ME328 Materials Engineering
Catalog Data:
4R-0L-4C F Pre: CHEM 111 
  Introduces properties of metals, ceramics, polymers, and composites. Relates material processing to properties through underlying material structure. Overviews the materials available to engineers and discusses applications and material selection.
Textbook:
Callister, Materials Science and Engineering, An Introduction, Wiley
Reference:

Professor:
Ferro, Fine, Stienstra
Goals:


The overall goal of this course is for the student to acquire a working knowledge of the properties, uses, and advantages of commonly encountered engineering materials and to be able to apply this knowledge to solve materials problems in practice.  The relationships between a material's structure, processing history, and mechanical properties will be emphasized.  Properties such as strength, ductility, stiffness, and toughness will be defined in their engineering sense, and methods of determining these properties will be discussed. 
Objectives:

· Name the properties determined in a tensile test including UTS, .2% offset yield strength, Elastic Modulus, % elongation, and % area reduction and determine their numeric values from a load-elongation or stress-strain graph.

· Describe what is happening to the microstructure of a metal during a tensile test.
· Use the definitions of stress and strain along with the elastic relationship between them to calculate stress, deflection, or minimum geometry in axial loading.

· Label the elastic and plastic regions of the uniaxial stress-strain curve and describe what is happening at the atomic level in each.

· State what is measured in a fatigue test and list two reasons fatigue is important to designers.

· Name two factors that increase fatigue life and two that decrease fatigue life.

· Define the fatigue limit (endurance limit), state which materials exhibit this limit, and describe how a designer would use the information.

· State what is measured in a hardness test and how it is useful to ME’s.

· Describe the difference between Rockwell, Brinell, and Vickers hardness tests and name an application for each.

· State what is measured in an impact test and list two ways the results are used by ME’s.

· Be able to match such "general" terms as stiffness, hardness, toughness, strength, and ductility with their particular material property (e.g. stiffness is measured by  Elastic Modulus).

· List two visual and one microscopic indicator(s) for ductile, brittle, and fatigue failures.

· Describe the difference between stress concentration and stress intensity factor, including applications and units.

· Name the two types of solid solutions (interstitial and substitutional) and explain how they differ.

· Describe the difference between amorphous and crystalline and state how that structure affects properties.

· Name the three most common types of unit cells for metals and explain how the unit cell affects properties

· State the relationship of dislocation motion and planar slip on the behavior of metals, and explain how it affects strength and ductility.
· For the following processes, determine (from graphs and/or calculations) the strength/ductility and describe the governing microstructural mechanism 

· Solid Solution Strengthening

· Grain Size Refinement

· Cold Work and Annealing

· For Cold Work and Annealing
· Calculate %cold work from change in cross-sectional geometry

· Describe the microstructural and property changes during Recovery, Recrystallization and Grain Growth, and the relationship between microstructure and properties

· Use tables and graphs (such as fig. 7.19) to design a process that will produce a set of desired properties

· Define a phase is and explain how the amount, nature, size, shape, distribution, and orientation of the phases affects the material properties.

· Given an equilibrium phase diagram,

· identify the liquidus, solidus, or solvus lines, and state what they represent.

· identify the eutectic or eutectoid point, composition, or temperature, and state what they represent.

· find the number of phases present, name those phases, find their chemical compositions (phase analyses), and find in what proportions (amounts) the phases occur.

· predict whether age hardening is possible for a given alloy.

· For Iron-Carbon alloys you should:

· Label regions in Fe-Fe3C equilibrium phase diagram 

· State the composition, structure, and properties of austenite, ferrite, cementite, and pearlite and explain how each is formed.

· Sketch and label the equilibrium structure for hypo- and hyper-eutectoid steels and be able to determine the approximate weight percent pearlite present in a given alloy from a microphotograph

· For Iron-Carbon alloys:

· state the composition, structure, and relative properties of austenite, ferrite, cementite, pearlite, bainite, and martensite; know how each is formed, where the carbon is, and in what form the carbon is.

