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INTRODUCTION 

CHRONOLOGICAL HISTORY 

DYNA3D 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 
d{" vjg"hcev" vjcv"uwrgteqorwvgtu" kp"3;98"ygtg"owej"unqygt" vjcp" vqfc{Óu"RE0" "Hwtvjgtoqtg." vjg"
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 DYNA3D 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 et al. [1974].  

The 1981 version [Hallquist 1981a] evolved from the 1979 version.  Nine additional material 
models were added to allow a much broader range of problems to be modeled including 
explosive-structure and soil-structure interactions.  Body force loads were implemented for 
angular velocities and base accelerations.  A link was also established from the 3D Eulerian 
code, JOY [Couch, et. al., 1983] for studying the structural response to impacts by penetrating 
projectiles.  An option was provided for storing 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. 
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In the 1986 version of DYNA3D [Hallquist and Benson 1986], many new features were added, 
including beams, shells, rigid bodies, single surface contact, interface friction, discrete springs 
and dampers, optional hourglass treatments, optional exact volume integration, and VAX/ VMS, 
IBM, UNIX, COS operating systems compatibility, that greatly expanded its range of 
applications.  DYNA3D 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 
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 C0 triangular shell, the BCIZ triangular shell [Bazeley 
et al. 1965], mixing of element formulations in calculations, composite failure modeling for 
solids, noniterative plane stress plasticity, contact surfaces with spot welds, tie break sliding 
surfaces, beam surface contact, finite stonewalls, stonewall reaction forces, energy calculations 
for 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. 

Capabilities added in 1989-1990: 

‚ arbitrary node and element numbers, ‚ fabric model for seat belts and airbags, ‚ composite glass model, ‚ vectorized type 3 contact and single surface contact, ‚ many more I/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, 
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‚ 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 Î based on equations of rigid body dynamics, ‚ massless beam elements, spot welds Î 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 C0 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), ‚ nodal rigid bodies, ‚ automatic sorting of triangular shells into C0 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, 

Capabilities 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, ‚ ÐiqqfÑ"6"pqfg"vgvtcjgftqp"uqnkf"gngogpv"ykvj"pqfcn"tqvcvkqpu. ‚ 8 node solid element with nodal rotations, 
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‚ 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. 

Capabilities added in 1993-1994: 

‚ Arbitrary Lagrangian Eulerian brick elements, ‚ Belytschko-Wong-Chiang quadrilateral shell element, ‚ Warping stiffness in the Belytschko-Tsay shell element, ‚ Fast Hughes-Liu shell element, ‚ Fully integrated thick shell element, ‚ Discrete 3D beam element, ‚ Generalized dampers, ‚ Cable modeling, ‚ Airbag reference geometry, ‚ Multiple jet model, ‚ Generalized joint stiffnesses, ‚ Enhanced rigid body to rigid body contact, ‚ Orthotropic rigid walls, ‚ Time zero mass scaling, ‚ Coupling with USA (Underwater Shock Analysis), ‚ Layered spot welds with failure based on resultants or plastic strain, ‚ Fillet welds with failure, ‚ Butt welds with failure, ‚ Automatic eroding contact, ‚ Edge-to-edge contact, ‚ Automatic mesh generation with contact entities, ‚ Drawbead modeling, ‚ Shells constrained inside brick elements, ‚ NIKE3D coupling for springback, ‚ DctncvÓu"cpkuqvtqrke"rncuvkekv{. ‚ 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, 

Capabilities 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. 
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‚ 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 matetkcn"qt"rctv"KFÓu0 ‚ 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.  ‚ Fghkpkvkqp"d{"gzgorvgf"rctv"KFÓu0 ‚ 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.   ‚ 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 JNTFORC file. ‚ Link between LS-NIKE3D to LS-DYNA3D via *INITIAL_STRESS keywords.  ‚ Trim curves for metal forming springback. ‚ Sparse equation solver for springback. ‚ Improved mesh generation for IGES and VDA provides a mesh that can directly be used 
to model tooling in metal stamping analyses. ‚ Capabilities added in 1996-1997 in Version 940: ‚ Rctv1Ocvgtkcn"KFÓu"oc{"dg"urgekhkgf"ykvj":"fkikvu0 ‚ 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.  
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‚ 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: 
o Static coefficient of friction 
o Dynamic coefficient of friction 
o Exponential decay coefficient 
o Viscous friction coefficient 
o Optional contact thickness 
o Optional thickness scale factor 
o 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, a10, 13, and 26 
contact. ‚ Force transducers to obtain reaction forces in automatic contact definitions.  Defined 
ocpwcnn{"xkc"ugiogpvu."qt"cwvqocvkecnn{"xkc"rctv"KFÓu0 ‚ 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. ‚ Curktcvkqp"kpenwfgf"kp"YcpiÓu"j{dtkf"oqfgn"[Nusholtz, Wang, Wylie, 1996]. ‚ Gzvgpfgf" YcpiÓu" j{dtkf" kphncvqt" ykvj" c" swcftcvke" vgorgtcvwtg" xctkcvkqp" hqt" jgcv"
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,  

o 2nd order accurate formulations.  
o Automatic coupling to shell, brick, or beam elements 
o Coupling using LS-DYNA contact options. 
o Element with fluid + void and void material 
o 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. 

Capabilities 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. 
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‚ 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-DYNA2D. ‚ 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: 

o *MAT_PLASTIC_KINEMATIC 
o *MAT_JOHNSON_COOK 
o *MAT_POWER_LAW_PLASTICITY 
o *MAT_STRAIN_RATE_DEPENDENT_PLASTICITY 
o *MAT_PIECEWISE_LINEAR_PLASTICITY  
o *MAT_RATE_SENSITIVE_POWERLAW_PLASTICITY 
o *MAT_ZERILLI-ARMSTRONG 
o *MAT_PLASTICITY_WITH_DAMAGE 
o *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. ‚ 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: 

o *MAT_ELASTIC_PLASTIC_THERMAL 
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o *MAT_ORTHOTROPIC_THERMAL 
o *MAT_TEMPERATURE_DEPENDENT_ORTHOTROPIC 
o *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. ‚ 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. 
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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. ‚ 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 limiting 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: 

o *MAT_MODIFIED_FORCE_LIMITED 
o *MAT_SEISMIC_BEAM 
o *MAT_CONCRETE_BEAM ‚ for shell and solid elements: 
o *MAT_ELASTIC_VISCOPLASTIC_THERMAL ‚ for the shell elements: 
o *MAT_GURSON 
o *MAT_GEPLASTIC_SRATE2000 
o *MAT_ELASTIC_VISCOPLASTIC_THERMAL 
o *MAT_COMPOSITE_LAYUP 
o *MAT_COMPOSITE_LAYUP 
o *MAT_COMPOSITE_DIRECT  ‚ for the solid elements: 
o *MAT_JOHNSON_HOLMQUIST_CERAMICS 
o *MAT_JOHNSON_HOLMQUIST_CONCRETE 
o *MAT_INV_HYPERBOLIC_SIN 
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o *MAT_UNIFIED_CREEP 
o *MAT_SOIL_BRICK 
o *MAT_DRUCKER_PRAGER 
o *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 C0 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 C0 linear 4-node quadrilateral shell element is implemented as element type 20 with 
drilling stiffness for normal modes and static analysis. ‚ An assumed 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. ‚ 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. 
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‚ 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: 

o *MAT_ELASTIC_SPRING_DISCRETE_BEAM 
o *MAT_INELASTIC_SPRING_DISCRETE_BEAM 
o *MAT_ELASTIC_6DOF_SPRING_DISCRETE_BEAM 
o *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-
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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: 

