DRAFT 

STATEMENT OF WORK


A.
NASA LaRC NASTRAN Site License

1.0 Introduction
The NASA Langley Research Center (LaRC) has a requirement for the installation and use of a Commercial-Off-The-Shelf (COTS) general-purpose finite-element analysis (FEA) software system for the Center’s UNIX, NT, and Linux computers systems.  The software shall be a version of NASTRAN and shall be a common FEA software system for all computers described below.  This software, together with the software currently available at the Center that includes ANSYS, ABAQUS, and STAGS, will provide the Center with its major source of codes for performing structural finite-element analysis.

2.0 Scope
The Contractor shall provide the subject FEA software for operation on all of NASA LaRC’s UNIX, NT, and Linux computers systems as required.  The site license shall cover software, installation/setup, run-time costs of the user community, software maintenance and upgrades, bug fixes, field support, user software support, training, consulting services, documentation, an active quality assurance program, and deliverables. 

3.0 Salient Features
The finite-element analysis software shall provide, at a minimum, the following salient features.

3.1 Computers and Operating Systems
The software shall be executable on the following computer systems: the SGI, HP, SUN, and IBM workstations under UNIX-based operating systems, Intel-compatible PC’s under Windows NT, 2000, and XP operating systems, and Linux-based computer platforms.

3.2 Program Structure
3.2.1 Direct Matrix Abstraction Program (DMAP)
The software shall provide a macroinstruction language, DMAP, which facilitates and simplifies the development of application specific and customized solutions.  This language shall be available to users so that they may develop their own solution sequences to solve particular application problems.  The DMAP language shall be compatible with the DMAP language provided in MSC.Nastran (a version of NASTRAN marketed by the MacNeal-Schwendler Corporation (MSC)) versions 70.x, 2001.x, and 2004 to allow users continued use of previously created DMAP sequences.  The software shall provide line-based DMAP as an option.

3.2.2 Solution Sequences
The software shall contain a set of solution sequences that are written in the DMAP language to perform standard finite-element solutions for a wide variety of analysis problems.  The solution sequences shall include, at minimum, the analysis capabilities defined in Section 3.3 “Analysis Capabilities.”

3.2.3 DMAP Alters
The software shall provide the user with the capability to use DMAP to alter the solution sequences to meet the user’s requirements.  The user shall have the capability of using DMAP alters to integrate the NASTRAN software with other software programs, customize the NASTRAN software for specific applications, add functionality to the NASTRAN software, and correct known problems with the NASTRAN solution sequences.

3.2.4 DMAP Alter Library
The Contractor shall provide the user with a library of DMAP alters created to perform specialized tasks compatible with those used by the NASTRAN software within the various solution sequences.  The DMAP alters shall be callable by the user for inclusion in the solution sequence.  To allow users to re-use their legacy MSC.Nastran input data files (filename.bdf) and have continued legacy analysis capabilities, the Contractor-supplied DMAP alters shall be compatible with the DMAP alters provided in MSC.Nastran versions 70.x, 2001.x, and 2004.  If such compatibility does not exist, the capabilities provided in MSC.Nastran’s DMAP alters shall be included as standard features in the Contractor’s NASTRAN software solution sequences. 

3.2.5 User Input Structure
The software shall be structured to accept the following user input:

Command and Statement Lines

File Management Statements

Executive Control Statements

Case Control Commands

Bulk Data Entries

Parameter Inputs

3.2.5.1 Command and Statement Lines


The command line shall provide the user with the capability of executing the software.  The command line shall also permit the user to specify keywords used to request options affecting job execution.  These options shall include the following: the ability to execute the job in batch mode; the specification of the amount of open core memory to allocate; the creation of database and output files using a different file prefix or in a different directory; the storage of previous copies of output files using sequence numbers; the deletion of database files at the end of the run; the specification of the directory for temporary scratch files created during the run; and, the specification of the default number of GINO blocks to reserve for scratch memory.  The statement line shall provide the user with the option of specifying values for certain Executive Control System operational parameters.

