Materials and Processes 
(ME 500)
Course Description

One of the basic objectives of engineering is to design and develop components and products, and to maintain their efficient functionality, using basic principles and concepts.  In this capacity, the engineer is a key factor in both the selection of the materials to be used and the most viable processing technology. In order to perform this task satisfactorily, a broad fundamental base of materials behavior and knowledge of the effect of a specific process on the structure/properties/performance of the component is essential. Structure of solids, kinetics, nucleation and growth, phase diagrams, mechanical and thermal properties and their relationship to some key material processes will be discussed.  Focus on these aspects of technology will be emphasized via individual projects to help the student develop a basic understanding of modern materials engineering. The course is intended to provide entering graduate students, with limited or no materials background, a working understanding of basic material science, and materials processing technology. 

Course Objective

To provide entering graduate students with a working understanding of the fundamentals of material science that can serve as a foundation to the pragmatic selection of materials and processes in the design and development of R&D projects.
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Syllabus
The course will cover fundamental aspects of the following topics with an emphasis on structure/property relationships: 

1. Structure of Solids





1.1 Crystalline



1.2 Noncrystalline

2. Mechanical Properties/Processes



2.1 Deformation



2.2 Fracture Mechanics



2.3 Cold Work and Anneal

3. Kinetics




3.1 Reaction Rate Theory



3.2 Diffusion



3.3 Nucleation and Growth



3.4 Microstructural Development



3.5 Casting

4. Phase Diagrams






4.1 Equilibrium Thermodynamics



4.2 Phase Relationships



4.3 Strengthening Mechanisms

5. Materials





5.1 Metal Alloys



5.2 Structural Ceramics



5.3 Composites

6. Processes


Casting/Machining/Welding


Powder Metallurgy



Vapor deposition (CVD/PVD)

Project Description

An understanding of materials is fundamental in the study of manufacturing processes.  Manufacturing is defined as a transformation process.  It is the material that is transformed, and it is the behavior of the material when subjected to the particular force, temperature, and other physical parameters of the process that determines the success of the operation.  Certain materials respond well to certain types of processing and poorly, or not at all, to others.  What are the characteristics and properties of materials that determine their capacity to be transformed by the different processes?  Based on this analogy you should select a manufacturing process (which may be critical to your specific R&D objectives), establish its fundamental aspects and use them to discuss how the processed materials properties are effected and/or can be engineered.  The class project will be presented in two phases.


Phase I:
Define and describe the process/product selected, its current status within the manufacturing cycle, and structure/property characteristics of the material being processed.  Discussion should center on problem areas, if any, and improvements desired. 


Phase II:
A literature survey to establish the historic and fundamentals of the selected topic (Phase I). Select some aspect of this process/product (i.e. mechanical property, structure, phase transformation, material, etc.) and center your presentation on explaining how process parameters affect this characteristic and therefore performance. Based on specific fundamental concepts developed in class, you are expect to discuss and explain structure/property relationships, and suggest innovative techniques to engineer in specific properties by varying the process, if possible. Project reports with background information, figures (overheads), summary, and suggestions, will be mandatory and due on December 10th.

* Suggested Project Areas: 

Crystal Growth & Purification



Thermal Processing

Casting (melting, solidification, etc.)


Welding & Joining

Surface Modification (CVD, PVD, etc. )


Mechanical Working

Machining (turning, drilling, grinding.) 


P/M Processing

Processing of Composites/Ceramics/Plastics