· explain the effect of cooling rate on equilibrium structures and the effect on properties (e.g. ferrite grain size, lamellar spacing of pearlite).

· name the processing steps required to produce a quenched and tempered steel, the microstructures present at each step, and the relative mechanical properties resulting from those microstructures.

· use a TTT diagram to predict microstructure for nonequilibrium conditions.

· state what hardenability is, how hardenability can be increased, and how it can be measured. 

· state what is measured in the Jominy test and explain how results are used.

· be able to use Jominy results and cooling rate as a function of diameter graphs to predict properties throughout a quenched cylinder.

· Within the context of phase formation and change, you should know the importance of diffusion and what factors affect the diffusion of atoms in a solid.  As an example, what is the role of carbon diffusion in the formation of martensite?

· In the area of age hardening (precipitation hardening) :

· State the factors necessary for age hardening to be possible.

· Name the three steps in the age hardening process, the microstructural changes associated with each step, and the relative mechanical properties which result from those microstructures. 

· compare and contrast age hardening and quench and tempering in terms of procedure, microstructure and properties.

Manufacturing

· state the differences between hot working and cold working, especially with respect to strain hardening and annealing

· name common forming operations including forging, rolling extrusion, drawing and match the method with a product

· name common casting operations including sand casting, die casting, investment casting, continuous casting and match the method with a product

· explain how welding can affect material properties, especially with materials that have been strain hardened or heat treated

Ferrous

Steel

· identify carbon content from the last two digits of the 4 digit AISI/SAE numbers 

· state the difference between low, medium, and high carbon steels with respect to carbon content, properties, and applications

Stainless steel

· name the element and concentration of that element that is required to be alloyed with steel to make it “stainless”

· name the four major classes of stainless steels (ferritic, austeinitic, martensitic, precipitation hardening) especially compare the properties, microstructure, and significant applications of each 

Cast Iron

· name the four major classes of cast iron (gray, white, malleable, ductile) and compare the properties, microstructure, and significant applications of each 

NonFerrous

· name two significant attributes and applications of Copper/ Aluminum/ Magnesium/ Titanium/ Superalloys/ Refactories/ Noble metals

· name two to three of the most important andvantages of common structural ceramics such as Si3N4, SiC, ZrO2, and Al2O3.

· State the type of bonding present in ceramics and what effect the bonding has on such properties as strength, ductility, stiffness, electrical and thermal conductivity, melting temperature, coefficient of expansion, and toughness.

· State the importance of fracture mechanics (the combination of stress and flaw size) for ceramics, and relate flaws affect mechanical properties.

· Describe what microstructural changes can be made to improve toughness, esp. transformation toughening.

· Define thermal stress in a material or in the combination of two materials; state why thermal stresses are of particular concern for ceramics; and how the problems can be mitigated (including the joining of metals and ceramics).

· Describe the common method of manufacturing  ceramics.  (Powder - Form -Sinter), and some of the common forming methods (press, isostatic press, slip cast, extrusion, injection molding.

· Name and/or recognize circumstances in which ceramics would be a good choice over metals and polymers and when they are contraindicated.

· State the microstructure of a glass (e.g. name the difference between SiO2 in glassy and nonglassy forms.

· Describe the steps in the glass tempering process, and explain how tempering allows the material to withstand more stress.

· State how the microstructure of polymers differs from metals and ceramics 

· State how the mechanical and physical properties of polymers differ from metals and ceramics, and explain those differences from a microstructural perspective

SYMBOL 183 \f "Symbol" \s 10 \h
State the differences between thermoplastic, thermosetting, and elastomeric polymers with respect to microstructure and general properties.

SYMBOL 183 \f "Symbol" \s 10 \h
For thermoplastics, state what bonding is present within the chains and between the chains, and explain how this affects mechanical and physical properties.

