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COURSE DESCRIPTION 

This course provides an overview of the materials and processes used in manufacturing high performance, light weight, and reliable structures for aerospace products.  Emphasis is placed on process evaluation techniques that can be extrapolated to other system areas such as new products and new technology.  (This course should be taken during the first or second semester of enrollment in the program.)  This supports CIP code 15.0801.  Core.
CREDIT HOURS 

Theory

3 credit hours

Lab


0 credit hour

Total


3 credit hours
NOTE: Theory credit hours are a 1:1 contact to credit ratio.  Colleges may schedule lab hours as manipulative (3:1 contact to credit hour ratio) or experimental (2:1 contact to credit hour ratio).

PREREQUISITE COURSES 
Determined by college unless stated otherwise
CO-REQUISITE COURSES 
Determined by college unless stated otherwise
INDUSTRY/PROFESSIONAL COMPETENCIES
· Identify fundamental behaviors and manufacturing properties of materials.
· Recognize basic aerospace metal casting processes and equipment.
· Categorize basic forming and shaping processes and equipment.
· Distinguish material-removal processes and equipment.
· Distinguish joining processes and equipment.
· Identify surface technology.
· Explain the integration of aerospace manufacturing processes.
· Recognize the metrology, quality management, safety, and human factor issues in manufacturing.
· Recognize the competitive aspects of manufacturing.
GENERAL INSTRUCTIONAL OBJECTIVES  

The cognitive objective for this course is for each student to comprehend foundational knowledge of Fundamentals of Aerospace Manufacturing processes in an industrial environment.

The performance objective of this course is for each student to apply foundational knowledge of Fundamentals of Aerospace Manufacturing encountered in a classroom simulated industrial environment.

INDUSTRY/PROFESSIONAL COMPETENCIES/STUDENT PERFORMANCE

Unless otherwise indicated, evaluation of student’s attainment of cognitive and performance objectives is based on knowledge gained from this course.  During performance evaluations, students will be provided necessary tools, equipment, materials, specifications, and any other resources necessary to accomplish the task.  Specifications may be in the form of, but not limited to, certification agencies, national and state codes, health care facility policies, locally developed lab/clinical assignments, or any combination of specifications.

	MODULE A – FUNDAMENTALS OF MATERIALS

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

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

	ENABLING OBJECTIVES
	KSA

Indicator

	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 B – AEROSPACE RELATED CASTINGS

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	B1.0   
Recognize basic aerospace metal casting processes and equipment. (c)
	B1.1   This objective is measured cognitively.

	ENABLING OBJECTIVES
	KSA

Indicator

	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.

	c

B
B


	MODULE C – FORMING AND SHAPING

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

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

	ENABLING OBJECTIVES
	KSA

Indicator

	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.
	C
C

C

c
C

c

c
C

C


	MODULE D – MATERIAL REMOVAL

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

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

	ENABLING OBJECTIVES
	KSA

Indicator

	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.
	A
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b
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	MODULE E – JOINING PROCESS

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	E1.0   
Distinguish joining processes and equipment. (C)
	E1.1   This objective is measured cognitively.

	ENABLING OBJECTIVES
	KSA

Indicator

	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.
	b
b
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	MODULE F – SURFACE TECHNOLOGY

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	F1.0   
Identify surface technology. (B)
	F1.1   This objective is measured cognitively.

	ENABLING OBJECTIVES
	KSA

Indicator

	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.
	A
B

b
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	MODULE G – INTEGRATED MANUFACTURING

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	G1.0   Explain the integration of aerospace manufacturing processes. (B)
	G1.1   This objective is measured cognitively.

	ENABLING OBJECTIVES
	KSA

Indicator

	G1.1.1 
Describe process stages in manufacturing an aerospace product.

G1.1.2 
Describe the mechanical assembly processes involved in aerospace manufacturing.

G1.1.3 
Describe the electrical assembly processes involved in aerospace manufacturing.

G1.1.4 
Describe system integration and testing.

G1.1.5 
Explain the roles of other materials and processes, such as fuels and oxidizers, cryogenics, and hypergolics, in aerospace systems.

G1.1.6 
Explain the role of inspection and testing in subsystem and final system integration.
	B
B

B
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	MODULE H – COMMON ASPECTS

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	H1.0   
Recognize the metrology, quality management, safety, and human factor issues in manufacturing. (B)
	H1.1   This objective is measured cognitively.

	ENABLING OBJECTIVES
	KSA

Indicator

	H1.1.1 
Identify measurement standards and instruments.
H1.1.2 
Define quality assurance, testing, and inspection.

H1.1.3 
Describe the ergonomics, safety, environmental, and liability considerations in manufacturing.

H1.1.4 
Describe work order and work tracking documentation and pedigree.

H1.1.5 
Recognize standards and their importance.

H1.1.6 
Describe the clean room and vacuum technology concepts.
	a
A

a
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	MODULE I – COMPETITIVE MANUFACTURING

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	I1.0  Recognize the competitive aspects of manufacturing. (B)
	I1.1   This objective is measured cognitively.

	ENABLING OBJECTIVES
	KSA

Indicator

	I1.1.1 
Describe the impact of automation on the manufacturing process.

I1.1.2 
Describe the impact of computer-integration on the manufacturing process.

I1.1.3 
Recognize the competitive benefits of lean manufacturing concepts.

