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COURSE DESCRIPTION 

This is a theory and skill-based course in basic welding (gas and arc), plasma arc, brazing, soldering, and cutting processes used in maintenance and manufacturing.  Other theory topics include forge, submerged arc, electroslag, stud arc, resistance, ultrasonic, electron beam, and laser beam welding.  Students use welding symbols, joint designs, and weld positions to prepare specimens.  The course also covers terminology, standards for welding acceptable and unacceptable welds, safety, and qualification tests.  This supports CIP code 15.0801.  Core.
CREDIT HOURS 

Theory

1 credit hours

Lab


2 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
· Apply general shop and industry/government safety rules and procedures as specifically related to welding.

· Value the importance of safety in welding.

· Describe general welding.
· Identify weld joint designs.
· Recognize welding symbols.
· Use gas welding and cutting equipment.
· Use an arc welder.
· Correctly use brazing, braze welding, and soldering. 
· Explain the role of inspection and testing in quality assurance.
· Describe robotic welding.
· Describe pipe welding.
· Describe specialized welding processes.
GENERAL INSTRUCTIONAL OBJECTIVES  

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

The performance objective of this course is for each student to apply foundational knowledge of welding principles 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 – GENERAL SHOP AND INDUSTRY WELDING SAFETY

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	A1.0   
Comprehend general and industrial shop safety.   (3c)

A2.0
Value the importance of safety in welding. (*4)
	A1.1   
Apply general shop and industry/government safety rules and procedures as specifically related to welding. (3)

A2.1
This competency will be measured affectively throughout the course. (*4)

	ENABLING OBJECTIVES
	KSA

Indicator

	A1.1.1 
Explain how to use the appropriate personal protection equipment (PPE) for an application, such as heat resistant gloves, infrared shields, ultraviolet radiation shields, and lens filters.

A1.1.2 
Describe hazard prevention techniques related to electric arcing and assuring a proper grounding path.

A1.1.3 
Explain how to use safe work practices regarding flammable devices/substances in the welding environment, such as pressured cigarette lighters, combustible solvents, fuels, oils, wipe rags, and packing materials.

A1.1.4 
Explain how to use proper respiratory protection from toxic fumes, metal vapors, and contaminating gases.

A1.1.5 
Describe the details of hot work permits.

A1.1.6 
Document a plan for general cleanliness, shielding, arc curtain shielding, fire prevention, and material safety data sheet (MSDS).

A1.1.7 
Use hand and power tools safely.
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	MODULE B – GENERAL WELDING

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	B1.0   
Describe general welding. (B)
	B1.1   This competency is measured cognitively.

	ENABLING OBJECTIVES
	KSA

Indicator

	B1.1.1 
Identify standard welding terminology.
B1.1.2 
Define and use quality-related terminology.

B1.1.3 
Describe the function of metals in welding.

B1.1.4 
Describe welding processes for different metals.

B1.1.5 
Identify the physical properties of metals.

B1.1.6 
Classify the ingredients in metals.

B1.1.7 
State the effect of heat on metals.

B1.1.8 
Explain tempering and stress relief of metals.
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	MODULE C – WELD JOINT DESIGNS

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	C1.0   Identify weld joint designs. (B)
	C1.1   This competency is measured cognitively.

	ENABLING OBJECTIVES
	KSA

Indicator

	C1.1.1 
Describe how factors such as types of welds, structural shapes, and distortion affect weld joint designs.

C1.1.2 
Describe a groove weld and its parts.

C1.1.3 
Describe a fillet weld and its parts.

C1.1.4 
List causes of weld failure.

C1.1.5 
Describe welding positions.

C1.1.6 
Describe pre-qualified weld joint design and procedures as specified in the standards.
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	MODULE D – WELDING SYMBOLS

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	D1.0  
Recognize weld symbols. (B )
	D1.1   This competency is measured cognitively.

	ENABLING OBJECTIVES
	KSA

Indicator

	D1.1.1 
Describe welding symbols.

D1.1.2 
Explain how welding symbols are used.

D1.1.3 
Identify and describe contour symbols.