3.2.5.2 File Management Statements
The file management statements shall provide the user with the capability for the attachment and initialization of database sets and FORTRAN files, and thus requires the user to have access to common database files generated by the software.  These statements shall provide the user with the capability to re-use data and databases from previous executed runs (restart).  The initialization of database sets shall include the specification of their maximum size, member names, and physical filenames.  The initialization of FORTRAN files shall include the specification of their filenames, FORTRAN unit numbers, and FORTRAN attributes.

3.2.5.3 Executive Control Statements
The executive control statements shall provide the user with the capability of requesting execution of a solution sequence and DMAP program, setting the maximum allowable execution time, requesting compilation of specified subDMAPS, specifying DMAP compilation and output diagnostics, modifying operational parameters, specifying tolerance values and options for finite element geometry tests, selecting domain decomposition solution methods, and allowing for the inclusion and deletion of DMAP statements.

3.2.5.4 Case Control Commands
 The case control commands shall provide the user the capability of defining the subcase structure for the analysis, selecting the loads and constraints, and requesting printing, plotting, and punching of input and output data.

3.2.5.5 Bulk Data Entries
The bulk data entries shall provide the user with the capability of specifying model geometry, element connectivity, element and material properties, constraints (boundary conditions), loads, analysis data sets, and other pertinent information required to define the model and analysis solution.  Data input shall be allowed in both fixed and free field formats (with the provision for both 8 and 16 character input field widths in either format) and include input replication capabilities.

3.2.5.6 Parameter Inputs

The parameter inputs shall provide the user with the capability of requesting special features and specifying input of scalar values for use in the solution sequences.  Parameter values shall be specified in sections listing bulk data entries and case control commands.  To allow users to re-use their legacy MSC.Nastran input data files (filename.bdf) and have continued legacy feature and input capabilities, the Contractor’s parameter inputs shall be compatible with the parameter inputs provided in MSC.Nastran versions 70.x, 2001.x, and 2004.  If such compatibility does not exist, the capabilities provided in MSC.Nastran’s parameter inputs shall be included as standard features in the Contractor’s NASTRAN software solution sequences.
3.3 Analysis Capabilities

The software shall provide solution sequences that include, at minimum, the following analysis capabilities:

Linear Static (Includes Linear Steady-State Heat Transfer and Inertia Relief) 

Normal Modes

Buckling (Includes Linear and Nonlinear, Inertia Relief)

Nonlinear Static

Modal and Direct Complex Eigenvalue
Modal and Direct Frequency and Random Response

Modal and Direct Transient Response
Nonlinear Transient Response
Static Aeroelastic

Aerodynamic Flutter

Dynamic Aeroelastic Response

(Includes Frequency, Random, and Transient Responses)

Steady-State and Transient Heat Transfer (Includes Linear and Nonlinear)

Design Sensitivity and Optimization

Coupled Fluid (Acoustic)-Structural

Implicit Nonlinear

Substructuring/Superelements

Component Mode Synthesis

3.3.1 Additional Features
The software shall provide the following additional features.

3.3.1.1 Singularity Suppression Capability

The software shall provide singularity suppression capability to allow the user the option to suppress singular and near singular degrees of freedom in an analysis solution sequence.

3.3.1.2 Automatic Re-Sequencing of Internal Degrees of Freedom

The software shall provide automatic re-sequencing of internal degrees of freedom to minimize solution times.

3.3.1.3 Model Checkout Tools
The software shall provide a variety of model checkout tools to aid the user in assessing the numerical accuracy of the finite-element model.  The model checkout tools shall include automatic error checks performed by the software, as well as user-specified diagnostic requests.  At minimum, the model checkout tools shall provide stiffness, mass, loading, and convergence error checks.

3.3.1.4 Problems Limited by Machine Capacity Only
The software shall be capable of solving problems with degrees of freedom limited by machine capacity only.

3.3.1.5 Restart

The software shall provide the user with the capability to re-use data and databases from previous executed runs  (restart).  For example, data and databases from previously executed linear, nonlinear static, and normal mode analysis runs can be re-used in transient and frequency response analysis runs.

3.3.1.6 Generation of Consistent Mass Matrices

The software shall provide the user with the capability for generating consistent mass matrices.

3.3.1.7 Direct Matrix Input and Output

The software shall provide the user the capability of direct matrix input and output.

3.3.1.8 Beam Properties

The software shall provide the user the capability of defining beam properties by cross-sectional dimensions.  The software shall also provide the user the capability to define beam offsets in both displacement and element coordinate systems.

