used to specify a master ALE group in a
coupling card.

Example 1:

Consider a purely Eulerian model 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=11 in 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
(PD 44) (PD 55) (PD 66)

Physical
Material 4
(PD 77)

Physical Physical Physical
Material 1 Material 2 Material 2
(PD 11) (PD 22) (PD 33)

Approach 1: If we want to track only the interfaces of the physical materials.
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SN IR TR (PR SR INPIS: PPV PP NN [NPRPIY- SUPURN IPUROY -SAPRP (PN, SRPN RPN -
*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°% 1ine = 1°% amme = ammerID-1
2 0 <« 27 line - 2°9 amme = ammcID=2
3 0 <« 3% 1ine = 39 amme = ammeID-=3
4 0 <« 4% 1ine - 4% amme = ammeID-4
$evileeeiloiii] o2 3] ... 4 leeeeBeeea]eeeebonea]eeeaTeunn]....8
With this approach, we define only 4 AMMGs (NALEGP=4). So in LS-PREPOST, when
plotting the material-group (history variable) contours, we will see 4 colors, one for each
material group. One implication is that 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 states, 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 a single fluid”, and no interfaces
among them are tracked. If this is 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.
AP ISP TR (PR SRR [NDIS: PUPPN PR ISR (RPN SUPURY IR SAPRP (PN, SRR IR -
*ALE MULTI-MATERIAL GROUP
1 1 & 1°% 1ine = 1°% amme = ammerID-1
2 1 < 27 line - 2°9 amwe = ammeID=2
3 1 < 3% 1ine = 39 amme = ammeID-=3
4 1 < 4% 1ine - 4% amme = ammeID-4
5 1 < 5% 1ine = 5% amme = ammerID=5
6 1 < 6% line = 6% amme = ammeID=6
7 1 < 7% 1ine = 7" amme = ammeID=7
AP ISP TR (PR SRR [ONPIS: DUPP DU ISR (U JUPURY IR - SAPRP (PN, SR IR -

There are 7 AMMGs in this case (NALEGP=7). This will involve more computational cost
for the additional tracking. Realistically, accuracy will be significantly reduced if there are
more than 3 or 4 materials in any one element. In that case, higher mesh resolution may be
required.
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*ALE

*ALE_MULTI-MATERIAL_GROUP

Example 2:
OlL WATER AIR
GROUP 1 GROUP 2 GROUP 3
PART ID'S1 AND 2 PARTID 3 PART ID'S 5,6, AND 7

The above example defines a mixture of three groups of materials (or “fluids™), oil, water and air,
that is, the number of ALE multi-material groups (AMMGs) 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.

2.12 (ALE)
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*ALE_REFERENCE_SYSTEM_CURVE

Purpose: This command defines a motion and/or a deformation prescribed for a geometric entity
(where a geometric 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
PRTYPE=3 in the *ALE_REFERENCE_SYSTEM_GROUP (ARSG) command.

Card 1 1 2 3 4 5 6 7 8
Variable ID

Type |

Default none

Card 2

Variable LCID1 LCID2 LCID3 LCID4 LCID5 LCID6 LCID7 LCID8
Type | | | I I I I I
Default none none none none none none none none
Card 3

Variable LCID9 LCID10 LCID11 LCID12

Type I I I |

Default none none none none
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VARIABLE DESCRIPTION
ID Curve group ID.
LCID1..LCID12 Load curve ID's.
Remarks:
1. The velocity of a node at coordinate (x,Y, z) is defined as:

f,(t) is the value of load curve LCID1 at time t etc. Note that f(t), f(t), f,(t)
correspond to the translation components in global x, y, and z direction, respectively.
f,(t), f,(t), and f,(t) correspond to the expansion or contraction component. The
remaining functions give rotation contribution.

Example 1:

Consider a motion that consists of translation in the x and y direction only. Thus only f,(t) and
fy (t) are required. Hence only 2 load curve ID’s need be defined:

S U DU DRSSO BRI SR DR SRR BRI SR DRSO DL SRR DR
*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
$ lcid sidr sfa sfo offa offo dattyp
111
$ al ol
0.00 5.0
0.15 4.0
*DEFINE CURVE
$ lcid sidr sfa sfo offa offo dattyp
222
$ al ol
0.00 -1.0
0.15 -5.0
$ | 1 | 2 | 3 | .4. | 5 | 6 | 7 | 8
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*ALE_REFERENCE_SYSTEM_GROUP

Purpose: This card is used to associate a geometric entity to a reference system type. A
geometric entity may be any part, part set, node set, or segment set of a model (or a collection of
meshes). A reference system type refers to the possible transformation allowed for a geometric
entity (or mesh). This command defines the type of reference system or transformation that a
geometric entity undergoes. In other words, it prescribes how certain mesh can translate, rotate,
expand, contract, or be fixed in space, etc.

Card 1 1 2 3 4 5 6 7 8
Variable SID STYPE PRTYPE PRID BCTRAN | BCEXP BCROT ICR/NID
Type | | | | | | | I
Default none 0 0 0 0 0 0 0
Card 2

Variable XC YC ZC EXPLIM EFAC FRCPAD | IEXPND
Type F F F F F F |
Default 0.0 0.0 0.0 inf. 0.0 0.1 0

Card 3isoptional

Card 3 1 2 3 4 5 6 7 8
Variable IPIDXCL | IPIDTYP

Type | |

Default 0 0
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*ALE * ALE_ REFERENCE_SYSTEM_GROUP

VARIABLE DESCRIPTION
SID Set ID.
STYPE Set type:
EQ.O: part set,
EQ.1: part,

EQ.2: node set,
EQ.3: segment set.

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 a local coordinate system
defined by three user defined nodes, see
*ALE_REFERENCE_SYSTEM_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_SYSTEM_NODE.
EQ.8: Mesh smoothing option for shock waves, where the element
grid contracts in the vicinity of the shock front. This may be
referred to as the Delayed-ALE option. It controls how much the
mesh is to be moved during the remap step. This option requires
the definition of the 5th parameter in the 2nd card, EFAC; see
below for definition.
EQ.9: Allowing the ALE mesh(es) to:
-Translate and/or rotate to follow a local Lagrangian reference
coordinate system (whose *ALE_REFERENCE_SYSTEM_NODE
card ID is defined by the BCTRAN parameter)
-Expand or contract to enclose a Lagrangian part-set 1D defined by
the PRID parameter.
-Has a Lagrangian node ID be defined by the ICR/NID
parameter to be the center of the ALE mesh expansion.

PRID A parameter giving additional information depending on the reference

system (PRTYPE) choice:

PRTYPE= 3: PRID defines a load curve group ID specifying an
*ALE_REFERENCE_SYSTEM_CURVE card for mesh
translation. This defines up to 12 curves which prescribe

the motion of the system.

2.16 (ALE)
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*ALE_REFERENCE_SYSTEM_GROUP

*ALE

VARIABLE

BCTRAN

BCEXP

DESCRIPTION

PRTYPE=5: PRID defines a node group ID specifying an

*ALE_REFERENCE_SYSTEM_NODE card, via which,
three nodes forming a local coordinate system are
defined.

PRTYPE=6: PRID defines a switch list ID specifying an

*ALE_REFERENCE_SYSTEM_SWITCH card. This
defines the switch times and the reference system choices
for each time interval between the switches.

PRTYPE=7: PRID defines a node group ID specifying an

*ALE_REFERENCE_SYSTEM_NODE card. Up to 12
nodes in space forming a region to be enveloped by the
ALE mesh are defined.

PRTYPE=9: PRID defines a Lagrangian part set ID (PSID) defining

the Lagrangian part(s) whose range of motion is to be
enveloped by the ALE mesh(es). This is useful for airbag
modeling.

For PRTYPE 4 & 5: BCTRAN is a translational constraint (remark 3).

EQ.0:
EQ.1:
EQ.2:
EQ.3:
EQ.4:
EQ.5:
EQ.6:
EQ.7:

no constraints,

constrained x translation,
constrained y translation,
constrained z translation,
constrained x and y translation,
constrained y and z translation,
constrained z and x translation,
constrained X, y, and z translation.

For PRTYPE=9: BCTRAN defines a node group ID defined by
*ALE_REFERENCE_SYSTEM_NODE card prescribing a local
coordinate system (3 node IDs) whose motion is to be followed by
the ALE mesh(es).

For PRTYPE=4 & 7: BCTRAN is an expansion constraint (remark 3).

EQ.0:
EQ.1:
EQ.2:
EQ.3:
EQ.4:
EQ.5:
EQ.6:
EQ.7:

no constraints,

constrained x expansion,
constrained y expansion,
constrained z expansion,
constrained x and y expansion,
constrained y and z expansion,
constrained z and x expansion,
constrained X, y, and z expansion.

LS-DYNA Version 971
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*ALE * ALE_ REFERENCE_SYSTEM_GROUP

VARIABLE DESCRIPTION

BCROT For PRTYPE=4: BCROT is a rotational constraint (remark 3).
EQ.0: 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,
EQ.7: constrained X, y, and z rotation.

ICR/NID A flag defining the center of mesh expansion and/or rotation (remark 3).
PRTYPE=4: ICR is a center of mesh expansion and rotation flag,
EQ.O: The center is at center of gravity of the ALE
mesh.
EQ.1: The centeris at (XC, YC, ZC), just a point in
space (it does not have to be a defined node)
PRTYPE=9: NID (node ID) is a Lagrangian NID. LSDYNA uses this
node as an anchored center of ALE mesh expansion
(remark 2).

XC,YC,zC Center of mesh expansion if PRTYPE= 4. This supplements the ICR
parameter above.

EXPLIM Limit ratio for mesh expansion and contraction. Each Cartesian
direction is treated separately. The distance between the nodes is not
allowed to increase by more than a factor EXPLIM, or decrease to less
than a factor /EXPLIM. This flag applies only for PRTYPE=4.

EFAC Initial mesh remapping factor for PRTYPE=8 only, ranging between 0.0
and 1.0. When EFAC approaches 1.0, the remapping approaches pure
Eulerian behavior. The smaller the value of EFAC, the closer the mesh
will initially follow the material flow in the vicinity of a shock front, i.e.
approaching Lagrangian behavior. Thus, a very small value might lead
to severe mesh distortions because the mesh must deform severely to
follow the material flow initially. Eventually over time, the mesh
smoothing behavior will approach an Eulerian system.

FRCPAD For PRTYPE=9: This is an ALE mesh padding fraction ranging from
0.01 to 0.2. If the characteristic Lagrange mesh dimension (dL,) exceeds
(1-2* FRCPAD) times the characteristic ALE mesh dimension (dL,), then
the ALE mesh is expanded so that dLa = dL, /1-2* FRCPAD). This
provides extra few layers of ALE elements beyond the maximum
Lagrangian range of motion.
EQ.0.01: dLa=dL, /0.98 =dL, * 1.020408
EQ.0.20: dLa =dL, /0.60 =dL * 1.666667
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VARIABLE DESCRIPTION

IEXPND If PRTYPE=9: This is an ALE mesh expansion control flag.

EQ.0: Both mesh expansion and contraction are allowed.
EQ.1: Only mesh expansion is allowed.

IPIDXCL An ALE set ID to be excluded from the expansion and/or contraction

only. Translation and rotation are allowed. For example, this may be
used to prevent the ALE mesh (or part) at the inflator gas inlet region
from expanding too much. High ALE mesh resolution is usually
required to resolve the high speed flow of the gas into the airbag via
point sources (remark 2).

IPIDTYPE Set ID type of IPIDXCL: 0 =PSID; 1 =PID

Remarks:

1.

Some PRTYP may require a supplemental definition defined via 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 a
definition for its corresponding PRID parameter.

For PRTYPE=9: ICR/NID can be useful to keep a high density ALE mesh centered on the
region of greatest interest, (such as the inflator orifices region in an airbag model). For
example, in the case of nonsymmetrical airbag deployment, assuming that the ALE mesh
is initially finer near the inlet orifices, and gradually coarsened away from it. Defining an
“anchor node” at the center of the orifice location will keep the fine ALE mesh region
centered on the orifice region. So that this fine ALE mesh region will not be shifted away
(from the point sources) during expansion and translation. The ALE mesh can move and
expand outward to envelop the Lagrangian airbag in such a way that the inlet is well
resolved throughout the deployment.

The table below shows the applicability of the various choices of PRTYPE. Simple
deductions from the functional definitions of the PRTYPE choices will clarify the
applications of the various constraints. For example, when PRTYP=3, nodal motion of
the ALE mesh is completely controlled by the 12 curves. Therefore, no constraints are
needed.
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PRTYPE ICR/NID BCTRAN BCROT BCEXP
3 NO NO NO NO
4 YES (ICR) YES YES YES
5) NO YES NO NO
6 NO NO NO NO
7 NO NO NO YES
8 NO NO NO NO
9 YES (NID) NO NO NO
Example 1:

Consider a bird-strike model containing 2 ALE parts: a bird is surrounded by air (or void). A
part-set ID 1 is defined 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.

A IV, IR IV DA ISAURUIS: DN IDIIS” S NI ORI (RPN AP IR, SUPUI IRR -
*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
A IV IR IV SRR IDPRUIS: SRR DRI SR RN ORI (RPN AP IR, SUPUI IRR -
Example 2:

Consider a bouncing ball model containing 2 ALE parts: a solid ball (PID 1) is surrounded by air
or void (PID 2). A part-set ID 1 is defined containing both parts. To allow for the meshes of
these 2 parts to move with 2 reference system types: (a) first, they move with their combined
mass-weighted-average velocity 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 mesh is
fixed in space), a reference system “SWITCH” is required. This is done by setting PRTYPE=6.
This PRTYPE requires a corresponding *ALE_REFERENCE_SYSTEM_SWITCH card. Note
that PRID=11 in the *ALE REFERENCE_SYSTEM_GROUP card corresponds to the
SWITCHID=11 in *ALE_REFERENCE_SYSTEM_SWITCH card.
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*ALE

= [ S S Y - S R A R
*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
$ tl t2 t3 t4 t5 t6 t7
0.01 10.0
TYPE1 TYPE2 TYPE3 TYPE4 TYPES TYPE6 TYPE7 TYPES
4 0
$ ID1 ID2 ID3 ID4 ID5 ID6 ID7 ID8
0 0 0 0 0 0 0 0
L [ [ 1 [ S - S Y -SSR IR R R -
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*ALE_REFERENCE_SYSTEM_NODE

Purpose: This command defines a group of nodes that control the motion of an ALE mesh. It is
used only when PRTYPE=5 or 7 in a corresponding *ALE_ REFERENCE_SYSTEM_GROUP
card.

Card 1 1 2 3 4 5 6 7 8
Variable ID

Type |

Default none

Card 2

Variable NID1 NID2 NID3 NID4 NID5 NID6 NID7 NID8
Type | | | | | | | I
Default none none none none none none none none
Card 3

Variable NID9 NID10 NID11 NID12

Type I I I |

Default none none none none
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VARIABLE DESCRIPTION
ID Node group ID for PRTYPE 5 or 7, see
*ALE_REFERENCE_SYSTEM_GROUP.
NID1..NID12 User specified nodes.
Remarks:

1. For PRTYPE=5 the ALE mesh is forced 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 =% = X)X =X |
Z = XX (X = X) | X' X (% =X,
y'=7ZxXx

Note that x, — x, is the local x"axis, x, — X, is the local y” axis and X" crosses y’ gives

the local Z' axis. These 3 nodes are used to locate the reference system at any time.
Therefore, their positions relative to each other should be as close to an orthogonal
system as possible for better transformation accuracy of the ALE mesh.

2. For PRTYPE=7, the ALE mesh is forced to move and expand, so as to enclose up to
twelve user defined nodes (NID1...NID12). This is a rarely used option.

Example 1:

Consider modeling sloshing of water inside a rigid tank. Assuming there are 2 ALE parts, the
water (PID 1) and air or void (PID 2) contained inside a rigid (Lagrangian) tank (PID 3). The
outer boundary nodes of both ALE parts are merged with the inner tank nodes. A part-set ID 1 is
defined containing both ALE parts (PIDs 1 and 2). To allow for the meshes of the 2 ALE parts
to move with the rigid Lagrangian tank, PRTYPE=5 is used. The motion of the ALE parts then
follows 3 reference nodes on the rigid 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 IDs of 5, 6 and 7. Note that PRID=12 in the

*ALE_REFERENCE_SYSTEM_GROUP card corresponds to the SID=12 in the
*ALE_REFERENCE_SYSTEM_NODE card.

= R L S - Y - T [P A -

*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 - L - S [ - A IO -
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*ALE_REFERENCE_SYSTEM_SWITCH

Purpose: The PRTYPE parameter in the *ALE_REFERENCE_SYSTEM_GROUP (ARSG)
card allows many choices of the reference system types for any ALE geometric entity. This
command allows for the time-dependent switches between these different types of reference
systems, i.e., switching to multiple PRTYPEs at different times during the simulation. This
command is required only when PRTYPE=6 in ARSG card. Please see example 2 in the ARSG
section.

Card 1 1 2 3 4 5 6 7 8
Variable ID

Type |

Default none

Card 2

Variable 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 3

Variable TYPE1 TYPE2 TYPE3 TYPE4 TYPES TYPEG TYPE7 TYPES8
Type | | | | | | | |
Default 0 0 0 0 0 0 0 0
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Card 4 1 2 3 4 5 6 7 8
Variable ID1 ID2 ID3 ID4 ID5 ID6 ID7 ID8
Type | | | | | | | |
Default none none none none None none none none
VARIABLE DESCRIPTION
ID Switch list ID, see *ALE_REFERENCE_SYSTEM_GROUP,
T1..T7 Times for switching reference system type. By default, the reference

TYPEL..TYPES

ID1...

1D8

Remarks:

system TYPEZL occurs between time=0 and time=T1, and TYPE2 occurs
between time=T1 and time=T2, etc.

Reference system types (also see PRTYPE under ARSG):
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 a local coordinate system
defined by three user defined nodes, see
*ALE_REFERENCE_SYSEM_NODE,

The corresponding PRID parameters supporting each PRTYPE used
during the simulation.

1. The beglnnlng time is assumed to be t=0, and the starting PRTYPE is TYPELl. So at T1,
the 1% switching time, PRTYPE is switched from TYPEL to TYPEZ2, and so forth. This
option can be complex in nature so it is seldom applied.
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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 constraint is active during each mesh smoothing operation.

Card 1 1 2 3 4 5 6 7 8
Variable SNID MNID1 | MNID2 IPRE XCO YCO ZCOo
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.0: 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
ZCco z-coordinate of constraint vector
Remarks:
1. Arbitrary Lagrangian Eulerian meshes are defined via the choice of the element type and

the *CONTROL_ALE card. This can only be used with solid elements.

1st master node

slave node

2nd master node

Figure2.1 This simple constraint, which ensures that a slave node remains on a straight 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 (ri(t), T,.(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 1 1 2 3 4 5 6 7 8

Variable MDOTLC | TANKV PAMB PFINAL | MACHL | VELMAX | AORIF

Type | | | I F F F
Default 0 0.0 0.0 0.0 0.0 0.0 0.0
Card 2

Variable AMGIDG | AMGIDA | NUMPNT

Type | | |
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.

TANKV Volume of the tank used in a tank test from which the tank pressure is
measured, and m(t) and 'Tgas(t) are computed from this tank pressure
data.

PAMB The pressure inside the tank before jetting (usually 1bar).

PFINAL The final equilibrated pressure inside the tank from the tank test.

MACHL A limiting MACH number for the gas at the throat (MACH=1
preferred).
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*ALE *ALE_TANK_TEST

VARIABLE DESCRIPTION
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).

AMGIDG The ALE multi-material group ID (AMMGID) of the gas.
AMGIDA The ALE multi-material group ID (AMMGID) of the air.
NUMPNT The number of points in m(t) and 'ITgaS(t) curves. If NUMPNT=0,

defaults to 50 points.

Remarks:

1.

In an 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 via the *AIRBAG _ cards. Typically, 'ITgaS(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 the inlet must
be computed. Since only m(t) is known, 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 'ITgaS(t) are used to compute

3 curves which are then used as the input for the ALE model: T, e (t), Vel (t) and

p(t). This *ALE_TANK_TEST card allows for this inlet condition conversion to be
done inside 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 'ITgaS(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 be ignored. They are computed internally inside
LS-DYNA.

The m(t) curve will be read in on *ALE_TANK_TEST card.

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

with additional isentropic and sonic flow assumption for the maximum velocity at an
orifice (Tys corectea(t) 1S 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).

5. 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 area may be input in this *ALE_TANK_TEST card.

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 is
ignored.

Example:

Consider a tank 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 1 is from control volume model input).

- 'Tgas(t) (LCID 2 is from control volume model input).

- Volume of the tank used in the inflator tank test.
- Final equilibrated pressure inside the tank.
- Ambient pressure in the air.

Also available are:
- The nodal IDs of the nodes defining the orifice holes through which the gas flows into
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.

In the input below LCID 1 and 2 are m(t) and 'ITgas(t), respectively. LCID 4 and 5 will be

ignored when the *ALE_TANK_TEST card is present. If it is not present, all 3 curves in the
*SECTION_POINT_SOURCE card will be used. When the *SECTION_POINT_SOURCE card
is present, the element formulation is equivalent to an ELFORM=11.
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= e A I A
*PART
inflator gas
$ PID SECID MID
1 1 1
*PART
air inside the tank
$ PID SECID MID
2 2 2
*SECTION SOLID
$ SECID ELFORM AET
2 11 0
*ALE MULTI-MATERIAL GROUP
$ SID SIDTYPE
1 1
2 1
*SECTION POINT SOURCE
$ SECID LCIDT LCIDVOLR
1 2 4
$ NODEID VECTID AREA
24485 3 15.066
24557 3 15.066
*ALE TANK_TEST
$ MDOTLC TANKV PAMB
1 6.0E7 1.0E-4
$ AMGIDG AMGIDA NUMPNT
1 2 80
= s A I A

ceee3een

ceee3een

EOSID

EOSID

LCIDVEL
5

PFINAL

5.288E-4

R TR

<= 3 curves in

R TR ceeeTocas

cee T8
ADPOPT TMID
0 0
ADPOPT TMID
0 0

tempvolrvel.k file

AORIF

...8
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*ALE_UP_SWITCH

Purpose: For the simulation of airbag inflation process, this card allows the switching from an
ALE computation to a control volume (CV) or uniform pressure (UP) method at a user-defined
switch time.

