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Preface

ABOUT THE SERIES

Welding: Skills, Processes and Practices for Entry-Level Welders is an exciting new
series that has been designed specifically to support the American Welding
Society’s (AWS) SENSE EG2.0 training guidelines. Offered in three volumes,
these books are carefully crafted learning tools consisting of theory-based texts
that are accompanied by companion lab manuals, and extensive instructor sup-
port materials. With a logical organization that closely follows the modular struc-
ture of the AWS guidelines, the series will guide readers through the process of
acquiring and practicing welding knowledge and skills. For schools already in
the SENSE program, for those planning to join, or for schools interested in
obtaining certifiable outcomes based on nationally recognized industry stan-
dards order to comply with the latest Carl D. Perkins Career and Technical Edu-
cation in requirements, Welding: Skills, Processes and Practices for Entry-Level
Welders offers a turnkey solution of high quality teaching and learning aids.

Career and technical education instructors at the high school level are often
called upon to be multi-disciplinary educators, teaching welding as only one of
as many as five technical disciplines in any given semester. The Welding: Skills,
Processes and Practices for Entry-Level Welders package provides these educators
with a process-based, structured approach and the tools they need to be pre-
pared to deliver high level training on processes and materials with which they
may have limited familiarity or experience. Student learning, satisfaction and
retention are the target of the logically planned practices, supplements and full
color textbook illustrations. While the AWS standards for entry level welders are
covered, students are also introduced to the latest in high technology welding
equipment such as pulsed gas metal arc welding (GMAW-P). Career pathways
and career clusters may be enhanced by the relevant mathematics applied to
real world activities as well as oral and written communication skills linked to
student interaction and reporting.

Book 1, the core volume, introduces students to the welding concepts cov-
ered in AWS SENSE Modules 1, 2, 3, 8 and 9 (Occupational Orientation, Safety
and Health of Welders, Drawing and Welding Symbol Interpretation, Thermal
Cutting, and Weld Inspection Testing and Codes). Book 1 contains all the mate-
rial needed for a SENSE program that prepares students for qualification in
Thermal Cutting processes. The optional Books 2 and 3 cover other important
welding processes and are grouped in logical combinations. Book 2 corresponds
to AWS SENSE Modules 5 and 6 (GMAW, FCAW), and Book 3 corresponds to
AWS SENSE Modules 4 and 7 (SMAW, GTAW).

The texts feature hundreds of four-color figures, diagrams and tight shots of
actual welds to speed beginners to an understanding of the most widely used
welding processes.



FEATURES

Produced in close collaboration with experienced instructors from estab-
lished SENSE programs to maximize the alignment of the content with
SENSE guidelines and to ensure 100% coverage of Level I-Entry Welder
Key Indicators.

Chapter introductions contain general performance objectives, key terms
used, and the AWS SENSE EG2.0 Key Indicators addressed in the chapter.
Coverage of Key Indicators is indicated in the margin by a torch symbol
and a numerical reference.

Contains scores of fully illustrated Practices, which are guided exercises
designed to help students master processes and materials. Where appli-
cable, the Practices reproduce and reference actual AWS technical drawings
in order to help students create acceptable workmanship samples.

Each section introduces students to the materials, equipment, setup
procedures and critical safety information they need in order to weld
successfully.

Hundreds of four-color figures, diagrams and tight shots of actual welds
to speed beginners to an understanding of the most widely used welding
processes.

End of chapter review questions develop critical thinking skills and help
students to understand “why” as well as “how.”

SUPPLEMENTS

Each book in the Welding Skills series is accompanied by a Lab Manual that
has been designed to provide hands-on practice and reinforce the student’s
understanding of the concepts presented in the text. Each chapter contains prac-
tice exercises to reinforce the primary objectives of the lesson, including creation
of workmanship samples (where applicable), and a quiz to test knowledge of the
material. Artwork and safety precautions are included throughout the manuals.
Instructor Resources (on CD-ROM), designed to support Books 1-3 and the
accompanying Lab Manuals, provide a wealth of time-saving tools, including:

An Instructor’s Guide with answers to end-of-chapter Review Questions
in the texts and Lab Manual quizzes.

Modifiable model Lesson Plans that aid in the design of a course of study
that meets local or state standards and also maps to the SENSE guidelines.
An extensive ExamView Computerized Test Bank that offers assessments
in true/false, multiple choice, sentence completion and short answer
formats. Test questions have been designed to expose students to the
types of questions they’ll encounter on the SENSE Level 1 Exams.
PowerPoint Presentations with selected illustrations that provide a
springboard for lectures and reinforce skills and processes covered in the
texts. The PowerPoint Presentations can be modified or expanded as
instructors desire, and can be augmented with additional illustrations
from the Image Library.

The Image Library contains nearly all (well over 1000!) photographs and
line art from the texts, most in four-color.

A SENSE Correlation Chart that shows the close alignment of the Welding
series to the SENSE Entry Level 1 training guidelines. Each Key Indicator
within each SENSE Module is mapped to the relevant text and lab man-
ual page or pages.
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OBJECTIVES

After completing this chapter, the student should be able to

B describe how GMAW, FCAW, GTAW, and SMAW processes work

B list four factors that must be considered before a welding process is se-

lected

B discuss three events in the history of welding

B describe the purpose of a welding procedure specification (WPS)

B define the terms weld, forge welding, resistance welding, fusion welding,

coalescence, and certification

M list five welding or cutting processes an AWS SENSE entry-level welder
must be able to demonstrate

KEY TERMS

American Welding
Society (AWS)

automated operation
automatic operation

AWS Level I-Entry
Welder

AWS Level II-Advanced
Welder

AWS Level ITI-Expert
Welder

AWS SENSE
certification

coalescence

flux cored arc welding
(FCAW)

forge welding
fusion welding

gas metal arc welding
(GMAW)

gas tungsten arc welding
(GTAW)

layouts
machine operation
manual operation

Key Indicators Addressed in this Chapter:

Module 1: Occupational Orientation

1i

oxyfuel (OF) gas
oxyfuel gas cutting (OFC)
oxyfuel gas welding (OFW)
qualification

resistance welding
semiautomatic operation

shielded metal arc
welding (SMAW)

torch brazing (TB)
weld
welding

Key Indicator 1: Prepares time or job cards, reports, and records
Key Indicator 3: Follows verbal instructions to complete work assignments
Key Indicator 4: Follows written details to complete work assignments

Module 3: Drawing and Weld Symbol Interpretation

\_1i

Key Indicator 3: Fabricates parts from a drawing or sketch

=




2 CHAPTER 1

BASE PLATE
|

INTRODUGTION

As methods of joining materials improved through the ages, so did the envi-

ronment and mode of living for humans. Materials, tools, and machinery im-
proved as civilization developed.

Fastening together the parts of work implements began when an individual
attached a stick to a stone to make a spear or axe. Egyptians used stones to
create temples and pyramids that were fastened together with a gypsum mor-
tar. Some walls that still exist depict a space-oriented figure that was as ap-
propriate then as now—an ibis-headed god named Thoth who protected the
moon and was believed to cruise space in a vessel.

Other types of adhesives were used to join wood and stone in ancient
times. However, it was a long time before the ancients discovered a method
for joining metals. Workers in the Bronze and Iron Ages began to solve the
problems of forming, casting, and alloying metals. Welding metal surfaces
was a problem that long puzzled metalworkers of that period. Early metal-
joining methods included forming a sand mold on top of a piece of metal
and casting the desired shape directly on the base metal, so that the two
parts fused together form a single piece of metal, Figure 1.1. Another early
metal-joining method was to place two pieces of metal close together and

SAND MOLD ©

Vi

(A)

CAST PART —

©)

Figure 1.1 Direct casting

(D)

(A) Base plate to have part cast on it; (B) sand molded into shape desired; (C) pouring hot metal into mold; and (D) part cast is now

part of the base plate



pour molten metal between them. When the edges of the base metal melted,
the flow of metal was dammed using sand, and the molten metal was allowed
to harden, Figure 1.2.

The Industrial Revolution, from 1750 to 1850, introduced a method of
joining pieces of iron together known as forge welding or hammer welding.
This process involved the use of a forge to heat the metal to a soft, plastic
temperature. The ends of the iron pieces were then placed together and ham-
mered until fusion took place.

Forge welding remained the primary welding method until Elihu Thomson, in
1886, developed the resistance welding process. This process produces a weld
at the faying surfaces of a joint by the heat obtained from the resistance to the
flow of welding current through the workpieces from electrodes that serve to
concentrate the welding current and pressure in the weld area. This process pro-
vided a more reliable and faster way of joining metal than did previous methods.

As techniques were further developed, riveting was replaced in the United
States and Europe by fusion welding, which melts together filler metal and
base metal, or base metal only, to produce a weld. At that time the welding
process was considered to be vital to military security: Welding repairs to
ships damaged during World War I were carried out in great secrecy. Even
today some aspects of welding are closely guarded secrets.

Introduction to Welding
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Since the end of World War I, many welding methods have been developed for
joining metals. These various methods are playing an important role in the expan-
sion and production of the welding industry. Welding has become a dependable,
efficient, and economical method for joining pieces of metal.

WELDING DEFINED

A weld is defined by the American Welding Society (AWS) as “a local-
ized coalescence (the fusion or growing together of the grain structure of
the materials being welded) of metals or nonmetals produced either by
heating the materials to the required welding temperatures, with or with-
out the application of pressure, or by the application of pressure alone,
and with or without the use of filler materials.” Welding is defined as “a
joining process that produces coalescence of materials by heating them
to the welding temperature, with or without the application of pressure
or by the application of pressure alone, and with or without the use of
filler metal.” In less technical language, a weld is made when separate
pieces of material are joined to form one piece by heating them to a tem-
perature high enough to cause softening or melting and flow together.
Pressure may or may not be used to force the pieces together. In some
cases, pressure alone may be sufficient to force the separate pieces of
material to combine and form one piece. Filler material is added when
needed to form a completed weld in the joint. It is important to note
that the word material is used because today welds can be made from a
growing list of materials, including plastic, glass, and ceramics.

USES OF WELDING

Modern welding techniques are employed in the construction of numer-
ous products. Ships, buildings, bridges, and recreational rides are fabri-
cated using welding processes, Figures 1.3 and 1.4. Welding is often used
to produce the machines that are used to manufacture new products.

Welding has made it possible for airplane manufacturers to meet the
design demands of strength-to-weight ratios for both commercial and
military aircraft.

Figure 1.3 Space shuttle being prepared for launch
Notice the large welded support structure
Source: Courtesy of NASA
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Figure 1.4 The uses of modern welding techniques
Source: Courtesy of Larry Jeffus
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Figure 1.5 Machine designed for welding in space
Courtesy of E. 0. Paton Electric Welding Institute, Commonwealth of Independent States, the
former Soviet Union

The exploration of space would not be possible without modern weld-
ing techniques. From the earliest rockets to today’s aerospace industry,
welding has played an important role. The space shuttle’s construction
required the improvement of welding processes. Many of these improve-
ments have helped improve our daily lives.

Many experiments aboard the space shuttle have involved welding and
metal joining. The United States along with other nations are currently
building a permanent space station. Someday welders will be required to
build such a large structure in the vacuum of space. Figure 1.5 depicts
a welding machine designed to be used in space. Figure 1.6 shows a

Figure 1.6 Cosmonaut making a weld outside a space ship
Courtesy of E. 0. Paton Electric Welding Institute, Commonwealth of Independent States, the
former Soviet Union
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cosmonaut using the welder in open space. This specialized welder was
developed at the E. O. Paton Electric Welding Institute in Kiev, Ukraine.
As new welding techniques are developed for this major project, we will
see them being used here on Earth to improve our world.
Welding is used extensively in the manufacture of automobiles, farm
equipment, home appliances, computer components, mining equipment,
and construction equipment. Railway equipment, furnaces, boilers, air-
conditioning units, and hundreds of other products we use in our daily
lives are also joined together by some type of welding process.
Items ranging from dental braces to telecommunications satellites are
assembled by welding. Very little in our modern world is not produced
using some form of this versatile process.
The number of different welding processes has grown in recent years.
These processes differ greatly in the manner in which heat, pressure, or
both, are applied and in the type of equipment used. Table 1.1 lists over
Table 1.1 Master Chart of Welding and Allied Processes
atomic hydrogen welding.... AHW gas metal arc welding........... GMAW
bare metal arc welding. BMAW —pulsed arc............ . GMAW-P
carbon arc welding.... —short circuiting arc........ GMAW-S
.............. ARC gas tungsten arc welding......GTAW
'—-Shla|d8d WELDING —pulsed arc........ccocvereenens GT,
= VI .CAW-T (AW) plasma arc welding
electrogas welding. ... EGW SOLID shielded metal arc welding... SMAW
flux cored arc welding......... FCAW STATE BRAZING stud arc welding..........c.ceune. SW
coextrusion welding............ CEW WELLING (8) HEEEe weldlng E
- (SSW) —series.. .
cold welding........... .. CW R
diffl.llsiun welding.... LDFW T TN | S T Ry —/—ee
explosion welding.. ... EXW
forge welding..... - FOW Do e
friction welding....... - FRW WELDING diffusion brazing... ..DFB
hot pressure welding. ..HPW PROCESSES dip brazing DB
roll Weldlng ................ ... ROW flow brazing....... -FLB
ultrasonic Welding"..............USW furnace braz‘jr-‘g- ...... -‘- FB
7 7 induction brazing.. e
dip 30|deflﬂg..:... «..DS infrared brazing?.. ....IRB
furnace soldering.. - FS torch brazing............... ..TB
induction soldering............. IS OXYFUEL twin carbon arc brazing..... TCAB
!Mmm?dsc#derlng.. %Eg RESISTANCE GAS
Iron soldering........... WELDING WELDING
rESIStance Soldering.........H3 RW) (OFW) eleitﬁghbmfglding.... Ry
orch soldering...... ¢
wave soldering.......c.cccveens Ws :;lﬁ:&;ﬁ_lc””m EBW-MV
flash welding Fw e
high frequency resistance welding.. HFRW THERMAL ALLIED ADHESIVE induction welding...
percussion welding... -PEW SPRAYING [=\PROCESSES [ BONDING laser beam welding
projection welding.. -PRW (THSP) (ABD) thermit Welding................
resistance seam welding.. .. ARSEW
resistance spot welding......cocveenne. RSW = =
air acetylene welding.......... AAW
Spsoiwaclg il oxyacetylene welding.. OAW

electric arc spraying... EASF'
flame spraying............. LSP

oxyhydrogen weldin
pressure gas welding..

plasma spraying..........

chemical flux cutting.............FOC
metal powder cutting .POC
oxyfuel gas cutting
—oxyacetylene cutting.....OFC-A
—oxyhydrogen cutting..... OFC-H
—oxynatural gas cutting.. OFC-N

air carbon arc cutting
carbon arc cutting..............
gas metal arc cutting..........
gas tungsten arc cuttmg . GTAC
metal arc cutting... M

plasma arc cutting
shielded metal arc cutting.. SMAC

—oxypropane cutting....... OFC-P
oxygen arc cutting AOC electron beam cutting....EBC
oxygen lance cutting............. oLC laser beam cutting......... LBC

Source: American Welding Society



8

CHAPTER 1

PRESSURE
REGULATORS

FUEL GAS
CYLINDER

70 welding and allied processes. Some processes require hammering,
pressing, or rolling to effect the coalescence in the weld joint. Other
methods bring the metal to a fluid state so that the edges flow together.

The most popular welding processes are shielded metal arc welding
(SMAW), gas tungsten arc welding (GTAW), gas metal arc welding
(GMAW), flux cored arc welding (FCAW), torch or oxyfuel brazing (TB),
and oxyacetylene welding (OAW).

The use of regional terms by skilled workers is a common practice in
all trade areas, including welding. As an example, oxyacetylene welding is
one part of the larger group of processes known as oxyfuel gas welding.
The names used to refer to OAW include gas welding and torch welding.
Shielded metal arc welding is often called stick welding rod welding or
just welding. As you begin your career you will learn the various names
used in your area, but you should keep in mind and use the more formal
terms whenever possible. The AWS has published a book called AWS
A3.0 Standard Welding Terms and Definitions; this book has the status
of an American national standard. Welding terms used on contract docu-
ments and procedures often require this standard for their language.

Acetylene is the most commonly used fuel gas. It is widely used for
oxyfuel gas welding (OFW), oxyfuel gas cutting (OFC), and torch braz-
ing (TB). The oxyfuel (OF) gas processes are the most versatile of the
welding processes. The equipment required is comparatively inexpen-
sive, and the cost of operation is low, Figure 1.7.

Shielded metal arc welding (SMAW) has been a popular method of
joining metal for years. High-quality welds can be made rapidly and with
excellent uniformity. A variety of metal types and metal thicknesses can
be joined with one machine, Figure 1.8.

Gas tungsten arc welding (GTAW) is easily performed on almost any
metal. Its clean, high-quality welds often require little or no postweld fin-
ishing, Figure 1.9.

Gas metal arc welding (GMAW) is extremely fast and economical.
This process is easily used for welding on thin-gauge metal as well as
on heavy plate. The high welding rate and reduced postweld cleanup

WELDING OR CUTTING

BRAZING TIP M % HEAD
o
&N

? /
o \
REVERSE . TORCH BODY

FLOW CHECK
VALVES

\* GAS HOSES

OXYGEN
CYLINDER

Figure 1.7 Oxyfuel welding and cutting equipment
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Figure 1.8 Shielded metal arc welding equipment

have made gas metal arc welding an outstanding welding process,
Figure 1.10.

Flux cored arc welding (FCAW) uses the same type of equipment that
is used for the gas metal arc welding process. A major advantage of this
process is that with the addition of flux to the center of the filler wire it is
often possible to make welds without the use of an external shielding gas.
The introduction of smaller wire sizes and elimination of the shielding gas
from some welds has resulted in an increase in the use of the FCAW pro-
cess. Although slag must be cleaned from the welds after completion, the

79 (] .~ COMBINATION REGULATOR
SHIELDING / AND FLOWMETER

GAS CYLINDER WELDING MACHINE

MAIN POWER
SAFETY CHAN ——__ SUPPLY CABLE
= /-
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@\5 4 WATER
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GTA WELDING L
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TORCH SHIELDING 3 o e WARM WATER
GAS TO TORCH
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| RECIRCULATOR COOLER
WORK \
HOSE AND

POWER CABLE COOLING WATER TO TORCH
PROTECTIVE
COVERING WELDING POWER
CABLE AND RETURN
WORK CLAMP \—WORK CABLE COOLING WATER

Figure 1.9 Gas tungsten arc welding equipment
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Figure 1.10 Gas metal arc welding equipment

process’s advantages of high quality, versatility, out-of-position welding
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capability, and welding speed offset this requirement.

The introduction of new, low-cost equipment and improved availabil-
ity of filler metals has resulted in GMAW and FCAW becoming the most
commonly used welding processes. Many hardware stores, automotive
shops, and farm supply stores carry this equipment and filler metal.

Home hobby FCA welders can be purchased for less than $200.

The selection of the joining process for a particular job depends upon
many factors. No single, specific rule controls the choice of welding pro-
cess for a certain job. A few of the factors that must be considered when

choosing a joining process are

availability of equipment—What are the types, capacity, and con-
dition of equipment available to make the welds?

repetitiveness of the operation—How many welds will be required
to complete the job, and are they all the same?

quality requirements—TIs this weld going to be used on a piece of
furniture, to repair a piece of equipment, or to join a pipeline?
location of work—Will the welding be done in a shop or on a
remote job site?

materials to be joined—Are the parts made out of a standard metal
or some exotic alloy?

appearance of the finished product—Will this be a weldment that
is needed only to test an idea, or will it be a permanent structure?
size of the parts to be joined—Are the parts small, large, or of
different sizes, and can they be moved or must they be welded in
place?

time available for the work—Is this a rush job needing a fast repair,
or is there time to allow for pre- and postweld cleanup?

skill or experience of workers—Do the welders have the ability to
do the job?



o cost of materials—Will the weldment be worth the expense of
special equipment, materials, or finishing time?

e code or specification requirements—Often the selection of the
process is dictated by a governing agency, codes, or standards.

The welding engineer and the welder must not only decide on the
welding process but also select the method of applying it. The following
methods are used to perform welding, cutting, or brazing operations:

« manual operation—The welder is required to manipulate the
entire process.

e semiautomatic operation—The filler metal is added
automatically, and all other manipulation is done manually by the
welder.

o machine operation—Operations are done mechanically under the
observation and correction of a welding operator.

e automatic operation—Operations are performed repetitively by a
machine that has been programmed to do an entire operation
without the intervention of the operator.

o automated operation—Operations are performed repetitively by a
robot or other machine that is programmed flexibly to do a variety
of processes.

OCCUPATIONAL OPPORTUNITIES IN WELDING

The American welding industry has contributed to the widespread
growth of welding and allied processes. Without welding, many of the
products we use on a daily basis could not be manufactured. The list of
these products grows every day, thus increasing the number of jobs for
people with welding skills. These well-paying jobs are not concentrated
in major metropolitan areas but are found throughout the country and
the world. Because of the diverse nature of the welding industry, the
exact job duties of each skill area will vary. The following are general
descriptions of the job classifications used in our profession; specific
tasks may vary from one location to another.

e Welders perform manual or semiautomatic welding. They are the
skilled craftspeople who, through their own labor, produce the
welds on a variety of complex products, Figure 1.11.

e Tack welders perform manual or semiautomatic welding to
produce tacks, which often help the welder by making small welds
to hold parts in place. The tack weld must be correctly applied so
that it is strong enough to hold the assembly but does not interfere
with the finished welding.

e Welding operators run adaptive control, automatic, mechanized, or
robotic welding equipment.

o Welders’ helpers are employed in some welding shops to clean
slag from the welds and help move and position weldments for the
welder.

o Welder assemblers, or welder fitters, position all the parts in their
proper places and make ready for the tack welders. These skilled
workers must be able to interpret blueprints and welding

Introduction to Welding
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Figure 1.11 Welded structures

Amusement parks such as Silver Dollar City in Branson, Missouri, require many talented welders to produce such attractions as (A) an
antique train engine to be used in a parade; (B) air-powered guns for launching toy balls; and (C) the Branson Belle paddle-wheel boat
Source: Courtesy of Larry Jeffus

procedures. They also must have knowledge of the effects of the
contraction and expansion of various metals.

e Welding inspectors are often required to hold a special certification
such as the one supervised by the American Welding Society
known as Certified Welding Inspector (CWI). To become a CWI,
candidates must pass a test covering the welding process, blueprint
reading, weld symbols, metallurgy, codes and standards, and
inspection techniques. Vision screening is also required on a
regular basis once the technical skills have been demonstrated.

e Welding shop supervisors may or may not weld on a regular basis,
depending on the size of the shop. In addition to their welding
skills, they must demonstrate good management skills by
effectively planning jobs and assigning workers.

o Welding salespeople may be employed by supply houses or
equipment manufacturers. Sales jobs require a broad
understanding of the welding process as well as good marketing
skills. Good salespeople are able to provide technical information
about their products to convince customers to make a purchase.

o Welding shop owners are often welders who have a high degree of
skill and knowledge of small-business management and prefer to
operate their own businesses. These individuals may specialize in
one field, such as hardfacing, repair and maintenance, or specialty
fabrications, or they may operate as subcontractors of



manufactured items. A welding business can be as small as one
person, one truck, and one portable welder or as large as a
multimillion-dollar operation employing hundreds of workers.

e Welding engineers design, specify, and oversee the construction of
complex weldments. The welding engineer may work with other
engineers in areas such as mechanics, electronics, chemicals, or
civil engineering in the process of bringing a new building, ship,
aircraft, or product into existence. The welding engineer is
required to know all of the welding process and metallurgy and to
have good math, reading, communication, and design skills. This
person usually has an advanced college degree and possesses a
professional certification.

In many industries, the welder, welding operator, and tack welder
must be able to pass a performance test to a specific code or standard.

The highest-paid welders are those who have the education and skills
to read blueprints and do the required work to produce a weldment to
strict specifications.

Large industrial concerns employ workers who serve as support for
the welders. These engineers and technicians must have knowledge of
chemistry, physics, metallurgy, electricity, and mathematics. Engineers
are responsible for research, design, development, and fabrication of a
project. Technicians work as part of the engineering staff. These indivi-
duals may oversee the actual work for the engineer by providing the
engineer with progress reports as well as chemical, physical, and
mechanical test results. Technicians may also require engineers to build
prototypes for testing and evaluation.

Another group of workers employed by industry does layouts or
makes templates. These individuals have drafting experience and a
knowledge of such operations as punching, cutting, shearing, twisting,
and forming. The layout is generally done directly on the material. A tem-
plate is used for repetitive layouts and is made from sheet metal or other
suitable materials.

The thermal-cutting processes are closely related to welding. Some
operators use hand-held torches, and others are skilled operators of oxy-
fuel, plasma arc or laser cutting machines. These machines range from
simple mechanical devices to highly sophisticated, computer-controlled,
multiple-head machines that are operated by specialists, Figure 1.12.

Employment of welders is expected to increase rapidly as a result of
the wider use of various welding processes, including the use of robots.
Many more skilled welders will be needed for maintenance and repair
work in the expanding metalworking industries. The number of welders
in production work is expected to increase in plants manufacturing sheet
metal products, pressure vessels, boilers, railroad equipment, storage
tanks, air-conditioning equipment, and ships and in the field of energy
exploration and energy resources. The construction industry will need an
ever-increasing number of good welders as the use of welded steel build-
ings grows.

Employment prospects for welding operators are expected to continue
to be favorable because of the increased use of machine, automatic, and
automated welding in the manufacture of aircraft, missiles, railroad cars,
automobiles, and numerous other products.

Introduction to Welding
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Figure 1.12 Numerical-control oxygen cutting machine

Source: Courtesy of ESAB Welding & Cutting Products

TRAINING FOR WELDING OGGUPATIONS

Generally, several months of training are required to learn the basics of a
welding process. To become a skilled welder, both welding school and
on-the-job experience are required. Because of the diverse nature of the
welding industry, no single list of skills can be given that meets every
job’s requirement. However, there are specific skills that are required of
most entry-level welders. The American Welding Society, in partnership
with the U.S. Department of Education, conducted a survey of the weld-
ing industry to define guidelines for knowledge and skills required in the
welding workplace. In 1995, the AWS published a guideline curriculum
for entry-level welders. The program is called SENSE, which stands for
Students Excelling through National Standards in Education. This book
covers those skill requirements.

In addition to welding skills, an entry-level welder must possess work-
place skills. Workplace skills include proficiency in reading, writing,
math, communication, and science as well as good work habits and an
acceptance of close supervision. Some welding jobs also require a theo-
retical knowledge of welding, blueprint reading, welding symbols, metal
properties, and electricity. A few of the jobs that require less skill can be
learned after a few months of on-the-job training. However, the fabrica-
tion of certain alloys requires knowledge of metallurgical properties as
well as the development of a greater skill in cutting and welding them.

Robotics and computer-aided manufacturing (CAM) both require
more than a basic understanding of the welding process; they require
that the student be computer literate.



A young person planning a career as a welder needs good eyesight,
manual dexterity, hand and eye coordination, and an understanding of
welding technology. For entry into manual welding jobs, employers pre-
fer to hire young people who have high school or vocational training in
welding processes. Courses in drafting, blueprint reading, mathematics,
and physics are also valuable.

Beginners in welding who have no training often start in manual
welding production jobs that require minimum skill. Some first work as
helpers and are later moved into welding jobs. General helpers, if they
show promise, may be given a chance to become welders by serving as
helpers to experienced welders.

No formal apprenticeship is usually required for general welders. A
number of large companies have welding apprenticeship programs. The
military, at several of its installations, has programs in welding.

Skill and technical knowledge requirements are higher in some indus-
tries. In the fields of atomic energy, aerospace, and pressure vessel con-
struction, high standards for welders must be met to ensure that weld-
ments will withstand the critical forces that they will be subjected to in
use.

After two years of training at a vocational school or technical institute,
the skilled welder may qualify as a technician. Technicians are generally
involved in the interpretation of engineers’ plans and instructions.

Before being assigned a job where the service requirements of the
weld are critical, welders usually must pass a certification test given by
an employer. In addition, some localities require welders to obtain a
license for certain types of outside construction.

After a welder, welding operator, or tack welder has received a certi-
fication or qualification by passing a standardized test, he or she is
allowed to make only welds specifically covered by that test. The welding
certification is very restrictive; it allows a welder to perform only code
welds covered by that test. Certifications are usually good for a maximum
of six months unless a welder is doing code-quality welds routinely. As a
student, you should check into the acceptance of a welding qualification
test before investing time and possibly money in the test.

QUALIFIED AND CERTIFIED WELDERS

Welder qualification and welder certification are often misunderstood.
Being certified does not mean that a welder can weld anything, nor
does it mean that every weld the welder makes is acceptable. It means
that the welder has demonstrated the skills and knowledge necessary to
make good welds in a particular process, on a specified alloy, in one or
more positions. To ensure that a welder is consistently making welds that
meet the standard, welds are inspected and tested. The more critical the
welding, the more critical the inspection and the more extensive the test-
ing of the welds.

All welding processes can be tested for qualification and certification.
The testing can range from making spot welds with an electric resistance
spot welder to making electron beam welds on aircraft. Being qualified
or certified in one area of welding does not mean that a welder can
make quality welds in other areas. Most qualifications and certifications
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are restricted to a single welding process, position, metal, and thickness
range.

Individual codes control test requirements. Within these codes,
changes in any of a number of essential variables can result in the need
to recertify:

o Welders can be certified in each welding process, such as SMAW,
GMAW, FCAW, GTAW, electron beam welding (EBW), and resis-
tance spot welding (RSW). A separate test is required for each
process.

o The type of material (e.g., steel, aluminum, stainless steel,
titanium) being welded will require a change in certification. Even
a change in the alloy within a base metal type can require a change
in certification.

e Each certification is valid for a specific range of thickness of base
metal. This range depends on the thickness of the metal used in
the test. For example, if a 3/8-in. (9.5-mm) plain carbon steel plate
is used in the test, then under some codes the welder would be
qualified to make welds in a plate thickness range from 3/16 in. to
3/4 in. (4.7 mm to 19 mm).

e Changes in the classification and size of the filler metal can require
recertification.

« If the process requires a shielding gas, then changes in gas type or
mixture can affect the certification.

e In most cases, a weld test taken in a flat position limits certification
to flat and possibly horizontal welding. A test taken in the vertical
position, however, usually allows the welder to work in the flat,
horizontal, and vertical positions, depending on the code
requirements.

e Changes in weld type, such as groove or fillet welds, require a new
certification. In addition, variations in joint geometry, such as
groove type, groove angle, and number of passes, can also require
retesting.

e In some cases, changing welding current from alternating current
(AC) to direct current (DC) or changes to pulsed power and high
frequency, for example, can affect the certification.

Any welder qualification or certification process must include the spe-
cific welding skill level to be demonstrated. The detailed information for
a welding test is often given as part of a welding procedure specification
(WPS) or similar set of welding specifications or schedules. Such stan-
dards inform everyone about which skills are required, enabling the
welder to prepare for the welding test and to demonstrate welding skills
to the company. Varying from the strict limitations in the WPS usually
requires that a different test be taken.

Welder performance qualification testing is the demonstration of a
welder’s ability to produce welds meeting very specific prescribed stan-
dards. The form used to document this test is called the Welder Perfor-
mance Qualification Test Record. The detailed written instructions to be
followed by the welder are called the Welder Qualification Procedure.
Welders who have passed this type of testing are often referred to as
qualified welders or as qualified.



Welder certification is the written verification that a welder has pro-
duced welds meeting a prescribed standard of welder performance. A
welder holding such a written verification is often referred to as certified
or as a certified welder.

An AWS certified welder is one who has complied with all the provi-
sions, requirements, and specifications of the AWS regarding certifica-
tion. Very specific requirements must be met by any school or organiza-
tion before it can offer this certification. Under the AWS SENSE program,
the welder must pass a closed-book exam covering specific knowledge
areas and a performance test. Written documentation, including the
welder’s name and social security number and test results, must be sent
to the AWS, where such records are entered into the AWS National Reg-
istry for welders. The certification record expires after one year and is
automatically deleted from the registry.

The AWS has developed three levels of qualification for welders
through the SENSE program. The first level, Level I-entry, is for the
beginning welder; Level II-advanced and Level III-expert are for more
skilled welders. These qualifications are gaining widespread acceptance
by industry. Welder performance qualification exams allow welders to
prove their skills on a standard test. This textbook series will focus on
the AWS entry-level welder qualification.

AWS ENTRY-LEVEL WELDER QUALIFICATION AND WELDER
GERTIFICATION

The AWS entry-level welder qualification and certification program spe-
cifies a number of requirements not normally found in the traditional
welder qualification and certification process. The additions to the AWS
program have broadened the scope of the test. Areas such as practical
knowledge have long been an assumed part of most certification pro-
grams but have not been a formal part of the testing process. Most com-
panies have assumed that welders who could produce code-quality welds
could understand enough of the technical aspects of welding.

Today, however, greater importance is placed on the technical knowl-
edge of the process, code, and other aspects of the complete welding
process. This change is due to the greater complexity of many welding
processes and an increased responsibility of companies and their welders
to ensure the quality and reliability of weldments. It is important not only
that the weld be correctly performed but also that the welder know why it
must be performed in such a specific manner. This is all intended to
increase accuracy and reduce rejection of welds.

A written test must be passed with a minimum grade of 75% on all
areas except safety. The safety questions must be answered with a mini-
mum accuracy of 90%. The following subject areas, covered in this text-
book series, are included in the test:

e welding and cutting theory

o welding and cutting inspection and testing

« welding and cutting terms and definitions (Glossary)
o base and filler metal identification

Introduction to Welding
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Figure 1.13 SkillsUSA welding assembly

Source: Courtesy of Larry Jeffus

o common welding process variables

e electrical fundamentals

e drawing and welding symbol interpretation
e fabrication principles and practices

o safe practices

Each year SkillsUSA sponsors a series of welding skill competitions for
its student members. Students can begin by joining their local SkillsUSA
chapter. They can then compete in local, regional, and state competi-
tions. After each round, the students with the best welding skills and
knowledge advance to the next level of competition. Contestants are
challenged with a written test and must show their proficiency in welding
and fabrication, Figure 1.13. A national SkillsUSA Olympics competition
is held each year in Kansas City, Missouri. The winners at the national
competition can then go on to the International Skill Olympics. The inter-
national competition is held in a different country each year. Like most
professional organizations, SkillsUSA emphasizes community service and
citizenship as key components of the philosophy of the organization.

EXPERIMENTS AND PRACTICES

This textbook series contains experiments and practices. These are
intended to help you develop your welding knowledge and skills.