SYMBOL 183 \f "Symbol" \s 10 \h
For thermosets, state what bonding is present within the chains and between the chains, explain the effect of the bonding and structure on properties, and describe how those properties differ from the thermoplastics.

SYMBOL 183 \f "Symbol" \s 10 \h
For elastomers, state what bonding is present within the chains and between the chains, and explain how the microstructure affects mechanical and physical properties

· State what happens microstructurally for a thermoplastic in the elastic and plastic stages of a tensile test

SYMBOL 183 \f "Symbol" \s 10 \h
Describe the problems associated with specifying properties of a viscoelastic material for use in load bearing applications, including the effects of temperature and strain rate.  Explain why don't we see creep problems in plastic telephones, coke bottles, etc.?

SYMBOL 183 \f "Symbol" \s 10 \h
Name and explain the effects of chain length (degree of polymerization), chain stiffness, side group size, and degree of crystallinity on the mechanical and physical properties of thermoplastics.

SYMBOL 183 \f "Symbol" \s 10 \h
Name and explain the effect of crosslinking on the mechanical and physical properties of thermosets and elastomers.

SYMBOL 183 \f "Symbol" \s 10 \h
Define the term “entropy spring” and explain what happens microstructurally

SYMBOL 183 \f "Symbol" \s 10 \h
Name or recognize circumstances in which polymers would be a good choice over metals and ceramics and when the use of polymers is contraindicated.

SYMBOL 183 \f "Symbol" \s 10 \h
Name two significant attributes for common polymers listed on page 6 (e.g. ABS and polycarbonate are notable for toughness.  Amorphous polycarbonate can be transparent, while the "multiphase" ABS cannot; Nylon (polyamide) and acetal (polyoxymethylene, POM) are both engineering polymers with sufficient strength and stiffness for use in load bearing products such as gears.  Nylon has the disadvantage of being hygroscopic).

SYMBOL 183 \f "Symbol" \s 10 \h
Describe and explain with the in-class hands-on experiments with polymers, especially the relations between structure and properties

Composites

SYMBOL 183 \f "Symbol" \s 10 \h
Predict the composite's strength and stiffness using the Rule of Mixtures.  (For a continuous fiber composite, knowing the fiber and matrix properties, and the loading directions (Isostress and Isostrain case))

SYMBOL 183 \f "Symbol" \s 10 \h
Rank the relative advantages of glass, carbon, and Kevlar fibers, as well as epoxy and polyester matrices with respect to specific strength, specific stiffness, and ductility.

SYMBOL 183 \f "Symbol" \s 10 \h
State two-three advantages of chopped fiber and particulate composites as well as the continuous fiber composites.

· State the advantages of sandwich constructions over monolithic structures.

Corrosion

SYMBOL 183 \f "Symbol" \s 10 \h
Explain the electrochemistry involved in the corrosion of metals as expressed in oxidation-reduction reactions (including what reactions are likely at the anode and cathode).

SYMBOL 183 \f "Symbol" \s 10 \h
Name thermodynamic driving force for the corrosion reaction

SYMBOL 183 \f "Symbol" \s 10 \h
Name the four factors required for corrosion.

· For the types of corrosion (galvanic - macro and micro, selective leaching, erosion corrosion, hydrogen damage, pit & crevice corrosion, stress corrosion cracking)

· Describe conditions for each type and name possible preventive techniques

SYMBOL 183 \f "Symbol" \s 10 \h
Given a situation, state which type of corrosion is most likely 

· Name methods to reduce the problems of corrosion, especially the use of cathodic protections (sacrificial anodes).

· Name the causes for degradation of polymers (radiation, solvents, ozone ...)

