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District Course Number:  H8114
	( Career Cluster:
	Science,Technology, Engineering and Mathematics
	( Prerequisite Course(s):
	Principles of Engineering, Introduction to Engineering Design, Digital Electronics or Instructor Permission

	( Is this the Completer Course?    YES  FORMCHECKBOX 
       NO  FORMCHECKBOX 
---(
	Next Course In Sequence:

	( High School Credit =
	1
	( This course will be offered:
	 FORMCHECKBOX 
 every year?
	OR
	 FORMCHECKBOX 
 every other year?

	( Eligibility for Nationally Recognized Skill Certificate(s)/State License?
	 FORMCHECKBOX 
 No
	OR
	 FORMCHECKBOX 
 Yes

	
If Yes, identify Certificate(s) or License:
	

	( Tech Prep:
	 FORMCHECKBOX 
 No
	OR
	 FORMCHECKBOX 
 Yes
	

	
If Yes, (1) List Postsecondary Institution:
	

	
(2) Name of Course: 
	
	Number of postsecondary credits
	
	

	( Is this course brokered through another institution or agency?
	 FORMCHECKBOX 
 No
	OR
	 FORMCHECKBOX 
 Yes

	
If Yes, list institution/agency:
	

	


( Course Description Computer Integrated Manufacturing is a course that enhances computer modeling skills by applying principles of robotics and automation to the creation of models of three-dimensional designs.  This course is part of the PLTW (Project Lead the Way) Pre-Engineering Program.  The purpose of the Computer Integrated Manufacturing course is to expose students to the fundamentals of computerized manufacturing technology. 

( Content Headings/Topics: 


Computer Modeling – using a three dimensional, solid modeling software package with mass property analysis. 


CNC Equipment – understanding the machine tools and its operating and programming aspects.


CAM Software – converting computer generated geometry into a program to drive CNC machine tools. 


Robotics – using a robot for materials handling and assembly operations.

Flexible Manufacturing Systems – students working in teams to design manufacturing workcells and table top factory simulations. 
Source of Occupational Skills Standards

	Source/Organization/Agency
	Acronym
	Website or Location of Information
	Section, Chapters referenced in Performance Standards etc.
	Date
of Edition or Version

	Project Lead the Way
	PLTW
	http://www.pltw.org/index.htm
	
	Engineering standards will soon be released through PLTW and the national revised STEM Career Cluster.

	
	
	
	
	


	Student Performance Standards

(Learner Outcomes)
	Specific

Occupational

Skills Standards
	Alaska Reading, Writing, Math, Science 
4th Ed. PSGLE’s
	Alaska Employability Standards
	Alaska Cultural Standards
	All Aspects of Industry
	How Will Students Be Assessed?

(Summative Level)

	1.1 Students will be able to produce 2D sketches using available sketching features, constraints, and dimensions in CAD software.


	Workkeys

AM
	R4.4.2

W4.2.2

M1.4.1

M2.4.1

M3.4.1

M5.4.6


	A2


	B3,E4
	Underlying Principles of Tech (POT), Community  Issues (Comm), Technical  and Production Skills (TAPS)
	PLTW Assessments

	1.2 Students will analyze drawings with appropriate inquiry functions.
	Workkeys

AM,O
	R4.4.1

R4.4.2

M8.4.1

M10.3.2

SE2.1

SE3.1

W4.2.2


	A1,A2


	B3,E2,
	POT,COMM
	PLTW Assessments 

	1.3 Students will be able to apply necessary sketched features to generate a solid model in CAD software.
	Workkeys

AM,AT
	M8.4.1

M1.4.1

M2.4.1

M3.4.1

M5.4.6

M10.3.2

SD1.1

SD2.1

SD3.1

W4.2.2


	A1,A2


	A6,B3,E2
	POT, TAPS
	PLTW Assessments

	1.4 Students will be able to demonstrate the proper application of annotations and reference dimensions while conforming to established drafting standards.


