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Introduction

Composite materials have revolutionized modern engineering by offering superior strength-to-weight ratios, tailored
stiffness, and excellent fatigue resistance. When these materials are combined into structural elements such as
beams, they form composite beams that can outperform traditional steel or aluminum members in many
applications—from aerospace wings and bridge decks to wind turbine blades and high-performance automotive
chassis. Designing a composite beam requires a careful balance of material selection, lay up configuration, and
load bearing capacity. This is where advanced simulation tools likeANSYScome into play. By leveraging finite
element analysis (FEA), engineers can predict how a composite beam will behave under complex loading, validate
design decisions, and optimize performance before any physical prototype is built.

This comprehensive guide explores every step of performing an analysis of composite beam using ANSYS.
Whether you are a seasoned structural analyst or a newcomer to composite design, this article will walk you
through the theory, practical workflow, and best practices needed to achieve accurate, reliable results.

What Is a Composite Beam?

A composite beam is a structural element composed of two or more distinct materials bonded together to harness
the advantages of each. The most common configuration involves a lightweight core (such as foam, honeycomb, or

a thin metal plate) sandwiched between stiff, high strength outer layers (often fiber reinforced polymers). The outer
layers carry the majority of bending stresses, while the core resists shear and maintains the separation between
the skins, thereby enhancing overall stiffness.

Key characteristics that differentiate composite beams from conventional beams include:

¢ Orthotropic behavior: Properties vary along different directions due to fiber orientation.

« High modulus of elasticity in the fiber direction, but lower transverse modulus.

» Excellent fatigue life and damage tolerance.

¢ Potential for damage mechanisms such as delamination, fiber breakage, and matrix cracking.

Understanding these characteristics is essential before setting up a simulation in ANSYS.

Why Use ANSYS for Composite Beam Analysis?

ANSYS provides a robust platform for modeling the complex behavior of composite structures. Its strengths include:

« Material libraries that contain pre defined orthotropic and composite material models.

e Dedicated Composite Design modules that allow lay up definition, ply orientation, and thickness assignment.

¢ Advanced failure criteria options such as Tsai—Hill, Hashin, and Maximum Stress, enabling accurate damage
prediction.

« Integration with optimization tools to refine design variables automatically.

e Comprehensive post processing capabilities for visualizing stress, strain, and failure indices.

Using ANSYS ensures that the analysis accounts for the anisotropic nature of composites, captures inter ply
interactions, and provides a realistic representation of real world behavior.



Types of Composite Beams

Composite beams come in various forms, each suited to specific applications. The most common types include:

« Sandwich Beams: A lightweight core (e.g., foam or honeycomb) with two high strength skins.
e Pre stressed Composite Beams: Fibers are pre tensioned to counteract expected loads.
e Hybrid Composite Beams: Combines different fiber types (e.g., carbon and glass) or integrates metallic layers.
¢ Functionally Graded Composite Beams: Material properties vary gradually across the cross section.
Each type presents unique modeling challenges, but the underlying principles of composite beam analysis remain
consistent.

Material Selection and Properties

Accurate material data is the foundation of any reliable finite element model. For composite beams, you typically
need:

1. Fiber properties (e.g., carbon, glass, aramid): modulus, strength, density.

2. Matrix properties (epoxy, polyester, vinyl ester): shear modulus, tensile strength, compressive strength.
3. Composite ply data: orientation, thickness, number of layers.

4. Core material data (foam, honeycomb): shear modulus, density.

ANSYS allows you to input these properties directly or import them from material databases. It is crucial to ensure
that the orthotropic constants (E1, E2, G12, ;0 "A WF2&’ &R 6+'&V7FC’ 76—veeVB “or each ply orientation.

Geometry and Modeling Considerations

Before you even open ANSYS, think about the geometry:

¢ Define the cross sectional shape—rectangular, circular, or custom.

¢ Decide on beam length and whether it will be modeled as a2 D or 3 D element.
¢ Include end conditions (fixed, pinned, roller) and any cut outs or reinforcements.
¢ Consider manufacturing constraints that may affect lay up or core thickness.