Prerequisites:
Chemistry
Course Topics:

· Mechanical Properties of Metals 

· Failure: Fracture

· Failure: Fatigue
· Dislocations, Slip and Plastic  Deformation 

· Mechanisms of Strengthening in Metals

· Recovery, Recrystallization and Grain Growth
· Phase Diagrams 

· The Iron-Carbon System

· Microstructural Changes in Fe-C Alloys

· Ferrous Alloys

· Nonferrous Alloys 

· Metal Fabrication and Welding

· Thermal Processing

· Ceramic Structures and Properties 

· Applications and Processing of Ceramics
· Polymer Structure

· Mechanical Properties of Polymers
· Polymer Processing

· Composites 

· Corrosion 

· Degradation of Polymers
· Material Selection

Computer Use:
as per student
Projects:
Poster Session in materials Selection
Class/Laboratory Schedule:
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	QUIZ
	TOPICS
	READING     
	 PROBLEMS

	1

Dec. 7
	Introduction to Materials Engineering Mechanical Properties of Metals 

Failure: Fracture

Failure: Fatigue

QUIZ 1 
	1.1-1.4

6.1-6.12 (not 6.7)

8.1-8.6

8.7-8.12
	6.7, 6.29*, 6.47*, 6.D1, 8.11W, 8.12W, 8.15, 8.22, 8.26, plus instructor’s

	2

Dec. 14
	Dislocations, Slip and Plastic  Deformation 

Mechanisms of Strengthening in Metals

Recovery, Recrystallization and Grain Growth

QUIZ 2
	7.1-7.4, 7.6

4.5-4.6

3.2-3.4, 3.12-3.17

7.8-7.10

7.11-7.13
	7.5, 7.19, 7.20, 7.21, 7.29, 7.32, 7.34, 7.35, 7.36, 7.D4, 7.D7

	3

Dec. 21
	Phase Diagrams 

The Iron-Carbon System

QUIZ 3
	9.1-9.15

9.17-9.19
	9.5 a, b, c, d

9.7 a, b, c, d

9.21, 9.36, 9.47

9.48, 9.49, 9.54

	4

Jan. 11
	Microstructural Changes in Fe-C Alloys

Thermal Processing

QUIZ 4
	10.5-10.9

11.7-11.9


	10.11, 12, 14 a, b, d,e,f, 28,30,31, 37, 38, D8, D16

	5

Jan. 18
	Ferrous Alloys

Nonferrous Alloys 

QUIZ 5
	11.1-11.2

11.3


	11.3, 6, 7, 13, 16, D6

	6

Jan. 25
	Ceramic Structures and Properties 

Applications and Processing of Ceramics

QUIZ 6
	12.8-12.11

Handout & 13.8
	12.37, 44, 13.12, 20 plus instrustor’s

	7

Feb. 1
	Polymer Structure

Mechanical Properties of Polymers

QUIZ 7
	14.1-14.12

15.1-15.14
	14.25,27, 15.7, 11, 12, 33, 47, 49, 16.42 plus 

	8

Feb. 8
	Polymer Processing

QUIZ 8
	15.15-15.24
	

	9

Feb. 15
	Composites 

Corrosion 

Degradation of Polymers

QUIZ 9
	16.1-16.15

17.1-17.10

17.11-17.13
	16.8, 24, D2, 17.1, 10, 25, 26

	
	Material Selection

Evaluations
	
	


Section numbers in the text followed by a “W” (those with a mouse icon) should be considered supplemental.

*Additional parts have been added to these problems by the instructors.  These and one additional homework question will be distributed in class.

Professional Component


Engineering Science: 4 credits


Engineering Design: 0

Academic Year:   2004-2005

Complete a week or two after the end of the quarter to prepare for the next time the course is taught.  These can be completed by hand if it is easier for you.
How Did the Modifications Work?

The hands-on examples were organized into labeled tubs on labeled racks in a laboratory.  It was easier for instructors to locate examples quickly (particularly at the last minute)

More web-based information sources were incorporated into the course.

Evaluation of the course:

What was good? 
The websites, project, weekly tests, and defined expectations continue to make an information intensive course reasonably palatable and useful.

What wasn't so good? 

Next Time I/We Plan to Modify the Course by Changing/Trying---- (five to ten sentences)

.No major changes are needed.  The importance of current relevant applications and informative in-class examples will continue to be a priority.

