Module VII: Manufacturing Process Modeling

In this module, we'll focus on modeling and simulation of a manufacturing process,
integrating analytical principles with industrial applications. Among the three options (Casting,
Forming, Machining), we'll demonstrate Casting Process Modeling as our example.

Selected Process: Casting Process Modeling

Overview

Casting involves pouring molten metal into a mold cavity, where it cools and solidifies into the
desired shape. Process modeling in casting aims to understand, predict, and optimize the flow
of metal, solidification behavior, cooling rates, and formation of defects.

1. Objectives of Casting Process Modeling

¢ Analyze metal flow and minimize turbulence.

Study solidification characteristics to avoid shrinkage porosity.

Design gating and feeding systems for optimal flow and heat balance.

Predict and eliminate defects like cold shuts, misruns, shrinkage, gas porosity.

Improve casting quality and yield using simulation-driven design.

2. Key Concepts in Casting Modeling

a. Metal Flow Dynamics

e Laminar vs. Turbulent flow affects surface finish and porosity.
¢ Inclusion entrapment and air aspiration occur with poor gating design.

e Velocity and temperature distribution help to avoid cold shuts and misruns.

b. Solidification and Cooling

e Solidification begins at mold walls due to rapid cooling, forming a solid skin.

e Coolingrate (R):
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Influences microstructure and mechanical properties.

¢ The Chvorinov's Rule estimates solidification time:



Where:
o $1t_s$ = solidification time
o $V $ = volume of casting
o $ A $ = surface area in contact with the mold

o $C $ =mold constant

c. Gating System Design

e Purpose: Control molten metal flow into the mold with minimal defects.
e Components: Sprue, runner, gates.
o Criteria:

o Avoid turbulence.

o Ensure directional solidification.

o Control flow rate and temperature drop.

d. Riser/Feeder Design
¢ Used to compensate for shrinkage during solidification.
e Should solidify after the casting to feed liquid metal.

e Shape factor and location are critical for efficiency and yield.

3. Simulation Software for Casting

Popular Tools
e ANSYS Fluent (CFD) - fluid flow and heat transfer
e MAGMASOFT, FLOW-3D Cast, ProCAST - specialized for casting

¢ Autodesk Moldflow — mostly for plastic injection molding

Modeling Features

¢ 3D mold filling simulation
e Thermal profile and cooling prediction
e Defect prediction (shrinkage porosity, air entrapment)

e Residual stress analysis



4. Industrial Case Study Example

Case Study: Optimization of Aluminum Alloy Engine Block Casting

Objective:

e Improve casting yield and eliminate shrinkage porosity in cylinder sections.

Approach:
1. Material: A356 Aluminum Alloy
2. Simulation Tool: MAGMASOFT
3. Initial Design: Traditional top gating, cylindrical mold
4. Observed Issues:
o Localized porosity in the cylinder bores due to poor feeding

o Cold shut at the runner junction

Simulation & Optimization:

¢ Introduced bottom gating system to reduce turbulence.
¢ Redesigned riser size using Chvorinov's Rule.
e Added chills to promote directional solidification.

e Optimized runner cross-section for steady flow.

Results:

e Porosity reduced by over 70%
e Yield improved from 65% to 83%

¢ Significant reduction in machining rejection rate

5. Outcome of Process Modeling

By digitally simulating the casting process:

Quality: Defects are predicted and minimized before physical trials.

Productivity: Reduced trial-and-error iterations.

Cost Efficiency: Better resource utilization, higher yield.

Design Integration: Foundries can co-design parts with engineers.



Conclusion

Modeling of casting processes is a powerful tool in modern manufacturing. It enables engineers
to simulate flow, thermal, and material behavior in a virtual environment to improve casting
performance, product quality, and manufacturing yield. Such integrated design and
simulation approaches are widely used in automotive, aerospace, and heavy machinery
industries for high-precision cast components.

Alternative Pathways in the Same Module (For Reference)

If the need arises to explore other processes:
¢ Forming: Plastic deformation under load, predicting die forces using yield criteria (Tresca,
Von Mises), stress-strain analysis.

¢ Machining: Orthogonal cutting force analysis, chip morphology, tool wear prediction using

models like Taylor's Equation:
VTt =C
Where:

o $V$ = cutting speed
o $T$ =tool life
o $n, C$ = empirical constants

Let me know if you would like a detailed version of Forming or Machining modeling as well.



