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FOREWORD

Because their classroom experience helps them to accurately identify needs in existing cur-
riculum, outstanding instructors from each of the MAVCC member states serve on a MAVCC
Resource Committee. Charged with planning and approving materials, the Rescurce Commit-
tee also includes selected representatives from industry whose input helps direct learning
objectives toward actual job-getting skills that industry needs.

The instructor-industry input is nowhere more apparent than in Introduction to Welding.
Both groups demanded that welding safety be properly introduced and repeatedly accented.
Both instructors and industry representatives pinpointed needs for better student skills in
math and metallurgy. Industry wantad students to have a better appreciation for the world of
work, and an emphasis on the fact that along with the monetary rewards of a job goes an
equal amount of basic responsibility. And preparing and interviewing for a welding job is so
different from job interviewing in other occupations that industry wanted materials that more
realistically reflected the actual nrocedure.

So the committee process has made Introduction to Welding much more than a simple ori-
entation for students planning welding careers. It is a text that both instructors and students
will continue to use as a “reference” for a multitude of other welding activities both in training
and in the real world.

Instructional materials in this publication are written in terms of student performance, and
the criterion-referenced tests provide for uniform measurement of student progress. The com-
petency-based format should free welding instructors to spend more time in planning other
classroom and shop activities to personalize the learning proce.s and better motivate stu-
dents in their learning endeavors.

Department of Labor projections indicate that the demand for welders will increase beyond
the average for other trades during the 1980’s. Introduction to Welding presents the fundamen-
tals for students willing to meet the challenge and advance their careers in an industry that
rewards talent with good pay and better lives.

Larry Barnhardt, Chairman

Board of Directors

Mid-America Vocational
Curriculum Consortium




PREFACE

Inits Dictionary of Occupational Titles, the Department of Labor suggests that a Combina-
tion Welder should be able “. .. to fabricate or repair . . . according to layouts, blueprints, . . .
[with a] variety of arc and gas welding equipment.” There are other requirements, but those
brief remarks are enough to merit a well-rounded training program, and MAVCC has attempted
to provide curriculum equal to the ambitious task.

Introduction to Welding is the first book in MAVCC'’s new seven-text welding series. The six
others are: Oxyacetylene Welding and Cutting; SMAW, Shielded Metal Arc Welding, GTAW, Gas
Tungsten Arc Welding; GMAW, Gas Metal Arc Welding and FCAW, Flux-Cored Arc Welding;
Shielded Metal Arc Pipe Welding; and Welding Blueprint Reading and Layout.

Introduction to Welding is basic to each of the other books in the series, but beyond that
point, text selection provides instructors with an impressive flexibility for planning loca! pro-
grams to fit local needs.

Whether it's an Ag program dedicated to basic skills in oxyacetylene and stick, or a long-
range program designed to produce a multi-skilled combination welder, MAVCC's is the combi-
nation series that can best accomplish the task.

Ann Benson

Executive Director

Mid-America Vocational
Curriculum Consortium
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USE OF THIS PUBLICATION

Instructional Units

Introduction to Welding includes six units. Each instructional unit includes some or all of
the basic components of a unit of instruction: performance cbjectives, suggested activities
for teachers and students, information sheets. assignment sheets, job sheets, visual aids,
tests, and answers to the test. Units are planned for more than one lesson or class period of
instruction.

Careful study of each instructional unit by the teacher will help to determine:

A. The amount of material that can be covered in each class period
B. The skills which must be demonstrated

Supplies needed

Equipment needed

Amount of practice needed

Amount of class time needed for demonstrations

Eall o

C. Supplementary materials such as pamphlets or filmstrips that must be ordered
D. Resource people who must be contacted

Objectives

Each unit of instruction is based on performance objectives. These objectives state the
goals of the course, thus providing a sense of direction and accomplishment for the student.

Performance objectives are stated in two forms: unit objectives, stating the subject matter
to be covered in a unit of instruction; and specific objectives, stating the student performance
necessary to reach the unit objective.

Since the objectives of the unit provide direction for the teaching-learning process, it is
important for the teacher and students to have a common understanding of the intent of the
objectives. A limited number of performance terms have been used in the objectives for this
curriculum to assist in promoting the effectiveness of the communication among all individ-
uals using the materials.

