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Introduction to ANSYS Workbench Harmonic Response Analysis Tutorials

When designing mechanical systems that must withstand periodic forces—think of automotive suspensions,
aerospace components, or industrial machinery—understanding how the structure behaves under harmonic

loading is essential. ANSYS Workbench offers a powerful Harmonic Response Analysistool that lets engineers
predict the steady state response of a structure to sinusoidal excitations over a range of frequencies. This article
provides a detailed, step by step guide to using ANSYS Workbench for harmonic response studies, covering
everything from setup and meshing to post processing and interpretation of results.

Why Harmonic Response Analysis Matters

Harmonic response analysis is a subset of dynamic analysis that focuses on the steady state behavior of systems
subjected to sinusoidal loads. It differs from transient analysis, which captures time dependent responses, and from
modal analysis, which identifies natural frequencies and mode shapes. By combining modal data with harmonic
excitation, ANSYS can efficiently compute responses at many frequencies, revealing resonance peaks, damping
effects, and stress distributions.

Key Applications

« Vibration isolation design

e Acoustic and noise prediction

Fatigue life estimation

Structural integrity assessment under operating conditions

¢ Optimization of damping materials and attachment strategies

Getting Started with ANSYS Workbench

Before diving into a harmonic response tutorial, ensure you have the following prerequisites:

ANSYS Workbench installed (version 2023 R1 or newer recommended).
A basic understanding of finite element analysis (FEA) concepts.

A CAD model or geometry ready for meshing.

Knowledge of the material properties and expected loading conditions.
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Step by Step Harmonic Response Tutorial

1. Create a New Project

Launch ANSYS Workbench and start a new project. Drag the Harmonic Responsesystem from the Toolbox into
the Project Schematic.

2. Import Geometry

Right clickGeometry and select Import Geometry. Choose a CAD file (e.g., STL, IGES, STEP). For
demonstration, we'll use a simple cantilever beam.

3. Define Material Properties



Under Engineering Data, add the material (e.g., aluminum 6061). Enter Young's modulus, Poisson’s ratio, density,
and damping ratio (if known). Damping can be specified as a complex modulus or as a loss factor.

4. Set Up Boundary Conditions

In the Model cell, open the Mechanical environment. Apply constraints:

e Fixed support at the beam root.
e Optional symmetry planes if the geometry is symmetric.

Apply harmonic excitation:

* Right click Loads, select Harmonic Force.
¢ Define the force magnitude, direction, and phase.
¢ Choose the frequency range (e.g., 0-2000 /Hz) and the number of points.

5. Mesh the Geometry

Click Mesh and select element types (e.g., Solid or Shelldepending on the model). Use a mesh density that
balances accuracy and computational cost. For harmonic analysis, ensure the mesh captures higher mode shapes
accurately.

6. Configure Analysis Settings

In the Harmonic Response cell, open the settings. Key options include:

e Frequency Range: Start, stop, and step values.

¢ Analysis Type: Modal (default) or Direct if you want to solve each frequency directly.
« Damping: Specify Rayleigh damping coefficients or use material damping.

e Solver Settings: Enable or disable iterative solvers, set convergence criteria.

7. Run the Simulation

Click Solve. The solver will first perform a modal analysis (if chosen) and then compute the harmonic response at
each frequency point.

8. Post Processing Results

After the solution completes, review the following:

Frequency Response — Plot amplitude vs. frequency to identify resonances.
Displacement, Stress, and Strain — Visualize modal shapes and stress distributions.
Phase Angle — Understand the lag between force and response.

4. Export data tables for further analysis or reporting.
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Advanced Tips for Accurate Harmonic Analysis

1. Mesh Convergence Studies

Perform a mesh refinement study. Run the harmonic analysis on progressively finer meshes and compare peak
responses. Convergence is typically achieved when changes in peak amplitude are less than 2—3 /%.

2. Damping Strategies

¢ Rayleigh Damping: Use mass and stiffness proportional damping to approximate real damping behavior.
¢ Material Damping: If the material exhibits frequency dependent damping, incorporate complex modulus values.
 Validate damping assumptions by comparing with experimental data.

3. Using Direct vs. Modal Approach



The Modal approach is efficient for large frequency ranges but may miss high frequency content if modal truncation
is insufficient. The Directmethod solves each frequency point separately, providing higher accuracy at the cost of
computational time.

4. Frequency Step Selection

Choose a step size that captures resonance peaks. A common practice is to use a step equal to 1/20th of the
expected bandwidth around each resonance.

5. Post Processing with the Frequency Response Function (FRF)

ANYSs can compute FRFs for multiple degrees of freedom. Export these to MATLAB or Python for advanced
filtering or curve fitting.

Case Study: Vibration Analysis of an Aircraft Wing Section

Problem Statement

An aircraft wing section experiences aerodynamic loads that vary sinusoidally with flight speed. Engineers need to
predict the wing's steady state vibration amplitude across a range of frequencies to ensure structural integrity and
passenger comfort.

Model Setup

e Geometry: 3 D wing section with spars and ribs.

e Material: Aluminum alloy with known damping.

* Boundary Conditions: Root fixed, tip free.

e Excitation: Uniform harmonic pressure applied to the wing surface.

Analysis Procedure

1. Import the wing geometry into ANSYS Workbench.

Define material properties, including complex modulus for damping.

Apply fixed constraints at the root and harmonic pressure on the upper surface.
Mesh the structure with tetrahedral elements, ensuring a fine mesh near spars.
Set up the harmonic response analysis with a frequency range of 0-500 /Hz.
Run the solver and post process the displacement amplitude at the wing tip.
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Results

The analysis revealed a prominent resonance at 120 Hz with a tip displacement amplitude of 2.5 mm. By adding
tuned mass dampers at strategic locations, the peak amplitude reduced by 60 %. This demonstrates how harmonic
response analysis informs design decisions.

Common Pitfalls and How to Avoid Them

1. Ignoring Mesh Quality
Low quality elements can produce non physical results. Use element quality metrics and refine areas with high
stress gradients.

2. Overlooking Damping

Assuming zero damping leads to infinite amplitudes at resonance. Always include realistic damping values or
perform a sensitivity analysis.

3. Misinterpreting Phase Data



Phase angles can be misleading if not referenced correctly. Verify that the load phase aligns with the excitation
frequency.

4. Extrapolating Beyond the Frequency Range

Results are only valid within the defined frequency sweep. Extrapolation can produce erroneous predictions.

Integrating Harmonic Response with Other Analyses

Harmonic response can be combined with:

e Transient Analysis for time dependent loading.

e Fatigue Analysis to estimate life based on stress amplitudes.
e Optimization tools to minimize vibration or weight.

e Experimental modal testing for validation.

Resources for Further Learning

¢ ANSYS Help Documentation — Comprehensive guides and examples.

e ANSYS Training Courses — Structured learning paths for beginners and advanced users.

¢ Online Communities — ANSYS Student Forum, Stack Overflow, and dedicated LinkedIn groups.

* Research Papers — Look for case studies on harmonic response in journals such as Journal of Sound and
Vibration.

Conclusion

ANYSs Workbench harmonic response analysis is a powerful tool for predicting how structures behave under
periodic loads. By following a systematic workflowm—importing geometry, defining materials and boundary
conditions, meshing accurately, configuring solver settings, and interpreting results—you can uncover critical
insights into resonance behavior, damping effectiveness, and stress concentrations. Whether you're designing a
new aerospace component or optimizing a mechanical system for reduced vibration, mastering harmonic response
tutorials empowers you to make data driven decisions that enhance performance, safety, and reliability.
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