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LS-DYNA USER'S MANUAL
Nonlinear Dynamic Analysis of Structures

ABSTRACT

This report provides an updated user’s manual for LS-DYNA , an explicit three-
dimensional finite element code for analyzing the large deformation dynamic response of
inelastic solids and structures. A contact-impact algorithm permits gaps and sliding along
material interfaces with friction. Using a specialization of this algorithm, such interfaces
can be rigidly tied to admit variable zoning without the need of transition regions. Spatial
discretization is achieved by the use of 8-node solid elements, 2-node beam elements, 4-
node shell elements, 8-node solid shell elements, truss elements, membrane elements,
discrete elements, and rigid bodies. The equations-of-motion are integrated in time by the
central difference method. LS-DYNA currently contains more than fifty material models
and eleven equations-of-state to cover a wide range of material behavior.

BACKGROUND

DYNASD [Hallquist 1979] was developed in 1976 and was successfully applied to
a moderate number of problems. These early applications tended to be time consuming
and, as a result, discouraged many potential users. Furthermore, the sliding interface logic
lacked the capability to treat interfaces comprised of one or more triangular segments that
are common in meshes of axisymmetric geometries. In an attempt to alleviate these
drawbacks, a new version of DYNA3D was released in 1979 that had been re-programmed
to provide near optimal speed on the CRAY-1 computers, contained an improved sliding
interface treatment that permitted triangular segments, and was an order of magnitude faster
than the previous treatment. The 1979 version eliminated structural and higher order solid
elements and some of the material models of the first version. These latter features were
eliminated due primarily to excessive computational cost and lack of use. This version also
included an optional element-wise implementation of the integral difference method of
Wilkins et al. [1974]. DYNA3D has been used continuously since 1979.

The 1981 version of DYNA3D [Hallquist 1981] evolved from the 1979 version.
Body force loads and nine additional material models were added for modeling a much
broader range of problems, including explosive-structure and soil-structure interactions. A
link was established from the 3D Eulerian code JOY [Couch] to DYNAS3D for studying the
structural response of impacts by penetrating projectiles. JOY computes the penetration
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problem and specifies the motion of a common interface. A sliding-only interface option,
based on the same option in DYNA2D [Hallquist 1978 1980], was also added. The finite
difference option [Wilkins et al. 1974] was eliminated since it was much more expensive
than the finite element method without a compensating increase in accuracy (see Goudreau
1982 for additional information).

The 1982 version of DYNA3D was reorganized to accept DYNA2D material input
directly. The new organization permitted each equation-of-state and constitutive model to
have unique storage requirements. The complete vectorization of the material models gave
an additional 10 percent increase in execution speed. Theoretical documentation [Hallquist
1982], now somewhat dated, describes the procedure for incorporating new material
models.

In the 1987 version of DYNA3D many new features were added, including:

e beams,
e shells,
* rigid bodies,

* single surface contact,

* interface friction,

» discrete springs and dampers,

» optional hourglass treatments,

» optional exact volume integration,

that greatly expand its range of applications. New capabilities added in the 1988 version
include:

» cost effective resultant beam element,
» truss element,

» COtriangular shell,

» BCIZ triangular shell,

* mixing of element formulations in calculations,
» composite failure modeling for solids,
* noniterative plane stress plasticity,

» contact surfaces with spotwelds,

» tiebreak sliding surfaces,

* beam surface contact,

» finite stonewalls,

» stonewall reaction forces,
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» energy calculations for all elements,
» crushable foam constitutive model,
e comment cards in the input,

» one-dimensional slidelines.

The 1989 version of DYNA3D introduces many enhanced capabilities, including:

* interface segment save option,

* one way treatment of slide surfaces with voids and friction,

» cross section forces for structural elements,

» optional user specified minimum time step size for solid and shell elements using
elastic or elastoplastic material models (once this mininktiis reached,
material properties are modified to prevent further decrease in the time step),

* nodal accelerations in the time history database,

» time history specification now permits up to 2000 blocks each containing 2000
nodes, solid elements, beam elements, shell elements, or thick shell elements,

» stonewall forces in the TAURUS database (plot using global component 13 in
TAURUS),

» compressible Mooney-Rivlin material model,

* closed-form update shell plasticity model,

» Frazer-Nash rubber material model,

* unique penalty specifications for each slide surface,

» external work is computed (except specified velocity and acceleration boundary
conditions),

» optional time step criterion for 4-node shell elements,

* elements sorted internally to allow full vectorization of right-hand-side
calculations; user no longer needs to group similar materials together for best
performance.