The experiments are designed to allow you to see what effect changes
in the process settings, operation, or techniques have on the type of weld
produced. When you do an experiment, you should observe and possibly
take notes on how the change affected the weld. Often as you make a
weld it will be necessary for you to make changes in your equipment set-
tings or your technique to ensure that you are making an acceptable
weld. By watching what happens when you make the changes in the
welding shop, you will be better prepared to decide on changes required
to make good welds on the job.



It is recommended that you work in a small group as you try the
experiments. In a small group, one person can be welding, one adjusting
the equipment, and the others recording the machine settings and weld
effects. Group work also allows you to watch the weld change more
closely if someone is welding as you look on. Then, as a group member,
changing places will reinforce your learning.

The practices are designed to build your welding skills. Each practice
tells you in detail what equipment, supplies, and tools you will need as
you develop the specific skill. The practices will start off easy and become
progressively more complex or difficult. Welding is a skill that requires
that you develop in stages from the basic to the more complex.

Each practice gives the evaluation criteria or acceptable limits for the
weld. All welds have some discontinuities, but if they are within the
acceptable limits, they are called not defects but flaws. As you practice
your welding, keep in mind the acceptable limits so that you can progress
to the next level when you have mastered the process and weld you are
working on.

Layout

The experiments and practices will require that you read and interpret
simple drawings and sketches including welding symbols. You will fill out
a bill of materials that will be required to fabricate the weldment. The
material specifications must be given in both standard and SI units,
requiring that you make the necessary conversions.

Once the bill of materials is complete, you must lay out on appropri-
ate metal stock the individual parts that are to be cut out. The parts must
be laid out to within a fractional tolerance of 1/16 in. (1.6 mm), with an
angular tolerance of +10° to -5°. Be sure to leave an appropriate amount
of space between parts for the kerf if the parts are not to be sheared.

Written Procedures

Each weldment drawing includes a written list of notes that must be
followed. You must also follow a WPS for each weldment. Specific infor-
mation relating to the cutting or welding process can be found in this
text. Additional information is available in the AWS EG2.0 publication
and in the references listed in Table 1.2. The material in this text follows
the AWS guidelines but does not include all of the AWS material as pro-
vided in its publications.

Written Records

Learners will fill out time or job cards, reports, and other records as
needed, Tables 1.3-1.5. Written records must be complete, neat, and legi-
ble. These records must be turned in with the completed weldment and
will be considered in the overall evaluation of your skills. Similar records
are required by most large welding companies to determine the produc-
tivity of welders and to ensure that each job is charged correctly for time
and materials. These records help the company to stay profitable.

Introduction to Welding
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Key Indicator 3

Table 1.2 Standard Welding Procedure Specifications

ANSI/AWS Standard Welding Procedure Specification for Shielded Metal Arc
B2.1.001 Welding of Carbon Steel (M-1/P-1, Group 1 or 2), 3/16 through 3/4
inch in the As-Welded Condition, with Backing

ANSI/AWS Standard Welding Procedure Specification for Gas Tungsten Arc
B2.1.008 Welding of Carbon Steel (M-1, Group 1), 10 through 18 Gauge, in the
As-Welded Condition, with or without Backing

ANSI/AWS Standard Welding Procedure Specification for Gas Tungsten Arc
B2.1.009 Welding of Austenitic Stainless Steel (M-8/P-8), 10 through 18
Gauge, in the As-Welded Condition, with or without Backing

ANSI/AWS Standard Welding Procedure Specification for Gas Tungsten Arc
B2.1.015 Welding of Aluminum (M-22 or P-22), 10 through 18 Gauge, in the
As-Welded Condition, with or without Backing

ANSI/AWS Standard Welding Procedure Specification for CO2 Shielded Flux
B2.1.019 Cored Arc Welding of Carbon Steel (M-1/P-1/S-1, Group 1 or 2), 1/8
through 1-1/2 inch Thick, E70T-1 and E71T-1, As-Welded Condition

ANSI/AWS Standard Welding Procedure Specification for 75% Argon 25% CQO2

B2.1.020 Shielded Flux Cored Arc Welding of Carbon Steel (M-1/P-1/S-1,
Group 1 or 2), 1/8 through 1-1/2 inch Thick, E70T-1 and E71T-1,
As-Welded Condition

Table 1.3 Useful Form for Keeping Track of Weldments

Time Card
Name Date Job
Starting Time Ending Time Total Time
Sign Total

In any working shop, verbal instructions must be given from time to
time. These instructions are as important as written ones. Many welding
shops assemble their welders at the beginning of a shift so that special
instructions can be given verbally. Instructions may include things such
as which stock to use, where scrap is to be deposited, and which welder
to use. In some cases critical information such as safety concerns are
given verbally. Your safety and the safety of others could depend on
your ability to remember and follow verbal instructions.




Table 1.4 Useful Form for Keeping Track of Weldments

Inspection Report Job:

Inspection Pass/fail Inspector’s Initials Date

Layout

Cutout

Assembly

Welding

Tack

Interpass

Finish

Overall Rating

Accuracy

Appearance

Welder Date

Table 1.5 Useful Form for Keeping Track of Weldments

BILL OF MATERIALS

Name Date Job

Part ID Size Determination S| Determination

Material Specification

WELDING VIDEO SERIES

Delmar Learning, in cooperation with the author, has produced a series
of videotapes. Each of the four sets of tapes covers specific equipment
setup and operation for welding, cutting, soldering, or brazing. When
specific skills are covered both in this textbook and on a videotape, you
will see a framed shot from the video, as shown in Figure 1.14. Reading
the material, watching the video, and practicing should help you to
develop your welding skills more rapidly.

Introduction to Welding
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Figure 1.14 Welding Principles and Practices on DVD series

This close-up of GMA welding can be found on DVD 2 of the Welding Principles and Practices on
DVD series. It is an example of the type of close-ups shown in all of the Welding Series DVDs
Source: Courtesy of Larry Jeffus

METRIC UNITS

Both standard and metric (SI) units are given in this text. The SI units are
in parentheses ( ) following the standard unit. When nonspecific values
are used—for example, “set the gauge at 2 psig,” where 2 is an approxi-
mate value—the SI units have been rounded off to the nearest whole
number. Rounding-off is used in these cases to agree with the standard
value and because whole numbers are easier to work with. SI units are
not rounded off only when the standard unit is an exact measurement.

Often students have difficulty understanding metric units because
exact conversions are used even when the standard measurement is an
approximation. Rounding off the metric units makes understanding the
metric system much easier, Table 1.6. By using this approximation
method, you can make most standard-to-metric conversions in your
head without needing to use a calculator.

Once you have learned to use approximations for metric units, you will
find it easier to make exact conversions whenever necessary. Conversions

Table 1.6 Metric Conversions Approximations

1/4 inch = 6mm
1/2 inch = 13mm
3/4 inch = 18mm
1 inch = 25mm
2 inches = 50mm

1/2gal=2L

1gal=4L

1lb=12K
2Ib=1K

1 psig = 7 kPa
1°F = 2°C

Approximate conversions of standard units to metric make it possible to quickly have an
idea of how large or heavy an object is in the other units. For estimating purposes,
exact conversions are not required.
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must be exact in the shop when a part is dimensioned with one system’s
units and the other system must be used to fabricate the part. For that rea-
son you must be able to make those conversions. Tables 1.7 and 1.8 are set
up to be used with or without the aid of a calculator. Many calculators today
have built-in standard-to-metric conversions. It is a good idea to know how
to make these conversions with and without these aids, of course. Practice
making such conversions whenever the opportunity arises.

Table 1.7 Conversions for U.S. Customary (Standard) Units and Metric Units (SI)

23

TEMPERATURE

Units
°F (each 1° change)
°C (each 1° change)
32°F (ice freezing) = 0°Celsius
212°F (boiling water) = 100°Celsius
—460°F (absolute zero) = 0°Rankine
—273°C (absolute zero) = 0°Kelvin

= 0.555°C (change)
= 1.8°F (change)

Conversions

°F to °C °F-32 = x .555 =
°Cto °F °Cx1.8= +32 =
LINEAR MEASUREMENT
Units
1 inch = 25.4 millimeters
1 inch = 2.54 centimeters
1 millimeter = 0.0394 inch
1 centimeter = 0.3937 inch
12 inches =1 foot
3 feet =1 yard
5280 feet =1 mile
10 millimeters = 1 centimeter
10 centimeters = 1 decimeter
10 decimeters = 1 meter
1000 meters = 1 kilometer
Conversions
in. to mm in. x254 = mm
in. to cm in. x2.54 = cm
ft to mm ft x 304.8 = mm
fttom ft x 0.3048 = m
mm to in. mm x 0.0394 = in.
cm toin. cm x 0.3937 = in.
mm to ft mm x 0.00328 = ft
m to ft m x 3.28 = ft

AREA MEASUREMENT

Units
1sqin. =0.0069 sq ft
1sqft =144 sqin.
1sqft =0.111sqyd
1sqyd =9sqft
1sqin. =645.16 sq mm
1 sq mm = 0.00155 sq in.
1sqgcm =100 sq mm
1sgm = 1000 sqcm

°C
°F

Conversions

sq in. to sqg mm

sq mm to sq in.

sqin. x 645.16

sq mm

sq mm x 0.00155
sq in.

VOLUME MEASUREMENT
Units

1
1
1
1
1
1
1
]
1
1
1
]
1
1
1

cu in. = 0.000578 cu ft
cuft =1728 cu in.

cu ft = 0.03704 cu yd
cu ft =28.32L

cu ft =7.48 gal (U.S.)
gal (U.S.)=3.737 L

cuyd =27 cu ft

gal =0.1336 cu ft
cu in. =16.39 cu cm
L = 1000 cu cm

L =61.02 cuin.

L = 0.03531 cu ft
L = 0.2642 gal (U.S.)

cuyd=0.769 cum
cum = 1.3 cuyd

Conversions

cuin.toL cuin. x 0.01638 = L

L to cuin. L x 61.02 = cuin.
cufttolL cuft x2832 = L
Ltocu ft L x 0.03531 = cu ft
L to gal L x 0.2642 = gal
galtoL gal x 3.737 = L

WEIGHT (MASS) MEASUREMENT

Units
10z =0.0625 Ib
1lb =160z
10z =28.35¢
1g =0.03527 oz
11b = 0.0005 ton
1 ton = 2000 Ib
10z =0.283 kg
1lb =0.4535 kg
1 kg =35.27 oz
1kg =2.2051b
1kg =1,000g

(Continued)
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Table 1.7 Continued

Conversions

Ib to kg Ib x0.4535 =
kg to Ib kg x 2205 =
oztog 0z x 0.03527 =
gtooz g x2835 =

oz

PRESSURE AND FORCE MEASUREMENTS

Units
1 psig = 6.8948 kPa
1 kPa = 0.145 psig
1 psig = 0.000703 kg/sqg mm

1 kg/sq mm = 6894 psig

VELOCITY MEASUREMENTS

Units
1in./sec = 0.0833 ft/sec
1 ft/sec =12 in./sec
1 ft/min =720 in./sec
1in./sec = 0.4233 mm/sec
1 mm/sec = 2.362 in./sec
1 cfm = 0.4719 L/min
1 LU/min =2.119 cfm

Conversions

11b (force) = 4.448 N ft/mlr? to in./sec ft/mln_ x 720 = in./sec
1N (force) = 0.2248 Ib in./min to mm/sec in./min x.4233 = mm/sec
- mm/sec. to in./min mm/sec x 2.362 = in./min
Conversions cfm to L/min cfm x 0.4719 = L/min
. . L/min to cfm L/min 2119 = cfm
psig to kPa psig x 6.8948 = kPa I ! x -
kPa to psig kPa x 0.145 = psig
Ibto N Ib x 4.448 = N
N to Ib N x 0.2248 = psig
Table 1.8 Abbreviations and Symbols
U.S. Customer (Standard) Units dm® = decimeter cubed
°F = degrees Fahrenheit m = meter
°R = degrees Rankine m? = meter squared
= degrees absolute F m® = meter cubed
Ib = pound L =liter
psi = pounds per square inch g =gram
= |b per sq in. kg = kilogram
psia = pounds per square inch absolute J =joule
= psi + atmospheric pressure kd = kilojoule
in. =inches =in. ="’ N = newton
ft = foot or feet = ft =" Pa = pascal
sq in. = square inch = in. kPa = kilopascal
sq ft = square foot = ft W = watt
cu in. = cubic inch = in. kW = kilowatt
cu ft = cubic foot = ft MW = megawatt
ft-lb = foot-pound
ton = ton of refrigeration effect Miscellaneous Abbreviations
qt = quart P = pressure
sec = seconds
h =h
Metric Units (SI) o.urs .
. r = radius of circle
°C = degrees Celsius .
K = Kelvin D = diameter
o m = 3.1416 (a constant used in determining the area of a
mm = millimeter .
. circle)
cm = centimeter
> . A = area
cm* = centimeter squared
3 . V = volume
cm® = centimeter cubed R
oo = infinity

dm = decimeter
dm? = decimeter squared
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SUMMARY

Welding is a very diverse trade. Almost every manufactured product uti-
lizes a welding or joining process in its production. Products that are
produced by welding range from small objects, such as sunglasses and
dental braces, to larger structures, such as buildings, ships, and space
shuttles. Your knowledge and understanding of the various processes
and their applications will provide you with employable skills that can
result in a rich and rewarding career in the welding field. The art and
science of joining metals has been around for centuries, and with minor
changes and improvements in materials, equipment, and supplies, it will
be with us through the remainder of the 21st century.

1. Explain how to forge weld.
2. What welding process is Elihu Thomson credited with developing in
18867
3. During World War I, what process replaced riveting for ship repair?
4. What do we call the localized growing together of the grain structure
during a weld?
5. List six items that use welding in their construction.
6. What three things differ greatly from one welding process to another?
7. Which gases are most commonly used for the OFW process?
8. What is the technically correct name for gas welding?
9. Which welding process is most commonly used to join metal?
10. What is the technically correct name for stick welding?
11. GTAW is the abbreviation for which process?
12. What is the ideal process for high welding rates on thin-gauge metal?
13. Flux inside the welding wire gives which process its name?
14. List six factors that may be considered in selecting a welding process.
15. Which method of welding application requires a welder to
manipulate the entire process?
16. Which method of welding requires the welder to control everything
except the adding of filler metal?
17. Which welding process is repeatedly performed by a machine that
has been programmed?

18. A works with engineers to produce prototypes for testing.

19. A places parts together in their proper position for the
tack welder.

20. A is a piece of sheet metal cut to the shape of a part so

that it may be repetitively laid out.
21. What are the approximate standard units for the following SI values?
a. 13 mm
b. 4L
c. 100°C
d. 4K
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22. What are the exact standard units for the following SI values?
a. 13 mm
b. 4L
c. 100°C
d. 4K

23. What are some advantages of a working environment that involves
groups?

24. How could good work habits create occupational opportunities for
you?
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Safety in Welding

OBJECTIVES

After completing this chapter, the student should be able to

B describe the three classifications of burns and the emergency steps that
should be taken to treat each of them

B describe the dangers all three types of light pose to welding and how to
protect yourself and others from these dangers

B explain how to use personal protective equipment (PPE) to avoid eye and
ear injuries

B avoid dangerous fumes and gases by providing ventilation to the welding
area

B explain the purpose of material safety data sheets (MSDSs) and where
they can be found

B describe what type of general work clothing should be worn in a welding
shop

B describe how to handle, secure, and store compressed gas cylinders

B explain electrical safety practices and list rules for extension cords and
portable power tools

B describe four ways to safely lift heavy welded assemblies

KEY TERMS

acetone
acetylene

carbon dioxide
extinguisher

confined spaces

dry chemical
extinguisher

earmuffs

earplugs

electric shock
electrical ground
electrical resistance
exhaust pickups

flash burn

flash glasses

foam extinguisher
forced ventilation
full face shield
goggles
ground-fault circuit

interrupter (GFCI or
GFI)

hot work permit
infrared light

material safety data
sheet (MSDS)

natural ventilation
safety glasses

type A fire extinguisher
type B fire extinguisher
type C fire extinguisher
type D fire extinguisher
ultraviolet

valve protection cap
ventilation

visible

warning label

welding helmet
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CHAPTER 2

Key Indicators Addressed in this Chapter:

Module 1: Occupational Orientation
n Key Indicator 2: Performs housekeeping duties

Module 2: Safety and Health of Welders

n Key Indicator 1: Demonstrates proper use and inspection of personal

protection equipment (PPE)

Key Indicator 2: Demonstrates proper safe operation practices in the
work area

Key Indicator 3: Demonstrates proper use and inspection of
ventilation equipment

Key Indicator 4: Demonstrates proper Hot Zone operation

Key Indicator 5: Demonstrates proper work actions for working in
confined spaces

Key Indicator 6: Understands proper use of precautionary labeling
and MSDS information

Key Indicator 7: Demonstrates proper inspection and operation of
equipment for each welding or thermal cutting

\ process used j

INTRODUGTION

Accident prevention is the main intent of this chapter. The safety information

included in this text is intended as a guide. There is no substitute for caution
and common sense. A safe job is no accident; it takes work to make the job
safe. Each person must take personal responsibility for his or her own safety
and the safety of others on the job.

Welding, like other heavy industrial jobs, has a number of potential safety
hazards. These hazards need not result in personal injury. Learning to work
safely to avoid these hazards is as important as learning to be a skilled
welder.

Most large welding manufacturers have mandatory safety classes that you
must successfully complete before beginning work. These classes may cover
company-specific regulations, local and state regulations, as well as federal
Occupational Safety and Health Administration (OSHA) regulations. From
time to time, additional safety classes may be required. Companies provide
all of this safety training to protect you, others, and the business from in-
jury and losses in production resulting from accidents. Violation of company
safety policies and practices may result in your being suspended or termi-
nated. There are some dangers that are not covered in this text; you can
get specific safety information from your supervisor, the shop safety officer,
or other workers.



BURN GLASSIFICATION

Burns are among the most common and painful injuries that occur in the
welding shop. Burns can be caused by ultraviolet light rays as well as by
contact with hot welding material. The chance of infection is high with
burns because of the resulting dead tissue. It is important that all burns
receive proper medical treatment to reduce the chance of infection.

Burns are divided into three classifications, depending upon the
degree of severity. The three classifications are first-degree, second-
degree, and third-degree burns. Whether burns are caused by hot mate-
rial or by light, they can be avoided if proper clothing and personal
protective equipment (PPE) are worn.

First-degree burns occur when the surface of the skin is reddish in color,
tender, and painful, but the burn does not involve any broken skin. The
first step in treating a first-degree burn is to immediately put the burned
area under cold water (not ice water) or apply a cold-water compress
(a clean lint-free towel, washcloth, or handkerchief soaked in cold
water) until the pain decreases. Then cover the area with sterile bandages
or a clean cloth. Do not apply butter or grease. Do not apply any other
home remedies or medications without a doctor’s recommendation. See
Figure 2.1.

Second-degree burns occur when the surface of the skin is severely
damaged, resulting in the formation of blisters and possible breaks in
the skin. Again, the most important first step in treating a second-
degree burn is to put the area under cold water (not ice water) or apply a
cold-water compress until the pain decreases. Gently pat the area dry
with a clean lint-free towel, and cover the area with a sterile bandage or
clean cloth to prevent infection. Seek medical attention. If the burns are

SWEAT PORE
HAIR
EPIDERMIS _] FOLLICLE
DERMIS
pucT
_| ®
SUBCUTANEOUS '
LAYER a 4
SWEAT NERVES  BLOOD FAT
GLAND VESSELS CELLS

Figure 2.1 First-degree burn
Only the skin surface (epidermis) is affected

Safety in Welding
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EPIDERMIS _]

DERMIS

SUBCUTANEOUS
LAYER

Figure 2.2 Second-degree burn
The epidermal layer is damaged, forming blisters or shallow breaks

around the mouth or nose, or involve singed nasal hair, breathing prob-
lems may develop. Do not apply ointments, sprays, antiseptics, or home
remedies. Note: in an emergency, any cold liquid you drink—for exam-
ple, water, cold tea, soft drinks, or milk shake—can be poured on a burn.
The purpose is to reduce the skin temperature as quickly as possible to
reduce tissue damage. See Figure 2.2.

Third-Degree Burns

Third-degree burns occur when the surface of the skin and possibly the
tissue below the skin appear white or charred. Initially, there may be little
pain because nerve endings have been destroyed. Do not remove any
clothes that are stuck to the burn. Do not put ice water or ice on the
burns; this could intensify the shock reaction. Do not apply ointments,
sprays, antiseptics, or home remedies to the burns. If the victim is on
fire, smother the flames with a blanket, rug, or jacket. Breathing difficul-
ties are common with burns around the face, neck, and mouth; be sure
that the victim is breathing. Place a cold cloth or cool (not ice) water on
burns of the face, hands, or feet to cool the burned areas. Cover the
burned area with thick, sterile, nonfluffy dressings. Call for an ambulance
immediately; people with even small third-degree burns need to consult
a doctor. See Figure 2.3.

Some types of light can cause burns. The three types of light are ultra-
violet, infrared, and visible. Ultraviolet and infrared light are not visible
to the unaided human eye, and they are types of light that can cause
burns. During welding, one or more of the three types of light may be
present. Arc welding produces all three types of light, but gas welding
produces visible and infrared light only.

The light from the welding process can be reflected from walls, ceil-
ings, floors, or any other large surface. This reflected light is as dangerous
as the direct welding light. To reduce the danger from reflected light, the
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Figure 2.3 Third-degree burn
The epidermis, dermis, and subcutaneous layers of tissue are destroyed

welding area, if possible, should be painted with a flat, dark-colored or
black paint. Flat black will reduce the reflected light by absorbing more
of it than any other color. When the welding is to be done on a job site,
in a large shop, or other area that cannot be painted, weld curtains can
be placed to absorb the welding light, Figure 2.4. These special portable
welding curtains may be either transparent or opaque. Transparent weld-
ing curtains are made of a special high-temperature, flame-resistant plas-
tic that will prevent the harmful light from passing through.

Ultraviolet Light

Ultraviolet light waves are the most dangerous. They can cause first-
degree and second-degree burns to a welder’s eyes or to any exposed
skin. Because a welder cannot see or feel ultraviolet light while being
exposed to it, the welder must stay protected when in the area of any of

Figure 2.4 Portable welding curtains
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Welding curtains must always
be used to protect other work-
ers in the area who might be
exposed to the welding light.
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Module 2 ‘n
Key Indicator 1

the arc welding processes. The closer a welder is to the arc and the
higher the current, the quicker a burn can occur. The ultraviolet light is
so intense during some welding processes that a welder's eyes can
receive a flash burn within seconds, and the skin can be burned within
minutes. Ultraviolet light can pass through loosely woven clothing, thin
clothing, light-colored clothing, and damaged or poorly maintained arc
welding helmets.

Infrared Light

Infrared light is the light wave that is felt as heat. Although infrared light can
cause burns, a person will immediately feel this type of light. Therefore,
burns can easily be avoided. When you are welding and you feel infrared
light, you are probably being exposed to ultraviolet light at the same time;
therefore, protective action should be taken to cover yourself.

Visible Light

Visible light is the light that we see. It is produced in varying quantities
and colors during welding. Too much visible light may cause temporary
night blindness (poor eyesight under low light levels). Too little visible
light may cause eye strain, but visible light is not hazardous.

FACE, EVE, AND EAR PROTECTION
Face and Eye Protection

Eye protection must be worn in the shop at all times. Eye protection can
be safety glasses, with side shields, Figure 2.5, goggles, or a full face
shield. To give better protection when working in brightly lit areas or
outdoors, some welders wear flash glasses, which are special, lightly
tinted, safety glasses. These safety glasses provide protection from both
flying debris and reflected light.

Suitable eye protection is important because eye damage caused by
excessive exposure to arc light is not noticed. Welding light damage
occurs often without warning, just as a sunburn’s effect is felt the follow-
ing day. Therefore, welders must take appropriate precautions in selecting
filters or goggles that are suitable for the process being used, Table 2.1.
Selecting the correct shade of lens is also important, because both
extremes of too light or too dark can cause eye strain. New welders

SIDE SHIELDS

Figure 2.5 Safety glasses with side shields
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Table 2.1 Huntsman® Selector Chart

1 2 3
Qgggles, flexible i (Elels gl ol ; Goggles, cushioned
fltt!ng, regular venti- fitting, hooded N ; ftting riéid body
N lation : ventilation % ’
4 5 6
=3 .
|7 Spectacles Spectacles, eyecup " Spectacles, semi-
‘%( / type eyeshields : flat-fold sideshields
7 7A N 8 8A
Welding goggles, Chipping goggles, Welding goggles, Chipping goggles,
eyecup type, tinted eyecup type, tinted qoverspec type, coverspec type,
lenses lenses tinted lenses clear safety lenses
9 10 11

) Welding helmet
Welding goggles,

coverspec type,
tinted plate lens

Face shield, plastic
or mesh window
(see caution note)

*Non-sideshield spectacles are available for limited hazard use requiring only frontal protection.

Applications

Operation Hazards Protectors
Acetylene-Burning Sparks, Harmful Rays,

Acetylene-Cutting Molten Metal, 7,8,9

Acetylene-Welding Flying Particles

Chemical Handling Splash, Acid Burns, Fumes 2 (for severe exposure add 10)
Chipping Flying Particles 1,2,4,5,6,7A,8A

Sparks, Intense Rays,

Electric (Arc) Welding 11 (in combination with 4,5,6 in tinted lenses advisable)

Molten Metal
Furnace Operations Glare, Heat, Molten Metal 7,8,9 (for severe exposure add 10)
Grinding-Light Flying Particles 1,3,5,6 (for severe exposure add 10)
Grinding-Heavy Flying Particles 1,3,7A,8A (for severe exposure add 10)

Chemical Splash,

Laboratory Glass Breakage 2 (10 when in combination with 5,6)

Machining Flying Particles 1,3,5,6 (for severe exposure add 10)

Molten Metals Heat, Glare, Sparks, Splash 7,8 (10 in combination with 5,6 in tinted lenses)

Spot Welding Flying Particles, Sparks 1,3,4,5,6 (tinted lenses advisable, for severe exposure add 10)
CAUTION:

Face shields alone do not provide adequate protection. Plastic lenses are advised for protection against molten metal splash.
Contact lenses, of themselves, do not provide eye protection in the industrial sense and shall not be worn in a hazardous environment
without appropriate covering safety eyewear.

*Source: Courtesy of Kedman Co., Huntsman Product Division
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X ULTRAVIOLET (UV) LIGHT
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Figure 2.6 Eye damage from ultraviolet light
Ultraviolet light can burn the eye on the white or on the retina

often select too dark a lens, assuming it will give them better protection,
but this results in eye strain in the same manner as if they were trying to
read in a poorly lit room. Any approved arc welding lenses will filter out
the harmful ultraviolet light. Select a lens that lets you see comfortably.
At the very least, the welder’s eyes must not be strained by excessive
glare from the arc.

Ultraviolet light can burn the eye in two ways. This light can injure
either the white of the eye or the retina, which is the back of the eye.
Burns on the retina are not painful but may cause some loss of eyesight.
The whites of the eyes are very sensitive, and burns are very painful,
Figure 2.6. The eyes are easily infected because, as with any burn, many
cells are killed. These dead cells in the moist environment of the eyes will
promote the growth of bacteria that cause infection. When the eye is
burned, it feels as though there is something in the eye. Without a pro-
fessional examination, however, it is impossible to tell whether there is
something in the eye. Because there may actually be something in the
eye and because of the high risk of infection, home remedies or unpre-
scribed medicines should never be used for eye burns. Any time you
receive an eye injury, you should see a doctor.

Welding Helmets

Even with quality welding helmets, like those shown in Figure 2.7, the
welder must check for potential problems that may occur from accidents
or daily use. Small, undetectable leaks of ultraviolet light in an arc weld-
ing helmet can cause a welder’s eyes to itch or feel sore after a day of
welding. To prevent these leaks, make sure the lens gasket is installed
correctly, Figure 2.8. The outer and inner clear lenses must be plastic.
As shown in Figure 2.9, the lens can be checked for cracks by twisting it
between your fingers. Worn or cracked spots on a helmet must be
repaired. Tape can be used as a temporary repair until the helmet can
be replaced or permanently repaired. Approved safety glasses with side
shields should always be worn under your welding hood, even for small
jobs or tack welds.

Safety Glasses

Safety glasses with side shields are adequate for general use, but if heavy
grinding, chipping, or overhead work is being done, goggles or a full face
shield should be worn in addition to safety glasses, Figure 2.10. Safety
glasses are best for general protection. They must always be worn under
an arc welding helmet and at all times in the shop or on the work site.
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Figure 2.7 Typical arc welding helmets
Helmets are used to provide eye and face protection during welding
Source: Courtesy of Hornell, Inc.

HELMET\

GASKET | \/ e \/ |

/ /
7CLEAR PLASTIC LENS \) 7
SHADE LENS BN / 7
S <
Figure 2.8 Gasket placement Figure 2.9 Shade lens
The correct placement of the gasket around the shade lens To check the shade lens for possible cracks, gently twist it

is important because it can stop ultraviolet light from
bouncing around the lens assembly

Ear Protection

The welding environment can be very noisy. The sound level is at times
high enough to cause pain and some loss of hearing if the welder’s ears
are unprotected. Hot sparks can also drop into an open ear, causing
severe burns.

Ear protection is available in several forms. One form of protection is
earmuffs that cover the outer ear completely, Figure 2.11. Another form
of protection is earplugs that fit into the ear canal, Figure 2.12. Both protect
a person’s hearing, but only the earmuffs protect the outer ear from burns.

RESPIRATORY PROTECTION

All welding and cutting processes produce undesirable by-products, such
as harmful dusts, fogs, fumes, mists, gases, smokes, sprays, or vapors. For
your own safety and the safety of others, your primary objective will be to

Damage to your hearing caused
by high sound levels may not be
detected until later in life, and
the resulting loss in hearing is
permanent. Your hearing will
not improve with time, and
each exposure to high levels
of sound will further damage
your hearing.

Ti Module 2
Key Indicator 1
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Figure 2.10 Full face shield

Figure 2.11 Earmuffs
Earmuffs provide complete ear protection and can be worn under a welding helmet
Source: Courtesy of Mine Safety Appliances Company

prevent these contaminants from forming and collecting in the shop atmo-
sphere. This will be accomplished as much as possible by engineering and
design control measures such as water tables for cutting, general and local
ventilation, thorough cleaning of surface contaminants before starting
work, and confinement of the operation to outdoor or open spaces.
Production of welding by-products cannot be avoided. They are cre-
ated when the temperature of metals and fluxes is raised above the tem-
peratures at which they vaporize or decompose. Most of the by-products
are recondensed in the weld. However, some do escape into the atmo-
sphere, producing the haze that occurs in improperly ventilated welding

Figure 2.12 Earplugs
Earplugs are used as protection from noise only
Source: Courtesy of Mine Safety Appliances Company



shops. Some fluxes used in welding electrodes produce fumes that can
irritate the welder’s nose, throat, and lungs.

When welders must work in an area where effective general controls
to remove air-borne welding by-products are not feasible, respirators
should be provided by employers when they are necessary to protect
the welders’ health. The respirators supplied by the welding shop must
be suitable for the purpose intended. Where respirators are necessary to
protect welders’ health or whenever respirators are required by the weld-
ing shop, the shop should establish and implement a written respiratory
protection program with worksite-specific procedures. Welders are
responsible for following the welding shop’s established written respira-
tory protection program. Guidelines for the respiratory protection pro-
gram are available from the OSHA office in Washington, DC.

Training

Training must be a part of the welding shop’s respiratory protection pro-
gram. This training should include instruction on

e procedures for proper use of respirators, including techniques for
putting them on and removing them

o schedules for cleaning, disinfecting, storing, inspecting, repairing,
discarding, and performing other types of maintenance of the
respiratory protection equipment

o selection of the proper respirators for use in the workplace and any
respiratory equipment limitations

e procedures for testing the proper fitting of respirators

o proper use of respirators in both routine and reasonably
foreseeable emergency situations

o regular evaluation of the effectiveness of the program

All respiratory protection equipment used in a welding shop should be
certified by the National Institution for Occupational Safety and Health
(NIOSH). The following list indicates some of the types of respiratory
protection equipment that may be used:

e Air-purifying respirators have an air-purifying filter, cartridge, or
canister that removes specific air contaminants by passing ambient
air through the air-purifying element.

e Atmosphere-supplying respirators supply breathing air from a
source independent of the ambient atmosphere; this type of
respirator includes both supplied-air respirators (SARs) and self-
contained breathing apparatus (SCBA) units.

e SCBA units are atmosphere-supplying respirators for which the
breathing-air source is designed to be carried by the user.

e SARs, or airline respirators, are atmosphere-supplying respirators
for which the source of breathing air is not designed to be carried
by the user.

o Demand respirators are atmosphere-supplying respirators that
admit breathing air to the facepiece only when a negative pressure
is created inside the facepiece by inhalation.

Safety in Welding
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Figure 2.13 Breathing equipment
Filtered fresh air is forced into the welder’s breathing equipment
Source: Courtesy of Hornell, Inc.

M e DPositive-pressure respirators are respirators in which the pressure
inside the respiratory inlet covering exceeds the ambient air

Welding or cutting must never pressure outside the respirator.

be performed on drums, barrels, o Powered air-purifying respirators (PAPRs) are air-purifying

tanks, vessels, or other contain- respirators that use a blower to force the ambient air through air-
ers until they have been emp- purifying elements to the inlet covering, Figure 2.13.

tied and cleaned thoroughly,

eliminating all flammable mate- Respiratory protection equipment used in many welding applications
rials and all substances (such as is of the filtering facepiece (dust mask) type, Figure 2.14. These masks

detergents, solvents, greases, use the negative pressure as you inhale to draw air through a filter that
tars, or acids) that might pro-

duce flammable. toxic. or ex- is an integral part of the facepiece. In areas of severe contamination, you
plosive vapors when heated. can use a hood-type respirator that covers your head and neck and may
even cover portions of your shoulders and torso.

Figure 2.14 Typical respirator for contaminated environments
The filters can be selected for specific types of contaminants
Source: Courtesy of Mine Safety Appliances Company



Fume Sources

Some materials used as paints, coating, or plating on metals to prevent
rust or corrosion can cause respiratory problems. Other potentially haz-
ardous materials might be used as alloys in metals to give them special
properties.

Before it is welded or cut, any metal that has been painted or has any
grease, oil, or chemicals on its surface must be thoroughly cleaned. This
cleaning can be done by grinding, sand blasting, or applying an approved
solvent. It may not be possible to clean metals that are plated or alloyed
before welding or cutting begins.

Most paints containing lead have been removed from the market. But
some industries still use these lead-based paints, as in marine or ship-
ping applications. Often old machinery and farm equipment surfaces
still have lead-based paint coatings. Solder often contains lead alloys.
The welding and cutting of lead-bearing alloys or metals whose surfaces
have been painted with lead-based paint can generate lead oxide fumes.
Inhalation and ingestion of lead oxide fumes and other lead compounds
will cause lead poisoning. Symptoms include a metallic taste in the
mouth, loss of appetite, nausea, abdominal cramps, and insomnia. In
time, anemia and a general weakness, chiefly in the muscles of the wrists,
develop.