	Workkeys

AM,R&I,W
	M1.4.1

M2.4.1-2

M3.4.1

M10.2.2
	A1,A2


	E4
	POT, COMM
	PLTW Assessments

	1.5 Students will be able to generate an assembly drawing, which include Views, Balloons, and Bill Of Materials (BOM)
	Workkeys

BW,AT
	SE1-3

SF3.1

W4.2.2

W3.6
	A1,A2


	E2
	POT, COMM
	PLTW Assessments

	1.6 Students will identify the need for rapid-prototyping and

 will prepare a prototype model from a drawing data base
	Workkeys

AM
	M1.4.1

M2.4.1

M8.4.1

SA1

SB1-3

SE1-2

W4.2.2


	A1,A2


	B3,B4
	POT, COMM
	PLTW Assessments

	2.1 Students will be able to explain the history of Computer Controlled Machines charting the growth of NC and how it has been implemented in manufacturing and the advantages and disadvantages of CNC Machining. 


	Workkeys

AT
	R4.4.1

M1.4.1

M2.4.1

M5.4.6

SB1-3

SE2
	B2


	B4
	POT, COMM
	PLTW Assessments

	2.1 Students will explore career opportunities and educational requirements within the field of programmable machines.


	Workkeys

LI
	M1.4.1

M2.4.1

M5.4.6

SE2.1

SE3.1

W4.2.2

W4.2.4

W4.5
	B2,B4


	B4
	POT, COMM
	PLTW Assessments

	2.1 Students will contrast open and closed loop control systems.


	Workkeys

O,AT
	M2.4.1

M8.4.1

M10.2.2

SB4.1

SE2.1

SE3.1

W4.2.2
	A1,A2


	E2
	POT, COMM
	PLTW Assessments

	 2.2 Students will be proficient in CNC milling. Students will be able to select appropriate cutting tools to efficiently, safely and accurately cut parts using a CNC machine.

 


	Workkeys

AM,AT
	M2.4.1

M8.4.1

M10.2.2

SB4.1

SE2.1

SE3.1

W4.2.2
	A1,A2


	B3
	POT, COMM,

TAPS
	PLTW Assessments

	2.3 Students will be able to write a basic NC part program using necessary G and M codes including remarks that describe the function of each code and be able to employ a CAD/CAM/CNC software solution to create a part.


	Workkeys

AM,AT,W
	R4.4.1

M1.4.1

M2.4.1

M3.4.1

M5.4.6

M8.4.1

M10.2.2

SB4.1

SE2.1

SE3.1

W4.2.2
	A1
	B4
	POT, COMM,

TAPS
	PLTW Assessments

	 

2.4      Student will be able to demonstrate the ability to safely setup, maintain and operate a CNC machine center using appropriate documentation and procedures.

 


	Workkeys

AM,AT
	M2.4.1

M8.4.1

M10.2.2

SB4.1

SE2.1

SE3.1

W4.2.2
	A1
	B4
	POT, 

TAPS
	PLTW Assessments

	2.5      Students will be able to read technical drawings identifying and understand the dimensional tolerances and limits and to make precision measurements to the degree of accuracy required by plan specification using appropriate instruments.

 
	Workkeys

AM,AT,BW,O
	R4.4.1

R4.4.2

M2.4.1

M8.4.1

M10.2.2

SB4.1

SE2.1

SE3.1

W4.2.2
	A2
	E4
	POT, 

TAPS
	PLTW Assessments

	3.1  Students will be able to discuss the chronological development of automation leading to robotics, career opportunities in the robotics career fields, the development of robotics from Science Fiction, and a minimum of four dangerous and repetitive jobs that robots are used for.