D1.1.4 
Identify and describe finish symbols.
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	MODULE E – GAS WELDING AND CUTTING

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	E1.0   
Use gas welding and cutting equipment. (2c)
	E1.1   
Set up and operate gas welding and cutting equipment. (2)

	ENABLING OBJECTIVES
	KSA

Indicator

	E1.1.1 
Describe oxyacetylene welding.

E1.1.2 
Explain oxyacetylene welding equipment requirements.

E1.1.3 
Describe how oxyacetylene welding equipment operates.

E1.1.4 
Explain the criticality of pre-weld assembly to weld-ability.

E1.1.5 
Describe the characteristics of the weld flame and the resulting weld pool.

E1.1.6 
Define a quality weld.

E1.1.7 
Describe how to weld specimens using oxyacetylene welding
E1.1.8 
Explain how to identify and repair defective welds.

E1.1.9 
Describe methods of choosing a cutting process.

E1.1.10 
Explain oxyacetylene cutting equipment requirements.

E1.1.11 
Describe how oxyacetylene cutting equipment operates.

E1.1.12 
Define quality cutting.

E1.1.13 
Describe processes and gases used for cutting metals.

E1.1.14 
Explain how to identify defective cuts.

E1.1.15
Explain how to safely cut metal plates using appropriate techniques.
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	MODULE F – ARC WELDING

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	F1.0   Use an arc welder. (1d)
	F1.1   
Prepare arc welding samples using SMAW process. (1)

F1.2   
Prepare arc welding samples using GMAW and FCAW processes. (1)

F1.3   
Prepare arc welding samples using GTAW and SMAW processes. (1)

	ENABLING OBJECTIVES
	KSA

Indicator

	F1.1.1 
Describe the shielded metal arc welding (SMAW) process.

F1.1.2 
Describe the equipment used in SMAW welding.

F1.1.3 
Describe how SMAW equipment operates.

F1.1.4 
Describe how to select the proper electrode for welding applications according to written instructions.

F1.1.5 
Explain how to set up SMAW equipment for operation.

F1.1.6
List problems in making quality welds that are unique to the SMAW process.

F1.1.7 
Explain how to safely perform SMAW.

F1.1.8 
Describe how to identify and repair defective SMAW welds.

F1.1.9
Describe how to perform destructive tests that meet the standards set forth in the SMAW code.

F1.2.1 
Distinguish between gas metal arc welding (GMAW) and flux cored arc welding (FCAW).

F1.2.2 
Discuss the equipment used in the GMAW and FCAW processes.

F1.2.3 
Describe how GMAW and FCAW equipment operates.

F1.2.4 
Describe how to select the proper filler metals for GMAW and FCAW applications according to written instructions.

F1.2.5 
Describe how to set up GMAW and FCAW equipment for operation.

F1.2.6 
List problems in making quality welds that are unique to GMAW and FCAW processes.

F1.2.7 
Explain how to safely perform GMAW and FCAW.

F1.2.8 
Explain what is required to pass destructive tests that meet the specifications set forth in the AWS Structural Welding Code.

F1.2.9 
Describe how to identify and repair defective GMAW and FCAW welds.
	B

B

B

b

b

B

b

b

b

C
B

B

b

b

A
b

c
d


	ENABLING OBJECTIVES (Cont.)
	KSA

Indicator

	F1.3.1 
Describe the gas tungsten arc welding (GTAW) and plasma arc welding (PAW) processes.

F1.3.2 
Describe the equipment used in GTAW and PAW welding.

F1.3.3 
Describe how GTAW and PAW equipment operates.

F1.3.4 
Describe how to select the proper filler metals for GTAW and PAW applications according to written instructions.

F1.3.5 
Describe how to set up GTAW and PAW equipment for operations.

F1.3.6 
Describe the unique requirements of autogenous welding.

F1.3.7 
List problems in making quality welds.

F1.3.8 
Explain how to safely perform GTAW and PAW.