Cadmium and zinc are plating materials used to prevent iron or steel
from rusting. Cadmium is often used on bolts, nuts, hinges, and other hard-
ware, and it gives the surface a yellowish-gold appearance. Acute exposure
to high concentrations of cadmium fumes can produce severe lung irrita-
tion. Long-term exposure to low levels of cadmium in air can result in
emphysema (a disease affecting the lungs’ ability to absorb oxygen) and
can damage the kidneys.

Zinc, often in the form of galvanizing, may be found on pipes, sheet
metal, bolts, nuts, and many other types of hardware. Zinc plating that is
thin may appear as a shiny, metallic patchwork or crystal pattern; thicker,
hot-dipped zinc appears rough and may look dull. Zinc is used in large
quantities in the manufacture of brass and is found in brazing rods. Inha-
lation of zinc oxide fumes can occur when welding or cutting on these
materials. Exposure to these fumes is known to cause metal fume fever,
whose symptoms are very similar to those of common influenza.

Some concern has been expressed about the possibility of lung cancer
being caused by some of the chromium compounds that are produced in
the welding of stainless steels. OSHA released its final Hexavalent Chro-
mium Standard in February 2006.

Chromium hexavalent (CrVI) compounds, often called hexavalent
chromium, Hex Chrome or Chrome 6, exist in several forms. Industrial
uses of hexavalent chromium compounds include chromate pigments in
dyes, paints, inks, and plastics; chromates added as anticorrosive agents
to paints, primers, and other surface coatings; and chromic acid electro-
plated onto metal parts to provide a decorative or protective coating. Hex
chrome can also be formed when performing “hot work” such as welding
on stainless steel or melting chromium metal. In these situations, the
chromium is not originally hexavalent, but the extreme temperatures
involved in the process result in oxidation that can convert the chromium
to a hexavalent state. Employers working with this material must
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Extreme care must be taken to
avoid the fumes produced when
welding is done on dirty or used
metal. Any chemicals that are
on the metal will become mixed
with the welding fumes, a com-
bination that can be extremely
hazardous. All metal must be
cleaned before welding to avoid
this potential problem.
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establish a safety program that measures Hex Chrome levels and pro-
vides adequate respiratory protection for workers. Further respirator
information and guidance can be found in OSHA 1910.134.

Rather than take chances, welders should recognize that fumes of any
type, regardless of their source, should not be inhaled. The best way to
avoid problems is to provide adequate ventilation. If this is not possible,
breathing protection should be used. Protective devices for use in poorly
ventilated or confined areas were shown in Figures 2.13 and 2.14.

Potentially dangerous gases also can be present in a welding shop.
Proper ventilation or respirators are necessary when welding in confined
spaces, regardless of the welding process being used. Ozone is a gas that
is produced by the ultraviolet radiation in the air in the vicinity of arc
welding and cutting operations. Ozone is irritating to all mucous mem-
branes, with excessive exposure producing pulmonary edema, or fluid
on the lung, making it difficult to breathe. Severe cases of pulmonary
edema may require immediate care. Other effects of exposure to ozone
include headache, chest pain, and dryness in the respiratory tract.

Phosgene is formed when ultraviolet radiation decomposes chlorinated
hydrocarbons. Chlorinated hydrocarbon fumes can come from solvents
such as those used for degreasing metals and from refrigerants from air-
conditioning systems. They decompose in the arc to produce a potentially
dangerous chlorine acid compound. This compound reacts with the moist-
ure in the lungs to produce hydrogen chloride, which in turn destroys lung
tissue. For this reason, any use of chlorinated solvents should be well away
from welding operations in which ultraviolet radiation or intense heat is
generated. Any welding or cutting on refrigeration or air-conditioning pip-
ing must be done only after the refrigerant has been completely removed
in accordance with Environmental Protection Agency (EPA) regulations.

Care must be taken to avoid the infiltration of any fumes or gases,
including argon or carbon dioxide, into a confined working space, such
as when welding in tanks. The collection of some fumes and gases in a
work area can go unnoticed by the welders. Concentrated fumes or gases
can cause a fire or explosion if they are flammable, asphyxiation if they
replace the oxygen in the air, or death if they are toxic.

Despite these fumes and other potential hazards in welding shops,
welders have been found to be as healthy as workers employed in other
industrial occupations.

VENTILATION

The welding area should be well ventilated. Excessive fumes, ozone,
or smoke may collect in the welding area; ventilation should be provided
for their removal. Natural ventilation is best, but forced ventilation may
be required. Areas that have 10,000 cu ft (283 m®) or more per welder or
that have ceilings 16 ft (4.9 m) high or higher, Figure 2.15, may not
require forced ventilation unless fumes or smoke begin to collect.

Small shops or shops with large numbers of welders require forced
ventilation. Forced ventilation can be general or localized using fixed
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16' (4.9 m)
25' (7.6 m)

10,000 cu ft
(283 m3)

25' (7.6 m)

Figure 2.15 Forced ventilation Figure 2.16 An exhaust pickup
A room with a ceiling 16 ft (4.9 m) high may not require forced Source: Courtesy of Larry Jeffus
ventilation for one welder

or flexible exhaust pickups, Figure 2.16. General room ventilation must
be at a rate of 2000 cu ft (56 m®) or more per person welding. Localized
exhaust pickups must have a draft strong enough to provide 100 linear
feet (30.5 m) per minute air velocity pulling welding fumes away from
the welder. Local, state, or federal regulations may require that welding
fumes be treated to remove hazardous components before they are
released into the atmosphere.

Any system of ventilation should draw the fumes or smoke away
before they rise past the level of the welder’s face.

Forced ventilation is always required when welding on metals that
contain zinc, lead, beryllium, cadmium, mercury, copper, austenitic man-
ganese, or other materials that give off dangerous fumes.

GONFINED SPAGES F Modute 2

Work in confined spaces requires special precautions. Owners, contrac- Key Indicator 5
tors, and workers all need to be familiar with written confined-space
working procedures. Often work is supervised by a specially trained per-
son. Asphyxiation (lack of breathing air) causes unconsciousness and
even death without warning. Confined-space atmospheres that are oxy-
gen enriched will greatly intensify combustion, which can cause rapid,
severe, and often fatal burns.

Confined spaces must also be tested for toxic or flammable gases,
dusts, and vapors, and for excessive or inadequate oxygen levels before
entering and during operations. These same precautions apply to areas
such as tank bottoms, pits, low areas, and spaces near floors when
heavier-than-air gases and vapors are present, and to high areas such as
tank tops and near ceilings when lighter-than-air gases are present. Gases
such as carbon dioxide, argon, and propane are heavier than air; gases
such as natural gas and helium are lighter than air. If possible, a contin-
uous monitoring system with audible alarms should be used for
confined-space work. Further precautions can be found in ANSI Z117.1
and OSHA 29 CFR 1910.146.
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If you feel you have been injured
while using a product, you should,
if possible, take the material’s
MSDS with you when you seek
medical treatment.

Module 2 ‘n
Key Indicator 1

MATERIAL SAFETY DATA SHEETS (MSDSs)

All manufacturers of potentially hazardous materials must provide to the
users of their products detailed information regarding possible hazards
resulting from the use of their products. These material safety data
sheets are often known by their abbreviation, MSDSs. They must be pro-
vided to anyone using the product or anyone working in an area where
the products are in use. Often companies will post these sheets on a bul-
letin board or put them in a convenient place near the work area. Some
states have right-to-know laws that require specific training of all employ-
ees who handle or work in areas with hazardous materials. MSDSs are an
important part of an overall hazard communication program. Other types
of hazard communications are product labeling, special danger symbols
(see Figure 2.41), flashing lights, and audible signals.

WASTE MATERIAL DISPOSAL

Welding shops generate a lot of waste materials. Much of the waste is
scrap metal. All scrap metal, including electrode stubs, can easily be
recycled. Recycling metal is good for the environment and can be a
source of revenue for the welding shop.

Other forms of waste, such as burned flux, cleaning solvents, and dust
collected in shop air-filtration systems, may be considered hazardous
materials. Check with the material manufacturer or an environmental
consultant to determine whether any waste material is considered haz-
ardous. Throwing hazardous waste material into the trash, pouring it on
the ground, or dumping it down the drain is illegal. Before you dispose of
any welding shop waste that is considered hazardous, you must first con-
sult local, state, and/or federal regulations. Protecting our environment
from pollution is everyone'’s responsibility.

GENERAL WORK GLOTHING

Special protective clothing cannot be worn at all times. It is, therefore,
important to choose general work clothing that will minimize the possi-
bility of getting burned because of the high temperature and amount of
hot sparks, metal, and slag produced during welding, cutting, or brazing.

Work clothing must also stop ultraviolet light from passing through it.
This is accomplished if the material chosen is dark, thick, and tightly
woven. The best choice is 100% wool, but it is difficult to find. Another
good choice is 100% cotton clothing, the most popular fabric used.

You must avoid wearing synthetic materials, including nylon, rayon,
and polyester. They can easily melt or catch fire. Some synthetics pro-
duce a hot sticky residue that can make burns more severe. Others may
produce poisonous gases.

The following are some guidelines for selecting work clothing:

o Shirts must be long-sleeved to protect the arms, have a high-
buttoned collar to protect the neck, Figure 2.17, be long enough to
tuck into the pants to protect the waist, and have flaps on the
pockets to keep sparks out (or have no pockets).
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Figure 2.18 Footwear

Safety boots with steel toes are
Figure 2.17 Clothing required by many welding shops
The top button of a welder’s shirt should always be buttoned to avoid severe burns to the neck

Source: Courtesy of Larry Jeffus

o Pants must have legs long enough to cover the tops of the boots M

and must be without cuffs that would catch sparks.
e Boots must have high tops to keep out sparks, have steel toes to
prevent crushed toes, Figure 2.18, and have smooth tops to prevent

There is no safe place to carry
butane lighters or matches
while welding or cutting. They

sparks from being trapped in seams. can catch fire or explode if sub-

e Caps should be thick enough to prevent sparks from burning the jected to welding heat or
top of a welder’s head. sparks. Butane lighters may ex-

plode with the force of one-

All clothing must be free of frayed edges and holes. The clothing must fourth of a stick of dynamite.
be relatively tight-fitting to prevent excessive folds or wrinkles that might Matches can erupt into a ball
trap sparks. of fire. Both butane lighters

Some welding clothes have pockets on the inside to prevent the pock- Clite) NS [TEEbEYS 9
moved from the welder’s pock-

ets from coll.ecting sparks. However, it i.s not sa'fe to carry butane lighters ets and placed a safe distance
or matches in these or any pockets while welding. Lighters and matches away before any work s started.
can easily catch on fire or explode if they are subjected to the heat and

sparks of welding.

Tj Module 2

SPECIAL PROTECTIVE CLOTHING Key Indicator 4

General work clothing is worn by each person in the shop. In addition to
this clothing, extra protection is needed for each person who is in direct
contact with hot materials. Leather is often the best material to use, as it
is lightweight and flexible, resists burning, and is readily available. Syn-
thetic insulating materials are also available. Ready-to-wear leather pro-
tection includes capes, jackets, aprons, sleeves, gloves, caps, pants, knee
pads, and spats.

Hand Protection

All-leather, gauntlet-type gloves should be worn when doing any welding,
Figure 2.19. Gauntlet gloves that have a cloth liner for insulation are best
for hot work. Noninsulated gloves will give greater flexibility for fine
work. Some leather gloves are available with a canvas gauntlet top; they
should be used for light work only.
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Figure 2.20 Soft leather gloves

Figure 2.19 All-leather, gauntlet-type welding gloves For welding that requires a great deal of manual dexterity, soft

Source: Courtesy of Larry Jeffus

leather gloves can be worn
Source: Courtesy of Larry Jeffus

When a great deal of manual dexterity is required for gas tungsten arc
welding, brazing, soldering, oxyfuel gas welding, and other delicate pro-
cesses, soft leather gloves may be used, Figure 2.20. All-cotton gloves are
sometimes used when doing very light welding.

Body Protection

Full-leather jackets and capes will protect a welder’s shoulders, arms, and
chest, Figure 2.21. A jacket, unlike a cape, protects a welder’s back and
complete chest. A cape is open and much cooler but offers less protec-
tion. The cape can be used with a bib apron to provide some additional
protection while leaving the back cooler. Either the full jacket or the cape
with a bib apron should be worn for any out-of-position work.

Figure 2.21 Full-leather jacket

Source: Courtesy of Larry Jeffus



Waist and Lap Protection

Bib aprons or full aprons will protect a welder’s lap. Welders will espe-
cially need to protect their laps if they squat or sit while working and
when they bend over or lean against a table.

Arm Protection

For some vertical welding, a full or half sleeve can protect a person’s arm,
Figure 2.22. The sleeves work best if the work level is not above the
welder’s chest. Work levels higher than this usually require a jacket or
cape to keep sparks off the welder’s shoulders.

Leg and Foot Protection

When heavy cutting or welding is being done and a large number of
sparks are falling, leather pants and spats should be used to protect the
welder’s legs and feet. If the weather is hot and full-leather pants are
uncomfortable, leather aprons with leggings are available. Leggings can
be strapped to the legs, leaving the back open. Spats will prevent sparks
from burning through the front of lace-up boots.

Figure 2.22 Full-leather sleeve

Safety in Welding
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wodute 2 HANDLING AND STORING CYLINDERS

Key Indicator 7 Oxygen and fuel-gas cylinders or other flammable materials must be
stored separately. The two storage areas must be separated by 20 ft
(6.1 m) or by a wall 5 ft (1.5 m) high with at least a half-hour burn rating,
Figure 2.23. The purpose of the distance or wall is to keep the heat of a
small fire from causing the compressed gas cylinder safety valve to
release. If the safety valve were to release the oxygen, a small fire would
become a raging inferno.

Inert-gas cylinders may be stored separately or with oxygen cylinders.

Empty cylinders must be stored separately or with full cylinders of the
same gas in the same room or area. All cylinders must be stored vertically
and have the protective caps screwed on firmly.

Securing Gas Gylinders

Cylinders must be secured with a chain or other device so that they cannot
be knocked over accidentally. Cylinders attached to a manifold or stored in
a special room used only for cylinder storage should be chained.

Cylinder storage areas must be located away from halls, stairwells, and
exits so that in case of an emergency they will not block an escape
route. Storage areas should also be located away from heat, radiators,
furnaces, and welding sparks. The location of storage areas should be

T
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Figure 2.23 Fuel-gas cylinder storage

Stored fuel-gas cylinders should be separated from any flammable material by a minimum distance of 20 ft (6.1 m) or a wall 5 ft (1.5 m) high

<—5' MINIMUM (1.5 m )—|




ACETYLENE
FLAMMABLE GAS
NO SMOKING

NO OPEN FLAME

Figure 2.24 Acetylene storage
A separate room used to store acetylene must have good ventilation and should have a warning
sign posted on the door

such that unauthorized people cannot tamper with the cylinders. A warn-
ing sign that reads “Danger—No Smoking, Matches, or Open Lights,” or
with similar wording, must be posted in the storage area, Figure 2.24.

Cylinders with Valve Protection Gaps

Cylinders equipped with a valve protection cap must have the cap in
place unless the cylinder is in use. The protection cap prevents the
valve from being broken off if the cylinder is knocked over. If the valve
of a full high-pressure cylinder (argon, oxygen, carbon dioxide, mixed
gases) is broken off, the cylinder can fly around the shop like a missile
if it has not been secured properly.

Never lift a cylinder by the safety cap or the valve. The valve can easily
break off or be damaged.

When cylinders are moved, the valve protection cap must be on, espe-
cially if the cylinders are mounted on a truck or trailer for out-of-shop
work. The cylinders must never be dropped or handled roughly.

Use warm (not boiling) water to loosen cylinders that are frozen to the
ground. Any cylinder that leaks, has a bad valve, or has damaged threads
must be identified and reported to the supplier. A piece of soapstone can
be used to write the problem on the cylinder. If the leak cannot be
stopped by closing the cylinder valve, the cylinder should be moved to
a vacant lot or an open area. The pressure should then be slowly released
after posting a warning sign, Figure 2.25.

Acetylene cylinders that have been lying on their sides must stand
upright for four hours or more before they are used. The acetylene is
absorbed in acetone, and the acetone is absorbed in a filler. The filler
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Figure 2.25 Fuel-gas cylinder leaks

Move a leaking fuel-gas cylinder out of the building or any work area. The pressure
should slowly be released after posting a warning of the danger

Module 2 n
Key Indicator 4

N—  ~

Figure 2.26 Acetone settling
The acetone in an acetylene cylinder must have
time to settle before the cylinder can be used safely

does not allow the liquid to settle back away from the valve very quickly,
Figure 2.26. If the cylinder has been in a horizontal position, using it too
soon after it is placed in a vertical position may draw acetone out of the
cylinder. Acetone lowers the flame temperature and can damage regula-
tor or torch valve settings.

FIRE PROTECTION

Fire is a constant danger to the welder. Welding is considered to be “hot
work” by the National Association of Fire Prevention. When performing
welding outside of a shop, the welder may be required to obtain a hot
work permit from the local fire marshal. Most hot work permits provide
a checklist of items that must be on the job site or be inspected before
hot work begins. Floors must be swept and floor drains must be checked
with an explosimeter tool, which detects and measures concentrations of
combustible gases or vapors in the air. Walls, floor openings, and any
ductwork in the area must also be inspected.

Hotwork permits (Figure 2.27) usually require at least two signatures,
one from the area supervisor and one from the fire watcher. In particu-
larly hazardous situations, the local fire marshal should be notified before
and after hot work begins. Fire watchers must remain on duty at least
30 minutes after hot work operations are finished.

During times when burn bans are in effect, performing hot work with-
out a permit can be a violation of state or local laws. Even with a permit,
the welder can be held liable for any damage resulting from a fire caused
by his or her welding. Highly combustible materials should be 35 ft
(10.7 m) or more away from any welding. When it is necessary to weld
within 35 ft (10.7 m) of combustible materials, when sparks can reach
materials farther than 35 ft (10.7 m) away, or when anything more than
a minor fire might start, a fire watch is required.



HOT WORK PERMIT

(Sample)

Instructions

1. Evaluate if the hot work can be avoided or completed in a safer way.

2. Follow precautions listed to the right.

3. Complete permit and display in area where work is being done. [Type text]

Hot work done by: Recommended Precautions
Name of employee Checklist
|:| Available sprinklers, hose streams and extinguishers
Name of Contractor: are in service and good repair.
[] Hot work Equipment is in good repair
JobDate_ JobNo.____ Requirements within 35 FT. (11M.) of Work
[] Combustible floors wet down, covered with damp
Location (Building & Floor) sand or other shields

[ Floors swept clean of combustibles.

[] Explosive atmosphere in area eliminated

[] Flammable liquids, dust, lint, and oily deposits

Type of Job: removed.

[ All wall and floor openings covered to prevent sparks
from passing thru.

distant combustibles are protected or shut down.
Name of Person Performing Work: [] Fire-resistant covers suspended beneath work.
[] Other combustible materials removed or covered
with fire-resistant covers.

Work on Walls and Ceilings

[] Combustibles on the other side of the wall moved
| verify that the above location has been away.

examined, that precautions on the checklist O Cons-truction islnoncombustible and without
have been take to prevent fire, and that combustible coverings.

permission is authorized to perform the work. Work_on Enclosed Eqmpment
[[] Equipment cleaned of all combustibles

[[] Equipment purged of all flammable vapors

Signed by: Fire Watch and Work Area Monitoring

Safety Supervisor [ Fire watch should be provided during, and for at least
(signature) 30 minutes after work is completed.

Area Supervisor: [ Fire watch trained on facility alarms and equipped
(signature) with fire extinguishers

Fire Watch: [ Fire watch may be required above, below and in
(signature) adjacent areas

Permit Expires [] Other precautions taken

(Date) (Time)

[] Ducts and conveyor systems that might carry sparks to

Figure 2.27 Hot work permit

Fire Watch

A fire watch can be provided by any person who knows how to sound the
alarm and use a fire extinguisher. The fire extinguisher must be the type
required to put out a fire on the type of combustible materials near the
welding. Combustible materials that cannot be removed from the weld-
ing area should be soaked with water or covered with sand or noncom-
bustible insulating blankets, whichever is available.

Fire Extinguishers

The four types of fire extinguishers are type A, type B, type C, and type
D. Each type is designed to put out fires on certain types of materials.
Some fire extinguishers can be used on more than one type of fire.
However, using the wrong type of fire extinguisher can be dangerous,
either causing the fire to spread, causing electric shock, or causing an
explosion.

Safety in Welding
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Tupe A Extinguishers

Type A fire extinguishers are used for combustible solids (articles that
burn), such as paper, wood, and cloth. The symbol for a type A extin-
guisher is a green triangle with the letter A in the center, Figure 2.28.

Tyne B Extinguishers

Type B fire extinguishers are used for combustible liquids, such as oil,
gas, and paint thinner. The symbol for a type B extinguisher is a red
square with the letter B in the center, Figure 2.29.

Type G Extinguishers

Type C fire extinguishers are used for electrical fires. For example, they
are used on fires involving motors, fuse boxes, and welding machines.
The symbol for a type C extinguisher is a blue circle with the letter C in
the center, Figure 2.30.

Type D Extinguishers

Type D fire extinguishers are used on fires involving combustible metals,
such as zinc, magnesium, and titanium. The symbol for a type D extin-
guisher is a yellow star with the letter D in the center, Figure 2.31.

Location of Fire Extinguishers

Fire extinguishers should be suitable for use on the types of combustible
materials located nearby, Figure 2.32. The extinguishers should be placed
so that they can be easily removed without reaching over combustible
material. They should also be placed at a level low enough to be easily
lifted off the mounting, Figure 2.33. The location of fire extinguishers
should be marked with red paint and signs, high enough so that their
location can be seen from a distance over people and equipment. The
location should also be marked near the floor so that they can be found
even if a room is full of smoke, Figure 2.34.

Figure 2.29 Type B fire extinguisher symbol

4

Figure 2.30 Type C fire extinguisher symbol Figure 2.31 Type D fire extinguisher symbol
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Figure 2.32 Choice of fire extinguisher
The type of fire extinguisher provided should be appropriate for the materials being used in the
surrounding area
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Figure 2.34 Locating fire extinguishers
The locations of fire extinguishers should be marked so they can be found easily in an

emergency

Use of Fire Extinguishers

A fire extinguisher works by breaking the “fire triangle” of heat, fuel, and
oxygen. Most extinguishers both cool the fire and remove the oxygen.
They use a variety of materials to extinguish the fire. The majority of
fire extinguishers found in welding shops uses foam, carbon dioxide, a
pump tank, or dry chemicals.

When using a foam extinguisher, do not spray the stream directly into
the burning liquid. Allow the foam to fall lightly on the base of the fire.

When using a carbon dioxide extinguisher, direct the discharge as
close to the fire as possible, first at the edge of the flames and gradually
to the center.

When using a dry chemical extinguisher, direct the extinguisher at the
base of the flames. In the case of type A fires, follow up by directing the dry
chemicals at the remaining material still burning. The extinguisher must be
directed at the base of the fire, where the fuel is located, Figure 2.35.
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Figure 2.33 Mounting fire
extinguishers

Mount the fire extinguisher so that it
can be lifted easily in an emergency

Figure 2.35 Using fire
extinguishers

Point the extinguisher at the material
burning, not at the flames
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EQUIPMENT MAINTENANGE

A routine schedule for planned maintenance of equipment will aid in detect-
ing potential problems such as leaking coolant, loose wires, poor grounds,
frayed insulation, or split hoses. Fixing small problems in time can prevent
the loss of valuable time due to equipment breakdown or injury.

Any maintenance beyond routine external maintenance should be
referred to a trained service technician. In most areas, it is against the law
for anyone but a licensed electrician to work on arc welders and for anyone
but a factory-trained repair technician to work on regulators. Electric shock
and exploding regulators can cause serious injury or death.

Hoses must be used only for the gas or liquid for which they were
designed. Green hoses are to be used only for oxygen, and red hoses
are to be used only for acetylene or other fuel gases. Using unnecessarily
long lengths of hose should be avoided. Never use oil, grease, or other
pipe-fitting compounds on any joints. Hoses should also be kept out of
the direct line of sparks. Any leaking or bad joints in gas hoses must be
repaired.

The work area should be kept picked up and swept clean. Collections of
steel, welding electrode stubs, wire, hoses, and cables are difficult to work
around and easy to trip over. An electrode caddy can be used to hold the
electrodes and stubs, Figure 2.36. Hooks can be made to hold hoses and
cables, and scrap steel should be thrown into scrap bins.

Figure 2.36 Electrode caddy
An easy-to-build electrode caddy can be used to hold both electrodes and stubs

Source: Courtesy of Larry Jeffus



Arc welding areas should be painted with a flat dark-colored or black
finish to absorb as much of the ultraviolet light as possible. Portable
screens should be used whenever arc welding is to be done outside of a
welding booth.

If a piece of hot metal is going to be left unattended, write the word
hot on it before leaving. This procedure can also be used to warn people
of hot tables, vises, firebricks, and tools.

HAND TOOLS

Hand tools are used by the welder to assemble and disassemble parts for
welding as well as to perform routine equipment maintenance.

The adjustable wrench is the most popular tool used by the welder.
The wrench should be adjusted tightly on the nut and pushed so that
most of the force is on the fixed jaw, Figure 2.37. When a wrench is
being used on a tight bolt or nut, the wrench should be pushed with
the palm of an open hand or pulled to prevent injuring the hand. If a
nut or bolt is too tight to be loosened with a wrench, obtain a longer
wrench. A cheater bar should not be used.

The fewer points a box end wrench or socket has, the stronger it is
and the less likely it is to slip or damage the nut or bolt, Figure 2.38.

Striking a hammer directly against a hard surface such as another
hammer face or anvil may result in chips flying off and causing injury.

The mushroomed heads of chisels, punches, and the faces of ham-
mers should be ground off, Figure 2.39. Chisels and punches that are
going to be hit harder than a slight tap should be held in a chisel holder
or with pliers to eliminate the danger of injuring your hand.

Figure 2.38 Wrench slippage
The fewer the points, the less likely the wrench is to slip
Source: Courtesy of Larry Jeffus
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DIRECTION ONLY.

Figure 2.37 Adjustable wrench
The adjustable wrench is stronger
when used in the direction indicated
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Figure 2.39 Punches and chisels

Figure 2.40 Files

Any mushroomed heads on punches or chisels must be ground off ~ To protect yourself from the sharp tang of a file, always use a handle

Source: Courtesy of Larry Jeffus
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Welding cables must never be
spliced within 10 ft (3 m) of
the electrode holder.

on the file

A handle should be placed on the tang of a file to avoid injuring your
hand, Figure 2.40. A file can be kept free of chips by rubbing a piece of
soapstone on it before it is used.

It is important to remember to use the correct tool for the job. Do not
try to force a tool to do a job it was not designed to do.

ELEGTRICAL SAFETY

Injuries and even death can be caused by electric shock unless proper
precautions are taken. Most welding and cutting operations involve elec-
trical equipment in addition to the arc welding power supply. Grinders,
electric motors on automatic cutting machines, and drills are examples.
Most electrical equipment in a welding shop is powered by AC sources
with input voltages ranging from 115 volts to 460 volts. However, fatalities
have occurred when people were working with equipment operating at
less than 80 volts. Most electric shocks in the welding industry are a
result of accidental contact with bare or poorly insulated conductors.
Electrical resistance is lowered in the presence of water or moisture, so
welders must take special precautions when working under damp or wet
conditions, including perspiration. Figure 2.41 shows a typical warning
label attached to welding equipment.

The workpiece being welded and the frame or chassis of all electri-
cally powered machines must be connected to a good electrical ground.
The work lead from the welding power supply is not an electrical ground
and is not sufficient. A separate lead is required to ground the workpiece
and power source.

Electrical connections must be tight. Terminals for welding leads and
power cables must be shielded from accidental contact by personnel or by
metal objects. Cables must be used within their current-carrying and duty-
cycle capacities; otherwise, they will overheat and break down the insula-
tion rapidly. Cable connectors for lengthening leads must be insulated.

Cables must be checked periodically to be sure that they have not
become frayed; if they have, they must be replaced immediately.

Welders should not allow the metal parts of electrodes or electrode
holders to touch their skin or wet coverings on their bodies. Dry gloves
in good condition must always be worn. Rubber-soled shoes are advisa-
ble. Precautions must be taken against accidental contact with bare
conducting surfaces when the welder is required to work in cramped
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Welding Safety Checklist

Hazard

Factors
to Consider

Precaution Summary

Electric shock can
kill

* Wetness

» Welder in or on workpiece

» Confined space
* Electrode holder and
cable insulation

Insulate welder from workpiece and ground using dry
insulation. Rubber mat or dry wood.

Wear dry, hole-free gloves. (Change as necessary to keep
dry.)

Do not touch electrically “hot" parts or electrode with bare
skin or wet clothing.

If wet area and welder cannot be insulated from workpiece
with dry insulation, use a semiautomatic, constant-voltage
welder or stick welder with voltage reducing device.

Keep electrode holder and cable insulation in good
condition. Do not use if insulation damaged or missing.

Fumes and gases
can be dangerous

» Confined area

* Positioning of welder's
head

» Lack of general
ventilation

» Electrode types, l.e.,
manganese, chromium,
etc. See MSDS

» Base metal coatings,
galvanize, paint

Use ventilation or exhaust to keep air breathing zone clear,
comfortable.

Use helmet and positioning of head to minimize fume in
breathing zone.

Read warnings on electrode container and material safety
data sheet (MSDS) for electrode.

Provide additional ventilation/exhaust where special
ventilation requirements exist.

Use special care when welding in a confined area.

Do not weld unless ventilation is adequate.

Welding sparks » Containers which have * Do not weld on containers which have held combustible
can cause fire or held combustibles materials (unless strict AWS F4.1 procedures are followed).
explosion * Flammable materials Check before welding.
.\ = » Remove flammable materials from welding area or shield
Tl from sparks, heat.

Keep a fire watch in area during and after welding.
Keep a fire extinguisher in the welding area.

Wear fire retardant clothing and hat. Use earplugs when
welding overhead.

Arc rays can burn
eyes and skin

=4 L

+ Process: gas-shielded arc
most severe

Select a filter lens which is comfortable for you while
welding.

Always use helmet when welding.

Provide non-flammable shielding to protect others.
Wear clothing which protects skin while welding.

Confined space
AU
2"

+ Metal enclosure

+« Wetness

+ Restricted entry

« Heavier than air gas

« Welder inside or on
workpiece

Carefully evaluate adequacy of ventilation especially where
electrode requires special ventilation or where gas may
displace breathing air,

If basic electric shock precautions cannot be followed to
insulate welder from work and electrode, use
semiautomatic, constant-voltage equipment with cold
electrode or stick welder with voltage reducing device.
Provide welder helper and method of welder retrieval from
outside enclosure.

General work area
hazards

+ Cluttered area

Keep cables, materials, tools neatly organized.

* Indirect work (welding
ground) connection

Connect work cable as close as possible to area where
welding is being performed. Do not allow alternate circuits
through scaffold cables, hoist chains, ground leads.

* Electrical equipment

Use only double insulated or properly grounded equipment.
Always disconnect power to equipment before servicing.

» Engine-driven equipment

Use in only open, well ventilated areas.

Keep enclosure complete and guards in place.

See Lincoln service shop if guards are missing.

Refuel with engine off,

If using auxiliary power, OSHA may require GFI protection
or assured grounding program (or isolated windings if less
than 5KW).

+ Gas cylinders

Never touch cylinder with the electrode.
Never lift a machine with cylinder attached.
Keep cylinder upright and chained to support,

55

Figure 2.41 Warning labels

Note the warning information contained on this typical label, which may be attached to welding equipment or printed in the equipment
owner’s manual

Source: Courtesy of the Lincoln Electric Company
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kneeling, sitting, or lying positions. Insulated mats or dry wooden boards
are desirable protection from being grounded.

Welding circuits must be turned off when the work station is left unat-
tended. When working on the welder, welding leads, electrode holder, torches,
the wire feeder, guns, or other parts, the main power supply must be turned off
and locked or tagged to prevent electrocution. Since the electrode holder is
energized when changing coated electrodes, the welder must wear dry gloves.

ELECTRICAL SAFETY SYSTEMS

For protection from electric shock, standard portable power tools are built
with either of two safety systems: external grounding or double insulation.

A tool with external grounding has a wire that runs from the housing
through the power cord to a third prong on the power plug. When this
third prong is connected to a grounded, three-hole electrical outlet, the
grounding wire will carry any current that leaks past the electrical insula-
tion of the tool away from the user and into the ground. In most electri-
cal systems, the three-prong plug fits into a three-prong, grounded
receptacle. If the tool is operated at less than 150 volts, it has a plug like
that shown in Figure 2.42A. If it is used at 150 to 250 volts, it has a plug
like that shown in Figure 2.42B. In either type, the green (or green and
yellow) conductor in the tool cord is the grounding wire. Never connect
the grounding wire to a power terminal.

A double-insulated tool has an extra layer of electrical insulation that
eliminates the need for a three-prong plug and grounded outlet. Double-
insulated tools do not require grounding and, therefore, have a two-
prong plug. In addition, double-insulated tools are always labeled as
such on their nameplate or case, Figure 2.43.

VOLTAGE WARNINGS

Before connecting a tool to a power supply, be sure the voltage supplied is
the same as that specified on the nameplate of the tool. A power source
with a voltage greater than that specified for the tool can lead to serious
injury to the user as well as damage to the tool. Using a power source with
a voltage lower than the rating on the nameplate is harmful to the motor.

Tool nameplates also bear a number with the abbreviation amps (for
amperes, a measure of electric current). This refers to the current-drawing
requirement of the tool. The higher the input current, the more powerful
the motor.

EXTENSION GORDS

If the power source is some distance from the work area or if the porta-
ble tool is equipped with a stub power cord, an extension cord must be
used. When extension cords are used on portable power tools, the con-
ductors must be large enough to prevent an excessive drop in voltage.
The voltage drop is the difference between the voltage at the power tool
and the voltage at the supply. This drop in voltage occurs because of
resistance to electrical flow in the wire. A voltage drop causes loss of
power, overheating, and possible motor damage. Table 2.2 shows the
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Figure 2.42 Grounding plugs

(A) A three-prong grounding plug for use with up to 150-volt tools and (B) a

grounding plug for use with 150- to 250-volt tools

Table 2.2 Recommended Extension Cord Sizes for Use with Portable Electrical Tools

Nameplate Amperes

Cord Length in Feet
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#NRockwell
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Reversing Drill
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120V AC—ONLY 5.0 A 600 APM
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Figure 2.43 Typical portable power tool
nameplate
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Note: Wire sizes shown are American Wire Gauge (AWG)
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correct size of extension cord to use based on cord length and nameplate
amperage rating. If in doubt, use the next larger size. The smaller the
gauge number of an extension cord, the larger the cord.