‚ 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. ‚ 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. ‚ KFÓu"jcxg"dggp"cffgf"vq"vjg"hqnnqykpi"mgywords: 

o *BOUNDARY_PRESCRIBED_MOTION 
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o *BOUNDARY_PRESCRIBED_SPC 
o *CONSTRAINED_GENERALIZED_WELD 
o *CONSTRAINED_JOINT 
o *CONSTRAINED_NODE_SET 
o *CONSTRAINED_RIVET 
o *CONSTRAINED_SPOTWELD 
o *DATABASE_CROSS_SECTION 
o *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, î 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. ‚ C"pgy"6"pqfg" nkpgct" ujgnn" gngogpv" ku" cxckncdng" vjcv" ku"dcugf"qp"YknuqpÓu"rncvg"gngogpv"
combined with a Pian-Sumihara membrane element.  This is shell type 21. ‚ 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. 
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‚ 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. ‚ 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: 

o *MAT_1DOF_GENERALIZED_SPRING 
o *MAT_GENERAL_NONLINEAR_6dof_DISCRETE_BEAM  
o *MAT_GENERAL_NONLINEAR_1dof_DISCRETE_BEAM  
o *MAT_GENERAL_SPRING_DISCRETE_BEAM 
o *MAT_GENERAL_JOINT_DISCRETE_BEAM 
o *MAT_SEISMIC_ISOLATOR ‚ for shell and solid elements: 
o *MAT_plasticity_with_damage_ortho 
o *MAT_simplified_johnson_cook_orthotropic_damage 
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o *MAT_HILL_3R  
o *MAT_GURSON_RCDC ‚ for the solid elements: 
o *MAT_SPOTWELD 
o *MAT_HILL_FOAM 
o *MAT_WOOD 
o *MAT_VISCOELASTIC_HILL_FOAM 
o *MAT_LOW_DENSITY_SYNTHETIC_FOAM 
o *MAT_RATE_SENSITIVE_POLYMER 
o *MAT_QUASILINEAR VISCOELASTIC 
o *MAT_TRANSVERSELY_ANISOTROPIC_CRUSHABLE_FOAM 
o *MAT_VACUUM  
o *MAT_MODIFIED_CRUSHABLE_FOAM 
o *MAT_PITZER_CRUSHABLE FOAM 
o *MAT_JOINTED_ROCK 
o *MAT_SIMPLIFIED_RUBBER 
o *MAT_FHWA_SOIL 
o *MAT_SCHWER_MURRAY_CAP_MODEL ‚ Failure time added to MAT_EROSION for solid elements. ‚ Damping in the material models *MAT_LOW_DENSITY_FOAM and *MAT_LOW_ 

DENSITY_VISCOUS_FOAM can now be a tabulated function of the smallest stretch 
ratio. ‚ 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. ‚ 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 
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‚ 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 ‚ 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. 
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‚ Static implicit analyses in of a structure with rigid body modes is possible using the 
option, *CONTROL_IMPLICIT_INERTIA_RELIEF. ‚ Ujgnn"gngogpv"vjkempguu"wrfcvgu"ecp"pqy"dg"nkokvgf"vq"rctv"KFÓu"ykvjkp"c"urgekhkgf"ugv"KF."
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. ‚ 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 coupling. ‚ 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. ‚ 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. ‚ Pgy"qrvkqp"cnnqyu"vjg"pwodgt"qh"erwÓu"vq"dg"urgekhkgf"qp"vjg",MG[YQTF"kprwv0" ‚ 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 specify the drawbead force. 
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‚ 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.   ‚ An option, 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. ‚ 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. 
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‚ 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. ‚ RqkuuqpÓu" tcvkq" ghhgevu" ctg" cxckncdng" kp" hqco" fghkpgf" d{" nqcf" ewtxgu" kp" vjg" ocvgtkcn"
*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_ 
*GEJCPIG+." yjkej" cnnqy" vyq" yc{u" vq" ejcpig" vjg" [qwpiÓu" oqfwnwu" fwtkpi" hqtokpi"
simulation. ‚ New Material model: *MAT_HILL_3R: includes the shear term in the yield surface 
calewncvkqp"d{"wukpi"JknnÓu"3;6:"cp-isotropic material model. ‚ New Material model: *MAT_KINEMATIC_HARDENING_TRANSVERSELY_ 
CPKUQVTQRKE<" yjkej" kpvgitcvgu" Ocv" %59" ykvj" [qujkfcÓu" vyq-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: 

o *MAT_MUSCLE ‚ For beam elements 
o *MAT_MOMENT_CURVATURE ‚ For shell elements 
o *MAT_RESULTANT_ANISOTROPIC 
o *MAT_RATE_ SENSITIVE_COMPOSITE_FABRIC. 
o *MAT_SAMP-1 
o *MAT_SHAPE_MEMORY is now implemented for shells. ‚ for shell and solid elements: 
o *MAT_ BARLAT_YLD2000 for anisotropic aluminum alloys. 
o *MAT_SIMPLIFIED_RUBBER_WITH_DAMAGE 
o *MAT_VISCOELASTIC_THERMAL 
o *MAT_THERMO_ELASTO_VISCOPLASTIC_CREEP ‚ for the solid elements: 
o *MAT_ARUP_ADHESIVE 
o *MAT_BRAIN_ LINEAR_VISCOELASTIC. 
o *MAT_CSCM for modeling concrete. 
o *MAT_PLASTICITY_COMPRESSION_TENSION_EOS for modeling ice. 
o *MAT_COHESIVE_ELASTIC 
o *MAT_COHESIVE_TH 
o *MAT_COHESIVE_GENERAL 
o *MAT_EOS_GASKET 
o *MAT_SIMPLIFIED_JOHNSON_COOK is now implemented for solids. 
o *MAT_PLASTICITY_WITH_DAMAGE is now implemented for solids. 
o *MAT_SPOTWELD_DAIMLERCHRYSLER 
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‚ 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 Î
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. ‚ A resultant 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. ‚ 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. 
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‚ *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. 

o New options in *CONSTRAINED_LAGRANGE_IN_SOLID 
o Shell thickness option for coupling type 4. 
o Bulk modulus based coupling stiffness. 
o Shell erosion treatment. 
o 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. 
 
 

Many new capabilities were added during 2008-2011 to create Version 971, Release 6, of LS-
DYNA.  During the last four years the implicit capabilities are now scalable to a large number of 
cores; therefore, LS-DYNA has achieved a major goal over 15 years of embedding a scalable 
implicit solver.  Also, in addition to the progress made for implicit solutions many other new and 
useful capabilities are now available. 

Below is list of new capabilities and features:  

 ‚ The keyword *ALE_AMBIENT_HYDROSTATIC initializes the hydrostatic pressure 
field in the ambient ALE domain due to an acceleration like gravity. ‚ The keyword *ALE_FAIL_SWITCH_MMG allows switching an ALE multi-material-
group ID (AMMGID) if the material failure criteria occurs.   ‚ The keyword *ALE_FRAGMENTATION allow switching from the ALE multi-material-
group ID, AMMGID, (FR_MMG) of this failed material to another AMMGID 
(TO_MMG). This feature may typically be used in simulating fragmentation of materials. ‚ The keyword *ALE_REFINE refines ALE hexahedral solid elements automatically.  ‚ The keyword *BOUNDARY_ALE_MAPPING maps ALE data histories from a previous 
run to a region of elements. Data are read from or written to a mapping file with a file 
pcog"ikxgp"d{"vjg"rtqorv"Ðocr?Ñ"qp"vjg"eqoocpf"nkpg"uvctvkpi"vjg"gzgewvkqp0 ‚ The keyword *BOUNDARY_PORE_FLUID is used to define parts that contain pore 
fluid where defaults are given on *CONTROL_PORE_FLUID input. 



