Amos Winter

June 5, 2006
Introduction to Engineering Course Syllabus
Saturday July 1 – First day of class 

Introduction to the class (75min)
Class project: Building an underwater remotely operated vehicle (ROV)
a. Project schedule – 4weeks, broken up into 4 modules
i) Calculus, Conservation laws, Intro to Electricity
ii) Kinematics, mechanics, materials, Electricity Continued Fluid mechanics, sensing

iii) Product Design, Fluid Mechanics, Frame Design
iv) Testing, tuning, and mitigation

b. Explanation of engineering fields covered in each module
c. Competition – Saturday July 29

i) Competition will be to retrieve objects from the bottom of the SPS pool. The objects will be of varying shape and weight, and will each be worth a different number of points. The competition will be timed, and each team will earn points by retrieving objects. Each vehicle will include an object retrieval device. Full competition rules have yet to be developed.
Weekly routine

a. Monday

i) Journal writing

ii) Physical introduction to a concept

iii) Theory behind the concept

b. Tuesday

i) Journal writing

ii) Physical introduction to a concept

iii) Theory behind the concept

c. Wednesday

i) Journal writing

ii) Application of theory to project, project building
iii) Possibly introduction to another concept

d. Thursday

i) Journal writing

ii) Application of theory to project, project building

iii) Movie night
e. Friday

i) Field trip

ii) Building if time permits

f. Saturday

i) Journal writing

ii) Application of theory to project, project building

Peer Review Grading

a. Each homework assignment will be graded by another student in the class
b. Graders and gradees will be assigned randomly to each other, and will be switched for every assignment

c. Solutions for each assignment will be posted on the class website for use by the graders
Class Literature 

a. Sea Perch building guide (http://web.mit.edu/seagrant/edu/seaperch/)

b. Howstuffworks.com 
c. Skunk Works 

d. Other websites (see resource section of website)
Online Resources:
a. Intro to Eng Website

b. Howstuffworks.com

c. 2.007 Design Lectures: http://pergatory.mit.edu/2.007/lectures/lectures.html
d. http://www.efunda.com/home.cfm
e. MIT product design: http://web.mit.edu/2.744/www/
Field trips

a. Bluefin Robotics/MIT/TOMB
b. Foster Miller

c. Woods Hole Oceanographic Institute

d. DEKA

Movies

a. Donald Duck in Mathemagic Land and Titanic Revealed
b. Ken Burns' America: Brooklyn Bridge 
c. NOVA: Battle of the X-Planes

d. Students’ Choice (Suggestions: Real Genius, Terminator 2, From Dust Till Glory, Aviator, Matrix)
Get situated in Classroom 
a. Open kit and explore what’s inside
b. Find a computer and log on. Start a journal file and store it on your network drive. 
c. Write first journal entry on what you are expecting to learn from/get out of this course.  
Introduction to the deterministic design process (35min)
Slideshow: Slides from Deterministic Design Process, Case Study
Engineering fields used: All
Theory introduced:

1. Introduction to the Deterministic Design Process
a. Breaking up a design into manageable chunks

b. Examples of using a good design process in any field of engineering

2. Example of deterministic process applied to a real project 
3. Discussion of class project

a. All the systems that have to be considered for an underwater ROV

4. Homework: 
a. Apply Deterministic Design Process to ROV

i. Break up ROV into systems

ii. Make flow charts of all modules of the project, and each strategy, model, and concept tree that has to be considered

iii. Identify what strategy will be the most critical

b. Think of a technical device/system/theory that you have always wondered how it works but have never known how. Describe what this thing is so we can figure out how it works in class. 

