	ME 499/599: Kinematic Design

Fall Semester 2007

College of Engineering

Idaho State University
Th 3:00 – 5:50 pm

PSC 241



Syllabus

ME 499/599 Kinematic Design 3 credits. Use of kinematic synthesis theory to the design of planar and spatial mechanisms. Finite-position precision synthesis, trajectory and workspace optimization and motion analysis for planar, spherical and spatial open and closed-loop chains. PREREQ: MATH230, ENGR165, ENGR166, ME320. F.
Course Content

This course presents new theories for the kinematic design of mechanisms. The course will first introduce the algebraic tools used to describe motion and the basic of kinematic synthesis theory. This will be applied to the design of planar mechanisms first and extended to spatial mechanisms later in the course. The designs will be analyzed using computer algebra tools.

This content has been modified to include analysis of robotic systems. See course outline.

Coordinator/Instructor

Alba Perez

Assistant Professor

Colonial Hall, 3.

Phone: 282 5655

Email: perealba@isu.edu
Office hours: by appointment.

Textbook

There will be no course book; notes will be provided by the instructor. Useful references for the different topics will be given during the lectures.

Material for the course will be posted on the instructor’s web page:

http://www.coe.isu.edu/~perealba

Grading

Grade will be based on design projects (30% of the grade), midterm (30% of the grade) and final exam (40% of the grade).  See the course policy for additional information.

Course Goals

The course will emphasize the application of new synthesis theory to the design of mechanisms. After taking this course, the students will have achieved the following goals:

1. Acquire knowledge on advanced algebraic tools for the description of motion.

2. Develop the ability to design mechanical systems for a given planar or spatial motion.

3. Develop the ability to analize the motion of a mechanical system.

4. Use computer tools to perform the design, analysis and simulation of moving systems.

Prerequisites by Topic

The following topics are required for a good understanding of the material covered in the course:

· Linear algebra.

· Basic planar kinematics. 

· Symbolic programming.

ME Program Outcomes
At the time of graduation, ISU ME graduates will have 

1. an ability to apply a knowledge of mathematics, interdisciplinary science, and engineering.

2. an ability to design and conduct experiments, as well as to analyze and interpret data.

3. an ability to design thermal and mechanical components, systems, or processes to meet desired specifications, including incorporating key aspects of business practices.

4. an ability to work effectively in multi-disciplinary teams.

5. an ability to identify, formulate, and solve engineering problems.

6. an understanding of professional and ethical responsibility to society, their profession, and themselves.

7. an ability to communicate effectively through written, oral, and graphical media.

8. an understanding of the importance of engineering contributions in a global and societal context.

9. an ability to seek, and an understanding of the importance and need for, life-long learning.

10. a knowledge and understanding of contemporary issues.

11. an ability to effectively select and use the modern engineering techniques, skills, and tools necessary to solve engineering problems.

12. a familiarity with state and regional industries, and state and federal agencies, and the ability to succeed in employment as a mechanical engineer in these areas.

13. an ability to enter and succeed in an advanced degree program.

Map of Course Goals to Program Outcomes
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Assessment Tools for Course Goals 

	Assessment Tools
	Course Goals

	
	1
	2
	3
	4

	Exams
	10
	4
	5
	0

	Projects
	0
	6
	5
	10

	Average
	10
	10
	10
	10


Course Policy Statement

The course has a first theoretical part in order to define the equations that will be used to design the mechanisms. The emphasis, however, is on the applications to the design of well-known mechanical systems, such as hinges, foldable mechanisms, vehicle suspensions, etc.

Projects and exams: There will be one midterm exam, which will cover the theoretical aspects, and one final exam, which may have an in-class theoretical part and a take-home project. There will be several design projects that may include the reading of journal papers in mechanism design. The projects may be tailored to the interests of the students.

Computer tools: The projectts will require the use of computer tools for performing the calculations, plotting the results and simulating the movement of the elements. The use of Maple or Mathematica, or any other symbolic computation software, is strongly recommended. We will also use Matlab and/or Java programming for numerical computations.

Course Topics and Tentative Course Outline

	Week
	Days
	Topic
	Reading and Assignments

	1
	Aug. 23
	Introduction to motion.
	

	2
	Aug. 30
	Kinematics of planar series and parallel robots. Matrix formulation.
	

	3
	Sept. 6
	Clifford algebras in the plane. Application to robot kinematics.
	Project 1

	4
	Sept. 13
	Synthesis theory. Synthesis of planar open chains.
	

	5
	Sept. 20
	Synthesis of planar closed linkages.
	

	 6
	Sept. 27
	More on planar motion analysis: velocities, accelerations, workspace and singularities.
	Project 2

	
	
	TAKE-HOME MIDTERM
	

	7
	Oct. 4
	Kinematics of serial robots. Homogeneous matrix formulation.
	

	8
	Oct. 11
	Kinematics of parallel robots.
	

	9
	Oct. 18
	Clifford algebras in 3D space. 
	Project 3

	10
	Oct. 25
	Spatial synthesis theory.
	

	11
	Nov. 1
	Synthesis of spatial serial robots.
	

	12
	Nov. 8
	Synthesis of spatial parallel robots.
	Project 4

	13
	Nov. 15
	More on spatial motion analysis: velocities, accelerations, etc.
	

	14
	Nov. 22
	 Thanksgiving week
	

	15
	Nov. 29
	Issues on design of robotic systems.
	Project 5

	16
	Dec. 6
	Issues on design of robotic systems.
	

	17
	Dec. 13
	FINAL EXAM
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