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Introduction

In the world of structural dynamics, understanding how a component vibrates under various loads is essential for
ensuring reliability, safety, and performance. Modal analysis—a powerful tool that reveals a structure’'s natural
frequencies, mode shapes, and damping characteristics—has become a staple in the design and verification
process across industries such as aerospace, automotive, and civil engineering. Among the leading simulation
platforms, ANSYS Mechanical Workbench stands out for its intuitive interface, robust solver capabilities, and
seamless integration with other ANSYS modules.

This comprehensive tutorial walks you through every step of performing a modal analysis in ANSYS Mechanical
Workbench. From preparing the geometry and defining material properties to interpreting results and validating
them against theory or experiments, we cover the full workflow. Whether you are a seasoned engineer looking to
refine your simulation skills or a newcomer eager to learn the fundamentals, this guide will equip you with the
knowledge and best practices needed to harness the full potential of modal analysis in ANSYS.

What is Modal Analysis?

Basic Concept

Modal analysis is the study of a structure’s free vibration response. By solving the eigenvalue problem derived from
the governing equations of motion, the analysis yields:

« Natural frequencies—the frequencies at which the structure prefers to vibrate.
* Mode shapes—the deformation patterns associated with each natural frequency.
¢ Damping ratios—quantify how quickly vibrations decay over time.

Importance in Engineering

Accurate modal data enables engineers to:

 Design structures that avoid resonance with operating excitations.
e Predict fatigue life by identifying high-stress vibration modes.

e Optimize weight and stiffness through modal tailoring.

 Validate experimental measurements and refine material models.

ANSYS Mechanical Workbench Overview

Interface and Modules

ANSYS Mechanical Workbench provides a graphical environment where you can assemble models, set up studies,
and manage results. Key modules include:

¢ DesignModeler — for geometry creation.

e Mesh —to discretize the model.

¢ Analysis Settings — to define boundary conditions and loads.
¢ Solution — where the solver is launched.

¢ Results — to visualize and interpret outcomes.



Why Use Workbench for Modal?
Workbench streamlines the modal workflow by:
e Offering a study tree that logically organizes steps.
« Providing predefined modal templates that set appropriate solver settings.

¢ Allowing interactive post-processing with animated mode shapes.
« Facilitating data export for further analysis or reporting.

Preparing the Model for Modal Analysis

Geometry and Mesh

A clean, well-structured geometry is the foundation of any simulation. In modal studies, the mesh must capture the
essential deformation patterns without excessive computational cost.

¢ Use high-quality elements (e.g., tetrahedral or hexahedral) that conform to stress gradients.
¢ Apply mesh refinement near regions of interest such as joints or high curvature.
¢ Check for skewness and aspect ratio to avoid numerical inaccuracies.
Material Properties
Modal frequencies are highly sensitive to material density and elastic stiffness. Ensure that:
 Elastic modulus, Poisson’s ratio, and density are correctly assigned.
» For composite or anisotropic materials, use the appropriate constitutive models.
« Temperature-dependent properties are considered if the operating environment varies.
Boundary Conditions
Accurate boundary conditions reflect real-world constraints:
e Use fixed, roller, or symmetry constraints as needed.
« Apply contact definitions for assembled parts to allow realistic relative motion.
¢ For modal studies, avoid applying external loads; instead, rely on natural vibration.
Contact and Constraints

Contact pairs should be defined carefully to prevent unrealistic stiffness or gaps that could distort mode shapes.
Options include:

¢ Surface-to-surface contact with friction or frictionless behavior.
* Tie constraints for bonded interfaces.
¢ Use contact stiffness settings to control the penalty factor.

Setting Up a Modal Study

Create Study

In the Workbench project tree, right-click on Model and select New Study I’ Modal This automatically creates the
modal study template.

Define Analysis Type

Under the Analysis Settings node, choose the Modalanalysis type. The solver will perform an eigenvalue

extraction.

Frequency Range



Specify the frequency band of interest. For instance, if you anticipate resonances below 2 kHz, set the Frequency
Limit to 2000 Hz. This helps the solver focus on relevant modes.

Number of Modes

Decide how many modes to extract. A common practice is to compute 10—20 modes per frequency interval or to
use the Frequency Range option to automatically select modes within the specified band.

Running the Analysis

Solver Settings

Navigate to the Solution node and double-click on Modal. Adjust solver options such as:
» Eigenvalue Solver — choose between Shift-invert or Inverse methods.
» Tolerance — set to 1e-6 for accurate frequency prediction.
« Number of Threads — allocate CPU cores for parallel processing.

Monitoring Progress

During execution, the Solution node shows status updates. Check the Eigenvalueslist once the solver finishes to
ensure the expected number of modes were found.

Common Issues and Fixes

¢ Solver Convergence Failure — refine the mesh or adjust the shift value.
¢ Missing Modes — increase the number of requested modes or broaden the frequency range.
* Unphysical Mode Shapes — verify boundary conditions and contact definitions.

Post-Processing Results

Mode Shapes Visualization

In the Results node, double-click Modal Frequency or Modal Shape to animate deformation patterns. Use the
Animation toolbar to play, pause, or step through modes.

Frequency Response Functions

To assess how the structure responds to external excitations, create a Frequency Responsestudy and
superimpose it with modal data. This helps identify resonant peaks and validate modal predictions.

Modal Parameters

Export the Modal Mass, Modal Stiffness, and Modal Dampingvalues. These parameters are crucial for reduced-
order modeling and system dynamics analysis.

Exporting Data

Use the Export option under Resultsto generate CSV files containing frequencies, mode shapes, and other
relevant data. This facilitates integration with CAD or post-processing tools.

Advanced Topics

Damping Models

While modal analysis typically assumes undamped or lightly damped systems, ANSYS allows the inclusion of
viscous damping or to improve realism. Specify damping coefficients in the Analysis Settings node.



Nonlinear Modal Analysis

For large deformations or material nonlinearity, perform a Nonlinear Modalstudy. This requires additional
computational effort but captures mode shape changes with amplitude.

Coupled Field Analysis

When thermal, electromagnetic, or fluid-structure interactions influence vibration, set up a Coupled Modalstudy.
ANSYS can handle multiphysics modal analyses through its Workbench interface.

Tips for Accurate Modal Analysis

Mesh Quality
High-quality meshes reduce numerical dispersion. Use the Mesh Qualityreport to identify skewness, aspect ratio,
and Jacobian issues.

Mesh Convergence

Perform a convergence study by refining the mesh and comparing natural frequencies. Stop refining when
frequency changes are below a chosen threshold (e.g., 0.5%).

Material Data Accuracy

Validate material properties against manufacturer data or experimental measurements. Small errors in density or
modulus can lead to significant frequency shifts.

Validation with Experiments

Whenever possible, compare simulated frequencies and mode shapes with vibration test results. Use techniques
such as Laser Doppler Vibrometry or Modal Testing to obtain empirical data.

Practical Example: A Simple Beam

Model Setup
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