Week 1 (July 3 – July 8) – Calculus, Conservation laws, Intro to Electricity
Engineering fields used: All
Theory introduced:
1. Calculus

a. What is a derivative: a change is something vs. something else

i. Inspect velocity and acceleration examples

b. What is an integral: a summation of a quantity over some bounds

i. Look at acceleration – velocity – distance 

ii. Find integrals of areas of common shapes 

2. Conservation laws

a. Conservation of mass

b. Conservation of energy and power

i. Gear trains

ii. First and second laws of thermodynamics – efficiency

c. Energy conversion example with gear box for homework

3. Introduction to electricity

a. Thought experiment: Understanding a potential with water tower analogy
b. Ohm’s law

c. Mechanical to electrical power conversion

d. How an electric motor works: Lorentz force law

e. Chemistry behind a battery

4. Principles of technical writing (Will)

a. Geared towards a 2-page white paper (will be form of final report)
b. How to present technical concepts both verbally and visually

Lab Experiments:

1. Calculating power available in dam by post office

2. Dyno test of motors using multimeters, known masses, and a stopwatch 
a. Generate torque-speed curves

b. Determine available motor power

c. Measure electrical input

d. Determine motor efficiency
Project building:
1. Motor fabrication

Homework Assignments:
1. Peer review of design process for vehicle
2. Calculate surface area of an object at home

3. Peer review surface area assignment

4. Solve energy conversion problem

5. Peer review energy conversion problem

6. Design motor dyno

7. Make excel plots of torque-speed and efficiency-speed

8. Read 1st quarter of Skunk Works

Week 2 (July 10 - July 15) – Kinematics, mechanics, materials, Electricity Continued
Engineering fields used: Mechanical, Civil, Aero/Astro, Ocean, Chemical

Theory introduced:
1. Free body diagrams (Tyler)
a. Calculation of forces and moments

b. Forces on a structure

2. Geometric centers

Center of mass

Center of buoyancy

Lab: Calculation of vehicle center of mass and buoyancy

3. Exact constraint design

a. LEGO example of exactly and over-constrained bearings

b. Identification of exactly and over-constrained common products

c. Introduction to degrees of degrees of freedom and constraints
4. Fundamental design principles

a. St. Venant’s

b. Golden Ratio

c. Occam's Razor
5. Simple mechanics behavior

a. Stress-strain relationships

b. Popsicle stick example demonstrating stiffness/second moment of area relationships
c. Lab experiment guessing a material using flexural testing

d. Second moment of area

e. Bending stiffness dependent on second moment of area and modulus of elasticity

f. Polycarbonate behavior

g. Elastomer behavior

h. Viscoelasticity

6. Materials used in ROV

a. Discussion of thermoplastics vs. thermosets

b. Molecular structure of thermoplastics
7. Kirkoff’s voltage divider rule

a. Analogy to river flow

Lab Experiments:

Calculating power available in dam by post office

Visit pool and try retrieving pool toys using different methods

Project building:

1. Attaching webcam to tether 
2. Sealing webcam

3. Fabricating and soldering LED board

4. Sealing LED board
Homework Assignments:
Peer review of motor power and efficiency plots

Design of beam bending experiment

Comparison of beam bending results to published values

Design LED layouts

Design circuitry layout for Tether, control box, and camera

Week 3 (July 17 – July 22) – Product Design, Fluid Mechanics, Frame Design
Engineering Fields Used: Mechanical, Aero/Astro, Ocean, Electrical
Theory introduced:
Product design

a. User centric, creative design

b. Designing for human use

c. Brainstorming skills

Fluid mechanics
Bernoulli’s equation
Drag on a cylindrical body
Conservation of momentum to predict thrust force
Lab: Thrust calculations

i. Expected thrust from motor power and prop efficiency

ii. Drag on vehicle estimation

iii. Calculation of vehicle performance

b. Hydrostatic pressure
c. Surface tension and capillary action

d. Explanation of pipe organs – visit to SPS organ 

Discussion on force sensors
d. Use deflection to measure force

e. Know material properties to correlate deflection to force

Lab Experiments:

Sensor build to test motor force output

Calculate momentum change to produce force

Project building:
Control box design, user-centric layout
Circuit design for control box

Control box fabrication and soldering

Homework Assignments:
Control box design, layout, and fabrication 

Design sensor to test motor thrust

Generate frame layout strategies, then concepts

Week 4 ( July 24 – July 29) – Testing, tuning, and mitigation
Project building:
Implementation of design, material, and fluid mechanics concepts for frame design
Frame build
Assembly of all components

Practice for competition
Homework Assignments:
Calculate drag on vehicle and top speed
Finish term paper and prepare presentation 
Finish Robot Assembly

Test Robot
Saturday July 29 – Robot Competition
