MAE456 - CAD/Finite Element Analysis Spring 2024

Assignment #3
FEA of A-Frame Gantry Crane

Objective

The objective of this lab is to use ANSYS APDL to model and analyze an A-frame gantry crane
system. Using Beam Element #188, you will simulate the crane structure, focusing on load-bearing
capacity and deflection when lifting a 5-ton load. You will apply symmetry conditions to reduce
computational time and evaluate the structural response under a combined loading scenario that
includes dead load and live load, based on Load Factor Design (LFD).

Problem Description

You are tasked with using ANSYS APDL to model the A-frame gantry crane to assess its ability
to lift a prototype rocket engine weighing 5 tons. The crane has no markings to indicate its load
capacity, so you will confirm if the frame can lift this load safely and with limited deflection.

Assume symmetry across the plane, and that the casters are initially locked, i.e., UX=UY=UZ=0.
The load is applied at the midpoint of the span. For the analysis, follow the Load Factor Design
(LFD) method, where the combined load is given by 1.25 x DL 4 1.35 x LL. The dead load (DL)
is simulated by including the material density and applying a gravitational load of 1.25 x g, while
the live load (LL) is applied as 1.35x the working load.
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Your task is to:

e Model the crane structure using Beam Element #188 in ANSYS APDL.
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e Use keypoints and lines to define the geometry of the crane and apply half-symmetry to
reduce computation time.

e Mesh the structure using appropriate mesh sizes and identify the element size at which the
solution becomes mesh-independent.

e Apply dead and live loads using the Load Factor Design (LFD) method: 1.25x DL+1.35x LL.
e Perform simulations with casters locked and evaluate the structural response.

e Compare the results when the casters are unlocked.

Questions

1. What is the material yield stress and density for A36 and A500 steel? Use matweb.com
to find this information.

How many elements and nodes were used in the model?

What is the maximum deflection (DMX), and where is it located in XYZ coordinates?
What is the maximum stress (Von Mises)?

What is the maximum strain?

How do the deflection and stress change if the casters are unlocked?

. Explain the importance of achieving mesh-independent results. Include a table and graph
showing SMX and DMX values as the mesh is refined.
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ANSYS APDL Setup and Simulation

Follow these step-by-step instructions to complete the analysis using ANSYS APDL:

Pre-Processing

1. Define the element type and material properties:

Preprocessor > Element Type > Add > Beam 188

Preprocessor > Material Props > Material Models > Structural >
Linear > Elastic > Isotropic > Specify Ex and PRXY

Preprocessor > Material Props > Structural > Linear > Density >
Specify density based on the steel type

2. Define the section properties for the I-beam and A-frame:

Sections > Common Sections > Define section properties for I-beam
Sections > Common Sections > Define section properties for A-frame

3. Create keypoints for the structure:

Preprocessor > Modeling > Create > Keypoints > In Active CS >
Enter keypoints for the gantry frame (see figure for coordinates)
Add an additional keypoint at the load point in the middle of the span.

4. Create lines between keypoints to define the geometry:

Preprocessor > Modeling > Create > Lines > Lines > Straight Lines
Create lines to connect all the keypoints in the structure

5. Mesh the lines:

Preprocessor > Meshing > Mesh > Lines > Pick All
Use Beam 188 elements to mesh the structure

Applying Boundary Conditions and Loads

6. Apply boundary conditions to simulate locked casters and symmetry:

Preprocessor > Loads > Define Loads > Apply > Structural >
Displacements > On Keypoints
Apply UX=UY=UZ=0 at keypoints representing the casters.

Apply symmetry boundary conditions (UZ=ROTX=ROTY=0) to the symmetry plane.

7. Apply the working load and gravitational load:

Preprocessor > Loads > Define Loads > Apply > Structural > Force/Moment >

On Keypoints

Apply the live load (1.35 x 5 tons) to the load point in the Y-direction.

Preprocessor > Loads > Define Loads > Apply > Structural > Inertia > Gravity >

Global > Apply 1.25 x gravitational acceleration
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Solution Phase

8. Solve the static analysis:

Solution > Analysis Type > New Analysis > Static > 0K
Solve > Current LS > 0K

Post-Processing

9. Generate and plot results:

General Post Processor > Plot Results > Deformed Shape >
Deformed + Undeformed Shape (/dscale,1,1)

General Post Processor > Plot Results > Vector Plot >
Displacement Vector

General Post Processor > List Results > Nodal Solution >
DOF Solution > Displacement Vector Sum

10. Plot stress and strain results:

/eshape,1,1

General Post Processor > Result Viewer > Stress > Von Mises Stress > Plot Results

General Post Processor > List Results > Element Solution > Stress > Von Mises
Stress

General Post Processor > List Results > Element Solution > Strain > Von Mises
Strain