F1.3.9 
Describe how to identify and repair defective GTAW and PAW welds.
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	MODULE G – GAS BRAZING, BRAZE WELDING, AND SOLDERING

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	G1.0   Correctly use brazing, braze welding, and soldering. (1b)
	G1.1  
Prepare samples using brazing, braze welding and soldering techniques. (1)

	ENABLING OBJECTIVES
	KSA

Indicator

	G1.1.1 
Define brazing, braze welding, and soldering.
G1.1.2 
Describe types of brazed joints.

G1.1.3 
Describe the equipment used to braze, braze weld, and solder.

G1.1.4 
Classify situations in which brazing, braze welding, and soldering are appropriate.

G1.1.5 
Describe how to safely perform brazing, braze welding, and soldering.

G1.1.6 
Describe brazing processes other than torch such as infrared, furnace, etc.
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	MODULE H – QUALITY ASSURANCE

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	H1.0   Explain the role of inspection and testing in quality assurance. (B)
	H1.1   This competency is measured cognitively. 

	ENABLING OBJECTIVES
	KSA

Indicator

	H1.1.1 
Explain why inspection and testing are necessary for quality welding.
H1.1.2 
Explain destructive testing.

H1.1.3 
Explain nondestructive testing.

H1.1.4 
Explain visual inspection requirements.

H1.1.5 
Describe methods for destructive testing.

H1.1.6 
Describe methods for nondestructive testing.
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	MODULE I – ROBOTIC WELDING

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	I1.0   
Describe robotic welding. (A)
	I1.1   This competency is measured cognitively. 

	ENABLING OBJECTIVES
	KSA

Indicator

	I1.1.1 
Explain how robotic welding complements the skilled welder.
I1.1.2 
Explain the criticality of pre-weld assembly to weld-ability.

I1.1.3 
Identify the safety concerns of robotic welding.

I1.1.4 
Explain the advantages of robotic welding.
I1.1.5 
List the parts of a robotic system and describe how they operate.
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	MODULE J – PIPE WELDING

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	J1.0
Describe pipe welding. (A)
	J1.1   This competency is measured cognitively.  

	ENABLING OBJECTIVES
	KSA

Indicator

	J1.1.1 
Relate how the parts of a pipe welding system operate.
J1.1.2 
Identify specialized terminology common to pipe welding.

J1.1.3 
Describe how pipe welding techniques differ.

J1.1.4 
Describe ways to prepare pipes for welding.
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	MODULE K – SPECIALIZED WELDING PROCESSES

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	K1.0
Describe specialized welding processes. (B)
	K1.1   This competency is measured cognitively.  

	ENABLING OBJECTIVES
	KSA

Indicator

	K1.1.1 
Describe the forge, resistance, ultrasonic, and stud arc welding processes.
K1.1.2 
Describe the submerged and electroslag welding processes.

K1.1.3 
Describe the electron beam and laser beam welding processes.
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COURSE CONTENT OUTLINE
MODULE A – GENERAL SHOP AND INDUSTRY WELDING SAFETY

· Personal protection equipment

· Electric arc hazard prevention

· Flammable devices

· Pressured cigarette lighters

· Combustible solvents

· Fuels

· Oils

· Wipe rags

· Packing materials

· Respiratory protection

· Toxic fumes

· Metal vapors

· Contaminating gases

· Hot work permits

· Documenting a plan

· General cleanliness

· Shielding

· Arc curtain shielding

· Fire prevention

· Material safety data sheets (MSDS)

· Hand and power tool safety

MODULE B – GENERAL WELDING 
· Terminology
· Function of metals in welding

· Welding processes for different metals

· Physical properties of metals

· Ingredient classification

· Effects of heat on metals

· Tempering and stress relief

MODULE C – WELD JOINT DESIGNS

· Factors affecting joints

· Types of welds

· Structural shapes

· Distortion

· Groove weld

· Fillet weld

· Weld failure

· Welding positions

· Pre-qualified weld joint design

MODULE D – WELDING SYMBOLS

· Description

· Use

· Contour symbols

· Finish symbols

MODULE E – GAS WELDING AND CUTTING
· Oxyacetylene welding
· Equipment

· Operation

· Pre-weld assembly

· Weld flame

· Characteristics

· Weld pool
· Quality welds

· Oxyacetylene welding

· Identifying and repairing defective welds

· Oxyacetylene Cutting

· Methods

· Equipment

· Operation

· Quality cutting

· Processes

· Gases

· Defective cuts

· Identifying

· Repairing

MODULE F – ARC WELDING

· Shielded metal arc welding (SMAW)
· Equipment

· Operation

· Electrode selection

· Set up

· Problems

· Safety

· Defects

· Identification

· Repair

· Destructive tests

· Gas metal arc welding (GMAW) and Flux core arc welding (FCAW)