3.3.1.9 Specialized Isoparametric Membrane and Bending Plate Elements

The software shall provide specialized isoparametric membrane and bending quadrilateral and triangular plate elements.  The formulation of these elements shall have the following features: six (6) degrees of freedom at each grid point removing the necessity of using such methods as automatically suppressing grid point singularities and specifying the normal rotation of plate elements; actual physical stiffness at the drilling degree of freedom so that drilling loads can be transferred correctly between elements; membrane behaviors superior of the isoparametric membrane-bending 4-node quadrilateral plate element formulation and that which approaches the 8-node quadrilateral plate element formulation; drilling degree-of-freedom rotational mass; consistent surface and edge loads; differential stiffness matrix so that buckling and other analyses requiring differential stiffness can be performed; coupling between membrane and bending; layered stress/strain output for composite material; element offsets; implementation into optimization solution and heat transfer analysis; simplified user method for converting this element formulation to that of the isoparametric membrane-bending 4-node quadrilateral plate element formulation; and good suitability for modeling curved shell problems.
3.3.1.10 Analysis of Laminated Composite Materials

The software shall provide the user with the capability to analyze laminated composite materials by individual layer.  The user shall have the capability to recover stresses and strains by individual layer and to set the maximum failure indices.

3.3.1.11 Laminated Composite Material Options

The software shall provide the user with the following laminated composite material options: smearing of ply effects while ignoring the stacking sequence; and, enabling the modeling of a skin/core combination where the ply effects are smeared in the skin, the core inertial terms are treated exactly, and the core stiffness terms are ignored.

3.3.1.12 Temperature-Dependent Composite Materials

The software shall provide temperature-dependent composite material capability.  This capability shall incorporate the following: updates of smeared laminate composite properties with temperature-dependent material properties of the individual plies; calculation of the thermal strains as an integral rather than a secant; temperature dependence for shell orthotropic materials; and, direct input of thermal strain directly as an option to input of coefficients of thermal expansion.  This capability shall work in conjunction with beam and shell elements and be applicable to both linear and geometrically nonlinear structural analyses.

3.3.1.13 Linear and Lagrange Rigid Elements

The software shall provide linear and Lagrange rigid elements.  The Lagrange rigid element shall have the following features: include thermal load effects; include differential stiffness; support both small and large rotations; and take advantage of sparse matrix algorithms.
3.3.1.14 Cyclic Symmetry

The software shall provide cyclic symmetry capability that allows users to exploit the structural symmetry of a finite-element model to reduce model preparation and processing time.  The software shall be able to handle reflective symmetry, rotational symmetry, and axisymmetry.
3.3.1.15 Substructuring/Superelements

The software shall provide substructuring/superelement capability.  The substructuring/superelement capability shall allow the user to create individual models of components of a complex system and assemble these component models into an overall system model.  The substructuring/superelement capability shall also provide the user with improved solution efficiency, the ability to combine models from different sources, and the ability to perform global-local analysis.

3.3.1.16 Dynamic Reduction

The software shall provide dynamic reduction capabilities that reduce dynamic analysis problem sizes.  The software shall include the Guyan reduction and an automated general dynamic reduction method.  Generalized degrees of freedom used for dynamic reduction shall be defined as a direct input in the bulk data section of the input deck.  Likewise, degrees of freedom specified in the analysis set shall be defined as a direct input in the bulk data section of the input deck.

3.3.1.17 Eigenvalue Extraction Methods

The software shall provide a variety of user-selected eigenvalue extraction methods that provide reliable and economical results for varying degree of freedom problems.  One extraction method shall be the Lanczos method.

3.3.1.18 Direct Frequency Response Option

The software shall provide a direct frequency response option for models with solid elements.

3.3.1.19 Mode Displacement and Mode Acceleration Methods

The software shall provide the capability for transfer to modal coordinates and for modal reductions (mode displacement and mode acceleration methods).
3.3.1.20 Input of Viscous and Structural Damping

The software shall provide the user with the capability of inputting viscous damping at the element level and inputting structural damping at the material level.

3.3.1.21 Combination of Static and Dynamic Loads

The software shall provide the user with capability of combining static and dynamic loads at the model level.