Only three-wire, grounded extension cords connected to properly
grounded, three-wire receptacles should be used. Two-wire extension
cords with two-prong plugs should not be used. Current specifications
require outdoor receptacles to be protected with ground-fault circuit inter-
rupter (GFCI) devices. These safety devices are often referred to as GFIs.

When using extension cords, keep in mind the following safety tips:

o Always connect the cord of a portable electric power tool into the
extension cord before the extension cord is connected to the outlet.
Always unplug the extension cord from the receptacle before unplug-
ging the cord of the portable power tool from the extension cord.

e Extension cords should be long enough to make connections
without being pulled taut, which creates unnecessary strain or
wear, but they should not be excessively long.

EXTENSION CORD

(A)

CORD CONNECTOR AND
STRAIN RELIEVER

(B)

Figure 2.44 Connecting extension cords
(A) A knot or (B) a cord connector will prevent the extension cord from accidentally pulling
apart from the tool cord during operation



e Be sure that the extension cord does not come in contact with sharp
objects or hot surfaces. The cord should not be allowed to kink, nor
should it be dipped in or splattered with oil, grease, or chemicals.

e Before using a cord, inspect it for loose or exposed wires and
damaged insulation. If a cord is damaged, replace it. This also
applies to the tool’s power cord.

o Extension cords should be checked frequently while in use to
detect unusual heating. Any cable that feels more than slightly
warm to a bare hand placed outside the insulation should be
checked immediately for overloading.

o See that the extension cord is positioned so that no one trips or
stumbles over it.

o To prevent the accidental separation of a tool cord from an
extension cord during operation, make a knot as shown in
Figure 2.44A or use a cord connector as shown in Figure 2.44B.

e Extension cords that go through dirt and mud must be cleaned
before storing.

SAFETY RULES FOR PORTABLE ELECTRIC TOOLS

In all tool operation, safety is simply the removal of any element of chance.
The following are a few safety precautions that should be observed. These
are general rules that apply to all power tools. They should be strictly
obeyed to avoid injury to the operator and damage to the power tool.

¢ Know the tool. Learn the tool’s applications and limitations as well as
its specific potential hazards by reading the manufacturer’s literature.

e Ground the portable power tool unless it is double-insulated. If the
tool is equipped with a three-prong plug, it must be plugged into a
three-hole electric receptacle. Never remove the third prong.

o Do not expose the power tool to water or rain. Do not use a power
tool in wet locations.

e Keep the work area well lighted. Avoid chemical or corrosive
environments.

e Because electric tools spark, portable electric tools should never be
started or operated in the presence of propane, natural gas,
gasoline, paint thinner, acetylene, or other flammable vapors that
could cause a fire or explosion.

e Do not force a cutting tool to cut faster. It will do the job better and
more safely if operated at the cutting rate for which it was designed.

e Use the right tool for the job. Never use a tool for any purpose
other than that for which it was designed.

o Wear eye protectors. Safety glasses or goggles will protect the eyes
while you operate power tools.

e Wear a face or dust mask if the operation creates dust.

o Take care of the power cord. Never carry a tool by its cord or yank
it to disconnect it from the receptacle.

e Secure your work with clamps. It is safer than using your hands,
and it frees both hands to operate the tool.

e Do not overreach when operating a power tool. Keep proper
footing and balance at all times.

Safety in Welding
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Before operating any power
equipment for the first time,
you must read the manufacturer’s
safety and operating instructions
and should be assisted by some-
one with experience with the
equipment. Be sure your hands
are clear of the machine before
the equipment is started. Always
turn off the power and lock it off
before working on any part of the
equipment.

e Maintain power tools. Follow the manufacturer’s instructions for
lubricating and changing accessories. Replace all worn, broken, or
lost parts immediately.

e Disconnect the tools from the power source when they are not in use.

o Form the habit of checking to see that any keys or wrenches are
removed from the tool before turning it on.

e Avoid accidental starting. Do not carry a plugged-in tool with your
finger on the switch. Be sure the switch is off when plugging in the tool.

e Be sure accessories and cutting bits are attached securely to the tool.

e Do not use tools with cracked or damaged housings.

e When operating a portable power tool, give it your full and
undivided attention; avoid dangerous distractions.

o Never use a power tool with its safeties or guards removed or
inoperable.

Grinding using a pedestal grinder or a portable grinder is required to do
many welding jobs correctly. Often it is necessary to grind a groove,
remove rust, or smooth a weld. Grinding stones have their maximum
revolutions per minute (RPM) listed on the paper blotter, Figure 2.45.
They must never be used on a machine with a higher rated RPM. If
grinding stones are turned too fast, they can explode.

Grinding Stone

Before a grinding stone is put on the machine, it should be tested for
cracks. This is done by tapping the stone in four places and listening for
a sharp ring, which indicates that it is good, Figure 2.46. A dull sound indi-
cates that the grinding stone is cracked and should not be used. Once a
stone has been installed and has been used, it may need to be trued and
balanced using a special tool designed for that purpose, Figure 2.47. Tru-
ing keeps the stone face flat and sharp for better results.

Types of Grinding Stones

Each grinding stone is made for grinding specific types of metal. Most
stones are for ferrous metals, meaning iron, cast iron, steel, and stainless
steel, among others. Some stones are made for nonferrous metals such as
aluminum, copper, and brass. If a ferrous stone is used to grind nonfer-
rous metal, the stone will become glazed (the surface clogs with metal)
and may explode as a result of frictional heat building up on the surface.
If a nonferrous stone is used to grind ferrous metal, the stone will be
quickly worn away.

When the stone wears down, keep the tool rest adjusted to within
1/16 in. (2 mm), Figure 2.48, so that the metal being ground cannot be
pulled between the tool rest and the stone surface. Stones should not be
used when they are worn down to the size of the paper blotter. If small
parts become hot from grinding, pliers can be used to hold them. Gloves
should never be worn when grinding. If a glove gets caught in a stone, the
whole hand may be drawn in.

The sparks from grinding should be directed down and away from
other people or equipment.
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Figure 2.47 Balancing a grinding stone

Use a grinding stone redressing tool as needed to keep the stone
in balance

Source: Courtesy of Larry Jeffus

Figure 2.45 Grinding stone compatibility

Always check that the grinding stone and the grinder are compatible
before installing a stone

Source: Courtesy of Larry Jeffus
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Figure 2.48 Tool rests
Keep the tool rest adjusted
Figure 2.46 Checking a grinding stone

Grinding stones should be checked for cracks before they

are installed

Holes should be center punched before they are drilled to help stop the
drill bit from wandering. If the bit gets caught, stop the motor before try-
ing to remove the bit. All metal being drilled on a drill press should be
securely clamped to the table.

The sharp metal shavings should be avoided as they come out of the
hole. If they start to become long, stop the downward pressure until the
shaving breaks. Then the hole can be continued.

METAL-CUTTING MACHINES

Many types of mechanical metal-cutting machines are used in the weld-
ing shop—for example, shears, punches, cut-off machines, and band
saws. Their advantages over thermal cutting include little or no require-
ment for postcutting cleanup, the wide variety of metals that can be cut,
and the fact that the metal is not heated.
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Shears and Punches

Welders frequently use shears and punches in the fabrication of metal for
welding. These machines can be operated either by hand or by powerful
motors. Hand-operated equipment is usually limited to thin sheet stock
or small bar stock. Powered equipment can be used on material an inch
or more in thickness and several feet wide, depending on its rating. Their
power is a potential danger if these machines are not used correctly. Both
shears and punches are rated by the thickness, width, and type of metal
that they can be safely used to work. Failure to follow these limitations
can result in damage to the equipment, damage to the metal being
worked, and injury to the operator.

Shears work like powerful scissors. The correct placement of the metal
being cut is as close to the pivot pin as possible, Figure 2.49. The metal
being sheared must be securely held in place by the clamp on the shear
before it is cut. If you are cutting a long piece of metal that is not being
supported by the shear table, then portable supports must be used. As
the metal is being cut it may suddenly move or bounce around; if you
are holding on to it, this can cause a serious injury.

Power punches are usually either hydraulic or flywheel operated. Both
types move quickly, but usually only the hydraulic type can be stopped
midstroke. Once the flywheel-type punch has been engaged, in contrast,
it will make a complete cycle before it stops. Because punches move
quickly or may not be stopped, it is very important that the operator’s
two hands be clear of the machine and that the metal be held firmly in
place by the machine clamps before the punching operation is started.

V SHEAR BLADES

PIVOT PIN — CUT METAL AS CLOSE AS
POSSIBLE TO THIS END.

HOLD DOWN BAR
METAL BEING CUT
7
i\o

4 SHEAR TABLE

PORTABLE STANDS — ™

Figure 2.49 Power shear



Gut-off Machines

Cut-off machines may use abrasive wheels or special saw blades to make
their cuts. Most abrasive cut-off wheels spin at high speeds (high RPMs)
and are used dry (without coolant). Most saws operate much more slowly
and with a liquid coolant. Both types of machines produce quality cuts in
a variety of bar- or structural-shaped metals. The cuts require little or no
postcut cleanup. Always wear eye protection when operating these
machines. Before a cut is started, the metal must be clamped securely
in the machine vise. Even the slightest movement of the metal can bind
or break the wheel or blade. If the machine has a manual feed, the cut-
ting force must be applied at a smooth and steady rate. Apply only
enough force to make the cut without dogging down the motor. Use
only reinforced abrasive cut-off wheels that have an RPM rating equal
to or higher than the machine-rated speed.

Band saws can be purchased as vertical or horizontal, and some can be
used in either position. Some band saws can be operated with a cooling
liquid and are called wet saws; most small saws operate dry. The blade
guides must be adjusted as closely as possible to the metal being cut. The
cutting speed and cutting pressure must be low enough to prevent the
blade from overheating. When using a vertical band saw with a manual
feed, you must keep your hands away from the front of the blade so that,
if your hand slips, it will not strike the moving blade. If the blade breaks,
sticks, or comes off the track, turn off the power, lock it off, and wait for
the band saw drive wheels to come to a complete stop before touching
the blade. Be careful of hot flying chips.

MATERIAL HANDLING

Proper lifting, moving, and handling of large, heavy welded assemblies are
important to the safety of workers and the weldment. Improper work habits
can cause serious personal injury and damage to equipment and materials.

Lifting
When you are lifting a heavy object, the weight of the object should be
distributed evenly between both hands, and your legs should be used to

lift, not your back, Figure 2.50. Do not try to lift a large or bulky object
without help if the object is heavier than you can lift with one hand.

The capacity of hoists or cranes should be checked before trying to lift a
load. They can be accidentally overloaded with welded assemblies. Keep
any load as close to the ground as possible while it is being moved. Push-
ing a load on a crane is better than pulling a load. It is advisable to stand
to one side of ropes, chains, and cables that are being used to move or
lift a load, Figure 2.51: If they break and snap back, they will miss you. If
it is necessary to pull a load, use a rope, Figure 2.52.

Safety in Welding

Figure 2.50 Correct lifting
Lift with your legs, not your back
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Figure 2.51 Moving a load

Never stand in line with a rope, chain, or cable that is being used to move or lift a load

Figure 2.52 Moving an overhead load

When moving a load overhead, stay out of the way of the load in case it falls

LADDER SAFETY

Improper use of ladders is often a factor in falls. Always keep this in mind
when erecting a ladder; even short step stools can pose a potential fall
hazard. Never approach a climb assuming that because it is not high, it
cannot be that dangerous. All ladder use poses a danger to your safety.
Some welders think that if a ladder starts to fall they will just “jump
clear.” You cannot jump clear if the ladder under you has given way,
because there is nothing solid under your feet for you to jump from.
When a ladder falls, you fall. Keep the area around the base of the ladder
clear so that if you do fall, it will not be into debris or equipment.

Tynes of Ladders

Both step ladders and straight ladders are used extensively in welding
fabrication. Straight ladders may be single-section or extension-type




Table 2.3 Major Advantages and Disadvantages of Typical Ladder Materials

Material Advantages Disadvantages
Wood Electrically non-conductive Long-term exposure to weather
will cause rotting
Aluminum  Light weight Electrically conductive
Weather resistant Shakier than wood or fiberglass
Fiberglass  Electrically non-conductive Heavier than aluminum and wood
Weather resistant Fiberglass splinters

ladders. Most ladders are made from wood, aluminum, or fiberglass, and
each type has its advantages and disadvantages, Table 2.3. All ladders
used in welding should be listed with the American National Standards
Institute (ANSI) and Underwriters Laboratories (UL) to ensure that they
are constructed to a standard of safety.

Ladder Inspection

Over time, ladders can become worn or damaged and should be
inspected each time they are used. Look for loose or damaged steps,
rungs, rails, braces, and safety feet. Check to see that all hardware is
tight, including hinges, locks, nuts, bolts, screws, and rivets. Wooden lad-
ders must be checked for cracks, rot, or wood decay. Never use a defec-
tive ladder. Make any necessary repairs before it is used or, if it cannot be
repaired, replace it.

Rules for Ladder Use

Read the entire ladder manufacturer’s list of safety rules before using the

ladder for the first time. Step ladders must be locked in the full opened

position with the spreaders. Straight or extension ladders must be used at

the proper angle; either too steep or too flat is dangerous, Figure 2.53.
The following are general safety and usage rules for ladders:

o Follow all recommended practices for safe use and storage.

e Do not exceed the manufacturer’s recommended maximum weight
limit for the ladder.

o Before setting up a ladder, make certain that it will be erected on a
level, solid surface.

e Never use a ladder in a wet or muddy area where water or mud
will be tracked up the ladder’s steps or rungs. Only climb or
descend ladders when you are wearing clean, dry shoes.

o Wear well-fitted shoes or boots.

e Tie the ladder securely in place.

e Climb and descend the ladder cautiously.

e Do not carry tools and supplies in your hand as you climb or
descend a ladder. Use a rope to raise or lower the items once you
are safely in place.

o Never use ladders around live electrical wires.

e Never use a ladder that is too short for the job so you have to
reach or stand on the top step.

Safety in Welding
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SUMMARY

3' (1 M) MINIMUM
HEIGHT ABO¥E BUILDING.

H = HEIGHT TO THE
POINT OF SUPPORT

! THE BASE OF A LADDER SHOULD BE SET OUT
A DISTANCE EQUAL TO 1/4 OF THE HEIGHT TO
THE POINT OF SUPPORT (H/4).

Figure 2.53 Ladder safety
Make sure the ladder is leaning at the proper angle

The safety of the welder working in industry is of utmost importance to the
industry. A sizable amount of money is spent for the protection of welders.
Usually manufacturers have a safety department with one individual in
charge of plant safety. The safety officer’s job is to make sure that all
welders comply with safety rules during production. The proper clothing,
shoes, and eye protection to be worn are emphasized in these plants. Any
worker who does not follow established safety rules is subject to dismissal.

If an accident does occur, it is important that appropriate and
immediate first aid steps be taken. All welding shops should have estab-
lished plans for actions to take in case of accidents. You should take time
to learn the proper procedure for accident response and reporting before
you need to respond in an emergency. After the situation has been prop-
erly taken care of, you should fill out an accident report.

Equipment should be periodically checked to be sure that it is safe
and in proper working condition. Maintenance workers are employed to
see that the equipment is in proper working condition at all times.

Further safety information is available in Safety for Welders, by Larry F.
Jeffus, published by Delmar Learning, and from the American Welding
Society or the U.S. Department of Labor (OSHA) Regulations.

1. What is the key to preventing accidents in a welding shop?
2. Who is ultimately responsible for the welder’s safety?
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Safety in Welding

Describe the three classifications of burns.

What emergency steps should be taken to treat burns?

List the three types of light that may be present during welding.
Which type of light is the most likely to cause burns? Why?

What can be done on the job site to reduce the danger of reflected
light?

In what two ways can ultraviolet light burn the eyes?

What is the name of the eye burn that can occur in a fraction of a
second?

Why is it important to seek medical treatment for eye burns?

Why must eye protection be worn at all times in the welding shop?
According to Table 2.1, what eye and/or face protection should be
used for each of the following?

a. acetylene welding

b. chipping

c. electric arc welding

d. spot welding

What types of injuries can occur to the ears during welding?

What types of protection are available to protect the ears during
welding?

What types of information should be covered in a respirator training
program?

Name two types of respirators and describe how they work.

Name a common metal for which a welder would encounter
hexavalent chromium fumes while welding or grinding that metal.
List the materials that can give off dangerous fumes during welding
and require forced ventilation.

Name two gases that are lighter than air and two gases that are
heavier than air.

Why must metal that has been used before be cleaned prior to
welding?

Under what conditions can natural ventilation be used?

Who must be provided with material safety data sheets (MSDSs)?
Name two advantages of recycling scrap metal.

What fabrics are the best choice for general work clothing in a
welding shop?

Describe the ideal work shirt, pants, boots, and caps that should be
worn in a welding shop.

Why is it unsafe to carry butane lighters or matches in your pockets
while welding?

What special protective items can be worn to provide extra protection
for a welder’s hands, arms, body, waist, legs, and feet?

Describe an acceptable storage area for a cylinder of fuel gas.

How must high-pressure gas cylinders be stored so they cannot
accidentally be knocked over?

What should be done with a leaking cylinder if the leak cannot be
stopped?

Why is it important that acetylene cylinders not be stored
horizontally?

How far away should highly combustible materials be from any
welding or cutting?
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33.

34.
35.
36.

37.
38.

39.
40.
41.
42.

43.

44,

45.
46.
47.
48.
49.
50.
51.

52.
53.
54.

List the four types of fire extinguishers and what type of burning
material they are used to extinguish.

What is hot work?

When is a fire watch needed?

Why is it important to have a planned maintenance program for tools
and equipment?

Why is it important to keep a welding area clean?

What should you do if you have to leave a piece of hot metal
unattended?

Why must a mushroomed chisel or hammer be reground?

What causes most electric shock in the welding industry?

What can happen if too much power is being carried by a cable?
Why must equipment be turned off and unplugged before working
on the electrical terminals?

According to the welding safety checklist in Figure 2.41, what are the
factors necessary for a confined-space hazard?

According to Table 2.2, what gauge wire size would be needed for a
power tool that has a nameplate amperage of 9 and a cord length of
100 ft?

What is a GFCI?

Why is it important to not weld when everything is wet?

List five safety tips for safe extension cord use.

List 10 safety rules for the safe use of portable electric tools.

List two types of grinders used by welders.

How close to the grinding stone face should the tool rest be adjusted?
Name metal-cutting machines used in the welding shop and what
their advantages are.

Describe how a person should safely lift a heavy object.

List the things that should be inspected on a ladder.

List and explain five ladder use safety rules.



OBJECTIVES

After completing this chapter, the student should be able to

B list five basic factors related to joint design

B identify the major parts of a welding symbol

M explain groove preparation

B describe how nondestructive test symbols are used
M list the five major types of joints

and overhead orientations

B identify fillet welds on pipe and plate in the flat, horizontal, vertical,
and overhead positions

KEY TERMS

combination symbol joint dimensions weld location
edge preparation joint type weld types

fillet (F) projection drawings welding position
grooves (G) weld joint welding symbols

Key Indicators Addressed in this Chapter:

Module 3: Drawing & Weld Symbol Interpretation

h Key Indicator 1: Interprets basic elements of a drawing or sketch
Key Indicator 2: Interprets welding symbol information

Drawing and Welding Symhol

M identify groove welds on pipe and plate in the flat, horizontal, vertical,
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Figure 3.1 Forces on a weld

INTRODUGTION

Joint design affects the quality and cost of the completed weld. Selecting the
most appropriate joint design for a welding job requires special attention and

skill. The eventual design selection can be influenced by a number of factors,
including (but not limited to) the welding process to be used, whether the
joint is to be welded in the field or in a shop, and whether the joint is a
one-time weld or is to be mass produced.

Every weld joint selection for a job requires some compromises. For example,
the compromises may be between strength and cost, between equipment
available and welder skill, or among a number of variables. Because there are
so many factors, a good design requires experience. Even with experience,
trial welds are necessary before selecting the final joint configuration and
welding parameters.

This chapter will familiarize welders with the most important factors and
give some appreciation of joint design. Experience in the welding field will
help a welder become a better joint designer and fabricator.

Welding symbols are the language used to let the welder know exactly what
welding is needed. A welding symbol is used as a shorthand and can provide
the welder with all of the required information to make the correct weld. This
chapter emphasizes the use and interpretation of welding symbols so the
welder will develop a welder’s “vocabulary.”

WELD JOINT DESIGN

The selection of the best joint design for a specific weldment requires
careful consideration of a variety of factors. If individual factors are con-
sidered in isolation, the result may be a part that cannot be fabricated.
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< <

A) BUTT (B) LAP
(C) TEE D) OUTSIDE CORNER
(E) EDGE

Figure 3.2 Types of joints

For example, a narrower joint angle requires less filler metal, and that
results in lower welding cost. But if the angle is too small for the welding
process being used, the weld cannot be made.

The purpose of a weld joint is to join parts together so that the stres-
ses are distributed. The forces causing stresses in welded joints are ten-
sile, compression, bending, torsion, and shear, Figure 3.1. The ability of a
welded joint to withstand these forces depends upon both the joint
design and the weld integrity. Some joints can withstand certain types
of forces better than others.

The basic parts of a weld joint design that can be changed include

o joint type—The type of joint is chosen by analyzing the way that
the joint members come together, Figure 3.2.

o edge preparation—The faying surfaces (the surfaces of materials
in contact with each other) of the mating members that form the
joint are shaped for that specific joint. This preparation may be the
same on both members of the joint, or each side may be shaped
differently, Figure 3.3.

o joint dimensions—The depth and/or angle of the preparation and
the joint spacing can be changed to make the weld, Figure 3.4.

Welding Process

The welding process to be used has a major effect on the selection of the
joint design. Each welding process has characteristics that affect its per-
formance. Some processes are easily used in any position; others may be
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Figure 3.3 Edge preparation
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Figure 3.4 Groove terms

Figure 3.5 Bead positions for a
horizontal weld

ROOQOT FACE

V-GROOVE U-GROOVE

restricted to particular positions. The rate of travel, penetration, deposi-
tion rate, and heat input also affect the welds used on some joint designs.
For example, a square butt joint can be made in very thick plates using
either electroslag or electrogas welding, but not many other processes
can be used on such a joint design.

Because some metals present specific problems in terms of, for example,
thermal expansion, crack sensitivity, or distortion, the joint selected must
control these problems. Thus, magnesium is very susceptible to postweld
stresses, and the U-groove works best for thick sections.

Plate Welding Positions

The ideal welding position for most joints is the flat position, because it
allows for larger molten weld pools to be controlled. Usually, the larger
the weld pool, the faster the joint can be completed. It is not always
possible to position a part so that all the welds can be made in the flat
position. Special joint designs may be used for certain types of out-
of-position welding. For example, the single bevel joint is often the best
choice for horizontal welding, Figure 3.5.

The American Welding Society has divided plate welding into four
basic positions for grooves (G) and fillet (F) welds as follows:

o flat 1G or 1IF—Welding is performed from the upper side of the joint,
and the face of the weld is approximately horizontal, Figure 3.6.

e horizontal 2G or 2F—The axis of the weld is approximately
horizontal, but the type of weld dictates the complete definition.
For a fillet weld, welding is performed on the upper side of an
approximately vertical surface. For a groove weld, the face of the
weld lies in an approximately vertical plane, Figure 3.7.

o vertical 3G or 3F—The axis of the weld is approximately vertical,
Figure 3.8.

o overhead 4G or 4F—Welding is performed from the underside of
the joint, Figure 3.9.
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Figure 3.6 Plate flat position Figure 3.7 Plate horizontal position

Pipe Welding Positions
The American Welding Society lists five basic positions for pipe welding:

e horizontal rolled 1G—The pipe is rolled either continuously or
intermittently so that the weld can be performed within 0° to 15° of
the top of the pipe, Figure 3.10.

\K\ f 3F % i g :: 4F ! >§

Figure 3.8 Plate vertical position Figure 3.9 Plate overhead position
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WELD
15° (15°
>WELD ©7WEL® >
5G
Figure 3.10 Pipe horizontal rolled position Figure 3.11 Pipe horizontal fixed position

WELD

(C

WELD

(

2G
Figure 3.12 Pipe vertical position

e horizontal fixed 5G—The pipe is parallel to the horizon, and the weld
is made vertically around the pipe, Figure 3.11.

» vertical 2G—The pipe is vertical to the horizon, and the weld is
made horizontally around the pipe, Figure 3.12.

o inclined 6G—The pipe is fixed at a 45° inclined angle, and the weld
is made around the pipe, Figure 3.13.

o inclined with a restriction ring 6GR—The pipe is fixed at a 45°
inclined angle, and a restricting ring is placed around the pipe
below the weld groove, Figure 3.14.

Metal Thickness

As metal thickness increases, the joint design must change. On thin sec-
tions, it is often possible to make full-penetration welds using a square
butt joint. But with thicker plates or pipe the edge must be prepared
with a groove on one or both sides. The edge may be shaped with a
bevel, V-groove, J-groove, or U-groove. The choice of shape depends on
the type of metal, its thickness, and whether it is made before or after
assembly.

When welding on thick plate or pipe, it is often impossible for the
welder to get 100% penetration without using some type of groove. The
groove may be cut into either one of the plates or pipes or both. On
some plates it can be cut both inside and outside of the joint, Figure 3.15.
The groove may be ground, flame-cut, gouged, sawed, or machined on the
edge of the plate before or after the assembly. Bevels and V-grooves are

RESTRICTION

WELD

45°

6G

Figure 3.14 Pipe 45° inclined position with a

Figure 3.13 Pipe 45° inclined position restricting ring
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SINGLE V-GROOVE SINGLE BEVEL
DOUBLE V-GROOVE DOUBLE BEVEL

Figure 3.15 V-groove and bevel joint types

best if they are cut before the parts are assembled; J-grooves and U-grooves
can be cut either before or after assembly, Figure 3.16. A lap joint is seldom
prepared with a groove, because little or no strength can be gained by
grooving this joint.

For most welding processes, plates that are thicker than 3/8 in.
(10 mm) may be grooved on both the inside and outside of the joint.
Whether to groove one or both sides is most often determined by joint
design, position, code, and application. Plates in the flat position are
usually grooved on only one side unless they can be repositioned or
must be welded on both sides. Tee joints in thick plates are easier to
weld and exhibit less distortion if they are grooved on both sides.

SINGLE U-GROOVE (
WELD

GROOVE

DOUBLE U-GROOVE

WELD
SINGLE J-GROOVE

v

DOUBLE J-GROOVE .
Figure 3.17 Back-gouging a weld joint to ensure 100%

Figure 3.16 U-groove and J-groove joint types joint penetration
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Sometimes plates are either grooved and welded or just welded on
one side and then back-gouged and welded, Figure 3.17. Back-gouging
is a process of cutting a groove in the back side of a joint that has been
welded. Back-gouging can ensure 100% joint fusion at the root and
remove discontinuities of the root pass.

The type, depth, angle, and location of the groove are usually determined
by a code or standard that has been qualified for the specific job. Orga-
nizations such as the American Welding Society, the American Society of
Mechanical Engineers, and the American Bureau of Ships are among the
agencies that issue such codes and specifications. The most common
codes or standards are the AWS D1.1 and the ASME Boiler and Pressure
Vessel (BPV), Section IX.

The joint design for a particular set of specifications often must be
prequalified. Such joints have been tested and found to be reliable for
the weldments for specific applications. The joint design can be modi-
fied, but the cost to have the new design accepted under the standard
being used is often prohibitive.

Often the skills or abilities of the welder are a limiting factor in joint
design. A joint must be designed in such a way that the welders can reli-
ably reproduce it. Some joints have been designed without adequate
room for the welder to see the molten weld pool or to get the electrode
or torch into the joint.

Acceptahle Cost

Almost any weld can be made in any material in any position, but a
number of factors can affect the cost of producing a weld. Joint design
is one major way to control welding cost. Changes in the design can
reduce cost yet still meet the weldment’s strength requirements. Reduc-
ing the groove angle can also help, Figure 3.18. It will decrease the weld-

TN

\/- 45°
Figure 3.18 Groove angle

A smaller groove angle reduces both weld time and weld metal
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ing filler metal required to complete the weld as well as decrease the
time required to fill the groove opening. Joint design must be a consid-

eration for any project to be competitive and cost-effective.

MECHANICAL DRAWINGS

Mechanical drawings have been around for centuries. Leonardo da Vinci
(1452-1519) used mechanical drawings extensively in his inventive works.
Many of his drawings still exist today and are as easily understood now as
when they were drawn. For that reason, mechanical drawings have been
called the universal language: They are produced in a similar format
worldwide. Despite the few differences in how the views may be laid
out, Figure 3.19, the drawings can still be understood. Notwithstanding
different languages and measuring systems, the basic shape of an object
and the location of components can be determined from any good

drawing.

A group of drawings, known as a set of drawings, should contain
enough information to enable a welder to produce the weldment. The
set of drawings may contain various pages showing different aspects of
the project to aid in its fabrication. The pages may include the following:
title page, pictorial, assembly drawing, detailed drawing, and exploded

view, Figure 3.20.

In addition to the shape as described by the various lines, a set of draw-
ings may contain information such as the title box and bill of materials. The
title box, which appears in one corner of the drawing, should contain the
name of the part, the company name, the scale of the drawing, the date of
the drawing, the name of the person who made the drawing, the drawing

number, the number of drawings in the set, and tolerances.

A bill of materials can also be included in the set of drawings. This is
a list of the various items that will be needed to build the weldment,

n Module 3

Key Indicator 1, 2

Table 3.1.
|| THIRD ANGLE
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TOP
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Figure 3.19 Two different methods used to rotate drawing views
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PAGE 1 OF 5
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DETAIL EXPLODED

Figure 3.20 Drawings that can make up a set of drawings




Table 3.1 Bill of Materials

Part Number Type of Size (Standard
Required Material Units)
Base 1 Hot roll steel 1/2” x 5" x 8"
mm
Cleat 2 Hot roll steel 1/2” x 4" x 8"

Drawing and Welding Symbol Interpretation 79

(Sl Units)

12.7 mm x 127 mm x 203.2

12.7 mm x 101.6 mm x

203.2 mm

Lines

To understand drawings, you need to know what the different types of
lines represent. The language of drawing uses lines for its alphabet and
the various parts of the object being illustrated. The various line types are
collectively known as the alphabet of lines, Table 3.2 and Figure 3.21.

Table 3.2 Alphabet of Lines

Line Type

OBJECT LINE

HIDDEN LINE

DIMENSION
B ——

LINE

-r

ZO0~wzZzm—=Xxm
mzZ

CUTTING PLANE LINE

SECTION LINES

STEEL CAST

IRON

LEADER OR
ARROW LINE

<

LONG BREAK LINE

N

SHORT BREAK LINE
~—

Description

Solid bold line

Broken medium line

Fine broken line made up of
longer line sections on both
sides of a short, dashed line

Extension lines (fine line)
extending from near the
surface of the object

Dimension lines (medium line)
extending between extension
lines or object lines

Bold broken lines with arrow-
heads pointing in the direc-
tion of the cut surface

Series of fine drawn at an
angle to the object lines. The
line angle usually changes
from one part to another. The
cast iron section lines are used
universally for most sections.

Medium line with an arrow-
head at one end

Bold straight line with inter-
mittent zigzag

Bold freehand irregular line

Purpose

To show the intersection of surfaces or the extent
of a curved surface

To show the intersection of surfaces or the extent
of a curved surface that occurs below the surface
and hidden from view

To show the center of a hole, curve, or symmetrical
object

Extension lines extend from an object line or a hidden
line to locate dimension points.

Dimension lines touch the extension lines and/or object
lines that represent the points being dimensioned.

These lines extend all the way across the surface that is
being imaginarily cut. The arrowhead ends point in the
direction in which the cut surface willl be shown in the
sectional drawing.

Used to indicate a surface that has been imaginarily cut or
broken. The spacing and pattern can be used to indicate the
type of material that is being viewed.

Leader and arrow lines are used to locate points on the
drawing to which a specific note, dimension, or welding
symbol refers.

To indicate that a portion of the part has not been included
in the drawing either to conserve space or because the
omitted portion was not significant to this specific drawing

Used for the same purposes as the long break above except
on parts not wide enough to allow the long break lines with
their zigzags to be used clearly
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Figure 3.21 Alphabet of lines

Types of Drawings

The drawings used for most welding projects can be divided into two
categories: orthographic projections and pictorial. Projection drawings
are made as though one were looking through the sides of a glass box
at the object and tracing its shape on the glass, Figure 3.22. If all the
sides of the object were traced and the box unfolded and laid out flat,
six basic views would be shown, Figure 3.23.

Pictorial drawings present the object in a more realistic or under-
standable form and usually appear as one of two types: isometric or cava-
lier, Figure 3.24. The more realistic, perspective drawing form is seldom
used for welding projects.

Projection Drawings

Seldom are all of the six projections or views required to build a weldment.
Only those needed are normally provided, usually only the front, right side,
and top views. Sometimes only one or two of these views are required.

The front view is not necessarily the front of the object. A view is selected as
the front view because an object’s overall shape is best described when it is
viewed from this direction. As an example, the front view of a car or truck
would probably not be the view in a drawing because viewing the vehicle from
its front may not show enough detail to let you know whether it is a car, light
truck, station wagon, or van. From the front most vehicles look similar.
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TOP VIEW GLASS

BOX

LEFT SIDE
VIEW

BACK
VIEW

RIGHT SIDE

VIEW VIEW

BOTTOM VIEW

Figure 3.22 Viewing an object as if it were inside a glass box

BACK

Figure 3.23 The arrangement of views for an object if the glass box were unfolded
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ISOMETRIC DRAWING CAVALIER DRAWING

Figure 3.24 Pictorial drawing types

Special Views

Special views may be included on a drawing to help describe the object so it
can be made accurately. Special views on some drawings may include:

o The section view is drawn as if part of the object were sawn away to
reveal internal details, Figure 3.25. This view is useful when the
internal details would not be as clear if they were shown as hidden
lines. Sections can be either fully across the object or just partially
across it. The imaginary cut surface is set off from other noncut
surfaces by section lines drawn at an angle on the cut surfaces. The
location of this imaginary cut is shown using a cutting plane line,
Figure 3.26. Some drawings use specific types of section lines to
illustrate the type of material the part was made with.

e The cut-away view is used to show detail within a part that would
be obscured by the part’s surface. Often a free-hand break line is
used to outline the area that has been imaginarily removed to
reveal the inner workings.

o The detail view is usually an external view of a specific area of a
part. Detail views show small details of a part’s area and remove

(A)

Figure 3.25 Section drawing
A section drawing is made as if the part were cut in two (A), so that you can see inside of it (B)
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SECTION A-A L >

Figure 3.26 Cutting plane line and section

the need to draw an enlargement of the entire part. If only a small
portion of a view has significance, this area can be shown in a
detail view, either at the same scale or larger if needed. By showing
only what is needed within the detail, the part drawn can be
clearer and does not require such a large page.

e A rotated view can be used to show a surface of the part that would not
normally be drawn square to any of the sixnormal view planes. If a surface
is not square to the viewing angle, then lines may be distorted. For ex-
ample, when viewed at an angle, a circle looks like an ellipse, Figure 3.27.

