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ANSYS Workbench Modal Analysis: A Complete Guide

In modern engineering, understanding how a structure vibrates before it is built is essential. Whether you’re 

designing a high �speed aircraft wing, a precision robotic arm, or a consumer electronic housing, the first step toward 

a safe, efficient, and reliable product is to predict its natural frequencies and mode shapes. ANSYS Workbench 

modal analysisprovides a powerful, intuitive platform to perform these calculations, combining robust physics,

advanced solvers, and an integrated workflow that streamlines the entire process from geometry to results.

This article offers a deep dive into modal analysis using ANSYS Workbench, covering fundamental concepts,

step �by �step procedures, advanced techniques, and practical examples. By the end, you’ll have a solid foundation to

confidently set up, run, and interpret modal analyses for any engineering application.

What Is Modal Analysis?

Modal analysis is a computational technique used to determine the natural frequencies, mode shapes, and

damping characteristics of a structure. The natural frequency is the rate at which a system oscillates when

displaced from equilibrium without external forces. Each frequency corresponds to a specific mode shape—a

pattern of deformation that the structure follows when vibrating at that frequency.

In practice, engineers use modal analysis to:

•  Identify resonant frequencies that could lead to fatigue or failure.

•  Optimize structural design for vibration performance.

•  Inform control strategies for dynamic systems.

•  Validate experimental data and theoretical predictions.

Why Choose ANSYS Workbench for Modal Analysis?

ANSYS Workbench offers several advantages that make it a top choice for modal studies:

•  Integrated Environment: Geometry, meshing, physics, and post �processing are all managed within a single 

platform, reducing data transfer errors.

•  Advanced eigenvalue solvers capable of handling large, complex models.

•  Intuitive study templates that guide users through the setup process.

•  Seamless coupling with other physics modules (thermal, fluid, electromagnetic) for multiphysics modal studies.

•  Robust post �processing tools for visualizing mode shapes, frequency spectra, and sensitivity analyses.

Step �by �Step: Performing Modal Analysis in ANSYS Workbench

1. Create a New Project

1.  Launch ANSYS Workbench and select File > New Project.

2.  Save the project with a descriptive name (e.g., ModalAnalysis_CantileverBeam).

2. Import or Create Geometry

1.  Drag the Geometry component onto the Project Schematic.



2.  Use the DesignModeler or SpaceClaim to create or modify the geometry, or import a CAD file (STEP, IGES, 

Parasolid).

3.  Ensure the geometry is clean—remove unnecessary features, fix gaps, and check for non �manifold edges.

3. Assign Materials

1.  Open the Engineering Data component.

2.  Insert or edit material properties: Young’s modulus, Poisson’s ratio, density, and damping (if known).

3.  Assign the material to the geometry using the Model component.

4. Generate the Mesh

1.  Drag the Mesh component onto the schematic.

2.  Select appropriate element types:

    

      SOLID186 or SOLID187 for 3 �D solid elements.

3.  AXIAL21 for beams, if a beam model is used.

•  Use Size Controls to refine critical regions.

•  Consider a mesh density that balances accuracy and computational cost.

5. Set Up the Modal Study

1.  Drag the Modal study type onto the schematic.

2.  Double �click the study to open the Modal Setup window.

3.  Configure solver settings:

    

      Number of Modes: Specify how many eigenvalues to compute (e.g., 10–20).

4.  Frequency Range: Define the lower and upper bounds (e.g., 0–5000 Hz).

5.  Solver Type: Use Direct or Iterative depending on model size.

6.  Enable Mass Scaling if the model is lightweight and high �frequency modes are of interest.

6. Apply Boundary Conditions

1.  Open the Model component.

2.  Define constraints:

    

      Fixed or clamped supports for a cantilever.