3.3.1.22 Complex Eigenvalue Analysis

The software shall provide a complex eigenvalue analysis capability that incorporates non-proportional damping and gyro effects.

3.3.1.23 Input of Transfer Functions

The software shall provide the user with the capability of inputting transfer functions in a dynamic analysis deck.

3.3.1.24 Spectra Generation

The software shall provide a spectra generation capability, as well as a shock and response analysis capability.

3.3.1.25 Input of Power Spectral Density Functions

The software shall provide the user with the capability of inputting power spectral density functions.

3.3.1.26 Multiple Frequency Set Features

The software shall provide support of multiple frequency set features in frequency response analyses.

3.3.1.27 Frequency-Dependent Constraints

The software shall provide the user with the capability of specifying frequency-dependent constraints using upper and lower bounds on the responses with table bulk data entries used for frequency and time-dependent loading.

3.3.1.28 Specification of Time Delay and Phase Lead Terms

The software shall provide the user with the capability of specifying time delay and phase lead terms for dynamic loading functions that apply to all degrees of freedom that are excited by that dynamic load entry.  This capability shall allow time delays and phase angles specified for grid points to be in either the residual structure or upstream substructures/superelements.

3.3.1.29 Enforced Motion

The software shall provide the user the capability of performing enforced motion analysis using transient response and frequency response.  The enforced motion transient analysis method shall allow the user the capability to apply a force time history at six input points.  This method shall allow the user to look at forces and stresses, as well as provide the user the ability to add a static case (with beam offset) to transient analysis.  The enforced motion formulation shall be based on the relative motion approach rather than the absolute motion approach.

3.3.1.30 Direct and Modal Random Response

The software shall provide direct and modal random response analysis capabilities having the following features: cross-power spectral density and cross-correlation functions; cumulative root-mean-square of response quantities; log-log approximation when numerically computing root-mean-square, number of zero crossing, and cumulative root-mean-square response quantities; and, printed and punched output of power spectral density and auto-correlation functions, as well as root-mean-square, number of zero crossing, and cumulative root-mean-square response quantities.

3.3.1.31 Modal Kinetic and Strain Energy Calculations

The software shall provide the capability of calculating modal kinetic and strain energies and outputting this data in modal frequency and transient response analyses.

3.3.1.32 Structural Damping Specification

The software shall provide the user with the capability to specify structural damping for shell, spring, and damping elements.  This capability shall support separate frequency-dependent structural damping coefficients for all six (6) degrees of freedom for spring and damping elements.  This capability shall also be extended to membrane, bending, transverse shear, and membrane-bending coupled shell element stiffnesses.
3.3.1.33 Modal Contribution Fraction or Modal Participation Factor Calculation

The software shall provide the user with the capability of calculating modal contribution fractions or modal participation factors.

3.3.1.34 Inclusion and Exclusion of Modes

The software shall provide the user with the capability of including and excluding specified modes from dynamic analysis.
3.3.1.35 Component Mode Synthesis

The software shall provide component mode synthesis capability.  This feature shall allow the user to use the modal parameters and static interface degrees of freedom of a component substructure as degrees of freedom in the dynamic analysis of a complete structure.  The software shall allow the user to compute and display the component modes separately.  The software shall also allow the user to input the substructures directly with modal parameters and static test data.  Generalized degrees of freedom used for component mode synthesis shall be defined as direct input in the bulk data section of the input deck.

3.3.1.36 Craig Bampton Model Creation and Analysis

The software shall provide the user the capability to create and analyze Craig Bampton models.  The Craig Bampton method is an advanced analysis technique that is used to perform dynamic analyses for systems of parts where the models for all parts are not available to the user.  Modal representations of the non-modeled parts are included to take their effects into account.

3.3.1.37 Design Optimization and Sensitivity

The software shall provide a design optimization and sensitivity analysis capability that allows the user to automatically modify the structural design and associated model parameters to satisfy prescribed constraints while making the structural response meet design or performance objectives.  Design optimization and sensitivity analysis must be applied, at minimum, to the following analysis solutions: linear statics, normal modes, buckling, dynamic response (modal and direct frequency, modal transient, and acoustic), static aeroelasticity, and flutter.