Reading of the objectives by the student should be followed by a class discussion to
answer any questions concerning performance requirements for eact. instructional unit.

Teachers should feel free to add objectives which will fit the material to the needs of the stu-
dents and community. When teachers add objectives, they should remember to supply the
needed information, assignment and/or job sheets, and criterion tests.




Suggested Activities for the Instructor

Each unit of instruction has a suggested activities sheet outlining steps to follow in accom-
plishing specific objectives. Duties of instructors will vary according to the particular unit;
however, for best use of the material they should include the following: provide students with
objective sheet, information sheet, assignment sheets, and job sheets; preview filmstrips,
make transparencies, and arrange for resource materials and people; discuss unit and spe-
cific objectives and information sheet; give test. Teachers are encouraged to use any addi-
ticnal instructional activities and teaching methods to aid students in accomplishing the
objectives.

information Sheets

Information sheets provide content essentia: for meeting the cognitive (knowledge) objec-
tives in the unit. The teacher will find that the information sheets serve as an excellent guide
for presenting the background knowledge necessary to develop the skill specified in the unit
objective.

Students should read the information sheets before the inforrnation is discussed in class.
Students may take additional notes on the information sheets.

Transparency Masters

Transparency masters provide information in a special way. The students may see as well
as hear the material being presented, thus reinforcing the learning process. Transparencies
may present new information or they may reinforce information presented in the information
sheets. They are particuiarly effective when identification is necessary.

Transparencies should be made and placed in the notebook where they will be immediately
available for use. Transparencies direct the class’s attention to the topic of discussion. They
should be left on the screen only when topics shown are under discussion.

Assignment Sheets

Assignment sheets give direction to study and furnish practice for paper and pencil activi-
ties to develop the knowledge which is a necessary prerequisite to skill development. These
may be given to the student for completion in class or used for homework assignments.
Answer sheets are provided which may be used by the student and/or teacher for checking
student progress.

Job Sheets

Job sheets are an important segment of each unit. The instructor should be able to, and in
most situations should demonstrate the skills outlined in the job sheets. Procedures outlined
in the job sheets give direction to the skill being taught and allow both student and teacher to
check student progress toward the accomplishment of the skill. Job sheets provide a ready
outline for studrnts to follow if they have missed a demonstration. Job sheets also furnish
potential employers with a picture of the skills being taught and the performances which
might reasonably be expected from a person who has had this training.

O

xii




Test and Evaluation

Paper-pencil and performance tests have been constructed to measure student achieve-
ment of each objective listed in the unit of instruction. Individual test items may be pulled out
and used as a short test to determine student achievement of a particular objective. This kind
of testing may be used as a daily quiz and will help the teacher spot difficulties being encoun-
tered by students in their efforts to accomplish the unit objective. Test items for objectives
added by the teacher should be constructed and added to the test.

Test Answers

Test answers are provided for each unit. These may be used by the teacher and/or student
for checking student achievement of the objectives.

Xiii




INTRODUCTION TO WELDING

Instructional/Task Analysis

JOB TRAINING:
Psychomotor

(What the worker should
be able to do)

RELATED INFORMATION:

Cognitive

(What the worker should know)

UNIT I: WELDING ORIENTATION

15. Complete a personal information work
sheet

1.

2.

N @ @

o

10.

11.

12.

13.

14.

Terms and definitions

Periods of arc welding history and their
historical importance

Standards and their importance to the
welding industry

Where welders work
Job cpportunities for welders
Welding processes and their functions

Difference between braze welding and
brazing

Cutting processes and their functions

The importance of welding and cutting
processes

Personal requirements for a success-
ful welder

Attitudes that promote job advance-
ment

Occupational advancements available
to welders

Occupational advancements available
to welders with some college

Abbreviations for professionai organi-
zations that benefit welders




JOB TRAINING:
Psychomotor

(What the worker should
be able to do)

RELATED INFORMATION:

Cognitive

(What the worker should know)

UNIT Il: WELDING SAFETY AND FIRST AID

Q Xvi

1.

2.

10.

11.
12.
13.
14.

15.

16.

17.

18.

19.