Card 1 1 2 3 4 5 6 7 8
Variable UPID SWTIME

Type | F

Default 0 1.0e+16

Remarks 1

Card 2

Variable | FSI_ID1 | FSI_ID2 | FSI_ID3 | FSI_ID4 | FSI_ID5 | FSI_ID6 | FSI_ID7 | FSI_ID8

Type | | | | | | | |

Default 0 0 0 0 0 0 0 0

Remarks
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Optional Card 3 Format —input only if UPID=0 or not defined.

Card 3 1 2 3 4 5 6 7 8
Variable SID SIDTYPE | MMGAIR | MMGGAS
Type I | | |
Default 0 0 0 0
Remarks
VARIABLE DESCRIPTION
UPID An ID defines a corresponding *AIRBAG_HYBRID_ID card for use in

an ALE-method-switching-to-CV-method simulation. The simulation
starts with ALE computational method, then switches to a CV (or UP)
method at some given time.
EQ.O: (or blank) The code will construct an equivalent
*AIRBAG_HYBRID_ID card automatically internally, (default).
The 3" optional line is then a required input.
NE.O: An ID points to a corresponding *AIRBAG_HYBRID_ID
card which must be defined for use after the switch. If UPID is
defined, do not define the 3 optional card.

SWTIME The time at which the computation does a switch from an ALE-method-
to-CV-method.

FSI_ID1->FSI_ID8 Coupling IDs for one or more ALE fluid-structure-interaction (FSI)
*CONSTRAINED LAGRANGE_IN_SOLID_ID cards. These
couplings are deleted during the 2", CV computational phase.

SID A set ID defines the Lagrangian parts which make up the airbag.

SIDTYPE Set ID type for the above SETID (following the conventions in
*AIRBAG_HYBRID card).
EQ.O: SID is a segment set ID (SGSID).
NE.O: SID is a part set ID (PSID).

MMGAIR The AMMG (ALE multi-material group) 1D of surrounding air.

MMGGAS The AMMG ID of inflator gas injected into the airbag.
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Remarks:

1. If UPID is zero or blank, optional card 3 must be defined. LSDYNA will construct an
equivalent *AIRBAG_HYBRID_ID card automatically.

Example 1:

Consider an airbag model with a 2-phase simulation: an ALE calculation being switched to a CV
method. During the CV phase, the simulation is defined by an *AIRBAG_HYBRID_ID card.

= e R N e - S - S I A P -
*ALE_UP_SWITCH
$ UP ID SW time
100000 2.0000
$ FSI ID 1 FSI ID 2 FSI ID 3 FSI ID 4 FSI ID 5 FSI ID 6 FSI ID 7 FSI ID 8
1 2
R e e
*AIRBAG HYBRID ID
$ ID
100000
$ SID SIDTYP RBID vsca PSCA VINI MWD SPSF
2 1 0 1.0 1.0 0.0 0.0 0.0
$ 2 ATMT ATMP ATMD GC cc
293. 1.0130e-4 1.200E-9 8.3143 1.
$ c23 LCC23 a23 LCA23 CcP23 LCP23 AP23 LCAP23
$ OPT PVENT NGAS
4
$bac LCIDM LCIDT NOTUSED MW INITM a B c
1001 1002 0.0288691 1.0 28.98
$ FMASS
$air LCIDM LCIDT NOTUSED MW INITM a B c
1600 1603 28.97E-3 0.0 26.38 8.178e-3 -1.612e-6
$ FMASS
$pyroLCIDM LCIDT NOTUSED MW INITM a B c
1601 1603 43.45E-3 0.0 32.87 2.127e-2 -5.193E-6
$ FMASS
$sto LCIDM LCIDT NOTUSED MW INITM a B c
1602 1603 39.49E-3 0.0 22.41 2.865e-3 -6.995e-7
$ FMASS
= R L e S - [ - T [ A
Example 2:

Consider the same airbag model with the same 2-phase simulation. However, all the
*AIRBAG_HYBRID_ID card definitions are extracted automatically from the ALE model.
There is no need to define the *AIRBAG_HYBRID_ID card. The 3" optional card is required.

S DU DU A SRR AU S AU SR AURNY- SUNUN AU SONP DRI BURURN DU
*ALE UP_SWITCH

$ UP_ID SW_time

$ 100000 2.0000
0 2.0000

$ FSI ID 1 FSI ID 2 FSI ID 3 FSI ID 4 FSI ID 5 FSI ID 6 FSI ID 7 FSI ID 8
1 2

$ SETID SETYPE MMG AIR MMG GAS
2 1 2 1

= e B R e S - S P A P -
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nodes.

*BOUNDARY

The keyword *BOUNDARY provides a way of defining imposed motions on boundary
The keyword control cards in 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_PRESCRIBED_MOTION_{OPTION1} {OPTION2}
*BOUNDARY_PRESCRIBED_ORIENTATION_RIGID_OPTION
*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_ACOQUSTIC_COUPLING

Purpose: Define a segment set for acoustic coupling. The segments should define the surface of
a shell or solid (structural) element. This option allows 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 1 2 3 4 5 6 7 8
Variable SSID
Type |
Default none
VARIABLE DESCRIPTION
SSID Segment set ID, see *SET_SEGMENT
Remarks:

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

2p,D
pStS

<5

where p, is the 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 defines the 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 4).

Card 1 2 3 4 5 6 7 8
Variable PID LCID1 LCID2
Type | I |
Default none none none
VARIABLE DESCRIPTION
PID The ambient Part ID for which the thermodynamic state is being defined.
LCID1 A load curve ID for internal energy per unit reference specific volume

(please read the beginning of the EOS section for details). If
*EOS_IDEAL_GAS is being used, this ID then refers to a temperature

load curve ID.
LCID2 Load curve ID for relative volume, v, = {l = &j (Please read the
v, p
beginning of the EOS section for details).
Remarks:
1. The term “ambient” refers to a medium that has predetermined thermodynamic state

throughout the simulation. All “ambient” parts/elements will have its thermodynamic
state reset back to this predetermined state every cycle. If this state is defined via the
*EOS_ card, then this predetermined thermodynamic state is constant throughout the
simulation. If it is defined via this card, * BOUNDARY_AMBIENT_EQS, then its
thermodynamic state will vary according to these defined load curves. “Ambient” part is
sometimes also referred to as “reservoir” part as it may be used to simulate semi-infinite
region.

2. In general, a thermodynamic 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 a temperature load curve if using
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*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 via the equation of state (*EOS ).

- 1 . . .
3. A reference specific volume, v, =—, is the inverse of a reference density, p,. The
Po
reference 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.

4, The internal energy per unit reference specific volume may be defined as ¢, = &r :
0
The specific internal energy (or internal energy per unit mass) is defined as C,T.
5. This card is only to be used with “ambient” element type as defined by the parameters

under the *SECTION_SOLID card:
- ELFORM =7, or

- ELFORM =11 and AET=4, or
- ELFORM =12 and AET=4.

Example:

Consider an ambient ALE part ID 1 which has its internal energy per unit reference specific
volume in a load curve ID 2 and relative volume load curve ID 3:

"YU DUURE DU DU SR BN SO B SN DURN- S DAY SN BRI SRR B
*BOUNDARY AMBIENT EOS
$ PID e/T LCID rvol LCID
1 2 3
"SR DU DU DS SUDI BN SUNE DU SN DURN- S DAY SN BRI SRR B
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*BOUNDARY_CONVECTION_OPTION
Available options include:

SEGMENT

SET

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

For the SET option define the following card:

(Card 1of 2)

Card 1 1 2 3 4 5 6 7 8
Variable SSID

Type |

Default none

For the SEGMENT option define the following card:

(Card 1of 2)

Card 1 1 2 3 4 5 6 7 8
Variable N1 N2 N3 N4

Type I I I |

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

(Card 20f 2)
Card 2 1 2 3 4 5 6 7 8
Variable HLCID | HMULT | TLCID | TMULT LOC
Type | F I F |
Default none 0. none 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 versus time,
EQ.O: use constant multiplier value, HMULT,
LT.0: function versus temperature.
HMULT Curve multiplier for h.
TLCID Load curve ID for T_ versus time, see *DEFINE_CURVE:
EQ.O: use constant multiplier value, TMULT.
TMULT Curve multiplier for T
LoC Application of surface for thermal shell elements, see parameter,
TSHELL, in the *CONTROL_SHELL input:
EQ.-1: lower surface of thermal shell element
EQ. 1: upper surface of thermal shell element
Remarks:

A convection boundary condition is calculated using ¢” = (T —T_) where
h heat transfer coefficient
(T —T.) temperature potential

Three alternatives are possible for the heat transfer coefficient which can be a function of
time, a function of temperature, or constant. Also, the temperature of the boundary T_ can be

either constant or a function 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 as an impeller, i.e., Figure 3.1. The segment boundary, denoted as a side 1 and
side 2, may be curved or planar. In this section, a paired list of points are defined on the sides
that are to be joined.

Card 1 2 3 4 5 6 7 8
Variable XC YC zc NSID1 | NSID2 | IGLOBAL | ISORT
Type F F F | | | |
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 a location which, if given in cylindrical coordinates,
all differ by the same angle.

IGLOBAL Flag for repeating symmetry:
EQ.O0: 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.O0: 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™ node in NSID1 is equivalent to the n" node
in 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 include:

ACOUSTIC

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 a rigid or deformable body. The theory which underlies the method (see the LS-
DYNA Theory 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

*BOUNDARY_ELEMENT_METHOD_ACOUSTIC

Purpose: Use boundary element method in frequency domain for acoustic problems.

Card 1 1 2 3 4 5 6 7 8
Variable Dens Sp Min_Freq | Max_freq NFreq NORM DT Pref
Type F F F F F | F F
Default 0

Remark

Card 2

Variable SSID SSTYPE LcID OutlD OUutTYPE | Method Iwindow

Type I I | | I | | I
Default

Remark

Optional Card (Required if iterative solver isused in BEM)

Card 3 1 2 3 4 5 6 7 8
Variable IDim Max_lter Res

Type | | F

Default 50 100 10.e-6
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VARIABLE

Dens
Sp
Min_Freq
Max_Freq
NFreq

NORM

DT

Pref

SSID

SSTYPE

LcID

OutlD

DESCRIPTION

Fluid Density.

Speed of Sound of the Fluid
Minimum value of output frequencies
Maximum value of output frequencies
Number of output frequencies

NORM should be set such that the normals are facing the Fluid.
EQ.O0: Normals are not inverted (Default)
EQ.1: Normals are inverted.

Time interval used for writing data to the binary file defined by the
command line parameter “bem”. For method = 0, 1, 3 the boundary
element velocity is written and for method = 2 both boundary element
velocity and pressure are written. See Getting Started / Execution
Syntax section of this manual for information about “bem”.

Reference pressure for calculation of pressure. This value will be used
to output pressure in dB. If Pref = 0 the pressure will be in the problem
units.

Part, Part set ID, or Segment set ID of boundary elements

Boundary element type
EQ.O0: Part Set ID
EQ.1: PartID
EQ.2: Segment set ID

Load curve for velocity boundary condition (and pressure boundary
condition when Kirchoff method is used) in frequency domain
LT.0: Velocity is given in the frequency domain
EQ.O: Velocity (pressure) is provided by the LS-DYNA analysis, the
velocity is written in a binary file. The boundary element method is
processed at the end of the LS-DYNA analysis. An FFT algorithm is
used to transform time domain data into frequency domain in order
to use the boundary element method acoustic. For Lcld=0, a unique
name must be specified during execution with the command line
parameter bem=bof, where “bof” is a filename. See Getting Started /
Execution Syntax section of this manual for information about
“bem”.

Node set ID, or Segment set ID of output field points.
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VARIABLE DESCRIPTION

OutTYPE Output field points type.
EQ.1: Node set ID.
EQ.2: Segment set ID.

Method Acoustic formulation.
EQ.0: BEM (Direct solver).
EQ.1: Itertive solver is used. The next card is mandatory.
EQ.2: Kirchhoff method coupled to FEM for acoustics
(*MAT_ACOUSTIC) with Non Reflecting Boundary condition, see
*BOUNDARY_NON_REFLECTING . In this case, at least one fluid
layer with non reflecting boundary condition is to be merged to the
vibrating structure. This additional fluid is given in *MAT_ACOUSTIC
by the same density and sound speed as used in this card.
EQ.3: Rayleigh method.

Iwindow FFT windows (Default=1).
EQ.0: Hanning window.
EQ.1: Rectangular window.
EQ.2: Raised cosine window.
EQ.3: Hamming window .
EQ.4: Blackman window.

IDim Subspace size (Default= 50)
Max_iter Maximum of iterations (Default =100)
Res Residual (Default=1.E-6)
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*BOUNDARY_ELEMENT_METHOD

*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
calculation, and the use of this option is strongly recommended. The BEM calculations can
easily dominate the total execution time of a LS-DYNA run unless the parameters on this card
(especially DTBEM and/or IUPBEM) 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 dynamics in LS-DYNA is given by the size of the smallest structural element
divided by the speed of sound of its material. For a typical 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 a typical
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-DYNA 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 IUPBEM to a very large number. For
situations where the structural deformations are modest an intermediate value (e.g., 10) for
IUPBEM can be used.

Defineonecard.

Card 1 2 3 4 7 8
Variable LWAKE | DTBEM | IUPBEM | FARBEM

Type | F | F

Default 50 0. 100 2.0

Remark 1 2
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VARIABLE DESCRIPTION

LWAKE Number of elements in the wake of lifting surfaces. Wakes must be
defined for all lifting surfaces.

DTBEM 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-DYNA iterations until a time
increment of DTBEM has elapsed.

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

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

Remarks:

1. Wakes convect with the free-stream velocity. The number of elements in the wake
should be set to provide a total 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.
This time increment is controlled by DTBEM.

2. The most accurate results will be obtained with FARBEM set to 5 or more, while values
as low as 2 will provide slightly 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 turns on 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 a fluid which is initially at rest.

Defineonecard.

Card 1 2 3 4 5 6 7 8
Variable SSID VX VY vz RO PSTATIC | MACH
Type I 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, Y, 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). This will 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 as it deforms.

2. A pressure of PSTATIC is applied uniformly to all segments in 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. The effects of subsonic 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 a body is determined by the gradient of the doublet
distribution on the surface (see the LS-DYNA Theory 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:

Cardsl, 2,3, ... (Thenext “*” card terminatestheinput.)

Card

1 2 3 4 5 7 8
Variable NELEM | NABORL | 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.
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 side is null for triangular elements.
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node 4 node 3

side 3
side 4 side 2

side 1

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,))

neighbor(4,j) side 3 neighbor (2. j)
. segment j
side 4 .
side 1

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,j) is set to zero, then a linear 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). This is the default setup used by LS-DYNA 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 is located on the opposite side of segment neighbor(4,j) as
segment j.
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-neighbor(2,j) neighbor(4,j) segment j
side 4 side 2

Figure3.4 If neighbor(2,j) is a negative number it is assumed to lie on the
opposite side of neighbor(4,j) as segment j.

Another possibility is that no neighbors at all are available in 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 occasionally useful where quasi-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 elements side 4 is null. Gradients in the side 2 to side 4 direction
can be computed as described above by setting neighbor(4,j) to zero for a linear derivative
computation (this is the default setup used by LS-DYNA 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,])) (see Figure
3.5).

neighbor(4,)) oo
side

Figure3.5 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 as follows (the side 1 to side 3 case is similar):
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Table 3.1 Surface pressure computation for element j.

NABOR?2 NABOR4 Doublet Gradient Computation
GT.0 GT.0 quadratic fit using elements j,
NABOR2, and NABOR4
LT.0 GT.0 quadratic fit using elements j, -

NABORZ2, and NABORA4.
-NABOR?2 is assumed to lie on
the opposite side of NABOR4

as segment j (see Fig. 3.4)

GT.0 LT.0 quadratic fit using elements |,
NABOR2, and -NABORA4.
-NABORA4 is assumed to lie on
the opposite side of NABOR2
as segment j

EQ.O0 GT.0 linear fit using elements j and
NABOR4

GT.0 EQ.O0 linear fit using elements j and
NABOR?2

EQ.0 EQ.0 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 a factor of 8. Only 1
plane of symmetry can be defined.

For the SYMMETRY option define the following card:
Define one card.

Card 1 2 3 4 5 6 7 8

Variable BEMSYM

Type |

Default 0

Remark

VARIABLE DESCRIPTION

BEMSYM Defines symmetry plane for boundary element method.
EQ.O0: no symmetry plane is defined
EQ.1: x =0 is asymmetry plane
EQ.2: y =0 is asymmetry plane
EQ.3: z =0 is a symmetry 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 a lifting surface (such as a wing, propeller blade,
rudder, or diving plane). Wakes should also be attached to known separation lines when
detached flow is known to exist (such as the sharp leading edge of a delta wing 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 WAKE option define the following cards:

Cardsl, 2,3, ... (Thenext “*” card terminatestheinput.)

Card 1 2 3 4 5 6 7 8
Variable NELEM NSIDE
Type | |
Default none none
Remark 1
VARIABLE DESCRIPTION
NELEM Element number to which a wake 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 element, but not to both.
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*BOUNDARY_FLUX_OPTION
Available options include:
SEGMENT
SET

Purpose: Define flux boundary conditions for a thermal or coupled thermal/structural analysis.
Two or more cards are defined for each option. History variables can be associated with the
boundary condition which will invoke a call to a user defined boundary flux subroutine for
computing the flux.

For the SET option define the following card:

(Card 1of 2)

Card 1 1 2 3 4 5 6 7 8
Variable SSID

Type |

Default none

For the SEGMENT option define the following card:

(Card 1of 2)

Card 1 1 2 3 4 5 6 7 8
Variable N1 N2 N3 N4

Type I I I I

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

(Card 2)

Card 2 1 2 3 4 5 6 7 8
Variable LCID MLC1 MLC2 MLC3 MLC4 LOC NHISV

Type | F F F F | |

Default none 0. 0. 0. 0. 0 0

Define as many cards as necessary toinitialize NHISV history variables.
(Card3...)

Card 3 1 2 3 4 5 6 7 8
Variable HISV1 HISV2 HISV3 HISV4 HISV5 HISV6 HISV7 HISV8
Type F F F F F F F F
Default 0. 0. 0. 0. 0. 0. 0. 0.
VARIABLE DESCRIPTION
SSID Segment set ID, see *SET_SEGMENT
N1,N2... Node ID’s defining segment
LCID Load curve ID for heat flux, see *DEFINE_CURVE:

GT.0: function versus time,
EQ.O: use constant multiplier values at nodes,
LT.0: 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.
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VARIABLE DESCRIPTION

LOC Application of surface for thermal shell elements, see parameter,
TSHELL, in the *CONTROL_SHELL input:
EQ.-1: lower surface of thermal shell element
EQ.1: upper surface of thermal shell element

NHISV Number of history variables associated with the flux definition:
GT.0: A user defined subroutine will be called to compute the flux.
See Remark 1.

HISV1 Initial value of history variable 1

HISV2 Initial value of history variable 2

HISVn Initial value of history variable n, where n = NHISV
Remarks:
1. If NHISV is a number greater than 0, the user subroutine

subroutine usrflux(fl, flp,..)

will be called to compute the flux (fl) defined as heat (energy) per time per surface area.
For more details see Appendix S.

2. Three definitions for heat flux are possible. Heat flux can be a function 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
spatial 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.

g3
g2
4
Aq n3
n2

nl

Figure 3.6. Nodal number determines outward normal.
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*BOUNDARY_MCOL

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

Card 1 2 3 4 5 6 7 8

Variable NMCOL | MXSTEP | eENpT™MCOL | TSUBC | PRTMCOL

Type | I F F F
Default 2 none 0.0 0.0 none
Remarks 2

Card 2 must be defined for each ship

Card 2 1 2 3 4 5
Variable RBMCOL MCOLFILE
Type I A60
Default None
Remarks
VARIABLE DESCRIPTION
NMCOL Number of ships in MCOL coupling.
MXSTEP Maximum of time step in MCOL calculation. If the number of MCOL

time steps exceeds MXSTEP, then LS-DYNA will terminate.

ENDTMCOL Uncoupling termination time, see Remark 2 below.
EQ.0.0: set to LS-DYNA termination time

TSUBC Time interval for MCOL subcycling.
EQ.0.0: no subcycling
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VARIABLE DESCRIPTION
PRTMCOL Time interval for output of MCOL rigid body data.
RBMCOL LS-DYNA rigid body material assignment for the ship.
MCOLFILE Filename containing MCOL input parameters for the ship.
Remarks:
1. The basis for MCOL is a convolution 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 locations to LS-DYNA. A more detailed theoretical and practical description
of MCOL can be found in a separate report (to appear).

After the end of the LS-DYNA / MCOL calculation, the analysis can be pursued using
MCOL alone. ENDTMCOL is the termination time for this analysis. If ENDTMCOL is
lower than the LS-DYNA termination time, the uncoupled analysis will not be activated.

The MCOL output is set to the files MCOLOUT (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 is important for limiting the size of the models.

Card 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 model.

3. With the two optional switches, the influence of reflecting waves can be studied.
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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 constraint in the transient phase while the
constraints are replaced with the impedance 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 elements in the xy plane, as indefinite domains are usually not

modeled. For geomechanical problems, this option is important for limiting the size of the
models.
Card 1 2 3 4 5 6 7 8
Variable NSID
Type |
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.

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 in contained
within the discrete analysis model.
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Define the nodes k, k+1, k+2, ....k+n
while moving counterclockwise around
the boundary.

X

k+2

& k+1

Figure 3.7. When defining a transmitting 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_PRESCRIBED_ACCELEROMETER_RIGID

Purpose: Prescribe the motion of a rigid body based on experimental data obtained from
accelerometers affixed to the rigid body.

Note: This feature is available only in release R3 and higher of Version 971.

Card 1 1 2 3 4 5 6 7 8
Variable PID

Type |

Default none

Card 2, 3, 4, etc. Define one card for each accelerometer affixed to therigid body. Input is
terminated when a “*” card is found. A minimum of three accelerometers are required
(see Remarks below).