During the past seven years at LSTC, considerable progress has been made as may

be seen in the chronology of the developments which follows. In 1990 the following
capabilities were delivered to users in LS-DYNASD:

» 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 brick shell,
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strain rate dependent plasticity for beams,

fully vectorized iterative plasticity,

interactive graphics on some computers,

nodal damping,

shell thickness taken into account in shell type 3 contact,

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

soft stonewalls,

print suppression option for node and element data,

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

rotational spring and dampers, local coordinate systems for discrete elements,
resultant plasticity for €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 int8 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,

and in 1991-1992:

rigid/deformable material switching,
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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 hystersis,

subcycling,

friction in the contact entities,

strains computed and written for the 8 node thick shells,

“good” 4 node tetrahedron solid element with nodal rotations,

8 node solid element with nodal rotations,

2 x 2 integration for the membrane element,

Belytschko-Schwer integrated beam,

thin-walled Belytschko-Schwer integrated beam,

improved TAURUS database control,

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

coupling to rigid body codes,

seat belt capability.

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 brick shell element,

Discrete 3D beam element,

Generalized dampers,

LS-DYNA
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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,

Barlat’s anisotropic plasticity,

Superplastic forming option,

Rigid body stoppers,

Keyword input,

Adaptivity,

First MPP (Massively Parallel) version with limited capabilities.
Built in least squares fit for rubber model constitutive constants,
Large hystersis in hyperelastic foam,

Bilhku/Dubois foam model,

Generalized rubber model,

new options added to version 936 in 1995 include:

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 now be specified.
Null material for shell elements.

Global body force loads now may be applied to a subset of materials.
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User defined loading subroutine.
Improved interactive graphics.
New initial velocity options for specifying rotational velocities.

Geometry changes after dynamic relaxation can be considered for initial
velocities..

Velocities may also be specified by using material or part ID’s.

Improved speed of brick element hourglass force and energy calculations.
Pressure outflow boundary conditions have been added for the ALE options.
More user control for hourglass control constants for shell elements.

Full vectorization in constitutive models for foam, models 57 and 63.
Damage mechanics plasticity model, material 81,

General linear viscoelasticity with 6 term prony series.

Least squares fit for viscoelastic material constants.

Table definitions for strain rate effects in material type 24.

Improved treatment of free flying nodes after element failure.

Automatic projection of nodes in CONTACT_TIED to eliminate gaps in the
surface.

More user control over contact defaults.
Improved interpenetration warnings printed in automatic contact.

Flag for using actual shell thickness in single surface contact logic rather than
the default.

Definition by exempted part ID’s.

Airbag to Airbag venting/segmented airbags are now supported.

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

Isotropic airbag material may now be directly for cost efficiency.
Airbag fabric material damping is now 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-DYNAS3D for all standard contact entities.

Joint damping for translational motion.

LS-DYNA
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* 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.

and in version 950, in 1996:
» Part/Material ID’'s may be specified with 8 digits.

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

» Lease squares fit to the relaxation curves for the viscoelasticity in rubber.

* Fu_Chang rate sensitive foam.

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

* Mechanical threshold stress (MTS) plasticity model for rate effects.

» Anisotropic viscoplastic material law (model 103)

* 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 al0 contact types.

* Invariant results on shared memory parallel machines witla the contact
types.

* Thickness offsets in type 8 and 9 tie break contact algorithms.

* Tied nodes with failure now also can apply to solid elements.
» Bucket sort frequency can be controlled by a load curve for airbag applications.

* In automatic contact each part ID in the definition may have unique:
-Static coefficient of friction
-Dynamic coefficient of friction
-Exponential decay coefficient
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-Viscous friction coefficient
-Optional contact thickness
-Optional thickness scale factor
-Local penalty scale factor

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

* Release criteria may be a multiple of the shell thickness in types a_3, a_5, al0,
13, and 26 contact.

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

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

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

* Locking joint

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

» Wang Hybrid inflator model [Wang, 1996] with jetting options and bag-to-bag
venting.

» Aspiration included in Wang'’s hybrid model [Nucholtz, Wang, Wylie, 1996].

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

» Fabric porosity added as part of the airbag constitutive 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.

* Multi-material Euler/ALE fluids,
-2nd order accurate formulations.
-Automatic coupling to shell, brick, or beam elements
-Coupling using LS-DYNA contact options.
-Element with fluid + void and void material
-Element with multi-materials and pressure equilibrium

* Nodal inertia tensors.

» 2D plane stress, plane strain, rigid, and axisymmetric elements
e 2d plane strain shell element

* 2d axisymmetric shell element.