 


	Workkeys

AM,O,RI
	R4.4.2

M2.4.1

M8.4.1

M10.2.2

SB4.1

SE2.1

SE3.1

W4.2.2
	B2
	A6,B4
	POT, COMM
	PLTW Assessments

	3.2      Students will be able to define a robot and classify different types of Robots, their impact on manufacturing, and the social implications of robots.

 

3.3      Students will design and build a working model of a robot and calculate work envelopes.


	Workkeys

AM,RI,AT
	M2.4.1

M8.4.1

M10.2.2

SB4.1

SE2.1

SE3.1

W4.2.2

W4.2.4

W3.6
	A5
	B4,E2,E4
	POT, COMM,

TAPS
	PLTW Assessments

	3.4      Students will design and develop an end effector.


	Workkeys

AM,AT,TW
	M2.4.1

M8.4.1

M10.2.2

SB4.1

SE2.1

SE3.1

W4.2.2
	A2
	
	POT
	PLTW Assessments

	  

3.5   Students will demonstrate an understanding of control techniques and computer simulations.


	Workkeys

AM,AT,TW
	M2.4.1

M8.4.1

M10.2.2

SB4.1

SE2.1

SE3.1

W4.2.2
	A1
	B3,E2
	POT, TAPS
	PLTW Assessments

	3.6.      Students will program a robot to perform several tasks.


	Workkeys

AM,TW,AT
	R4.4.2

M2.4.1

M8.4.1

M10.2.2

SB4.1

SE2.1

SE3.1

W4.2.2
	A1
	E4
	POT
	PLTW Assessments

	3.7      Students will analyze and generate the solution to a robotic manufacturing problem
	Workkeys

AM,TW,AT
	R4.4.1

R4.4.2

M2.4.1

M8.4.1

M10.2.2

SB4.1

SE2.1

SE3.1

W4.2.2
	A5
	B4
	POT, COMM,

TAPS
	PLTW Assessments

	4.1      Students will identify some of the typical components and sub systems that make up an automated machining, assembly and process-type manufacturing operation.

 


	Workkeys

RI,TW,AT
	M2.4.1

M8.4.1

M10.2.2

SB4.1

SE2.1

SE3.1

W4.2.2
	A5
	B4
	POT
	PLTW Assessments

	4.2.      Students will compare and contrast the benefits and drawbacks of the three categories of CIM manufacturing systems.


	Workkeys

AT
	R4.4.1

M2.4.1

M8.4.1

M10.2.2

SB4.1

SE2.1

SE3.1

W4.2.2

W3.6
	A2
	B4
	POT, COMM
	PLTW Assessments

	4.3      Students will identify and study the relationship between a CNC milling machine interface and a jointed arm robot interface through a communication handshaking process.


	Workkeys

AT
	R4.4.2

M2.4.1

M8.4.1

M10.2.2

SB4.1

SE2.1

SE3.1

W4.2.2
	A1
	B4
	POT, TAPS
	PLTW Assessments

	4.4      Students will assemble and test their individual component designs by integrating them into a complete miniature FMS built from the Fischertechnik models.


	Workkeys

AT,TW
	M2.4.1

M8.4.1

M10.2.2

SB4.1

SE2.1

SE3.1

W4.2.2

W4.5
	A5
	B4
	POT, TAPS
	PLTW Assessments


List of Major Instructional Resources:  (websites, textbooks, essential equipment, reference materials, supplies)

www.PLTW.org
Unit 1:

Autodesk Staff, (1999). Autodesk inventor essentials. Autodesk, Inc. 20801-010000-1700.

Banach, D. T., (1998). Mechanical desktop 2.0: applying designer and assembly modules, NY: Autodesk Press: An International Thomson Publishing Company, ISBN 0-7668-0068-7

Madson, D. A., (1996). Engineering drawing and design, pp. 112, Problems 3-15 and 3-19 Albany, NY: Delmar Publisher. ISBN 0-8273-6720-1.