© ® N 9 O

Terms and definitions
Safety color codes and their uses

Accident prevention signs, their colors
and uses

Accident prevention tags, their colors
and uses

The ALWAYS rules for welding safety
The NEVER rules for welding safety
Shop safety rules

Eye safety

Good hiousekeeping rules

Factors contributing to back injury and
their causes

Steps in lifting safely

Things OSHA expects of an employer
Things OSHA expects of an employee
Rules for personal safety

Personal physical and hygiene require-
ments

Types of fires and their classifications

Types of fire extinguishers and their
uses

Types of fire extinguishers and their
recommended operations

Fire safety rules

12
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‘ JOB TRAINING: RELATED INFORMATION:
Psychomotor Cognitive
(What the worker should (What the worker should know)

be able to do)
20. Three components of the fire triangle
21. Handling and safe storage of gases
22.  Rules for handling gas cylinders safely
23.  Electrical safety
24.  First aid for victims of electrical shock

25. First aid requirements for common
welding injuries

26. Ways to recognize shock
27.  Steps in treating shock
28.  Steps in controlling bleeding

29. Types of bleeding and their character-

‘ istics
30. Pressure points for checking bleeding
31.  First aid for eye injury

32. General guidelines for first aid emer-
gencies

33. Compiete a student safety pledge

34. Select proper first aid procedures

UNIT lll: WELDING TOOLS AND EQUIPMENT
1.  Terms and definitions

2. Driving and chipping tools, their char-
acteristics and uses

3. Chisels, punches, and pry bars and
their uses

4. Files, their uses, basic shapes, and
cuts




19.

20.

JOB TRAINING:
Psychomotor

(What the worker should
be able to do)

Identify basic hand tools

Identify basic power tools and equip-

ment

xXviii

RELATED INFORMATION:

Cognitive

(What the worker should know)

10.

11.

12.

13.

14,

15.

16.
17.

18.

Wire brushes, their types and uses

Holding and anchoring tools, their
characteristics and uses

Alignment tools and their use.
Types of jacks

Pulling and lifting tools, their charac-
teristics and uses

Measuring tools, their characteristics
and uses

Turning tools and wrénches and their
uses

Pliers and their uses

Manual cutting and shaping tools and
their uses

Power equipment, its characteristics
and uses

Positioning equipment, its characteris-
tics and uses

Basic rules for safe use of hand tools

Basic rules for safe use of power tools 1
and equipment |
|
|
|
\
|
|

The number one rule for maintaining a
tool or piece of equipment

14




JOB TRAINING: RELATED INFORMATION:

Psychomotor Cognitive

(What the worker should (What the worker should know)

be able to do)

UNIT IV: BASIC METALS AND METALLURGY

1.  Terms and definitions
2. Reasons for proper metal identification
3. Basic categories of metals

4.  Alloys and their characteristics

5. Tests for metal identification and their
procedures

6. Basic elements of metallurgy

7. Mechanical properties of metals and
their characteristics

8. Types of mechanical strengths and
their meanings

' 9. Physical properties of metals and their
characteristics

10. The sub-zero temperature range and its
effects on ferrous metals

11.  The black heat range and its effects on
ferrous metals

12. The red heat range and its effects on
ferrous metals

13. The white heat range and its effects on
ferrous metals

14.  Ways of testing properties of metals

15.  Principal alloying agents of steel and
their characteristics

16. Metals and ways to identify them by
appearance

17.  Systems for identifying steel

‘ Xix




JOB TRAINING:
Psychomotor

(What the worker should
be able to do)

XX

RELATED INFORMATION:

Cognitive

(What the worker should know)

18.

19.

20.

21.
22,

23.

24,

25.
26.

27.

28.

20.

30.
31
32

33.

34,

Carbon steel classifications, charac-
teristics, and uses

Alloy steel classifications, characteris-
tics, and uses

Iron classifications, characteristics,
and uses

Aluminum, its characteristics and uses

AA system of identifying aluminum
and aluminum alloys

The AA temper designation for alumi-
num

Other aluminum abbreviations and
their meanings

Steps in identifying aluminum

Chemical tests for identifying alumi-
num alloys

Other nonferrous metals and typical
uses

Standard metal shapes available for
welding

Equipment requirements for spark test-
ing

Terminology used in spark testing
Residual stresses and v nhat they mean

Causes of rgsidual stresses and distor-
tion

Heat applications and their uses in
weld quality control

Situations where preheating is usually
required

16




43.

