Nastran Optional Keywords

nastran optional keywords play a crucial role in optimizing finite element analysis (FEA)
models and simulations using the Nastran software suite. Nastran, developed by NASA in the
1960s and now maintained by Siemens PLM Software, is a powerful tool widely used in
aerospace, automotive, civil engineering, and manufacturing sectors for structural analysis
and simulation. To enhance the efficiency and accuracy of Nastran models, engineers often
leverage optional keywords—additional parameters, commands, or settings that customize
and refine analysis procedures. Understanding and effectively utilizing Nastran optional
keywords can significantly improve simulation outcomes, reduce computational costs, and
streamline workflows. This article explores the concept of optional keywords in Nastran,
their importance, common examples, best practices, and how they contribute to optimizing
finite element analysis.

What Are Nastran Optional Keywords?

Nastran optional keywords are specific input parameters or commands that are not
mandatory for every analysis but can be included to modify, enhance, or customize the
behavior of the software during a simulation. They serve as optional instructions that control
various aspects of the analysis process, such as solution types, convergence criteria, output
control, and solver settings. These keywords are typically included in the Bulk Data section
of Nastran input files or specified through graphical user interfaces (GUIls) that generate the
input decks. Properly setting optional keywords allows users to tailor analyses to their
particular needs, improving the fidelity and relevance of results.

Importance of Optional Keywords in Nastran

Including optional keywords in Nastran models offers several benefits:

1. Customization: Allows detailed control over analysis parameters, enabling users to
adapt standard solutions to complex or unique problems.

2. Accuracy: Enhances the precision of results by specifying advanced solution controls,
convergence criteria, or output requests.

3. Efficiency: Optimizes computational resources by setting appropriate solver options,
memory management, and solution tolerances.

4. Automation: Facilitates scripting and batch processing by defining specific behaviors and
outputs programmatically.

5. Debugging and Troubleshooting: Provides additional diagnostic options to identify
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issues or improve solution stability.

Common Nastran Optional Keywords and Their Uses

Below is an overview of some frequently used optional keywords in Nastran, categorized by
their function:

Solution Control Keywords
These keywords influence how Nastran executes the analysis:

1. SUBCASE: Defines a specific analysis scenario or load case, often combined with optional
keywords to customize solutions.

2. DISPLACEMENT: Requests displacement output for specified nodes or elements.

3. FORCE: Requests force or stress output for certain elements or nodes.

4. SUBTITLE: Adds descriptive text to output files for clarity.

Solver and Solution Settings

Control solver behavior and solution parameters:

1. GEOMOPT: Enables geometry optimization options, useful in design iterations.
2. METHOD: Specifies the solution method or algorithm, such as direct or iterative solvers.
3. CONVERGE: Sets convergence criteria for iterative solutions.

4. SPARSE: Optimizes the solution for sparse matrices, reducing memory usage.

Output and Debugging
Manage output details and diagnostic information:

1. OUTPUT: Controls the level and type of output generated during analysis.
2. DISP: Requests displacement outputs at specified nodes or elements.

3. STRESS: Requests stress output for elements.

4. DEBUG: Enables debugging options to troubleshoot issues.

Material and Element Specific Keywords

Refine material properties and element behaviors:

1. MAT: Defines material properties; optional parameters can specify advanced behaviors.
2. ELFORM: Selects element formulation options, such as shell or solid element
formulations.



Best Practices for Using Optional Keywords in Nastran

To maximize the benefits of optional keywords, consider the following best practices:

1. Understand the Documentation: Always refer to the official Nastran User's Guide and
documentation to understand the purpose and syntax of each keyword.

2. Start with Defaults: Begin with standard settings and gradually introduce optional
keywords to assess their impact.

3. Test Incrementally: Implement changes step-by-step and verify results to avoid
unintended consequences.

4. Use Comments and Subcases: Document the use of optional keywords within input
files for clarity and future reference.

5. Leverage Automation: Use scripting tools to systematically apply optional keywords
across multiple models or simulations.

