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Understanding ANSYS Rigid and Flexible Dynamic Analysis

When engineers design anything that moves, vibrates, or experiences changing forces, they rely on dynamic
analysis to predict performance, safety, and durability. Whether it's a car’'s suspension, a bridge’s response to wind,
or an aircraft wing’s flutter, the ability to accurately model both rigid and flexible behaviors is essential. ANSYS, one
of the most widely used finite element analysis (FEA) platforms, offers a comprehensive suite of tools for ansys
rigid and flexible dynamic analysis. This article explores how these capabilities work, why they matter, and how
to harness them for optimal design outcomes.

What Is Dynamic Analysis in the Context of ANSYS?

Dynamic analysis examines how a structure or system reacts over time to external loads or internal motions. In
ANSYS, it encompasses several specialized techniques:

Modal Analysis — determines natural frequencies and mode shapes.

Transient (Time Domain) Analysis — simulates time dependent responses.

e Harmonic (Frequency Domain) Analysis — evaluates steady state responses to sinusoidal excitations.

Multi Body Dynamics (MBD) — models rigid bodies and joints with kinematic constraints.

¢ Coupled Rigid Flexible Dynamics — integrates rigid bodies with flexible components for realistic simulations.

Each method serves a distinct purpose, but together they form the backbone of ansys rigid and flexible dynamic
analysis.

Rigid Body Dynamics in ANSYS

Rigid body dynamics assumes that a component does not deform under load; it only translates or rotates as a
single unit. This simplification is valid when the structure’s stiffness far exceeds the applied forces or when the
deformation is negligible relative to the overall motion.

How ANSYS Handles Rigid Bodies

ANSYS uses the Multi Body Dynamics (MBD) solver to treat assemblies as interconnected rigid bodies. Key
features include:

< Joint Definitions — Revolute, spherical, prismatic, and custom joints allow precise articulation.
e Constraint Equations — Ensure proper motion continuity across joints.

e Mass Properties — Users can assign mass, center of gravity, and inertia tensors.

e External Forces — Gravity, aerodynamic loads, or user defined forces can be applied.

Typical Applications

¢ Vehicle drivetrain dynamics.

* Robotic arm kinematics.

¢ Aircraft landing gear deployment.

¢ Industrial machinery motion analysis.

Example: Simulating a Gearbox Assembly



In a gearbox, gears, shafts, and housings are modeled as rigid bodies connected by revolute joints. By applying
torque inputs and solving the MBD equations, engineers can predict gear meshing speeds, torque transfer, and
potential gearbox failures due to misalignment.

Flexible Body Dynamics in ANSYS

When deformation plays a significant role—such as in thin panels, beams, or composite structures—flexible body
dynamics must be considered. ANSYS treats these components using finite element discretization, capturing
stresses, strains, and displacements.

Key Concepts

e Element Types — Shell, solid, and beam elements each suit different geometries.

« Material Models — Linear elastic, orthotropic, or nonlinear plasticity can be defined.

¢ Boundary Conditions — Supports, constraints, and load applications mimic real world constraints.
e Damping — Structural and material damping coefficients help model energy dissipation.

Applications of Flexible Dynamics

< Bridge deck vibration under traffic loads.
e Aerospace wing flutter analysis.
 Vibration of machine tool components.

e Deformation of pressure vessels.

Example: Modal Analysis of an Aircraft Wing

By meshing the wing with shell elements and assigning an orthotropic material model, engineers can run a modal
analysis to identify the first few natural frequencies. These frequencies guide aerodynamic design to avoid resonant
flutter conditions.

Coupling Rigid and Flexible Dynamics

Realistic simulations often involve both rigid bodies and flexible components interacting. ANSYS allows seamless
coupling through the Multi Body Dynamics and Structural Dynamicsnterface.

Hybrid Modeling Workflow

1. Create Separate Models — Build a rigid body model for the vehicle chassis and a flexible body model for the
suspension arms.

2. Define Contact Interfaces — Use contact elements to link the rigid and flexible parts.

3. Assign Mass Properties — Ensure consistent mass distribution across models.

4. Set Solver Parameters — Choose appropriate time steps and convergence criteria.

5. Run Coupled Analysis — Observe how flexible deformations influence rigid body motion and vice versa.

Benefits of Hybrid Analysis

¢ Accurate prediction of dynamic performance.
¢ Reduced computational cost compared to full flexible modeling.
« Ability to capture complex interactions like contact, impact, and damping.