INTRODUCTION  

1-22 (INTRODUCTION) LS-DYNA  Version 971 

‚ With the keyword, *BOUNDARY_PRESCRIBED_FINAL_GEOMETRY, the final 
displaced geometry for a subset of nodal points is defined.  The nodes of this subset are 
displaced from their initial positions specified in the *NODE input to the final geometry 
along a straight line trajectory.  A load curve defines a scale factor as a function of time 
that is bounded between zero and unity corresponding to the initial and final geometry, 
respectively.  A unique load curve can be specified for each node, or a default load curve 
can apply to all nodes.  ‚ The keyword, *BOUNDARY_PWP, defines pressure boundary conditions for pore water 
at the surface of the software.  ‚ The keyword, *CONSTRAINED_JOINT_COOR, defines a joint between two rigid 
bodies.  The connection coordinates are given instead of the nodal point IDs used in 
*CONSTRAINED_JOINT. ‚ The keyword, *CONSTRAINED_SPR2, defines a self-piercing rivet with failure. This 
model for a self-piercing rivet (SPR2) includes a plastic-like damage model that reduces 
the force and moment resultants to zero as the rivet fails. The domain of influence is 
urgekhkgf"d{"c"fkcogvgt."yjkej"ujqwnf"dg"crrtqzkocvgn{"gswcn"vq"vjg"tkxgvÓu"fkcogvgt0 The 
location of the rivet is defined by a single node at the center of two riveted sheets. ‚ Through the keyword, *CONTROL_BULK_VISCOSITY, bulk viscosity is optional for 
the Hughes-Liu beam and beam type 11 with warpage.  This option often provides better 
stability, especially in elastic response problems. ‚ The keyword, *CONTROL_IMPLICIT_LINEAR_PARTS, provides an extension to the 
implicit solution option of the explicit  *PART_ MODES capability ‚ The display of nodal rigid bodies is activated by the parameter, PLOTEL, on the 
*CONTROL_RIGID keyword.   ‚ The mortar contact, invoked by appending the suffix MORTAR to either 
FORMING_SURFACE_TO_SURFACE, AUTOMATIC_SURFACE_TO_SURFACE or 
AUTOMATIC_SINGLE_SURFACE, is a segment to segment penalty based contact. For 
two segments on each side of the contact interface that are overlapping and penetrating, a 
consistent nodal force assembly taking into account the individual shape functions of the 
segments is performed.  In this respect the results with this contact may be more accurate, 
especially  when considering contact with elements of higher order.  By appending the 
suffix TIED to the CONTACT_AUTOMATIC_ SURFACE_TO_SURFACE_MORTAR 
keyword, this is treated as a tied contact interface.  This contact is intended for implicit 
analysis in particular but is nevertheless supported for explicit analysis as well. ‚ In the database, ELOUT, the number of history variables can be specified for output each 
integration point in the solid, shell, thick shell, and beam elements.  The number of 
variables is given on the *DATABASE_ELOUT keyword definition. ‚ A new option is available in *DATABASE_EXTENT_BINARY.  Until now only one set 
of integration points were output through the shell thickness.   The lamina stresses and 
history variables were averaged for fully integrated shell elements, which results in less 
disk space for the D3PLOT family of files, but makes it difficult to verify the accuracy of 
the stress calculation after averaging.  An option is now available to output all integration 
point stresses in fully integrated shell elements: 4 x # of through thickness integration 
points in shell types 6, 7, 16, 18-21, and 3 x # of through thickness integration points in 
triangular shell types 3, and 17.  ‚ The keyword *DATABASE_PROFILE allows plotting the distribution or profile of data 
along x, y, or z-direction. ‚ The purpose of the keyword, *DEFINE_ADAPTIVE_SOLID_TO_SPH, is to adaptively 
transform a Lagrangian solid Part or Part Set to SPH particles when the Lagrange solid 
elements comprising those parts fail. One or more SPH particles (elements) will be 
generated for each failed element to. The SPH particles replacing the failed element 
inherit all of the properties of failed solid element, e.g.  mass, kinematic variables, and 
constitutive properties. 
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‚ With the keywords beginning with, *DEFINE_BOX, a LOCAL option is now available.  
With this option the diagonal corner coordinates are given in a local coordinate system 
defined by an origin and vector pair. ‚ The keyword, *DEFINE_CURVE_DUPLICATE, defines a curve by optionally scaling 
and offsetting the abscissa and ordinates of another curve defined by the 
*DEFINE_CURVE keyword. ‚ The keyword, *DEFINE_ELEMENT_DEATH, is available to delete a single element or 
an element set at a specified time during the calculation.   ‚ The purpose of the keyword, *DEFINE_ FRICTION_ORIENTATION, is to allow for 
the definition of different coefficients of friction (COF) in specific directions, specified 
using a vector and angles in degrees. In addition, COF can be scaled according to the 
amount of pressure generated in the contact interface.  ‚ With the new keyword, *DEFINE_FUNCTION, an arithmetic expression involving a 
combination of independent variables and other functions, i.e., f(a,b,c) = a*2 + b*c + 
sqrt(a*c) is defined where a, b, and c are the independent variables.   This option is 
implemented for a subset of keywords 

*ELEMENT_SEATBELT_SLIPRING 
*LOAD_BEAM 
*LOAD_MOTION_NODE 
*LOAD_MOVING_PRESSURE 
*LOAD_NODE 
*LOAD_SEGMENT 
*LOAD_SEGMENT_NONUNIFORM 
*LOAD_SETMENT_SET_NONUNIFORM 
*BOUNDARY_PRESCRIBED_MOTION  

If a curve ID is not found, then tjg"hwpevkqp"KFÓu"ctg"ejgemgf. ‚ The keyword, *DEFINE_SPH_TO_SPH_COUPLING,  defines a penalty based contact  
to be used for the node to node contacts between SPH parts. ‚ The keyword, *DEFINE_TABLE_2D, permits the same curve ID to be referenced by 
multiple tables, and the curves may be defined anywhere in the input. ‚ The keyword, *DEFINE_TABLE_3D, provides a way of defining a three-dimensional 
table.  A 2D table ID is specified for each abscissa value defined for the 3D table. ‚ The keyword, *ELEMENT_BEAM_PULLEY, allows the definition of a pulley for truss 
beam elements  (see *SECTION_BEAM, ELFORM=3).  Currently, the beam pulley is 
implemented for  *MAT_001 and *MAT_156.   Pulleys allow continuous sliding of a 
string of truss beam element through a sharp change of angle. ‚ The purpose of the keyword, *ELEMENT_MASS_MATRIX, is to define a 6x6 
symmetric nodal mass matrix assigned to a nodal point or each node within a node set. ‚ The keyword, *ELEMENT_DISCRETE_SPHERE, allows the definition of a discrete 
spherical element for discrete element calculations. Each particle consists of a single 
node with its mass, mass moment of inertia, and radius.  Initial coordinates and velocities 
are specified via the nodal data.  ‚ The two keywords, *ELEMENT_SHELL_COMPOSITE and *ELEMENT_TSHELL_ 
COMPOSITE, are used to define elements for a general composite shell part where the 
shells within the part can have an arbitrary number of layers.  The material ID, thickness, 
and material angle are specified for the thickness integration points for each shell in the 
part ‚ The keyword, *EOS_USER_DEFINED, allows a user to supply their own equation-of-
state subroutine. ‚ The new keyword *FREQUENCY_DOMAIN provides a way of defining and solving 
frequency domain vibration and acoustic problems. The related keyword cards given in 
alphabetical order are: 
 *FREQUENCY_DOMAIN_ACOUSTIC_BEM_{OPTION} 
 *FREQUENCY_DOMAIN_ACOUSTIC_FEM 
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 *FREQUENCY_DOMAIN_FRF 
 *FREQUENCY_DOMAIN_RANDOM_VIBRATION 
 *FREQUENCY_DOMAIN_RESPONSE_SPECTRUM 
 *FREQUENCY_DOMAIN_SSD ‚ The keyword, *INITIAL_AIRBAG_PARTICLE, initializes pressure in a closed airbag 
volume, door cavities for pressure sensing studies, and tires. ‚ The keyword *INITIAL_ALE_HYDROSTATIC initializes the hydrostatic pressure field 
in an ALE domain due to an acceleration like gravity. ‚ The keyword *INITIAL_ALE_MAPPING maps ALE data histories from a previous run. 
Fcvc"ctg"tgcf"htqo"c"ocrrkpi"hkng"ykvj"c"hkng"pcog"ikxgp"d{"vjg"rtqorv"Ðocr?Ñ"qp"vjg"
command line starting the execution. ‚ The keyword, *INITIAL_AXIAL_FORCE_BEAM, provides a simplified method to 
model initial tensile forces in bolts. ‚ is a simplified version of the *INITIAL_STRESS_SOLID keyword which can be used 
with hyperelastic materials. This keyword is used for history variable input. Data is 
usually in the form of the eigenvalues of diffusion tensor data. These are expressed in the 
global coordinate system.  ‚ The keyword, *INITIAL_FIELD_SOLID, is a simplified version of the 
*INITIAL_STRESS_SOLID keyword which can be used with hyperelastic materials. 
This keyword is used for history variable input. Data is usually in the form of the 
eigenvalues of diffusion tensor data. These are expressed in the global coordinate system.  ‚ The equation-of-state, *EOS_MIE_GRUNEISEN, type 16, is a Mie-Gruneisen form 
with a p-g"eqorcevkqp"oqfgn0 ‚ The keyword, *LOAD_BLAST_ENHANCED, defines an air blast function for the 
application of pressure loads due the explosion of conventional charge.  While similar to 
*LOAD_BLAST this feature includes enhancements for treating reflected waves, moving 
warheads and multiple blast sources.  The loads are applied to facets defined with the 
keyword *LOAD_BLAST_SEGMENT.  A database containing blast pressure history is 
also available (see *DATABASE_BINARY_BLSTFOR). ‚ The keyword, *LOAD_ERODING_PART_SET, creates pressure loads on the exposed 
surface composed of solid elements that erode, i.e., pressure loads are added to newly 
exposed surface segments as solid elements erode. ‚ The keyword, *LOAD_SEGMENT_SET_ANGLE, applies traction loads over a segment 
set that is dependent on the orientation of a vector. An example application is applying a 
pressure to a cylinder as a function of the crank angle in an automobile engine ‚ The keyword, *LOAD_STEADY_STATE_ROLLING, is a generalization of *LOAD_ 
BODY, allowing the user to apply body loads to part sets due to translational and 
rotational accelerations in a manner that is more general than the *LOAD_BODY 
capability. The *LOAD_STEADY_STATE_ROLLING keyword may be invoked an 
arbitrary number of times in the problem as long as no part has the option applied more 
than once and they can be applied to arbitrary meshes.  This option is frequently used to 
initialize stresses in tire. ‚ The keywords INTERFACE_SSI, INTERFACE_SSI_AUX, 
INTERFACE_SSI_AUX_EMBEDDED and INTERFACE_SSI_STATIC are used to 
define the soil-structure interface appropriately in various stages of soil-structure 
interaction analysis under earthquake ground motion.  ‚ The keyword, *LOAD_SEISMIC_SSI, is used to apply earthquake loads due to free-field 
earthquake ground motion at certain locations Ï defined by either nodes or coordinates 
Ï on a soil-structure interface.  This loading is used in earthquake soil-structure 
interaction analysis. The specified motions are used to compute a set of effective forces 
in the soil elements adjacent to the soil-structure interface, according to the effective 
seismic inputÎdomain reduction method. ‚ The keyword *DEFINE_GROUND_MOTION is used to specify a ground motion to be 
used in conjunction with *LOAD_SEISMIC_SSI. 