6. Monitor Output: Carefully review output files to ensure that optional keywords are
applied correctly and producing expected results.

Examples of How Optional Keywords Improve Nastran
Analyses

Here are practical examples illustrating the role of optional keywords:

Enhancing Convergence with Optional Keywords

In nonlinear static analyses, convergence can be challenging. Using optional keywords like
GCONYV (convergence criteria) helps specify tighter tolerances, leading to more accurate
results: SOL 101 CEND SUBCASE 1 STATIC GCONV=1E-5 ...

Customizing Output for Post-Processing

To extract specific displacement data, optional keywords such as DISPLACEMENT can be
used: DISPLACEMENT(PRINT, NODE=1001) This command ensures displacement data for
node 1001 is included in the output, aiding detailed post-processing.

Optimizing Solver Performance

Specifying solver options like SOLVER and SOLVER OPTIONS can tailor the computational
approach: SOL 106 CEND SUBCASE 1 SOLVER=PCG CGMAXIT=50 ... This configuration uses
the Preconditioned Conjugate Gradient solver with custom iteration limits.
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Integrating Optional Keywords with Modern Workflows

With the advent of scripting, automation, and integration with CAD/CAE platforms, optional
keywords are more accessible than ever. Many users incorporate optional keywords into
parameterized scripts, ensuring consistency and efficiency across multiple analyses. Popular
scripting languages like Python, combined with tools such as Simcenter Nastran's APlIs,
enable users to programmatically generate input files with precise control over optional
keywords, automate batch runs, and extract results seamlessly.

Conclusion: Mastering Nastran Optional Keywords for
Superior Analysis

Mastering the use of nastran optional keywords is essential for engineers and analysts
seeking to leverage the full potential of Nastran. By understanding the available options,
applying best practices, and customizing solutions to specific problems, users can achieve
more accurate, efficient, and insightful simulation results. Whether refining convergence
criteria, controlling output data, or optimizing solver performance, optional keywords
provide the flexibility necessary to adapt Nastran to complex engineering challenges.
Continuous learning and experimentation with these keywords will enhance your modeling
capabilities and lead to more reliable and optimized designs in your engineering projects.

Nastran Optional Keywords: An In-Depth Guide to Enhancing Finite Element Analysis
Precision Introduction In the realm of finite element analysis (FEA), Nastran has established
itself as a cornerstone software suite used extensively for structural, thermal, and dynamic
simulations across aerospace, automotive, civil engineering, and many other industries.
While the core capabilities of Nastran are powerful in their own right, the true versatility and
adaptability of the software are significantly augmented through the use of optional
keywords—specialized commands and parameters that tailor the analysis to specific needs,
improve accuracy, or optimize computational efficiency. This article explores the intricacies
of Nastran optional keywords, their roles, applications, and how they empower engineers to
perform more precise and efficient simulations. Understanding Nastran Optional Keywords
What Are Optional Keywords? In Nastran, optional keywords are additional input commands
that extend the default functionality of the solver. Unlike the core keywords, which specify
fundamental analysis parameters, optional keywords modify or enhance the simulation
environment, control output, define advanced boundary conditions, or activate specialized
solvers. They are not mandatory for every run but become essential when particular
features or detailed results are desired. Optional keywords are typically prefixed with a
specific notation (like PARAM, METHOD, SOL) and are embedded within the input data files.
Their correct usage requires thorough understanding, as improper application can lead to