I1.1.4 
Recognize basic component trade studies and logic of decisions in manufacturing.
	B
B

B

B


COURSE CONTENT OUTLINE
MODULE A – FUNDAMENTALS OF MATERIALS
· Fundamental behaviors and manufacturing properties of materials

· Structure of Metals
· Mechanical Behavior and Manufacturing Properties
· Molecular Actions

· Physical Properties of Materials

· Corrosion and Corrosives

· Contamination and Contaminants

· Metal Alloys

· Metal Fatigue
· Ferrous Metals and Alloys

· Nonferrous Metals and Alloys

· Polymers

· Ceramics, Graphite, and Diamond

· Composite Materials

MODULE B – AEROSPACE RELATED CASTINGS
· Metal casting processes and equipment
· Investment, die, single crystal, and amorphous castings
· Processes
· Equipment

· Casting Processes
MODULE C – FORMING AND SHAPING
· Forming and shaping processes and equipment
· Rolling metals
· Forging metals
· Extrusion and drawing of metals
· Sheet metal forming
· Powder metal and ceramic 
· Plastic and composite material forming

· Rapid prototyping operations
· Effects on Material Properties

· Forming and Shaping Economics

MODULE D – MATERIAL REMOVAL
· Material removal processes and equipment
· Cutting fundamentals
· Cutting tool materials and fluids
· Machining processes for shapes
· Machining and turning centers
· Machine tool structures
· Machining economics
MODULE E – JOINING PROCESS
· Joining processes and equipment
· Fusion welding
· Solid state welding
· Joining metallurgy processes
· Brazing, soldering, adhesive bonding, and mechanical fastening
· Friction stir welding
MODULE F – SURFACE TECHNOLOGY
· Surface Technology
· Surface characteristics
· Friction, wear, and lubrication
· Treating, coating, and cleaning surfaces
· Microelectronic fabrication
MODULE G – INTEGRATED MANUFACTURING
· Aerospace manufacturing process integration
· Process stages
· Mechanical assembly process
· Electrical assembly process
· System integration and testing
· Various materials and processes
· Fuels
· Oxidizers
· Cryogenics
· Hypergolics
· Inspection and Testing
MODULE H – COMMON ASPECTS
· Various issues in manufacturing
· Measurement standards and instruments
· Quality assurance

· Manufacturing considerations

· Ergonomics

· Safety

· Environmental

· Liability
· Work tracking documentation

· Standards

· Clean Room and Vacuum Technology

MODULE I – COMPETITIVE MANUFACTURING
· Competitive aspects of manufacturing
· Automation
· Computer integration

· Competitive benefits of lean manufacturing
· Component trade studies
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. 
	ENABLING OBJECTIVES TABLE OF SPECIFICATIONS

	
	Cognitive Domain

	
	Facts/ Nomenclature  A/a
	Principles/ Procedures B/b
	Analysis/ Operating Principles  C/c
	Evaluation/ Complete Theory    D/d

	Module A
	
	100%
	
	

	Module B
	
	67%
	33%
	

	Module C
	
	
	100%
	

	Module D
	25%
	50%
	25%
	

	Module E
	20%
	80%
	
	

	Module F
	25%
	75%
	
	

	Module G
	17%
	83%
	
	

	Module H
	67%
	33%
	
	

	Module I
	
	100%
	
	


	Knowledge, Skills, and Abilities (KSA) Indicators

	
	Value
	Key Word(s)
	Definition

	Performance 
Ability 
	4
	Highly 

Proficient
	Performs competency quickly and accurately.  Instructs others how to do the competency. 

	
	3
	Proficient
	Performs all parts of the competency.  Needs only a spot check of completed work.

	
	2
	Partially

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

	
	1
	Limited Proficiency
	Performs simple parts of the competency.  Needs to be told or shown how to do most of the competency. 

	Knowledge of Skills
	d
	Complete

Theory
	Predicts, isolates, and resolves problems about the competency.

	
	c
	Operating Principles
	Identifies why and when the competency must be done and why each step is needed.

	
	b
	Procedures
	Determines step-by-step procedures for doing the competency.

	
	a
	Nomenclature
	Names parts, tools, and simple facts about the competency.

	Knowledge
	D
	Evaluation
	Evaluates conditions and makes proper decisions about the subject.

	
	C
	Analysis
	Analyzes facts and principles and draws conclusions about the subject.

	
	B
	Principles
	Identifies relationship of basic facts and states general principles about the subject.

	
	A
	Facts
	Identifies basic facts and terms about the subject.

	Affective
	*5
	Characterization by Value
	Acting consistently with the new value

	
	*4
	Organization
	Integrating a new value into one's general set of values, giving it some ranking among one's general priorities

	
	*3
	Valuing
	Showing some definite involvement or commitment

	
	*2
	Responding
	Showing some new behaviors as a result of experience

	
	*1
	Receiving
	Being aware of or attending to something in the environment

	Alpha Scale Values - Any item with an upper case letter (A, B, C, D) by itself is taught as general information on a topic.  This information may be related to the competency or encompass multiple competencies.  Examples might include mathematical computations or knowledge of principles such as Ohm’s Law.

A lower case letter indicates a level of ”Knowledge of Skills."  Individuals are taught information pertaining to performing a competency .  These may be indicated alone or in conjunction with a numerical scale value.  A lower case letter by itself indicates the individual is not required to perform the task-just know about the task.  (example: Can state or explain procedures for doing a task).

Numerical Scale Values - The numbers reflect the levels the individual will be able to perform a competency. Number values are always accompanied by lower case letters (i.e. 1a, 2b, 3c...etc.) in order to specify the level of knowledge of skills associated with the competency.   

Example:  An individual with a competency with a scale indicator of 3b has received training of knowledge of skills whereby he or she can determine the correct procedures and perform with limited supervision; only requiring evaluation of the finished product or procedure.
Asterisk items indicate desired affective domain levels and are used alone to indicate the desired level for a given competency.   They may be used independently or with other indicators (i.e.   1a-*1, 2c-*3).  If used with another indicator, separate with a hyphen.
NOTE:  Codes indicate terminal values.
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