 INTRODUCTION 

LS-DYNA  Version 971 1-25 (INTRODUCTION) 

‚ Material types *MAT_005 and *MAT_057 now accept table input to allow the stress 
quantity versus the strain measure to be  defined as a function of temperature. ‚ The material option *MAT_ADD_EROSION, can now be applied to all nonlinear shell, 
thick shell, fully integrated solids, and 2D solids.  New failure criteria are available. ‚ The GISSMO damage model, now available as an option in *MAT_ADD_EROSION, is 
a phenomenological formulation that allows for an incremental description of damage 
accumulation, including softening and failure. It is intended to provide a maximum in 
variability for the description of damage for a variety of metallic materials (e.g. 
,OCVa246." ,OCVa258." È+0" Vjg" kprwv" qh" rctcogvgtu" ku" dased on tabulated data, 
allowing the user to directly convert test data to numerical input. ‚ The keyword, *MAT_RIGID_DISCRETE or MAT_220, eliminates the need to define a 
unique rigid body for each particle when modeling a large number of rigid particles. This 
gives a large reduction in memory and wall clock time over separate rigid bodies.  A 
single rigid material is defined which contains multiple disjoint pieces.  Input is simple 
and unchanged, since all disjoint rigid pieces are identified automatically during 
initialization. ‚ The keyword, *NODE_MERGE, causes nodes with identical coordinates to be replaced 
during the input phase by the node encountered that has the smallest ID, which shares the 
coordinate.    ‚ The keyword,*PART_ANNEAL, is used to initialize the stress states at integration points 
within a specified part to zero at a given time during the calculation.  This option is valid 
for parts that use constitutive models where the stress is incrementally updated.  This 
option also applies to the Hughes-Liu beam elements, the integrated shell elements, thick 
shell elements, and solid elements. ‚ The keyword, *PART_DUPLICATE, provides a method of duplicating parts or part sets 
without the need to use the *INCLUDE_TRANSFORM option.   ‚ To automatically generate elements to visualize rigid walls the DISPLAY option is now 
available for *RIGIDWALL_PLANAR and *RIGIDWALL_ GEOMETRIC. ‚ A one point integrated pentahedron solid element with hourglass control is implemented 
as element type 115 and can be referenced in *SECTION_SOLID.  Also, the 2 point 
pentahedron solid, type 15, no longer has a singular mode. ‚ The keyword *SECTION_ALE1D defines section properties for 1D ALE elements. ‚ The keyword *SECTION_ALE2D defines section properties for 2D ALE elements. ‚ The keywords *SET_BEAM_INTERSECT, *SET_SHELL_INTERSECT, *SET_ 
SOLID_INTERSECT, *SET_NODE_INTERSECT, and *SET_SEGMENT_INTER-
SECT, allows the definition of a ugv"cu"vjg"kpvgtugevkqp."y."qh"c"ugtkgu"of sets.  The new 
set, SID, contains all common members.   ‚ The keyword, *SET_SEGMENT_ADD, is now available for defining a new segment set 
by combining other segment sets.   ‚ The two keywords, *DEFINE_ELEMENT_GENERALIZED_SHELL and *DEFINE_ 
ELEMENT_GENERALIZED_SOLID, are used to define general shell and solid element 
formulations to allow the rapid prototyping of new element formulations. They are used 
in combination with the new keywords *ELEMENT_GENERLIZED_SHELL and 
*ELEMENT_GENERALIZED_SOLID. ‚ The two keywords, *ELEMENT_INTERPOLATION_SHELL and *ELEMENT_ 
INTERPOLATION_SOLID, are used to interpolate stresses and other solution variables 
from the generalized shell and solid element formulations for visualization. They are used 
together with the new keyword *CONSTRAINED_NODE_INTERPOLATION. ‚ The keyword, *ELEMENT_SHELL_NURBS_PATCH, is used to define 3D shell 
elements based on NURBS (Non-Uniform Ration B-Spline) basis functions. Currently 
four different element formulations, with and without rotational degrees of freedom are 
available. 
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‚ The keyword LOAD_SPCFORC is used to apply equivalent SPC loads, read in from the 
d3dump file during a full-deck restart, in place of the original constraints in order to 
facilitate the classical non-reflecting boundary on an outside surface. 
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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 ‚ 1988b], ‚ 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, 

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: 



*INTRODUCTION  

1-2 (INTRODUCTION) LS-DYNA   Version 971 

‚ linear polynomial [Woodruff 1973], ‚ JWL high explosive [Dobratz 1981], ‚ Ucem"ÐVwgufc{Ñ"jkij"gzrnqukxg"]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 
MQXGE"wugtÓu"ocpwcn"cpf"ctg"tgvckpgf"kp" vjku"ocpwcn0" "Vjg"jkij"gzrnqukxg"rtqitcoogf"dwtp"
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 I.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 DYNA3D brick elements to be used with this shell element; ‚ It includes finite transverse shear strains; ‚ A through-the-thickness thinning option (see [Hughes and Carnoy 1981]) is also 
available. 

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 
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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 C0 triangular elements. 

 

shells

solids

beams

trusses

springs lumped masses
dampers  

 
Figure I.1.  Elements in LS-DYNA. 

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. 
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CONTACT-IMPACT INTERFACES 

 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 DEFINITIONS FOR COMPONENT ANALYSIS 

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. 

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 
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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. 

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. 

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 
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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: 

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 contact 
entity definition is recommended for metalforming problems due to high accuracy and 
computational efficiency. 