44,

45.

46.

47.

48.

JOB TRAINING:
Psychomotor

(What the worker should
be able to do)

Identify selected metals by appear-
ance, color, and corrosion characteris-
tics

Identify metal shapes used for welding

Prerare a working reference for
straightening a distorted steel member

Conduct magnet tests to identify com-
mon metals used for welding

Conduct spark tests to identify com-
mon metals used for welding

Conduct chisel tests to identify com-
mon metals used for welding

17

XXi

RELATED INFORMATION:

Cognitive

(What the worker should know)

35.

36.

37.

38.

39.

40.

41.

42,

Methods of preheating and postheat-
ing

Torch preheating lechniques and their
applications

Types of steels and their recom-
mended preheat temperatures

Temperature-sensing devices and their
uses

Ways to control distortion in welding

Ways to controi distortion with
restraining devices

Guidelines for correcting distortion in
welded components

Procedure for straightening a distorted
steel member




JOB TRAINING: RELATED INFORMATION:
Psychomotor Cognitive
(What the worker should (What the worker should know)
be able to do)

UNIT V: BASIC MATH AND MEASURING

1. Terms and definitions

2. Basic mathematical terms and their
definitions

3. Advantages of decimal equivalent and
conversion charts

4. Uses for fractions
5. Uses for decimals

6. Methods for expressing fractions and
decimal equivalents

7. Percent and its uses
8. Units of measure found on rules

9. Steps for reading a rule

10. Steps in finding mid-point of a given
distance

11. Formulas for perimeters

12. Perimeters for rectangles, squares,
and triangles

13. Basic geometric figures
14.  Areas of basic geometric figures
15. Measurements for ciicles

16. Methods of sizing commonly used
steel stock

Add, subtract, multiply, and divide frac-
tions

Add, subtract, multiply, and divide deci-
mal equivalents

18
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‘ JOB TRAINING: RELATED INFORMATION:
Psychomotor Cognitive
(What the worker should (What the worker should know)
be able to do)

19. Convert fractions to decimal form

20. Write fractions as decimals and per-
cents

21.  Write percents as fractions and deci-
mals

22. Write decimals as fractions and per-
cents

23. Make conversions with the decimal
equivalent and inches to decimal con-
version charts

24. Use the English-Metric Conversion

Chart

25. Measure distance with 17, 1/2”, and /4"
graduations

26. Measure distance with 14” and /s”
graduations

27. . Measure distance with 18" gradua-
tions

28. Measure distance with " gradua-
tions

29. Measure given line segments with /16"
graduations

30. Measure dimensions of given objects
with a rule

31.  Measure given lines and objects with a
rule

32. Use arule to draw lines and objzacts to
given specifications

33. Find the mid-point of given lines and
figures

SN S
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JOB TRAINING: RELATED INFORMATION:
Psychomotor Cognitive

(What the worker should (What the worker should know)
be able to do)

34. Calculate the perimeters of given rec-
tangles

35. Calculate the perimeters of given
squares

36. Calculate the perimeters of given trian-
gles

37. Calculate the areas of given parallelo-
grams

38. Calculate the areas of given rectangles
39. Calculate the areas of given squares
40. Calsulate the areas of given triangles

41. Calculate the areas of given rhom-
buses

42. Calculate the areas of given trapezoids

43. Calculate the circumferences of given
circles

44. Calculate the areas of given circles
45. Adjust a bevel square to a 45° angle
using a framing square, a combination
square, and a protractor
46. Use a combination square to form 90°
and 45° angles and to draw parallel
lines on selected metal stock
UNIT VI: APPLYING FOR A WELDING JOB

1.  Terms and definitions

2. Reasons why a worker needs a social
security card

3. Information required on a social secu-
rity card application

20
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‘ JOB TRAINING: RELATED INFORMATION:
Psychomotor Cognitive
(What the worker should (What the worker should know)

be able to do)