Card 1 2 3 4 5
Variable NID CID LCIDX | LCIDY LCIDZ
Type | | I I |
Default none none none none none
VARIABLE DESCRIPTION
PID Part ID for rigid body whose motion is prescribed.
NID Node ID corresponding to the location of the accelerometer.
CID Coordinate system ID describing the orientation of the accelerometer’s
local axes (see *DEFINE_COORDINATE).
LCIDX Load curve ID containing the local x-acceleration time history from the
accelerometer.
LCIDY Load curve ID containing the local y-acceleration time history from the

accelerometer.
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VARIABLE DESCRIPTION

LCIDZ Load curve ID containing the local z-acceleration time history from the
accelerometer.

Remarks:

1. Acceleration time histories from a minimum of three accelerometers each providing
output from three channels are required.

2. Local axes of the accelerometers must be orthogonal.
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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 a
rigid body:

ID

If a heading is defined with the 1D, 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 a node 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.

Optional 1 2-8

Variable ID HEADING

Type I A70

Card 1 1 2 3 4 5 6 7 8
Variable typelD DOF VAD LCID SF VID DEATH BIRTH
Type I I I I F | F F
Default none None 0 none 1. 0 1.E+28 0.0
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Card isrequired if DOF=9,10,11 on thefirst card or VAD=4. If DOF<9 and VAD<4, skip
thiscard.

Card 2 1 2 3 4 5 6 7 8

Variable 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 ID does not need to be unique.

HEADING An optional descriptor for the given ID that will be written into the
D3HSP file and the BNDOUT file.

typelD Node ID (NID in *NODE), nodal set ID (SID in *SET_NODE) , or part
ID (PID in *PART) for a rigid body.

DOF Applicable degrees-of-freedom:
EQ.1: x-translational degree-of-freedom,
EQ.2: y-translational degree-of-freedom,
EQ.3: z-translational degree-of-freedom,
EQ.4: translational motion in direction given by the VID.
Movement on plane normal to the vector is permitted.
EQ.-4: translational motion in direction given by the VID.
Movement on plane normal to the vector is not permitted. This
option does not apply to rigid bodies.
EQ.5: x-rotational degree-of-freedom,
EQ.6: y-rotational degree-of-freedom,
EQ.7: z-rotational degree-of-freedom,
EQ.8: rotational motion about a vector parallel to vector VID.
Rotation about the normal axes is permitted.
EQ.-8: rotational motion about a vector parallel to vector 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,z2). Radial
motion is NOT permitted. Not applicable 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,z2). Radial
motion is permitted. Not applicable to rigid bodies.
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VARIABLE

DESCRIPTION

VAD

LCID

SF
VID

DEATH

BIRTH

OFFSET1
OFFSET2
MRB
NODE1

NODE2

Remarks:

EQ.10: z/x degrees-of-freedom for node rotating about the y-axis at
location (OFFSET1,0FFSET2) in the zx-plane, point (zX). Radial
motion is NOT permitted. Not applicable to rigid bodies.

EQ.-10: z/x degrees-of-freedom for node rotating about the y-axis at
location (OFFSET1,0FFSET2) 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). Radial
motion is NOT 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). Radial
motion is permitted. Not applicable to rigid bodies.

Velocity/Acceleration/Displacement flag:
EQ.O: velocity (rigid bodies and nodes),
EQ.1: acceleration (rigid bodies and nodes),
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 versus time,
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/constraint is activated starting from the
curve's initial abscissa value.

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

When DOF=5, 6, 7, or 8, nodal rotational degrees-of-freedom are prescribed in the case
of deformable nodes (OPTION1=NODE or SET) whereas body rotations are prescribed in the
case of a rigid body (OPTION1=RIGID). In the case of a rigid body, the axis of prescribed
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rotation always passes through the body's center of mass. For [DOF|=8, the axis of the prescribed
rotation is parallel to vector VID. To prescribe a body rotation of a set of deformable nodes, with
the axis of rotation parallel to global axes x, y, or z, use OPTION1=SET with |[DOF| = 9, 10, or
11, respectively. 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 a straight line between the mass centers of the rigid bodies,
2. Along a vector beginning at node nl 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 is used. 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 this time, the prescribed motion card is ignored. 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 displacements that occur prior to reaching BIRTH are ignored.
Only relative displacements that occur after BIRTH are prescribed.

When the constrained node is on a rigid body, the translational motion is imposed without
altering the angular velocity of the rigid body by calculating the appropriate translational velocity
for the center of mass of the rigid body using the equation:

Vem = Viode — W X (Xcm - Xnode)

where v, is the velocity of the center of mass, v, is the specified nodal velocity, @ is the
angular velocity of the rigid body, x., is the current coordinate of the mass center, and X, iS

the current coordinate of the nodal point. Extreme care must be used when prescribing motion of
a rigid 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 a rigid 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-calculated location of the center-of-mass.

When the RIGID_LOCAL option is invoked, the orientation of the local coordinate system
rotates with time in accordance with rotation of the rigid body.

Angular displacements are applied in an incremental fashion hence it is not possible to correctly
prescribe a successive set of rotations about multiple axes. In light of this the command
*BOUNDARY_PRESCRIBED_ORIENTATION_RIGID should be used for the purpose of
prescribing the general orientation of a rigid body.
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s
000999909040 65655 959595955
s$s6 *BOUNDARY PRESCRIBED MOTION SET

s
0009999098900 665 55959595955

$ 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 sf vid death
4 1 0 8 2.0
nsid = 4 nodal set ID number, requires a *SET NODE option
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 velocity 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 e e e

e e e e e e e
$¢s  *BOUNDARY PRESCRIBED MOTION RIGID
e e e e e e

A rigid body is given a prescribed rotational displacement about the
z-axis according to a specified displacement-time curve.

Ur Ur Ur Uy Ur Ur O U Ur Uy Uy Uy Ur Ur U U U U U U Uy Ur Ur

*BOUNDARY PRESCRIBED MOTICN RIGID

$
S...>...lolso o 20005003000 Al > 05 s L6 > 0 T >0 8
S pid dof vad lcid st 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)
S
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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*BOUNDARY_PRESCRIBED_ORIENTATION_RIGID_OPTION
Available options include:

DIRCOS

ANGLES

EULERP

Purpose: Prescribe the orientation of rigid body as a function of time.

Note: This feature is available only in release R3 and higher of Version 971.

Card For mats:

Card 1 is common to all orientation methods.
Cards 2 to 3 are unique for each orientation method.

Card 1- Required for all orientation methods.

Card 1 1 2 3 4 5 6 7 8
Variable PIDB PIDA INTRP
Type I I |
Default none 0 1
VARIABLE DESCRIPTION
PIDB Part ID for rigid body B whose orientation is prescribed. See Remark 1.
PIDA Part ID for rigid body A. If zero then orientation of PIDB is performed

with respect to the global reference frame. See Remark 1.

INTRP Interpolation method used on time history curves:
EQ.1: linear interpolation (default)
EQ.2: cubic spline interpolation
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Card 2 of 3- Required for DIRCOS option.

Card 2 1 2 3 4 5 6 7 8
Variable LCIDC11 | LCIDC12 | LCIDC13 | LCIDC21 | LCIDC22 | LCIDC23 | LCIDC31 | LCIDC32
Type | | | | | | | |
Default none none None none none none none none
Card 3 1 2 3 4 5 6 7 8
Variable LCIDC33
Type |
Default none
VARIABLE DESCRIPTION
LCIDCij Load curve ID specifying direction cosine C; as a function of time. C;

is defined as:

C; =a+b,

where g (i=1,2,3) are mutually perpendicular unit vectors fixed in PIDA
and b; (j=1,2,3) are mutually perpendicular unit vectors fixed in PIDB.
If PIDA=0 then & (j=1,2,3) are unit vectors aligned, respectively, with

the global axes X, Y, and Z. See Remark 2.
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*BOUNDARY

Card 2 - Required for ANGLES option.

Card 2 1 2 3 4 5 7 8
Variable | LCIDQl | LCIDQ2 | LCIDQ3 ISEQ ISHFT
Type | | I I |
Default none none none none 1
VARIABLE DESCRIPTION
LCIDQi Load curve ID specifying the orientation angle ¢ as a function of time.
ISEQ Specifies the sequence in which the rotations are effected. In this first

set of sequences three unique axes are involved.

EQ.123: the first rotation is performed about the x axis an amount
01, the second about the y axis an amount g and the third about the
Z axis an amount Q.
EQ.231: the first rotation is performed about the y axis an amount
01, the second about the z axis an amount gz and the third about the
X axis an amount gs.
EQ.312: the first rotation is performed about the z axis an amount
01, the second about the x axis an amount g, and the third about the
y axis an amount gs.
EQ.132: the first rotation is performed about the x axis an amount
01, the second about the z axis an amount gz and the third about the
y axis an amount gs.
EQ.213: the first rotation is performed about the y axis an amount
01, the second about the x axis an amount g, and the third about the
z axis an amount Q.
EQ.321: the first rotation is performed about the z axis an amount
01, the second about the y axis an amount g and the third about the
X axis an amount gs.

The second set of sequences involve only two unique axes where the
first and third are repeated.

EQ.121: the first rotation is performed about the x axis an amount
01, the second about the y axis an amount g and the third about the
X axis an amount gs.
EQ.131: the first rotation is performed about the x axis an amount
01, the second about the z axis an amount gz and the third about the
X axis an amount gs.
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VARIABLE DESCRIPTION

EQ.212: the first rotation is performed about the y axis an amount
01, the second about the x axis an amount gy and the third about the
y axis an amount gs.
EQ.232: the first rotation is performed about the y axis an amount
01, the second about the z axis an amount gz and the third about the
y axis an amount gs.
EQ.313: the first rotation is performed about the z axis an amount
01, the second about the x axis an amount gy and the third about the
z axis an amount Q.
EQ.323: the first rotation is performed about the z axis an amount
01, the second about the x axis an amount gy and the third about the
z axis an amount Q.

ISHFT Angle shift.
EQ.1: Angle curves are unaltered.
EQ.2: Shifts angle data in the LCIDQi curves as necessary to
eliminate discontinuities. If angles are confined to the range [- 7, 7]
and the data contains excursions exceeding 7 then set ISHFT=2.

Remarks:

1. For the ANGLES Option note the following: If PIDA=0 then the successive rotations are
performed about the global axes. If PIDA=PIDB then the rotations are performed about
local axes fixed in PIDB. Angles are specified in radians.

2. For the DIRCOS Option the load curves LCIDCij must contain the same number of
points with corresponding time values on the abscissa.
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*BOUNDARY

Card 2 - Required for EUL ERP option.

Card 2 1 2 3 4 7 8
Variable LCIDE1 LCIDE2 LCIDE3 LCIDE4
Type I I [ |
Default none none none none
VARIABLE DESCRIPTION
LCIDEi Load curve ID specifying Euler parameter g as a function of time. The

Euler parameters are defined as follows.

g Zea =¢eb, (1=1273)

()
g, £cos| —
2

where € is the Euler vector, g and b; (i=1,2,3) are dextral sets of unit
vectors fixed in PIDA and PIDB, respectively, and € is the angle
associated with the rotation of PIDB in PIDA about Euler vector. If
PIDA=0 then & (j=1,2,3) are unit vectors aligned, respectively, with the
global axes X, Y, and Z.
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*BOUNDARY_PRESSURE_OUTFLOW_OPTION
Available options include:

SEGMENT

SET

Purpose: Define pressure outflow boundary conditions. These boundary conditions are attached
to solid elements using the Eulerian ambient formulation (refer to ELFORM in
*SECTION_SOLID_ALE) and defined to be pressure outflow ambient elements (refer to AET in
*SECTION_SOLID_ALE).

For the SET option define the following card

Card 1 1 2 3 4 5 6 7 8
Variable SSID

Type |

Default none

For the SEGMENT option define the following card

Card 1 1 2 3 4 5 6 7 8
Variable N1 N2 N3 N4
Type 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_OPTION1_{OPTIONZ2}

OPTIONL1 specifies radiation boundary surface definition by a surface set (SET) or by a segment
list SEGMENT).

OPTION?2 indicates the radiation boundary surface is part of an enclosure. OPTIONZ2 specifies
the use of view factors (VF) or exchange factors (EF) for the radiation calculations. The suffix
(READ) indicates that the view factors should be read from the file “ viewfl” or exchange factors
from the file “exchfl”. The suffix (CALCULATE) indicates that the view factors or exchange
factors should be calculated. The Stefan Boltzmann constant must be defined for radiation in an
enclosure. See *CONTROL_THERMAL_SOLVER.

A list of acceptable keywords are:

*BOUNDARY_RADIATION_SEGMENT
*BOUNDARY_RADIATION_SEGMENT_VF_READ
*BOUNDARY_RADIATION_SEGMENT_VF _CALCULATE
*BOUNDARY_RADIATION_SET
*BOUNDARY_RADIATION_SET_VF_READ
*BOUNDARY_RADIATION_SET_VF CALCULATE
*BOUNDARY_RADIATION_SET_EF_READ
*BOUNDARY_RADIATION_SET_EF CALCULATE
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*BOUNDARY_RADIATION

*BOUNDARY_RADIATION_SEGMENT

Include the following 2 cards for each segment. This keyword defines surface segments that
transfer energy by radiation to the environment. Setting TYPE=1 on Card 1 below indicates that

the segment transfers energy to the environment.

(Card 1of 2)

Card 1 1 2 3 4 5 7 8
Variable N1 N2 N3 N4 TYPE

Type I I [ | I

Default none none none none 1

(Card 20f 2)

Card 2 1 2 3 4 5 7 8
Variable FLCID FMULT TILCID | TIMULT LOC

Type | F | F |

Default none 0. none 0. 0
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*BOUNDARY_RADIATION_SEGMENT_VF_READ
*BOUNDARY_RADIATION_SEGMENT_VF_CALCULATE

Include the following 2 cards for each segment. This keyword defines surface segments that
transfer energy by radiation within an enclosure using view factors. Setting TYPE=2 on Card 1
below specifies that the segment belongs to an enclosure. The file “viewfl” must be present for
the READ option. The file “viewfl” will be created for the CALCULATE option. If the file
“viewfl” exists when using the CACULATE option, LS-DYNA will terminate with an error
message to prevent overwriting the file. The format of “viewfl” is defined at the end of this
section.

(Card 1 of 2)

Card 1 1 2 3 4 5 6 7 8
Variable N1 N2 N3 N4 TYPE BLOCK NINT

Type | | | | | I I

Default none none none none 2 0 0

(Card 2of 2)

Card 2 1 2 3 4 5 6 7 8

Variable SELCID | SEMULT

Type | F

Default none 0.
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*BOUNDARY_RADIATION

*BOUNDARY_RADIATION_SET

Include the following 2 cards for each set. This keyword defines surface segment sets that
transfer energy by radiation to the environment. Setting TYPE=1 on Card 1 below indicates that

the segment transfers energy to the environment.

(Card 1of 2)

Card 1 1 2 3 4 5 7 8
Variable SSID TYPE

Type | |

Default none 1

(Card 20f 2)

Card 2 1 2 3 4 5 7 8
Variable RFLCID | RFMULT | TILCID | TIMULT LOC

Type | F | F |

Default none 0. none 0. 0
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*BOUNDARY_RADIATION_SET_VF READ
*BOUNDARY_RADIATION_SET_VF CALCULATE

Include the following 2 cards for each set. This keyword defines surface segment sets that
transfer energy by radiation within an enclosure using view factors. Setting TYPE=2 on Card 1
below specifies that the segment set belongs to an enclosure. The file “viewfl” must be present
for the READ option. The file “viewfl” will be created for the CALCULATE option. If the file
“viewfl” exists when using the CACULATE option, LS-DYNA will terminate with an error
message to prevent overwriting the file. The format of “viewfl” is defined at the end of this
section.

(Card 1 of 2)

Card 1 1 2 3 4 5 6 7 8
Variable SSID TYPE RAD_GRP | FILE_NO | BLOCK NINT

Type | | I I | |

Default none 2 0 0 0 0

(Card 2 of 2)

Card 2 1 2 3 4 5 6 7 8

Variable SELCID | SEMULT

Type | F

Default none 0.
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*BOUNDARY_RADIATION

*BOUNDARY_RADIATION_SET_EF_READ

*BOUNDARY_RADIATION_SET_EF CALCULATE

Include the following card for each set. This keyword defines surface segment sets that transfer
energy by radiation within an enclosure using exchange factors. The file “exchfl” must be present
for the READ option. The file “exchfl” will be created for the CALCULATE option. If the file
“exchfl” exists when using the CACULATE option, LS-DYNA will terminate with an error
message to prevent overwriting the file. The format of “exchfl” is defined at the end of this

section.

Card 1 1

Variable SSID

NMAT

NPHT

ERRMAX

Type |

Default none

none

1.0e-02

VARIABLE

BLOCK

ERRMAX

FILE_NO

LOC

N1, N2, N3, N4

DESCRIPTION

Flag indicating if this surface blocks the view between any other 2

surfaces.
EQ.0: no blocking (default)
EQ.1: blocking

ERRMAX is the convergence error tolerance for the surface.

File number for view factor file. FILE_NO is added to viewfl_to form

the name of the file containing the view factors.

For example if

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.
different radiation enclosure group definitions.

The same file may be used for

Shell surface flag for thermal shell elements. See the parameter

TSHELL on the *CONTROL_SHELL keyword.
EQ.-1: lower surface of thermal shell element
EQ. 1: upper surface of thermal shell element

Node ID’s defining segment
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VARIABLE DESCRIPTION

NINT Number of integration points for viewfactor calculation
EQ.O0: LS-DYNA determines the number of integration points based
on the segment size and separation distance
1 < NINT < 10: User specified number

NMAT NMAT specifies the material type for the portion of the boundary
specified by SSID. NMAT must be an exchange factor material 1D. See
the *EF_MATERIAL keyword.

NPHT The segments specified by SSID will emit NPHT*NPHOTON photons.
See the *EF_CONTROL keyword.

RAD_GRP Radiation enclosure group ID. The segment sets from all radiation
enclosure definitions with the same group ID are augmented to form a
single enclosure definition. If RAD_GRP is not specified or set to zero,
then the segments are placed in group zero. All segments defined by the
SEGMENT option are placed in set zero.

FLCID Load curve ID for radiation factor f , see *DEFINE_CURVE
GT.0: function versus time
EQ.O: use constant multiplier value, FMULT
LT.0: function versus temperature

FMULT Curve multiplier for f for use in the equation
q” = oek (T24 - Tl4 ) = f (Tsﬁrface - T: )

SELCID Load curve ID for surface emissivity, see *DEFINE_CURVE
GT.0: function versus time
EQ.O: use constant multiplier value, SEMULT
LT.0: function versus temperature

SEMULT Curve multiplier for surface emissivity, see *DEFINE_CURVE

SSID SSID specifies the ID for a set of segments that comprise a portion of, or
possibly, the entire enclosure. See *SET_SEGMENT.

TILCID Load curve ID for T_ versus time, see *DEFINE_CURVE:
EQ.O: use constant multiplier, TIMULT

TIMULT Curve multiplier for T

TYPE Radiation type:
EQ.1: Radiation to environment
EQ.2: Radiation within an enclosure
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Remarks:

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 =Fo,and T_ for

the boundary surface.

1. When using view factors, the file “viewfl” must exist when using the READ option. This
file contains the surface-to-surface area*view factor products (i.e., AjFij). The AjFjj

products must be stored in this file by row and formatted as 5E16.0.

2. When using exchange factors, the file “exchfl” must exist when using the READ option.
This file contains the surface-to-surface emittance*exchange fraction products (i.e., &jFij).
The &jFjj products must be stored in this file by row and formatted as 5E16.0.

3. Multiple enclosures can be modeled when using view factors. Consider the following
example input. The order of segments in the view factor file follows the order the sets are
assigned to the boundary radiation definition.

s
e e
s$s¢ *BOUNDARY RADIATION SET

s
0099990909040 66555 959595955

$ Make boundary enclosure radiation groups 8 and 9.

$
*BOUNDARY RADIATION_ SET VF_READ
* SSID TYPE RAD GRP FILE NO
15 2 9 10
1.0 1.0
*BOUNDARY RADIATION_ SET VF_READ
* SSID TYPE RAD GRP FILE NO
12 2 9 10
1.0 1.0
*BOUNDARY RADIATION_ SET VF_READ
* SSID TYPE RAD GRP FILE NO
13 2 8 21
1.0 1.0
$

$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

Enclosure radiation group 9 is composed of all the segments in segment set 15 followed by those
in segment set 12. The view factors are stored in the file viewfl_10. Enclosure radiation group 8
is composed of the segments in segment set 13. The view factors are stored in the file viewfl_21.
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*BOUNDARY

*BOUNDARY_SLIDING_PLANE

Purpose: Define a sliding symmetry plane. This option applies to continuum domains modeled

with solid elements.

Card 1 2 3 4 5 6 7 8
Variable NSID VX VY vz 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
\/4 z-component of vector defining normal or vector
COPT Option:
EQ.O0: 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_OPTIONL_{OPTION2}

OPTIONL1 is required since it specifies whether the SPC applies to a single node or to a set. The
two choices are:

NODE
SET

OPTIONZ2 allows an optional ID to be given that applies either to the single node or to the entire
set:

ID

If a heading is defined with the 1D, 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
Variable ID HEADING
Type I A70

1 2 3 4 5 6 7 8
Variable NID/NSID CID DOFX DOFY DOFz DOFRX DOFRY DOFRZ
Type | | | | | | | |
Default none 0 0 0 0 0 0 0
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VARIABLE DESCRIPTION
ID Optional SPC set ID to which this node or node set belongs. This ID
does not need to be unique
HEADING An optional SPC descriptor that will be written into the D3HSP file and
the SPCFORC file.
NID/NSID Node ID or nodal set ID, see *SET_NODE.
CID Coordinate system ID, see *DEFINE_COORDINATE_SYSTEM.
DOFX Insert 1 for translational constraint in local x-direction.
DOFY Insert 1 for translational constraint in local y-direction.
DOFZ Insert 1 for translational 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.
Remarks:

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).

$
RS s
ssss *BOUNDARY SPC_NODE

$
R e s

$ Make boundary constraints for nodes 6 and 542.

$
*BOUNDARY SPC NODE

S

S J s F S S S S S S S - AN SO A SO

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.

S

§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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*BOUNDARY_SPH_FLOW

Purpose: Define a flow of particles. This option applies to continuum domains modeled with
SPH elements.

Card 1 Format

Card 1 1 2 3 4 5 6 7 8
Variable ID STYP DOF VAD LCID[) SF DEATH | BIRTH
Type | | | | | F F E
Default none none None 0 none 1. 1.E+20 0.0
Card 2 Format
Card 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-translational degree-of-freedom,

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

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

EQ.4: translational 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

Velocity/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/constraint 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 time t=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.