inaccurate results or convergence issues. The Role of Optional Keywords in Nastran
Enhancing Model Fidelity One of the primary reasons for employing optional keywords is to
increase the fidelity of the model. For example, enabling detailed contact interactions or
complex boundary conditions often involves optional keywords that explicitly define these
features. Optimizing Computational Performance Certain optional keywords allow users to
tailor the solver settings—such as convergence criteria, solution methods, or subspace
dimensions—thus improving computational efficiency without sacrificing accuracy.
Accessing Specialized Analyses Some advanced analyses, such as nonlinear buckling,
fatigue life prediction, or thermal-structural coupled simulations, require optional keywords
to activate specific solution sequences or post-processing routines. Categories of Nastran
Optional Keywords Optional keywords in Nastran can be broadly categorized based on their
functions: 1. Solution Control and Method Selection 2. Output Control 3. Material and
Property Definitions 4. Boundary Condition Specifications 5. Advanced Analysis Features 6.
Post-Processing and Results Extraction Each category encompasses numerous optional
keywords tailored to specific tasks. Solution Control and Method Selection PARAM and
METHOD Keywords - Purpose: Define parameters influencing the solution process, such as
convergence tolerances, iteration limits, or solver-specific settings. - Examples: - 'PARAM,
POST, 0° — Controls the output of the solution. - "METHOD, 1° — Selects the solution
method (e.q., static, transient, eigenvalue extraction). - "PARAM, RIGID, 1° — Activates rigid
body modes for certain analyses. NLPARM and NLPARM2 - Purpose: Fine-tune nonlinear
static analysis parameters, such as load step size, nonlinear iteration limits, and
convergence criteria. - Application: Critical in nonlinear simulations where default settings
may not suffice for convergence. Output Control OUTPUT, DISPLACEMENT, STRESS,
ELEMENT, NODE - Purpose: Specify the types, formats, and levels of output data. -
Examples: - "OUTPUT, FO4" — Output format to F04 file. - 'DISPLACEMENT, ALL" — Request
displacements for all nodes. - "STRESS, PRIN® — Principal stresses at elements. OPTPRINT
and OUTPUTD - Purpose: Control the frequency and detail level of printed output during
analysis. - Significance: Helps manage large datasets, focusing on critical results. Material
and Property Definitions While core material properties are defined via standard keywords,
optional keywords like MAT1, MATS, or RIGID can be used for: - Specifying complex material
behaviors (e.g., temperature-dependent properties). - Defining rigid elements or special
materials for specific modeling needs. Boundary Condition Specifications SPC, SUPORT, and
FORCE - Optional keywords allow for detailed boundary conditions, such as multi-point
constraints, distributed loads, or temperature-dependent supports, which are essential for
realistic simulations. Advanced Analysis Features Nonlinear and Dynamic Analyses -
NONLINEAR, DYNAMIC, SUBCASE, FORCE These keywords enable complex analyses involving
material nonlinearities, geometric instabilities, or dynamic loading conditions. Contact and
Constraint Definitions - CONTACT, CONSTRAINT Allow accurate modeling of interactions
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between different parts or components, fundamental in crash simulations or assembly
analyses. Fatigue and Damage - Activation of specific routines via optional keywords
facilitates the prediction of fatigue life, crack growth, or damage accumulation. Post-
Processing and Results Extraction After the analysis, optional keywords guide the extraction,
filtering, and visualization of results: - Example: RESULTS, PLOT, OP2 commands enable
detailed examination of stress distributions, mode shapes, or displacement vectors. Practical
Applications of Nastran Optional Keywords Aerospace Structural Analysis In aerospace,
where safety margins are tight, optional keywords enable detailed modeling of complex
joints, thermal effects, and dynamic responses. For instance, employing FREQUENCY for
modal analysis or SUBCASE for multiple load cases. Automotive Crash Testing Crash
simulations demand precise contact definitions, nonlinear material models, and detailed
output controls. Optional keywords like CONTACT and NONLINEAR are indispensable here.
Civil Engineering and Infrastructure Bridge and building models benefit from optional
keywords that define soil-structure interaction, seismic loads, or advanced boundary
conditions. Best Practices for Using Nastran Optional Keywords 1. Thorough Documentation
Review: Always refer to the official Nastran documentation for each optional keyword’s
syntax, options, and limitations. 2. Incremental Implementation: Integrate optional keywords
gradually, validating their effects at each step. 3. Validation and Verification: Compare
results obtained with optional keywords against experimental data or simplified models to
ensure accuracy. 4. Parameter Sensitivity: Conduct sensitivity analyses to understand how
optional keyword settings influence outcomes. 5. Use of Templates: Develop input templates
with common optional keyword configurations to streamline repetitive analyses. Challenges
and Considerations Despite their power, optional keywords must be used judiciously.
Overuse or incorrect application can lead to: - Increased computational time. - Convergence
difficulties. - Ambiguous or misleading results. - Difficulties in troubleshooting and validation.
Hence, a deep understanding of the modeling context and the specific optional keywords is
essential for effective use. Future Perspectives As Nastran continues to evolve, the scope
and complexity of optional keywords are expanding, integrating more automation, machine
learning-assisted parameter tuning, and enhanced user interfaces. This evolution aims to
make advanced features more accessible, enabling engineers to push the boundaries of
simulation fidelity and efficiency. Conclusion Nastran optional keywords serve as a vital
toolkit, empowering engineers to customize and optimize their finite element analyses. From
solution control and output specification to advanced nonlinear and contact modeling, they
extend the core capabilities of Nastran, enabling more accurate, efficient, and insightful
simulations. Mastery of these optional features requires diligent study and practical
experience but offers significant rewards in terms of analysis quality and confidence. As the
demand for high-fidelity simulations grows across industries, the strategic application of
Nastran optional keywords will remain an essential skill for structural analysts aiming for