3.3.1.38 Design Optimization Solution

The software shall provide a design optimization solution that incorporates displacement, stress, strain, element force, element strain energy, and total strain energy eigenvector response types and includes the effects of rigid elements, repeated roots, and substructures/superelements.  The design optimization solution shall provide the user the capability to optimize mode shapes when attempting to match test results with analysis.

3.3.1.39 Design Sensitivity Response Types

The software shall provide design sensitivity response types that include grid point forces, total strain energy, and grid point power spectral density.  The software shall also provide the user with parameters that allow for the control of the amount of design response and constraint prints that are produced.  Constraint prints shall include responses, dependent design variables, properties, connectivity, materials, and beam dimensions.

3.3.1.40 Support of External Responses in Design Optimization Solutions

The software shall provide support of external responses in the design optimization solution.  The software shall provide the user the capability to define custom responses using their own data in user-supplied programs allowing for general and proprietary responses to be used as an objective or constraint in optimization design.  The software shall also provide the user with the capability to synthesize responses from different subcases, different analysis types, and different substructures/superelements.
3.3.1.41 Generation of Updated Design Optimization Solution File

The software shall provide the user with the capability of generating a complete updated design optimization solution file at the end of a successful design optimization solution task that retains bulk data entries and comments in the same order as in the original input file.

3.3.1.42 Aeroelastic Analysis

The software shall provide an aeroelastic analysis capability.  At a minimum, the aeroelastic analysis capability must include static aeroelastic trim analysis, aeroelastic stability derivative calculations, static aeroelastic divergence analysis, flutter analysis, aeroelastic dynamic response analysis (modal frequency, modal transient, and random responses), and design sensitivity and optimization.  The software shall have several aerodynamic methods that are applicable across subsonic, supersonic, and hypersonic Mach numbers.  These methods shall include, at minimum, the subsonic and supersonic doublet lattice methods (including body interference), strip theory applicable at any Mach number, and supersonic piston theory.  The software shall also include the k, ke, and pk flutter analysis methods.

3.3.1.43 Implicit Nonlinear Analysis

The software shall provide an implicit nonlinear analysis capability for static and dynamic problems that allows the use of both geometric and material nonlinear properties with one, two and three-dimensional elements.  The implicit nonlinear analysis capability also includes the following features: 2D and 3D contact (flexible-flexible surfaces, flexible-rigid surfaces, enforced displacement or velocity of rigid surfaces); large strain for all element types; nonlinear options that may be used in static or dynamic analyses (natural frequency and buckling calculations after any time or load step); advanced nonlinear material models; failure of portions of structure; composite materials modeled using solid elements; and parallel execution using domain decomposition.

3.3.1.44 Automatic and Adaptive Time Stepping

The software shall provide an automatic and adaptive time stepping method in nonlinear transient response analysis that accounts for loading history.

3.3.1.45 Adaptive Symmetrization of Follower Stiffness

The software shall provide, for nonlinear buckling analysis with an unsymmetric stiffness matrix, adaptive symmetrization of the follower stiffness that allows the user to detect the severity of asymmetry.

3.3.1.46 Complex Eigenvalue Analysis for Unsymmetric Buckling

The software shall provide a complex eigenvalue analysis capability for unsymmetric buckling analysis.

3.3.1.47 Inertia Relief in Nonlinear Dynamic Analysis

The software shall provide the user with the capability to include inertia relief in nonlinear dynamic analysis. 

3.3.1.48 Support of Mechanical and Thermal Loads in Nonlinear Static Analysis

The software shall provide support of mechanical and thermal loads in nonlinear static analysis.
3.3.1.49 Case Control Command Option

The software shall provide a case control command option allowing the user subcase-level control over the amount of output data stored in the post-processing NASTRAN OUTPUT2 file.

3.3.1.50 Parallel Processing

The software shall provide a parallel processing capability that allows the user to analyze different parts of the finite-element model on different computers at the same time, thus decreasing the analysis solution time and computing resources required.