Please check ( √  ) the Learning Outcomes that this course covers. 

Ethics – A recognition of ethical and professional responsibilities
When given the opportunity, students will:

_____  1. Demonstrate knowledge of professional codes of ethics.

_____  2. Evaluate the ethical dimensions of professional engineering, mathematical, and scientific practices.

Contemporary Issues - An understanding of how contemporary issues shape and are shaped by mathematics, science, & engineering

When applying the principles of mathematics, science, and/or engineering to a technical problem, students will:

_____  1. Demonstrate an awareness of how the problem is affected by social concerns and trends.

_____  2. Demonstrate an awareness of how the proposed solution(s) will affect culture and the environment.

Global - An ability to recognize the impact of global societies on citizens and professionals

When given the opportunity, students will:

_____  1. Demonstrate an awareness of the development of cultures and societies.

_____  2. Show an awareness of the relationships of nations and the interdependence of peoples around the globe.

Culture - An ability to understand diverse cultural and humanistic traditions

When given the opportunity, students will:

_____  1. Perform, interpret, analyze or otherwise engage in artistic, literary, and/or other forms of culture.

_____  2. Recognize the importance of contributions of peoples from other cultures to the students’ professions and personal lives.

_____  3. Evaluate an issue or problem from other cultural perspectives.

Teams - An ability to work effectively in teams

When assigned to teams, students will:

_____  1. Share responsibilities and duties, and take on different roles when applicable.

_____  2. Analyze ideas objectively to discern feasible solutions by building consensus.

_____  3. Develop a strategy for action.

_____  4. Listen openly, actively and critically.

Communication - An ability to communicate effectively in oral, written, graphical, and visual forms

When performing communication tasks, students will:

_____  1. Identify the readers/audience, assess their previous knowledge and information needs, and organize/design information to meet those needs.

__x___  2. Provide content that is factually correct, supported with evidence, explained with sufficient detail, and properly documented.

_____  3. Test readers/audience response to determine how well ideas have been relayed.

___x__  4. Submit work with a minimum of errors in spelling, punctuation, grammar, and usage.

___x__  5. Present information visually using drawings, graphs and sketches.

_____  6.  Deliver oral presentations with clarity and professionalism.

Problem Solving - An ability to apply the skills and knowledge necessary for mathematical, scientific, and engineering practices

_____  1.  Inspect and define the problem.

___x__  2.  Identify the basic principles and concepts that apply to the situation.

___x__  3.  Use appropriate resources to locate pertinent information.
_____  4.  Build appropriate model(s).

___x__  5.  Solve the problem by choosing appropriate tools. (analytical, experimental, and numerical)

_____  6.  Check a solution using appropriate criteria.

Interpreting Data - An ability to interpret graphical, numerical, and textual data

_____  1. Collect and present data in an accurate and orderly way.

_____  2. Use appropriate statistical procedures to analyze and evaluate the information contained in a data set.

_____  3. Analyze the data and draw supportable conclusions from the result.
Experiments - An ability to design and conduct experiments

_____  1. Identify the problem and develop a hypothesis.
_____  2. Select measurement techniques to collect appropriate data and justify that selection.
_____  3. Estimate experimental uncertainties.

Design - An ability to design a product or process to satisfy a client's needs subject to constraints

_____  1.  Understand the problem.
_____  2.  Develop a design specification that addresses customer/client needs and constraints.
_____  3.  Carry out a conceptual design by generating multiple solutions that address the issues above, evaluating the feasibility of the solutions, and choosing the appropriate solution.
_____  4.  Carry out a detail-level design using appropriate design tools and methodologies.
_____  5.  Test and refine the implementation until the product or process design specifications are met or exceeded.
_____  6.  Document the finished product or process as appropriate for the discipline according to standard practice.
_____  7.  Present and transfer the product or process and documentation to the client.


Continue to Learn and Educate One's Self                            

___x__  1.  Learn new information independently.