ANSYS Tools for Rigid and Flexible Dynamic Analysis

ANSYS offers a robust toolbox tailored to dynamic analysis needs. Below are the core modules and features that
enable ansys rigid and flexible dynamic analysis.



Structural Dynamics
Handles both modal and transient analyses for flexible bodies. Key features include:
 Direct and iterative solvers.
¢ Modal superposition and substructuring.
¢ Modal damping and material damping models.
e Time integration schemes (Newmark, Wilson Cowan).
Multi Body Dynamics (MBD)
Specializes in rigid body motion, joint constraints, and kinematic analysis. Features include:
* Advanced joint modeling.
e Collision detection and response.
« Integration with the Structural Dynamics solver.
Contact and Impact Analysis
Model interactions between rigid and flexible components, essential for realistic simulations of:
e Gear meshing.
¢ Landing gear deployment.
¢ Machine tool tool chip contact.
Multi Physics Coupling
Link dynamic analysis with thermal, fluid, or electromagnetic fields to evaluate coupled effects, such as:
e Thermo elastic vibration.

e Fluid structure interaction in turbines.
* Electromagnetic mechanical coupling in motors.

Best Practices for Accurate Dynamic Simulations

Achieving reliable results in ansys rigid and flexible dynamic analysisrequires attention to detail at every stage.
Follow these guidelines to minimize errors and optimize performance.

Model Preparation

e Use realistic geometry; avoid unnecessary simplifications.
e Apply symmetry when appropriate to reduce computational load.
* Check for overlapping elements or gaps that could cause convergence issues.

Meshing Strategy

¢ Choose element types that best represent the geometry (shell for thin plates, solid for thick bodies).
¢ Refine the mesh in high stress or high frequency regions.
* Maintain element quality (aspect ratio, skewness) to avoid numerical instability.

Boundary Conditions & Loads

e Apply constraints that reflect real support conditions.
« Use realistic load magnitudes and directions.
¢ For transient analyses, ensure load time histories are accurate.

Solver Settings

» Select appropriate solver (direct for small to medium models, iterative for large models).
e Set convergence tolerances based on the sensitivity of the results.



¢ Use damping models that reflect material behavior (Rayleigh, modal, or structural damping).

Post Processing

 Visualize mode shapes to confirm physical plausibility.
¢ Plot frequency spectra and time history graphs.
e Check for out of band responses indicating insufficient mesh or time step.

Real World Case Studies

Below are three illustrative examples demonstrating how ansys rigid and flexible dynamic analysissolves
complex engineering challenges.

Case Study 1. Automotive Suspension Design

Engineers used ANSYS MBD to model the chassis as a rigid body and the suspension arms as flexible elements.
By coupling the two, they identified resonant frequencies that could lead to ride discomfort. Adjusting spring rates
and damper settings lowered the critical frequency, improving passenger comfort and vehicle stability.

Case Study 2: Aerospace Wing Flutter Suppression

A jet wing was modeled using shell elements with a detailed composite layup. Modal analysis revealed a flutter
mode near the operational frequency. Coupled aerodynamic analysis identified the aerodynamic forces. Engineers
then introduced active control surfaces, validated through transient analysis, to suppress flutter, ensuring safe flight
envelopes.

Case Study 3: Bridge Vibration Under Wind Loads

For a long span suspension bridge, the deck was modeled as a flexible body, while the cables and towers were
treated as rigid. Transient wind loading was applied using time varying pressure distributions. The analysis predicted
peak deck deflections and helped design tuned mass dampers that reduced vibrations to acceptable levels.

Common Challenges and Troubleshooting Tips

Dynamic simulations can encounter several pitfalls. Understanding these common issues and knowing how to
address them is vital.

Convergence Problems

¢ Reduce time step size for transient analyses.
e Use a higher order integration scheme.
e Check for poorly constrained models that can cause singular matrices.

Mesh Related Issues

* Refine mesh in regions with high curvature or stress gradients.
e Ensure continuity across element interfaces.
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