3.  Symmetry planes to reduce model size.

4.  Mass or spring elements if needed.

7. Run the Solver

1.  Right �click the Modal study and select Run.

2.  Monitor the solver progress in the Message Log.

3.  Upon completion, the solver will output eigenvalues (frequencies) and eigenvectors (mode shapes).

8. Post �Processing Results

1.  Open the Modal Results under the Modal study.

2.  Use the Mode Shapes tab to visualize deformation patterns at each frequency.

3.  Plot the Frequency Spectrum to view natural frequencies.

4.  Export results to Excel or a CSV file for further analysis.

5.  Perform modal superposition or frequency response analysis if required.

Tips for Accurate Modal Analysis



•  Mesh Quality: Poorly shaped elements can introduce numerical errors. Aim for element aspect ratios

•  Element Type: Use higher �order elements (e.g., SOLID187) for better accuracy in bending-dominated 

problems.

•  Boundary Conditions: Over �constraining or under �constraining can shift frequencies. Verify that constraints 

reflect the real system.

•  Mass Scaling: Useful for reducing computational time but can alter dynamic behavior if not applied carefully.

•  Mode Sorting: ANSYS sorts modes by frequency; however, check for near �degenerate modes that may need 

special attention.

Advanced Topics in ANSYS Modal Analysis

1. Damping Modeling

While modal analysis often focuses on undamped natural frequencies, real structures exhibit damping. ANSYS 

allows you to assign Rayleigh damping coefficients or material dampingvalues. Incorporating damping is

essential when predicting resonant amplification or transient response.

2. Modal Superposition

Modal superposition combines individual mode shapes to reconstruct the complete dynamic response of a 

structure under arbitrary loading. ANSYS Workbench can perform superposition in the Frequency Response

study, using the modal results as a basis.

3. Coupled Physics Modal Studies

Many engineering problems involve more than just mechanical vibrations. For example, thermal expansion can

affect modal frequencies, or fluid–structure interaction can introduce additional dynamic effects. ANSYS

Workbench supports coupled modal studies where thermal, fluid, or electromagnetic fields influence the

mechanical behavior.

4. Using ANSYS Mechanical vs. Fluent for Modal Analysis

ANSYS Mechanical is the preferred environment for structural modal analysis due to its dedicated solvers and

post �processing tools. However, for fluid �structure interaction or aeroelastic studies, ANSYS Fluent can be coupled

with Mechanical to capture fluid dynamic effects on modal characteristics.

Practical Examples

Example 1: Cantilever Beam

Geometry: 1 /m long, 0.05 /m square cross �section.

•  Material: Aluminum (E /= /70 /GPa, <��óÒ�ó#s���ö¶röÛ2’à

•  Mesh: SOLID187 elements with 5 /mm size.

•  Boundary: Fixed at one end, free at the other.

•  Results: First natural frequency "H /20 /Hz; mode shape shows classic cantilever bending.

Example 2: Automotive Suspension Component

Geometry: A complex strut with fillets and mounting holes.

•  Material: Steel (E /= /210 /GPa, <��óÒ�ósƒS��ö¶röÛ2’à

•  Mesh: SOLID186 elements, refined near fillets.

•  Boundary: Fixed at mounting points.

•  Results: Identified a resonant mode at 350 /Hz that aligns with road �induced vibrations.



Example 3: Aerospace Wing Section

Geometry: 3 �D wing section with sweep and twist.

•  Material: Composite laminate (orthotropic properties).

•  Mesh: SOLID187 with local refinement at leading edge.

•  Boundary: Clamped at root, free at tip.

•  Results: Mode shapes reveal bending and torsional coupling; natural frequencies used for flutter analysis.

Interpreting Modal Results

Understanding the output is as important as obtaining it. Key elements to examine include:

•  Natural Frequencies: Compare with design limits or expected operating ranges.

•  Mode Shapes: Visual inspection of deformation patterns helps identify critical areas.

•  Mass and Stiffness Matrices: Insight into how mass distribution and stiffness influence frequencies.
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