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-F[PCÓu"cpcn{uku"ecrcdknkv{0 

MODEL SIZING 

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. 
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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 computers only!): 

‚ Round-off errors can cause difficulties with extremely small deflection problems.  
(Maximum vibration amplitudes are <10-6 times nodal coordinates). ‚ Workaround:  Increase the load. ‚ Buckling 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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GETTING STARTED 

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 hqnnqyu<" " ÐOPTIONSÑ" cpf" Ð}OPTIONS’Ñ0" " Vjg" fkhhgtgpeg" ku" vjcv" ÐOPTIONSÑ"
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-F[PC" WugtÓu" Ocpwcn" ku" cnrjcdgvkecnn{" qticpk¦gf" kp" nqikecn" ugevkqpu" qh" kprwv" fcvc0" " Gcej"
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  z 
 10201  x  y  z 
$     DEFINE TWO SHELL ELEMENTS 
$ 
*ELEMENT_SHELL 
 10201  pid n1 n2 n3 n4 
 10301  pid n1 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 n1 n2 n3 n4 
$ 
$      DEFINE ONE MORE NODE 
$ 
*NODE 
 10201  x  y  z 
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$  DEFINE ONE MORE SHELL ELEMENT 
$ 
*ELEMENT_SHELL 
 10301  pid n1 n2 n3 n4 

A data block begins with a keyword followed by the data pertaining to the keyword.  The next 
keyword encountered during the reading of the block data defines the end of the block and the 
dgikppkpi"qh"c"pgy"dnqem0" "C"mg{yqtf"owuv"dg"nghv" lwuvkhkgf"ykvj"vjg"Ð,Ñ"eqpvckpgf"kp"eqnwop"
qpg0" " C" fqnnct" ukip" Ð&Ñ" kp" eqnwop" qpg" rtgegfgu" c" eqoogpv" cpf" ecwugu" vjg" kprwv" nkpg" vq" dg"
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 kfgpvkhkgt." GKF." vjg" rctv" kfgpvkhkgt." RKF." cpf" vjg" pqfcn" rqkpvu" kfgpvkhkgtu." vjg" PKFÓu."
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 
ÐGttqtÑ0 

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 
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*ELEMENT_SHELL 
10201,pid,n1,n2,n3,n4 
10301,pid,n1,n2,n3,n4 

*NODE                   NID     X      Y      Z 

*ELEMENT              EID  PID  N1  N2   N3   N4 

*PART                   PID   SID   MID   EOSID   HGID 

*SECTION_SHELL   SID  ELFORM  SHRF  NIP  PROPT   QR  ICOMP 

*MAT_ELASTIC     MID  RO   E   PR  DA   DB 

*EOS                     EOSID 

*HOURGLASS         HGID  

Figure GS.1  Organization of the keyword input. 

When using commas, the formats must not be violated.  An I8 integer is limited to a maximum 
positive value of 99999999, and larger numbers having more than eight characters are 
unacceptable.  The format of the input can change from free to fixed anywhere in the input file.  
The input is case insensitive and keywords can be given in either upper or lower case.  THE 

ASTERISKS Ð,Ñ 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. 
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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 
crrgpfkpi"ÐCIDn0Ñ"vq"vjg"fghcwnv"hkng"pcog0 

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

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

*CONTACT 
This section 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 

p 1 SLIDING_ONLY_PENALTY 

2 TIED_SURFACE_TO_SURFACE 

3 SURFACE_TO_SURFACE 

a 3 AUTOMATIC_SURFACE_TO_SURFACE 

4 SINGLE_SURFACE 

5 NODES_TO_SURFACE 

a 5 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  

a 13 AIRBAG_SINGLE_SURFACE  
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STRUCTURED INPUT TYPE ID KEYWORD NAME 

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 
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.  Items defined in this section are referenced by 
their identifiers throughout the input.  For example, a coordinate system identifier is sometimes 
used on the *BOUNDARY cards, and load curves are used on the *AIRBAG cards.  

*DEFORMABLE_TO_RIGID 
This section allows the user to switch parts that are defined as deformable to rigid at the start of 
the analysis.  This capability provides a cost efficient method for simulating events such as 
rollover events.  While the vehicle is rotating the computation cost can be reduced significantly 
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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)th element of an exchange factor 
matrix, Eij, 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)th 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. 

*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 
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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-F[PCÓu" cpcn{uku" ecrcdknkvkgu0 A similar capability using *INTERFACE_SSI 
may be used for soil-structure interaction analysis under earthquake excitation. 

*KEYWORD 
Flags LS-DYNA that the input deck is a keyword deck.  To have an effect this must be the very 
hktuv" ectf" kp" vjg" kprwv"fgem0" "Cnvgtpcvkxgn{."d{" v{rkpi"Ðmg{yqtfÑ"qp" vjg"gzgewvg" nkpg."mg{yqtf"
kprwv"hqtocvu"ctg"cuuwogf"cpf"vjg"Ð,MG[YQTFÑ"ku"pqv"tgswktgf0""Kh"c"pwodgt"ku"urgekhkgf"qp"
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 
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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 
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 
rtqrgtvkgu"ctg"fghkpgf0""Cnn"ugevkqp"kfgpvkhkgtu"*UGEKFÓu+"fghkpgf"kp"vjku"ugevkqp"owuv"dg"wpkswg."
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 
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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. 

*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. 
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SUMMARY OF COMMONLY USED OPTIONS 

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

Topic Component Keyword 

Geometry Nodes 
Elements 
 
 
 
Discrete Elements 

*NODE 
*ELEMENT_BEAM 
*ELEMENT_SHELL 
*ELEMENT_SOLID 
*ELEMENT_TSHELL 
*ELEMENT_DISCRETE 
*ELEMENT_MASS 
*ELEMENT_SEATBELT_Option 

Materials Part (which is composed 
of Material and 
Section, equation of 
state and hourglass 
data) 

Material 
Sections 
 
 
 
Discrete sections 
 
Equation of state 
Hourglass 

*PART 
 
 
 
 
*MAT_Option 
*SECTION_BEAM 
*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 

Boundary 
Conditions & 
Loadings 

Restraints 
 
Gravity (body) load 
Point load 
Pressure load 
 
Thermal load 
Load curves 

*NODE 
*BOUNDARY_SPC_Option 
*LOAD_BODY_Option 
*LOAD_NODE_Option 
*LOAD_SEGMENT_Option 
*LOAD_SHELL_Option 

*LOAD_THERMAL_Option 
*DEFINE_CURVE 

Constraints 
and spot welds 

Constrained nodes 
Welds 
 
 
Rivet 

*CONSTRAINED_NODE_SET 
*CONSTRAINED_GENERALIZED_WELD_ 

Option 
*CONSTRAINED_SPOT_WELD 
*CONSTRAINED_RIVET 
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Topic Component Keyword 

Output 
Control 

Defaults 
ASCII time history files 
Binary plot, time history and 
restart files 
Items in time history blocks 
Nodes for nodal reaction 
output 

*CONTROL_OUTPUT 
*DATABASE_Option 
*DATABASE_BINARY_Option 
 
*DATABASE_HISTORY_Option 
*DATABASE_NODAL_FORCE_GROUP 

Termination Termination time 
Termination cycle 
CPU termination 
Degree of freedom 

*CONTROL_TERMINATION 
*CONTROL_TERMINATION 
*CONTROL_CPU 
*TERMINATION_NODE 

Table GS.1.  Keywords for the most commonly used options. 

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=isf1 
L=isf2 B=rlf 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 GMINP=gminp 

GMOUT=gmout 

where 
 inf = input file (user specified) 
 otf = high speed printer file (default=D3HSP) 
 ptf = binary plot file for graphics (default=D3PLOT) 
 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) 
 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) 
 rlf = binary plot file for dynamic relaxation (default=D3DRFL) 
 efl  = echo file containing optional input echo with or without node/element data 
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 root = root file name for general print option 
 scl = scale factor for binary file sizes (default=7) 
 cpu = cumulative cpu time limit in seconds for the entire simulation, including all 

restarts, if cpu is positive.  If cpu is negative, the absolute value of cpu is the cpu 
time limit in seconds for the first run and for each subsequent restart run. 

 kill = if LS-DYNA encounters this file name it will terminate with a restart file 
   (default=D3KIL) 
 vda = VDA/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.  This number overwrites the 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 CPUs. 

 para = Overrides PARA defined in *CONTROL_PARALLEL. 
 time = Overrides ENDTIM defined in *CONTROL_TERMINATION. 
 ncycle = Overrides ENDCYC 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. 
 gminp = Input file for reading recorded motions in *INTERFACE_SSI (default=GMBIN). 
 gmout = Output file for writing recorded motions in *INTERFACE_SSI_AUX 

(default=GMBIN). 