3.4 Elements
The software shall provide an extensive library of elements that includes, at minimum, the following:


1-D, 2-D, and 3-D Elements

2-D and 3-D Crack Tip Elements

Acoustic Elements

Aeroelastic and Aerodynamic Elements

Axisymmetric Elements


Bar Elements


Beam Elements


Composite Elements


Contact and Friction Elements


Curved Beam Elements


Curved Pipe Elements


Curved Shell Elements


Damping Elements


Fluid Elements 


Gap Elements (Including Radial Gap Elements)

General Elements


Heat Transfer Elements


Interface Elements Including 2-D and 3-D Connections


Interpolating Constraint Elements


Linear Strain Elements


Mass Elements


P-Type Elements


Plate Elements


Shear Panel Elements


Shell Elements 

Solid Elements


Spring Elements


Stiffness Elements


Rigid Constraint Elements


User Definable Elements

These elements, where applicable, shall have temperature and stress dependent isotropic, 2-D and 3-D orthotropic, 2-D and 3-D anisotropic, laminated composite, thermal, and fluid material properties.

3.5 Applied Loads and Boundary Conditions
The software shall provide applied loads and boundary conditions that include, at minimum, the following:


Concentrated Forces and Moments


Line Loads


Pressure Loads


Thermal Loads


Convection, Conduction, and Radiation Loads


Gravity and Centrifugal Loads

Angular Velocities and Accelerations

Enforced Displacements, Velocities, and Accelerations


Single and Multipoint Constraints Applied to Geometry and Grid Points


Time and Frequency Dependent Loads


Displacement, Velocity, and Acceleration Dependent Loads


Axisymmetric Loads

Nonlinear Loads and Follower Forces

The software shall also allow for the generation of a static load as a combination of load sets, as well as load case creation for the application of multiple loads and boundary conditions.

3.6 Program Input
The software shall accept input from standard user input files. The software shall also accept input generated by MSC.Patran (including MSC.Flightloads), EDS I-DEAS, and other common pre-processing software packages currently installed at NASA LaRC, including CAD systems such as Pro/ENGINEER, UNIGRAPHICS, and CATIA.  The software input data file formats shall be fully compatible with MSC.Nastran versions 70.x, 2001.x, and 2004 such that users will be able to import and re-use their legacy MSC.Nastran input data files (filename.bdf).  Input files produced on one computer system shall be transferable to other computer systems for execution and post-processing.  In particular, input files created using the SGI, HP, SUN, and IBM workstations under UNIX-based operating systems, Intel-compatible PC’s under Windows NT, 2000, and XP operating systems, and Linux-based computer platforms shall be acceptable for execution and post-processing on all other systems utilized in running the software.  The software shall provide the user with the capability of reading data blocks and matrices from FORTRAN-readable files using standard NASTRAN INPUTT2 and INPUTT4 data file formats.

3.7 Program Output
The software shall produce printed, plotter, punched, binary formatted file, and interactive graphical output.  Output files produced on one computer system shall be transferable to the other systems for further processing.  In particular, output files created from software execution on the SGI, HP, SUN, and IBM workstations under UNIX-based operating systems, Intel-compatible PC’s under Windows NT, 2000, and XP operating systems, and Linux-based computer platforms shall be acceptable for post-processing on all other systems utilized in running the software.  

3.7.1 Printed Output

The software shall provide the user with the capability of printing output that includes, at minimum, the input file, analysis results, analysis sets information, DMAP listings, and internal array maps and listings.  Analysis results shall include, at minimum, grid point and element quantities such as stress, strain, displacement, velocity, acceleration, force, and temperature.  Element and grid point stress and strain shall be output in any user-selected coordinate system.  Printed output shall also include shell and solid element corner stress and strain, grid point generated weight and mass properties, and stress discontinuity/convergence error calculations.  The user shall have a wide control over the selection and format of the information printed.  

3.7.2 Plotter Output
The software shall provide the user with the capability of plotting the geometry and analysis results for their models.  The software shall provide orthographic perspective and stereoscopic projections for geometric data.  Other plotting capabilities shall include undeformed geometric projections, static deformations, modal deformations, transient deformations, stress/strain contour plots, shrunken element plots, and transient and frequency response x-y plots.  The plots shall be generated on a variety of plotting devices such as post-script printers.

3.7.3 Punched Output
The software shall provide the user with the capability of producing user-selected analysis results in punched card image format (job_name.pch).  These results shall be saved as a separate disk file that may be accessed by the user.  To allow users continued utilization of punched output into external software packages, the punched card format shall be consistent with the punched card format provided by MSC.Nastran versions 70.x, 2001.x, and 2004.