* Full contact support in 2d, tied, sliding only, penalty and constraint techniques.
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* Most material types supported for 2D elements.
» Interactive remeshing and graphics options available for 2D.
* Subsystem definitions for energy and momentum output..

and many more enhancements not mentioned above.
In the sections that follow, some aspects of the current version of LS-DYNA are
briefly discussed.
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MATERIAL MODELS
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 1987h],
thermal orthotropic with 12 curves,

piecewise linear isotropic plasticity,

inviscid, two invariant geologic cap [Sandler and Rubin 1979, Simo
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,

LS-DYNA
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» fabric,

» unified creep plasticity,

» temperature and rate dependent plasticity,

» elastic with viscosity,

* anisotropic plasticity,

» user defined,

» crushable cellular foams (Neilsen, Morgan, and Krieg 1987),
» urethane foam model with hystersis (1992).

The hydrodynamic material models determine only the deviatoric stresses. Pressure is
determined by one of ten equations-of-state including:

* linear polynomial [Woodruff 1973],

* JWL high explosive [Dobratz 1981],

» Sack “Tuesday” high explosive [Woodruff 1973],

* Gruneisen [Woodruff 1973],

 ratio of polynomials [Woodruff 1973],

* linear polynomial with energy deposition,

» ignition and growth of reaction in HE [Lee and Tarver 1980, Cochran and Chan

1979],
» tabulated compaction,
» tabulated,

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

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

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

The elements shown in Figure 1 are presently available. The structural elements are
the Hughes-Liu rectangular beams and shells [Hughes and Liu 1981a 1981b 1981c],
implemented as described in [Hallquist et al. 1985, Hallquist and Benson 1986], as well
as the Belytschko-Tsay shell [Belytschko and Tsay 1981 1983 1984], the YASE shell
[Englemann et al. 1989] and the Belytschko-Schwer beam [Belytschko and Schwer 1977].
Triangular shell elements have now been implemented, based on work by Belytschko and
co-workers [Belytschko and Marchertas 1974, Bazeley et al. 1965, Belytschko et al.
1984], (Note: collapsed quadrilateral shell elements lock due to the transverse shear).
Three dimensional plane stress constitutive subroutines are implemented for the shell
elements which update the stress tensor such that the stress component normal to the shell
midsurface is zero. One constitutive evaluation is made for each integration point through
the shell thickness. The 8-node solid element uses either one point integration or the
constant stress formulation of Flanagan and Belytschko [1981] with exact volume
integration. Zero energy modes in the shell and solid elements are controlled by either an
hourglass viscosity or stiffness. Eight node solid-shell elements are implemented, but
should be used cautiously; we are experimenting with their formulation. 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.

SLIDING INTERFACES

The three-dimensional contact-impact algorithm was orginally an extension of the
NIKE2D [Hallquist 1979] two-dimensional algorithm. As currently implemented, one
surface of the interface is identified as 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.
Input for the contact-impact algorithm requires that a list of master and slave segments be
defined. For the single surface algorithm only the slave surface is defined and each node in
the surface is checked each time step to ensure that it does not penetrate through the
surface. Internal logic [Hallquist 1977, Hallquist et al. 1985] identifies a master segment
for each slave node and a slave segment for each master node and updates this information
every time step as the slave and master nodes slide along their respective surfaces. Twenty
types of interfaces can presently be defined including:
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1-sliding only for fluid/structure or gas/structure interfaces,

2-tied,

3-sliding, impact, friction,

4-single surface contact (NMS = 0),

5-discrete nodes impacting surface,

6-discrete nodes tied to surface,

7-shell edge tied to shell surface,

8-nodes spot welded to surface,

O-tiebreak interface,
10-one way treatment of sliding, impact, friction,
11-box/material limited automatic contact for shells,
12-automatic contact for shells (no additional input required),
13-automatic single surface with beams and arbitrary orientations,
14-surface to surface eroding contact,
15-single surface eroding contact,
16-node to surface eroding contact,
17-surface to surface symmetric constraint method [Taylor and Flanagan 1989],
18-node to surface constraint method [Taylor and Flanagan 1989],
19-rigid body to rigid body contact with arbitrary force/deflection curve,
20-rigid nodes to rigid body contact with arbitrary force/deflection curve,
21-single edge contact.
22-drawbead

Interface friction can be used with interface types 3, 4, 5, 8-13, and 17-20. The
tied and sliding only interface options are similar to the two-dimensional algorithm used in
LS-DYNAZ2D [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 (Types 5,10, 17, and 18) with
rigid materials, the rigid material should be chosen as the master surface.

INTERFACE DEFINITIONS FOR COMPONENT ANALYSIS
Interface definitions in Section 11 are used to define surfaces, nodal lines, or nodal
points for which the displacement and velocity time histories are saved at some user
specified frequency. This data may then be used in subsequent analyses as master surfaces
of type 2 sliding interfaces of Section 31, as master lines in the tie breaking shell definitions
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of Section 32, or as the controlling nodes for determining the motion of single nodal points

in Section 34. This capability is especially useful for studying the detailed response of a

small member in a large structure. For the first analysis, the member of interest need only
be discretized sufficiently that the displacements and velocities on its boundaries are
reasonably accurate. After the first analysis is completed, the member can be finely
discretized and interfaces defined to correspond with the first analysis. Finally, the second
analysis is performed to obtain highly detailed information in the local region of interest.