Node
boundary
vector VID deactiv/ated particle
/
/
—
=
SPH Flow

activated particle

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 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 tail of a normal 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 tail
VHX x-coordinate of head
VHY y-coordinate of head
VHZ z-coordinate of head
Remarks:

A plane of symmetry is assumed for all SPH elements defined in the model.

The plane of symmetry has to 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 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 ID, see *SET_SEGMENT
FS Tensile failure 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 a normal 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 tail

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 plane is constrained. After failure
the nodes are set free.
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*BOUNDARY_TEMPERATURE_OPTION
Available options include:

NODE

SET

Purpose: Define temperature boundary conditions for a thermal or coupled thermal/structural
analysis.

Card 1 2 3 4 5 6 7 8

Variable NID/SID LCID CMULT LOC

Type I | F I
Default none 0 0. 0
VARIABLE DESCRIPTION
NID/SID Node ID/Node Set ID, see *SET_NODE_OPTION
LCID Load curve ID for temperature versus time:

EQ.O: use the constant multiplier value given below by CMULT.
CMULT Curve multiplier for temperature

LOC Application of surface for thermal shell elements, see parameter,
TSHELL, in the *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 a moving heat source to model welding. Only applicable for a coupled thermal-
structural simulations in which the weld source or work piece is moving.

Card 1 Format

Card 1 1 2 3 4 5 6 7 8
Variable PID PTYP NID NFLAG X0 YO0 Z0 N2ID
Type I I I | F F F |
Default none 1 none 1 none none none none
Card 2 Format

Card 2 1 2 3 4 5 6 7 8
Variable a b Cs c, LCID Q Fs F
Type F F F F I F F =
Default none none none none none none none none
Optional Card 3 Format (definethiscard only if N2ID = -1 on card 1 above)

Card 3 1 2 3 4 5 6 7 8
Variable tx ty tz

Type F F F

Default none none none
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VARIABLE

DESCRIPTION

PID

PTYP

NID

NFLAG

X0,Y0,20

N21D

LCID

tX,ty,tz

Remarks:

Part ID or Part Set ID to which weld source is applied

PID type:
EQ.1: PID defines a single part ID
EQ.2: PID defines a part 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: source is fixed in space at original 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: beam is aimed 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., Watt]

Forward distribution function
Rear distribution function (Note: F, +F =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, Chakravarti, and Bibby [1984]. Heat is generated in an ellipsoidal region
centered at the weld source, and decaying exponentially with distance according to:
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where:

g= weld source power density
(x,y, z)= coordinates of point p in weld material

F¢ if point p is in front of beam
| F, if point p is behind beam

c¢ if point pis in front of beam
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 are in "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 a surface for coupling with the USA boundary element code [DeRuntz 1993].
The outward normal vectors should point into the fluid media.

Card 1 2 3 4 5 6 7 8
Variable SSID WETDRY | NBEAM
Type | | I
Default none 0 0
VARIABLE DESCRIPTION
SSID Segment set ID, 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 is not necessary that the LS-DYNA 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 elements is defined in LS-
DYNA with a segment set of 4-noded surface segments, where the fourth node can duplicate the
third node to form a triangle. The segment normals should be directed into the USA fluid. If
USA overlays are going to be used to reduce the size of the DAA matrices, the user should
nonetheless 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 is executed to create a LS-DYNA dump file "d3dump™ and a linking file "strnam”
which contains the nodal grid point data and wet segment connectivity data for the FLUMAS
processor, and the dof-equation table and structural mass vector for the AUGMAT processor.
"Dyna.pre™ is denoted "grdnam™ in the FLUMAS manual and "strnam™ in the AUGMAT manual.
The execution line in the first step is:
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L S-DYNA memory=nwds i=inputfilename > outputfilename
where "inputfilename” is the LS-DYNA 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 wishes to 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=usainputfilename > outputfilename

The input 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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*CASE

This keyword option provides a way of running multiple load cases sequentially. Within
each case, the input parameters, which include loads, boundary conditions, control cards, contact
definitions, initial conditions, etc., can change. If desired, the results from a previous case can be
used during initialization. Each case creates unique file names for all output results files by
appending “CIDn.” to the default file name.

Note: To use the *CASE keyword requires a stand alone program that is started by the
L S-DYNA executable. To obtain that program contact LSTC or your local distributor.

*CASE_{OPTION}
Available options include:
<BLANK>

BEGIN_CIDn

END_CIDn

Purpose: Begin a case definition. In options *CASE_BEGIN_ and *CASE_END _, CIDn is a
numeric identification number that may or may not be active for a particular case. All keywords
between *CASE_BEGIN_CIDn and *CASE_END_CIDn will be included for the case if CIDn is
activated for the case. See the definition of the *CASE keyword below.
*CASE_BEGIN/*CASE_END can be nested, overlapped, and disjointed. An example below
demonstrates the use of these options. However convenient, the optional keywords, BEGIN_
and END_ are not necessary.  All keywords cards that contain an ID that are active for a case
are included. Any non-case keyword card can be tagged with an ID by adding the string
“CID=CIDn.” This keyword will then be active only for those cases having this CID in their
active list. There can be more than one space before the CID= identifier. Any keyword without
CID= is active for all cases.

Card 1 1 2 3 4 5 6 7 8

Variable CASEID

Type |

Default None
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Optional: Defineif additional command line argumentsarerequired for thiscaseID.

Cards 2, ... 1 2 3 4 5 6 7 8
Variable COMMANDS

Type A

Default Not Required

Define as many Active I Dsfor thiscase. Useasmany cards as necessary.

Cards ... 1 2 3 4 5 6 7 8
Variable CID1 CID2 CID7
Type | | | | | | | |
Default none none none none none none none None
VARIABLE DESCRIPTION
CASEID Identification number for CASE.

COMMANDS Command line arguments.

CIDn Active numeric ID for case, CASEID. Any non-case keyword card can

be tagged with a case ID by adding the string “CID=CIDn. This
keyword will then be active only for those cases having this CID in their
active list. There can be more than one space before the CID= identifier.
Any keyword without CID= is active for all cases.
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Example:

$
g$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$$55  *CASE

$
e e e e e e e e e e

MEMORY=20M
1
$
*CASE
$  CASEID
102

MEMORY=20M NCYCLE=1845

$
*TITLE CID=1
THIS IS THE TITLE FOR CASE 101

$

*TITLE CID=5

THIS IS THE TITLE FOR CASE 102
e e

Example:

$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$$$$ *CASE_BEGIN 5

$
g$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

*CASE BEGIN 5
[ J s IR S SR S S S - S SO < S S S
*DATABASE BINARY D3THDT

l.e-5

*CASE BEGIN 3

*DATABASE. NODOUT

l.e-5

*CASE_END 5

*DATABASE, ETOUT

l.e-5

*CASE END 3

$
e e e e e e e

The last example will generate D3THDT and NODOUT for CID=5, and NODOUT and ELOUT
for CID=3. If there are no CASE statements, but there are *CASE_BEGIN/*CASE_END
statements, then one case is created for each unique ID on the *CASE_BEGIN lines. Since
optional command line arguments may be required, *CASE_BEGIN can optionally be followed
by extra command line arguments.

If *CASE statements are used, cases are not generated for each *CASE_BEGIN, but only for
each *CASE. If no *CASE keywords appear, it is an error to have CID= on any keyword. If
multiple *CASE or *CASE_BEGIN statements appear that have the same ID, their command
line arguments and active id lists are merged.
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*COMPONENT

The keyword *COMPONENT provides a way of incorporating specialized components
and features. The keyword control cards in this section are defined in alphabetical order:

*COMPONENT_GEBOD_OPTION
*COMPONENT_GEBOD_JOINT_OPTION
*COMPONENT_HYBRIDIII

*COMPONENT_HYBRIDIII_JOINT_OPTION
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*COMPONENT_GEBOD_OPTION

Purpose: Generate a rigid 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 positioning file is essential with this feature, see Appendix N for further details.

OPTION specifies the human subject type. The male and female types represent adults while the
child is genderless.

MALE
FEMALE
CHILD
(Card 1 0of 2)
Card 1 1 2 3 4 5 6 7 8
Variable DID UNITS SIZE
Type | I F
Default none none none
VARIABLE DESCRIPTION
DID Dummy ID. A unique number must be specified.
UNITS System of units used in the finite element model.
EQ.1: Ibf*sec2/in - inch - sec
EQ.2: kg - meter - sec
EQ.3: kgf*secZ/mm - mm - sec
EQ.4: metric ton - 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 2 of 2)
Card 2 1 2 3 4 5 6 7 8
Variable VX VY vz 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.

$
g$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
s$s¢  *COMPONENT GEBOD MALE

$
g$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$ A 50th percentile male dummy with the ID number of 7 is generated in the

$ 1bf*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 did units size
7 1 50
S VX vy vz agx ay gz
-616 0 0 0 0 -386

$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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*COMPONENT_GEBOD_JOINT_OPTION
Purpose: Alter the joint characteristics of a GEBOD rigid body dummy.  Setting a joint
parameter value to zero retains the default value set internally. See Appendix N 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.

Card 1 1 2 3 4 5 6 7 8
Variable DID LC1 LC2 LC3 SCF1 SCF2 SCF3
Type F | [ | F F F
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VARIABLE DESCRIPTION
DID Dummy ID, see *COMPONENT_GEBOD_OPTION.
LCi Load curve ID specifying the loading torque versus rotation (in radians)

for the i-th degree of freedom of the joint.

SCFi Scale factor applied to the load curve of the i-th joint degree of freedom.

Card 2 - Required.

Card 2 1 2 3 4 5 6 7 8
Variable C1 c2 C3 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 UNITS in card 1 of *COMPONENT_GEBOD _

OPTION.
NEUTI Neutral angle (degrees) of joint's i-th DOF.
Card 3- Required.
Card 3 1 2 3 4 5 6 7 8

Variable LOSAl 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 this joint.
HISAI Value of the high stop angle (degrees) for the i-th DOF of this joint.
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Card 4 - Required.

Card 4 1 2 3 4 5 6 7 8

Variable 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 UNITS in card 1 of *COMPONENT_GEBOD_OPTION.

5.6 (COMPONENT) LS-DYNA Version 971



*COMPONENT_GEBOD_JOINT *COMPONENT

s
e e
s$s¢ *COMPONENT GEBOD JOINT LEFT SHOULDER

s

L L T LT E T E T T C S E L T L L ST C T SRS

$
$ The damping coefficients applied to all three degrees of freedom of the left
$ 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
$
o N S I - A - RSNy AR S - |
S did lcl 1c2 1c3 scfl scf2 scf3

7 0 0 0 0 0 0
S cl c2 c3 neutl neut?2 neut3

2.5 2.5 2.5 0 0 0

S losal hisal losa2 hisa2 losa3 hisa3

0 0 0 0 0 0
S unkl unk?2 unk3

0 0 0
$
g$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$
g$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$s¢  *COMPONENT GEBOD JOINT WAIST

$

e e e S SR

S
$ Load curve 8 gives the torque versus rotation relationship for the 2nd DOF
$  (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
$
1S s IR > S S S S S S SO S SOy A SO <
S did lc1 1c2 1e3 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 unk?2 unk3
0 0 0
$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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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.

written to an ASCI| file (see *DATABASE_H30UT).

Card 1

1

Variable

DID

SIZE UNITS DEFRM VX VY VZ

Type

Default

none

none none 1 0. 0. 0.

VARIABLE

DID

SIZE

UNITS

DEFRM

VX\VY,VZ

DESCRIPTION

Dummy ID. A unique number must be specified.

Size of dummy.

EQ.1: 5th percentile adult
EQ.2: 50th percentile adult
EQ.3: 95th percentile adult

Note: If negative then the best of currently available joint properties

are applied.

System of units used in the finite element model.

EQ.1: Ibf*sec2/in - inch - sec
EQ.2: kg - meter - sec

EQ.3: kgf*secZ/mm - mm - sec
EQ.4: metric ton - mm - sec
EQ.5: kg - mm - msec

Deformability type.

EQ.1: all dummy segments entirely rigid

EQ.2: deformable abdomen (low density foam, mat #57)
EQ.3: deformable jacket (low density foam, mat #57)
EQ.4: deformable headskin (viscoelastic, mat #6)

EQ.5: deformable abdomen/jacket

EQ.6: deformable jacket/headskin

EQ.7: deformable abdomen/headskin

EQ.8: deformable abdomen/jacket/headskin

Initial velocity of the dummy in the global x, y and z directions.
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*COMPONENT_HYBRIDIII *COMPONENT

Card 2 1 2 3 4 5 6 7 8
Variable 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

XY, and z axes (degrees).

$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
s$s¢  *COMPONENT HYBRIDIIIT

$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$ A 50th percentile adult rigid HYBRID IIT 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

$ velocity of 616 in/sec in the negative x direction. The H-point is initially

S situated at (x,y,z)=(38,20,0) and the dummy is rotated 18 degrees about the

S global x-axis.

$

*

COMPONENT HYBRIDITT

did size units defrm VX vy vz
7 2 1 1 -616. 0. 0.
S hx hy hz x ry rz
38. 20. 0. 18. 0 0

$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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*COMPONENT_HYBRIDII_JOINT

*COMPONENT_HYBRIDIII_JOINT_OPTION

Purpose: Alter the joint characteristics of a HYBRID Il dummy. Setting a joint parameter value
to 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 111 Dummies section of Appendix N.

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 STERNUM
RIGHT_SHOULDER RIGHT_HIP LEFT_KNEE_SLIDER
LEFT_ELBOW LEFT_KNEE RIGHT_KNEE_SLIDER
Card 1 - Required.

Card 1 1 2 3 4 5 6 7 8
Variable DID Q1 Q2 Q3 FRIC

Type F F F F F

Card 2 - Required.

Card 2 1 2 3 4 5 6 7 8
Variable C1l ALO1 BLO1 AHI1 BHI1 QLO1 QHIL SCLK1
Type F F F F F F F F

5.10 (COMPONENT)

LS-DYNA Version 971




*COMPONENT

*COMPONENT_HYBRIDII_JOINT

Card 3 - Required. Left blank if joint has only one degree of freedom.

Card 3 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 thejoint has only two degrees of freedom.
Card 4 1 2 3 4 5 6 7 8
Variable 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's i-th degree of freedom. Units of degrees are
defined for rotational DOF. See Appendix N for a listing of the
applicable DOF.
FRIC Friction load on the joint.
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's i-th DOF.
BLOi Cubic coefficient for the low regime spring of the joint's i-th DOF.
AHIi Linear coefficient for the high regime spring of the joint's i-th DOF.
BHIi Cubic coefficient for the high regime spring of the joint's i-th DOF.
QLOi Value at which the low regime spring definition becomes active.
QHIi Value at which the high regime spring definition becomes active.
SCLKi Scale value applied to the stiffness of the joint's i-th DOF (default=1.0).
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$
g$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$s$  *COMPONENT HYBRIDIII JOINT LEFT ANKLE

$
g$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$  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

S remain set to the default value. The dorsi-plantar flexion angle is set to
$ 20 degrees.

$

*

COMPONENT HYBRIDIII JOINT LEFT ANKLE

S S s F S S S S S S S - SRR SOy A SO <
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 glo2 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 a way of constraining degrees of freedom to
move together in some way. The keyword cards in this section are defined in alphabetical order:

*CONSTRAINED_ADAPTIVITY

*CONSTRAINED BUTT_WELD

*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_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_SPLINE

*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 applies to shell elements.

Card 1 2 3 4 5 6 7 8
Variable SN MN1 MNZ2
Type | | 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 along the edge of the shell element.
MN2 The second node along the edge.
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*CONSTRAINED_BUTT_WELD

Purpose: Define a line of coincident nodes that represent a structural butt weld between two
parts defined by shell elements. Failure is based on nodal plastic strain for ductile failure and
stress resultants for brittle failure. This input is much simpler than the alternative approach for
defining butt welds, see *CONSTRAINED_GENERALIZED WELD BUTT. The local
coordinate system, the effective length, and thickness for each pair of butt welded nodes are
determined automatically in the definition below. In the GENERALIZED option these quantities
must be defined in the input.

Card 1 2 3 4 5 6 7 8
Variable SNSID MNSID EPPF SIGF BETA
Type | | F F F
Default none none 0. l.e+16 1.0
Remarks 1,2 3,4 3 3
VARIABLE DESCRIPTION
SNSID Slave node set ID, see *SET_NODE_OPTION.
MNSID Master node set ID, see *SET_NODE_OPTION.
EPPF Plastic strain at failure
SIGF o, , stress at failure for brittle failure.
BETA [, failure parameter for brittle failure.
Remarks:
1. Nodes in the master and slave sets must be given in the order they appear as one moves

along the edge of the surface. An equal number of coincident nodes must be defined in
each set. In a line weld the first and last node in a string of nodes can be repeated in the
two sets. If the first and last pair of nodal points are identical, a circular or closed loop
butt weld is assumed. See Figure 6.1, where the line butt weld and closed loop weld are
illustrated.
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2. Butt welds may not cross. For complicated welds, this option can be combined with the
input in *CONSTRAINED_GENERALIZED_WELD_BUTT to handle the case where
crossing occurs. Nodes in a butt weld must not be members of rigid bodies.

3. If the average volume-weighted effective plastic strain in the shell elements adjacent to a
node exceeds the specified plastic strain at failure, the node is released. Brittle failure of
the butt welds occurs when:

,B\/G,f +3(72 +77) 20,

where
on = normal stress (local x)
Tn = shear stress in direction of weld (local y)
7t = shear stress normal to weld (local z)
of = failure stress
B = failure parameter

Component oy, is nonzero for tensile values only. The nodes defining the slave and master
sides of the butt weld must coincide. The local z-axis at a master node is normal to the
master side plane of the butt weld at the node, and the local y-axis is taken as the vector
in the direction of a line connecting the mid-points of the line segments lying on either
side of the master node. The normal vector is found by summing the unit normal vectors
of all shell elements on the master side sharing the butt welded node. The direction of the
normal vector at the node is chosen so that the x-local vector points towards the elements
on the slave side in order to identify tensile versus compressive stresses. The thickness of
the butt weld and length of the butt weld are needed to compute the stress values. The
thickness is based on the average thickness of the shell elements that share the butt
welded nodal pair, and the chosen length of the butt weld is shown in Figure 6.1.

4. Butt welds may be used to simulate the effect of failure along a predetermined line, such
as a seam or structural joint. When the failure criterion is reached at a nodal pair, the
nodes begin to separate. As this effect propagates, the weld will appear to “unzip,” thus
simulating failure of the connection.
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Length of

local y-axis butt weld

Repeated nodal point o
may start or end a butt Two coincident butt weld-

weld line. This beginning ed nodal points.

or ending nodal point
must exist in both and
slave and master defini-
tions.

Repeated nodal point
pair must start and end
circular butt weld. Any
nodal pair in the circle
can be used.

Figure6.1. Definition of butt welds are shown above. The butt weld can be represented by
a line of nodal points or by a closed loop.
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*CONSTRAINED_EULER_IN_EULER
Purpose: This command defines the coupling interaction between EULERIAN materials in two

overlapping, geometrically similar, multi-material Eulerian mesh sets. The command allows a
frictionless “contact” between two or more different Eulerian materials.

Card 1 2 3 4 5 6 7 8

Variable PSIDSLV | PSIDMST PFAC

Type I | F
Default 0 0 0.1
VARIABLE DESCRIPTION
PSIDSLV Part set ID of the 1 ALE or Eulerian set of mesh(es) (slave).
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. The 2 meshes must be of Eulerian formulation (the meshes are fixed in space, not

moving). Consider 2 overlapping Eulerian meshes. Each Eulerian mesh contains 2
physical materials, say a vacuum and a metal. This card provides a frictionless “contact”
or interaction between the 2 metals, each resides in a different Eulerian mesh system.
Due to its restrictive nature, this option is currently only an experimental feature.

2. Contact pressure is built up in two overlapping Eulerian elements if their combined
material fill fraction exceeds 1.0 (penalty formulation).

3. This feature needs to be combined with *MAT_VACUUM (element formulation 11).

6.6 (CONSTRAINED) LS-DYNA Version 971



*CONSTRAINED_EULER_IN_EULER *CONSTRAINED

Example:

Consider an ALE/Eulerian multi-material model (ELFORM=11) consisting of:
-PID 1 =*MAT_NULL (material 1)
- PID 2 =*MAT_VACUUM = PID 1 is merged at its boundary to PID 2.
- PID 3 = *MAT_NULL (material 3)
- PID 4 =*MAT_VACUUM = PID 3 is merged at its boundary to PID 4.

The mesh set containing PID 1 & 2 intersects or overlaps with the mesh set containing PID 3 &
4. PID 1 is given an initial velocity in the positive x direction. This will cause material 1 to
contact material 3 (note that materials 2 & 4 are void). The interaction between materials 1 & 3
is possible by defining this coupling command. In this case material 1 can flow within the mesh
region of PID 1 & 2 only, and material 3 can flow within the mesh region of PID 3 & 4 only.

S AU U R SR RS- SR R S DAURS- SN RUT-SR SRR, SR DR -
*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
S AU U AP SR AP SR R S AU SN DAUT-SRU SRR, SR B -
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*CONSTRAINED_EXTRA_NODES OPTION
Available options include:

NODE

SET

Purpose: Define extra nodes for rigid body.

Card 1 2 3 4 5 6 7 8
Variable PID NID/NSID | IFLAG
Type | | I
Default none none 0
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.

IFLAG This flag is meaningful if and only if the inertia properties of the Part ID
are defined in PART_INERTIA. If set to unity, the center-of-gravity,
the translational mass, and the inertia matrix of the PID will be updated
to reflect the merged nodal masses of the node or node set. If IFLAG is
defaulted to zero, the merged nodes will not affect the properties defined
in PART_INERTIA since it is assumed the properties already account
for merged nodes.

Remarks:

Extra nodes for rigid bodies may be placed anywhere, even outside the body, and they are
assumed to be part of the rigid body. They have many uses including:

1. The definition of draw beads in metal forming applications by listing nodes along
the draw bead.

2. Placing nodes where joints will be attached between rigid bodies.
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3.  Defining a node where point loads are to be applied or where springs may be
attached.