3.7.4 File Output
The software shall provide the user with the capability of writing tables and matrices onto FORTRAN-readable files using standard NASTRAN OUTPUT2 and OUTPUT4 data file formats.  These file formats shall be consistent with the standard NASTRAN INPUTT2 and INPUTT4 file formats used for input.  The OUTPUT2 format shall be consistent with formats utilized in MSC.Patran and EDS I-DEAS for reading and post-processing models and results.

3.7.5 Interactive Graphical Output
The software shall produce graphical output that can be post-processed interactively using MSC.Patran and EDS I-DEAS running on the SGI, HP, SUN, and IBM workstations under UNIX-based operating systems, Intel-compatible PC’s under Windows NT, 2000, and XP operating systems, and Linux-based computer platforms.

The graphical output shall include model and analysis results that can be post-processed into plots of grid point and element quantities such as stress, strain, displacement, velocity, acceleration, force, and temperature.

4.0 Technical Support
The Contractor shall provide, at minimum, the following technical support.

4.1 Software Maintenance and Updates
The Contractor shall provide all necessary maintenance of the software.  The Contractor shall also promptly distribute to all designated NASA delivery sites all software updates for the software and computer systems as they become available to the general user community. 

4.2 Bug Fixes

The Contractor shall make a reasonable effort to correct all software problems reported by the NASA technical representative.  Software bug fixes and alternative solutions may be communicated to the NASA technical representative orally, in writing, and/or on CD.  Contractor shall make its best effort to include known bug fixes in the next scheduled software update, as it would provide the general user community.

4.3 Field Support

The Contractor shall provide on-site help, if necessary, for new site installations of the software and for critical user issues as requested by the NASA technical representative.  Such support is at the option of the Contractor unless acquired by NASA under Part A, Section 4.7 “Consulting Service.”

4.4 User Software Support

The Contractor shall provide users, at minimum, with the following software support: a HOTLINE telephone service from 9:00 am – 5:00 pm EST, Monday – Friday (excluding Government holidays), via an 800-phone service, for the purpose of addressing software problems, consulting about users’ unique problems or applications, and installing new software releases.

4.5 Documentation

The Contractor shall provide users with NASTRAN software documentation that includes, at minimum, a basic description of all user input data and data preparation, solution sequences, control parameters, output description and control, plotting, Direct Matrix Abstraction Program (DMAP) language definition and description, and error and diagnostic messages, as well as a collection of descriptive problems to aid the user in setting up analysis problems, preparation of the input files, and interpreting output results.   This documentation must be available to users electronically or on-line and have easy search and help engines, both topical and context-sensitive, for accessing this library of documentation.  The Contractor shall also provide a complete hard-copy set of NASTRAN software documentation for each participating funding organization and provide a set of hard-copy documentation for each additional NASTRAN software package, module, etc. ordered.  Additional hard copies of the documentation shall be available for purchase by the user community.  Finally, the Contractor shall keep all software documentation current on-line and through providing each participating funding organization periodic updates for insertion into their hard-copy documentation.

4.6 Training

The Contractor shall provide three training courses per year for up to twenty-five students per course.  These courses shall be selected by NASA LaRC and cover topics such as:


Linear Static Analysis


Normal Modes Analysis


Buckling Analysis

Thermal Analysis

Nonlinear Analysis

Dynamic Analysis

Aeroelastic Analysis

Substructuring/Superelement Analysis

DMAP and Database Applications

Design Sensitivity and Optimization

Practical Finite Element Modeling Techniques

Analysis of Composite Materials


Acoustic Analysis

Adaptivity Analysis


Numerical Analysis

These courses shall be provided at NASA LaRC-selected on-site and near-site (defined as located within a 5-mile radius of NASA LaRC) training facilities.  The Contractor shall provide all training materials for these courses.  The Contractor shall also make any additional training courses requested by NASA LaRC, beyond the three per year, available as an additional cost at both on-site and off-site training facilities.