· Distinguishing characteristics

· Equipment

· Operation

· Filler metals

· Set up

· Problems

· Safety

· Destructive tests

· Defects

· Identification

· Repair

· Gas tungsten arc welding (GTAW) and Plasma arc welding (PAW)

· Processes
· Equipment

· Operation

· Filler selection

· Set up

· Autogenous welding

· Problems

· Safety

· Defects

· Identification

· Repair

MODULE G – GAS BRAZING, BRAZE WELDING, AND SOLDERING

· Definitions
· Types of brazed joints

· Equipment

· Appropriate use

· Safety

· Alternate brazing processes

· Infrared

· Furnace

MODULE H – QUALITY ASSURANCE
· Inspection and testing
· Visual inspection requirements

· Destructive testing

· Explanation

· Methods

· Nondestructive testing

· Explanation

· Methods

MODULE I – ROBOTIC WELDING

· Integration with skilled welders
· Pre-weld assembly and weld-ability

· Safety

· Robotic welding justified

· Robotic system

· Parts

· Operation

MODULE J – PIPE WELDING

· System operation
· Terminology

· Techniques

· Preparation

MODULE K – SPECIALIZED WELDING PROCESS
· Processes
· Forge

· Resistance

· Ultrasonic

· Stud arc 

· Submerged

· Electroslag

· Electron beam

· Laser beam

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
	
	14%
	86%
	

	Module B
	25%
	75%
	
	

	Module C
	17%
	83%
	
	

	Module D
	
	100%
	
	

	Module E
	7%
	86%
	7%
	

	Module F
	11%
	70%
	15%
	4%

	Module G
	
	100%
	
	

	Module H
	
	100%
	
	

	Module I
	100%
	
	
	

	Module J
	100%
	
	
	

	Module K
	
	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.


	sTUDENT PERFORMANCE OBJECTIVES Table of Specifications

	
	Psychomotor Domain

	
	Limited Proficiency

(Level 1)
	Partially Proficient

(Level 2)
	Proficient

(Level 3)
	Highly Proficient

(Level 4)
	Total

	Module A
	
	
	1
	
	1

	Module B
	
	
	
	
	

	Module C
	
	
	
	
	

	Module D
	
	
	
	
	

	Module E
	
	1
	
	
	1

	Module F
	3
	
	
	
	3

	Module G
	1
	
	
	
	1

	Module H
	
	
	
	
	

	Module I
	
	
	
	
	

	Module J
	
	
	
	
	

	Module K
	
	
	
	
	

	Total
	4
	1
	1
	
	6


	AFFECTIVE OBJECTIVES Table of Specifications

	
	Affective Domain

	
	Receiving

*1
	Responding

*2
	Valuing

*3
	Organization

*4
	Characterization by Value

*5
	Total

Objectives

	Module A
	
	
	
	1
	
	1

	Module B
	
	
	
	
	
	

	Module C
	
	
	
	
	
	

	Module D
	
	
	
	
	
	

	Module E
	
	
	
	
	
	

	Module F
	
	
	
	
	
	

	Module G
	
	
	
	
	
	

	Module H
	
	
	
	
	
	

	Module I
	
	
	
	
	
	

	Module J
	
	
	
	
	
	

	Module K
	
	
	
	
	
	

	Total
	
	
	
	1
	
	1


	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.


ARS 151





Welding Principles, Theory, and Symbols





Plan of Instruction





Effective Date: Fall 2007			       Version Number: Base Document						








PAGE  
The Alabama College System

Copyright © 2004

All Rights Reserved

