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COURSE DESCRIPTION:  This course provides an overview of the materials and processes used in advanced manufacturing.  In addition, this course is a basic introduction to concepts related to the computer integrated manufacturing (CIM) process.  The student will be exposed to the theory behind the complete automation of a manufacturing plant with all processes functioning under computer control and digital information tying them together.  The technician’s role in the process improvement of not only the cell but the full CIM system, related safety, and inspection and process adjustment are also covered.  This is a CORE course.
CREDIT HOURS 

Theory

2 credit hour

Lab


1 credit hours

Total


3 credit hours
NOTE: Theory credit hours are a 1:1 contact to credit ratio.  Colleges may schedule practical  lab hours as 3:1 or 2:1 contact to credit ratio.  Clinical hours are 3:1 contact to credit ratio. (Ref Board Policy 705.01)

PREREQUISITE COURSES
Determined by college unless stated otherwise.

CO-REQUISITE COURSES
Determined by college unless stated otherwise.

PROFESSIONAL COMPETENCIES
· Identify fundamental behaviors and manufacturing properties of materials. 

· Identify various basic metal casting processes and equipment. 

· Identify various basic forming and shaping processes and equipment. 

· Identify various basic material-removal processes and equipment. 

· Identify various basic joining processes and equipment. 

· Explain surface preparation techniques. 

· Differentiate among the various types of advanced manufacturing processes.
· Explain how the CIM concept applies to machining manufacturing operations.

· Design a part to print specification utilizing computer assisted machining (CAM) software.

· Setup and operate a cell within a CIM production system to produce a turned and/or milled part.

· Based on subsystem process improvement documentation, make recommendations as to how to improve the CIM system process.
INSTRUCTIONAL GOALS

· Cognitive – Comprehend principles and concepts related to computer integrated manufacturing and materials and processes.
· Psychomotor – Apply principles of computer integrated manufacturing and materials and processes.
· Affective – Value the importance of adhering to policy and procedures related to computer integrated manufacturing and materials and processes.
STUDENT OBJECTIVES
Condition Statement:  Unless otherwise indicated, evaluation of student’s attainment of objectives is based on knowledge gained from this course.  Specifications may be in the form of, but not limited to, cognitive skills diagnostic instruments, manufacturer’s specifications, technical orders, regulations, national and state codes, certification agencies, locally developed lab/clinical assignments, or any combination of specifications.

	MODULE A – FUNDAMENTALS OF MATERIALS

	MODULE DESCRIPTION:  This module is an overview of the fundamental behaviors and manufacturing properties of materials commonly found in the advancement manufacturing environment.

	INDUSTRY COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	A1.0   
Identify fundamental behaviors and manufacturing properties of materials. 
	A1.1   
This objective is measured cognitively.
	2

	LEARNING OBJECTIVES
	KSA

	A1.1.1 
Recognize the structure of metals.

A1.1.2 
Distinguish mechanical behavior and manufacturing properties.

A1.1.3 
Describe the molecular action as a result of temperature extremes, chemical reactions, and moisture content.

A1.1.4 
Categorize physical properties of materials.

A1.1.5 
Recognize types and degrees of corrosion/corrosives.

A1.1.6 
Recognize types of contaminations/contaminants.

A1.1.7 
Identify metal alloys, their structure, and strengthening by heat treatment.

A1.1.8 
Explain symptoms and causes of metal fatigue.

A1.1.9
Recognize general properties and applications of ferrous metals and alloys in production.

A1.1.10 Differentiate general properties and applications of nonferrous metals and alloys in production.

A1.1.11 
Identify the general properties, applications, and structures of polymers.

A1.1.12 
Identify the general properties, applications, and terminology of ceramics, graphite, and diamond.

A1.1.13 
Identify the general properties and applications of composite materials

A1.1.14 
Interpret the structure of composite materials.
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	MODULE OUTLINE:
· Structure of metals

· Mechanical behavior & manufacturing properties

· Change in molecular activity

· Physical properties of materials

· Corrosion/corrosives

· Contaminations/contaminants

· Metal alloy properties

· Metal fatigue symptoms & causes

· Ferrous metals & alloys

· Nonferrous metals & alloys

· Polymers

· Ceramics, graphite & diamond

· Composite materials


	MODULE B –CASTING PROCESSES

	MODULE DESCRIPTION:  This module covers metal casting processes used in the advanced manufacturing environment and the type equipment utilized in this process.

	INDUSTRY COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	B1.0   
Recognize basic metal casting processes and equipment. 
	B1.1   
This objective is measured cognitively.
	2

	LEARNING OBJECTIVES
	KSA

	B1.1.1 
Define investment, die, single crystal, and amorphous castings processes and equipment.

B1.1.2 
Recognize the effect of casting processes on metal microstructures and properties.

B1.1.3 
Recognize components of castings for cost trades.