In order to avoid undesirable or confusing results, each LS-DYNA run should be performed in a 
ugrctcvg" fktgevqt{." wpnguu" wukpi" vjg" eqoocpf" nkpg" rctcogvgt" ÐlqdkfÑ" fguetkdgf" cdqxg0" " Kh"
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 sw1. 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 required memory is 
unknown.  Generally, this option would be used at the beginning of a new calculation. 
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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.  
Qp" WPKZ" xgtukqpu." vjku" ku" ceeqornkujgf" d{" hktuv" v{rkpi" c" Ð`EÑ" *Eqpvtqn-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. 
SW7. Turn off real time visualization. 
SW8. Interactive 2D rezoner for solid elements and real time visualization. 
SW9. Turn off real time visualization (for option SW8). 
SWA. Flush ASCII file buffers. 
lprint 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., "sw1." 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. 

Procedure for LS-DYNA/MPP 

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 
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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  

running restart 
dump 

A = runrsf 

interface 
segment save 

Z= 

printer file 

O = d3hsp 

messag 

input echo 

E= 

ASCII 
Database 

graphics 

G=d3plot 

time histories 

f = d3thdt 

interface force 

S = 

dynamic 
relaxation 
B = d3drfl 

input 

I = 

stress 
initialization 

M = 

restart 

R = 

LS-DYNA 

interface 
segment 

L= 

vda geometry 

        V= 

CAL3D 
input 
Y= 

THERMAL 
file 
T= 

restart 
dump 

D = d3dump 

 

Figure GS.2 

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 
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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=rlf 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 
VDA/IGES surface data, the vda input file must be specified, e.g.: 

LS-DYNA R=d3dump01 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: 

I=inf  R=rtf 

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

The LS-DYNA restart capability allows analyses to be broken down into stages.  After the 
eqorngvkqp" qh" gcej" uvcig" kp" vjg" ecnewncvkqp" c" Ðtguvctv" fworÑ" ku" written that contains all 
kphqtocvkqp"pgeguuct{"vq"eqpvkpwg"vjg"cpcn{uku0""Vjg"uk¦g"qh"vjku"ÐfworÑ"hkng"ku"tqwijn{"vjg"ucog"
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 restartinput. 

 

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, job1.inf, and a restart dump named d3dump01 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, 
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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 the file 
d3dump01 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 d3dump01.  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 job1 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 job1, i.e., the time is not reset to zero. 

̋ FqpÓv" vt{" vq" wug" vjg" tguvctv" rctv" qh" vjg" kprwv" vq" ejcpig" cp{vjkpi" since this will be 
overwritten by the new input file. 

̋ Usually, the complete input file part of job2.in1 will be copied from job1.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 job1. 

̋ Completely new databases will be generated with the time offset.  

VDA/IGES DATABASES 

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

The advantage of using VDA 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. 
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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. 

LS-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.  
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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. 

 

Figure GS.3 

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 hourglass 
control 

4 

as above but with Flanagan-Belytschko hourglass control 5 

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

7 



GETTING STARTED 
 

LS-DYNA   Version 971 2-21 (GETTING STARTED) 

   Element Type      Relative Cost  

4 node Belytschko-Tsay shell with four thickness integration 
points 

4 

4 node Belytschko-Tsay shell with resultant plasticity 3 

BCIZ triangular shell with four thickness integration points 7 

Co triangular shell with four thickness integration points 4 

2 node Hughes-Liu beam with four integration points 9 

2 node Belytschko-Schwer beam 2 

2 node simple truss elements 1 

8 node solid-shell with four thickness integration points 11 

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.  

BT BTW BL BWC CHL HL

2 . 4 5

0

10

20

30

1 1 . 0 7 1 . 2 5 1 . 2 8 1 . 4 9

Element Type

P e r f o r m a n c e

FBT

2 . 8 0

CFHL FHL

8 . 8 4

2 0 . 0 1

Fully int egrat ed element s

 

Figure GS.4 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) =  
怠岫狸奪樽巽担竪探樽辿担岻岷怠岫担辿鱈奪探樽辿担岻峅鉄 

Examples of sets of consistent units are: 

 (a) (b) (c) 

Length unit meter millimeter millimeter 
Time unit second second millisecond 
Mass unit kilogram tonne kilogram 
Force unit Newton Newton kiloNewton 
[qwpiÓu"Oqfwnwu"qh"Uvggn 210.0E+09 210.0E+03 210.0 
Density of Steel 7.85E+03 7.85EÎ09 7.85EÎ06 
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 must be defined and those cards 
that are optional.  Each card is described in its fixed format form and is shown as a number of 
hkgnfu"kp"cp":2"ejctcevgt"uvtkpi0""Ykvj"vjg"gzegrvkqp"qh"Ðnqpi"hqtocvÑ"kprwv"cu"fguetkdgf"dgnqy."
most cards are 8 fields with a length of 10 and a sample card is shown below.  The card format is 
clearly stated if it is other than eight fields of 10.   

As an alternative to fixed format, a card may be free format with the values of the variables 
separated by commas.  When using comma-delimited values on a card, the number of characters 
used to specify a value must not exceed the field length for fixed format.  For example, an I8 
number is limited to a number of 99999999 and larger numbers with more than eight characters 
are unacceptable.  Fixed and free formats can be mixed throughout the deck and even within 
different cards of a single command but not within a card. 
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Card Format 

 1 2 3 4 5 6 7 8 

Variable NSID PSID A1 A2 A3 KAT   

Type I I F F F I   

Default none none 1.0 1.0 0 1   

Remarks 1   2  3   

Kp"vjg"gzcorng"ujqyp"cdqxg."vjg"tqy"ncdgngf"ÐV{rgÑ"ikxgu"vjg"xctkcdng"v{rg"cpf"ku"gkvjgt"H."hqt"
hnqcvkpi"rqkpv"qt"K."hqt"cp"kpvgigt0""Vjg"tqy"ncdgngf"ÐFghcwnvÑ"tgxgcnu"vjg"fghcwnv"xcnwg"ugv"hqt"c"
variable if zero is specified, the field is left blank, or tjg"ectf"ku"pqv"fghkpgf0""Vjg"ÐTgoctmuÑ"tqy"
refers to enumerated remarks at the end of the section.   

Long Format Input: 

To accommodate larger or more precise values for input variables than are allowed by the 
uvcpfctf"hqtocv"kprwv"cu"fguetkdgf"cdqxg."c"Ðnqpi"hqtocvÑ"kprwv"qrvkqp"ku"cxckncdng0""Qpg"yc{"qh"
kpxqmkpi"nqpi"hqtocv"mg{yqtf"kprwv"ku"d{"cffkpi""Ðnqpi?{Ñ"vq"vjg"gzgewvkqp"nkpg0""C"ugeqpf"yc{"
ku"vq"cff"Ðnqpi?{Ñ"vq"vjg",MG[YQTF"eqoocpf"kp"vjg"kprwv"fgem0 

long=y: read long keyword input deck; write long structured input deck. 
long=s: read standard keyword input deck; write long structured input deck. 
long=k: read long keyword input deck; write standard structured input deck. 

Vjg" Ðnqpi?uÑ" qrvkqp" oc{" dg" jgnrhwn" kp" vjg" tctg" gxgpv" vjcv" vjg" mg{yqtf" kprwv" ku" qh standard 
format but LS-DYNA reports an input error and the dyna.str file (see 
*CONTROL_STRUCTURED) reveals that one of more variables is incorrectly written to 
dyna.str as a series of asterisks due to inadequate field length(s) in dyna.str. 

Vjg"Ðnqpi?mÑ"qption really serves no practical purpose. 

When long format is invoked for keyword input, input fields for each variable become 20 
characters long with a maximum of four fields per line.  In long format, only four variables can 
be defined per line, i.e., a ÐectfÑ"vjcv"tgswktgu"gkijv"xctkcdngu"cpf"pqtocnn{"yqwnf"hkv"qp"c"ukping"
line must be spread over two lines of input. 