4. Guidclines for filling out a social secu-
rity card application

5. Reasons why beginning welders do get
jobs

6. Ways to find a job

7.  What employers look for in a welding
job applicant

8.  Why welding job applicants need to be
well prepared

9. Guideli’nes for preparing an effective
resume

10. Effective ways to arrange for a job

interview

‘ 11.  Guidelines for filling out a job applica-
tion

12.  Guidelines for making a good impres-
sion at a welding job interview

13.  Guidelines for succeeding with a weld-
ing test

14.  Guidelines for completing a medical
questionnaire

15. Complete a social security card appli-
cation

16.  Prepare a personal resume
17.  Wirite a letter requesting a job interview

18. Complete an application for employ-
ment as a weider

19. Complete a medical questionnaire

21
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‘ INTRODUCTION TO WELDING

Tools, Equipment, and Materials List

Basic hand tools

Chipping hammer
Fitter's hammer
Mallet
Sledge hammer
Ball peen hammer
Assorted chisels
Drift punch
Center punch
Prick punch
Aligning pry bar
Assorted files
Card file
Wire brushes
Vise-Grip clamps
Bar clamps
C-clamps

' Spring clamps
Vise
Platen table and accessories
Wedges
Clip plates or dogs
Flat bar
Yoke
Strongback
Assorted jacks
Turnbuckles
Come-along
Plate dogs
Slings
Adjustable wrench
Open-end wrench
Box-end wrench
Pipe wrench
Cylinder wrench
Torch wrench
Socket wrench and handles
Assorted screwdrivers
Allen wrench set
Assorted pliers
Hacksaw
Sheet metal snips

Bolt cutter
‘ Pipe cutter

. 2 '{')
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Measuring tools

Pocket tape
Metal gauges
Drill point gauge
Wing dividers
Calipers

Rules

Levels

Plumb bob
Chalk line

Bevel square
Combination square
Steel tape
Framing square
Micrometer

Cutting and shaping tools

Angle iron cutter, notcher, and bender
Hossfeld bender

Beverly shear

Anvil

Tap and die set

Power equipment

Power shears

Power roll

Drill press

Pedestal grinder
Pedestal buffer
Angle and straight grinders
Belt and disc sander
Hand drill
Heavy-duty hand drill
Cut-off saw

Vertical band saw
Power hacksaw
Reciprocating saw
Press brake

Turning rolls
Manipulator
Positioner

Safety equipment

Fire extinguisher(s)

Safety glasses

Face shield

Welding and cutting goggles

23

EMC XXviii




Welding helmet
Assorted welding lenses

Assorted structural shapes
Oxyacetylene welding and cutting rig
Welding machines
Welding cables, hoses, and guns
SMAW
GTAW
GMAW
FCAW
Assorted electrodes

24
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After completion of this unit, the student should be able to discuss welding history, welding
standards, and job opportunities for welders. The student should also be able to list personal
requirements for a successful welder, attitudes that promote job advancement, and complete
a personal information worksheet. This knowledge will be evidenced by correctly performing
the procedures outlined in the assignment sheet and by scoring 85 percent on the unit test.

After completion of this unit, the student should be able to:

1.

2

10.

11.

12.

13.

14.

15.

Match terms related to welding orientation with their correct definitions.
Match periods of arc welding history with their historical importance.

Select true statements concerning standards and their importance to the welding
industry.

Complete statements concerning where welders work.

Select true statements concerning job opportunities for welders.
Match welding processes with their functions.

Differentiate between braze welding and brazing.

Match cutting processes with their functions.

Complete statements concerning the importance of welding and cutting pro-
cesses.

Complete a list of personal requirements for a successful welder.

Complete a list of attitudes that promote job advancement.

List occupational advancements available to welders.

List occupational advancements available to welders with some college.
Match professional organizations that benefit welders with their abbreviations.

Complete a personal information work sheet.
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WELDING ORIENTATION
UNIT |

SUGGESTED ACTIVITIES

Provide student with objective sheet.

Provide student with information and assignment sheets.
Make transparencies.

Discuss unit and specific objectives.

Discuss information sheet.

Invite a local or area officer of the American Welding Society to talk to the class
about AWS activities and the concept of standards in the welding industry.

Consider starting an AWS student chapter at your school and discuss with a local
AWS official how this can be accomplished.