4.  Defining a lumped mass at a particular location.

and so on. The coordinates of the extra nodes are updated according to the rigid body motion.

s
09999090040 656565959595955
s$s6 *CONSTRAINED EXTRA NODES NODE

s
6099990980004 65699 959595955

$ Rigidly attach nodes 285 and 4576 to part 14. (Part 14 MUST be a rigid body.)
$

*CONSTRAINED EXTRA NODES NODE

$
S...o>...lollso o 2000500030000 Al > 05 il 6o > 0 T >0 8
S pid nid

14 285

14 4576

$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

gsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss

s¢s6 *CONSTRAINED EXTRA NODES_ SET

gsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss
Rigidly attach all nodes in set 4 to part 17. (Part 17 MUST be a rigid body.)

S

$

$ In this example, four nodes from a deformable body are attached
$ to rigid body 17 as a means of joining the two parts.
$
*
S

CONSTRAINED EXTRA NODES SET

pid nsid
17 4
S
$
*SET NODE LIST
S sid
4
S nidil nid2 nid3 nid4 nids nidé nid7 nids
665 778 896 827
$

$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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*CONSTRAINED_GENERALIZED WELD_OPTION_{OPTION}

Available options include:

SPOT

FILLET

BUTT

CROSS FILLET

COMBINED
To define an ID for the weld use the option:

ID
Purpose: Define spot, fillet, butt, and other types of welds. Coincident nodes are permitted if the
local coordinate ID is defined. For the spot weld a local 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 criteria is 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 isactive on the keyword card.

Card 1 1 2 3 4 5 6 7 8
Variable WID

Type |

Default 0
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Thiscard isrequired for all weld options.

Card 1 1 2 3 4 5 6 7 8
Variable NSID CID FILTER | WINDOW NPR NPRT
Type | | I E I I
Default none none
VARIABLE DESCRIPTION

WID Optional weld ID.

NSID Nodal set ID, see *SET_NODE_OPTION.

CID Coordinate system ID for output of spot weld data to SWFORC in local
system, see *DEFINE_COORDINATE_OPTION. CID is not required
for spot welds if the nodes are not coincident.

FILTER 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: no filtering

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.

WINDOW 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 be ignored and the simple average is used.

EQ.0: time window is not used

NPR NFW, number of individual nodal pairs in the cross fillet or combined
general weld.

NPRT Print option in file RBDOUT.

EQ.O: default from the control card, *CONTROL_OUTPUT, is used,
see variable name IPRTF.

EQ.1: data is printed

EQ.2: data is not printed

LS-DYNA Version 971
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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, £}, defines ductile failure.
SN Sn, normal force at failure, only for the brittle failure of spot welds.
SS Ss, shear force at failure, only for the brittle failure of spot welds.
N n, exponent for normal force, only for the brittle failure of spot welds.
M m, exponent for shear force, only for the brittle failure of spot welds.
Remarks:

Spot weld failure due to plastic straining occurs when the effective nodal plastic strain
exceeds the input value, £f,,. This option can model the tearing out of a spot weld from the
sheet metal since the plasticity is in the material that surrounds the spot weld, not the spot weld
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 a least square fit. This option should
only be used for the material models related to metallic plasticity and can result in slightly
increased run times.

Brittle failure of the spot welds occurs when:

max ( f,,0)Y’ £ K
— + | = 21
S, s,
where f,, and fs are the normal and shear interface force. Component f, contributes 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 6.1 the ordering of the nodes is shown for the 2

node and 3 node spot welds. This order is with respect to the local coordinate system where the
local z-axis determines the tensile direction. The nodes in the spot weld may coincide. The
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failure of the 3 node spot weld may occur gradually with first one node failing and later the
second node may fail. For n noded spot welds the failure is progressive starting with the outer
nodes (1 and n) and then moving inward to nodes 2 and n-1. Progressive failure is necessary to
preclude failures that would create new rigid bodies.

node 2

e
s SN

SUUUUIUIITIUIUIIIUTIIIUUIUNIINON

N LAY
NcolN

2 NODE SPOTWELD 3NODE SPOTWELD
node 1

X X Y

n NODE SPOTWELD

Figure6.2. Nodal 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 SIGF 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, £}, defines ductile failure.
SIGF o, , stress at failure for brittle failure.
BETA [, failure parameter for brittle failure.
L L, length of fillet/butt weld (see Figure 6.2 and 6.3).
w w, width of flange (see Figure 6.2).
A a, width of fillet weld (see Figure 6.2).
ALPHA o, weld angle (see Figure 6.2) in degrees.
Remarks:

Ductile fillet weld failure, due to plastic straining, is treated identically to spot weld
failure. Brittle failure of the fillet welds occurs when:

,B\/G,f +3(72+77) 2 0,

where = normal stress
7, = shear stress in direction of weld (local y)
7, = shear stress normal to weld (local x)
o, = failure stress
B = failure 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 6.2 the
ordering of the nodes is shown for the 2 node and 3 node fillet welds. This order is with respect
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to the local coordinate system where the local z axis determines the tensile direction. The nodes
in the fillet 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.

local coordinate
system

N |
I _ |
W—>‘ [ O — L

3 NODE FILLET WELD

N4

Figure6.3. Nodal ordering and orientation of the local coordinate system is shown for fillet
weld failure. The angle is defined in degrees.
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Additional Card required for theBUTT 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 o, , stress at failure for brittle failure.
BETA p, failure parameter for brittle failure.
L L, length of fillet/butt weld (see Figure 6.2 and 6.3).
D d, thickness of butt weld (see Figure 6.3).
LT L¢, transverse length of butt weld (see Figure 6.3).
Remarks:

Ductile butt weld failure, due to plastic straining, is treated identically to spot weld
failure. Brittle failure of the butt welds occurs when:

ﬁ\/a,f +3(72+7%) 2 0,
where

= normal stress

7, = shear stress in direction of weld (local y)
7, = shear stress normal to weld (local z)
o, = failure stress

B = failure 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. The nodes in the butt
weld may coincide.
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* | 2 tied nodes that can
be coincident

“v

7

I

4

4 tied nod

Figure6.4. Orientation of the local coordinate system and nodal ordering is shown for butt
weld failure.
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$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$$$$  *CONSTRAINED GENERALIZED WELD BUTT

$
e e e e RN

$
$ 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 WELD BUIT definitions,
$ one for each nodal pair. Each weld is to have a length (L) = 10,
$ thickness (D) = 2, and a transverse length (Lt) = 1.
S
$ 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
S - 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 S s F S S S S S S S S - SRR Sy A SO
S 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 Lt
0.3 0.250 0.9 10.0 2.0 1.0
$
$
*CONSTRAINED GENERALIZED WELD BUTT
S nsid cid
25
S tfail epst sigy beta L D It
0.3 0.250 0.9 10.0 2.0 1.0
S
$
*SET NODE LIST
S sid
21
S nidil nid2
32 33
*SET NODE LIST
23
34 35
*SET NODE LIST
25
36 37

$
e e RN
$
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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 | I I
VARIABLE DESCRIPTION
TFAIL Failure time for constraint set, tf. (default=1.E+20)
EPSF Effective plastic strain at failure, £}, defines ductile failure.
SIGY o, , stress at failure for brittle failure.
BETA [, failure parameter for brittle failure.
L L, length of fillet/butt weld (see Figure 6.2 and 6.3).
w w, width of flange (see Figure 6.2).
A a, width of fillet weld (see Figure 6.2).
ALPHA o, weld angle (see Figure 6.2) in degrees.
NODEA Node ID, A, in weld pair (CROSS or COMBINED option only).
See Figure 6.4.
NODEB Node ID, B, in weld pair (CROSS or COMBINED option only).
NCID Local coordinate system ID (CROSS or COMBINED option only).
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Figure 6.5. A simple cross fillet 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
Card 3

Variable NODEA | NODEB NCID WTYP

Type | | | |
VARIABLE DESCRIPTION
TFAIL Failure time for constraint set, tf. (default=1.E+20)
EPSF Effective plastic strain at failure, £}, defines ductile failure.
SIGY o, , stress at failure for brittle failure.
BETA [, failure parameter for brittle failure.
L L, length of fillet/butt weld (see Figure 6.2 and 6.3).
w w, width of flange (see Figure 6.2).
A a, width of fillet weld (see Figure 6.2).
ALPHA o, weld angle (see Figure 6.2) in degrees.
NODEA Node ID, A, in weld pair (CROSS or COMBINED option only).
NODEB Node ID, 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). See Figure 6.5.
EQ.O: fillet weld

EQ.1: butt weld
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/ /]

N

Figure6.5. A combined weld is a mixture of fillet and butt welds.
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*CONSTRAINED_GLOBAL

Purpose: Define a global boundary constraint plane.

Card

Variable

TC

RC

DIR X Y

Type

Default

VARIABLE

TC

RC

DIR

DESCRIPTION

Translational Constraint:

EQ.1:
EQ.2:
EQ.3:
EQ.4:
EQ.5:
EQ.6:
EQ.7:

constrained x translation,
constrained y translation,
constrained z translation,
constrained x and y translations,
constrained y and z translations,
constrained x and z translations,
constrained X, y, and z translations,

Rotational 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:
FQ.3:

global X,
global y,
global z.

x-offset coordinate

y-offset coordinate

z-offset coordinate

LS-DYNA Version 971
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Remarks:

Nodes within a mesh-size-dependent tolerance are constrained on a global plane. This
option 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}

Available options include:
<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 a load, which can be either a translational 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 is required for each
constraint definition. The input list of independent nodes is terminated when the next "*" card is
found. In explicit calculations the independent nodes cannot be dependent nodes in other
constraints such as nodal rigid bodies. This latter restriction does not apply to implicit
calculations.

Card 1 2 3 4 5 6 7 8
Variable ICID DNID DDOF CIDD

Type I I I |

Default 0 0 123456 optional

Cards 2, 3, 4, etc. Define one card per independent node. If the option LOCAL is active,
define two cards per independent node. Input isterminated when a"*" card isfound.

1 2 3 4 5 6 7 8
Variable INID IDOF | TWGHTX | TWGHTY | TWGHTZ | RWGHTX | RWGHTY | RWGHTZ
Type ! | F F F F . F
Default 0 123456 10 | TWGHTX | TWGHTX | TWGHTX | TWGHTX | TWGHTX
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Definethe second card if and only if the option LOCAL isactive

Card 1 2 3 4 5 6 7 8
Variable CIDI
Type |
Default 0
VARIABLE DESCRIPTION
ICID Interpolation constraint ID.
DNID Dependent node ID. This node should not be a member of a rigid body,

or elsewhere 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.2:y
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 is active. 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.
This weight scales the x-translational 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.

6.26 (CONSTRAINED) LS-DYNA Version 971



*CONSTRAINED_INTERPOLATION *CONSTRAINED

VARIABLE

TWGHTY

TWGHTZ

RWGHTX

RWGHTY

RWGHTZ

CIDI

DESCRIPTION

Weighting factor for node INID with active degrees-of-freedom IDOF.
This weight scales the y-translational component.

Weighting factor for node INID with active degrees-of-freedom IDOF.
This weight scales the z-translational component.

Weighting factor for node INID with active degrees-of-freedom IDOF.
This weight scales the x-rotational component.

Weighting factor for node INID with active degrees-of-freedom IDOF.
This weight scales the y-rotational component.

Weighting factor for node INID with active degrees-of-freedom IDOF.
This weight scales the z-rotational component.

Local coordinate system ID if LOCAL option is active. If blank the
global coordinate system is assumed.

§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$$$S  *CONSTRAINED INTERPOLATION (Beam to solid coupling)

$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

Tie a beam element to a solid element.

The node of the beam to be tied does not share a common node with the solids.

CONSTRATINED INTERPOLATION

$
S
$
$ If the beam node is shared, for example, then set ddof=456.
$
*
$

$
S icid
1
$ inid
22
44
43
$
* ---------
$

123456
twghtx twghty twghtz rwghtx rwghty rwghtz
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$
$$$S  *CONSTRAINED INTERPOLATION (Load redistribution)

$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$ 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
$

0.,0.
.1,10000.
*LOAD NODE_POINT
100,6,1,1.0
$
*CONSTRAINED INTERPOLATION
$
S icid dnid ddof
1 100 5
S inid idof twghtx twghty
96 1
97 1
98 1
99 1
177 1
178 1
179 1
180 1
$
* ---------
$
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180

n7a

n7g

n7s

noo

196

h
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*CONSTRAINED_JOINT_OPTION_{OPTION} {OPTION} {OPTION}
Available forms include (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 a local coordinate use the option:
LOCAL

to define a joint ID and heading the following option is available:
ID

and to define failure for penalty-based joints (LMF=0 in *CONTROL_RIGID) use:
FAILURE

The ordering of the bracketed options is arbitrary.

Purpose: Define a joint between two rigid bodies, see Figure 6.6.
Card Format:

Card 1 is required for all joint types.

Card 2 is required for joint types: MOTOR, GEARS, RACK_AND_PINION, PULLEY,
and SCREW

Optional Card is required 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 6.6) 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.
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For the Gear joint the nodes within the nodal pair (1,2) must not coincide.

The geometry of joints is defined in Figure 6.6. 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 stiffness is
too 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.

For cylindrical joints, by setting node 3 to zero, it is possible to use a cylindrical joint to
join a node that is not on a rigid body (node 1) to a rigid body (nodes 2 and 4).

Thefollowing card isread if and only if the ID option is specified.

Optional 1 2-8
Variable JID HEADING
Type | AT70

The heading is picked up by some of the peripheral LS-DYNA codes to aid in post-
processing.

VARIABLE DESCRIPTION
JID Joint ID. This must be a unique number.
HEADING Joint descriptor. It is suggested that unique descriptions be used.

Card 1- Required

Card 1 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
N1 Node 1, in rigid body A. Define for all joint types.
N2 Node 2, in rigid body B. Define for all joint types.
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VARIABLE DESCRIPTION
N3 Node 3, in rigid body A. Define for all joint types except SPHERICAL.
N4 Node 4, in rigid body B. Define for all 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

N6 Node 6, in rigid body B. Define for joint types TRANSLATIONAL,
LOCKING, ROTATIONAL _MOTOR, CONSTANT_VELOCITY,
GEARS, RACK_AND_PINION, PULLEY, and SCREW

RPS Relative penalty stiffness (default = 1.0).

DAMP Damping scale factor on default damping value. (Revolute and Spherical
Joints):
EQ.0.0: default is set to 1.0,

LE.0.01 and GT.0.0: no damping is used.

Card 2. Required for joint types MOTOR, GEARS, RACK_AND_PINION, PULLEY, and
SCREW only.

Card 1 1 2 3 4 5 6 7 8
Variable PARM LCID TYPE R1
Type F | I F
Default None
VARIABLE DESCRIPTION
PARM Parameter which a function of joint type. Leave blank for MOTORS.

Gears: define R, /R,
Rack and Pinion: define h
Pulley: define R,/R
Screw: define x/w

LCID Define load curve ID for MOTOR joints.
TYPE Define integer flag for MOTOR joints as follows:
EQ.O: translational/rotational velocity
EQ.1: translational/rotational acceleration
EQ.2: translational/rotational displacement
R1 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.
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Optional: Required only if LOCAL is specified after the keyword.

Card 1 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 the rigid body or accelerometer.
LST Flag for local system type:

EQ.O: rigid body
EQ.1: accelerometer

Optional: Required only if FAILURE is specified after the keyword.

Card 1 1 2 3 4 5 6 7 8
Variable CID TFAIL COUPL

Type | F F

Default 0 0 0.
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Card 2 1 2 3 4 5 6 7 8
Variable NXX NYY NZZ MXX MYY MzZ
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 Time for joint failure. If zero, joint never fails.

COUPL Coupling between the force and moment failure criteria. If COUPL is
less than or equal to zero, the failure criteria is identical to the
spotwelds. When COUPL is greater than zero, the force and moment
results are considered independently. See the remark below.

NXX Axial force resultant N, at failure. If zero, failure due to this
component is not considered.

NYY Force resultant N, at failure. If zero, failure due to this component is
not considered.

Nzz Force resultant 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:

The moments for the revolute, cylindrical, planar, translational, and locking joints are
calculated at the midpoint of nodes N1 and N3. The moments for the spherical, universal,
constant velocity, gear, pulley, and rack and pinion joints are calculated at node N1.
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When COUPL is less than or equal to zero, the failure criteria is

N O 2 N 2 2 2 M 2 2
maX( XX ) + )24 + sz + Mxx + )24 + Mzz —120
NXXF Nny NZZF MXXF Mny MZZF

otherwise, it is

Cylindrical joint Planar joint

/

Universal joint Trandational joint

Figure 6.6 Joint definitions 1-6.

LS-DYNA Version 971 6.35 (CONSTRAINED)



*CONSTRAINED *CONSTRAINED_JOINT

Locking joint ~

Figure6.7. Locking joint.

L oad curve defines
relative motion

Figure6.8. Translational motor joint. This joint can be used in combination with the
translational or the cylindrical joint.
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Load curve definesreative
rotational motion in radians
per unit time.

Figure 6.9. Rotational motor joint. This joint can be used in combination with other joints
such as the revolute or cylindrical joints.

LS-DYNA Version 971
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Figure6.10. Gear joint. Nodal pairs (1,3) and (2,4) define axes that are orthogonal to the
gears. Nodal pairs (1,5) and (2,6) define vectors in the plane of the gears. The

R

ratio —= is specified.

Figure6.11. 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 a vector in the plane of the gear. Nodal
pair (2,4) defines the direction of travel for the second body. The value h is
specified. The velocity of the rack is oyinion X h.
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Figure6.12. 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

Figure6.13. 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 vectors in the plane of the pulleys.

R

The ratio E is specified.
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A

| E

Figure6.14. Screw joint. The second body translates in response to the spin of the first body.
Nodal pairs (1,3) and (2,4) lie along the same axis and nodal pairs (1,5) and

(2,6) are orthogonal vectors. The helix ratio, 1, is specified.
w

$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$$$$  *CONSTRAINED JOINT PLANAR

$
e e e e e S SN

$
$ 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.
$
$
$
$
$
*CONSTRAINED JOINT PLANAR
$
$
S nl n2 n3

91 21 94
$
$
*NODE
S nid X

150 0.00

$
*CONSTRAINED EXTRA NODES SET
S pid nsid

2 6
$

* To accomplish this, massless node 150 is artificially created at
the same coordinates as node 94 and then added to rigid body 2.

* These nodes define the normal of the joint plane (e.g., the
vector from node 91 to 94 defines the planes' normal) .

rps

0.000E+00
tc rc
0 0
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*SET NODE_LIST

S sid
6
S nidl
150

S

$$S  request output for joint force data
*DATABASE. JNTFORC

$ dt/cycl lcdt
0.0001

$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$$$S  *CONSTRAINED JOINT REVOLUTE

$
e e RN

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.

Uy Uy Uy Uy Uy Ur Ur U U O U U

:
:
:
:
:
;

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:

*CONSTRAINED JOINT STIFFNESS GENERALIZED

e e e e

U U Ur Uy Ur Uy Ur » Uy Ur Ur
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*CONSTRAINED_JOINT_STIFFNESS_OPTION

Available options include:

FLEXION-TORSION

GENERALIZED

TRANSLATIONAL

Purpose: Define optional rotational and translational joint stiffness for joints defined by
*CONSTRAINED_JOINT_OPTION. These definitions apply to all joints even though degrees
of freedom that are considered in the joint stiffness capability may be constrained out in some
joint types. The energy that is dissipated with the joint stiffness option is written for each joint in
joint force file with the default name, JINTFORC. 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 is common to all joint stiffness types.
Cards 2 to 4 are unique for each stiffness type.

Card 1 - Required for all joint stiffnesstypes.

Card 1 1 2 3 4 5 6 7 8
Variable JSID PIDA PIDB CIDA CIDB JID
Type 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.
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VARIABLE

CIDA

CIDB

JID

DESCRIPTION

Coordinate ID for rigid body A, see *DEFINE_COORDINATE_
OPTION. For the trandational 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.

Coordinate ID for rigid body B. If zero, the coordinate ID for rigid body
A is used, see *DEFINE_COORDINATE_OPTION. For the
trandational 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.

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.

Card 2 1 2 3 4 5 6 7 8
Variable LCIDAL LCIDG LCIDBT |DLCIDAL | DLCIDG | DLCIDBT

Type | | | | | |

Default none 1.0 none none 1.0 none

Card 3

Variable ESAL FMAL ESBT FMBT

Type F F F F

Default 0.0 0.0 0.0 0.0

LS-DYNA Version 971
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Card 4 1 2 3 4 5 6 7 8
Variable SAAL NSABT | PSABT
Type F F F
Default not used not used not used
VARIABLE DESCRIPTION
LCIDAL Load curve ID for o—moment versus rotation in radians. See Figure

6.15 where it should be noted that 0<a <x. If zero, the applied
moment is set to zero. See *DEFINE_CURVE.

LCIDG Load curve ID for y versus a scale factor which scales the bending
moment due to the ¢ rotation. This load curve should be defined in the
interval —z< y<7z. If zero the scale factor defaults to 1.0. See
*DEFINE_ CURVE.

LCIDBT Load curve ID for f—torsion moment versus twist in radians. If zero
the applied twist is set to zero. See *DEFINE_CURVE.

DLCIDAL Load curve ID for oz —damping moment versus rate of rotation in radians
per wunit 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 o—damping moment.
If zero, the scale factor defaults to one. See *DEFINE_CURVE.

DLCIDBT Load curve ID for fB-damping torque versus rate of twist. If zero
damping is not considered. See *DEFINE_CURVE.

ESAL Elastic stiffness per unit radian for friction and stop angles for
o rotation, see Figure 6.15. If zero, friction and stop angles are inactive
for o rotation.

FMAL Frictional moment limiting value for « rotation. If zero, friction is
inactive for « 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 6.15. A table permits the moment to also be a
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VARIABLE DESCRIPTION

function of the joint reaction force and requires the specification of JID

on Card 1.

ESBT Elastic stiffness per unit radian for friction and stop angles for £ twist,
see Figure 6.15. If zero, friction and stop angles are inactive for
B twist.

FMBT Frictional moment limiting value for g twist. If zero, friction is

inactive for S twist. 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
[ rotation, see Figure 6.15 A table permits the moment to also be a

function of the joint reaction force and requires the specification of JID

on Card 1.
SAAL Stop angle in degrees for « rotation where 0 < ¢ < z. Ignored if zero.
NSABT Stop angle in degrees for negative £ rotation. Ignored if zero.
PSABT Stop angle in degrees for positive A rotation. Ignored if zero.