[qw"ecp"okz"nqpi"cpf"uvcpfctf"hqtocv"ykvjkp"qpg"kprwv"fgem"d{"wug"qh"Ð-Ñ"qt"Ð-Ð"ukipu"ykvjkp"
the deck.  If the execution line indicates standard format, you can add " +" at the end of any 
mg{yqtfu"vq"kpxqmg"nqpi"hqtocv"lwuv"hqt"vjqug"mg{yqtfu0""Hqt"gzcorng."Ð,PQFG"-Ñ"kp"rnceg"qh"
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Ð,PQFGÑ"kpxqmgu"c"tgcf"hqtocv"qh"vyq"nkpgu"rgt"pqfg"*K42.5G4202"qp"vjg"hktuv"nkpg"cpf"4H4202"
on the second line). 

Similarly, if the execution line indicates long format, you can add "-" at the end of any keywords 
vq"kpxqmg"uvcpfctf"hqtocv"hqt"vjqug"mg{yqtfu0""Hqt"gzcorng."Ð,PQFG"ÎÐ"kp"rnceg"qh"Ð,PQFGÑ"
invokes the standard read format of one line per node ( I8,3E16.0,2F8.0). 
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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_PARTICLE 

 *AIRBAG_REFERENCE_GEOMETRY_OPTION_OPTION 
 *AIRBAG_SHELL_REFERENCE_GEOMETRY 
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*AIRBAG_OPTION1_{OPTION2}_{OPTION3}_{OPTION4} 

OPTION1 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 

OPTION2 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.  OPTION2 takes the single option: 

 POP 

OPTION3 specifies that a constant momentum formulation is used to calculate the jetting load on 
the airbag an additional line of data is read in:  OPTION3 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. 

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

 

Note:  An ID is necessary for *AIRBAG_INTERACTION.  

Optional  1 2 

Variable ABID HEADING 

Type I A70 
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Card 1 2 3 4 5 6 7 8 

Variable SID SIDTYP RBID VSCA PSCA VINI MWD SPSF 

Type I I I F F F F F 

Default none 0 0 1. 1. 0. 0. 0. 

Remarks   optional      

 

 VARIABLE   DESCRIPTION  

ABID Airbag ID.  This must be a unique number. 

HEADING Airbag descriptor.  It is suggested that unique descriptions be used. 

SID Set ID 

SIDTYP Set type: 
EQ.0:  segment, 
NE.0:  part set ID. 

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.0:  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, Psca  (default=1.0) 

VINI Initial filled volume, Vini 

MWD Mass weighted damping factor, D 

SPSF Stagnation pressure scale factor, ど 隼噺 紘 隼噺 な 
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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 Psca 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 (Vfemodel) 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 
(Vcvolume) and pressure (Pcvolume) which are used for integrating the differential equations for 

the control volume.  The conversion is as follows: 撃頂塚墜鎮通陳勅 噺 盤撃鎚頂銚撃捗勅陳墜鳥勅鎮匪 伐 撃
 鶏捗勅陳墜鳥勅鎮 噺 鶏鎚頂銚鶏頂塚墜鎮通陳勅 

Damping can be applied to the structure enclosing a control volume by using a mass weighted 
damping formula: 繋沈鳥 噺 兼沈経盤懸沈 伐 懸頂直匪 

where 繋件穴 is the damping force, mi is the nodal mass,"荒沈 is the velocity for a node, 懸潔訣 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 喧 噺 紘貢撃態 where V is the normal velocity of the 

control volume relative to the ambient velocity, t is the ambient air density, and 紘 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 Input to Activate Inflator 

Define if 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). 
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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. 

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 I        

Default none        

 
Card Format (Define up to 25 constants for the user subroutine.  Input only the number of 

cards necessary, i.e. for nine constants use 2 cards)  

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. 

Acceleration/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 1 2 3 4 5 6 7 8 

Variable DVX DVY DVZ DVMAG     

Type F F F F     

Default 0. 0. 0. 0.     

 

Card 1 2 3 4 5 6 7 8 

Variable UX UY UZ UMAG     

Type F F F F     

Default 0. 0. 0. 0.     
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 VARIABLE   DESCRIPTION  

AX Acceleration level in local x-direction to activate inflator.  The absolute 
value of the x-acceleration is used. 

EQ.0: inactive. 

AY Acceleration level in local y-direction to activate inflator.  The absolute 
value of the y-acceleration is used. 

EQ.0: inactive. 

AZ Acceleration level in local z-direction to activate inflator.  The absolute 
value of the z-acceleration is used. 

EQ.0: inactive. 

AMAG Acceleration magnitude required to activate inflator. 
EQ.0: inactive. 

TDUR 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. 

DVX Velocity change in local x-direction to activate the inflator. 
(The absolute value of the velocity change is used.) 

EQ.0: inactive. 

DVY Velocity change in local y-direction to activate the inflator. 
(The absolute value of the velocity change is used.) 

EQ.0: inactive. 

DVZ Velocity change in local z-direction to activate the inflator. 
(The absolute value of the velocity change is used.) 

EQ.0: inactive. 

DVMAG Velocity change magnitude required to activate the inflator. 
EQ.0: inactive. 

UX Displacement increment in local x-direction to activate the inflator. 
(The absolute value of the x-displacement is used.) 

EQ.0: inactive. 

UY Displacement increment in local y-direction to activate the inflator. 
(The absolute value of the y-displacement is used.) 

EQ.0: inactive. 

UZ Displacement increment in local z-direction to activate the inflator. 
(The absolute value of the z-displacement is used.) 

EQ.0: inactive. 
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 VARIABLE   DESCRIPTION  

UMAG Displacement magnitude required to activate the inflator. 
EQ.0: inactive. 
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SIMPLE_PRESSURE_VOLUME option: 
 

Additional card required for SIMPLE_PRESSURE_VOLUME option 

Card 1 2 3 4 5 6 7 8 

Variable CN BETA LCID LCIDDR     

Type F F I 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, 紅0""Define if a load curve ID is not specified. 

LCID Optional load curve ID defining pressure versus relative volume. 

LCIDDR Optional load curve ID defining the coefficient, CN, as a function of 
time during the dynamic relaxation phase. 

Remarks: 

The relationship is the following: 

鶏堅結嫌嫌憲堅結 噺 紅 系軽迎結健欠建件懸結""撃剣健憲兼結 

迎結健欠建件懸結""撃剣健憲兼結 噺 系憲堅堅結券建""撃剣健憲兼結荊券件建件欠健""撃剣健憲兼結  

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 d 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 
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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. 
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SIMPLE_AIRBAG_MODEL option: 
 

Additional cards required for SIMPLE_AIRBAG_MODEL option 

Card 1 1 2 3 4 5 6 7 8 

Variable CV CP T LCID MU A PE RO 

Type F F F I F F F F 

Default none none none none none none none none 

 

Card 2 1 2 3 4 5 6 7 8 

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  

CV Heat capacity at constant volume 

CP Heat capacity at constant pressure 

T Temperature of input gas 

LCID Load curve ID specifying input mass flow rate. See *DEFINE_CURVE. 

MU Shape factor for exit hole, 航<"
LT.0.0: 】航】 is the load curve number defining the shape factor as a 
function of absolute pressure. 

A Exit area, A: 
GE.0.0: A is the exit area and is constant in time, 
LT.0.0: |A| is the load curve number defining the exit area as a 
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 VARIABLE   DESCRIPTION  

function of absolute pressure. 

PE Ambient pressure, pe 

RO Ambient density, 貢 

LOU 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/oK).    
(Define if and only if CV=0.) 

B Second heat capacity coefficient of inflator gas, (e.g., Joules/mole/oK2).    
(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/oK).    
(Define if and only if CV=0.) 

Remarks: 

The gamma law equation of state used to determine the pressure in the airbag: 喧 噺 岫紘 伐 な岻貢"結 

where p is the pressure, t  is the density, 結 is the specific internal energy of the gas, and i is the 
ratio of the specific heats: 紘 噺 潔椎潔塚 

From conservation of mass, the time rate of change of mass flowing into the bag is given as: 穴警穴建 噺 穴警沈津穴建 伐 穴警墜通痛穴建  

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 航 and A have to both be set to zero. 