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

Following the above procedure, multiple levels of sub-modeling are easily
accommodated. The interface file may contain a multitude of interface definitions so that a
single run of a full model can provide enough interface data for many component analyses.
The interface feature represents a powerful extension of LS-DYNA's analysis capability.
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Figure 1. Elements in LS-DYNA .
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CAPACITY
Storage allocation is dynamic. The only limit that exists on the number of boundary
condition cards, number of material cards, number of pressure cards, etc., is the capacity
of the computer. Typical LS-DYNA calculations may have 10,000 to 200,000 elements.

CODE ORGANIZATION

LS-DYNA consists of one source that compiles under FORTRAN compilers on
most UNIX workstations and supercomputers. The programming follows the FORTRAN
77 standard. LS-DYNA has seven segments in the main code. They are:

* input,

* restart,

* initialization,

* solution,

* interactive real time graphics,
* rezoning,

* remapping.

Data parallel versions of LS-DYNA are supported for the SGI and CRAY, and an MPP
version of LS-DYNA is now be ported to a subset of the commercially available MPP
machines.

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

Type Response

SW1. Arestart file is written and LS-DYNA terminates.
SW2. LS-DYNA responds with time and cycle numbers.
SW3. Arestart file is written and LS-DYNA continues.
SW4. Aplot state is written and LS-DYNA continues.
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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).

On UNIX systems the sense switches can still be used if the job is running in the
background or in batch mode. To interrupt LS-DYNA simply type “kill -2 psid”. LS-
DYNA will first look for a file called “switch” which should contain the sense switch data.
Otherwise, an SW2 is assumed and the output is sent to standard out.

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

PRECISION

The explicit time integration algorithms used in LS-DYNA are much less sensitive
to machine precision than other finite element solution methods. Consequently, on VMS
and UNIX systems LS-DYNA uses 32-bit arithmetic rather than 64-bit. The benefits of
this are greatly improved utilization of memory and disk. When problems have been found
we have usually been able to overcome the round-off by reorganizing the algorithm where
the problem occurs. More recently we have modified several critical areas to use double
precision on engineering workstations. A few of the known problems incl(8&bit
implementation only!):

* Round-off errors can cause difficulties with extremely small deflection
problems. (Maximum vibration amplitudes are €lfines nodal coordinates).
Workaround: Increase the load.

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

DYNA3D I=inf O=otf G=ptf D=dpf F=thf T=tpf A=rrd M=sif J5if S3ff Z=isfl
L=isf2 B=rlf W=root E=efl X=scl C=cpu K=kill V=vda Y=c3d {KEYWORD}
{THERMAL} {COUPLE} {INIT} MEMORY=nwds

where
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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),

thf = binary plot file for time histories of selected data (default=D3THDT),
tpf = optional temperature file (TOPAZ3D plotfile),

rrd = running restart dump file (default=RUNRSF),

sif = stress initialization file,
jif = JOY interface file,
iff = interface force file (user specified),
isfl = interface segment save file to be created (user specified),
isf2 = existing interface segment save file to be used (user specified),
rif = binary plot file for dynamic relaxation (default=D3DRFL),
efl = echo file containing optional input echo with or without node/element data,
root = root file name for general print option,
scl = scale factor for binary file sizes (default=7),
cpu = cpu limitin seconds, applies to current calculation or restart,
kill = if LS-DYNA encounters this file name it will terminate with a restart file
(default=D3KIL),
vda = CAD database for geometrical surfaces,
c3d = CAL3D input file.
nwds = Number of words to be allocated. On engineering workstations a word is

usually 32bits.

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

If the wordMEMORY 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 allocation on Cray
Supercomputers is dynamic and the MEMORY option is not needed.
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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 comm@@dJPLE must be in the execute
line. A thermal only analysis may be run by including the wbHERMAL in the
execution line.

ThelINIT (orswl.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.

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. The file size may be
increased by specifying the file size on the execute line usisglX¥he default file size
hold seven times one-million octal word (262144) or 1835008 words. If the core required
by LS-DYNA requires more space tisel should 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 restguti should be set 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

DYNA3D I=inf O=otf G=ptf D=dpf R=rtf F=thf T=tpf A=rrd J5if S3ff Z=isfl
L=isf2 B=rlf W=root E=efl X=scl C=cpu K=kill Q=option MEMORY=nwds
where

rtf = up to eight character restart f