Conduct a tour of school facilities to acquaint studernits with the total school envi-
ronment and places like the student office, counselor's office, break rooms, and
other special areas they should know how to find.

Have the VICA coordinator at your school talk to your students about the objec-
tives of VICA, the benefits of being a VICA member, and the procedure for VICA
membership.

Determine the number of students who do not have social security card numbers
and have them apply for a social security card by using the procedures outlined in
unit VI of this text, “Applying for a Welding Job”

Give test.
INSTRUCTIONAL MATERIALS

Included in this unit:
A, Objective sheet
B. Information sheet
C.  Transparency masters
1. TM 1 — Master Chart of Welding and Allied Processes
2. TM 2 — Golden Rules
D. Assignment Sheet #1 — Complete a Personal Information Worksheet

E. Test
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INSTRUCTIONAL MATERIALS

R Answers to test
Il References:

A. Occupational Outlook Handbook, 1982-83 Edition. Washington, D.C.: U.S.
Department of Labor, Bureau of Labor Statistics, 1982.

B. The Procedure Handbook of Arc Welding, Cleveland, OH 44117: The Lincoln
Electric Company, 1973.

C. Welding Procedure and Performance Qualification. Miami, FL 33126: Ameri-
can Welding Society, 1977.

D. Sacks,Raymond J. Welding: Principles and Practices, Revised. Peoria, IL
61618: Chas. A. Bennett Co., Inc., 1981.

E. Pocket Welding Guide. Troy, OH 45373: Hobart Brothers Company, 1980.
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WELDING ORIENTATION
UNIT |

INFORMATION SHEET

Terms and definitions

A.

Welding — The process of joining two metals together by heating them
with a torch or an electric arc with or without a filler metal

Base metal — Any metal to be welded or cut

Fusion — The joining of metals by melting them together with or without
filler metal

Periods of arc welding history and historical importance

A.

Early welding history — Metals were joined by electric fusion as early as
1782 in Germany, and English, French, and Russian experiments in the
1800’s established the principles of striking and maintaining an electric arc
with controlled voltage and the first arc welding process

Early 1900 welding history — The first patent was issued for a covered elec-
trode and arc-welding methods were used to weld ship hulls and produce
armaments in World War |

Middle 1900 welding history — A new process greatly reduced the cost of
covered electrcdes and arc welding applications expanded into the aircraft,
manufacturing, and construction industries

Later 1900 welding history — World War |l inspired many advances in arc
welding technology, improvements in electrodes, improved applications of
shielding gases, and higher speed applications for the thousands of all-
welded ships produced in World War |, in aircraft production, and in arma-
ments

Recent welding history — New arc welding processes such as GTAW and
GMAW were developed to meet the special needs of industrial production
and there were ongoing improvements and advances in electrode technol-
ogy

Modern welding history — Advances continued in electric arc welding and
brought such processes as arc spot welding, atomic-hydrogen welding,
electro-slag and electro-gas welding, plasma-arc welding and cutting, sub-
merged arc welding, and yet other processes to answer special industry
needs




INFORMATION SHEET

Standards and their importance to the welding industry

A.

As the welding industry grew, it became evident that standards were
needed for manufactured items used in welding, and for standards to test
the qualification of welders

In 1936, the Committee on Standard Qualification Procedure issued its first
report to the American Welding Soclety calling for a general qualification
standard for procedures and performances of welders

As the needs presented themselves, other standards were issued by such
groups as the American Iron and Steel Institute, American Petroleum Insti-
tute, Society of Automotive Engineers, and the Aluminum Assoclation

Where welders work

A.

75% of all welders help manufacture durable goods ranging from trucks
and ships to smaller parts for consumer goods

25% of all welders help;construct bridges, buildings, pipelines, or work in
industrial maintenance

Job opportunities for welders

A.

Employment for welders is expected to increase as fast if not faster than
the average for all occupations through the 1980’s

(NOTE: Statistically, the average increase for all occupations for the 1980’s
Is projected to be 17-25%, but for welders, the projection is for an increase
of 28-49%.)