Video Manufacturing Insights: Solid Modeling, Vendor-Society of Manufacturing Engineers, One SME Drive, P.O. Box 930, Dearborn, MI 48121-0930 Cat# VT 656, Paper # VT 98656, Phone (313) 271-1500 or (800) 733-4763 Web Address www.sme.org

Anderson, A. L. (1995). Rapid prototyping: using the JP system 5, SDC Publications, Schroff Development Corporation. ISBN 1-887503-29-3

Bailey M., PhD. (March 1998). The use of solid rapid prototyping, University of California at San Diego. [On-line]. Available: http://www.sdsc.edu
Unit 2:

An introduction to CNC programming (teacher’s edition). Light Machine Corporation, March 1995 34-7541-0000.

“CNC Workshop” (CD-ROM), Torcomp Publisher.TorComp at 888-561-7521 

Fitzpatrick, M. (1989). Computer numerical control simplified. Glenco Publishing Company. ISBN 0-02-676410-5.

Groover, M. P. and Zimmers, E. W. (1984). CAD/CAM, computer aided design and manufacturing. Prentice -Hall Inc. ISBN 0-13-110130-7.

Luggen, W. W. (1988). Fundamentals of computer numeric control, (3rd ed.). Delmar Publishers. ISBN 0-8273-6496-2.

Powers, J. Jr. (1987). Computer automated manufacturing. McGraw-Hill Book Company. ISBN 0-07-050601-9.

Teklinks. Student Activity Books & Teacher’s Guides. (CD-Rom), Intelitek Inc. at 800-777-6268.

Amic, P. J. (1997). Computer numerical control programming. Prentice Hall, ISBN 0-13-326158-1.

Intelitek. Advanced manufacturing technology - CNC mill, teacher’s guide. Light Machine Corporation and Intelitek, 1997.

 Krar, S. F. and Check, A. F. (1997). Technology of machine tools (5th ed.). Glenco/McGraw-Hill.

“Mechanical Measurement and Quality Control – Student Activity Book” (CD-ROM Intelitek – file name MMQC.PDF)

Unit 3:

Biekert, R. (1993). CIM technology: fundamentals and applications. Goodheart-Wilcox Co. ISBN 0-87006-994-2.

Groover, M. P., Nagel, R. N., Odrey, N. G., and Weiss, M.. (1986). Industrial robotics: technology, programming and applications. Glencoe/McGraw Hill, ISBN 0-07-024989-X

Goetsch, D. (1990). Advanced manufacturing technology. Delmar Publishers. ISBN 0-8273-3786-8.

Masterson, J. W., Towers, R. L., and Fardo, S. W. 1996. Robotics technology. Goodheart-Wilcox Company, Inc. ISBN 1-56637-046-9.

Occupational education outlook handbook and Website.

“Robot Science & Technology” Robot Science & Technology, 4564 Pacific Street, Rocklin, CA 95677 (ISSN 1096-4754) 

Teklinks. Student Activity Books & Teacher’s Guides. (CD-Rom), Intelitek Inc. at 800-777-6268.

Society of Manufacturing Engineers, Video “Flexible Manufacturing Cells”, Order Code: PI-VT 256-4000 Society of Manufacturing Engineers, One SME Drive, P.O. Box 930, Dearborn, MI 48121-0930, Phone 313-271-1500 or 800-733-4763. [On-line] Available: www.sme.org
Kafrissen, E., and Stephans, M. (1984). Industrial Robots and Robotics. Prentice Hall. ISBN 0-8359-3071-8.

Malcolm, D. R., Jr. (1988). Robotics an introduction (2nd ed.), Delmar Publishers, ISBN 0-8273-3913-5.

“Robot Specifications” [On-line]. Available: http://www.newtonlabs.com/mach5.htm and http://www.activrobots.com/ROBOTS/specs.html
“Robot Wars” [On-line]. http://www.fightingrobots.co.uk/robotsrule/robot_wars_info.htm
Robotics training program instructors manual. (1985). Esched Robotec Limited. ISBN 965-291-006-6.