Remarks:

This option simulates a flexion-torsion behavior of a joint in a slightly different fashion
than with the generalized joint option.

After the stop angles are reached the torques increase linearly to resist further angular
motion using the stiffness values on Card 3. If the stiffness value is too low or zero, the stop will
be violated.

The moment resultants generated from the moment versus rotation curve, damping
moment versus rate-of-rotation curve, and friction are evaluated independently and are added
together.
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Figure6.15. Flexion-torsion joint angles. If the initial positions of the local coordinate axes
of the two rigid bodies connected by the joint do not coincide, the angles,

o and y, are initialized and torques will develop instantaneously based on the
defined load curves. The angle A is also initialized but no torque will develop
about the local axis on which £ is measured. Rather, S will be measured
relative to the computed offset.
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Card 2-4 - Required for GENERALIZED stiffness.

Card 2 1 2 3 4 5 6 7 8
Variable LCIDPH | LCIDT | LCIDPS |DLCIDPH | DLCIDT | DLCIDPS
Type | | I I | I
Default none none none none none none
Card 3
Variable ESPH FMPH EST FMT ESPS FMPS
Type F F F F F F
Default 0.0 0.0 0.0 0.0 0.0 0.0
Card 4
Variable NSAPH | PSAPH NSAT PSAT NSAPS PSAPS
Type F F F F F F
Default not used not used not used not used not used not used
VARIABLE DESCRIPTION
LCIDPH Load curve ID for ¢—moment versus rotation in radians. See Figure
6.16. If zero, the applied moment is set to 0.0. See *DEFINE_CURVE.
LCIDT Load curve ID for & —moment versus rotation in radians. If zero, the
applied moment is set to 0.0. See *DEFINE_CURVE.
LCIDPS Load curve ID for w—moment versus rotation in radians. If zero, the

applied moment is set to 0.0. See *DEFINE_CURVE.

LS-DYNA Version 971
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VARIABLE DESCRIPTION
DLCIDPH Load curve ID for ¢ —damping moment versus rate of rotation in radians
per unit time. If zero, damping is not considered. See

*DEFINE_CURVE.

DLCIDT Load curve ID for 8 —damping moment versus rate of rotation in radians
per unit time. If zero, damping is not considered. See
*DEFINE_CURVE.

DLCIDPS Load curve ID for w—damping torque versus rate of rotation in radians

per unit time. If zero, damping is not considered. See
*DEFINE_CURVE.

ESPH Elastic stiffness per unit radian for friction and stop angles for ¢ rotation.
See Figure 6.17. If zero, friction and stop angles are inactive for
¢ rotation.

FMPH Frictional moment limiting value for ¢ rotation. If zero, friction is

inactive for ¢ 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
¢ rotation. See Figure 6.17. A table permits the moment to also be a
function of the joint reaction force and requires the specification of JID
on card 1.

EST Elastic stiffness per unit radian for friction and stop angles for &
rotation. See Figure 6.17. If zero, friction and stop angles are inactive
for @ rotation.

FMT Frictional moment limiting value for @ rotation. If zero, friction is
inactive for @ 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
@ rotation. See Figure 6.17. A table permits the moment to also be a
function of the joint reaction force and requires the specification of JID
on card 1.

ESPS Elastic stiffness per unit radian for friction and stop angles for
w rotation. See Figure 6.17. If zero, friction and stop angles are

inactive for y rotation.

FMPS Frictional moment limiting value for w rotation. If zero, friction is
inactive for w 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
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VARIABLE DESCRIPTION

w rotation. See Figure 6.17. A table permits the moment to also be a
function of the joint reaction force and requires the specification of JID

on card 1.
NSAPH Stop angle in degrees for negative ¢ rotation. Ignored if zero.
PSAPH Stop angle in degrees for positive ¢ rotation. Ignored if zero.
NSAT Stop angle in degrees for negative @ rotation. Ignored if zero.
PSAT Stop angle in degrees for positive & rotation. Ignored if zero.
NSAPS Stop angle in degrees for negative y rotation. Ignored if zero.
PSAPS Stop angle in degrees for positive y rotation. Ignored if zero.

Remarks:

After the stop angles are reached the torques increase linearly to resist further angular
motion using the stiffness values on Card 3. Reasonable stiffness values have to be chosen. If
the stiffness values are too low or zero, the stop will be violated.
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Figure 6.16. Definition of angles for the generalized joint stiffness. The magnitude of the
angular rotations are limited by the stop angles defined on Card 4. If the initial

local coordinate axes do not coincide, the angles, ¢, &,and w, will be
initialized and torques will develop instantaneously based on the defined load
curves.

yield moment
curve

\

daficperfadyplasic ~ ~
behavior

negative : :
stop angle Rotation posiltive stop
angle

Figure6.17. Frictional behavior is modeled by a plasticity model. Elastic behavior is
obtained once the stop angles are reached. The same elastic stiffness is used to

simulate sticking situations.
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Card 2- 4- Required for TRANSLATIONAL stiffness.

Card 2 1 2 3 4 5 6 7 8
Variable LCIDX LCIDY LCIDZ | DLCIDX | DLCIDY | DLCIDZ
Type | | I I | I
Default none none none none none none
Card 3
Variable ESX FFX ESY FFY ESZ FFZ
Type F F F F F F
Default 0.0 0.0 0.0 0.0 0.0 0.0
Card 4
Variable NSDX PSDX NSDY PSDY NSDZ PSDZ
Type F F F F F F
Default not used not used not used not used not used not used
VARIABLE DESCRIPTION
LCIDX Load curve ID for x—force versus x-translational relative displacement
between the origins of CIDA and CIDB based on the x-direction of
CIDB. If zero, the applied force is set to 0.0. See *DEFINE_CURVE.
See Figure 6.18.
LCIDY Load curve ID for y—force versus y-translational relative displacement

between the origins of CIDA and CIDB based on the y-direction of
CIDB. If zero, the applied force is set to 0.0. See *DEFINE_CURVE.
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VARIABLE DESCRIPTION

LCIDZ Load curve ID for z—force versus z-translational relative displacement
between the origins of CIDA and CIDB based on the z-direction of
CIDB. If zero, the applied force is set to 0.0. See *DEFINE_CURVE.

DLCIDX Load curve ID for x—damping force versus rate of x-translational
displacement per unit time between the origins of CIDA and CIDB
based on the x-direction of CIDB. If zero, damping is not considered.
See *DEFINE_CURVE.

DLCIDY Load curve ID for y—damping force versus rate of y-translational
displacement per unit time between the origins of CIDA and CIDB
based on the y-direction of CIDB. If zero, damping is not considered.
See *DEFINE_CURVE.

DLCIDZ Load curve ID for z—damping force versus rate of z-translational
displacement per unit time between the origins of CIDA and CIDB
based on the z-direction of CIDB. If zero, damping is not considered.
See *DEFINE_CURVE.

ESX Elastic stiffness for friction and stop displacement for x-translation. If
zero, friction and stop angles are inactive for x-translation.

FFX Frictional force limiting value for x-translation. If zero, friction is
inactive for x-translation. 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 ID defining the yield force versus x-
translation.

ESY Elastic stiffness for friction and stop displacement for y-translation. If
zero, friction and stop angles are inactive for y-translation.

FFY Frictional force limiting value for y-translation. If zero, friction is
inactive for y-translation. 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 ID defining the yield force versus y-
translation.

ESZ Elastic stiffness for friction and stop displacement for z-translation. If
zero, friction and stop angles are inactive for z-translation..

FMZ Frictional force limiting value for z-translation. If zero, friction is
inactive for z-translation. 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 ID defining the yield force versus z-
translation.
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VARIABLE DESCRIPTION
NSDX Stop displacement for negative x-translation. Ignored if zero.
PSDX Stop displacement for positive x-translation. Ignored if zero.
NSDY Stop displacement for negative y-translation. Ignored if zero.
PSDY Stop displacement for positive y-translation. Ignored if zero.
NSDZ Stop displacement for negative z-translation. Ignored if zero.
PSDZ Stop displacement for positive z-translation. Ignored if zero.
Remarks:

After the stop displacements are reached the force increases linearly to resist further
translational motion using the stiffness values on Card 3. Reasonable stiffness values must be
chosen. If the stiffness values are too low or zero, the stop will be violated.

yield force
curve

Ny 8

elagtic perfectly plastic —
behavior
elastic
/stiffness
| , |
negative stop : .
displacement Displacement positive stop

displacement

Figure6.18. Frictional behavior is modeled by a plasticity model. Elastic behavior is
obtained once the stop displacements are reached. The same elastic stiffness is
used to simulate sticking situations.
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$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$$$S  *CONSTRAINED JOINT STIFFNESS GENERALIZED

$
e e e e RN

$
$ Define a joint stiffness for the revolute joint described in
S *CONSTRAINED JOINT REVOLUTE
$
$ Attributes of the joint stiffness:
S - Used for defining a stop angle of 30 degrees rotation
S (i.e., the joint allows a positive rotation of 30 degrees and
S then imparts an elastic stiffness to prevent further rotation)
S - Define between rigid body A (part 1) and rigid body B (part 2)
S - Define a local coordinate system along the revolute axis
S on rigid body A - nodes 1, 2 and 3 (cid = 5). This is used to
S define the revolute angles phi (PH), theta (T), and psi (PS).
S - The elastic stiffness per unit radian for the stop angles
S are 100, 10, 10 for PH, T, and PS, respectively.
S - Values not specified are not used during the simulation.
$
*CONSTRAINED JOINT STIFFNESS GENERALIZED
S
S S s F S S S S S S S < SRR SOy A SO
S jsid pida pidb cida cidb

1 1 2 5 5
$
$  lcidph lcidt lcidps  dlcidph dlcidt dlcidps
$
S esph fmps est fmt esps fmps

100.0 10.0 10.0
$
S nsaph psaph nsat psat nsaps psaps
30.0

$
$
*DEFINE COORDINATE NODES
S cid nl n2 n3

5 1 2 3
S

$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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*CONSTRAINED LAGRANGE_IN_SOLID_{OPTION1} {OPTION2}

Purpose:  This command provides the coupling mechanism for modeling Fluid-Structure
Interaction (FSI). The structure can be constructed from Lagrangian shell and/or solid entities.
The multi-material fluids are modeled by ALE formulation (see Remark 15).

Note: For RIGID slave PARTS a penalty coupling method (CTYPE=4) must be used, see
parameter CTYPE below.

Available options for OPTIONL1 include:
<BLANK>
EDGE

This option may be used to allow the coupling between the edge of a shell part or part set and one
or more ALE multi-material groups (AMMG). It accounts for the shell thickness in the coupling
calculation. The edge thickness is the same as the shell thickness. This option only works when
the Lagrangian slave set is defined as a part or a part set ID. It will not work for a slave segment
set. One application of this option is a simulation of a Lagrangian blade (a shell part) cutting
through some ALE material.

Available options for OPTIONZ include:
<BLANK>
TITLE

To define a coupling (card) ID number and title for each coupling card. If a title is not defined
LS-DYNA will automatically create an internal title for this coupling definition. The ID number
can be used to delete coupling action in a restart input deck via the *DELETE_FSI card.

Card Format (110, A70)
Thefollowing card isread if and only if the TITLE option is specified.

Optional 1 2
Variable COUPID TITLE
Type I AT70
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Card 1ismandatory for all coupling definitions.

Card 1 1 2 3 4 5 6 7 8
Variable SLAVE | MASTER | SSTYP | MSTYP | NQUAD | CTYPE | DIREC | MCOUP
Type | | | | I | | I
Default none none 0 0 0 2 1 0
Card 2ismandatory for all coupling definitions.

Card 2 1 2 3 4 5 6 7 8
Variable START END PFAC FRIC FRCMIN | NORM |NORMTYP| DAMP
Type F F F F F | | =
Default 0 1.0E10 0.1 0.0 0.5 0 0 0.0
Card 3ismandatory for all coupling definitions.

Card 3 1 2 3 4 5 6 7 8
Variable CQ HMIN HMAX ILEAK | PLEAK |LCIDPOR | NVENT | IBLOCK
Type F F F | F | | I
Default 0.0 none none 0 0.1 none 0 0
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Optional Card 4a may be defined with or without 4b. Itisrequired for CTYPE 11 & 12.

(define THKF if CTYPE=11).

Card 4a 1 2 3 4 5 6 7
Variable IBOXID | IPENCHK | INTFORC | IALESOF | LAGMUL | PFACMM THKF
Type I I I | F I F
Default 0 0 0 0 0.0 0 0.0

Optional Card 4b isrequired for CTYPE 11 & 12. If 4b isdefined, 4a must be defined

before 4b.

Card 4b 1 2 3 4 5 6 7
Variable Al B1 A2 B2 A3 B3

Type F F F F F F

Default none none none none none none

Optional 4c card(s) defining venting geometry. It isrepeated NVENT times (one line for
defining each vent hole). It is defined only if NVENT > 0in card 3. If either or both 4a

and 4b aredefined, they are defined before card(s) 4c.

Card 4c 1 2 3 4 5 6 7
Variable VENTSID | VENTYP | VTCOEF | POPPRES | COEFLC

Type | | I F |

Default 0 0 0 0.0 0
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VARIABLE

COUPID

TITLE

SLAVE

MASTER

SSTYP

MSTYP

NQUAD

CTYPE

DESCRIPTION

Coupling (card) ID number (110). This ID can be used in a restart input
deck to delete or reactivate this coupling action via the *DELETE_FSI
card. If not defined, LSDYNA will assign an internal coupling ID based
on the order of appearance in the input deck.

A description of this coupling definition (A70).

Slave set ID defining a part, part set or segment set ID of the Lagrangian
or slave structure (see *PART, *SET_PART or *SET_SEGMENT).
See Remark 1.

Master set ID defining a part or part set ID of the ALE or master solid
elements (see *PART or *SET_PART, and see Remark 1).

Slave set type of “SLAVE” (see Remark 1):
EQ.O: part set ID (PSID).
EQ.1: part ID (PID).
EQ.2: segment set ID (SGSID).

Master set type of “MASTER” (see Remark 1):
EQ.O: part set ID (PSID).
EQ.1: part ID (PID).

Number of coupling points distributed over each coupled Lagrangian
surface segment.
EQ.0: NQUAD will be set by default to 2,
EQ.n: An nXn coupling points distribution over each Lagrangian
segment is defined,
EQ.-n: NQUAD is reset to a positive value. Coupling at nodes is
obsolete.

Fluid-Structure coupling method:
EQ.1: constrained acceleration.
EQ.2: constrained acceleration and velocity (default, see Remark 3).
EQ.3: constrained acceleration and velocity, normal direction only.
EQ.4: penalty coupling for shell (with or without erosion) and solid
elements (without erosion).
EQ.5: penalty coupling allowing erosion in the Lagrangian entities
(solid elements, see Remark 3).
EQ.6: penalty coupling designed for airbag modeling which
automatically controls the DIREC parameter internally. It is
equivalent to setting {CTYPE=4; DIREC=1} for unfolded region;
and {CTYPE=4; DIREC=2}; in folded region. For both cases:
{ILEAK=2; FRCMIN=0.3}.
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VARIABLE

DIREC

MCOUP

START

END

PFAC

FRIC

FRCMIN

NORM

DESCRIPTION

EQ.11: coupling designed to couple Lagrangian porous shell to
ALE material. When this option is used, THKF, the 7 column
parameter of optional card 4a and the first 2 parameters of optional
card 4b must be defined. See *LOAD_BODY_POROUS and
remark 14 below.

EQ.12: coupling designed to couple Lagrangian porous solid to
ALE material. When this option is used, A;j & B; parameters of
optional card 4b must be defined (card 4a must be defined but can
be blank). See *LOAD_BODY_POROUS and Remark 14 below.

Coupling direction (CTYPE 4 and 5, see Remark 4).
EQ.1: normal direction, compression and tension (default)
EQ.2: normal direction, compression only,
EQ.3: all directions.

Multi-material option (CTYPE 4, 5, 6, 11 and 12, see Remark 5).
EQ.O: couple with all multi-material groups,
EQ.1: couple with material with highest density.
EQ.-n: refersto a set ID of an ALE multi-material groups defined
in *SET_MULTI-MATERIAL_GROUP card in which its set ID=n.

Start time for coupling.
End time for coupling.

Penalty factor (CTYPE 4, 5 and 6). PFAC is a scale factor for scaling
the estimated stiffness of the interacting (coupling) system. It is used to
compute the coupling forces to be distributed on the slave and master
parts.

GT.0.0: Fraction of estimated critical stiffness.

LT.0: -n: where nrefersto a load curve ID. The curve defines the
coupling pressure (y-axis) as a function of the penetration (x-axis)

(See Remark 6).

Coefficient of friction (used with DIREC 2 only).

Minimum volume fraction of a coupled ALE multi-material group
(AMMG) or fluid in a multi-material ALE element to activate coupling.
Default value is 0.5. Reducing FRCMIN (typically, between 0.1 and
0.3) would turn on coupling earlier to prevent leakage in hypervelocity
impact cases.

A flag indicating the rule for defining which side of the Lagrangian
segment the fluid is supposed to be coupled to. By default (NORM=0)
the fluid on the side pointed to by the Lagrangian segment normal (head-
side) is coupled to. To couple to the fluid on the side not pointed to by
the segment normals (tail-side), set NORM=1 (see Remark 7).

EQ.O: Couple fluid to head-side of Lagrangian segment.

EQ.1: Couple fluid to tail-side of Lagrangian segment.
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VARIABLE

NORMTYP

DAMP

cQ

HMIN

HMAX

ILEAK

PLEAK

LCIDPOR

DESCRIPTION

Penalty coupling spring (or force) direction (DIREC 1 and 2):
EQ.0: normal vectors are interpolated from nodal normals (default).
EQ.1: normal vectors are interpolated from segment normals. This
is sometimes a little more robust for sharp Lagrangian corners, and
folds.

Damping factor for penalty coupling. This is a coupling-damping
scaling factor. Typically it may be between 0 and 1 (see Remark 8).

Heat transfer coefficient, C, (see Remark 9).

Minimum air gap in heat transfer, h_. (see Remark 9).

min

Maximum air gap in heat transfer, h,_. . There is no heat transfer above
this value (see Remark 9).

Coupling leakage control flag (Remark 10):
EQ.O: none (default),
EQ.1: weak, leakage control is turned off if the penetrating volfrac
> FRCMIN+0.1.
EQ.2: strong, with improved energy consideration. Leakage control
is turned off if the penetrating volfrac > FRCMIN+0.3.

Leakage control penalty factor, 0 < PLEAK < 0.2 is recommended.
This factor influences the additional coupling force magnitude to
prevent leakage. It is conceptually similar to PFAC. Almost always,
the default value (0.1) is adequate.

If this is a positive integer: A load curve ID (LCID) defining porous
flow through coupling segment:

Abscissa = X = (Pyp - Pgown)
Ordinate =y = relative porous fluid velocity

Where Py, and Pgown are, respectively, the upstream and downstream
pressures across of the porous coupling segment. The relative porous
velocity is the ALE fluid velocity relative to the moving Lagrangian
segment. This experimental data curve must be provided by the user.

If LCIDPOR is a negative integer: The porous flow is controlled by the
parameters FLC, FAC, ELA under *MAT_FABRIC card. CAUTION:
The pressure under the FAC load curve is “absolute upstream pressure”
(see Remark 11).

Abscissa = x = absolute upstream pressure
Ordinate =y = relative porous fluid velocity
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VARIABLE DESCRIPTION

NVENT The number of vent surface areas to be defined. Each venting flow
surface is represented by one or more Lagrangian segments (or
surfaces). For airbag application, this may be referred to as “isentropic”
venting where the isentropic flow equation is used to compute the mass
flow rate across an area given Pyp/Pgown ratio. If NVENT > 0, there will
be NVENT number of lines required (optional cards 4c). Each line
defines the geometrical and flow information for each vent surface:
VENTSID, VNTYPE, VTCOEF, POPPRES, COEFLC. The vented
mass will simply be deleted from the system and cannot be visualized
as in the case of physical venting (see Remark 12).

IBLOCK Flag (1=ON or 0=OFF) to control the venting (or porous) flow blockage
due to Lagrangian contact during ALE computation. The venting
definition is defined in this command. However, the venting flow may
be defined via either the LCIDPOR parameter in this command or via
the *MAT_FABRIC parameters (FLC, FAC, ELA). However, note that
FVOPT (blocking) parameter under *MAT_FABRIC applies only to
CV computation.

IBOXID A box ID defining a box region in space in which ALE coupling is
activated. At time=0.0, the number of Lagrangian segments inside this
box is remembered. In subsequent coupling computation steps, there is
no need to search for the Lagrangian segments again.

IPENCHK Initial penetration check flag (only for CTYPE=4, Remark 13):
EQ.0: Do not check for initial penetration.
EQ.1: Check and save initial ALE material penetration across a
Lagrangian surface (dp), but do not activate coupling at t=0. In

subsequent steps (t>0) the actual penetration is computed as follows

actual penetration = total penetration — initial penetration
da=dT —do
INTFORC A flag to turn on or off (0=OFF or 1=0ON) the output of ALE coupling

pressure and forces on the slave Lagrangian segments (or surfaces).
Note that the coupling pressures and forces are computed based on the
ALE fluid penetrations and coupling stiffness of the system. When (1)
INTFORC=1 and (2) a *DATABASE_BINARY_FSIFOR (DBF) card
is defined, LS-DYNA writes out the segment coupling pressure and
forces to the binary interface force file for contour plotting. This
interface force file is activated by executing 1s971 as follows (3):

Is971 i=inputfilenamek ... h=interfacefor cefilename

The time interval between output is defined by “dt” in the DBF card.

To plot the binary data in this file: Isprepost interfacefor cefilename.
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VARIABLE

IALESOF

LAGMUL

PFACMM

THKF

Al

Bl

DESCRIPTION

An integer flag to turn ON/OFF a supplemental Lagrange multiplier FSI
constraint which provides a coupling force in addition to the basic
penalty coupling contribution. This is a hybrid coupling method.

EQ.O0: OFF (default).
EQ.1: Turn ON the hybrid Lagrange-multiplier method. LAGMUL
multiplier factor is read.

A Lagrange multiplier factor with a range between 0.0 and 0.05 may be
defined. A typical value may be 0.01. This should never be greater
than 0.1.