excellence.

Questions & Answers About nastran optional keywords

Question

Answer

What are Nastran optional
keywords and how are they
used?

Nastran optional keywords are parameters that can
be added to specific bulk data entries to customize
analysis options, such as convergence criteria, output
controls, or solver settings. They provide flexibility in
tailoring simulations to specific needs.

Where can | find the list of
available optional keywords in
Nastran?

The list of optional keywords is documented in the
Nastran User's Guide and the specific bulk data entry
documentation. Additionally, the MSC Nastran and NX
Nastran manuals provide detailed descriptions of
optional keywords for each entry.

How do optional keywords
affect Nastran analysis
results?

Optional keywords can influence the behavior of the
solver, convergence criteria, output data, and
analysis parameters. Proper use ensures accurate
results and efficient computation, while incorrect
usage may lead to errors or suboptimal solutions.

Can | add optional keywords
to existing Nastran models
after initial creation?

Yes, optional keywords are added as part of bulk data
entries within the Nastran input file. You can modify
or add them at any time before running the analysis
to adjust settings or outputs.

Are optional keywords
mandatory for all Nastran
analyses?

No, optional keywords are generally not mandatory.
They are used to customize or enhance the analysis,
but default settings often suffice for basic
simulations. Use them when specific control or output
is needed.

How do | troubleshoot errors
related to optional keywords
in Nastran?

Check the spelling and placement of optional
keywords in your input file against the official
documentation. Ensure they are compatible with the
bulk data entry and are used correctly. Consulting the
Nastran error messages can also provide clues.

Are optional keywords
supported in all Nastran
versions?

Most optional keywords are supported across recent
Nastran versions, but some may be version-specific.
Always refer to the documentation corresponding to
your specific Nastran release for accurate
information.

How can | learn about new
optional keywords introduced
in updates or patches?

Review the release notes, update documentation, or
the Nastran User's Guide accompanying the software
update. MSC Software also provides technical
bulletins highlighting new features and keywords.
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9 |lIsit possible to create custom
optional keywords or user-
defined parameters in
Nastran?

Nastran does not support user-defined optional
keywords directly. However, advanced scripting or
automation tools can be used to generate input files
with custom parameters, but these are not officially
part of Nastran's keyword system.

Nastran, optional keywords, MSC Nastran, Nastran solver, finite element analysis, Nastran
command, Nastran input deck, Nastran output, Nastran features, Nastran parameters
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