S
N

Figure 3.27 Distortion of lines
Notice that the round hole looks misshapen, or elliptical, in the right side view but appears as
a true circle in the auxiliary view
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Key Indicator 1, 2
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Figure 3.28 Drawing dimension locations

Often it is necessary to look at other views to locate all of the dimensions
required to build the object. If a welder knows how the views are arranged,
it becomes easier to locate dimensions. Length dimensions can be found
on the front and top views. Height dimensions can be found on the front
and right side views. Width dimensions can be found on the top and right
side views, Figure 3.28. The locations of dimensions on these views are
consistent with both the first angle perspective and third angle layouts. A
properly executed drawing will contain all necessary dimensions.

If you cannot find the required dimensions on the drawings, do not
try to obtain them by measuring the drawing itself. Even if the original
drawing was made accurately, the paper it is on changes with changes
in humidity. Copies of the original drawing are never the exact same
size. The most acceptable way of determining missing dimensions is to
contact the person who made the drawing.

Keep the drawing clean and well away from any welding. Avoid writ-
ing or doing calculations on the drawing. Often a drawing will be filed
following the project for use at a later date. The better care you take
with the drawings, the easier it will be for someone else to use them.

WELDING SYMBOLS

Welding symbols enable a designer to indicate clearly to the welder
important, detailed information regarding the weld. The information in
the welding symbol can include the following details for the weld: length,
depth of penetration, height of reinforcement, groove type, groove
dimensions, location, process, filler metal, strength, number of welds,
weld shape, and surface finishing. All this information would normally
be included on the welding assembly drawings.
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Figure 3.29 Standard location of elements of a welding symbol
Source: Courtesy of the American Welding Society

Welding symbols are a shorthand language for the welder. They save
time and money and serve to ensure understanding and accuracy. Weld-
ing symbols have been standardized by the American Welding Society.
Some of the more common symbols for welding are reproduced in this
chapter. More information about symbols and how they apply to all
forms of manual and automatic machine welding can be found in the
complete material, Standard Symbols for Welding, Brazing and Nondes-
tructive Examination, ANSI/AWS A2.4, published as an American
National Standard by the American Welding Society.

Figure 3.29 shows the basic components of welding symbols. The
symbols are based on a reference line with an arrow at one end. Other
information relating to features of the weld is shown by symbols, abbre-
viations, and figures located around the reference line. A tail is added to
the basic symbol as necessary for the placement of specific information.

Indicating Types of Welds

Weld types are classified as follows: fillets, grooves, flange, plug or slot, spot
or projection, seam, back or backing, and surfacing. Each type of weld is
indicated on drawings by a specific symbol. A fillet weld, for example, is
designated by a right triangle. A plug weld is indicated by a rectangle. All
of the basic symbols are shown in Figure 3.30.

Weld Location

Welding symbols are applied to the joint as the basic reference. All joints
have an arrow side (near side) and another side (far side). Accordingly,
the terms arrow side, other side, and both sides are used to indicate the
weld location with respect to the joint. The reference line is always drawn
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2. BOTH-SIDES WELDS OF SAME TYPE ARE OF SAME SIZE UNLESS OTHERWISE SHOWN.
3. SYMBOLS APPLY BETWEEN ABRUPT CHANGES IN DIRECTION OF JOINT OR AS DIMENSIONED (EXCEPT WHERE ALL
AROUND SYMBOL IS USED).
4. ALL WELDS ARE CONTINUOUS AND OF USER’S STANDARD PROPORTIONS, UNLESS OTHERWISE SHOWN.
5. TAIL OF ARROW USED FOR SPECIFICATION REFERENCE. (TAIL MAY BE OMITTED WHEN REFERENCE IS NOT USED.)
6. DIMENSIONS OF WELD SIZES, INCREMENT LENGTHS, AND SPACING IN INCHES.

Figure 3.30 Welding symbols for different types of welds

horizontally. An arrow line is drawn from one end or both ends of a refer-
ence line to the location of the weld. The arrow line can point to either side
of the joint and extend either upward or downward.

If the weld is to be deposited on the arrow side of the joint (near side),
the proper weld symbol is placed below the reference line, Figure 3.31A.
If the weld is to be deposited on the other side of the joint (far side), the
weld symbol is placed above the reference line, Figure 3.31B. When welds
are to be deposited on both sides of the same joint, the same weld symbol
appears above and below the reference line, Figure 3.31C and D, along with
detailed information.

A tail is added to the basic welding symbol to give welding specifica-
tions, procedures, or other supplementary information required to make
the weld, Figure 3.32. The notation placed in the tail of the symbol may
indicate the welding process to be used, the type of filler metal needed,
whether or not peening or root chipping is required, and other informa-
tion pertaining to the weld. If notations are not used, the tail of the sym-
bol is omitted.

For joints that are to have more than one weld, a symbol is shown for
each weld.

Significance of Arrow Location

In the case of fillet and groove welding symbols, the arrow connects
the welding symbol reference line to one side of the joint. The surface
of the joint the arrow point touches is considered to be the arrow side
of the joint. The side opposite the arrow side of the joint is considered
to be the other (far) side of the joint.
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SYMBOL —
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Figure 3.31 Designating weld locations
Source: Courtesy of the American Welding Society

A-2

h / ™
(A) REFERENCE (B) PROCESS
/ CBmantaa /
(C) PROCESS AND METHOD (D) NO SPECIFICATIONS

REQUIRED

Figure 3.32 Locations of specifications, processes, and other references on weld symbols

On a drawing, when a joint is illustrated by a single line and the arrow
of a welding symbol is directed to the line, the arrow side of the joint is
considered to be the near side of the joint.

For welds designated by the plug, slot, spot, seam, resistance, flash,
upset, or projection welding symbols, the arrow connects the welding
symbol reference line to the outer surface of one of the members of the
joint at the center line of the desired weld. The member to which the
arrow points is considered to be the arrow side member. The remaining
member of the joint is considered to be the other side member.

FOR TWO JOINTS
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FILLET WELDS

The dimensions of fillet welds are shown on the same side of the refer-
ence line as the weld symbol and to the left of the symbol, Figure 3.33A.
When both sides of a joint have the same-size fillet welds, they are
dimensioned as shown in Figure 3.33B. When the two sides of a joint
have different-size fillet welds, both are dimensioned, Figure 3.33C.
When the dimensions of one or both welds differ from the dimensions
given in the general notes, both welds are dimensioned. The size of a
fillet weld with unequal legs is shown in parentheses to the left of the weld
symbol, Figure 3.33D. The length of a fillet weld, when indicated on the
welding symbol, is shown to the right of the weld symbol, Figure 3.33E. In
intermittent fillet welds, the length and pitch increments are placed to the
right of the weld symbol, Figure 3.34. The first number represents the
length of the weld, and the second number represents the pitch, or the dis-
tance between the centers of two welds.

Plug Welds

Holes in the arrow side member of a joint for plug welding are indicated
by placing the weld symbol below the reference line. Holes in the other
side member of a joint for plug welding are indicated by placing the weld

™
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Figure 3.33 Dimensioning the fillet weld symbol

PITCH

T

LENGTH

Figure 3.34 Dimensioning intermittent fillet welds
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Figure 3.35 Applying dimensions to plug welds

symbol above the reference line, Figure 3.35. Refer to Figure 3.35 for the
location of the dimensions used on plug welds. The diameter or size is
located to the left of the symbol (A). The angle of the sides of the hole,
if not square, is given above the symbol (B). The depth of buildup, if
not completely flush with the surface, is given in the symbol (C). The
center-to-center dimensioning, or pitch, is located on the right of the

symbol (D).

The dimensions of resistance spot welds are indicated on the same side
of the reference line as the weld symbol, Figure 3.36. Such welds are
dimensioned either by size or by strength. The size is designated as the
diameter of the weld expressed in fractions or in decimal hundredths of
an inch. The size is shown with or without inch marks to the left of the
weld symbol. The center-to-center spacing (pitch) is shown to the right of
the symbol.

The strength of spot welds is shown as the minimum shear strength
in pounds (newtons) per spot and is shown to the left of the symbol,
Figure 3.37A. When a specific number of spot welds is desired in a cer-
tain joint, the quantity is placed above or below the weld symbol in
parentheses, Figure 3.37B.
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Figure 3.36 Spot welding symbols
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Figure 3.37 Designating strength and number of spot welds

The dimensions of seam welds are shown on the same side of the refer-
ence line as the weld symbol. Dimensions relate to either size or
strength. The size of seam welds is designated as the width of the weld
expressed in fractions or decimal hundredths of an inch. The size is
shown with or without the inch marks to the left of the weld symbol,
Figure 3.38A. When the length of a seam weld is indicated on the symbol,
it is shown to the right of the symbol, Figure 3.38B. When seam welding
extends for the full distance between abrupt changes in the direction of
welding, no length dimension is required on the welding symbol.

The strength of seam welds is designated as the minimum acceptable
shear strength in pounds per linear inch. The strength value is placed to
the left of the weld symbol, Figure 3.39.
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Figure 3.38 Designating the size of a seam weld
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Figure 3.39 Strength of a seam weld made with an electron beam

Joint strengths can be improved by making some type of groove preparation
before the joint is welded. There are seven types of grooves. The groove can
be made in one or both plates or on one or both sides. When a groove is cut
in the plate, the weld can penetrate deeper into the joint. This helps to
increase the joint strength without restricting weldment flexibility.

Grooves can be cut in base metal in a number of different ways using
an oxyfuel cutting torch, air carbon arc cutting, plasma arc cutting,
machining, or sawing.

The types of groove welds are classified as follows:

o single-groove and symmetrical double-groove welds that extend
completely through the members being joined. No size is included
on the weld symbol, Figure 3.40.

e groove welds that extend only part way through the parts being
joined. The size as measured from the top of the surface to the
bottom (not including reinforcement) is included to the left of the
welding symbol, Figure 3.41.

The size of groove welds with a specified effective throat is indicated by
showing the depth of groove preparation with the effective throat appearing
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Figure 3.40 Designating single- and double-groove welds with complete penetration
Source: Courtesy of the American Welding Society
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Figure 3.41 Designating the size of grooved welds with partial penetration
Source: Courtesy of the American Welding Society

4

1 DEPTH OF CHAMFERING
il

in parentheses and placed to the left of the weld symbol, Figure 3.42. The
size of square groove welds is indicated by showing the root penetration.
The depth of chamfering and the root penetration are read in that order
from left to right along the reference line.

The main purpose of the root face is to minimize the burn-through
that can occur with a feather edge. The size of the root face is important
to ensure good root fusion, Figure 3.43.

The size of flare groove welds is considered to extend only to the tan-
gent points of the members, Figure 3.44.

The root opening of groove welds is the user’s standard unless other-
wise indicated. The root opening of groove welds, when not the user’s
standard, is shown inside the weld symbol, Figure 3.45.

I

DESIRED WELD

—— |
) T—% EFFECTIVE

% ROOT PENETRATION THROAT

SYMBOL

Figure 3.42 Showing size and root penetration of grooved welds
Source: Courtesy of the American Welding Society
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Figure 3.43 Effect of root dimensioning on groove penetration
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Figure 3.44 Designating flare-V- and flare-bevel-groove welds

Source: Courtesy of the American Welding Society
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Figure 3.45 Designating root openings and included angle for groove welds
Source: Courtesy of the American Welding Society
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Figure 3.47 Butt weld with backing plate

A backing (strip) is a piece of metal placed on the back side of a weld
joint. The backing must be thick enough to withstand the heat of the
root pass as it is burned in. A backing strip may be used on butt joints,
tee joints, and outside corner joints, Figure 3.46.

The backing may be left on the finished weld or removed after welding.
If the backing is to be removed, the letter R is placed in the backing sym-
bol, Figure 3.47. The backing is often removed for a finished weld because
it can be a source of stress concentration and a crevice to promote rusting.

3
2 8

DESIRED WELD

SYMBOL

Figure 3.48 Applying dimensions to flange welds

Source: Courtesy of the American Welding Society
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Figure 3.49 Basic nondestructive testing symbol
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The following welding symbols are used for light-gauge metal joints
where the edges to be joined are bent to form flange or flare welds:

e Edge flange welds are shown by the edge flange weld symbol.

o Corner flange welds are indicated by the corner flange weld
symbol.

o The dimensions of flange welds are shown on the same side of the
reference line as the weld symbol and are placed to the left of the
symbol, Figure 3.48. The radius and height above the point of
tangency are indicated by showing both the radius and the height,
separated by a plus sign.

o The size of the flange weld is shown by a dimension placed out-
ward from the flanged dimensions.

Nondestructive Testing Symhols

The increased use of nondestructive testing (NDT) as a means of quality
assurance has resulted in the development of standardized symbols. These
symbols are used by the designer or engineer to indicate the area to be
tested and the type of test to be used. The inspection symbol uses the
same basic reference line and arrow as the welding symbol, Figure 3.49.

The symbol for the type of nondestructive test to be used, Table 3.3, is
shown with a reference line. The location above, below, or on the line
has the same significance as it does with a welding symbol: Symbols
above the line indicate other side, symbols below the line indicate
arrow side, and symbols on the line indicate no preference for the side
to be tested, Figure 3.50. Some tests must be performed on both sides; in
these cases, the symbol appears on both sides of the reference line.

Two or more tests may be required for the same section of weld.
Figure 3.51 shows methods of combining testing symbols to indicate
more than one type of test to be performed.

Table 3.3 Standard Nondestructive Testing Symbols

Type of Nondestructive Test Symbol
Visual VT
Penetrant PT
Dye penetrant DPT
Fluorescent penetrant FPT
Magnetic particle MT
Eddy current ET
Ultrasonic uT
Acoustic emission AET
Leak LT
Proof PRT
Radiographic RT

Neutron radiographic NRT

§i Module 3
Key Indicator 1, 2
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The length of weld to be tested and the number of tests to be made
can be noted on the symbol. The length can be given to the right of
the test symbol, usually in inches, or can be shown by the arrow line,
Figure 3.52. The number of tests to be made is given in parentheses
above or below the test symbol, Figure 3.53. The welding symbols and
nondestructive testing symbols both can be combined into one symbol,
Figure 3.54. The combination symbol may help both the welder and
inspector to identify welds that need special attention. A special symbol
can be used to show the direction of radiation used in a radiographic
test, Figure 3.55.

N\ PT MT
uT
/ VT / MT
TEST TEST TEST TEST
ARROW SIDE OTHER SIDE BOTH SIDES EITHER SIDE

Figure 3.50 Testing symbols used to indicate which side is to be tested

RT + FPT

DPT uT
RT ¥ =T VT + RT

VT + RT

N N

Figure 3.51 Methods of combining testing symbols

\ FPT 8 RT 8 /
MT 4 DPT 10 \
(A)

/ MT

< >

A
Y

RT
(B)

Figure 3.52 Two methods of designating the length of weld to be tested

\ ®) (®)
PT RT

) MT

@ @)

Figure 3.53 Method of specifying the number of tests to be performed
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Figure 3.54 Combination weld and nondestructive testing symbols
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Figure 3.55 Combination symbol for weld and radiation source location for testing

SUMMARY

Mechanical drawings have been described as a universal language. In
fact, Leonardo da Vinci’s mechanical drawings of his ideas and inven-
tions, dating back to the fifteenth century, are easily understood today,
even though they were made more than 500 years ago and the notes
were written in Italian. As a production welder you will be expected to
follow simple or complex drawings in the fabrication of weldments. You
must also be able to interpret the meaning of welding symbols. Under-
standing the significance of a welding symbol will prevent one of the
most common problems in the field: overwelding. A weld that is made
excessively large can cause a structural failure as easily as one that is
undersized. Welded structures must often flex under load. Weldments
must be flexible within limits so they can give, so they are not brittle,
and so they will not break. Overwelding can cause a structure to be too
rigid and subject to a brittle fracture. Do not overweld.
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22.
23.
24.

25.
26.

27.
28.

. List the five joint types used in welding.
. Sketch a V-grooved butt joint, and label all of the joint’s

dimensions.

. Sketch a weld on plates in the 1G and 1F positions.

. Sketch a weld on plates in the 2G and 2F positions.

. Sketch a weld on plates in the 3G and 3F positions.

. Sketch a weld on plates in the 4G and 4F positions.

. Sketch a weld on a pipe in the 1G position.

. Sketch a weld on a pipe in the 5G position.

. Sketch a weld on a pipe in the 2G position.

. Sketch a weld on a pipe in the 6G position.

. Sketch a weld on a pipe in the 6GR position.

. Why is it usually better to make a weld in the flat position?

. Why are some joints back-gouged?

. Why is cost a consideration in joint design?

. What is contained in a set of drawings?

. What information can be included in the title box of a drawing?
. How is the front view of an object selected?

. Why are sections and cut-aways used in drawings?

. What types of information can be included on a welding symbol?
. Why are welding symbols used?

. What types of information may appear on the reference line of a

welding symbol?

How is the reference line always drawn?

Why is a tail added to the basic welding symbol?

What is meant if the weld symbol is placed below the reference
line?

How are the dimensions for a fillet weld given?

Sketch and dimension a V-groove weld symbol for a weld on the
arrow side, with 1/8-in. root opening, 3/4 in. in size, and with a
groove angle of 45°.

How is the removal of the backing strip noted on a welding symbol?
Using Figure 3.23 as a general example, prepare simple sketches of a
welding table 2 ft wide 4 ft long 3 ft tall, using 1/4-in. mild steel plate
and 1 1/2-in. mild steel angle iron material. Include front, top, right
or left side, and bottom views.



OBJECTIVES

After completing this chapter, the student should be able to
B measure with a ruler or tape measure

M add and subtract whole numbers

M reduce simple fractions

B round numbers

B convert fractions to decimals

B convert decimals to fractions

B lay out a welding project

KEY TERMS

assembly material shapes tack welding
conversion measuring tolerance
fitting part dimensions

Key Indicators Addressed in this Chapter:

Module 3: Drawing and Weld Symbol Interpretation

h Key Indicator 1: Interprets basic elements of a drawing or sketch
Key Indicator 3: Fabricates parts from a drawing or sketch
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CHAPTER 4

INTRODUGTION

Fabricators must be able to communicate in the language of welding symbols,

follow detailed directions, and sometimes express themselves by producing ac-
curate technical drawings or sketches to represent weldments. Many people
who previously found mathematics to be a struggle and an unpleasant chore
discover fresh excitement when those numbers become part of a plan for
something they are going to build with their own hands.

Fabrication shops and manufacturing facilities that want to compete in a
global marketplace must be conversant with both standard and metric measur-
ing techniques, because they may receive plans from anywhere in the world or
may ship their products to anywhere in the world. This makes it necessary for
you as a welder to be able to read numbers and fractions from your ruler or
tape measure and convert them into decimals in the metric system or fractions
in the standard system.

FABRIGATION

Welders are often required to assemble parts to form a weldment. The
weldment may form a completed project or may be only part of a larger
structure. Some weldments are composed of two or three parts; others
have hundreds or even thousands of individual parts, Figure 4.1. But
even the largest weldments start by placing two parts together.

The number and type of steps required to take a plan and create a
completed project vary depending on the complexity and size of the fin-
ished weldment. All welding projects start with a plan. This plan can
range from a simple one that exists only in the mind of the welder to a
very complex plan comprising a set of drawings. As a beginning welder,
you must learn how to follow a set of drawings to produce a finished
weldment.

Soon we will be fabricating large structures in space, Figures 4.2A and
4.2B. Work has already begun on the International Space Station, which

Figure 4.1 Large welded oil platform
Source: © BP p.l.c. 2003



Figure 4.2A Welding in space

The neutral buoyancy tank allows divers to work in space suits underwater to simulate the
microgravity of space

Source: Courtesy of NASA

Figure 4.2B Welding in space
Large structures could be fabricated in space someday
Source: Courtesy of NASA
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will be assembled in space from large sections built here on Earth. Most
of these assemblies will require some type of welding. Someday we
expect to be welding in space. Research for welding in space dates back
to the 1960s, with experiments done on board the U.S. Sky Lab. Today
that research continues with experiments on the space shuttle program
and in conjunction with the International Space Station.

Safety

As with any welding, safety is of primary concern in the fabrication of
weldments. Fabrication may present certain safety problems not normally
encountered in straight welding. Unlike most practice welding, a good
proportion of larger fabrication work needs to be performed outside an
enclosed welding booth. In addition, several welders may be working
simultaneously on the same structure, so extra care must be taken to pre-
vent burns to you or the other welders from the arc or hot sparks. Venti-
lation is also important, because the shop ventilation may not extend to
the fabrication area. Often you will be working in an area with welding
cables and torch hoses lying scattered on the floor. To prevent accidental
tripping, these lines must be flat on the floor and should be covered if
they are in a walkway.

These and other safety concerns are covered in Chapter 2, Safety in
Welding. You should also read any safety booklets supplied with equip-
ment before starting any project.

Measuring

Measuring for most welded fabrications does not require accuracies
greater than those that can be obtained with a steel rule or a steel tape,
Figure 4.3. Both steel rules and steel tapes are available in standard and
metric units. Standard unit rules and tapes are available in fractional and
decimal units, Figure 4.4.

iy,
i
2 /44??

{/
i
=

"y, Vil ,:

Figure 4.3A Steel tape measures
Steel tape measures are available in lengths from 6 ft to 100 ft
Source: Courtesy of the Stanley Tool Div
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1YARD =3 FEET

1 FOOT

N o
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12 INCHES =1 FOOT

FRACTIONAL PARTS OF
AN INCH

Figure 4.3B Yards, feet, and inches

The standard system of linear measurement is based on the yard. The yard is divided into
3 feet, each foot into 12 inches, and each inch into fractional parts

Source: Courtesy of Mark Huth
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FRACTION

Figure 4.4 Two ways tapes can be dimensioned

Tolerances

All measuring, whether on a part or on the drawing, is in essence an esti-
mate, because no matter how accurate the measurement is, there will
always be a more accurate way of taking it. The more accurate the mea-
surement, the more time it takes. To save time while still making an
acceptable part, dimensioning tolerances have been established. Most
drawings state a dimensioning tolerance, the amount by which the part
can be larger or smaller than the stated dimensions and still be accepta-
ble. Tolerances are usually expressed as plus (+) and minus (-). If the
tolerance is the same for both the plus and the minus, it can be written
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Table 4.1 Dimension Tolerances

Acceptable Dimensions

Dimension Tolerance Minimum Maximum
10" +1/8" 9 7/8" 10 1/8"

2' g +1/4" 2''7 314" 2’ 8 1/4”
10’ +1/8" 9 11 7/8" 10" 1/8”
117 +0.125 10.875" 11.125”

6 +0.25 5 11.75" 6’ 0.25”
250 mm +5 mm 245 mm 255 mm
300 mm + 5 mm-0 mm 300 mm 305 mm
175 cm +10 mm 174 cm 176 cm

using the symbol #, Table 4.1. In addition to the tolerance for a part,
there may be an overall tolerance for the completed weldment. This
dimension ensures that if all the parts are either too large or too small,
their cumulative effect will not make the completed weldment too large
or too small.

Adding and Subtracting
Although most drawings give as many dimensions as possible, the welder
may have to do some basic math to complete the project. Adding and
subtracting fractions and mixed numbers can be accomplished quickly
by following a simple rule:

RULE: Fractions that are to be added or subtracted must have the
same denominator, or bottom number.

Reducing Fractions

Some fractions can be reduced to a lower denominator. For example, 2/4
is the same as 1/2. When you work with a drawing and make measure-
ments, you can easily locate the fraction in either form on the scale.
Usually, such reductions are necessary only when you are working with
several different dimensions or various fractional units. For reducing frac-
tions in the shop, it is often easiest to divide both the numerator and
denominator by 2. This method will simplify the reduction because all
the fractional units found on shop rules and tapes are divisible by 2:
halves, fourths, eighths, sixteenths, and thirty-seconds. Using this method
may require more than one reduction, but the simplicity of dividing by 2
offsets the time needed to repeat the reduction. Reduction of fractions
will become easier with practice.

To reduce 4/8 in.:

The new fraction is 1/2 in., the lowest form.



Rounding Numbers

When multiplying or dividing numbers, we often get a whole number fol-
lowed by a long decimal fraction. When we divide 10 by 3, for example,
we get 3.3333333. For all practical purposes, we need not lay out weld-
ments to an accuracy greater than the second decimal place. We would
therefore round off this number to 3.33, a dimension that would be easier
to work with in the welding shop.

RULE: When rounding off a number, look at the number to the right
of the last significant place to be used. If this number is less than 5, drop
it and leave the remaining number unchanged. If this number is 5 or
greater, increase the last significant number by 1 and record the new
number.

Round off 15.6549 to the second decimal place:

Because the number in the third place is less than 5, the new number would
be 15.65.

Round off 8.2764 to the second decimal place:

Because the number in the third place is 5 or more, the new number would
be 8.28.

Round off 0.8539 to the third decimal place:

Because the number in the fourth place is 5 or more, the new number would
be 0.854.

Round off 156.8244 to the first decimal place:

Because the number in the second place is less than 5, the new number
would be 156.8.

Converting Fractions to Decimals
From time to time it may be necessary to convert fractional numbers to
decimal numbers. A fraction-to-decimal conversion is needed before
most calculators can be used to solve problems containing fractions,
though some calculators allow the inputting of fractions without convert-
ing them to decimals.

RULE: To convert a fraction to a decimal, divide the numerator (top
number in the fraction) by the denominator (bottom number in the
fraction).

To convert 3/4 to a decimal:

3+4=0.75.
To convert 7/8 to a decimal:
7 + 8 =0.875.

Gonverting Decimals to Fractions

This process is less exact than the conversion of fractions to decimals.
Except for specific decimals, the conversion will leave a remainder unless
a small enough fraction is selected. For example, if you are converting
0.765 to the nearest 1/4 in., 3/4 in. would be acceptable, and this conver-
sion would leave a remainder of 0.015 in. (0.765 - 0.75 = 0.015). If you are
working to a +1/8-in. tolerance, which has up to a 1/4-in. difference from
the minimum to maximum dimensions, a measurement of 3/4 is accep-
table. More accurately, 0.765 can be converted to 49/64 in., a dimension
that would be hard to lay out and impossible to cut using a hand torch.

Fabrication
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RULE: To convert a decimal to a fraction, multiply the decimal by the
denominator of the fractional units desired; that is, for eighths (1/8) use 8,
for fourths (1/4) use 4, and so on. Place the whole number (dropping or
rounding off the decimal remainder) over the fractional denominator used.

To convert 0.75 to fourths:

0.75 x 4 = 3.0 or 3/4.

To convert 0.75 to eighths:

0.75 x 8 = 6.0 or 6/8, which will reduce to 3/4.
To convert 0.51 to fourths:

0.51 x 4 = 2.04 or 2/4, which will reduce to 1/2.
To convert 0.47 to eighths:

0.47 x 8 = 3.76 or 3/8.

(Note that the 0.76 of the 3.76 is more than 0.5, so it could be rounded
up, giving 4 or 4/8, which will reduce to 1/2.)

Conversion Charts

Occasionally a welder must convert the units used on a drawing to the
type of units used on a layout rule or tape. Fortunately, charts are avail-
able that can easily be used to convert between fractions, decimals, and
metric units, Table 4.2. To use these charts, locate the original dimension
and then look at the dimension in the adjacent column(s) for the new
units required.

To convert 1/16 in. to millimeters:
1/16 in. = 1.5875 mm.

To convert 0.5 in. to a fraction:

0.5 in. = 1/2 in.

To convert 0.375 in. to millimeters:
0.375 in. = 9.525 mm.

To convert 25 mm to a decimal inch:
25 mm = 0.98425 in.

To convert 19 mm to a fractional inch:

19 mm = 3/4 in. (approximately).

Both metric-to-standard conversions and standard-to-metric conver-
sions often result in answers that contain long decimals number strings
and cannot be easily located on the rule or tape. Most of the layout and
fabrication work welders perform will not require such levels of accuracy.
These small decimal fractions, in inches or millimeter scales, represent
such a small difference that they cannot be laid out with a steel rule or
tape. Such small differences can be important to some weldments, but in
these cases some machining is required to obtain that level of accuracy.
Because these small units are not normally included in a layout, they can
be rounded off. Round off millimeter units to the nearest whole number;
for example, 19.050 mm would be 19 mm, 1.5875 mm would be 2 mm,
and so on. Round off decimal inch units to the nearest 1/16-in. fractional
unit; for example, 0.47244 in. would become 0.5 in. (1/2"), and 0.23622
in. would become 0.25 in. (1/4”). In both cases of rounding, the whole
number obtained is well within most welding layout and fabrication
drawing tolerances, which are usually +1/16 in. or £1/8 in.



Fabrication 107

Table 4.2 Conversion of Decimal Inches to Millimeters and Fractional Inches to Decimal Inches and Millimeters

Inches dec
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.10
0.11
0.12
0.13
0.14
0.15
0.16
0.17
0.18
0.19
0.20
0.21
0.22
0.23
0.24
0.25
0.26
0.27
0.28
0.29
0.30
0.31
0.32
0.33
0.34
0.35
0.36
0.37
0.38
0.39
0.40
0.41
0.42
0.43
0.44
0.45
0.46
0.47
0.48
0.49
0.50

mm

0.2540
0.5080
0.7620
1.0160
1.2700
1.5240
1.7780
2.0320
2.2860
2.5400
2.7940
3.0480
3.3020
3.5560
3.8100
4.0640
4.3180
4.5720
4.8260
5.0800
5.3340
5.5880
5.8420
6.0960
6.3500
6.6040
6.8580
7.1120
7.3660
7.6200
7.8740
8.1280
8.3820
8.6360
8.8900
9.1440
9.3980
9.6520
9.9060
10.1600
10.4140
10.6680
10.9220
11.1760
11.4300
11.6840
11.9380
12.1920
12.4460
12.7000

Inches dec
0.51
0.52
0.53
0.54
0.55
0.56
0.57
0.58
0.59
0.60
0.61
0.62
0.63
0.64
0.65
0.66
0.67
0.68
0.69
0.70
0.71
0.72
0.73
0.74
0.75
0.76
0.77
0.78
0.79
0.80
0.81
0.82
0.83
0.84
0.85
0.86
0.87
0.88
0.89
0.90
0.91
0.92
0.93
0.94
0.95
0.96
0.97
0.98
0.99
1.00

mm
12.9540
13.2080
13.4620
13.7160
13.9700
14.2240
14.4780
14.7320
14.9860
15.2400
15.4940
15.7480
16.0020
16.2560
16.5100
16.7640
17.0180
17.2720
17.5260
17.7800
18.0340
18.2880
18.5420
18.7960
19.0500
19.3040
19.5580
19.8120
20.0660
20.3200
20.5740
20.8280
21.0820
21.3360
21.5900
21.8440
22.0980
22.3520
22.6060
22.8600
23.1140
23.3680
23.6220
23.8760
24.1300
24.3840
24.6380
24.8920
25.1460
25.4000

frac
1/64

1/32
3/64
1/16
5/64
3/32
7/64
1/8
9/64
5/32
11/64
3/16
13/64
7/32
15/64
1/4
17/64
9/32
19/64
5/16
21/64
11/32
23/64
3/8
25/64
13/32
27/64
7/16
29/64
15/32
31/64
1/2

Inches

dec
0.015625

0.031250
0.046875
0.062500
0.078125
0.093750
0.109375
0.125000
0.140625
0.156250
0.171875
0.187500
0.203125
0.218750
0.234375
0.250000
0.265625
0.281250
0.296875
0.312500
0.328125
0.343750
0.359375
0.375000
0.390625
0.406250
0.421875
0.437500
0.453125
0.468750
0.484375
0.500000

mm
0.3969

0.7938
1.1906
1.5875
1.9844
2.3812
2.7781
3.1750
3.5719
3.9688
4.3656
4.7625
5.1594
5.5562
5.9531
6.3500
6.7469
7.1438
7.5406
7.9375
8.3344
8.7312
9.1281
9.5250
9.9219
10.3188
10.7156
11.1125
11.5094
11.9062
12.3031
12.7000

frac
33/64

17/32
35/64
9/16
37/64
19/32
39/64
5/8
41/64
21/32
43/64
11/16
45/64
23/32
47/64
3/4
49/64
25/32
51/64
13/16
53/64
27/32
55/64
7/8
57/64
29/32
59/64
15/16
61/64
31/32
62/64
1

Inches

dec
0.515625

0.531250
0.546875
0.562500
0.578125
0.593750
0.609375
0.625000
0.640625
0.656250
0.671875
0.687500
0.703125
0.718750
0.734375
0.750000
0.765625
0.781250
0.796875
0.812500
0.828125
0.843750
0.859375
0.875000
0.890625
0.906250
0.921875
0.937500
0.953125
0.968750
0.984375
1.000000

mm
13.0969

13.4938
13.8906
14.2875
14.6844
15.0812
15.4781
15.8750
16.2719
16.6688
17.0656
17.4625
17.8594
18.2562
18.6531
19.0500
19.4469
19.8437
20.2406
20.6375
21.0344
21.4312
21.8281
22.2250
22.6219
23.0188
23.4156
23.8125
24.2094
24.6062
25.0031
25.4000
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Using the rounding-off method with the conversion chart makes the
converted units easier to locate on rules and tapes.

To convert 1/2 in. to millimeters:
1/2 in. = 13 mm.
To convert 0.625 in. to millimeters:
0.625 in. = 16 mm.
To convert 2 3/4 in. to millimeters:
2 x 25.4 =508
3/4 =19.0

- 69.8 rounded to 70 mm.
To convert 5.5 in. to millimeters:
5 x 25.4 =127.0
0.5 =120

- 139.7 rounded to 140 mm.
To convert 10 mm to fractional inches:
10 mm = 3/8 in.
To convert 14 mm to decimal inches:
14 mm = 0.5625 in.
To convert 300 mm to fractional inches:
300 + 25.4 = 11.81 in. rounded to 11 13/16 in.
To convert 240 mm to decimal inches:
240 + 25.4 = 9.44 in. rounded to 9 7/16 in.

