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Ansys thermal stress analysis tutorial is an essential guide for engineers
and designers looking to understand how thermal effects influence the
performance and integrity of structures. The interplay between heat and
mechanical stress can lead to significant changes in material properties and
ultimately affect the lifespan and reliability of components. This tutorial
aims to provide a comprehensive overview of conducting thermal stress
analysis using Ansys software, a widely-used tool in engineering simulations.

Understanding Thermal Stress Analysis

Thermal stress analysis is a critical aspect of engineering that examines how
temperature variations impact structural integrity. When materials are
subjected to temperature changes, they expand or contract, leading to
internal stresses. These stresses can result in deformation, cracking, or
even failure of the material if not properly accounted for in the design
phase.

Key Concepts

1. Thermal Expansion: Materials expand when heated and contract when cooled.
This behavior is quantified by the coefficient of thermal expansion (CTE).

2. Stress: Stress is defined as the force applied per unit area and is
typically measured in Pascals (Pa).

3. Strain: Strain is the deformation resulting from stress, measured as a
ratio of change in length to original length.



4., Thermal Stress: This is the stress induced in a material due to non-
uniform temperature distribution.

5. Boundary Conditions: These are the constraints applied to the model that
can influence how thermal stresses develop.

Getting Started with Ansys

Before diving into thermal stress analysis, it’s important to familiarize
yourself with the Ansys environment. Here’s a step-by-step guide to get
started:

Step 1: Installation and Setup

- Download Ansys from the official website.
- Follow the installation instructions specific to your operating system.
- Launch the software and select the appropriate module for thermal analysis.

Step 2: Creating a New Project

1. Open the Ansys Workbench.

2. Drag and drop the Static Structural module into the Project Schematic.
3. Right-click on the module and select Properties to set up your project
parameters.

Step 3: Geometry Creation

1. Click on the Geometry cell to open the Design Modeler.

2. Use the sketching tools to create the geometry of the part you want to
analyze.

3. Ensure that the dimensions are accurate, as this will affect your results.

Step 4: Material Properties Assignment

1. Navigate to the Engineering Data section.

2. Choose the material you are analyzing or create a new material.

3. Input the necessary properties, including thermal conductivity, CTE,
Young’'s modulus, and Poisson’s ratio.



Setting Up the Thermal Analysis

Once your geometry and materials are defined, you can set up the thermal
analysis.

Step 1: Define the Thermal Loads

- Click on the Thermal module in the Project Schematic.

- Right-click and select Insert > Temperature to apply thermal loads.
- Define the temperature values and locations where the loads will be
applied.

Step 2: Apply Boundary Conditions

- Access the Boundary Conditions section.

- Apply fixed support or displacement constraints to simulate real-world
conditions.

- Ensure that you account for all loading scenarios your part may encounter.

Running the Thermal Analysis

With the model set up, it’s time to run the thermal analysis.

Step 1: Solution Setup

1. Right-click on the Solution cell of the Thermal module.
2. Select Insert > Temperature to calculate the temperature distribution.
3. Confirm that the settings are appropriate for your analysis.

Step 2: Solve the Model

- Click on the Solve button to begin the analysis.
- Monitor the solution progress in the output window.
- Once completed, review any warnings or errors.

Thermal Stress Analysis

After completing the thermal analysis, you can proceed to evaluate the



thermal stresses induced by the temperature distribution.

Step 1: Transfer Results to Structural Module

1. In the Project Schematic, drag the Static Structural module and right-
click to select Insert > Thermal Condition.
2. Choose the thermal results from the previously conducted thermal analysis.

Step 2: Setup Structural Analysis

- Define the applied loads and boundary conditions for the structural
analysis.

- Ensure that the thermal loading is properly accounted for in the structural
setup.

Post-Processing Results

Once the thermal stress analysis is completed, the next step is to interpret
the results.

Step 1: Reviewing Results

1. Right-click on the Solution cell and select Insert > Stress to view the
stress distribution.

2. Analyze the von Mises stress, principal stresses, and equivalent strains.
3. Use contour plots to visualize areas of high stress and displacement.

Step 2: Validation and Interpretation

- Compare results with theoretical predictions or experimental data if
available.

- Consider the implications of the results on design and material selection.
- Identify any areas that may require redesign or additional support.

Best Practices in Thermal Stress Analysis

To achieve accurate and reliable results, follow these best practices:

- Mesh Quality: Ensure a fine mesh in areas of high stress concentration to



capture gradients accurately.

- Convergence Testing: Run mesh convergence tests to confirm that results are
not dependent on mesh size.

- Sensitivity Analysis: Investigate how variations in material properties or
boundary conditions affect the results.

- Documentation: Keep detailed records of your analysis steps, assumptions,
and findings for future reference.

Conclusion

The Ansys thermal stress analysis tutorial provides a structured approach to
understanding and implementing thermal stress analysis using the Ansys
software. By following the outlined steps—from geometry creation to post-
processing—you can effectively analyze the thermal impacts on structural
components. This analysis is crucial for ensuring the reliability and
longevity of materials in real-world applications, making it an invaluable
skill for engineers and designers in various industries. Always remember to
validate your results and adhere to best practices to enhance the accuracy of
your simulations.

Frequently Asked Questions

What is thermal stress analysis in ANSYS?

Thermal stress analysis in ANSYS involves evaluating the stresses and
deformations in materials resulting from temperature changes. It helps in
understanding how thermal loads affect structural integrity.

How do I set up a thermal stress analysis in ANSYS?

To set up a thermal stress analysis in ANSYS, you need to define the
geometry, material properties, boundary conditions, and thermal loads, and
then run a thermal analysis followed by a structural analysis.

What are the key steps in performing thermal stress
analysis using ANSYS Workbench?

The key steps include: 1) Creating the geometry, 2) Assigning material
properties, 3) Applying thermal loads and boundary conditions, 4) Running the
thermal analysis, 5) Transferring results to structural analysis, and 6)
Evaluating thermal stresses.

Can ANSYS handle transient thermal stress analysis?

Yes, ANSYS can perform transient thermal stress analysis, which takes into
account time-dependent thermal loads and helps in analyzing how stresses
evolve over time due to temperature changes.



What types of materials can be analyzed in ANSYS for
thermal stress?

ANSYS supports a wide range of materials, including metals, polymers,
ceramics, and composites, each with specific thermal and mechanical
properties that can be defined for thermal stress analysis.

How do I interpret the results from a thermal stress
analysis in ANSYS?

Results can be interpreted by examining stress distribution, deformation
plots, and temperature gradients. Look for areas of high stress concentration
and ensure they are within material limits.

What are common applications of thermal stress
analysis in ANSYS?

Common applications include analyzing components in engines, electronic
devices, heat exchangers, and structural elements exposed to varying
temperatures, ensuring reliability and performance.

Are there any best practices for conducting thermal
stress analysis in ANSYS?

Best practices include using fine mesh in areas with high temperature
gradients, validating results with analytical methods or experiments, and
ensuring proper boundary conditions are applied.
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