New welders will continue to be needed to replace other welders who move
to other occupations or retire

Job opportunities for welders will vary strongly by geographic region and
demand for welders will be strongest in the Sunbelt and Western States

Many production lines will use robotic welding systems, but skilled welders
will not be affected by automation

Earnings for welders will continue to be above the average for nonsupervi-
sory occupations
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VI.  Welding processes and their functions (Transparency 1)

A.

OAW — Oxyacetylene welding, a process for joining metals by heating
them to melting point and allowing the melted portions to flow together
with or without the use of a filler metal (Figure 1)

FIGURE 1

Courtesy Union Carbide Corporation, Linde Division

SMAW — Shielded metal arc welding, a process for joining metals with
heat from an electric arc between a base metal and a flux-covered electrode

that provides both shielding and filler metal as it is consumed (referred to
as “stick” welding) (Figure 2)

FIGURE 2
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INFORMATION SHEET

C. GTAW — Gas tungsten arc welding, a process for joining metals by heating
with an arc between a workpiece and a nonconsumable tungsten electrode
in the presence of a shielding gas (referred to as “TIG” welding) (Figure 3)

FIGURE 3
Tig torch
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Courtesy Lincoln Electric Company

D. GMAW — Gas metal arc welding, a process for joining metals by heating
with an arc between a workpiece and a consumable electrode in the form o!
a continuously-fed wire in the presence of a shielding gas (referred to as

“MIG” welding) (Figure 4)

FIGURE 4 Solid wire
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Courtesy Lincoln Electric Company
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INFORMATION SHEET

SAW — Submerged arc welding, a process for joining metals by heating
with an arc between a workpiece and a bare metal electrode continuously-
fed into a covering shield of granulated flux (Figure 5)

FIGURE 5
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F FCAW — Flux-cored arc welding, a process for joining metals by heating
with an arc between a workpiece and a consumable electrode continu-
ously-fed in the presence of a shielding flux contained inside the electrode
(Figure 6)

(NOTE: There is also a dual-shielded process in flux-cored arc welding
which uses shielding from both the electrode flux and a shielding gas.)

FIGURE 6
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INFORMATION SHEET

PAW — Plasma arc welding, a process for joining metals by heating with a
restricted arc between an electrode and a workpiece or a constricting noz-
zle with shielding usually provided from a hot, ionized gas projected from
the nozzle as a plasma jet (Figure 7)

(NOTE: Plasma arc welding sometimes employs an addltlonal shielding

gas, and the principle of the high energy density of the plasma jet is also
used effectively in PAC, plasma arc cutting.)

FIGURE 7
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Courtesy Lincoln Electric Company

VIl.  Braze welding and brazing

A

B.

Brazing — A general group of welding processes that use a nonferrous
filler metal with a melting point over 800°F but lower than the melting point
of the base metais, and distribution of the flller metal is achieved through
caplllary attraction

Braze welding — A general group of weldlng processes that use a nonfer-
rous filler metal with a meiting point over 800°F but lower than the melting
point of the base metals, and distribution of the flller metal |s achleved
through weld design and not by caplllary attractlon

VIll.  Cutting processes and their functions

A

OFC — Oxygen fuei cutting, a general group of cutting processes that use
oxyger and other selected gases which form a chemical reaction with a
base metal at elevatad temperatures to make a cut

(NOTE: When oxygen Is used in combination with acetylene for cutting It is

called oxyacetylene cutting, OFC-A; oxygen and hydrogen, OFC-H4; oxygen
and propane, OFC-P; and oxygen and natural gas, OFC-N.)
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AC — Arc cutting, a general group of cutting processes that use the heat of
an arc between a base metal and an electrode to make a cut

(NOTE: Forms of arc cutting include carbon-arc cutting, CAC, and plasma-
arc cutting, PAC))

The importance of welding and cutting processes

A

Oxyacetylene welding and cutting — The first widely used welding and cut:
ting process, and still used frequently because the equipment required is
readily portable and handy for maintenance welding in industry and agricul-
ture

(NOTE: Students planning a welding career wil! benefit from learning oxy-
acetylene welding and cutting because it helps develop eye and hand coor-
dination and the manual dexterity required to properly perform many other
welding processes.)