Module 3 ‘n mvn“T

Key Indicator 1, 3 The fabrication of parts may require that the welder lay out lines and
locate points for cutting, bending, drilling, and assembling. Lines may
be marked with a soapstone or a chalkline, scratched with a metal scribe,
or punched with a center punch. If a piece of soapstone is used, it should be
sharpened properly to increase accuracy, Figure 4.5. A chalk line will make a
long, straight line on metal and is best used on large jobs, Figure 4.6. Both
the scribe and punch can be used to lay out an accurate line, but the

STRAIGHTEDGE

,—SOAPSTONE —\

7 —>Il«<— ERROR
DISTANCE Figure 4.6A Chalk lines
Pull the chalk line tight and then snap it
Figure 4.5 Proper method of sharpening a soapstone Source: Courtesy of Larry Jeffus
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Figure 4.6C Chalk line reel
Source: Courtesy of Larry Jeffus

Figure 4.6B Chalk lines
Check that the line is dark enough to be clearly visible

Source: Courtesy of Larry Jeffus

punched line is easier to see when cutting. A punch can be held as shown
in Figure 4.7, with the tip just above the surface of the metal. When the
punch is struck with a lightweight hammer, it will make a mark. If you
move your hand along the line and strike the punch in rapid succession, it
will leave a series of punch marks for the cut to follow.

Always start a layout as close to a corner of the material as possible.
By starting in a corner or along the edge, you can take advantage of the
preexisting cut as well as reduce wasted material.

It is easy to cut the wrong line. In welding shops one person may lay
out the parts and another make the cuts. Even when one person does
both jobs, it is easy to cut the wrong line, either because of the restricted
view through cutting goggles or because of the large number of lines on a
part. To avoid making a cutting mistake, always identify whether lines are
being used for cutting, for locating bends, as drill centers, or as assembly
locations. The lines not to be cut may be marked with an X, or they may
be identified by writing directly on the part. Mark the side of the line that
is scrap so that when the kerf is removed from that side the part will be
the proper size, Figure 4.8. Any lines that have been used for constructing

—

Figure 4.7 Punches
Holding the punch slightly above the surface allows the punch to Figure 4.8 Identifying layout lines to avoid mistakes during
be struck rapidly and moved along a line to mark it for cutting cutting
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Key Indicator 1, 3

the actual layout line or to locate points for drilling or are made in error
must be erased completely or clearly marked to avoid confusion during
cutting and assembly.

Some shops have their own shorthand methods for identifying layout
lines, or you can develop your own system. Failure to develop and use a
system for identifying lines will eventually result in a mistake. In a weld-
ing shop you will find only people who have made the wrong cut and
people who will make the wrong cut. When it does happen, check with
the welding shop supervisor to see what corrective steps can be taken.
One advantage for most welding assemblies is that many cutting errors
can be repaired by welding. Prequalified procedures are often established
for just such an event, so check before deciding to scrap the part.

The process of laying out a part may be affected by the following
factors:

e material shape—Figure 4.9 lists the most common metal shapes
used for fabrication. Flat stock such as sheets and plates is easiest
to lay out, and pipes and round tubing are the most difficult
shapes to work with.

e part shape—Parts with square and straight cuts are easier to lay out
than are parts with angles, circles, curves, and irregular shapes.

e tolerance—The smaller or tighter the tolerance that must be
maintained, the more difficult the layout.

o nesting—The placement of parts together in a manner that will
minimize the waste created is called nesting.

Parts with square or straight edges are the easiest to lay out. Simply
measure the distance and use a square or straight edge to lay out the line
to be cut, Figure 4.10. Straight cuts that are to be made parallel to an
edge can be drawn by using a combination square and a piece of soap-
stone or scriber. Set the combination square to the correct dimension
and drag it along the edge of the plate while holding the soapstone or
scriber at the end of the combination square’s blade, Figure 4.11.

PRACTIGE 4-1

Layout Square, Rectangular, and Triangular Parts

Using a piece of metal or paper, soapstone or pencil, tape measure,
and square, lay out the parts shown in Figure 4.12. The parts must be
laid out within +1/16 in. of the dimensions. Convert the dimensions into
S.I. metric units of measure.

Complete a copy of the Student Welding Report in Appendix I or pro-
vided by your instructor. =

PRACTICE 4-2

Laying Out Circles, Arcs, and Curves

Circles, arcs, and curves can be laid out using either a compass or a cir-
cle template, Figure 4.13. The diameter is usually given for a hole or round
part, and the radius is usually given for arcs and curves, Figure 4.14. The
center of the circle, arc, or curve may be located using dimension lines
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SLIDE
LINE
PARALLEL
TO EDGE
< K

Figure 4.10 Using a square to draw a straight line
Source: Courtesy of Larry Jeffus

Figure 4.11 Using a combination square to lay out a strip
of metal

and center lines. Curves and arcs that are to be made tangent to another
line may be dimensioned with only their radiuses, Figure 4.14.

Using a piece of metal or paper, soapstone or pencil, tape measure,
compass, or circle template and square, lay out the parts shown in

8" 10"
RN ;
i l
i.. Y
5" 1 1 T
<1 > 34 1
9"
'
5 > |
i 2"

45°

Figure 4.12 Layout parts for Practice 4-1



Figure 4.13A Circle template

Source: Courtesy of Timely Products Co., Inc.

Fabrication

GEAR MESH

ADJUSTING
SCREW

ONE LEG
REMOVABLE
TO ADD AN
EXTENSION

REMOVABLE
NEEDLE
POINT

Figure 4.13B Compass
Source: Courtesy of J. S. Staedtler, Inc.

Figure 4.15. The parts must be laid out within +1/16 in. of the dimen-
sions. Convert the dimensions into S.I. metric units of measure.

Complete a copy of the Student Welding Report in Appendix I or pro-
vided by your instructor. =

Laying out parts so that the least amount of scrap is produced is impor-
tant. Odd-shaped and unusually sized parts often produce the largest
amount of scrap. Computers can be used to lay out nested parts with a
minimum of scrap. Some computerized cutting machines can also be
programmed to nest parts.

Manual nesting of parts may require several tries at laying out the
parts to achieve the least possible scrap.

PRACTICE 4-3
Nesting Layout

Using metal or paper that is 8 1/2 in. x 11 in., soapstone or pencil,
tape measure, and square, lay out the parts shown in Figure 4.16 in a
manner that results in the least scrap. Assume a 0-in. kerf width. Use as
many 8 1/2-in. x 11-in. pieces of stock as necessary to produce the parts

T Module 3
Key Indicator 1, 3
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using your layout. The parts must be laid out within +1/16 in. of the
dimensions. Convert the dimensions into S.I. metric units of measure.

Complete a copy of the Student Welding Report in Appendix I or pro-
vided by your instructor. =

PRACTIGE 4-4

Bill of Materials

Using the parts laid out in Practice 4-3 and paper and pencil, fill out
the bill of materials form shown in Table 4.3.

Complete a copy of the Student Welding Report in Appendix I or pro-
vided by your instructor. =

Kerf Space

Because all cutting processes, except shearing, produce a kerf, this space
must be included when parts are laid out side by side. The kerf is the
space created as material is removed during a cut. The width of a kerf
varies depending on the cutting process used. Of the cutting processes
used in most shops, the metal saw produces one of the smallest kerfs
and the hand-held oxyfuel cutting torch can produce one of the widest.

When only one or two parts are being cut, the kerf width may not
need to be added to the part dimension. This space may be taken up
during assembly by the root gap required for a joint. If a large number
of parts are being cut out of a single piece of stock, the kerf width
can add up and increase the stock required for cutting out the parts,
Figure 4.17.

PRAGTICE 4-5
Allowing Space for the Kerf

Using a pencil, 8 1/2-in. x 11-in. paper, measuring tape or rule, and
square, lay out four rectangles 2 1/2 in. x 5 1/4 in. down one side of the
paper, leaving 3/32 in. for the kerf.

Two ways can be used to provide for the kerf spacing. One method is
to draw a double line on the side of the part where the kerf is to be
made, Figure 4.18. The other way is to lay out a single line and place an
X on the side of the line on which the cut is to be made, Figure 4.19.

Table 4.3 Bill of Materials Form

Part Number Required Type of Material Size
Standard Units S. I. Units
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12" 12" 12" 12"

Figure 4.17 Kerf
Because of the kerf, an additional 1/2 in. of stock would be required to make these five 1-ft pieces

X

X
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X
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X X

X

X
X X

Figure 4.18 Kerf is made between the lines Figure 4.19 Xs mark the side of the line on which

the kerf is to be made

Note that no kerf space need be left along the sides made next to the
edge of the paper or next to the scrap. What is the total length and
width of material needed to lay out these four parts?

Complete a copy of the Student Welding Report in Appendix I or pro-
vided by your instructor. =

Parts can be laid out by tracing either an existing part or a template,
Figure 4.20. When using either process, be sure the line you draw is
made as tight as possible to the part's edge, Figure 4.21. The inside
edge of the line is the exact size of the part. Make the cut on the line or
to the outside so that the part will be the correct size once it is cleaned
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Figure 4.20A Tracing a part

Source: Courtesy of Larry Jeffus

Figure 4.21 Using a soapstone

Figure 4.20B Using a straight edge to make a line

Source: Courtesy of Larry Jeffus

PATH OF TORCH

T paRT —

Figure 4.22 Turning out into scrap to make stopping and
starting points smoother

Be sure that the soapstone is held tightly into the part being traced

Source: Courtesy of Larry Jeffus

up, Figure 4.22. Sometimes a template is made of a part. Templates are
useful if the part is complex and needs to fit into an existing weldment.
They are also helpful when a large number of the same part are to be
made or when the part is only occasionally used. The advantage of
using templates is that once the detailed layout work is completed,
exact replicas can be made anytime they are needed. Templates can be
made out of heavy paper, cardboard, wood, sheet metal, or other appro-
priate material. The sturdier the material, the longer the template will
last.

Special tools have been developed to aid in laying out parts; one such
tool is the contour marker, Figure 4.23. These markers are highly accurate
when properly used, but they do require a certain amount of practice. A
user familiar with this tool can lay out a huge variety of joints (within the
limits of the tool being used). One advantage of tools like the contour
marker is that all sides of a cut in structural shapes and pipe can be
laid out from one side without relocating the tool, Figure 4.24.



Figure 4.23 Pipe lateral being laid out with contour marker
Source: Courtesy of Larry Jeffus

CUTTING
LINE

Figure 4.24 Layout for structural shapes

MATERIAL SHAPES

Metal stock can be purchased in a wide variety of shapes, sizes, and
materials. Weldments may be constructed from combinations of material
shapes and sizes. Only a single type of metal is used in most weldments,
unless a special property such as corrosion resistance is required. In such
cases dissimilar metals may be joined into the fabrication wherever they
are needed. The most common metal used is carbon steel, and the most
common shapes used are plate, sheet, pipe, tubing, and angles.

Plate is usually 3/16 in. (4.7 mm) or thicker and measured in inches
and fractions of inches. Plates are available in widths from 12 in. (305
mm) up to 96 in. (2438 mm) and lengths from 8 ft (2.4 m) to 20 ft
(6 m). Thickness ranges up to 12 in. (305 mm).

Sheets are usually 3/16 in. (4.7 mm) or less and measured in gauge or
decimals of an inch. Several different gauge standards are used. The two
most common are the Manufacturer’s Standard Gauge for Sheet Steel,
used for carbon steels, and the American Wire Gauge, used for most non-
ferrous metals, such as aluminum and brass.

Pipe is dimensioned by its diameter and schedule, or strength. Pipe that
is smaller than 12 in. (305 mm) is dimensioned by its inside diameter, and

Fabrication
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Figure 4.25 Inside diameter (ID) and outside
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Figure 4.26 Specifications for sizing angles

the outside diameter is given for pipe that is 12 in. (305 mm) in diameter
and larger, Figure 4.25. The strength of pipe is given as a schedule. Sche-
dules 10 through 180 are available; schedule 40 is often considered a stan-
dard strength. The wall thickness for pipe is determined by its schedule
(pressure range). The larger the diameter of the pipe, the greater its area.
Pipe is available in welded (seamed) and extruded (seamless) forms.

Tubing sizes are always given as the outside diameter. The desired
shape of tubing, such as square, round, or rectangular, must be listed
with the ordering information. The wall thickness of tubing is measured
in inches (millimeters) or as Manufacturer’s Standard Gauge for Sheet
Metal. Tubing should also be specified as rigid or flexible. The strength
of tubing may also be specified as the ability of tubing to withstand com-
pression, bending, or twisting loads.

Angles, sometimes referred to as angle iron, are dimensioned by giv-
ing the length of the legs of the angle and their thickness, Figure 4.26.
Stock lengths of angles are 20 ft, 30 ft, 40 ft, and 60 ft (6 m, 9.1 m, 12.2
m, and 18.3 m).

ASSEMBLY

The assembly process, bringing together all the parts of the weldment,
requires proficiency in several areas. You must be able to read the drawing
and interpret the information provided there to properly locate each part.
An assembly drawing has the necessary information, both graphically and
dimensionally, to allow the various parts to be properly located as part of
the weldment. If the assembly drawing includes either pictorial or exploded
views, this process is much easier for the beginning assembler; however,
most assembly drawings are given as two, three, or more orthographic
views, Figure 4.27. Orthographic views are more difficult to interpret until
you have developed an understanding of their various elements.

On very large projects such as buildings or ships, a corner or center-
line is established as a baseline. This is the point where all measurements
for part location begin. With smaller weldments, a single part may be
selected as a starting point. Often, the selection of the base part is auto-
matic because all other parts are to be joined to this central part. On
other weldments, however, the selection of a base part is strictly up to the
assembler.
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ORTHOGRAPHIC
VIEW

Figure 4.27 Types of drawings that can be used to show a
weldment assembly

Select the largest or most central part to be the base for your assem-
bly. All other parts will then be aligned to this one part. Using a base also
helps to prevent location and dimension errors. Otherwise, a slight mis-
alignment of one part, even within tolerances, will be compounded by
the misalignment of other parts, resulting in an unacceptable weldment.
Using a baseline or base part will result in a more accurate assembly.

Identify each part of the assembly and mark each piece for future
reference. If it helps, you can hold the parts together and compare their
orientation to the drawing. Locate points on the parts that can be easily
identified on the drawing, such as holes and notches, Figure 4.28. Now

4

O/

Figure 4.28 Identifying unique points to aid in assembly
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Figure 4.30 C-clamp being used to hold plates for tack welding

Figure 4.29 Layout markings to help locate the parts for tack  Source: Courtesy of Mike Gelleman
welding

mark the location of these parts—top, front, or other orientation—so you
can locate them during assembly.

Layout lines and other markings can be made on the base to locate
other parts. Using a consistent method of marking helps prevent mis-
takes. One method is to draw parallel lines on both parts where they
meet, Figure 4.29.

After the parts have been identified and marked, they can be either
held by hand or clamped into place. Holding the parts in alighment by
hand for tack welding is fast, but it often leads to errors and thus is not
recommended for beginning assemblers. Experienced assemblers recog-
nize that clamping the parts in place before tack welding is a much more
accurate method, Figure 4.30.

ASSEMBLY TOOLS
Clamps

A variety of clamps can be used to temporarily hold parts in place so that
they can be tack welded.

e C-clamps, among the most commonly used types, come in a vari-
ety of sizes, Figure 4.31. There are C-clamps specifically designed
for welding. Some of these clamps have a spatter cover over the
screw, and others have screws made of spatter-resistant materials
such as copper alloys.

e Bar clamps are useful for clamping larger parts. Bar clamps have a
sliding lower jaw that can be positioned against the part before
tightening the screw clamping end, Figure 4.32. They are available
in a variety of lengths.

o Pipe clamps are very similar to bar clamps. The advantage of pipe
clamps is that the ends can be attached to a section of standard
1/2-in. pipe. This feature allows for greater flexibility in the length of
the clamp, and the pipe can easily be changed if it becomes damaged.



Figure 4.31 C-clamps
Source: Courtesy of Larry Jeffus
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Figure 4.32 Bar clamps

Source: Courtesy of Woodworker’s Supply Inc.

e Locking pliers are available in a range of sizes with a number of jaw
designs, Figure 4.33. Their versatility and gripping strength make
locking pliers very useful. Some locking pliers have a self-adjusting
mechanism that allows them to be moved between parts of different
thicknesses without the need to readjust them.

o Camv-lock clamps, also known as foggle clamps, are specialty
clamps that are often used in conjunction with a jig or a fixture.
They can be preset, allowing for faster work, Figure 4.34.

e Specialty clamps such as those for pipe welding, Figure 4.35, are
available for many different types of jobs. Such specialty clamps
make it possible to do faster and more accurate assembling.

Figure 4.33 Three common types of locking jaw pliers
Source: Courtesy of Larry Jeffus

D g

Figure 4.34 Toggle clamps
Source: Courtesy of Woodworker's Supply Inc.
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Figure 4.35A Pipe alignment clamps and level

Source: Courtesy of Larry Jeffus

Figure 4.35B Pipe alignment clamp

Source: Courtesy of Larry Jeffus

Figure 4.35C Pipe gap adjustment tool
Source: Courtesy of Larry Jeffus

Fixtures

Fixtures are devices made to aid in assemblies and the fabrication of
weldments. When a number of similar parts are to be made, fixtures are
helpful. They can increase speed and accuracy in the assembly of parts.
Fixtures must be strong enough to support the weight of the parts, be
able to withstand the rigors of repeated assemblies, and remain within
tolerance. They may have clamping devices permanently attached to
speed up their use. Often, locating pins or other devices are used to
ensure proper part location. A well-designed fixture allows adequate
room for the welder to make the necessary tack welds. Some parts are
left in the fixture throughout the welding process to reduce distortion.
Making fixtures for every job is cost prohibitive and unnecessary for a
skilled assembler.




FITTING

Not all parts fit exactly as they were designed to. There may be slight
imperfections in cutting or distortion of parts as a result of welding, heat-
ing, or mechanical damage. Some fitting problems can be solved by
grinding away the problem area. Hand grinders are most effective for
this type of defect, Figure 4.36. Other situations may require that the
parts be forced into alignment.

A simple way of correcting slight alignment problems is to make a
small tack weld in the joint and then use a hammer and possibly an
anvil to pound the part into place, Figure 4.37. Small tacks applied in
this way become part of the finished weld. Be sure not to strike the part
in a location that will damage the surface and render the finished part
unsightly or unusable.

Greater aligning force can be applied using cleats or dogs with wedges
or jacks. Cleats or dogs are pieces of metal that are temporarily attached
to the weldment’s parts to enable them to be forced into place. Jacks will
do a better job if the parts must be moved more than about 1/2 in.
(13 mm), Figure 4.38. Anytime cleats or dogs are used, they must be
removed and the area ground smooth.

Some codes and standards do not allow cleats or dogs to be welded to
the base metal. In these cases more expensive and time-consuming fix-
tures must be constructed to help align the parts if needed.
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Never operate a hand grinder
without the safety guard and
eye protection.
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HAMMER
\
BACKING
STRIP
TACK WELD
ANVIL
Figure 4.36 Abrasive grinding disk Figure 4.37 Using a hammer to align the backing strip and
Abrasive grinding disk can be used to grind a (A) weld or a (B) weld plates

groove
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CLEAT OR DOG

Figure 4.38 Alignment
(A) Cleat and wedge used in alignment and (B) hydraulic jack realignment

TACK WELDING

Tack welding is a temporary method of holding the parts in place until
they can be completely welded. Usually, all of the parts of a weldment
should be assembled before any finishing welding is started. This will
help reduce distortion. Tack welds must be strong enough to withstand
any pounding or forcing during assembly and any forces caused by weld
distortion during final welding. They must also be small enough to be
incorporated into the final weld without causing a discontinuity in its
size or shape, Figure 4.39.

Tack welds must be made with an appropriate filler metal, in accor-
dance with the welding procedure. They must be located well within the
joint so that they can be fused again during the finish welding. Posttack
welding cleanup is required to remove any slag or impurities that may
cause flaws in the finished weld. Sometimes the ends of a tack weld
must be ground down to a taper to improve their tie-in to the finished
weld metal.

A good tack weld is one that does its job by holding parts in place yet
is undetectable in the finished weld.
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Figure 4.39 Tack welds
Make tack welds as small as possible

WELDING

Good welding requires more than just filling up the joints with metal.
The order and direction in which welds are made can significantly affect
distortion in the weldment. Generally, welding on an assembly should be
staggered from one part to another. This allows both the welding heat
and welding stresses to dissipate.

Keep the arc strikes in the welding joint so that they will be remelted
as the weld is made. This will make the finished weldment look neater
and reduce postweld cleanup. Some codes and standards do not allow
arcs to be made outside of the welding joint.

V /
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When using a portable grinder,
be sure that it is properly
grounded and that the sparks
will not fall on others, cause
damage, or start a fire. Always
maintain control to prevent the
stone from catching and goug-
ing the part or yourself.

Be sure that any stone or sand-
paper used is rated for a speed
in revolutions per minute (RPM)
that is equal to or greater than
the speed of the grinder itself.
Using a stone with a lower-
rated RPM can result in its fly-
ing apart with an explosive
force.

Striking the arc in the correct location on an assembly is more difficult
than working on a welding table, because you will often be in an awk-
ward position. Several techniques will help you improve your arc starting
accuracy. You can use your free hand to guide the electrode or weld gun
in to the correct spot. Resting your arm, shoulder, or hip against the
weldment can also help. It is sometimes helpful to practice starting the
weld with the power off.

Be sure that you have enough freedom of movement to complete the
weld joint. Check to see that your welding leads will not snag on anything
that would prevent you from making a smooth weld. If you are welding
out of position, be sure that welding sparks will not fall on you or other
workers. If the weldment is too large to fit into a welding booth, portable
welding screens should be used to protect other workers in the area from
sparks and welding light.

Follow all safety and setup procedures for the welding process. Prac-
tice the weld to be sure that the machine is set up properly before start-
ing on the weldment.

Depending on the size of the shop, the welder may be responsible for
some or all of the finish work, from chipping, cleaning, or grinding the
welds to applying paint or other protective surfaces.

Grinding of welds should be avoided if possible by properly sizing the
weld as it is made. Grinding can be an expensive process, adding signifi-
cant cost to the finished weldment. Sometimes it is necessary to grind for
fitting purposes or for appearance, but even in these cases grinding
should be minimized if possible.

Most grinding is done with a hand angle grinder, Figure 4.40. These
grinders can be used with a flat or cupped grinding stone or sandpaper.
As the grinder is used, the stone wears down, and it must be discarded
once it has worn down to the paper backing. It is a good practice to hold
the grinder at an angle so that if anything is thrown off the stone or metal

Figure 4.40 Wire brushes and grinding stones used to clean up welds
Source: Courtesy of Larry Jeffus



surface, it will not strike you or others in the area. Because of the speed
of the grinding stone, any such impact can cause serious injury.

The grinder must be held securely so that there is a constant pressure
on the work. If the pressure is too great, the grinder motor will overheat
and may burn out. If the pressure is too light, the grinder may bounce,
which could crack the grinding stone. Move the grinder in a smooth
pattern along the weld. Watch the weld surface as it begins to take the
desired shape and change your pattern as needed.

Painting and other finishes release fumes such as volatile organic
compounds (VOCs), which are often regulated by local, state, and
national governments. Special ventilation is required for most paints. A
ventilation system should remove harmful fumes from the air before the
air is released back into the environment. Check with your local, state, or
national regulating authority before using such finishing products. Read
and follow all the manufacturer’s instructions for the safe use of its
product.

SUMMARY

Interpreting plans and joint designs is essential for the welder to recog-
nize and follow simple as well as detailed instructions about a weldment
in the shop or in the field. In this way you can work independently and
require less supervision on the job. Engineers and designers from around
the world may produce the plans, drawings, and sketches you will use on
the job. A strong grasp of whole numbers, fractions, and decimals and
the ability to convert them back and forth will allow the welder to quickly
and accurately produce weldments from plans received from different
sources.

1. Why do some parts have + tolerances?

2. What is the rule that must be followed for adding or subtracting
fractions?

3. Reduce the following fractions to their lowest denominator: 4/8,
16/32, 8/32, 10/16, 12/8, 8/4, and 10/2.

4. Round off the following numbers to two decimal places: 38.973,
7.976, 0.0137, 100.062, and 12.124.

5. Convert the following fractions to decimal equivalents: 1/2, 3/8, 9/16,
11/32, 15/16, and 1/32.

6. Convert the following decimals to the appropriate fractional units:
0.25 to fourths, 0.375 to eighths, 0.956 to sixteenths, 0.79 to fourths,
and 1.29 to thirty-seconds.

7. Using the conversion chart in Table 4.2, convert the following
standard dimensions to metric units: 1/8 in., 5/32 in., 11/16 in., 7/8
in., and 1 9/16 in.

8. Using the conversion chart in Table 4.2, convert the following metric
dimensions to standard fractional units: 6.35 mm, 19.05 mm, 12.7
mm, 24.6062 mm, and 42.0688 mm.
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Most paints are flammable and
must be stored well away from
any welding.
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.

21.
22.

23.

. Using the conversion chart in Table 4.2, convert the following metric

dimensions to the nearest standard fractional units +1/16 in.: 13 mm,
16 mm, 5 mm, 22 mm, and 3 mm.

How can layout lines be drawn on a metal surface?

Why should some layout lines be marked with an X?

How would a small or tight tolerance affect the layout?

How can circles, arcs, and curves be laid out?

Which cutting process does not produce a kerf space?

What can a template be made of?

What is the difference between plate and sheet material?

Why should you identify one part for assembly as the base?

What makes some C-clamps better for use in welding than others?
What precautions should be taken if a hammer is used to shift a part
into alignment?

Why should the entire weldment be assembled and tack welded in
place before finished welding is started?

Why is it important not to strike the arc outside of the weld joint?
What can happen if a grinding stone with a lower-rated RPM than
the grinder is used?

Can an accurate and comprehensive set of drawings be a communi-
cation tool in intercultural projects?



OBJECTIVES

After completing this chapter, the student should be able to
B distinguish between qualification and certification

B Llist four major considerations for selecting a code or standard
H write a welding procedure specification (WPS)

M identify the three most common codes and describe their major uses
B outline the steps required to certify a weld and welder

M explain how a tentative WPS becomes a certified WPS

B contrast cost differences in various processes and base metals

KEY TERMS

API Standard 1104 procedure qualification welding procedure
ASME Section IX record (PQR) specification (WPS)
AWS D1.1 specification welding schedule
code standard

Key Indicators Addressed in this Chapter:

Module 1: Occupational Orientation

h Key Indicator 1: Prepares time or job cards, reports or records
Key Indicator 4: Follows written details to complete work assignment
Module 3: Drawing and Weld Symbol Interpretation

h Key Indicator 1: Interprets basic elements of a drawing or sketch
Key Indicator 2: Interprets welding symbol information
Key Indicator 3: Fabricates parts from a drawing or sketch
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INTRODUGTION

It is important to know that any weld produced is going to be the best one for

the job. A method is also required to ensure that each weld made in the same
plant or on the same type of equipment in another plant will be of the same
quality.

To meet these requirements various agencies have established codes and
standards. These detailed written outlines explaining exactly how a weld is
to be laid out, performed, and tested have made consistent-quality welds pos-
sible. With the required information, skilled welders in shops all around the
city, state, country, or world can make the same weld to the same level of
safety, strength, and reliability.

A testing procedure to certify the welder ensures that the welder has the
skills to make the weld. Passing a weld test is much easier when all of the
detailed information is provided.

Selecting the code or standard to be used to judge a weld is as important
as having a skilled welder. Not every product welded needs to be manufac-
tured to the same level. The decision on the appropriate code or standard
can be one of the most important aspects of welding fabrication. If the
wrong one is selected, the cost of fabrication can be too high, or the parts
might not stand up to in-service requirements.

For a welding business to operate profitably, the owner or manager must be
able to make cost-effective welding decisions. A number of factors affect the
cost of producing weldments. These factors include the following:

o material

o weld design
o welding processes

e finishing
o labor
e overhead

CODES, STANDARDS, PROGEDURES, AND SPEGIFIGATIONS

A welding code or standard is a detailed listing of the rules or principles
that are to be applied to a specific classification or type of product.

A welding specification is a detailed statement of the legal require-
ments for a specific classification or type of weld to be made on a specific
product. Products manufactured to code or specification requirements
commonly must be inspected and tested to assure compliance.

Codes and specifications are intended to be guidelines only and must
be qualified for specific applications by testing.

A number of organizations publish codes or specifications that cover a
wide variety of welding conditions and applications. The specific code to
be used is determined by the engineers, designers, or various other
requirements:



Welding Codes, Standards, and Cost

o local, state, or federal government regulations—Many government
agencies require that a specific code or standard be followed.

¢ bonding or insuring company—The weld must be shown to be fit
for service requirements as established through testing. A bonding
or insuring company must feel that the product is the safest that
can be produced.

o end-user (customer) requirements—The manufacturer considers
cost and reliability; that is, as stricter standards are applied to the
welding, the cost of the weldments increases. The more lax the
standard, the lower the cost, but also the reliability and possibly
the safety decrease.

o standard industrial practices—The code or standard used is con-
sidered to be the standard one for the industry and has been in use
for some time.

The three most commonly used codes are

o API Standard 1104, American Petroleum Institute—used for pipe-
lines

o ASME Section IX, American Society of Mechanical Engineers—
used for pressure vessels and nuclear components

e AWS D1.1, American Welding Society—used for bridges, buildings,
and other structural steel

The following organizations publish welding codes and/or specifica-
tions. Most can be contacted for additional information and a current
price list either directly or through the Internet.

AAR

Association of American Railroads
50 F Street, NW

Washington, DC 20001-1564
http://www.aar.org

AASHTO

American Association of State Highway and Transportation Officials
444 North Capitol Street, NW, Suite 249

Washington, DC 20001-1539

http://transportationl.org/aashtonew

AIA

Aerospace Industries Association of America
1000 Wilson Boulevard, Suite 1700
Arlington, VA 22209-3928
http://www.aia-aerospace.org

AISC

American Institute of Steel Construction
1 East Wacker Drive, Suite 700

Chicago, IL 60601-1802
http://www.aisc.org

ANSI

American National Standards Institute
25 West 43rd Street

New York, NY 10036-8007
http://webstore.ansi.org
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API

American Petroleum Institute
1220 L Street, NW
Washington, DC 20005-4070
http://www.api.org

AREMA

American Railway Engineering and Maintenance of Way Association
10003 Derekwood Lane, Suite 210

Lanham, MD 20706-4875

http://www.arema.org

ASME

American Society of Mechanical Engineers
3 Park Avenue

New York, NY 10016-5990
http://www.asme.org

AWS

American Welding Society
550 NW LeJeune Road
Miami, FL 33126-5649
http://www.aws.org

AWWA

American Water Works Association
6666 West Quincy Avenue

Denver, CO 80235-3098
http://www.awwa.org

MIL

Department of Defense
Washington, DC 20301-0001
http://www.defenselink.mil

SAE

Society of Automotive Engineers
400 Commonwealth Drive
Warrendale, PA 15086-7511
http://www.sae.org

WELDING PROGEDURE QUALIFICATION
Welding Procedure Specification (WPS)

A welding procedure specification (WPS) is a set of written instructions
by which a sound weld is made. Normally the procedure is written in
compliance with a specific code, specification, or definition.

Welding procedure specification (WPS) is the standard terminology
used by the American Welding Society (AWS) and the American Society
of Mechanical Engineers (ASME). Welding schedule is the standard fed-
eral government, military, or aerospace terminology denoting a WPS. The
shortened term welding procedures is the most common term used by
industry to denote a WPS.
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The WPS lists all of the parameters required to produce a sound weld
to the specific code, specifications, or definition. Specific parameters
such as welding process, technique, electrode or filler, polarity, amper-
age, voltage, preheat, and postheat should be included. The procedure
should list a range or set of limitations on each, such as amps = 110-150,
voltage = 17-22, with the more essential or critical parameters more closely
defined or limited.

The WPS should give enough detail and specific information so that
any qualified welder could follow it and produce the desired weld. The
WPS should always be prepared as a tentative document until it is tested
and qualified.

Qualifying the Welding Procedure Specification

The WPS must be qualified to prove or verify that the values assigned for
the variables—amperage, voltage, filler, etc.—will provide a sound weld.
Sample welds are prepared using the procedure and specifications listed
in the tentative WPS. A record of all the parameters used to produce the
test welds must be kept; be specific for the parameters with limits, such
as voltage and amperage. This information should be recorded on a form
called the procedure qualification record (PQR).

In most cases, the inspection agency, inspector, client, or customer
will request a copy of both the WPS and the PQR before allowing produc-
tion welding to begin.

Qualifying and Certifying

The process of qualifying and then certifying both the WPS and welders
has a number of specific requirements. The requirements may vary from
one code or standard to another, but the general process is the same for
most. Before you invest in the testing required to qualify and certify process
and welders under a code, you must first obtain a copy of the code you
are planning to use. The requirements of codes and standards change
from time to time, and it is important that your copy is the most recent
version.

The following generic schedule lists required activities you might fol-
low when qualifying and certifying the welding process, the welder(s),
and/or the welding operator.

1. A tentative welding procedure is prepared by a person with
knowledge of the process and technique to be used and the code
or specification to be satisfied.

2. Test samples are welded in accordance with the tentative WPS,
and the welding parameters are recorded on the PQR. The test
must be witnessed by an authorized person from an independent
testing lab, the customer, an insurance company, or other individ-
ual(s) as specified by the code or listing agency.

3. The test samples are tested under the supervision of the same
individuals or group who witnessed the test according to the
applicable requirements, codes, or specifications.
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4. If the test samples pass the applicable test, the procedure has
completed qualification. It is then documented as qualified/final-
ized and is released for use in production.

5. If the test samples do not pass the applicable test, the tentative
WPS value parameters are changed wherever feasible. Test sam-
ples are then rewelded and retested to determine whether they
meet applicable requirements. This process is repeated until the
test samples pass applicable requirements and the procedure is fi-
nalized and released.

6. The welder making the test samples to be used in qualifying the
procedure is normally considered qualified and is then certified in
the specific procedure.

7. Other welders to be qualified weld test samples per the WPS, and
the samples are tested according to applicable requirements. If the
samples pass, the welder is qualified to the specific procedure and
certified accordingly.

8. A qualified WPS is usable for an indefinite length of time, usually
until a process considered more efficient for a particular produc-
tion weld is found.

9. The welder’s qualification is normally considered effective for an
indefinite period of time unless the welder is not engaged in the
specific process of welding for which he or she is qualified for a
period of more than six months; then the welder must requalify.
Also a welder will need to requalify if for some reason the qualifi-
cation is questioned.

Figures 5.1 and 5.2 are examples of WPS and PQR test records.

GENERAL INFORMATION

Normally, the format of the WPS is not dictated by the code or specifica-
tion. Any format is acceptable provided it lists the parameters or variables
(essential or nonessential, amps, volts, filler identification, etc.) listed by
the code or specification. Most codes or specifications appear in an
acceptable or recommended format.

Ideally, the WPS should include all of the information required to
make the weld. A welder should be able to take the WPS without addi-
tional instructions and produce the weld. To this end, it is often a good
idea to include supplementary information with the WPS. The informa-
tion might be basic instructions for the process. With some WPSs you
might include several pages as attachments to give the welder a review
of the setup, operation, testing, inspecting, etc., that will help to ensure
accuracy and uniformity in the welds.

