Engr 2110 Syllabus - Fall 2008

	ENGR 2110. Introduction to Material Science for Engineers

	(3.0 cr; prerequisites Chem 1151, BSIE or BSME candidate)

	Structures and properties of engineering materials, emphasizing metals, composites, polymers, and ceramics.  Study corrosion and introduce material selection method.


Instructor:
Dr. Richard R. “Dr. L.” Lindeke
Office Hours:
MWF, 1:00-200, other times by appointment

Office:
203 Engr. Building, (maildrop in 105 VKHall)
Phone:
218-726-7947
Email:
rlindek1@d.umn.edu
Course Number and Title: 
ENGR 2110 - Introduction to Material Science for Engineers

Course Web Page:  
Continuing Development – thru Dr. Lindeke’s homepage at MIE Homepage 
Course Semester: 

Fall 2008
Course Time / Location: 
M, W, F (AM section, 11:00 – 11:50, Eng 177)
Program outcomes addressed by this course:

· An ability to apply knowledge of mathematics, science and engineering appropriate to an engineer (a)
· An ability to identify, formulate and solve engineering problems (e) 

· An understanding of the professional and ethical responsibilities of an engineer

· An ability to communicate effectively, including oral, written and visual forms (g)
· An ability to use the techniques, skills, and modern engineering tools necessary for engineering practice (k)
Required Text (and recommended readings): Material Science and Engineering, An Introduction, by William D. Callister, Jr. with accompanying online student study guide (www.wiley.com/college/callister and then register with the code found in the envelope in your text).

Grading Policy, including the weight* given to each component (* tentative)
HW assignments and  Quizzes

25 %


Midterm Tests




40 %
(2 @ 20%)





Final Exam




35 %
(comprehensive)
Minimum grades are usually based on the standard grading system (93, 90, 87…), but grades may be determined based on the relative distribution of scores.

Course Objectives:   When you finish this course, you should be able to: 

· List six different property classifications of materials that determine their applicability (program outcomes a, h).

· Briefly describe ionic, covalent, metallic, hydrogen, and van der Waals bonds (program outcomes a, h).

· Draw unit cells for face-centered cubic, body centered cubic, and hexagonal close-packed crystal structures(program outcomes a, h) 
· Specify the Miller indices for a plane that has been drawn within a unit cell (program outcomes a, h).

· Given three direction index integers, sketch the direction corresponding to these indices within a unit cell (program outcomes a, h).

· Describe both vacancy and self-interstitial crystalline defects (program outcome a, h).

· Name and describe the two atomic mechanisms of diffusion (program outcome a, h).

· Distinguish between steady-state and non steady-state diffusion.  Write Fick’s first and second laws in equation form, and define all parameters.  Know the type of diffusion for which each equation is normally applied (outcomes a,  h).

· Define engineering stress and engineering strain.  State Hookes’s law, and note the conditions under which it is valid.  Define Poisson ratio (program outcome a, h).

· Given an engineering stress-strain diagram, determine (a) the modulus of elasticity, (b) yield strength (0.002 strain offset), (c) the tensile strength, and (d) estimate percent elongation (program outcomes a, e).

· Describe and explain the phenomenon of strain hardening and solid-solution strengthening (program outcomes a, h).

· Describe the mechanism of crack propagation for both ductile and brittle modes of fracture (program outcomes a, h).

· Make distinctions between stress intensity factor, fracture toughness, and plane strain fracture toughness (program outcomes a, h).

· From a fatigue plot for some material, determine (a) the fatigue lifetime at a specified stress level, and (b) the fatigue strength at a specified number of cycles (program outcomes a, e, h).

· Define creep and specify the conditions under which it occurs (outcomes a, h). 

· Given a binary phase diagram, the composition of an alloy, its temperature, and assuming that the alloy is at equilibrium, determine (a) what phase (s) is (are) present, (b) the composition of the phase (s), and (c) the mass fraction (s) of the phase (s) (outcomes a, e, h).

· For some given binary phase diagram, do the following: (a) locate the temperatures and compositions of all eutectic, eutectoid, peritectic, and congruent phase transformations; and (b) write reactions for all these transformations for either heating or cooling (program outcomes a, e, h).