Shielded metal arc welding (SMAW) — The first widely used arc welding
process, popular because of its higher rate of metal deposition than oxy-
acetylene, and still frequently used because the equipment is readily porta-
ble, adaptable to many welding applications, relatively inexpensive, and
can be used in adverse weather conditions

Gas tungsten arc welding (GTAW) — A welding process developed to
answer the needs for high-purity welds where control of heat must be pre-
cise to accomplish critical applications with lightweight metals such as
aluminum

Gas metal arc welding (GMAW) — A welding process developed to answer
the needs for high productivity in production line manufacturing, and popu-
lar because of its adaptability to all kinds of metals and reduced distortion
factor which produces high quality welds

(NOTE: Because of its versatility, GMAW welding is popular with semi-auto-
matic, automatic, and robotic applications.)

Personal requirements for a successful welder

A

B
C.

o

m

Manual dexterity, good eyesight, and good eye-hand coordination
Ability to concentrate on detailed work for long periods
Physically able to bend, stoop, and work in awkward positions
Basic skills in math and blueprint reading

Basic skills in welding processes
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Basic skills in metallurgy, the properties of metals

A gocd attitude toward the job and the employer

Attitudes that promote job advancement (Transparency 2)

A.

Enthusiasm and interest — This includes taking pride in your work and
being wiiling to do more than your share when needed

Dedication and dependability -—— This invoives good work habilts, including
regular attendance and being on time, and the ability to understand and fol-
low Instructions

Alertness, quickness of mind — You should always look for unsafe sltua-
tions that could injure workers or damage property, and you should con-
stantly look for more efficient working practices

Honesty and integrity — Employees should give truthful information both
to customers and to their employer

Desire to work — Do things on your own Inltl'atlve, and don’t walt to ba told
when you know what to do

Ability to work with others — Have a positive attitude and control your emo-
tions

Desire to improve oneself — Good employees aiways look for ways to
increase their knowledge; this benefits both the empioyer and emiployee

Put in a day’s work for a day's pay — Be conscious of waste in materials
and time

Be safety conscious — Follow safety regulations and develop safe working
habits. Horseplay is not allowed

Be willing to start at the ground 'zvel — Rome wasn’t built In a day and nei-
ther are good welders, so acrzpt the jobs beginners are assigned, develop
well-rounded skills, anu tiie advancements wlll take care of themselves

Occupational advancements avallable to welders

A.

B.

o

Welding machine or robotic welder operator
Combination welder
Welder-fitter

Specialist welder
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Welding supervisor
Welding analyst
Welding technician
Welding instructor
Welding foreman
Welding superintendent
Shop owner

Equipment salesperson
Sales trcubleshooter

Welding inspector

Occupational advancements avalilable to welders with some college

I ® m Mmoo o0 @ p

Welding engineer

Welding development engineer
Welding research engineer
Technical editor

College level welding teacher
Corporation executive

Quality control supervisor

Metallurgist

(NOTE: Many welders have advanced their job opportunities by taking eve-
ning classes at local colleges, junior colleges, or vocational-technical
schools, by joining professional organizations and regularly attending
meetings, and by reading trade journals to keep up-to-date with the acvanc-
ing welding industry)
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Professional organizations that benefit welders and their abbrevistions

A. AA — Aluminum Assoclation
818 Connecticut N.W.
Washington, DC 20006
(202) 862-5100

B. AIS| — American Iron and Stee! Institute
1000 16th St. N.W.
Washington, DC 20036
(202) 452-7100

C. ANS! — American National Standards Institute
1430 Broadway
New York, NY 10018
(212) 354-3300

D. AP! — American Petroleum Institute
2101 L St. N.W.
Washington, DC 20037
(202)457-7000

E. ASM — American Soclety for Metals
Route 87
Metals Park, OH 44073
(216) 338-5151

F ASME — American Society of Mechanical Engineers
345 E. 47th St.
New York, NY 10017
(212) 644-7722

G. AWS — American Welding Society
550 N.W. LeJeune Road
P.O. Box 351040
Miami, FL 33126
(305) 443-9353

H.  NSC — National Safety Council
444 N. Michigan Ave.
Chicago, IL. 60611
(312) 527-4800

l NWSA ~ National Welding Supply Association
1900 Arch St.
Philadelphia, PA 19103
(215) 564-3484
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