Essential variables are those parameters where a change is considered
to affect the mechanical properties of the weldment to the point of
requiring requalification of the procedure. Nonessential variables are
those parameters where a change can be made without requiring requal-
ification of the procedure. However, a change in nonessential variables
usually requires a revision to be made.

There are large differences among various codes. The AWS D1.1,
Structural Welding Code Steel, allows some prequalified weld joints for
specific processes (SMAW, SAW, FCAW, and GMAW). A written procedure
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WELDING PROCEDURE SPECIFICATION (WPS)

Welding Procedures Specifications No: Date:
TITLE:

Welding of to
SCOPE:

This procedure is applicable for

within the range of through

Welding may be performed in the following positions

BASE METAL:
The base metal shall conform to

Backing material specification

FILLER METAL:
The filler metal shall conform to AWS classification No. from AWS

specification . This filler metal falls into F-number

and A-number

SHIELDING GAS:
The shielding gas, or gases, shall conform to the following compositions and purity:

JOINT DESIGN AND TOLERANCES:

PREPARATION OF BASE METAL:

ELECTRICAL CHARACTERISTICS:
The current shall be

The base metal shall be on the side of the line.

PREHEAT:

BACKING GAS:

SAFETY:

WELDING TECHNIQUE:
INTERPASS TEMPERATURE:
CLEANING:

INSPECTION:

REPAIR:

SKETCHES:

BEND TEST: Specimen preparation
Acceptance criteria for bend test:

Figure 5.1 Welding procedure specification (WPS)
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PROCEDURE QUALIFICATION RECORD (PQR)

Welding Qualification Record No: (1) WPS No: 2 Date: (3)
Material specification (4) to
P-No. (5) to P-No. Thickness and O.D. (6)
Welding process: Manual (7) Automatic (8)
Thickness Range 9)
Filler Metal
Specification No. (10) Classification (11) F-number (12)
A-number (13) Filler Metal Size (14) Trade Name (15)
Describe filler metal (if not covered by AWS specification) (16)
Flux or Atmosphere

Shielding Gas (17) Flow Rate (18) Purge (19)
Flux Classification (20) Trade Name (21)

Welding Variables
Joint Type (22) Position (29)
Backing (23) Preheat (30)
Passes and Size (24) Bead Type (31)
No. of Arcs (25) Current (32)
Ampere (26) Volts (33)
Travel Speed (27) Oscillation (34)
Interpass Temperature Range (28)

Weld Results

Appearance (35) Weld Size (36)

Guided Bend Test

Type Result Type Result
(37) (38)
Tensile Test
Dimensions Ultimate Ultimate Character
Specimen Width/ Total Unit of Failure
No. Thickness Area Load, Ib. Stress, psi. And Location
(39) (40) 41) (42) (43) (44)
Welder's Name (45) Identification No. (46) Laboratory Test No.
By virtue of these test meets welder performance requirements.
Test Conducted by (47) Address
per (48) Date (49)
We certify that the statements in this record are correct and that the test
welds performed and tested are in accordance with the WPS
Manufacture (50)
Signed by
Date

Figure 5.2 Procedure qualification record (PQR)
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is required for these joints, but since the procedure is tentative, it does not
require support via a written PQR, Figure 5.3.

The procedure qualification requirements regarding positions for
groove welds in plate differ among codes. Some codes may require a writ-
ten procedure for each position. The ASME Section IX, however, qualifies
a welder for the 1G position when the welder qualifies for 2G, 3G, or 4G.

Ordinarily, the welder must be qualified/certified in accordance with a
specific WPS. The welder’s qualifying test plate may be examined radio-
graphically or ultrasonically rather than through bend-tests. Specific
codes or specifications must be referenced for details of the number of
tensile, bend, or other types of test specimens and tests to be performed.
For example, AWS D1.1 and ASME Section IX do not require a nick-break
test specimen, but API Standard 1104 does require one.

PRAGTICE 5-1

Writing a Welding Procedure Specification

Using the form provided and following the example, Figure 5.3, write
a welding procedure specification. Figure 5.4 is a composite of sample
WPS forms provided in the AWS, ASME, and API codes. You may want
to obtain a copy of one of the codes or standards and compare a weld
you make to the standard. Most of the unique information is provided
in this short outline. Additional information that may be required for
this form can be found in figures in this chapter. You may need to refer
to books 2 or 3 in this series for specific welding process data or to your
notes to establish the actual limits of the welding variables (voltage,
amperage, gas flow rates, nozzle size, etc.).

Note that not all of the blanks will be filled in on the forms: The forms
are designed to be used with a large variety of weld procedures, so they
have spaces that will not be used every time.

1. The WPS number is usually made up following a system established
by the company. This number may include coded information
relating to the date the WPS was written, who wrote it, material or
process data, and so on.

2. Date the WPS was written or effective

3. The welding process(es) that will be used to perform the weld:
SMAW, GMAW, GTAW, and so on

4. The material type and thickness or pipe type and diameter and/or

wall thickness. If all the material or pipe being joined is the same,

then the same information will appear before and after “to.”

. Fillet or groove weld and the joint type: butt, lap, tee, and so on

6. Thickness range qualified or diameter range qualified: for both plate
and pipe, a weld performed successfully on one thickness qualifies a
welder to weld on material within that range. See Table 5.1
(page 143) for a list of thickness ranges.

7. Material position: 1G, 2G, 3G, 4G, 1F, 2F, 3F, 4F, 5G, 6G, 6GR,
Figure 5.5 (page 145)

8. Base metal specification: the ASTM specification for the type and
grade of material, including the P-number, Table 5.2 (page 143).

9. If a backing material is used, its ASTM or other specification
information must be included here.

6]

n Module 1
Key Indicator 1, 4

T7 Module 3
Key Indicator 1, 2
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Figure 5.3 Welding procedure specification (WPS)
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Figure 5.3 Continued

10. Classification number: the standard number found on the electrode
or electrode box, such as E6010, E7018, E316-15, ER70S-3, or E70T-1.

11. Filler metal specification number: the AWS has specifications for
chemical composition and physical properties for electrodes. Some
of these specifications are listed in Table 5.3 (page 144).

12. F-number: a specific grouping number for several classifications of
electrodes with similar composition and welding characteristics.
Table 5.4 (page 144) lists the F-number corresponding to the
electrode used.
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WELDING PROCEDURE SPECIFICATION (WPS)

Welding Procedures Specifications No: (1) Date: (2)

TITLE:
Welding (3) of 4) to 4)

SCOPE:
This procedure is applicable for (5)

within the range of (6) through (6)

Welding may be performed in the following positions (7)

BASE METAL:
The base metal shall conform to (8)

Backing material specification (9)

FILLER METAL.:

The filler metal shall conform to AWS classification No. (10) from AWS
specification (11 . This filler metal falls into F-number (12)
and A-number (13)

SHIELDING GAS:
The shielding gas, or gases, shall conform to the following compositions and purity:
(14)

JOINT DESIGN AND TOLERANCES:
(15)

PREPARATION OF BASE METAL.:

ELECTRICAL CHARACTERISTICS:

The current shall be (17)
The base metal shall be on the (18) side of the line.
PREHEAT: (19)
BACKING GAS: (20)
WELDING TECHNIQUE: (21)
INTERPASS TEMPERATURE: (22)
CLEANING: (23)
INSPECTION: (24)
REPAIR: (25)
SKETCHES: (26)

Figure 5.4 Welding procedure specification (WPS)



Table 5.1 Test Specimens and Range of Thickness Qualified

Plate Thickness (T)
Tested in. (mm)

1/8<T < 3/8*
(81=T<9.5)
3/8 (9.5)
38<T<1
(9.5<T<254)
1 and over
(25.4 and over)

Plate Thickness (T)
Qualified in. (mm)

1/8 to 2T
(8.1 to 2T)
3/4 (19.0)
2T

2T
Unlimited

Unlimited

Welding Codes, Standards, and Cost

Pipe Size of Sample Weld

Diameter in. (mm)
2 (50.8) or
3(76.2)

6 (152.4) or

8 (203.2)

Wall Thickness, T
Sch. 80

Sch. 40

Sch. 120

Sch. 80

Pipe Size Qualified

Diameter in. (mm)

3/4 (19.0) through
4 (101.6)

4 (101.6) and over

Wall Thickness in. (mm)

Minimum 0.063 (1.6) Maximum 0.674 (17.1)

0.187 (4.7) Any

*Thickness (T) is equal to or greater than 1/8 in. (<) and thickness (T) is less than 3/8 in. (<).

Table 5.2 P-Numbers

P-1
P-3
P-4
P-5
P-6
P-7
P-8
P-9
P-10
P-21
P-31
P-41

Type of Material

Carbon steel

Low alloy steel

Low alloy steel

Alloy steel

High alloy steel—predominantly martensitic
High alloy steel—predominantly ferritic
High alloy steel—austenitic

Nickel alloy steel

Specialty high alloy steels

Aluminum and aluminum-base alloys
Copper and copper alloy

Nickel

143



144

CHAPTER 5

Module 1 7
Key Indicator 1, 4

Module 3 7
Key Indicator 1, 2, 3

Table 5.3 Specification Numbers

A5.10 Aluminum—bare electrodes and rods

A5.3 Aluminum—covered electrodes

A5.8 Brazing filler metal

A5.1 Steel, carbon, covered electrodes

A5.20 Steel, carbon, flux cored electrodes

A5.17 Steel-carbon, submerged arc wires and fluxes

A5.18 Steel-carbon, gas metal arc electrodes

A5.2 Steel—oxyfuel gas welding

A5.5 Steel—Ilow alloy covered electrodes

A5.23 Steel—low alloy electrodes and fluxes—submerged arc
A5.28 Steel—low alloy filler metals for gas shielded arc welding
A5.29 Steel—low alloy, flux cored electrodes

Table 5.4 F-Numbers

Group Designation Metal Types AWS Electrode Classification
F1 Carbon steel EXX20, EXX24, EXX27, EXX28
F2 Carbon steel EXX12, EXX13, EXX14

F3 Carbon steel EXX10, EXX11

F4 Carbon steel EXX15, EXX16, EXX18

F5 Stainless steel EXXX15, EXXX16

F6 Stainless steel ERXXX

F22 Aluminum ERXXXX

13. A-number: the classification of weld metal analysis. Table 5.5
(page 146) lists the A-numbers.
14. Shielding gas(es) and flow rate for GMAW, FCAW, or GTAW.

Complete a copy of the Student Welding Report in Appendix I or pro-
vided by your instructor. =

PRACTICE 5-2

Procedure Qualification Record (PQR)

Following the procedure you wrote in Practice 5-1, you are going to
make the weld to see whether your tentative welding procedure and spe-
cification can be certified. Complete a copy of the form provided to
record all of the appropriate information, Figure 5.2

1. The PQR number is usually made up following a system estab-
lished by the company. This number may include coded informa-
tion relating to the product being welded, material or process data,
and the like.

2. The WPS number on which the PQR is based

3. The date on which the welding took place

4. Base metal specification: this is the ASTM specification for the type
and grade of material.
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5. Table 5.2 lists some commonly used metals and their P-numbers.
6. Test material thickness (or) test pipe outside diameter (OD) (and)
wall thickness
7. Manual welding processes are used to qualify a welder. Specify the
process: GMAW, FCAW, SMAW, GTAW, etc.
8. Automatic welding processes are used to qualify a welding opera-
tor. Specify the process: SAW, ESW, etc.
9. Thickness range qualified (or) diameter range qualified: for both
plate and pipe, a weld performed successfully on one thickness
qualifies a welder to weld on material within that range. See
Table 5.1 for a list of thickness ranges.
10. Filler metal specification number: the AWS has specifications for
chemical composition and physical properties for electrodes. Some
of these specifications are listed in Table 5.3.
11. Classification number: this is the standard number found on the
electrode or electrode box, such as E6010, E7018, E316-15, or ER1100.
12. F-number: a specific grouping number for several classifications of
electrodes with similar composition and welding characteristics. See
Table 5.4 for the F-number corresponding to the electrode used.
13. A-number: the classification of weld metal analysis. See Table 5.5
for a list of A-numbers.
14. Give the diameter of electrode used.
15. Give the manufacturer’s identification name or number.
16. List the manufacturer’s chemical composition and physical prop-
erties as provided if the filler metal is not covered by an AWS
specification.
17. Shielding gas or gas mixture for GMAW, FCAW, or GTAW
18. Flow rate in cubic feet per hour (cth)
19. The amount of time that the shielding gas is to flow to purge air
from the welding zone
20. SAW flux classification
21. The manufacturer’s identification name or number for the SAW flux
Table 5.5 A-Number Classification of Ferrous Metals
Analysis
A No. Types of Weld Deposit C % Mn % Si % Mo % Cr % Ni %
1 Mild steel 0.15 16 1.0 - - -
2 Carbon-moly 0.15 1.6 1.0 0.4-0.65 0.5 -
3 Chrome (0.4 to 2%)-moly 0.15 1.6 1.0 0.4-0.65 0.4-2.0 -
4 Chrome (2 to 6%)-moly 0.15 1.6 2.0 0.4-1.5 2.0-6.0 -
5 Chrome (6 to 10.5%)-moly 0.15 1.2 2.0 0.4-15 6.0-10.5 -
6 Chrome-martensitic 0.15 2.0 1.0 0.7 11.0-15.0 -
7 Chrome-ferritic 0.15 1.0 3.0 1.0 11.0-30.0 -
8 Chromium-nickel 0.15 25 1.0 4.0 14.5-30.0 7.5-15.0
9 Chromium-nickel 0.30 2.5 1.0 4.0 25.0-30.0 15.0-37.0
10 Nickel to 4% 0.15 1.7 1.0 0.55 - 0.8-4.0
11 Manganese-moly 0.17 1.25-2.25 1.0 0.25-0.75 - 0.85
12 Nickel-Chrome-moly 0.15 0.75-2.25 1.0 0.25-0.8 1.5 1.25-2.25
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22. Butt, lap, tee, or other joint type

23. Backing strip material specification: this is the ASTM specification
number

24. The number of passes and the size

25. Usually one (1) except for some automatic SAW process that may
use multiple electrodes with multiple arcs

26. The current (in amps) used to make the weld. If the machine being
used for the weld does not have an amp meter, a meter must be
attached to the welding lead, within 2 feet (1.5 m) of the electrode
holder, to get this reading.

27. The travel speed in inches per minute is usually given for machine
or automatic welds.

28. This is the maximum temperature that the base metal is allowed to
reach during the weld. Welding must stop and the part allowed to
cool if this temperature is reached.

29. Test position: 1G, 2G, 3G, 4G, 1F, 2F, 3F, 4F, 5G, 6G, 6GR. See
Figure 5.5.

30. This is the minimum temperature that the base metal must reach
before welding can start.

31. Groove or fillet weld

32. AC, DCEP, or DCEN

33. The voltage is included for all welding processes.

34. The type of electrode movement used when making the weld

35. Visually inspect the weld and record any flaws.

36. Record the legs and reinforcement dimensions. Measure and re-
cord the depth of the root penetration.

37. Four (4) test specimens are used for 3/8-in. or thinner metal. Two
(2) will be root bent and two (2) face bent. For thicker metal all
four (4) will be side bent.

38. Visually inspect the specimens after testing and record any
discontinuities.

39. Identification number that was marked on the specimen

40. Width and thickness of test section of the specimen

41. Cross-sectional area of specimen in the test area

42. The load at which the specimen failed

43. The maximum load divided by the specimen’s original area converts
the ultimate total load for the specimen to the measure of pounds
per square inch (psi) that was required to break the material.

44. The type of failure, whether it was ductile or brittle, and where the
failure occurred relative to the weld

45. Welder’s name: the person who performed the weld

46. Identification number: on a welding job, every person has an
identification number that is used on the time card and paycheck.
In this space, you can write the class number or section number,
since you do not have a clock number.

47. The name of the person who interpreted the results

48. Qualifications of the test interpreter: this is usually a certified
welding inspector or other qualified person.

49. Date the results of the test were completed

50. The name of the company that requested the test

Complete a copy of the Student Welding Report in Appendix I or pro-
vided by your instructor. =
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PLATES VERTICAL; PIPE HORIZONTAL AND ROTATED;
ﬁé'?l?g,ﬂf\t[’ WELD FLAT (+15°). DEPOSIT
PLATES HORIZONTAL FILLER METAL AT OR NEAR THE TOP
@‘.‘ -
15°
A) TEST POSITION 1G B) TEST POSITION 2G (A) TEST POSITION 1G
PLATES
PLATES VERTICAL: HORIZONTAL
AXIS OF WELD
VERTICAL PIPE OR TUBE VERTICAL AND
NOT ROTATED DURING WELDING;
WELD HORIZONTAL (+15°)
C) TEST POSITION 3G (D) TEST POSITION 4G
POSITIONS OF TEST PLATES FOR GROOVE WELDS <7 pp= g4
15 15 B) TEST POSITION 2G I

THROAT OF WELD AXIS OF WELD
VERTICAL HORIZONTAL ﬁ % 15°

AXIS OF WELD

HOSI?ONTAL S PIPE OR TUBE HORIZONTAL FIXED (+15°) AND NOT ROTATED
DURING WELDING. WELD FLAT, VERTICAL, OVERHEAD

(C) TEST POSITION 5G
A) FLAT POSITION 1F

NOTE: ONE PLATE MUST
BE HORIZONTAL. RESTRICTION

B) HORIZONTAL POSITION 2F RING
AXIS OF WELD

VERT'CA'— AXIS OF WELD
HORIZONTAL ™ _ 450 . 450 .
\
PIPE INCLINED FIXED
(45° + 5°) AND NOT TEST WELD

NOTE: ONE PLATE MUST | ROTATED DURING WELDING

BE HORIZONTAL. (E) TESTS POSITION 6GR
(C) VERTICAL POSITION 3F (D) OVERHEAD POSITION 4F (D) TEST POSITION 6G (T, K, ORY CONNECTIONS)
POSITIONS OF TEST PLATES FOR FILLET WELDS POSITIONS OF TEST PIPE OR TUBING FOR GROOVE WELDS

Figure 5.5 Weld positions

WELDING COSTS

Estimating the costs of welding can be a difficult task because of the many
variables involved. One approach is to have a welding engineer specify the
type and size of weld to withstand the loads that the weldment must bear.
Then the welding engineer must select the welding process and filler metal
that will provide the required welds at the least possible cost. This method is
used in large shops, where welding expenditures on a product can range from
a few thousand dollars to well over a million dollars. With competition for
work resulting in small profit margins, each job must be analyzed carefully.
A second approach, used by smaller shops, is to get a price for the mate-
rials and then estimate the production time. Process and filler metal costs
are considered, but little thought is given to the hidden costs of equipment
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depreciation, joint efficiency, power, and so on. With the majority of the
welding jobs in these shops taking from a few hours to a few days, and
with costs ranging from a few hundred dollars to a few thousand dollars,
extensive cost analysis cannot be justified. Detailed estimating may take
more time than the job itself. However, to remain profitable and competi-
tive, some cost estimation is required. Only the costs that a small shop
should consider when estimating a job will be covered in this section.

A number of factors affect welding cost. These factors can be divided into
two broad categories: fixed and variable. Fixed costs are those expenses
that must be paid each and every day, week, month, or year, regardless
of work or production. Examples of fixed costs include rent, taxes, insur-
ance, and advertising spend. Variable costs are those expenses that
change with the quantity of work being produced. Examples of variable
costs include supplies, utilities, labor, and equipment leasing costs.
Expenses within both categories must be considered when making weld-
ing job estimates. These cost areas include the following:

e material cost—The cost of new stock required to produce the weld-
ment is fixed by the supplier. It is often possible to help control
these costs by getting bids from several suppliers and combining as
many jobs as possible to get any discount for bulk purchases.

e scrap cost—Scrap is an inevitable part of any project. Scrap costs a
company in two ways: by wasting expensive resources and by
requiring cleanup and removal. Reducing scrap production through
proper planning will result in a direct saving for any project.

e process cost—The major welding processes (SMAW, GMAW, and
FCAW) differ widely in their cost of equipment, operating supplies,
and production efficiency. SMAW has the lowest initial cost and
has excellent flexibility but also a higher total cost for large jobs.

o filler metal—The cost of filler metal per pound is only a small part
of its actual cost. The major welding processes (SMAW, GMAW,
and FCAW) have widely varying deposition and efficiency rates.

e labor cost—Total labor cost includes wages and benefits.
Insurance, sick leave, vacation, social security, retirement, and
other benefits can range from 25% to 75% of the total labor cost.
Because labor costs are figured on an hourly basis, they can be
controlled only by increasing productivity.

e overhead costs—Overhead costs are often intangible costs related
to doing business. These costs include building rent or mortgage,
advertising, insurance, utilities, taxes, licenses, governmental fees,
accounting, loan payments, and property upkeep.

o finishing cost—Postwelding cleanup, painting, or other finishing
add to the weldment’s final production cost. Many of these finish-
ing processes can produce some level of health hazard, and a
major concern to everyone is the environment. Complying with
local, state, and federal environmental laws can add significantly to
the cost of painting, dipping, and plating. New environmentally
friendly paints, low-pressure spray guns, and water-based products
are a few of the advances in finishing that have helped reduce
environmental compliance costs.
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Joint Design

Joint design is an important consideration when estimating weld cost.
The root opening, root face thickness, and bevel angles must be studied
carefully when making design decisions. All these factors affect the weld
dimensions, Figure 5.6, which in turn determine the amount of weld
metal needed to fill the joint. Plate thickness is a major factor that, in
most cases, cannot be changed. Increasing the root opening increases
cost. But larger root openings often allow the bevel angle to be reduced
while maintaining good access to the weld root.

To keep welding costs down, the joints should have the smallest pos-
sible root opening and the smallest reasonable bevel angle. These condi-
tions are more easily achieved with welding processes that provide deep
penetration. The other benefit of deep penetration is the option of a
deeper root face and its significant effect on the volume of filler metal
needed. In addition, the amount of reinforcement affects welding costs.
Some reinforcement is unavoidable to ensure a full-thickness weld; how-
ever, too much reinforcement requires extra time and material, which
can reduce the weld’s strength and fatigue life.

The weld should be approximately the same size as the metal is thick.
Welds that are undersized or oversized can cause joint failure. Welds that
are undersized do not have enough area to hold the parts under load.
Welds that are oversized can make the joint too stiff. The lack of flexibility
of the weld causes the metal near the joint to be highly stressed, Figure 5.7.
A piece of wire bent between two pliers will break, but a piece of wire bent
between your fingers will withstand more bending before it breaks.

Welds made on parts of unequal size should allow enough joint flexibil-
ity to prevent a crack from forming along the edge of the weld. It is possi-
ble to taper the thicker metal to reduce the thickness or to build up the
thinner metal.

Overwelding also contributes to welding costs. Welders often believe
that “if a little is good, a lot is better, and too much is just right.” Too
often it is assumed that a large reinforcement means greater strength, but
that is never true.

REINFORCEMENT

N4 \\\\

o

/
|<—>| — ROOT OPENING
R

Figure 5.6 Calculation of weld requirements depending on joint design
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POOR

TWICE AS MUCH

METAL-POSSIBLE
FATIGUE FAILURE

Figure 5.7 Overwelding
Overwelding can be harmful as well as costly

Cutting weld volume also reduces the labor cost. It should be remem-
bered that the labor content of welds almost always exceeds the cost of
the consumables. Reducing the amount of filler metal needed also cuts
the time needed to make the welds. This significant reduction in labor
costs, Figure 5.8, justifies the price of more expensive filler metals or
welding processes. This assumes that the metals and processes provide
enough increase either in penetration (to allow joint designs requiring
less filler metal) or in deposition rates (to reduce welding times).

Groove Welds
For groove welds the bevel angle greatly affects the filler metal volume. As
the groove angle increases, more filler metal is required to fill the groove

14

10 TOTAL WELD COST

=
w
£
58
e}
o
g
o 6
-
w
=

LABOR COST

FILLER METAL COST

0 2 4 .6 .8 1.0

WELD AREA (IN?)

Figure 5.8 Increasing the weld size increases cost
Note that labor is 80% of the total cost (based on typical modern welding rates and
efficiencies)
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during the weld. Because the volume is in proportion to the angle, the
change in volume can be calculated. To determine the weld volume,
begin by finding the cross-sectional area of the weld groove. First find the
rectangular area formed by the root opening:

Root area = root opening X plate thickness

Next find the area of the triangular space of a bevel, which is equal to
1/2 of the width times the depth. The area of a V-groove (if both sides are
at the same bevel angle) is equal to the width times the depth:

bevel width x bevel depth ,
5 ;

Root area =

V-groove area = bevel width x bevel depth

The cross-sectional area in Figure 5.6 is the sum of the small rectan-
gular area formed by the root opening and plate thickness, plus the area
of the triangular space formed by each of the bevel angles:

Total cross-sectional area = root area + bevel area(s)

The total groove volume is then determined by multiplying the groove
area by the weld length:

Total groove volume = cross-sectional area x weld length

PRACTIGE 5-3

Finding Weld Groove Volume
Using a pencil, paper, and calculator, determine the total volume of
the following groove welds, Figure 5.9.

1. V-groove joint with the following dimensions:
o width, 3/8 in.
e depth, 3/8 in.
e root opening, 1/8 in.
o thickness, 1/2 in.
o weld length, 144 in.
2. Bevel joint with the following dimensions:
o width, 0.25 in.
e depth, 0.375 in.
e root opening, 0.062 in.
o thickness, 0.5 in.
o weld length, 96 in.
3. V-groove joint with the following dimensions:
e width, 12 mm
e depth, 12 mm
e root opening, 2 mm
¢ thickness, 15 mm
o weld length, 3600 mm

17 Module 1
Key Indicator 1, 4
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0.25"4>‘<—>

0.375"

0.062"—>»1

~>‘ «— 2 mm

Figure 5.9 Finding the weld groove volume

4. Bevel joint with the following dimensions:
o width, 15 mm
e depth, 15 mm
e 10Ot opening, 3 mm
o thickness, 18 mm
e weld length, 3 m

Complete a copy of the Student Welding Report in Appendix I or pro-
vided by your instructor. =

Fillet Welds

The deep penetration processes of fillet welds offer lower costs and
improved weld quality. Smaller fillet welds with deeper penetration also
have the potential for yielding much stronger welds, Figure 5.10. The
cross-sectional area of a fillet weld is equal to 1/2 of the weld leg height
times the weld leg width:

2800
—— + (7.4 x .50)5m an-hours
7.00

400 = 3.7 = 108m an-hours

The fillet weld volume is determined in the same manner as the
groove weld volume, by multiplying the area by the length:

Total fillet volume = cross-sectional area x weld length
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Figure 5.10 Smaller fillet welds with deeper penetration
The deeper penetrating and smaller 1/4-inch (6-mm) fillet weld is stronger than the larger fillet
weld and contains about one-half the amount of filler metal

In their technical data sheets, manufacturers of filler metal provide infor-
mation regarding the welding metal. The number of electrodes per
pound or the length of wire per pound can be used to determine the
pounds of electrodes needed to produce a weld. To make this determina-
tion, the weight of filler metal required to fill the groove or make the fillet
weld must be determined. The weight of filler metal is determined by
multiplying the weld volume by the density of the metal, Table 5.6:

Weight of filler metal = volume x metal density

PRACGTICE 5-4

Calculate Deposition Rates

Using a pencil, paper, and calculator, determine the weight of metal
required for each of the welds described in Practice 5-3. Calculate the
weight for both steel and aluminum base and filler metals, Table 5.6.

Using the weight of weld metal deposited allows for better compari-
sons when a number of different welds are being made. The weight of
weld metal can either be determined for the welding prints or measured
as the welder uses up supplies, Figure 5.11.

Complete a copy of the Student Welding Report in Appendix I or pro-
vided by your instructor. =

Cost of Electrodes, Wires, Gases, and Flux

You must obtain the current cost per pound of electrode or welding wire
plus the cost of shielding gas or flux (if applicable) from the supplier. The
shielding gas flow rate varies slightly with the kind of gas used. The flow
rates in Table 5.7 are average values whether the shielding gas is an

Table 5.6 Density of Metals

Material Weight Ib/in.2 Weight g/cm.?
Aluminum 0.096 2.73

Steel 0.287 7.945

Module 1
Key Indicator 1, 4
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Figure 5.11 Operating factors
Low operating factors are costly
Table 5.7 Approximate Shielding Gas Flow Rate, Cubic Feet Per Hour
GMAW FCAW
Wire diameter .035" .045"-1/16" .045" 1/16” 5/64"-1/8"
CFH 30 35 35 40 45

argon mixture or pure CO,. Use these rates in your calculations if the
actual flow rate is not available.

In the submerged arc process (SAW), the ratio of flux to wire con-
sumed in the weld is approximately 1 to 1 by weight. When the loss
due to flux handling and flux recovery systems is considered, the average
ratio of flux to wire is approximately 1.4 Ib of flux for each pound of wire
consumed. If the actual flux-to-wire ratio is unknown, use 1.4 for cost
estimating.

Deposition Efficiency

Not every pound of electrode filler metal purchased is converted into
weld metal. Some portion of every electrode is lost as slag, spatter, and/
or fume. Some material, such as SMAW electrode stub ends, is unused.
The amount of raw electrode deposited as weld metal is measured as
deposition efficiency. If all is deposited, the deposition efficiency is
100%. If half is lost, the deposition efficiency is 50%. The argon-shielded
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Figure 5.12 Deposition efficiency
Weld metal cost is affected by the process deposition efficiency

GMA process is about 95% efficient. The SMAW process is between 40%
and 60% efficient, depending on the electrode and the welder using it.
Thus, a relatively costly filler metal with high efficiency can be as cost-
effective as one that appears to be cheaper, Figure 5.12. The efficiency
can be calculated using the following formula:

weight of weld metal or deposition rate (Ib/hr)
weight of electrode used burn-off rate (Ib/hr)

Deposition efficiency =

The deposition efficiency tells us how many pounds of weld metal can
be produced from a given weight of the electrode of welding wire. As an
example, 100 b of a flux cored electrode with an efficiency of 85% will pro-
duce approximately 85 Ib of weld metal. One hundred pounds of coated
electrode with an efficiency of 65% will produce approximately 65 Ib of
weld metal, less the weight of the stubs discarded.

Note that electrodes priced at $0.65 actually cost about $1.30 per pound
as weld metal if about 50% is wasted. The more expensive GMA wire at
$0.85 costs about $0.90 per pound as weld metal when deposited because
only 5% is lost as spatter and fume. Even with the additional $0.15 for
shield gas, the final cost of $1.05 is less than that of welds made with cov-
ered electrodes.

Deposition Rate

The deposition rate is the rate at which weld metal can be deposited by a
given electrode or welding wire, expressed in pounds per hour. It is based
on continuous operation, with no time allowed for stops and starts for
inserting a new electrode, cleaning slag, terminating the weld, or other rea-
sons. The deposition rate increases as the welding current is increased.
When solid or flux cored wires are used, the deposition rate increases as
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the electrical stickout is increased and the same welding current is main-
tained. True deposition rates for each welding filler metal, whether it is a
coated electrode or a solid or flux cored wire, can only be established by
an actual test. The weldment is weighed before and after welding and the
whole process is timed. Tables 5.8, 5.9, 5.10A, and 5.10B contain average
values for the deposition rate of the various welding filler metals based on
welding laboratory tests and published data.

Coated Electrodes

The deposition efficiency of coated electrodes according to the AWS defi-
nition and in published data does not subtract the unused electrode stub
that is discarded. This is understandable, as the stub length can vary with
the operator and the application. Long, continuous welds are usually
conducive to short stubs, whereas on short, intermittent welds the stub
length tends to be longer. Figure 5.13 illustrates how the stub loss influ-
ences the electrode efficiency when using coated electrodes.

In Figure 5.13, a 14-in.-long, 5/32-in.-diameter E7018 electrode at 140
amperes is considered. It is 75% efficient, and a 2-in. stub loss is assumed.
The 75% efficiency applies only to the 12 inches of the electrode consumed
in making the weld, not to the 2-in. stub. When the 2-in. stub loss and the
25% loss to slag, spatter, and fumes are considered, the efficiency minus
stub loss is lowered to 64.3%. This means that for every 100 lb of elec-
trodes, you can expect an actual deposit of approximately 64.3 1b of weld
metal if all electrodes are used to a 2-in. stub length.

The formula for efficiency including stub loss is important. It must
always be used when estimating the cost of depositing weld metal by
the SMAW method. Table 5.11 shows the formula used to establish the
efficiency of coated electrodes including stub loss. It is based on the elec-
trode length and is slightly inaccurate. That is, it does not consider that
electrode weight is not evenly distributed because of flux removed from
the electrode holder end (indicated by the dotted lines in Figure 5.13).
Use of the formula will result in a 1.5% to 2.3% error that varies with
electrode size, coating thickness, and stub length. The formula is accep-
table for estimating purposes, however.

For the values given in Figure 5.13 the formula is

(14 —2) x 0.75
14
(12 x 0.75)
14

Efficiency — stub loss =

9
14
= 0.6429 or 64.3%

In this example, the electrode length is known, the stub loss must be
estimated, and the efficiency is taken from Tables 5.8 and 5.9. Use an
average stub loss and 3 in. for coated electrodes if the shop practices
concerning stub loss are not known.