EQ.O0: OFF (default).

GT.0: Turn ON the Lagrange-multiplier method and use LAGMUL

as a coefficient for scaling the penalty factor.

Mass-based penalty stiffness factor computational options. This works
in conjunction with PFAC=constant (not a load curve). The coupling
penalty stiffness (CPS) is computed based on an estimated effective
coupling mass.

EQ.0: CPSe PFAC.min(my,,., M.« ) , default.

EQ.1: CPSec PFAC.max(My,e, Mg ) -

EQ.2: CPS PFAC.,/m,, .M .4 . Je0metric-mean of the masses.
EQ.3: CPSoc PFAC:K, ,angan Where K is the bulk modulus of the
slave or Lagrangian part

(For all CTYPE choices except 11) A flag to account for the coupling
thickness of the Lagrangian shell (slave) part.
LT.0: Use positive value of [THKF| for coupling segment thickness.
EQ.O: Do not consider coupling segment thickness.
GT.0: Coupling segment thickness scale factor.

For CTYPE=11 case (see Remark 14): This thickness is required for
volume calculation.
GT.0: (Fabric) Thickness scale factor. The base shell thickness is
taken from the *PART definition.
LT.0: User-defined (Fabric) thickness. The fabric thickness is set to
[THKEF|.

Viscous coefficient for the porous flow Ergun equation (see Remark 14).
For CTYPE=11, Al = A, = coefficient for normal-to-segment direction.
For CTYPE=12: Al = A = coefficient for global X-direction.

Inertial coefficient for the porous flow Ergun equation (see Remark 14).
For CTYPE=11, B1 = B,, = coefficient for normal-to-segment direction.
For CTYPE=12: B1 = By = coefficient for global X-direction.
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VARIABLE DESCRIPTION

A2 Viscous coefficient for the porous flow Ergun equation (see Remark 14).
For CTYPE=12: A2 = Ay = coefficient for global Y-direction.

B2 Inertial coefficient for the porous flow Ergun equation (see Remark 14).
For CTYPE=12: B2 = By = coefficient for global Y-direction.

A3 Viscous coefficient for the porous flow Ergun equation (see Remark 14).
For CTYPE=12: A3 = A, = coefficient for global Z-direction.

B3 Inertial coefficient for the porous flow Ergun equation (see Remark 14).
For CTYPE=12: B3 = B, = coefficient for global Z-direction.

VENTSID Set ID of the vent hole shape.

VENTYP Vent surface area set ID type:

EQ.O: Part set ID (PSID).
EQ.1: Part ID (PID).
EQ.2: Segment set ID (SGSID).

VTCOEF Flow coefficient for each vent surface area.

POPPRES Venting pop pressure limit. If the pressure inside the airbag is lower

than this pressure, then nothing is vented. Only when the pressure
inside the airbag is greater than POPPRES that venting can begin.

COEFLC A time-dependent multiplier load curve for correcting the vent flow

coefficient, with values ranging from 0.0 to 1.0.

Remarks:

1.

In order for a fluid-structure interaction (FSI) to occur, a Lagrangian (structure or slave)
mesh must spatially overlap with an ALE (fluid or master) mesh. Each mesh should be
defined with independent node IDs. LS-DYNA searches for the spatial intersection of
between the Lagrangian and ALE meshes. Where the meshes overlap, there is a
possibility that interaction may occur. In general, SLAVE, MASTER, SSTYP and
MSTYPE are required definitions for specifying overlapping-domains coupling search.

The number of coupling points, NQUADXNQUAD, is distributed over the surface of
each Lagrangian segment. Generally, 2 or 3 coupling points per each Eulerian/ALE
element width is adequate. Consequently, the appropriate NQUAD values must be
estimated based on the relative resolutions between the Lagrangian and ALE meshes.
Consider Case 1 where 1 Lagrangian shell element spans, say, 2 ALE elements. Then
NQUAD for each Lagrangian segment should be 4 or 6. Consider Case 2 where 2 or 3
Lagrangian segments span 1 ALE element, then maybe NQUAD=1 would be adequate. If
either mesh compresses or expands during the interaction, the number of coupling points
per ALE element will also change. The user must account for this and try to maintain at
least 2 coupling points per each ALE element side length during the whole process to
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prevent leakage. Too many coupling points can result in instability, and not enough can
result in leakage.

3. CTYPE=2 is sometimes used to couple, via constraint method (energy not conserved),
Lagrangian beam nodes to ALE solid, for example, in the modeling of rebar in concrete,
or tire cords in rubber. The slave set is coupled to the master set. Constraint based
method does not try to conserve energy and is seldom used. Penalty approach is the
current method of choice. For better accuracy, when using the penalty method, it is better
to couple to a specific set of AMMGs (set MCOUP to a negative integer, see MCOUP).

4. DIREC=2 may be generally a more stable and robust choice for coupling direction.
However a choice of when to activate coupling should be made based on the physics of
the problem. DIREC=1 couples under both tension and compression. This is sometimes
useful as in the case of suddenly accelerating liquid container. DIREC=3 is rarely
applicable to real physics (because it simulates an extremely sticky fluid).

5. When MCOUP is a negative integer, say for example MCOUP= -123, then an ALE
multi-material set-ID (AMMSID) of 123 must exist. This is an ID defined by a
*SET_MULTI-MATERIAL_GROUP_LIST card. This generally seems to be a better
approach to couple to a specific set of AMMGs, and have a clearly defined fluid interface
interacting with a Lagrangian surface. That way, any leakage may be visualized and the
penalty force can be computed more precisely.

6. The user can usually start with PFAC=default (0.1). If leakage occurs, leakage control
may be turned on, ILEAK=2.

The next thing to try may be using a load curve for PFAC. When PFAC is a negative
integer, for example PFAC= -321, then a load curve with LCID=321 must exist via a
*DEFINE_CURVE card. This choice allows the application of an estimated coupling
pressure (y-axis) given a penetration distance (x-axis). The curve consists of {0,0} as the
first point and {maximum allowable penetration (MAP), estimated maximum coupling
pressure (EMCP)} as a second point. MAP may be a small penetration with respect to
the minimum ALE element width (maybe 10% or less). EMCP can be estimated from a
maximum fluid pressure observed from a previous run when leakage first occurs. This
curve may be scaled to vary the stiffness of the coupling spring. The approach is to
gradually increase the coupling stiffness until leakage stops. The best coupling stiffness
is one which provides just enough force to prevent leakage and not more.

A 3" approach is to try PFACMM=3 on optional card 4a (with PFAC=constant).

Consider a coupling between a Lagrangian airbag with the ALE inflator gas, a penetration
of 1.0E-3 m of the gas across the bag surface will trigger a coupling pressure (say, about
4 atm or 405300 Pascals). The coupling pressure for arbitrary penetration is scaled from
this curve.

This example demonstrates the usage of both MCOUP and PFAC when they are negative
integers.
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U AU D D SRR DU
$ PID 21 = ALE inflator gas;
*ALE_MULTI—MATERIAL_GROUP

B S I Iy - P P A I -
PID 22 = air mesh surrounding the airbag

$ SID IDTYPE
21 1
22 1

$ ALEMMGID = 1 <= PID 21 <== see 1lst line of the *ALE MULTI-MATERIAL GROUP card.
*SET MULTI-MATERIAL GROUP_LIST
$ AMMSID
123
$ ALEMMGID
1
$ Lagrangian = slave = PSID 1 contains all airbag parts

*SET PART

$ SID DAl DA2 DA3 DA4
1 0. 0. 0. 0.

$ PID1 PID2 PID3 PID4 PID5 PID6 PID7 PIDS8
3 4 5 6 7 8 9 0

$ Eulerian = master = PSID 11 contains all fluid mesh (geometrical space to search).
*SET PART LIST

11
2
*CONSTRAINED LAGRANGE IN SOLID
$ SLAVE MASTER SSTYP MSTYP NQUAD CTYPE DIREC MCOUP
1 11 0 0 4 4 2 -123
$ START END PFAC FRIC FRCMIN NORM
0.0 0.0 -321 0.00 0.3 1
$ cQ HMIN HMAX ILEAK PLEAK VLK PLCID
0 0 0 2 0.10
$ We should couple to only the inflator gas = MCOUP = -123
$ fluid penetration ~ 1 mm <====> Pmax = 405300 pascal ~ 4 atm
*DEFINE CURVE
321
0.0000 0.0
1.0e-3 405300.0
= e R R e - S - I A P -
7. The normal vectors (NV) of a Lagrangian shell part are defined by the order of the nodes

in *ELEMENT definitions, via the right hand rule, and for a segment set, the order of
nodes defined in *SET_SEGMENT. Let the side pointed to by NV be “positive”. The
penalty method measure penetration as the distance the ALE fluid penetrates from the
positive side to the negative side of the Lagrangian segment. Only fluid on the positive
side will be “seen” and coupled to. Hence, all normal vectors of the Lagrangian segments
should point uniformly toward the ALE fluid(s), AMMGs, to be coupled to. If NV point
uniformly away from the fluid, coupling is not activated. In this case, coupling can be
activated by setting NORM=1. Sometimes a shell part or mesh is generated such that its
normal vectors do not point uniformly in a consistent direction (all toward the inside or
outside of a container, etc.) The user should always check for the normal vectors of any
Lagrangian shell part interacting with any fluid. The NORM parameter may be used to
flip the normal direction of all the segments included in the Lagrangian slave set.
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< Shell Motion Shell

<¢— Fluid & Shell

FlUId will interact
Void

Shell Motion
dl

< Fluid & Shell
. will not interact
Fluid

(Use NORM = 1 to flip vector)

Void

\___ Shel normal vector

8. The user-input coupling-damping factor (DAMP) is used to scale down the critical-
damping force (~ damper constant*velocity). For a mass-to-rigid-wall system connected
by a parallel-spring-damper connector, we can obtain solution for a critically-damped
case. DAMP is a factor for scaling down the amount of damping, with DAMP=1 being a
critically-damped case.

9. The method used is similar to that done by *CONTACT _... THERMAL ... card, except
radiation heat transfer is not considered. A gap (I ) is assumed to exist between the 2
materials undergoing heat transfer (one is Lagrangian and the other ALE). The
convection heat transfer in the gap is assumed to approach simple conduction across the
medium in the gap.

q:Kd—T~hAT:>
dx

[3/5]
The heat flux is typically defined as an energy transfer rate per unit area, d nm . x IS

the thermal conductivity of the material in the gap, h, the equivalent convection heat
transfer coefficient, and AT, the temperature difference between the master and slave
sides. There are 3 possible scenarios:

(@) ! >l & No heat transfer.
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10.

11.

12.

(©) loin ST <10 D he %
maX(lmin’l)

K

(C)I<|m|n9h~| .

min

CQ (x), HMIN (Inin), HMAX (l.) are defined for this heat transfer estimation.

In general, a coupling force stopping “fluid” leakage across a Lagrangian surface should
come predominantly from the (penalty) coupling force. Leakage control force should be
of secondary effect and should not be bigger than that from the main penalty coupling
action. *DATABASE_FSI command output (dbfsi) allows for the monitoring of both the
coupling forces and the leakage control force contribution. It may be used as a debugging
or fine-tuning tool for coupling design. ILEAK=2 has a slightly more accurate energy
accounting algorithm, thus is better for airbag applications. Leakage control should only
be turned on when coupling to a specific AMMG (MCOUP as a negative integer) with its
fluid interface clearly defined and tracked via the *ALE_MULTI-MATERIAL_GROUP
card.

There are currently 2 methods to model porous flow across a Lagrangian shell structure.
Both methods involve defining an empirical data curve of relative porous gas velocity as
a function of system pressure. However the pressure definitions are slightly different
depending on the choice of parameter defined:

a) Via LCIDPOR parameter under *CONSTRAINED _LAGRANGE_IN_SOLID
(CLIS). If this option is used the data curve contains (Pypstream — Pdownstream) 1N the X-
axis of the curve.

b) Via *MAT_FABRIC’s FLC, FAC, ELA parameters. If LCIDPOR is negative, and
FAC defines a load curve, then this data curve contains absolute upstream pressure
(not pressure difference) in the x-axis.

When *AIRBAG_ALE is used, it assumes that absolute upstream P is given in the curve
defined by FAC under *MAT_FABRIC. During CV phase it uses that. In ALE phase,
LS-DYNA automatically subtracts 1 atmospheric pressure from the given pressure in the
FAC curve. Thus giving it a gauge pressure for the porous coupling calculation. The
amount of accumulated mass flowing across a porous Lagrangian surface may be tracked
via the * DATABASE_FSI card (“pleak” parameter in the “dbfsi” ASCII output file).

There are 2 methods to model (airbag) venting. The accumulated mass output of both
may be tracked via the *DATABASE_FSI card (“pleak” parameter in the “dbfsi” ASCII
output file).

a) In isentropic venting, (define NVENT on card 3) the flow crossing the vent hole
surface is estimated from isentropic equation. All airbag shell normal vectors should
point uniformly in the same direction (typically, inward). The shell elements for the
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13.

14.

vent holes, included in the Lagrangian coupling set, should also point in the same
direction as the airbag (i.e., inward).

b) In physical venting, there can be either physical holes in the Lagrangian structure
(airbag), or shell parts covering the holes would have their normal vectors pointing
outward.  Either way, there is no coupling force to stop fluid leakage. It is
recommended that *ALE_FSI_SWITCH_MMG_ID (AFSM) be used to switch the
AMMG ID of the vented gas so that the vented gas outside the bag does not cause
leakage (when the same AMMG is present on both sides of the same Lagrangian shell
surface, penalty coupling can break down). The shell parts representing the vent
holes may be either (i) excluded form the Lagrangian coupling set, or (ii) if included,
they should have their normals pointing in opposite direction with respect to the rest
of the airbag (typically outward since the rest of the airbag have their normals
pointing inward).

Typically, penetration check (IPENCHK) should only be used if there is high coupling
force applied at t=0. For example, consider a Lagrangian container, filled with non-
gaseous fluid (i.e. ALE liquid or solid) via the *INITIAL_VOLUME_FRACTON _
GEOMETRY command. Sometimes due to mesh resolution or complex container
geometry, there is initial penetration of the fluid across the container surface. This can
give rise to a sharp and immediate coupling force on the fluid at t=0. Turning on
IPENCHK may help eliminate this spike in coupling force.

For shell, CTYPE=11, the Ergun-type empirical porous flow equation is applied to the
normal flow direction across the porous surface. The pressure gradient along the segment
normal direction is

dP
P A B AN,

where the subscript “n” refers to the direction normal to the porous Lagrangian shell

surface.

V. is the relative normal-to-porous-shell-surface fluid velocity component.

A (e,1) = A(e, ) is a viscous coefficient of the Ergun-type porous flow equation.
As applied here it should contain the fluid dynamic viscosity (&) and shell
porosity (&) information.

B,(&,p) =B,(&,p) is an inertial coefficient of the Ergun-type porous flow equation.
As applied here it should contain the fluid density (p) and shell porosity (&)
information.

The force increment applied per segment is

F, :ﬁ-txs where
dx,
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S is the segment surface area.

t isthe shell thickness (THKF).

Al (A(e u)), Bl (B(e,u))and THKF (t) are required input for porous shell coupling.

For porous solid, CTYPE=12, the pressure gradient along each global direction (i) maybe
computed similarly.

dP
d—XiZ A(E,,U)\/, + B|(€1p)lvl|\/|

1=12,3

V. is the relative fluid velocity component through the porous solid in the 3 global
directions.

A(e, 1) is a viscous coefficient of the Ergun-type porous flow equation in the i
direction. As applied here it should contain the fluid dynamic viscosity () and
shell porosity (&) information.

B (¢,p) is an inertial coefficient of the Ergun-type porous flow equation in the i"
direction. As applied here it should contain the fluid density (p) and solid
porosity (&) information.

Ai (A(e, 1)), Bi (B (&, 1)) are required input for porous solid coupling.

Currently, only constant porosity structures are considered. See also
*LOAD_BODY_POROUS.

15.  Due to the complexity of this card, some comments on simple, efficient and robust
coupling approach are given here. These are not rigid guidelines, but simply some
experience-based observations.

The term “fluid”, in the Fluid-Structure Interaction (FSI), refers to materials with ALE
element formulation, not indicating the phase (solid, liquid or gas) of those materials. In
fact, solid, liquid and gas can all be modeled by the ALE formulation. The term
“structure” refers to materials with Lagrangian element formulation.

In general, penalty coupling (CTYPE 4 & 5) is recommended, and MCOUP=negative
integer is a better choice to define a specific ALE multi-material group (AMMG) to be
coupled to the Lagrangian surface. At the minimum, all parameters on card 1 are to be
specified, and the default values for most are good starting choices (except MCOUP).

If there is leakage, PFAC, FRCMIN, NORMTYPE and ILEAK are the 4 parameters that
can be adjusted.
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For hard structure (steel) and very compressible fluid (air), PFAC may be set to 0.1 (or
higher). PFAC=constant value.

Next, keeping PFAC=constant and set PFACMM=3 (optional card 4a). This option
scales the penalty factor by the bulk modulus of the Lagrangian structure. This new
approach has also shown to be effective for some airbag application.

The next approach may be switching from constant PFAC to a load curve approach (i.e.
PFAC=load curve, and PFACMM=0). By looking at the pressure in the system near
leakage original location, we can get a feel for the pressure required to stop it.

If leakage persists after some iterations on the coupling force controls, one can
subsequently try to set ILEAK=2 in combination with the other controls to prevent
leakage.

If the modifications fail to stop the leakage, maybe the meshes have to be redesigned to
allow better interactions between the Lagrangian and Ale materials.

In the example below, the underlined parameters are usually defined parameters. A full
card definition is shown for reference.

S U DU DU SUNNUN RIS SO DA SRR BUNE- SURI DRY-SURUN BURE BRI DR

*CONSTRAINED LAGRANGE IN SOLID

$ SLAVE MASTER SSTYP MSTYP NQUAD CTYPE DIREC MCOUP
1 11 0 0 4 4 2 -123

$ START END PFAC FRIC FRCMIN NORM NORMTYPE DAMP

0.0 0.0 0.1 0.00 0.3 0 0 0.0

$ cQ HMIN HMAX ILEAK PLEAK LCIDPOR NVENT IBLOCK
0 0 0 0 0.0 0 0 0

$4A IBOXID IPENCHK INTFORC IALESOF LAGMUL PFACMM THKF

$ 0 0 0 0 0 0 0

$4B Al Bl A2 B2 A3 B3

$ 0.0 0.0 0.0 0.0 0.0 0.0

$4C VNTSID VENTYPE VENTCOEF POPPRES COEFLCID (STYPE:0=PSID;1=PID;2=SGSID)

$ 0 0 0 0.0 0

S U SUU DU SR RIS SO DD SRR T SRR DRRY-SURUN BN SRR B
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*CONSTRAINED_LINEAR_GLOBAL

Purpose: Define linear constraint equations between displacements and rotations, which can be
defined in global coordinate systems. For a newer and for a more general constraint see
*CONSTRAINED_INTERPOLATION

Card 1- Required

Card 1 1 2 3 4 5 6 7 8
Variable LCID

Type |

Default none

Card 2 - Define one card for each constrained degree-of-freedom. I nput isterminated when
a"*" cardisfound.

Card 2 1 2 3 4 5 6 7 8
Variable NID DOF COEF
Type | | |
Default none 0 0
Remark 1
VARIABLE DESCRIPTION
LCID Linear constraint definition ID. This ID can be used to identify a set to
which this constraint is a member.
NID Node ID
DOF Degree of freedom in the global coordinate system;

EQ.1: displacement along global x-direction
EQ.2: displacement along global y-direction
EQ.3: displacement along global z-direction
EQ.4: global rotation about global x-axis

LS-DYNA Version 971 6.71 (CONSTRAINED)




*CONSTRAINED *CONSTRAINED LINEAR_GLOBAL

VARIABLE DESCRIPTION

EQ.5: global rotation about global y-axis
EQ.6: global rotation about global z-axis

COEF Nonzero coefficient, Ck

Remarks:

Nodes of a nodal constraint equation cannot be members of another constraint equation or
constraint set that constrain the same degrees-of-freedom, a tied interface, or a rigid body; i.e.
nodes cannot be subjected to multiple, independent, and possibly conflicting constraints. Also
care must be taken to ensure that single point constraints applied to nodes in a constraint equation
do not conflict with the constraint sets constrained degrees-of-freedom.

In this section linear constraint equations of the form:
n
ZCkuk =G
k=1

can be defined, where uk are the displacements and Cy are user defined coefficients. Unless

LS-DYNA is initialized by linking to an implicit code to satisfy this equation at the beginning of
the calculation, the constant Cy is assumed to be zero. The first constrained degree-of-freedom is
eliminated from the equations-of-motion:

respectively. In the implementation a transformation matrix, L, is constructed relating the
unconstrained, u, and constrained, u., degrees-of-freedom. The constrained accelerations used
in the above equation are given by:

g =[LUML] L'E

where M is the Diagonal lumped mass matrix and F is the right hand side force vector. This

requires the inversion of the condensed mass matrix which is equal in size to the number of
constrained degrees-of-freedom minus one.
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g$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

§$$$ *CONSTRAINED LINEAR GLOBAL

g$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

Constrain nodes 40 and 42 to move identically in the z-direction.

When the linear constraint equation is applied, it goes like this:
0 = C40uz40 + C42uz4?2

= uz40 - uz42

uz40 = uz42
where,
C40 = 1.00 coefficient for node 40
C42 = -1.00 coefficient for node 42
uz40 = displacement of node 40 in z-direction
uz42 = displacement of node 42 in z-direction

CONSTRAINED LINEAR

Ur Ur Ly Uy« UrUr * Ur U Ur Ux U Ur Ur Ur Ur U Ur U U U O O U U

o> 1 > 2 > 3 > 4. > 5 > 6 > 7 >
8
i
id
2
nid dof coef
40 3 1.00
42 3 -1.00

$
$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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*CONSTRAINED_LINEAR_LOCAL

Purpose: Define linear constraint equations between displacements and rotations, which can be
defined in a local coordinate system. Each node may have a unique coordinate ID.

Card 1- Required

Card 1 1 2 3 4 5 6 7 8
Variable LCID

Type |

Default none

Card 2 - Define one card for each constrained degr ee-of-freedom. I nput isterminated when
a"*" cardisfound.