If CV=0. then the constant-pressure specific heat is given by:  潔椎 噺 岫欠 髪 決劇岻警激  
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and the constant-volume specific heat is then found from: 潔塚 噺 潔椎 伐 迎警激 
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ADIABATIC_GAS_MODEL option: 
 

Additional card required for ADIABATIC_GAS_MODEL option 

Card 1 2 3 4 5 6 7 8 

Variable PSF LCID GAMMA P0 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 

P0 Initial pressure (gauge) 

PE Ambient pressure 

RO Initial density of gas 

Remarks: 

The optional load curve ID, LCID, defines a preload flag.  During the preload phase the function 
value of the load curve versus time is zero, and the pressure in the control volume is given as:  喧 噺 鶏鯨繋"喧待 

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: 喧 噺 岫紘 伐 な岻"貢"結 

where p is the pressure, t  is the density, e  is the specific internal energy of the gas, and 紘 is the 
ratio of the specific heats: 
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紘 噺 潔椎潔塚 

The pressure above is the absolute pressure, the resultant pressure acting on the control volume 
is: 喧鎚 噺 鶏鯨繋岫喧 伐 喧勅岻 

where PSF is the pressure scale factor.  Starting from the initial pressure 喧待 an initial internal 
energy is calculated: 結待 噺 喧待 髪 喧勅貢岫紘 伐 な岻 
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WANG_NEFSKE options: 
 

Additional 4 cards are required 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 I I F I F 

Default none none 0. 0 none 0. 0. not used 

 

Card 2 1 2 3 4 5 6 7 8 

Variable C23 LCC23 A23 LCA23 CP23 LCCP23 AP23 LCAP23 

Type F I F I F I F I 

Default none 0 none 0 none 0 0.0 0 

 

Card 3 1 2 3 4 5 6 7 8 

Variable PE RO GC LCEFR POVER PPOP OPT KNKDN 

Type F F F I F F F I 

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 IOC IOA 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 capacities to be defined.  See below.  

Card 5 1 2 3 4 5 6 7 8 

Variable TEXT A B MW GASC HCONV   

Type F F F F F F   

Default none none none none none none   

 
Define the following card if and only if the POP option is specified.  Use this option to 

specify additional criteria for initiating exit flow from the airbag.  

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 I 

Default 0.0 0.0 0.0 0.0 0.0 0.0 0.0 none 

 

 VARIABLE   DESCRIPTION  

CV Heat capacity at constant volume 

CP Heat capacity at constant pressure 
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 VARIABLE   DESCRIPTION  

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

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

LCMT 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. 

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

LCDT Load curve for time rate of change of temperature (dT/dt) versus time. 

IABT Initial airbag temperature.  (Optional, generally not defined.) 

C23 Vent orifice coefficient which applies to exit hole.  Set to zero if LCC23 
is defined below. 

LCC23 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, 鶏銚沈追【鶏長銚直, see 

[Anagonye and Wang 1999].  In addition, LCC23 can be defined 
through DEFINE_CURVE_FUNCTION.  A nonzero value for C23 
overrides LCC23.   

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.  Airbag pressure will not be applied 
to part |A23| representing venting holes if part |A23| is not included in 
SID, the part set representing the airbag.  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, or LCA23 can be defined 
through DEFINE_CURVE_FUNCTION.  A nonzero value for A23 
overrides LCA23. 

CP23 Orifice coefficient for leakage (fabric porosity).  Set to zero if LCCP23 is 
defined below. 
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 VARIABLE   DESCRIPTION  

LCCP23 Load curve number defining the orifice coefficient for leakage (fabric 
porosity) as a function of time, or LCCP23 can be defined through 
DEFINE_CURVE_FUNCTION.  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, or LCAP23 can be defined through 
DEFINE_CURVE_FUNCTION.  A nonzero value for AP23 overrides 
LCAP23. 

PE Ambient pressure 

RO Ambient density 

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

LCEFR Optional curve for exit flow rate (mass/time) versus (gauge) pressure 

POVER Initial relative overpressure (gauge), Pover in control volume 

PPOP Pop Pressure: relative pressure (gauge) for initiating exit flow, Ppop 
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 VARIABLE   DESCRIPTION  

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 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. 

KNKDN 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 
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. 

IOC Inflator orifice coefficient 

IOA 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/oK) 
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 VARIABLE   DESCRIPTION  

B Second heat capacity coefficient of inflator gas, (e.g., Joules/mole/oK2) 

MW Molecular weight of inflator gas (e.g., Kg/mole). 

GASC Universal gas constant of inflator gas (e.g., 8.314 Joules/mole/oK) 

HCONV Effective heat transfer coefficient between the gas in the air bag and the 
environment at temperature TEXT. If HCONV<0, then HCONV defines 
a load curve of data pairs (time, hconv). 

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. 

Remarks: 

The gamma law equation of state for the adiabatic expansion of an ideal gas is used to determine 
the pressure after preload: 喧 噺 岫紘 伐 な岻貢"結 

where p is the pressure, t  is the density, e  is the specific internal energy of the gas, and i is the 
ratio of the specific heats: 
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紘 噺 潔椎潔塚 

where cv is the specific heat at constant volume, and cp is the specific heat at constant pressure.  

A pressure relation is defined: 

 
芸"" 噺 "" 椎賑椎  

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

relationship is defined as: 芸頂追沈痛 "" 噺 "" 磐 に紘 髪 な卑 廷廷貸怠
 

where i" is the ratio of specific heats: 紘 噺 潔椎潔塚 

If 
S"ø"Scrit      then     Q = Qcrit 

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

兼岌 態戴 "" 噺 "" 系態戴畦態戴 喧迎紐劇態 ""芸"怠廷俵に訣頂 磐 紘"迎紘 伐 な卑 磐な 伐 芸廷貸怠廷 卑 

and 

兼旺岌 態戴 "" 噺 "" 系旺態戴畦旺態戴 喧迎紐劇態 ""芸怠廷俵に訣頂 磐 紘"迎紘 伐 な卑 磐な 伐 芸廷貸怠廷 卑
 

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: 

芸頂追沈痛 噺 喧頂喧沈 噺 磐 に紘 髪 な卑 廷廷貸怠
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where 喧頂 is a critical pressure at which sonic flow occurs, 喧彫, is the inflator pressure.  The 
exhaust pressure is given by  喧勅 噺 " 喧銚"""件血""喧銚 " 半 喧頂 喧勅 噺 " 喧頂""件血""喧銚 隼 " 喧頂 

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

兼岌 沈津 噺 系潮畦潮紐に喧彫貢彫彪訣頂紘 磐芸態廷 伐 芸廷袋怠廷 卑紘 伐 な  

where 系待, 畦待, and 貢彫  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, 兼岌 墜通痛 is given by: 

兼岌 墜通痛 "" 噺 紐訣頂 糾 崛 布 岫繋詣系岫建岻津 糾 繋畦系岫喧岻津 糾 畦堅結欠津岻津銚沈追陳銚痛鎚
津退怠 崑 糾 紐に喧貢""彪紘" 磐芸態賃 ""伐 ""芸廷袋怠廷 卑紘 伐 な  

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

If OPT set to 3 or 4 then: 

兼岌 墜通痛 "" 噺 崛 布 岫繋詣系岫建岻津 糾 繋畦系岫喧岻津 糾 畦堅結欠津岻津銚沈追陳銚痛鎚
津退怠 崑 糾 紐に岫喧 伐 喧勅掴痛岻貢"" 

and for OPT set to 5 or 6: 

兼岌 墜通痛 "" 噺 崛 布 岫繋詣系岫建岻津 糾 繋畦系岫喧岻津 糾 畦堅結欠津岻津銚沈追陳銚痛鎚
津退怠 崑 糾 岫喧 伐 喧勅掴痛岻 

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

"兼岌 墜通痛 "" 噺 布 繋詣系岫建岻津 糾 繋畦系岫喧岻津 糾 畦堅結欠津 糾 貢津津銚沈追陳銚痛鎚
津退怠  

Note that for different OPT settings, 繋畦系岫喧岻津 has different meanings (all units shown just as 

demonstrations): 
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