· Cite the general mechanical characteristics for each of the following microconstituents: fine pearlite, coarse pearlite, spheroidite, bainite, martensite, and tempered martensite (program outcomes a, h).

· Name the four cast iron types and for each, describe its microstructure and note its general mechanical characteristics (program outcomes a, h).

· Name seven different types of nonferrous alloys and for each, cite its distinctive physical and mechanical characteristics (program outcomes a, h). 

· Define hardenability.  Generate a hardness profile for a cylindrical steel specimen that has been austenized and then quenched, given the hardenability curve for the specific alloy, as well as quenching rate versus bar diameter information (outcomes a, e, h).

· State the purposes of the following heat treatments: process annealing, stress relief annealing, normalizing, full annealing, and spheroidizing (program outcomes a, h).

· Given the chemical formula for a ceramic compound and the ionic radii of its component ions, determine the crystal structure (program outcomes a, e, h).

· Compute the flexural strength of ceramic rod specimens that have been bent to fracture in three-point loading (program outcomes a, e, h).

· Describe a typical polymer molecule in terms of its chain structure and, in addition, how the molecule may be generated by repeating mer units (program outcomes a, h).

· Cite the differences in behavior and molecular structure for thermoplastic and thermosetting polymers (program outcomes a, h).

· Discuss the influence of the following factors on polymer tensile modulus and/or strength: (a) molecular weight, (b) degree of crystallinity, (c) predeformation.

· Name the three different types of fiber-reinforced composites on the basis of fiber length and orientation; comment on the distinctive mechanical characteristics for each type (program outcomes a, h).

· Calculate longitudinal modulus and strength for an aligned and continuous fiber reinforced composite (program outcomes a, e, h).

· Describe the following: galvanic couple, standard half-cell, and standard hydrogen electrode (program outcomes a, h).

· List five measures that are commonly used to prevent oxidation (outcomes a, h).
Special out-of-class requirements (computers, software, field trips, etc.): You will need knowledge of spreadsheet and word processing software to complete some of your homework and reports.  The course text website makes available the VMSE simulation software.  Numerous productivity and specialized math-related software packages are installed in the MIE computer labs, which will assist you with homework and class assignments.

Outline of topics:  A tentative schedule is provided on the last page of the syllabus.  The mid-term exams are scheduled to take place the weeks of Oct 8th and Nov 5th; and the final during Dec 17th -21st.
Attendance Requirements, In-class Quizzes, and Make-ups:  

As a critical introductory engineering course, you will get the most out of it when present, so please make every effort to attend – and remember, while in college “the first step into your career”, attending classes and doing homework is your JOB.  Students with excessive absences usually do not do well in the course (or at any job).  Quizzes will likely not be announced in advance.  Missed quizzes cannot be made up. Special arrangements can be made in extreme circumstance, but you must make arrangement with the instructor to take your test PRIOR to the test date.  If you fail to make arrangement and take the test after the test dates, your score for that test will be 80% of your test score.  You must take the final exam on the date scheduled by the University. Failure to complete this course will have a significant impact on your ability to enroll in upper division MIE courses.
Assignment Policies (late penalties, scope, size, etc.):  

Assignments must be received at the beginning of class on the scheduled due date.  Late work will not receive credit unless prior arrangements have been made with the instructor.

Dropping and Incompletes:  

You will be given an early performance evaluation in the 7th week.  The aim of early evaluation is to help you make decision about dropping class before the University’s deadline. We discourage incompletes as course grades, but they are available in truly extraordinary circumstances, (e.g., a student has completed 75% of the coursework, an event beyond the student’s control has prevented completion of the course, and the student signs a written agreement to complete the work by a specified date)

University of Minnesota Policies:  It is University policy to provide, on a flexible and individualized basis, reasonable accommodations to students who have disabilities that may affect their ability to participate in course activities or to meet course requirements. Students with disabilities are encouraged to contact their instructors to discuss their individual needs for accommodations.