Card 2 1 2 3 4 5 6 7 8
Variable NID DOF CID COEF
Type | | | |
Default none 0 0 0
Remark 1
VARIABLE DESCRIPTION
LCID LCID for linear constraint definition. This ID can be used to identify a
set to which this constraint is a member.
NID Node ID
DOF Degree of freedom in the local coordinate system;

EQ.1: displacement along local x-direction
EQ.2: displacement along local y-direction
EQ.3: displacement along local z-direction
EQ.4: local rotation about local x-axis
EQ.5: local rotation about local y-axis
EQ.6: local rotation about local z-axis
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VARIABLE DESCRIPTION

CID Local coordinate system ID number. If the number is zero, the global
coordinate system is used.

COEF Nonzero coefficient, Ck

Remarks:

In this section linear constraint equations of the form:
n
ZCkUkL =G
k=1

can be defined, where u, are the displacements in the local coordinate systems and Cy are user

defined coefficients. Unless LS-DYNA is initialized by linking to an implicit code to satisfy this
equation at the beginning of the calculation, the constant Cy is assumed to be zero. The first

constrained degree-of-freedom is eliminated from the equations-of-motion:

n

u =C,- Z%UL_
k=2 1

Its velocities and accelerations are given by

L _ C Ck L
U =-) —*u,
k=2 C1
- C
k=2 Cl

respectively. The local displacements are calculated every time step using the local coordinate
systems defined by the user. More than one degree of freedom for a node can be constrained by
specifying a card for each degree of freedom.

Nodes of a nodal constraint equation cannot be members of another constraint
equation or constraint set that constrain the same degrees-of-freedom, a tied interface, or a
rigid body; i.e. nodes cannot be subjected to multiple, independent, and possibly conflicting
constraints. Also care must be taken to ensure that single point constraints applied to
nodes in a constraint equation do not conflict with the constraint sets constrained degrees-
of-freedom.
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*CONSTRAINED_LOCAL

*CONSTRAINED_LOCAL

Purpose: Define a boundary constraint in a local coordinate system.

Card

Variable

TC

RC

CIR X Y Y4

CID

Type

Default

none

VARIABLE

TC

RC

DIR

CID

DESCRIPTION

Translational Constraint:

EQ.1:
EQ.2:
EQ.3:
EQ.4:
EQ.5:
EQ.6:
EQ.7:

constrained x translation,
constrained y translation,
constrained z translation,
constrained x and y translations,
constrained y and z translations,
constrained x and z translations,
constrained X, y, and translations.

Rotational Constraint:

EQ.1:
EQ.2:
FQ.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:
FQ.3:

local x,
local y,
local z.

x-offset coordinate

y-offset coordinate

z-offset coordinate

Coordinate ID defining the orientation of the wall.
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Remarks:

Nodes within a mesh-size-dependent tolerance are constrained on a local plane. This
option is recommended for use with r-method adaptive remeshing where nodal constraints are
lost during the remeshing phase.

LS-DYNA Version 971 6.77 (CONSTRAINED)



*CONSTRAINED *CONSTRAINED _NODAL_RIGID_BODY

*CONSTRAINED_NODAL_RIGID_BODY_{OPTION} {OPTION} {OPTION}

Available options include:
<BLANK>
SPC
INERTIA
TITLE

If the center of mass is constrained use the SPC option. If the inertial properties are defined
rather than computed use the INERTIA option. A description for the nodal rigid body can be
defined with the TITLE option.

Purpose: Define a nodal rigid body. This is a rigid body which consists of the defined nodes. If
the INERTIA option is not used, then the inertia tensor is computed from the nodal masses.
Arbitrary motion of this rigid body is allowed. If the INERTIA option is used, constant
translational and rotational velocities can be defined in a global or local coordinate system.

The first node in the nodal rigid body definition is treated as the master for the case where
DRFLAG and RRFLAG are nonzero. The first node always has six degrees-of-freedom. The
release conditions applied in the global system are sometimes convenient in small displacement
linear analysis, but, otherwise, are not recommended. It is strongly recommended, especially for
implicit calculations, that release conditions are only used for a two noded nodal rigid body.

Card Format:

Card 1 is required.

Cards 2 - 4 are required for the INERTIA option.

Card 5 is required if a local coordinate system is used to specify the inertia tensor when
the INERTIA option is used.

Remarks:

1. Unlike the *CONSTRAINED_NODE_SET which permits only constraints on
translational motion, here the equations of rigid body dynamics are used to update the
motion of the nodes and therefore rotations of the nodal sets are admissible. Mass
properties are determined from the nodal masses and coordinates. Inertial properties are
defined if and only if the INERTIA option is specified.

Thefollowing card isread if and only if the TITLE option is specified.

Optional
Variable TITLE
Type A80
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Card 1 1 2 3 4 5 6 7
Variable PID CID NSID PNODE IPRT | DRFLAG | RRFLAG
Type | | | | | | |
Default none none none 0 0 0 0
Defineif and only if SPC is specified in the keyword.
Card 2 1 2 3 4 5 6 7
Variable CMO CON1 CON2
Type F F F
Default 0 0 0

VARIABLE DESCRIPTION

PID Part ID of the nodal rigid body.

CID Optional coordinate system ID for the rigid body local system, see
*DEFINE_COORDINATE_OPTION. Output of the rigid body data and
the degree-of- freedom releases are done in this local system. This local
system rotates with the rigid body.

NSID Nodal set ID, see *SET_NODE_OPTION. This nodal set defines the
rigid body. If NSID=0, then NSID=PID, i.e., the node set ID and the
part ID are assumed to be identical.

PNODE An optional, possibly massless, nodal point located at the mass center of

the nodal rigid body. The initial nodal coordinates will be reset if
necessary to ensure that they lie at the mass center. In the output files,
the coordinates, accelerations, velocities, and displacements of this node
will correspond to the mass center of the nodal rigid body. If CID is
defined, the velocities and accelerations of PNODE will be output in the
local system in the D3PLOT and D3THDT files unless PNODE is
specified as a negative number in which case the global system is used.
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VARIABLE

DESCRIPTION

IPRT Print flag.
EQ.1:
EQ.2:

For nodal rigid bodies the following values apply:
write data into RBDOUT
do not write data into RBDOUT

Printing is suppressed for two noded rigid bodies unless IPRT is set to
unity. This is to avoid excessively large RBDOUT files when many,
two-noded welds are used.

DRFLAG Displacement release flag for all nodes except the first node in the

definition.

EQ.-7: release X, y, and z displacement in global system
EQ.-6: release z and x displacement in global system
EQ.-5: release y and z displacement in global system
EQ.-4: release x and y displacement in global system
EQ.-3: release z displacement in global system

EQ.-2: release y displacement in global system

EQ.-1: release x displacement in global system

EQ. 0:

off for rigid body behavior

EQ. 1: release x displacement in rigid body local system

EQ. 2: release y displacement in rigid body local system

EQ. 3: release z displacement in rigid body local system

EQ. 4: release x and y displacement in rigid body local system
EQ. 5: release y and z displacement in rigid body local system
EQ. 6: release z and x displacement in rigid body local system
EQ. 7: release X, y, and z displacement in rigid body local system

RRFLAG Rotation release flag for all nodes except the first node in the definition.

EQ.-7
EQ.-6
EQ.-5
EQ.-4
EQ.-3
EQ.-2
EQ.-1

: release X, y, and z rotations in global system
: release z and x rotations in global system

: release y and z rotations in global system

: release x and y rotations in global system

: release z rotation in global system

: release y rotation in global system

: release x rotation in global system

EQ. 0: off for rigid body behavior

EQ. 1: release x rotation in rigid body local system

EQ. 2: release y rotation in rigid body local system

EQ. 3: release z rotation in rigid body local system

EQ. 4: release x and y rotations in rigid body local system
EQ. 5: release y and z rotations in rigid body local system
EQ. 6: release z and x rotations in rigid body local system
EQ. 7: release X, y, and z rotations in rigid body local system

CMO Center of

mass constraint option, CMO:

EQ.+1.0: constraints applied in global directions,
EQ.0.0: no constraints,

EQ.-1

.0: constraints applied in local directions (SPC constraint).
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VARIABLE

CON1

CON2

DESCRIPTION

First constraint parameter:

If CMO=+1.0, then specify global translational constraint:

EQ.0: no constraints,

EQ.1: constrained x displacement,

EQ.2: constrained y displacement,

EQ.3: constrained z displacement,

EQ.4: constrained x and y displacements,
EQ.5: constrained y and z displacements,
EQ.6: constrained z and x displacements,
EQ.7: constrained X, y, and z displacements.

If CM0=-1.0, then specify local coordinate system ID. See *DEFINE_

COORDINATE_OPTION: This coordinate system is fixed in time.

Second constraint parameter:

If CMO=+1.0, then specify global rotational constraint:

EQ.0: no constraints,

EQ.1: constrained x rotation,

EQ.2: constrained y rotation,

EQ.3: constrained z rotation,

EQ.4: constrained x and y rotations,
EQ.5: constrained y and z rotations,
EQ.6: constrained z and x rotations,
EQ.7: constrained X, y, and z rotations.

If CM0=-1.0, then specify local (SPC) constraint:

EQ.000000 no constraint,
EQ.100000 constrained x translation,
EQ.010000 constrained y translation,
EQ.001000 constrained z translation,
EQ.000100 constrained x rotation,
EQ.000010 constrained y rotation,
EQ.000001 constrained z rotation.

Any combination of local constraints can be achieved by adding the

number 1 into the corresponding column.
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Required for the INERTIA option.

Card 2 1 2 3 4 5 6 7 8
Variable XC YC zC ™ IRCS | NODEID
Type F F F F | I
Default 0 0 0 0 0 0
VARIABLE DESCRIPTION
XC x-coordinate of center of mass. If nodal point, NODEID, is defined,
XC, YC, and ZC are ignored and the coordinates of the nodal point,
NODEID, are taken as the center of mass.
YC y-coordinate of center of mass
ZC z-coordinate of center of mass
™ Translational mass
IRCS Flag for inertia tensor reference coordinate system:
EQ.O: global inertia tensor,
EQ.1: principal moments of inertias with orientation vectors as given
below.
NODEID Optional nodal point defining the CG of the rigid body. If this node is

not a member of the set NSID above, its motion will not be updated to
correspond with the nodal rigid body after the calculation begins.
PNODE and NODEID can be identical if and only if PNODE physically
lies at the mass center at time zero.
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Required for the INERTIA option.

Card 3 1 2 3 4 5 6 7 8

Variable IXX IXY IXZ IYY 1YZ 12z

Type F F F F F F

Default none 0 0 none 0 0

VARIABLE DESCRIPTION

IXX Ixx, XX component of inertia tensor
IXY Ixy (set to zero if IRCS=1)
IXZ Ixz (set to zero if IRCS=1)
Y'Y lyy, Yy component of inertia tensor
Yz lyz (set to zero if IRCS=1)
1zZ Izz, zz component of inertia tensor

Required for the INERTIA option.

Card 4 1 2 3 4 5 6 7 8

Variable VTX VTY VTZ VRX VRY VRZ

Type F F F F F F

Default 0 0 0 0 0 0

VARIABLE DESCRIPTION

VTX x-rigid body initial translational velocity in global coordinate system.
VTY y-rigid body initial translational velocity in global coordinate system.
VTZ z-rigid body initial translational velocity in global coordinate system.
VRX x-rigid body initial rotational velocity in global coordinate system.
VRY y-rigid body initial rotational velocity in global coordinate system.
VRZ z-rigid body initial rotational velocity in global coordinate system.
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Remarks:

The velocities defined above can be overwritten by the *INITIAL_VELOCITY card.

Optional card required for IRCS=1. Definetwo local vectorsor alocal coordinate system
ID.

Card 5 1 2 3 4 5 6 7 8
Variable XL YL ZL XLIP YLIP ZLIP CID2
Type F F F F F F |
Default none none none none none none none
VARIABLE DESCRIPTION
XL x-coordinate of local x-axis. Origin lies at (0,0,0).
YL y-coordinate of local x-axis
ZL z-coordinate of local x-axis
XLIP x-coordinate of local in-plane vector
YLIP y-coordinate of local in-plane vector
ZLIP z-coordinate of local in-plane vector
CID2 Local coordinate system ID, see *DEFINE_COORDINATE_.... With

this option leave fields 1-6 blank.

Remarks:

The local coordinate system is set up in the following way. After the local x-axis is
defined, the local z-axis is computed from the cross-product of the local x-axis vector with the
given in-plane vector. Finally, the local y-axis is determined from the cross-product of the local
z-axis with the local x-axis. The local coordinate system defined by CID has the advantage that
the local system can be defined by nodes in the rigid body which makes repositioning of the rigid
body in a preprocessor much easier since the local system moves with the nodal points.
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s
e e
¢ *CONSTRAINED NODAL RIGID BODY

s

L L T L E T E T T E S E L L L T ST E T S E TS

$
$ Define a rigid body consisting of the nodes in nodal set 61.
$
$ This particular example was used to connect three separate deformable
$ parts. Physically, these parts were welded together. Modeling wise,
$ however, this joint is quit messy and is most conveniently modeled
$ by making a rigid body using several of the nodes in the area. Physically,
$  this joint was so strong that weld failure was never of concerm.
$
*CONSTRAINED NODAL RIGID BODY
$
S s IR S S S S S S S - S SOy A SO <
S pid cid nsid
45 61
$
S nsid = 61 nodal set ID number, requires a *SET NODE option
S cid not used in this example, output will be in global coordinates
$
$
*SET NODE LIST
S sid
61
S nidil nid2 nid3 nid4 nids nidé nid7 nids
823 1057 1174 1931 2124 1961 2101
$
z$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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To define an ID for the constrained node set the following option is available:
<BLANK>
ID

If the ID is defined an additional card is required.

Purpose: Define nodal constraint sets for translational motion in global coordinates. No
rotational coupling. See Figure 6.19. Nodal points included in the sets should not be subjected
to any other constraints including prescribed motion, e.g., with the *BOUNDARY_
PRESCRIBED_MOTION options.

ID Card - Required if the option ID isactive on the keyword card.

Card 1 1 2 3 4 5 6 7 8
Variable CNSID
Type |
Default 0
Card 1 2 3 4 5 6 7 8
Variable NSID DOF TF
Type | | F
Default none none 1.E+20
Remarks 1 2
VARIABLE DESCRIPTION
CNSID Optional constrained node set ID.
NSID Nodal set ID, see *SET_NODE_OPTION.
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VARIABLE DESCRIPTION

DOF Applicable degrees-of-freedom:

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

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

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

EQ.4: x and y-translational degrees-of-freedom,
EQ.5: y and z-translational degrees-of-freedom,
EQ.6: z and x-translational degrees-of-freedom,
EQ.7: X, y, and z-translational degrees-of-freedom.

TF Failure time for nodal constraint set.
Remarks:
1. The masses of the nodes are summed up to determine the total mass of the constrained

set. It must be noted that the definition of a nodal rigid body is not possible with this
input. For nodal rigid bodies the keyword input:
*CONSTRAINED_NODAL_RIGID_BODY_ OPTION, must be used.

2. When the failure time, TF, is reached the nodal constraint becomes inactive and the

constrained nodes may move freely.

*CONSTRAINED NODE SET *CONSTRAINED NODAL RIGID BODY
*CONSTRAINED SPOTWELD

Since no rotation is permitted,
this option should not be used to Behavior is like a rigid beam. These options
model rigid body behavior that may be used to model spotwelds.

involves rotations.
é % a b g g %

| o
T T

Offset nodes a and b are constrained to move together.

=

Figure6.19. *CONSTRAINED_NODE_SET can lead to nonphysical responses.
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s
000999909040 65655 959595955
s¢s6 *CONSTRAINED NODE_SET

s
6099909040656 55 959595955

$ Constrain all the nodes in a nodal set to move equivalently
$ 1in the z-direction.

$
*CONSTRAINED NODE SET

S
S S s F S S S S S S S - SN SOy A S
nsid dof tf
7 3 10.0
S
S nsid = 7 nodal set ID number, requires a *SET NODE option
S dof = 3 nodal motions are equivalent in z-translation
S tf =3 at time=10. the nodal constraint is removed
S
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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*CONSTRAINED_POINTS

Purpose: Constrain two points with the specified coordinates connecting two shell elements at
locations other than nodal points. In this option, the penalty method is used to constrain the
translational and rotational degrees-of-freedom of the points. Force resultants are written into the
SWFORC ASCI!I file for post-processing.

Card Format (110)

Card 1 1 2 3 4 5 6 7 8
Variable CID

Type I

Default none

Card Format (18,3E16.0)

Card 2 1 2 3 4 5 6 7 8 9 10
Variable EID1 X1 Y1 Z1

Type | F F F

Default none 0. 0. 0.

Card 3

Variable EID2 X2 Y2 Z2

Type | F F F

Default none 0. 0. 0.
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Card Format (4E10.0)

Card 4 1 2 3 4 5 6 7 8
Variable PSF FAILA FAILS FAILM
Type F F F F
Default 1.0 0.0 0.0 0.0
VARIABLE DESCRIPTION
CID Constrained points ID.
Xi, Yi, Zi Coordinates of the constrained points, i=1,2.
EIDi Shell element ID, i=1,2.
PSF Penalty scale factor (Default=1.0).
FAILA Axial force resultant failure value (Skip if zero).
FAILS Shear force resultant failure value (Skip if zero).
FAILM Moment resultant failure value (Skip if zero).
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*CONSTRAINED_RIGID_BODIES

Purpose: Merge two rigid bodies. One rigid body, called slave rigid body, is merged to the other
one called a master rigid body.

Card 1 2 3 4 5 6 7 8
Variable PIDM PIDS
Type | |
Default none none
VARIABLE DESCRIPTION
PIDM Master rigid body part ID, see *PART.
PIDS Slave rigid body part ID, see *PART.
Remarks:

The slave rigid body is merged to the master rigid body. The inertial properties computed
by LS-DYNA are based on the combination of the master rigid body plus all the rigid bodies
which are slaved to it unless the inertial properties of the master rigid body are defined via the
*PART_INERTIA keyword in which case those properties are used for the combination of the
master and slave rigid bodies. Note that a master rigid body may have many slaves.

Independent rigid bodies must not share common nodes since each rigid body updates the
motion of its nodes independently of the other rigid bodies. If common nodes exist between rigid
bodies the rigid bodies sharing the nodes must be merged.

It is also possible to merge rigid bodies that are completely separated and share no
common nodal points or boundaries. All actions valid for the master rigid body, e.g., constraints,
given velocity, are now also valid for the newly-created rigid body.
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$
z$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
s$ss  *CONSTRAINED RIGID BODIES

$

e RN

$
$ Rigidly connect parts 35, 70, 71, and 72 to part 12.
$ All parts must be defined as rigid.
$
$ This example is used to make a single rigid body out of the five parts
$  that compose the back end of a vehicle. This was done to save cpu time
$ and was determined to be valid because the application was a frontal
$  impact with insignificant rear end deformations. (The cpu time saved
$ was from making the parts rigid, not from merging them - merging was
$ more of a convenience in this case for post processing, for checking
$ inertial properties, and for joining the parts.)
$
*CONSTRAINED RIGID BODIES
S...>... o> o 2000500030000 Al > 05 sl 6> 0 T >0 U8
S pidm pids
12 35
12 70
12 71
12 72

$
§$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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*CONSTRAINED

*CONSTRAINED_RIGID_BODY_STOPPERS

Purpose:

Rigid body stoppers provide a convenient way of controlling the motion of rigid

tooling in metalforming applications. The motion of a “master” rigid body is limited by load
curves. This option will stop the motion based on a time dependent constraint. The stopper
overrides prescribed motion boundary conditions (except relative displacement) operating in the

same direction for both the master and slaved rigid bodies. See Figure 6.20.

function of time. See *DEFINE_CURVE:

Card 1 1 2 3 4 5 6 7 8
Variable PID LCMAX | LCMIN | PSIDMX | PSIDMN |LCVMNX | DIR VID
Type | | | | | | | |
Default required 0 0 0 0 0 required 0
Card 2
Variable TB TD
Type F F
Default 0 1021
VARIABLE DESCRIPTION
PID Part ID of master rigid body, see *PART.
LCMAX Load curve ID defining the maximum coordinate or displacement as a

LT.0: Load Curve ID [LCMAX| provides an upper bound for the

displacement of the rigid body
EQ.O: no limitation of the maximum displacement.

GT 0: Load Curve ID LCMAX provides an upper bound for the

position of the rigid body center of mass

LS-DYNA Version 971

6.93 (CONSTRAINED)




*CONSTRAINED *CONSTRAINED_RIGID BODY_STOPPERS

VARIABLE DESCRIPTION

LCMIN Load curve ID defining the minimum coordinate or displacement as a
function of time. See *DEFINE_CURVE:
LT.0: Load Curve ID |LCMIN]| defines a lower bound for the
displacement of the rigid body
EQ.O: no limitation of the minimum displacement.
GT.0: Load Curve ID LCMIN defines a lower bound for the
position of the rigid body center of mass

PSIDMX Optional part set ID of rigid bodies that are slaved in the maximum
coordinate direction to the master rigid body. The part set definition,
(see *SET_PART_COLUMN) may be used to define the closure
distance (D1 and D2 in Figure 6.20) which activates the constraint. The
constraint does not begin to act until the master rigid body stops. If the
distance between the master rigid body is greater than or equal to the
closure distance, the slave rigid body motion away from the master rigid
body also stops. However, the slaved rigid body is free to move towards
the master. If the closure distance is input as zero (0.0) then the slaved
rigid body stops when the master stops.

PSIDMN Optional part set ID of rigid bodies that are slaved in the minimum
coordinate direction to the master rigid body. The part set definition,
(see *SET_PART_COLUMN) may be used to define the closure
distance (D1 and Dy in Figure 6.20) which activates the constraint. The
constraint does not begin to act until the master rigid body stops. If the
distance between the master rigid body is less than or equal to the
closure distance, the slave rigid body motion towards the master rigid
body also stops. However, the slaved rigid body is free to move away
from the master. If the closure distance is input as zero (0.0) then the
slaved rigid body stops when the master stops.

LCVMX Load curve ID which defines the maximum absolute value of the
velocity as a function of time that is allowed for the master rigid body.
See *DEFINE_CURVE:
EQ.O: no limitation on the velocity.

DIR Direction stopper acts in:
EQ.1: x-translation,
EQ