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ANSYS Workbench Tutorial: Modal Analysis

In modern engineering, understanding how a structure will vibrate under various conditions is essential for
designing safe, reliable, and efficient products. Whether you're working on aerospace components, automotive
chassis, or consumer electronics, the ability to predict natural frequencies and mode shapes can help you avoid
resonant failures, reduce noise, and improve overall performance. ANSYS Workbenchoffers a powerful, user-
friendly environment for conducting modal analysis, combining robust physics solvers with intuitive graphical
interfaces.

This comprehensive tutorial walks you through every step of performing a modal analysis in ANSYS Workbench.
From setting up the geometry and material properties to interpreting results and applying them to real-world design
decisions, you'll gain a solid foundation in vibration analysis and learn how to harness the full potential of ANSYS’s
modal solver.

1.What Is Modal Analysis?

Modal analysis is a fundamental technique in structural dynamics that identifies the natural vibration characteristics
of a system. By solving the eigenvalue problem for a discretized structure, the solver provides:

¢ Natural frequencies — the frequencies at which the structure tends to vibrate when excited.
* Mode shapes — the deformation patterns associated with each natural frequency.
e Mass and stiffness matrices — underlying properties that influence dynamic behavior.

These results are crucial for:

¢ Designing components that avoid resonant excitation.
¢ Optimizing structural stiffness and mass distribution.
e Predicting vibration-induced fatigue.

¢ Guiding damping strategy implementation.

Key Concepts in Modal Analysis

Understanding a few core terms will help you interpret results accurately:

1. Eigenvalue (;2* In the context of structural dynamics, eigenvalues are related to the square of natural
frequencies. Solving for ;2—V/EG2 FtR 7—7FVU s natural response.

2. Eigenvector (<b* Represents the mode shape — the relative displacement pattern of nodes for a given natural
frequency.

3. Modal Mass (m): The mass associated with a particular mode shape.

4. Modal Stiffness (k): The stiffness corresponding to a mode shape.

5. Modal Damping (c): Damping characteristics, often introduced as a proportional damping matrix.

2. Preparing the Model in ANSYS Workbench

Before you can perform modal analysis, you need a well-prepared finite element model. This section covers
geometry import, material assignment, meshing, and boundary conditions — all critical to obtaining accurate modal



results.

2.1 Importing Geometry
ANSYS Workbench supports a variety of CAD formats. Choose the format that best fits your workflow:

e STEP (.step, .stp)

¢ IGES (.iges, .igs)

Parasolid (.x_t, .x_b)
SolidWorks (.sldprt, .sldasm)
e Catia (.catpart, .catproduct)

After importing, use the Geometry node to clean up the model:

1. Check for gaps or overlapping surfaces.
2. Remove unnecessary small features that will not affect dynamic behavior.
3. Apply symmetry planes if the structure allows.
2.2 Defining Materials
Accurate material properties are vital for modal analysis. In the Engineering Data database:
1. Create a new material or duplicate an existing one.

2. Specify elastic modulus (E), Poisson’s ratio (;O’A &B FV¢6—G' fA).
3. For composite or anisotropic materials, define the stiffness matrix components.

Assign materials to the geometry using the Model node, ensuring each region receives the correct properties.

2.3 Meshing Considerations

A good mesh balances accuracy and computational cost. For modal analysis:

¢ Use solid elements (e.g., SOLID186, SOLID187) for 3 D models.

« Apply finer mesh in areas with high curvature or expected stress concentrations.

¢ Maintain a mesh density ratio of at least 1:10 between the largest and smallest element sizes.

¢ Use mesh convergence studies to verify that natural frequencies change by less than 1% when refining the
mesh.

2.4 Boundary Conditions
Boundary conditions significantly influence modal results:
1. Fixed constraints — apply where the structure is attached to a rigid body.

2. Symmetry constraints — reduce model size by exploiting geometric symmetry.
3. Support constraints — model realistic support conditions (e.g., roller supports).

Ensure that constraints are applied consistently across the model to avoid artificial stiffness or unrealistic mode

shapes.

3. Setting Up the Modal Analysis Study

With the geometry, material, mesh, and boundary conditions ready, you can now create a modal analysis study in
ANSYS Workbench.

3.1 Creating a New Study

1. In the Project Schematic, right click Static Structural and select Insert I’ Modal.
2. Drag the Modal study onto the Model node.



3. Double click the Modal study to open the Modal Study Settings dialog.
3.2 Selecting the Solver

ANSYS offers multiple solvers. For most modal analyses, the Mechanical solver is sufficient. However, if you need
to couple with other physics (e.g., thermal structural), consider theMultiphysics solver.

3.3 Defining the Frequency Range
Modal analysis requires specifying the number of modes or frequency range:

* Number of Modes — the solver will compute the lowest “n” natural frequencies.
e Frequency Range — set a minimum and maximum frequency to focus on a specific band.

Typical practice: compute the first 10—20 modes or set a range that covers the expected operational frequencies.

3.4 Solution Options
In the Modal Study Settings dialog, configure the following:
1. Under Solver Options, choose the Direct or Iterative solver based on model size.
2. Enable Mass Scaling if you have very light or very heavy components that cause numerical instability.

3. Set the Convergence Tolerance to a reasonable value (e.g., 1e 4).
4. Under Postprocessing, enable Mode Shape Display and Frequency Plot.

4. Running the Simulation

Once the study is configured, you can solve the modal analysis.

4.1 Initiating the Solve
1. Right click the Modal study and select Solve.
2. Monitor the progress bar. For large models, this may take several minutes.
4.2 Monitoring Convergence
Check the Solver Log to ensure convergence:
¢ Look for messages indicating residual norms dropping below the tolerance.
« Verify that the solver completed all requested modes.
4.3 Common Issues and Fixes

1. Non-convergence — try refining the mesh or adjusting the solver tolerance.
2. Spurious modes — often due to insufficient boundary constraints; add necessary supports.
3. Large time to solve — reduce the number of requested modes or switch to an iterative solver.

5. Post-Processing Results

After solving, ANSYS Workbench provides a range of tools to visualize and interpret modal results.

5.1 Viewing Mode Shapes

In the Model tree, expand Results !Modal !Mode Shape 1 (or the desired mode). Double click to open theResults
Viewer:

¢ Use the Animation button to see the deformation pattern.
e Adjust the Scale Factor to magnify the displacements.
¢ |dentify critical regions with large motion.



5.2 Extracting Natural Frequencies
Open the Frequency Plotto see a list of computed natural frequencies. Copy these values into a spreadsheet for
further analysis or design checks.

5.3 Frequency Response Analysis

For a more detailed dynamic study, perform a Frequency Response analysis:

Insert a Frequency Response study in the Project Schematic.
Link the modal results from the previous study.

Define a harmonic load (e.g., a sinusoidal force).

Set the frequency sweep range to match the modal analysis.
Run the solve and plot the response amplitude.
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5.4 Using Results for Design

Apply the modal data to make informed design decisions:

¢ Shift mass or stiffness to avoid resonant frequencies within the operating range.
« Incorporate damping elements where mode shapes indicate high displacement.
 Validate against experimental data (e.g., modal testing).

¢ Use modal superposition to predict transient response.
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