In many cases, a 3 D solid model is preferred because it captures stress gradients across the thickness, which are
critical for composite failure analysis.

ANSYS Workflow for Composite Beam Analysis

1. Pre Processing

Open ANSYS Workbench and create a new project. Drag the Composite Design system into the project
schematic. This system automatically links the Geometry, Model, and Solution components.

2. Geometry Creation

Use ANSYS DesignModeler or import a CAD file. Define the beam’s length, width, and thickness. For sandwich
beams, create separate solids for skins and core. Apply appropriate symmetry if the beam is symmetric.

3. Mesh Generation

Composite analysis benefits from a structured mesh that aligns with ply boundaries. Use Solid 187 (C3D8R) or
Shell 181elements depending on whether a solid or shell approach is chosen. Ensure that element size is small
enough to capture stress gradients but large enough to keep the model computationally efficient.



4. Material Assignment
In the Model module, define each material:
e Skin material (e.g., carbon/epoxy): assign orthotropic constants.
e Core material (e.g., foam): assign isotropic or orthotropic properties.
e For hybrid beams, create multiple material definitions.
5. Lay Up Definition
Use the Composite Lay Upool to specify ply sequence, orientation angles, and thicknesses. ANSYS will
automatically create a composite material that aggregates the properties of individual plies.

6. Boundary Conditions
Define supports:

¢ Fixed (all degrees of freedom restrained) at one end.

e Pinned or roller at the other end, depending on the problem.
7. Load Application

Apply forces, pressures, or distributed loads as required. For bending analysis, a transverse load or moment can be
applied at the free end.

8. Solution Setup
Choose the appropriate solver:

e Static Structural for quasi static loading.
e Dynamic Structural for impact or vibration studies.

Set up failure criteria. ANSYS offers multiple options:

e Maximum Stress

e Maximum Strain

e Tsai—Hill

¢ Hashin

e Maximum Stress (Hybrid)

Finite Element Modeling of Composite Beams

Element Types

Choosing the correct element type is critical:
¢ Solid Elements (C3D8R): Provide full 3 D stress analysis, capturing through thickness gradients.
* Shell Elements (S4R): Useful for thin skins; they assume uniform stress across thickness.
* Beam Elements (B31): Simplified, but not suitable for detailed composite failure analysis.

Layer Modeling

In ANSYS, each ply is represented as a separate layer within the composite material. The software automatically
calculates the equivalent stiffness matrix for the entire lay up. If you need more control, you can manually defingly
thicknesses and orientations.

Ply Orientation

Ply angles determine the direction of the fiber reinforcement. Common orientations include 0°, +45°, and 90°. The



orientation affects bending stiffness, shear capacity, and failure modes. In the lay up editor, you can assign angles to
each ply and visualize the resulting stiffness tensor.

Solving and Post Processing

Stress, Strain, and Deflection

After solving, examine the following:

e Maximum bending stress in the outer skins.

e Shear stress in the core.

 Deflection at the free end.

* Von Mises stress for isotropic regions.
Failure Criteria Evaluation

ANSYS calculates failure indices based on the selected criteria. For example, the Tsai—Hill criterion evaluates
combined tensile and compressive stresses, while Hashin separates fiber and matrix failure modes.

Visualization
Use ANSYS's Contour Plots to display:
* Stress distributions.

 Failure indices (e.g., TSH or HSH).
e Deformed shape.

Overlay ply orientations on the mesh to verify that the model aligns with the intended lay up.
Design Optimization

Composite beam design often involves trade offs between weight, stiffness, and cost. ANSYS offers optimization
modules such as DesignXplorer and Topology Optimization that can:

¢ Adjust ply counts and orientations to meet target stiffness.
¢ Minimize weight while staying within allowable stress limits.
* lteratively evaluate failure indices.

By integrating optimization into the workflow, engineers can rapidly converge on an optimal design that satisfies all

constraints.

Common Pitfalls and Best Practices

 Incorrect Material Properties: Always double check orthotropic constants; a typo can lead to unrealistic results.
e Mesh Quality: Poorly shaped elements cause numerical instability. Use aspect ratio checks.
* Boundary Condition Errors: Over constraining or under constraining can distort results.
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