	2

2
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	MODULE OUTLINE:

· Casting processes & equipment
· Investment

· Die

· Single crystal

· Amorphous

· Effects of casting processes on materials

· Cost trades


	MODULE C – FORMING AND SHAPING PROCESSES

	MODULE DESCRIPTION:  This module gives an overview of basic forming and shaping processes used in advanced manufacturing and the type equipment utilized in these processes.

	INDUSTRY COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	C1.0   
Categorize basic forming and shaping processes and equipment.
	C1.1   
This objective is measured cognitively.
	3

	LEARNING OBJECTIVES
	KSA

	C1.1.1 
Describe the processes and equipment used in rolling metals.

C1.1.2 
Identify the processes and equipment used in forging metals.

C1.1.3
 Define the processes and equipment used in extrusion and drawing of metals.

C1.1.4 
Explain the sheet-metal forming process and equipment, including spin forming.

C1.1.5 
Identify powder metal and ceramic processes and equipment.

C1.1.6 
Describe plastic and composite material forming and shaping processes and equipment.

C1.1.7 
Explain the benefits of rapid prototyping operations and how they are integrated into manufacturing processes.

C1.1.8 
Recognize the effects on material/mechanical microstructure and properties.

C1.1.9 
Recognize the economics of forming and shaping processes.
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	MODULE OUTLINE:

· Rolling metals
· Forging metals

· Extrusion & drawing of metals

· Sheet-metal forming

· Powder metal & ceramic processes

· Plastic and composite material processes

· Rapid prototyping

· Process effects on materials & mechanical microstructure

· Economics of forming & shaping processes


	MODULE D – MATERIAL REMOVAL PROCESSES

	MODULE D— This module gives an overview of material removal processes used in advanced manufacturing and the type equipment utilized in these processes.

	INDUSTRY COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D1.0   
Distinguish material-removal processes and equipment. 
	D1.1   
This objective is measured cognitively.
	2

	LEARNING OBJECTIVES
	KSA

	D1.1.1 
Explain the fundamentals of cutting.

D1.1.2 
Identify cutting tool materials and cutting fluids and reasons for their use.

D1.1.3 
Explain machining processes and describe equipment used to produce round and other shapes.

D1.1.4 
Define machining and turning centers.

D1.1.5 
Describe machine-tool structures and properties (including coatings).

D1.1.6 
Explain the economics of machining.

D1.1.7 
Identify abrasive machining and finishing operations and equipment.

D1.1.8 
Recognize advanced machining processes and nanofabrication.
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	MODULE OUTLINE:

· Cutting fundamentals

· Cutting materials & fluids

· Machining processes & equipment

· Machining & turning centers

· Machining tools

· Economics of machining

· Abrasive machining & finishing operations

· Advanced machining processes

· Nanofabrication


	MODULE E – JOINING PROCESSES

	MODULE DESCRIPTION:  This module gives an overview of joining processes used in advanced manufacturing and the type equipment utilized in these processes.

	INDUSTRY COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	E1.0   
Distinguish joining processes and equipment. 
	E1.1   
This objective is measured cognitively.
	3

	LEARNING OBJECTIVES
	KSA

	E1.1.1 
Explain fusion welding processes, describe the equipment needed and relevant safety aspects.

E1.1.2 
Describe solid-state welding processes and equipment.

E1.1.3 
Describe the basic fundamentals of joining metallurgy and joining processes.

E1.1.4 
Describe brazing, soldering, adhesive bonding, and mechanical fastening processes and equipment.

E1.1.5 
Describe friction stir welding.
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	MODULE OUTLINE:  

· Fusion welding

· Solid-state welding

· Joining metallurgy & joining processes

· Brazing, soldering, adhesive bonding & mechanical fastening

· Friction stir welding


	MODULE F – SURFACE TECHNOLOGY

	MODULE DESCRIPTION:  This module gives an overview of surface technology as it relates to advanced manufacturing.

	INDUSTRY COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	F1.0   
Identify surface technology. 
	F1.1   
This objective is measured cognitively.
	2

	LEARNING OBJECTIVES
	KSA

	F1.1.1 
Describe surface characteristics, the nature of roughness, and measurements.

F1.1.2 
Define friction, wear, and lubrication.

F1.1.3 
Explain methods of treating, coating, and cleaning surfaces.

F1.1.4 
Describe microelectronic fabrication technology.
	1
2
2
2

	MODULE OUTLINE:

· Surface characteristics

· Friction, wear & lubrication

· Treating, coating & cleaning

· Microelectronic fabrication technology


	MODULE G – ADVANCED MANUFACTURING PROCESSES

	MODULE DESCRIPTION:  This module is designed to introduce the students to advanced processes and equipment used in manufacturing such as processes used in the chemical and energy production industries  

	INDUSTRY COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	G1.0
Describe processes and equipment used in the advanced manufacturing environment. 
	G1.1
This competency is tested cognitively.
	2

	LEARNING OBJECTIVES 
	KSA

	G1.1.1
Explain the growth and development of the advanced manufacturing industry sector.
G1.1.2
Describe roles, responsibilities, and expectations of technicians in the advanced manufacturing industry sector.