4.7 Consulting Services

The Contractor shall provide a variety of consulting services to address advanced software support, engineering support, software integration support, IT support, process improvement support, and custom software enhancement.  Such services are to be provided as an additional cost on weekly fixed price basis.
5.0 Quality Assurance
The software shall be reliable and provide accurate solutions that have been verified against industry standard benchmarks such as those published by the National Agency for Finite Element Methods and Standards (NAFEMS) organization.  The Contractor shall also maintain an aggressive and well-documented formal software quality assurance and error correction program.  The software quality assurance program shall address functions including software management, software engineering, and quality control.  The procedures, standards, and regulations used for software quality assurance shall comply with those specified by organizations such as the Nuclear Regulator Commission (NRC), the American National Standards Institute (ANSI), the Institute Electrical and Electronic Engineers (IEEE), the International Standards Organization (ISO), and the Federal Aviation Administration (FAA).  The Contractor shall have a reporting procedure in place to inform users of possible errors in the software, and error reports shall be provided to the NASA technical representative on a quarterly basis.  In addition, the Contractor shall provide each participating funding organization with verification documentation consisting of sample problems for which solutions can be verified with hand calculations.  Finally, the software shall provide the users with diagnostic (warning and error) messages informing them of modeling and solution problems.  These messages shall include an explanation of the problem, its cause(s), and method(s) of correction.

6.0 License Installation/Setup

The NASA LaRC NASTRAN site license shall have both single and multiple server shared license capabilities.  A license manager shall be used to share the site license between Unix, NT, and Linux computer systems on the NASA LaRC network so that software computations are performed on local machines.  The site license shall also include a nodelock license capability for machines not on the NASA LaRC network (restricted access computers).  Off-site NASA LaRC employees and contractors performing government tasks requiring NASTRAN software shall have remote access to the site license through mechanisms such as the Langley Virtual Private Network (VPN).
7.0
Incorporation of Additional NASTRAN Software

Besides providing the above-specified NASA LaRC NASTRAN site license, the Contractor shall provide NASA LaRC with the ability to incorporate additional NASTRAN analysis capabilities (existing or new) via individual and/or combined software packages, modules, etc.

B. NASTRAN Network Sharable Single User Workstation Licenses

1.0 Introduction
Several NASA Installations have a requirement for the installation and use of a Commercial-Off-The-Shelf (COTS) general-purpose finite-element analysis (FEA) software system for their Installation’s UNIX, NT, and Linux computers systems.  The software shall be a version of NASTRAN and shall be a common FEA software system for all computers described below.  This software will provide these Installations with codes for performing structural finite-element analysis.

2.0 Scope
The Contractor shall provide the subject NASTRAN FEA software for installation and operation on single user workstations at sites defined under the ALTERNATE DELIVERY POINTS provision of the Contract.  Single user workstations are defined as Unix, NT, and Linux computer systems used as engineering workstations having attached direct user interfaces such as keyboards and monitors.  Each single user workstation license shall cover software, installation/setup, run-time costs of the user community, software maintenance and upgrades, bug fixes, field support, user software support, training, consulting services, documentation, an active quality assurance program, and deliverables. 

The Contractor shall provide each single user workstation license with a customizable NASTRAN software environment that consists of user-selected NASTRAN analysis capabilities via individual and/or combined software packages, modules, etc.  NASTRAN software, provided as part of the NASA LaRC site license, shall count towards any prerequisite required for the installation and operation of NASTRAN software for NASA LaRC single user workstation licenses.

3.0 Salient Features
The NASTRAN FEA software provided for single user workstations shall meet all the requirements set forth in Part A, Section 3.0 “Salient Features.”

4.0 Technical Support

The NASTRAN FEA software provided for single user workstations shall meet all the requirements set forth in Part A, Section 4.0 “Technical Support.”

5.0 Quality Assurance

The NASTRAN FEA software provided for single user workstations shall meet all the requirements set forth in Part A, Section 5.0 “Quality Assurance.”
6.0 License Installation/Setup

Each single user workstation license shall be network sharable.  A license manager shall be used to share the license between different Unix, NT, and Linux computer systems so that software computations are performed on the local machine.
7.0 Incorporation of Additional NASTRAN Software

Besides providing the above-specified NASTRAN single user workstation licenses, the Contractor shall provide each single user workstation license with the ability to incorporate additional NASTRAN analysis capabilities (existing or new) via individual and/or combined software packages, modules, etc.
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