The University of Minnesota is committed to the policy that all persons shall have equal access to its programs, facilities, and employment without regard to race, color, creed, religion, national origin, sex, age, marital status, disability, public assistance status, veteran status, or sexual orientation. 

Scholastic Dishonesty: All students enrolled in University courses are expected to complete coursework responsibilities with fairness and honesty. Failure to do so by seeking unfair advantage over others or misrepresenting someone else’s work as your own, can result in disciplinary action. The University Student Conduct Code defines scholastic dishonesty as follows: 

Scholastic dishonesty means plagiarizing; cheating on assignments or examinations; engaging in unauthorized collaboration on academic work; taking, acquiring, or using test materials without faculty permission; submitting false or incomplete records of academic achievement; acting alone or in cooperation with another to falsify records or to obtain dishonestly grades, honors, awards, or professional endorsement; altering forging , or misusing a University academic record; or fabricating or falsifying data, research procedures, or data analysis.

Within this course, a student responsible for scholastic dishonesty can be assigned a penalty up to and including an "F" or "N" for the course. If you have any questions regarding the expectations for a specific assignment or exam, ask.
ENGR 2110 – COURSE SCHEDULE*
*The course content and schedule may be altered by the instructor at any time.
	Week
	Important
	Date
	Planned Topics / Activities (Book Chapters/Sections)

	1
	
	9/3


	Introduction, Presentation of Syllabus, Intro to Materials Science (Ch 1)

Atomic Structure, Atomic Bonding in Solids (Ch 2)

	2
	HW 1 out (F)
	9/8


	Crystal Structures, Crystallographic Directions and Planes (3.1-3.12)

Crystalline and Non-crystalline materials (3.13-3.17)

Introduce VMSE software, demo/solve problems (Avail. Thru Wiley)

	3
	HW 1 due (F)
	9/15

	Point Defects, Miscellaneous Imperfections (4.1-4.8)

Microscopic Examination, Diffusion Mechanisms (4.9-4.11)



	4
	HW 2 out (F)
	9/22

	Diffusion Mechanisms (Ch 5)

Concepts of Stress and Strain (6.1-6.2)

	5
	HW 2 due (F)
	9/29

	Elastic Deformation (6.3-6.5)

Plastic Deformation, Discussion (6.6-6.12)

Review Day – Q & A

	6
	Mid-term #1!
	10/6

	Mid-term exam #1 (M)
Basic concepts of dislocations, dislocations, and plastic deform (Ch 7)

	7
	HW 3 out (W)
	10/13

	Strengthening Mechanisms in metals, recovery re-crystallization, grain growth, Fracture, Fatigue, Creep

	8
	HW 3 due (W)

	10/20

	Definitions and basic concepts of phase diagrams, Equilibrium Phase Diagrams, Iron-Carbon System, Intro to Phase Transformations, Micro-structural and Property Changes in Iron-Carbon Alloys 

	9
	
	10/27

	Intro to Annealing Processes, Heat Treatment of Steels 

Precipitation Hardening, Intro to Fabrication of metals
Ferrous Alloys and Non Ferrous Alloys

	10
	Mid-term #2!
	11/3


	Intro to Polymer Structures, Mechanical Properties, 

Mechanical Properties; Polymer Applications and Processing

Mid-term test #2  (F)

	11
	HW 4 out
	11/10


	Intro to Ceramic Structures, 

Mechanical Properties, Glasses, Clay Products, Refractories, 

Other applications and processing methods

	12
	HW 4 due


	11/17

	Intro to mechanical and thermo-mechanical characteristics

Intro particle-reinforced, fiber-reinforced, and structural composites

	13
	HW 5 out
	11/24


	Analysis of fiber-reinforced composites

Manufacturing with composite materials

Discussions

	14
	HW 5 due
	12/1


	Intro to corrosion of metals

Corrosion of ceramic materials

Prevention of corrosion

	15
	
	12/8


	Principles of Material Selection for Product Design

Review of Electrical and Magnetic Properties of Metals 

Discussion, Review for Finals, Evaluation of Class

	16
	Final
	17-21
	Final Exams, Common w/ Section 1 TBA (either Monday or Tuesday)








4
1