G1.1.3
Describe the team concept characteristic of advanced manufacturing industry.

G1.1.4
Define the application of physics and chemistry in the advanced manufacturing industry.

G1.1.5
Identify types of equipment used in advanced manufacturing (machinery, piping, tanks, vessels, pumps, compressors, turbines, motors, heat exchangers, boilers, distillation towers, etc.).

G1.1.6
Describe process control instrumentation common to the advanced manufacturing environment.
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	MODULE G –
OUTLINE

· History
· Technician roles, responsibilities, & expectations

· Team concept

· Physics & chemistry applications

· Equipment

· Process control instrumentation


	MODULE H – INTRODUCTION TO COMPUTER INTEGRATED MANUFACTURING (CIM)

	MODULE DESCRIPTION:  This module is designed to introduce the students to computer integrated manufacturing.  Topics include CIM background, safety, components, group technology, lean manufacturing, just-in-time technology, flexible manufacturing, and robotics. 

	INDUSTRY COMPETENCIES
	PERFORMANCE OBJECTIVE
	KSA

	H1.0
Explain how the CIM concept applies to advanced manufacturing operations.
	H1.1
This competency is tested cognitively.
	2

	LEARNING OBJECTIVES 
	KSA

	H1.1.1
Describe the impact of automation on the manufacturing process.
H1.1.2
Describe the impact of computer integration on the manufacturing process.

H1.1.3
Explain the CIM approach to manufacturing.
H1.1.4
Describe the recent developments in CIM.

H1.1.5
Identify the key components of a CIM installation.
H1.1.6
Explain the advantages and disadvantages of CIM.

H1.1.7
Recognize the competitive benefits of lean manufacturing concepts.

H1.1.8
State how group technology and just-in-time (JIT) concepts improve the efficiency of operations within CIM.
H1.1.9
Explain what comprises a flexible manufacturing system including robotics.
H1.1.10
Describe a flexible manufacturing cell.
H1.1.11
Describe a local area network (LAN.)
H1.1.12
Identify safety practices appropriate to the CIM environment.
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	MODULE H –
OUTLINE

· The CIM approach to manufacturing

· History

· Related safety

· System components

· Group technology

· Just-in-Time (JIT) technology
· Lean manufacturing
· Flexible manufacturing system

· Flexible manufacturing cell

· Robotics in CIM




	MODULE I – MANUFACTURING DESIGN METHODS

	MODULE DESCRIPTION:  This module is designed to teach the students how to design a part using CAM and how to use a machine simulator to validate part geometry.  Topics include part geometry, tool selection, tool paths, post processing, and modifying and editing machine code.  Topics also include program loading, modifying, and geometry verification.

	INDUSTRY COMPETENCIES
	STUDENT PERFORMANCE
	KSA

	I1.0
Design a part to print specifications utilizing CAM.  
	I1.1
Use CAM software to program a CNC turning machine and/or a CNC milling machine in order to produce parts.
	3

	I2.0 
Use a machine simulator to validate part geometry. 
	I2.1 
Simulate the machining of a part using a computer software program.
	3

	LEARNING OBJECTIVES 
	KSA

	I1.1.1
Explain how to construct part geometry using CAM software based on print specifications.
I1.1.2
Describe how to select the appropriate tools for the project from tool files.
I1.1.3
Describe how to generate the tool path to match construction geometry. 

I1.1.4
Explain how to perform post processing to generate machine code.
I1.1.5
Explain various considerations when modifying and editing the machine code to adjust the process.
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	I2.1.1
Describe how to load a program into simulator

I2.1.2
Describe how to verify geometry.
I2.1.3
Describe how to select appropriate tooling.
I2.1.4
Describe how to modify geometry to meet specifications.
I2.1.5
Describe how to recheck geometry.
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	MODULE I – OUTLINE

· Computer assisted manufacturing (CAM) design

· Machine simulation/modeling




	MODULE J – MILLING/TURNING CENTERS

	MODULE DESCRIPTION:  This module is designed to teach the students to simulate the set up and operation of a CIM cell.  Topics include safety precautions, start up and shut down procedures, program loading, chucking and fixturing, work holding devices, setting part zero, selecting appropriate tooling and tool holders, tool offsets, part inspection, and documentation.