Shoham, M. (1994). Textbook 1 fundamentals of robotics. Esched Robotic, ISBN 965-291-001-5.

Esched Robotic. (1995).Textbook 4 fundamentals of robotics. ISBN 965-291-004-X.

Reischsfeld, O. (1998). Robotics and Materials Handling 2, Robocell-Cell Simulation Student Activity Book. Intelitek Inc., Catalog #100174.Rev.A., http://www.Intelitek.com
Society of Manufacturing Engineers, Video “Robotics Technology: Beyond Basics”, Order Code: PI-1275-4000 Society of Manufacturing Engineers, One SME Drive, P.O. Box 930, Dearborn, MI 48121-0930, Phone 313-271-1500 or 800-733-4763, Web Address www.sme.org.

Society of Manufacturing Engineers, Video “Developing and Applying End of Arm Tooling”, Society of Manufacturing Engineers, One SME Drive, P.O. Box 930, Dearborn, MI 48121-0930, Phone 313-271-1500 or 800-733-4763, Web Address www.sme.org.

Mishli, L.S. (1998). Robotics and materials handling 1 scorbot-ER 4PC student activity book. Esched Robot, Inc., Catalog #100150 Rev. B. 

Unit 4:

Bickert, R. (1993). CIM technology: fundamentals and applications. Goodheart-Wilcox Co., ISBN 0-87006-994-2.

Goetsch, D. (1988). Fundamentals of CIM technology. Delmar Publishers. ISBN 0-8273-2844-3. (Out of Print)

Rehg, J. (1997). Introduction to robotics in CIM systems. Prentice Hall, ISBN 0-13-238395-0.

Robotics training program instructors manual. (1985). Esched Robotec Limited. ISBN 965-291-006-6.

State Standards: 

Alaska Content and Performance Standards

W4.2 Writing -Use a variety of forms

4.2.2 Writing in a variety of nonfiction forms (e.g., letter, report, biography, autobiography, and/or essay) to inform, describe or persuade* 

4.2.4 Using research-based information and/or analysis in research projects or extended reports*(L) 

W4.5 The student documents sources by 

4.5.1 Giving credit for others’ ideas, images, and multimedia information, including others’ ideas directly quoted or paraphrased by student, by citing sources using a standard method of documentation (e.g., MLA or APA style)* (L) 
W3.6 The student uses resources by 
3.6.1 Correcting misspellings using available software programs, including choosing the correct spelling option among several choices* (L) 
3.6.2 Using a thesaurus to locate and choose effective synonyms for common words or to avoid redundancy* (L

3.6.3 Selecting and using formatting features to produce final draft (e.g., centering title, choosing appropriate font size and style, indentation, pagination, and line spacing)* (L

3.6.4 Selecting correct choice when using grammar-checking software (e.g., accepts suggested change or disregards inappropriate suggested change)* (L) 

Mathematics

M1.4.1 Read, write, model, order, and define real numbers and subsets. 
M2.4.1 Evaluate measurements for accuracy, precision, and error with respect to the measuring tools, methods, and the computational process. 

M2.4.2 Estimate and convert measurements between different systems
M3.4.1 Use estimation to solve problems and to check the accuracy of solutions; state whether the estimation is greater or less than the exact answer. 

M5.4.6 Construct geometric models, transformations, and scale drawings using a variety of methods including paper folding, compass, straight edge, protractor, and technology. 

M8.4.1 Use appropriate technology to represent the information and ideas in a problem. 

M10.2.2 Apply mathematical skills and processes to situations with friends and school. 

M10.3.2 Apply mathematical skills and processes to situations with peers and community. 

Reading

4.4.1 Reading, understanding, and applying multi-step directions to perform complex procedures and tasks (e.g., filling out a sample income tax return or permanent fund dividend application)  

4.4.2 Identifying the sequence of steps in a list of directions (e.g., design a science experiment)* 

SA Science as Inquiry and Process 

A student should understand and be able to apply the processes and applications of scientific inquiry. 

1) develop an understanding of the processes of science used to investigate problems, design and conduct repeatable scientific investigations, and defend scientific arguments; 

SB Concepts of Physical Science 

A student should understand and be able to apply the concepts, models, theories, universal principles, and facts that explain the physical world. 

develop an understanding of motions, forces, their characteristics and relationships, and natural forces and their effects. 

SD Concepts of Earth Science 

A student should understand and be able to apply the concepts, processes, theories, models, evidence, and systems of earth and space sciences. 

SE Science and Technology 

A student should understand the relationships among science, technology, and society. 

SF Cultural, Social, Personal Perspectives and Science 

A student should understand the dynamic relationships among scientific, cultural, social, and personal perspectives. 

Employability

A) A student should be able to develop and be able to use employability skills in order to effectively make the transition from school to work and lifelong learning.
 
A1. develop and maintain a work ethic necessary for success in the workplace that includes honesty, integrity, dependability, punctuality, self-discipline, initiative, reliability, accuracy, productivity, respect, and perseverance; 

A2.  understand how to apply skills and academic knowledge in a variety of work settings; 


A5. understand how an individual job fits into the overall organization and how the organization fits into the overall economy; 
B) A student should be able to identify career interests and plan for career options.

B2  identify possible career options, considering both employment and self employment, and understand how changes in the workplace affect career  choice; 


B4  identify education and/or training needed for career options and advancement, and develop a career plan; and 

Cultural Standards

A) Culturally- knowledgeable students are well grounded in the cultural heritage and traditions of their community. 


A6  live a life in accordance with the cultural values and traditions of the local community and integrate them into their everyday behavior; and 

B) Culturally- knowledgeable students are able to build on the knowledge and skills of the local cultural community as a foundation from which to achieve personal and academic success throughout life. 


B3 make appropriate choices regarding the long-term consequences of their actions; and 


B4 identify appropriate forms of technology and anticipate the consequences of their use for improving the quality of life in the community. 
E) Culturally- knowledgeable students demonstrate an awareness and appreciation of the relationships and processes of interaction of all elements in the 
world around them. 

E2  understand the ecology and geography of the bioregion they inhabit; 

E4 determine how ideas and concepts from one knowledge system relate to those derived from other knowledge systems; 
All Aspects of Industry 
http://www-ims.tamu.edu/docs2/AllAspectsBook.pdf
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Occupations Skills/Standards: 


Manufacturing Skills Standards Council (MSSC) http:/www.msscusa.org
MSSC production standards:
http://www.msscusa.org/validation/Standards/Production.pdf (bad link)

Work Keys



http://www.act.org/workkeys/
Applied Mathematics
Applied Technology
Business Writing
Listening
Locating Information
Observation
Reading for Information
Teamwork
Writing
National Center for Construction Education and Research (NCCER) 

http://www.nccer.org/documents/academic/coreObj.pdf

National Occupational Competency Testing Institute 

http://www.nocti.org/

Skills USA VICA, PO Box 3000, Leesburg, VA 20177, (703) 777-8810, http://www.skillsusa.org 

Occupational Safety and Health Administration (OSHA), US Dept. of Labor, Washington, DC, www.osha.gov
 (ASVAB) Armed Services Vocational Aptitude Battery:  Local Military Recruiter

American National Standards Institute (ANSI), http://www.ansi.org 
American Welding Society (AWS) http://www.aws.org

National Institute for Metalworking Skills (NIMS) http://www.nims-skills.org/


http://www.nims-skills.org/downloads/downloads.htm

National Skills Standards Board (NSSB) http://www.nssb.org  

Standards for  Technological Literacy

ITEA International Technology Education Association

ISBN 1-887101-02-0
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