	INDUSTRY COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	J1.0
Setup and operate a cell within a computer integrated manufacturing (CIM) production system to simulate the production of a turned and/or milled part. 
	J1.1
Using CAM software, set up, program, and operate a CNC simulator to simulate part production in accordance with specifications. 
	3

	
	J1.2
Answer questions as to how the CNC machining center (cell) will be integrated into the CIM process.
	3

	LEARNING OBJECTIVES 
	KSA

	J1.1.1
Describe various safety precautions associated with simulating part production. 

J1.1.2
Describe various considerations when starting up and shutting down a CNC turning/milling machine.
J1.1.3
Describe how to load a program into a CNC turning/milling machine controller.
J1.1.4
Explain how to select the appropriate chucking and fixturing devices to perform a CNC turning operation.
J1.1.5
Explain how to select the appropriate work holding devices, including table fixturing devices, to perform a CNC operation.
J1.1.6
Explain how to set part zero on a CNC turning/milling machine.
J1.1.7
Describe how to select the appropriate tooling and tool holders to perform a CNC turning/milling operation.
J1.1.8
Describe the process involved in loading tooling and tool holders into a CNC turning/milling machine.
J1.1.9
Describe how to set tool offsets into a CNC turning/milling machine controller.
J1.1.10
Describe the correct process to verify a CNC turning/milling program.
J1.1.11
Describe how to verify specification compliance using simulator features to include a written report and justification to accept or reject component parts.

J1.1.12
Document a turning/milling center (cell) process improvement recommendation.
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	J1.2.1
Explain how a flexible cell setup and operation differs from an independent center setup and operation.

J1.2.2
Explain how a cell within a CIM process interrelates with other cells in the process.
	2

2

	MODULE J – OUTLINE

· Cell setup & operation

· Related safety

· Machine setup & operation simulation
· Power up/down

· Program loading

· Chucking/fixturing (turning)

· Machine table/fixturing (milling)

· Part zero/fixture offsets

· Tool holders

· Tooling loading

· Tool offsets

· Work holding devices

· Program verification

· Machine controllers

· Other setup options

· Part manufacturing simulation
· Part inspection simulation features
· Integration of cell into CIM process




	MODULE K – PROCESS IMPROVEMENT

	MODULE DESCRIPTION:  The purpose of this module is to teach the student to write a system process improvement plan.  Topics include documentation and process recommendations.

	INDUSTRY COMPETENCIES
	PERFORMANCE OBJECTIVE
	KSA

	K1.0
Write a system process improvement plan.
	K1.1
Based on subsystem process improvement documentation, make recommendations as to how to improve the CIM system process.
	2

	LEARNING OBJECTIVES 
	KSA

	K1.1.1
Explain various considerations when completing a subsystem (cell) process improvement document from the part inspection results.
K1.1.2
Explain various considerations when complete a system process improvement document from the cell process improvement document.
	2

2

	  MODULE K – OUTLINE

· Cell process improvement documentation (subsystem)

· CIM process recommendations (system)




Learning Objectives Table of specifications

The table of specifications below identifies the percentage of objectives at a cognitive level for each module.  Instructors should develop sufficient numbers of test items at the appropriate level of evaluation.  
	
	Facts/ Nomenclature
	Principles/ Procedures
	Analysis/ Operating Principles
	Evaluation/ Complete Theory

	
	1
	2
	3
	4

	Module A
	0%
	100%
	0%
	0%

	Module B
	0%
	100%
	0%
	0%

	Module C
	0%
	0%
	100%
	0%

	Module D
	25%
	50%
	25%
	0%

	Module E
	0%
	80%
	20%
	0%

	Module F
	25%
	75%
	0%
	0%

	Module G
	0%
	100%
	0%
	0%

	Module H
	42%
	58%
	0%
	0%

	Module I
	0%
	0%
	100%
	0%

	Module J
	0%
	14%
	86%
	0%

	Module K
	0%
	100%
	0%
	0%


	Learner’s Knowledge, Skills and Abilities

	Indicator
	Key Terms
	Description

	1
	Limited Knowledge and Proficiency
	· Identifies basic facts and terms about the subject or competency.

· Performs simple tasks associated with the competency.  Needs to be told or shown how to do most tasks.  

· Requires close supervision.

	2
	Moderate Knowledge and Proficiency
	· Identifies relationship of basic facts and states general principles and can determine step-by-step procedures for doing the competency.

· Performs most parts of the competency.  Needs help only on hardest parts.  

· Requires limited supervision.

	3
	Advanced Knowledge and Proficiency
	· Analyzes facts and principles and draws conclusions about the subject to include why and when the competency must be done and why each step is needed.  Can predict outcomes.

· Performs all parts of the competency.  Needs only a spot check of completed work.  

· Requires little or no direct supervision.

	4
	Superior Knowledge and Proficiency
	· Can evaluate conditions and make appropriate decisions as related to resolving problems. 

· Performs competency quickly and accurately with no direct supervision and is able to instruct and supervise others.  
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