Efficiency of Flux Cored Wires

Flux cored wires have a lower flux-to-metal ratio than coated electrodes
and therefore a higher deposition efficiency. Stub loss need not be
considered, as the wire is continuous. The E70T-1 and E70T-2 types of
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Table 5.8 Deposition Data

E6010
Electrode Diameter Amperes Deposition Rate, Ib/hr Efficiency %
1/8 100 2.1 76.3
130 2.3 68.8
5/32 140 2.8 73.6
170 2.9 64.1
3/16 160 3.3 74.9
190 35 69.7
7/32 190 45 76.9
230 5.1 73.1
1/4 220 5.9 77.9
260 6.2 76.2
E6011
Electrode Diameter Amperes Deposition Rate, Ib/hr Efficiency %
1/8 120 2.3 70.7
5/32 150 3.7 77.0
3/16 180 4.1 73.4
7/32 210 5.0 74.2
1/4 250 5.6 71.9
E6012
Electrode Diameter Amperes Deposition Rate, Ib/hr Efficiency %
1/8 130 2.9 81.8
5/32 165 3.2 78.8
200 3.4 69.0
3/16 220 4.0 77.0
250 4.2 74.5
7/32 320 5.6 69.8
1/4 320 5.6 70.0
360 6.6 67.7
380 71 66.0
5/16 400 8.1 70.2
E6013
Electrode Diameter Amperes Deposition Rate, Ib/hr Efficiency %
5/32 140 2.6 75.6
160 3.0 741
180 3.5 71.2
3/16 180 3.2 73.9
200 3.8 711
220 4.1 72.9

Continued



158 CHAPTER 5

Table 5.8 (Continued)

E6013
Electrode Diameter Amperes Deposition Rate, Ib/hr Efficiency %
7/32 250 5.3 71.3
270 5.7 73.0
290 6.1 72.7
1/4 290 6.2 75.0
310 6.5 73.5
330 71 721
5/16 360 8.6 70.7
390 9.4 71.8
450 10.3 71.3
E7014
Electrode Diameter Amperes Deposition Rate, Ib/hr Efficiency %
1/8 120 2.4 63.9
150 3.1 61.1
5/32 160 3.0 71.9
200 3.7 67.0
3/16 230 4.5 70.9
270 55 73.2
7/32 290 5.8 67.2
330 71 70.3
1/4 350 7.1 68.7
400 8.7 69.9
5/16 440 8.9 62.2
500 111 65.4
Table 5.9 Deposition Data
E7016
Electrode Diameter Amperes Deposition Rate, Ib/hr Efficiency %
5/32 140 3.0 70.5
160 3.2 69.1
190 3.6 66.0
3/16 175 3.8 71.0
200 4.2 71.0
225 4.4 70.0
250 4.8 65.8
1/4 250 5.9 745
275 6.4 741
300 6.8 73.2
350 7.6 71.5

Continued
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Table 5.9 (Continued)

E7016
Electrode Diameter Amperes Deposition Rate, Ib/hr Efficiency %
5/16 325 8.0 77.3
375 9.0 76.3
425 10.2 76.7
E7024
Electrode Diameter Amperes Deposition Rate, Ib/hr Efficiency %
1/8 140 4.2 71.8
180 5.1 70.7
5/32 180 5.3 71.3
210 6.3 725
240 7.2 69.4
3/16 245 7.5 69.2
270 8.3 70.5
290 9.1 68.0
7/32 320 9.4 72.4
360 11.6 69.1
1/4 400 12.6 71.7

Low Alloy, Iron Powder Electrodes of the Types E7018, E8018, E9018, E10018,
E11018, and E12018

Electrode Diameter Amperes Deposition Rate, Ib/hr Efficiency %
3/32 70 1.37 70.5
90 1.65 66.3
110 1.73 64.4
1/8 120 2.58 71.6
140 2.74 70.9
160 2.99 68.1
5/32 140 3.11 75.0
170 3.78 73.5
200 4.31 73.0
3/16 200 4.85 76.4
250 5.36 74.6
300 5.61 70.3
7/32 250 6.50 75.0
300 7.20 74.0
350 7.40 73.0
1/4 300 7.72 78.0
350 8.67 77.0

400 9.04 74.0
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Table 5.10A Deposition Data

Flux Cored Electrodes—Gas Shielded Types E70T-1, E71T-1, E70T-2,
and All Low Alloy Types

Electrode Diameter Amperes

0.45

0.52

116

5/64

3/32

7/64

1/8

180
200
240
280
190
210
270
300
200
275
300
350
250
350
450
400
450
500
550
625
700
600
725
850

Deposition Rate, Ib/hr

5.3
55
6.9
13.0
4.8
5.3
7.6
9.8
5.2
10.1
11.5
13.3
6.4
10.5
14.8
12.7
15.0
18.5
171
19.6
23.0
16.2
22.5
29.2

Efficiency %

85.0
86.0
84.0
83.0
85.0
83.5
83.0
85.0
85.0
85.0
85.0
86.0
85.0
85.0
85.0
85.0
86.0
86.0
85.0
86.0
86.0
86.0
86.0
85.0

Flux Cored Electrodes—Self-Shielded

Type and Diameter Amperes
E70T-3

3/32 450
E70T-4

3/32 400
120 450
E70T-6

5/64 350
3/32 480
E70T-7

3/32 325
7/64 450

Deposition Rate, Ib/hr

14.0

18.0
20.0

11.9
14.7

11.4
18.0

Efficiency %

88

85
81

86
81

80
86

Continued
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Table 5.10A (Continued)
Flux Cored Electrodes—Self-Shielded

Type and Diameter Amperes Deposition Rate, Ib/hr Efficiency %
E71T-7

.068 200 4.2 76
5/64 300 8.0 84
E71T-8

5/64 220 44 77
3/32 300 6.7 77
EG1T8-K6

5/64 235 4.3 76
E71T8-Nil

5/64 235 4.3 77
3/32 345 8.2 84
E70T-10

3/32 400 13.0 69
E71T-11

5/64 240 45 87
3/32 250 5.0 91
E70T4-K2

3/32 300 14.0 83

NOTE: Values shown are optimum for each type and size.
Table 5.10B Deposition Data
Gas Metal Arc Welding Solid Wires

Diameter, in. Amperes Melt-Off Rate, Ib/hr Efficiency %
.030 75 2.0
100 2.7 98% A
150 4.2 2% O,
200 7.0 98%
.035 80 3.2
100 2.8
150 4.3 75% Argon
200 6.3 25% CO,
250 9.2 96%
.045 100 2.1
125 29
150 3.7
200 5.7
250 7.4 Straight
300 10.4 CO,
350 13.5 93%

Continued
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Table 5.10B (Continued)
Gas Metal Arc Welding Solid Wires

Diameter, in. Amperes Melt-Off Rate, Ib/hr Efficiency %
116 250 6.7

275 8.6

300 9.2

350 115

400 14.3

450 17.8

NOTE: For GMAW and SAW, melt-off rate may be used as the deposition rate in the
cost formulas. Using the proper deposition efficiency will account for losses due to
spatter, clipping the wire end, etc.

Submerged Arc Welding (1” Stickout)

Diameter, in. Amperes Melt-Off Rate, Ib/hr Efficiency %
5/64 300 7.0 Assume
400 10.2 99%
500 15.0 Efficiency.
3/32 400 9.4 Assume
500 13.0 99%
600 17.2 Efficiency.
1/8 400 8.5 Assume
500 11.5 99%
600 15.0 Efficiency.
700 19.0
5/32 500 11.3 Assume
600 14.6 99%
700 18.4 Efficiency.
800 22.0
900 26.1
3/16 600 13.9 Assume
700 17.5 99%
800 21.0 Efficiency.
900 25.0
1,000 29.2
1,100 34.0

NOTE: Values for 1” stickout.

gas-shielded wires have efficiencies of 83% to 88%. The gas-shielded
basic slag wire (E70T-5) is 85% to 90% efficient with CO, as the shielding
gas. The efficiency can reach 92% when a 75% argon-25% CO, gas mix-
ture is used. Use the efficiency figures in Table 5.10A for your calcula-
tions if the actual values are not known.

The efficiency of self-shielded flux cored wires is subject to greater
variation because of the large assortment of available types designed for
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Figure 5.13 Deposition efficiency and stub loss

Table 5.11 Efficiency Minus Stub Loss Formula

Efficiency minus stub loss = (Electrode length — Stub length) X Deposition efficiency

Electrode length

specific applications. The efficiency of the high-deposition, general-
purpose type, such as E70T-4, is 81% to 86%, depending on wire size
and electrical stickout. Table 5.10A shows the optimum conditions for
each wire size and may be used in your calculations.

Efficiency of Solid Wires for GMAW

The efficiency of solid wires in GMAW is very high and will vary with the
shielding gas or gas mixture used, Table 5.10B. Using CO, will produce
the most spatter, and the average efficiency will be about 93%. Using a
75% argon-25% CO, gas mixture will result in somewhat less spatter
and an efficiency of approximately 96%. A 98% argon-2% oxygen mixture
will produce even less spatter, and the average efficiency will be about
98%. Stub loss need not be considered, since the wire is continuous.
Table 5.12 shows the average efficiencies to use in your calculations if
the actual efficiency is not known.

Efficiency of Solid Wires for SAW

In submerged arc welding there is no spatter loss, and an efficiency of 99%
may be assumed. The only loss during welding is the short piece the opera-
tor must clip off the end of the wire to remove the fused flux that forms at

Table 5.12 Deposition Efficiencies—Gas Metal Arc Welding Carbon and
Low Alloy Steel Wires

Shielding Gas Efficiency Range Average Efficiency
Pure CO, 88% to 95% 93%
75% A-25% CO, 94% to 98% 96%

98% A-2% O, 97% to 98.5% 98%
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the termination of each weld. This is done to ensure a good start on the
next weld.

Operating Factor

Operating factor is the percentage of a welder’s working day actually spent
on welding. It is the arc time in hours divided by the total hours worked. A
45% (0.45) operating factor means that only 45% of the welder’s day is
actually spent on welding. The rest of the time is spent installing a new
electrode or wire, cleaning slag, positioning the weldment, cleaning spatter
from the welding gun, and so on.

When using coated electrodes (SMAW), the operating factor can range
from 15% to 40% depending on material handling, fixturing, and operator
dexterity. If the operating factor is not known, an average of 30% may be
used for cost estimates involving the shielded metal arc welding process.

When welding with solid wires (GMAW) using the semiautomatic
method, operating factors ranging from 45% to 55% are easily attainable.
For cost estimating purposes, use a 45% operating factor. The estimated
operating factor of FCAW should be about 5% lower than that of GMAW
to allow for slag removal time.

In semiautomatic submerged arc welding, slag removal and loose flux
handling must be considered. A 40% operating factor is typical for this
process.

Automatic welding using the GMAW, FCAW, and SAW processes
requires that each application be studied individually. Operating factors
ranging from 50% to 100% may be obtained, depending on the degree of
automation.

Table 5.13 shows average operating factor values for the various weld-
ing processes. These figures may be used for cost estimating when the
actual operating factor is not known.

It is necessary to know the productivity of welders to determine the
cost of the finished part. In some shops this cost is passed directly on to
the customer in the form of cost plus. It may also be used to determine at
what level the shop can bid on new work and still make a profit. It is not
often used to promote or penalize welders.

Knowing the number of parts produced is useful if there are a number
of welders making the same or similar parts in a production shop. A com-
parison of the productivity can be made because there should be little dif-
ference in the average time compared with each welder’s actual time.

The length of weld produced is a useful tool when a lot of the same
type of welding is required. Welding on items such as ships, tanks, and
large vessels may take weeks, months, or years. The length that a welder
produces in this type of production can be recorded on a regular basis.

The deposition rates of the process also affect costs. Processes with
high deposition rates can be very cost-effective, Figure 5.14. A compelling
reason for replacing covered electrodes with small-diameter cored wires

Table 5.13 Approximate Operating Factor

Welding Process
SMAW GMAW FCAW SAW

30% 50% 45% 40%
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Figure 5.14 Deposition rate
High deposition rates are desirable

is that the deposition rates in the vertical position can be increased from
about 2 Ib per hour to more than 5 Ib per hour. Thus, the welder cost in
this example drops from more than $30 per pound to about $12 per
pound of weld metal deposited.

Since operating factors and deposition rates are strongly related, their
effects on weld costs are examined together. The time spent preparing
and positioning weld joints for submerged arc welding is costly, but the
high deposition rates of that process justify the time, Figure 5.15. Covered
electrodes, however, cannot compete with most other processes unless
the setup time and other factors can be reduced. The speed with which
alloys and electrode types can be changed explains why covered elec-
trodes have remained competitive in small job shops, especially when
typical welds are quite short. Changeover times with GMAW processes
can be lengthy, and if the welding jobs are small, the operating factor
can drop below 15%. Excessively high deposition rates may be needed
to compensate for this deficit.

Labor and Overhead

Labor and overhead may be considered jointly in your calculations. Labor
is the welder’s hourly rate of pay, including wages and benefits. Overhead
includes allocated portions of plant operating and maintenance costs.
Weld shops in manufacturing plants normally have established labor and
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DEPOSITION RATE (LB/HR)

Figure 5.15 New processes
Newer processes can reduce welder costs

overhead rates for each department. Labor and overhead rates can vary
greatly from plant to plant and with location. Table 5.14 shows how labor
and overhead can vary and suggests an average value to use in your cal-
culations when the actual value is unknown.

Gost of Power
The cost of electrical power is a very small part of the cost of depositing

weld metal and in most cases is less than 1% of the total. It will be neces-

sary for you to know the power cost expressed in dollars per kilowatt-
hour ($/kWh) if required for a total cost estimate.

Galculating the Gost per Pound of Deposited Weld Metal

Example 1

Calculate the cost of welding 1280 feet of a single-bevel butt joint, as
shown in Figure 5.16, using the following data:

o electrode, 13/16-in. diameter, 14 in. long, E7018, operated at
25 volts, 250 amps

o stub loss, 2 in.

o labor overhead, $45.00/hr

o electrode cost, $1.45/1b

e power cost, $0.045/kWh
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Table 5.14 Approximate Hourly Labor and Overhead Rates

$7.50 to $15.00
$15.00 to $35.00
$20.00

Small shops
Large shops

Average

The formula for the calculations is shown on the weld metal cost work-
sheet in Figure 5.17. The following text explains each step in the
calculations:

Line 1: Labor and Overhead—$45.00/hr (given)

e deposition rate: from shielded metal arc welding deposition data
chart in Table 5.9, 5.36 Ib/hr

o operating factor: Since it is not stated, use the average value of 30%
(0.30) shown in Table 5.13.

e The cost of labor and overhead per pound of deposited weld metal
can now be calculated as $27.99/1b.

Line 2: Electrode Cost per Pound—$1.45 (given)

o deposition efficiency: From shielded metal arc welding deposition
table in Table 5.9, 74.6%. Since this is a coated electrode, the effi-
ciency must be adjusted for stub loss by the formula shown in
Table 5.11. We know that the electrode length is 14 in. and the
stub loss is 2 in. (given). The formula becomes

14 —2) x 0.746
Efficiency — stub loss = (14-2) x0.746

14
= 0.639 or 63.9%

e 63.9% is the adjusted efficiency to be used in line 2. The cost of the
electrode per pound of deposited weld metal can now be calcu-
lated as $.89/1b.

g B -y B C
<—l—>
LBS/FT 2
A= 265
B= 425 B=.176 X 4 =
C=  .124 C=.071%x2=
TOTAL WEIGHT/FT 814 LBS TOTAL WEIGHT/FT

Figure 5.16 Estimating weld metal weight

LBS/FT
.704
142
.846 LBS
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EXAMPLE 1
WELD METAL COST WORKSHEET
COST PER POUND OF DEPOSITED WELD METAL

’
ABoRs  ABOR&OVERHEAD COSTHR 4500 i 4500 . 2799
OVERHEAD —_—
OVERAEAD DEPOSITION OPERATING

RATE (LB/HR) X FACTOR 526 * 20 1608

2

ELECTRODE ELECTRODE COST/LB 145 277
DEPOSITION EFFICIENCY ; 6329 '

3 GAS FLOW RATE

GAS (CUFT/HR) X GAS COST/CU FT X _ NA
DEPOSITION RATE (LB/HR) )

4

FLUX FLUXCOST/LB X 14 ) x 14 _ ) NA
DEPOSITION EFFICIENCY
5
powgr COSTKWH X VOLTS x AMPS i 045 % 25><250: 28125 }
1000 x DEPOSITION RATE 1000 x 5.%6 5260 '
6 TOTAL COST PER LB OF 203/
DEPOSITED WELD METAL SUM OF 1 THROUGH 5, ABOVE Sl
COST PER FOOT OF DEPOSITED WELD METAL
7
COST PER POUND POUNDS PER
OF DEPOSITED X FOOT OF WELD = 2032/ X B4 - $ 2467
WELD METAL JOINT
COST OF WELD METAL — TOTAL JOB
8
TOTALFEET . costpERFOOT = 1280 . 2467 42157760

OF WELD

Figure 5.17 Weld cost worksheet (Example 1)

Lines 3 and 4: Not applicable for coated electrodes
Line 5: Cost of Power—$.045/kWh (given)

o volts and amperes: 25 V and 250 A (given)
o constant: The 1000 already entered is a constant necessary to
convert to watt-hours.
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o deposition rate: 5.36 Ib/hr are used in line 1. The cost of electrical
power to deposit 1 pound of weld metal can now be calculated as

$0.05.
Line 6: Total lines 1, 2, and 5 to find the total cost of depositing 1 pound of
weld metal.

¢ The total is $30.31.

Calculating the Cost per Foot of Deposited Weld Metal
Calculating the weight of weld metal requires that we consider the fol-
lowing items:

area of the weld’s cross section

length of the weld

volume of the weld in cubic inches
weight of the weld metal per cubic inch

=W

In the fillet weld shown in Figure 5.18, we know that the area of the
cross section (the triangle) is equal to one-half the base times the height.
The volume of the weld is equal to the area times the length. The weight
of the weld is then the volume times the weight of the material (steel) per
cubic inch.

We can then write the formula:

Weight of weld metal = 1/2 x base x height x length x weight of material
Substituting the values from Figure 5.18, we have
Wt/ft = 0.5 x 0.5 x 0.5 x 12 x 0.283 = 0.4245 1b

Table 5.15 eliminates the need for these calculations for steel fillet and
butt joints, as it lists the weight per foot directly.

Estimating the weight per foot of a weld using the table requires that
you make a drawing of the weld joint to exact scale. Dimension the leg
lengths, root gap, thickness, angles, and other pertinent measurements as
shown in Figure 5.16. Divide the cross section of the weld into right trian-
gles and rectangles as shown. Where required, sketch in the reinforcement,
which is the domed portion above or below the surface of the plate. The

(A) HEIGHT %
| ;
) VOLUME OF WELD =1 B X A x 12
~>{ . ’«— WEIGHT OF STEEL ='263 LB PER CU/IN.
WEIGHT OF WELD =1 (%) X TX 12 X 283
(B) BASE - 224Bs

Figure 5.18 Calculating the weight per foot of a fillet weld
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reinforcement should extend slightly beyond the edges of the joint. Mea-
sure the length and height of the reinforcement and note them on your
drawing. The reinforcement is only an approximation because the contour
cannot be exactly controlled during welding.

Refer to Table 5.15 for the weights per foot of each of the component
parts of the weld as sketched. The sum of the weights of all the compo-
nents is the total weight of the weld per foot, as shown in Figure 5.16A.

Line 7: The total cost per pound as determined in line 6 is entered and
multiplied by the weight per foot as determined in Figure 5.16A.

Line 8: The cost of the weld for the total job is determined by multiplying the
total feet of weld (given) by the cost per foot as determined in line 7.

Example 2

Calculate the total cost of depositing 1280 feet of weld metal using the
CO, shielded, flux cored welding process in the double V-groove joint
shown in Figure 5.16B using the following data:

. electrode: 3/32 in., E70T-1 at 31 volts, 450 amps
.labor and overhead: $45.00/hour

. deposition rate: 15 Ib/hour, from Table 5.10A

. operating factor: 45% (0.45) average, from Table 5.13

. electrode cost: $1.22/pound (from supplier)

. deposition efficiency: 86% (0.86) from Table 5.10A

gas flow rate: 45 cu ft per hour, from Table 5.7

. gas cost: $0.17 per cubic foot (from supplier)

. cost of power: $0.045/kWh

. weight per foot of weld: 0.846 1b/ft, from Figure 5.16B.

[u—

These values are shown inserted into the formulas on the weld metal
cost worksheet in Figure 5.19.

Note that the amount of weld metal deposited in Examples 1 and 2 is
almost the same, but the total cost of depositing the weld metal is three
times higher in Example 1, as shown here:

Example 1: 1280 ft x 0.814 Ib/ft = 1041.9 Ib at $31,577.60
Example 2: 1280 ft x 0.846 lb/ft = 1082.9 Ib at $9356.80

This is because the flux cored process has a higher deposition rate,
efficiency, and operating factor, and it allows a tighter joint because of
the deep penetrating characteristics of the process.

When you are comparing welding processes, all efforts should be
made to use the proper welding current for the electrode or wire in the
position in which the weld must be made. As an example, consider
depositing a given-size fillet weld in the vertical up position using the
GMAW process and FCAW process semiautomatically. In both processes
the welding current and voltage must be lowered to weld out of position.
In GMAW, the short-circuiting arc transfer must be used. Example 3
compares the weld metal cost per pound deposited by these processes,



Welding Codes, Standards, and Cost 171
Table 5.15 Weight Per Foot of Weld Metal for Fillet Welds and Elements of Commeon Butt Joints in Steel
WEIGHT PER FOOT OF WELD METAL FOR FILLET WELDS
AND ELEMENTS OF COMMON BUTT JOINTS (LB/FT) STEEL
{
N
4
EQUAL LEG
FILLETS SINGLE SINGLE
(USE 45° COLUMN) BEVEL V-GROOVE
b ek T
C C C H
PP > ] lo/] -
T A 5 1 A T [ T
| 2 g BL v I | I T I t
& \—/C
DOUBLE DOUBLE SINGLE V REINFORCEMENT
V-GROOVE BEVEL NO GAP
T Weight/Ft of Weight per Foot Weight/Ft
Rectangle AG of Triangle BS Reinforcement CH
Inches 1/16” 1/8” 316" 1/4" 3/8" 1/2" 5° 10°  15° 221/2° 30° 45° 1/16” 1/8" 3/16" 1/4"
1/8 .027 053 .080 .106 .159 .212 .002 .005 .007 .011 .015 .027
3/16 .040 .080 .119 .159 239 .318 .005 .011 .016 .025 .035 .060 .027
1/4 .0563 .106 .159 212 318 425 .009 .019 .028 .044 .061 .106 .035
5/16  .066 .133 .199 265 .390 .531 .015 .029 .044 .069 .096 .166 .044 .084
3/8 .080 .159 239 .318 478 .637 .021 .042 .064 .099 .138 239 .053 .106
7/16 091 186 .279 371 557 .743 .028 .057 .087 129 .188 325 .062 .124
1/2 106 212 318 425 637 .849 .037 .075 .114 176 245 425 .071 .141 212
9/18 119 239 358 478 716 955 .047 .095 .144 223 .31 451 .080 .159 .239
5/8 133 265 .398 531 .796 1.061 .058 .117 .178 275 .383 .664 .088 .177 .265 .354
11/16 .146 292 438 .584 .876 1.167 .070 .142 215 .332 464 .804 .097 .195 292 .389
3/4 159 318 478 637 995 1274 084 .169 256 .396 .552 956 .106 .212 .318 .424
13/16 .172 345 517 .690 1.035 1.380 .098 .198 .301 464 648 1.121 115 230 .345 .460
7/8 186 371 557 743 1.114 1486 .114 230 .349 538 .751 1.300 .124 .248 .371 .495
15/18 199 .398 597 .796 1.194 1592 131 .263 .400 .618 .863 1.493 .133 .266 .398 .530
1 212 425 637 .849 1.274 1.698 .149 300 .456 .703 .981 1.698 .141 .283 .424 .566
11/8 239 478 716 955 1.433 1910 .188 .379 577 .890 1.241 2149 .159 .318 .477 .637
11/4 265 531 .796 1.061 1.592 2.123 232 468 .712 1.099 1.532 2653 .177 .354 .531 .707
13/8 292 584 876 1.167 1.751 2335 .281 .567 .861 1.330 1.853 3.210 .195 .389 .584 .777
11/2 318 637 .955 1.274 1.910 2.547 .334 674 1.023 1.582 2206 3.821 .212 .424 637 .849
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Table 5.15 Weight Per Foot of Weld Metal for Fillet Welds and Elements of Common Butt Joints in Steel (Continued)

T Weight/Ft of Weight per Foot Weight/Ft
Rectangle AG of Triangle BS Reinforcement CH

Inches 1/16” 1/8" 3/16” 1/4” 3/8" 1/2" 5° 10°  15° 221/2° 30° 45° 1/16” 1/8” 3/16" 1/4"
15/8 345 690 1.035 1.380 2.069 2.759 .393 .792 1.201 1.857 2.589 4.484 .230 .460 .690 .920
13/4 371 743 1.114 1.486 2.229 2972 455 918 1.393 2.154 3.002 5.200 .248 .495 .743 .990
17/8 390 796 1.194 1.592 2.388 3.184 .523 1.053 1.599 2473 3.447 5.970 .266 .531 .796 1.061
2 425 849 1.274 1.698 2.547 3.396 .594 1.197 1.820 2.813 3.921 6.792 .283 .566 .849 1.132
21/4 478 955 1.433 1.910 2.865 3.821 .752 1.516 2.303 3.561 4.963 8.596 .318 .637 .955 1.273
21/2 530 1.061 1.592 2.123 3.184 4.245 .928 1.871 2.844 4.396 6.127 10.613 .354 .707 1.061 1.415
23/4 584 1.167 1.751 2.335 3.502 4.669 1.123 2.264 3.441 5.319 7.414 12.841 .389 .778 1.167 1.556
3 .636 1.274 1.910 2.547 3.821 5.094 1.337 2.695 4.095 6.330 8.823 15.282 .424 .849 1.273 1.698

using the proper current and voltage for depositing a 1/4-in. fillet weld
on 1/4-in. plate, vertically up.

Example 3
FCAW GMAW
Electrode type 0.045-in.-diameter E71T-1 0.045-in.-diameter ER70S-3
Labor and overhead $45.00/hour $45.00/hour
Welding current 180 amp 125 amp
Deposition rate 5.3 Ib/hr (Table 5.10A) 2.9 Ib/hr (Table 5.10B)
Operation factor 45% (Table 5.13) 50% (Table 5.13)
Electrode cost $2.19/Ib $1.05/Ib
Deposition efficiency 85% (Table 5.10A) 96% (Table 5.12)
Gas flow rate 35 cfh (Table 5.7) 35 cfh (Table 5.7)
Gas cost per cu ft $0.11 CO» $0.17 75% Ar—25% CO,

We can eliminate the cost of electrical power when comparing pro-
cesses because the difference is very small. The tabulated data are
shown in Table 5.16.

As you can see, the cost of depositing the weld metal is about 33% less
using the flux cored arc welding process. Since there is no slag to help
hold the vertical weld puddle in the GMAW process, the welding current
with solid wire must be lowered considerably. This, of course, lowers the
deposition rate, and since labor plus overhead is the largest factor
involved, the lowering of the deposition rate substantially raises deposi-
tion costs. In the flat or horizontal position, where the welding current on
the solid wire would be much higher, the cost difference would be con-
siderably less.
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EXAMPLE 2
WELD METAL COST WORKSHEET
COST PER POUND OF DEPOSITED WELD METAL

soRs  ABOR 8 OVERHEAD COST/HR ) 4500 4500 e
OVERHEAD —==r
OVERH DEPOSITION OPERATING

RATE (LB/HR) X FACTOR /5 x 45 675

ELECTRODE ELECTRODE COST/LB 122
_ — == = |42
DEPOSITION EFFICIENCY 86
3 GAS FLOW RATE
GAS  (CUFT/HR) X GASCOST/CUFT 45 < [T _ 765 5
DEPOSITION RATE (LB/HR) /5 /5
4
FLUX FLUXCOST/LB X 14 ) x 14 _ ) A

DEPOSITION EFFICIENCY

5
- COST/KWH/ X VOLTS x AMPS i 045 % 2/ ><450: 62775 . 04
1000 x DEPOSITION RATE 1000 x /5 15,000 E—
6 TOTAL COST PER LB OF 864,
DEPOSITED WELD METAL SUM OF 1 THROUGH 5, ABOVE $§ == r

COST PER FOOT OF DEPOSITED WELD METAL

COST PER POUND POUNDS PER
OF DEPOSITED X FOOT OF WELD = 864 X 846 =$ 73/

WELD METAL JOINT

COST OF WELD METAL — TOTAL JOB

TOTALFEET . costpERFOOT = 1280 73l -5 925680

OF WELD

Figure 5.19 Weld cost worksheet (Example 2)
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Table 5.16 Formulas for Calculating Cost Per Pound Deposited of Weld Metal

Flux cored are weldin Gas metal are weldin

i - _ " ﬁ
COST FER POUND DEPOSHED WELD METAL E7IT 045 1am f ar ERT 062 045 9/ 4’"@7& ar
[Z0 amps. 25 amps
LABOR & OVERHEAD COST/HR 45 45 1527 45 45 2l 0%
LABOR& = - - = - -
OveRHERY OFFOSTION | oeaTNe | 52 4L 2.295 29 6O .45
orrone ELECTRODECOSTAB ¢/? ) 2 6% | .06 i /07
—————  DEPOSITION EFFICIENGY 55 zé
o0; 75,725
GAS FLOW RATE
cas - [CUFTHR) X GASCOSTIOUFT _ 26y [/ : Z 55 : 7% Zpx |7 . s/ i .76
=8 5.z 6.2 2.7 27
— CSEY o2/7 || mhemusar  zzov

The following formulas will assist you in making other useful calculations:

wt/ft of weld x no. of ft of weld
deposition efficiency
Substracting the values from Example 1:
0.814 x 1280
0.639
Welding Time Required (Ref. Example 1)
wt/ft of weld x ft of weld
deposition rate x operating factor
Subtracting the values in Example 1 :
0.814 x 1280 1042
5.36 x 0.30 1608

Total pounds =

= 1631lb

Welding time =

= 648 hr

Amortization of Equipment Costs

Calculations show that you can save $7.00 per pound of deposited weld
metal by switching from E7018 electrodes and the SMAW process to an
ER70S-3 solid wire using the GMAW process. However, the cost of the
necessary equipment (power source, wire feeder, and gun) is $2800.
How long will it take to amortize or regain the cost of the equipment
knowing that the deposition rate of the ER70S-3 is 7.4 Ib/hr and the oper-
ating factor of the GMAW process is 50%? The formula is

Equipment cost + (deposition rate x operation factor)
= man-hour savings/Ib in dollars.

Subtracting the values in the formula:

2800
—— + (7.4 x .50) 5m an — hours
7.00

400 = 3.7 = 108m an — hours
If we divide 108 into eight-hour days (108/8 = 13.5), the deposited
weld metal savings from one person working an eight-hour day for 13 1/2
days will pay for the cost of the equipment.
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SUMMARY

Over the years, often through trial and error, welders and welding engi-
neers have developed standards, codes, and specifications that, when fol-
lowed, will produce welds that are sound and provide years of service. It
is important to know that under such codes and standards, not all welds
must be perfect. Some levels of imperfection are acceptable and, through
years of experience, such minor flaws have been determined not to be
critical or to result in structural failure.

Being able to follow codes and standards is important in that it helps
control welding costs. The more precise the weld produced, the more
expensive the weld is to produce. As a welder attempts perfection, weld-
ing preparation time, welding time, postweld cleanup time, and unneces-
sary rewelding time all increase, thus increasing the cost of the weld.
Knowing what is “fit for service” as established by the code or standard
is essential. Likewise, failing to produce a weld to the required code or
standard can cause structural failure. Therefore, it is important that you
familiarize yourself with the standards for your company’s requirements.

Controlling the cost of a weldment is as important as producing a
quality welded product, because if you spend too much time in preparing
and producing the weld to a quality standard far above that required by
the industry, the end product may be excessively expensive and unmar-
ketable. An example of a product requiring a relatively low level of
welding skills is yard art. For such decorative or ornamental pieces, the
customer is most frequently looking at cost. Welding on these items must
merely hold them together to meet market demands. An example of a
product that requires a high level of welding skills is the space shuttle
rocket engines, where all the welds must be precise at any expense.
Most welding requirements obviously fall somewhere between these
two extremes. For both your own benefit and your company’s, you
must learn to meet their needs and standards in the most cost-effective
manner.

1. What are codes and standards?

2. Why is it important to select the correct welding code or standard?

3. What is the difference between welding codes or standards and
welding specifications?

4. What might influence the selection of a particular code or
specification for welding?

5. What information should be included in a WPS?

6. What is the purpose of the PQR?

7. Who should witness the test welding being performed for a tentative
WPS?

8. Ideally, a WPS should be written with enough information to allow a
good welder to .

9. List examples of fixed and variable costs that must be considered
when estimating the costs for a job.
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10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

List examples of overhead costs that a welding shop might have.
What effect on the weld cost does increasing the groove angle have?
What potential problems can be caused by having too small or too
large a weld bead?

What is the cross-sectional area of a single-bevel groove weld that is
1/2 in. wide and 5/8 in. deep on a 3/4-in.-thick plate with a 1/8-in.
root opening? What is the SI area?

What is the cross-sectional area of a V-groove weld that is 6 mm wide
and 8 mm deep on a 10-mm-thick plate with a 2-mm root opening?
What is the area in square inches?

What is the cross-sectional area of a fillet weld that has equal legs of
1/2 in.? What is the SI area?

What is the cross-sectional area of a fillet weld that has a 10-mm leg
and an 8-mm leg? What is the area in square inches?

How many pounds of steel electrode are required to make a weld
that has a volume of 18 cu in.? What is the SI weight?

What are the advantages of calculating the weight of filler metal
needed to make a weld?

Using Table 5.7, what would be the flow rate for a 1/16-in. FCAW
electrode?

What is the approximate ratio of flux to filler wire for SAW?

Why must deposition efficiency be used when determining how
much electrode will be needed for a job?

Approximately how many pounds of weld will a 30-pound spool of
3/32-in. E70T-4 FCA welding wire produce? (Refer to Table 5.10A.)
What is the melt-off rate for 0.035 GMAW filler wire at the 100-
ampere setting? (Refer to Table 5.10B.)

What is the approximate length of the unused electrode stub of a
1/8-in. E7018 SMAW electrode?

What does the flux-to-metal ratio have to do with FCAW deposition
efficiency?

Which shielding gas or gas mixture provides GMAW with the highest
average efficiency? (Refer to Table 5.12.)

What is the operating factor?

Of the major processes, which has the highest and which has the
lowest operating factor, and what are their percentages? (Refer to
Table 5.13.)

With reference to Figure 5.14, what would be the welder cost in
dollars per pounds if the deposition rate were 15 lIb/hr?

Why is SMAW still used in many shops on small jobs if its operating
factors and deposition rates are so low compared with those of most
other processes?
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After completing this chapter, the student should be able to

OBJECTIVES

describe the oxyfuel gas cutting process and list three of the most com-
monly used fuel gases

list two metals that can be cut using the oxyfuel gas cutting process and
three metals that cannot

select the eye protection that must be used for flame cutting
determine the correct size and type of cutting tip for a specific job
set up, light, and clean the tip of a cutting torch

list four actions that can be taken to ensure a smooth cut when using a
hand torch

lay out a line to be cut

explain the chemical process that takes place during the burning away of
the metal when an oxyfuel gas cutting torch is used

explain what the kerf surface can reveal about what was correct or in-
correct with the preheat flame, cutting speed, and oxygen pressure

make a machine cut and then evaluate the results

describe soft slag and hard slag and what causes them

make a manual flat, straight cut in thin plate, thick plate, and sheet metal
make a flame-cut hole

describe the two major methods of controlling distortion of the metal
during the heating or cutting process

make a straight line cut in the vertical and overhead positions
cut out internal and external shapes

KEY TERMS

coupling distance injector torch preheat flame
cutting lever kindling point preheat hole
cutting tip machine cutting torch slag

drag MPS gases soapstone
drag line orifice soft slag
equal-pressure torch oxyacetylene hand torch tip cleaner
hard slag oxyfuel gas cutting (OFC)  venturi

high-speed cutting tip
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CHAPTER 6

| AWS SENSE EG2.0 ‘
Key Indicators Addressed in this Chapter:

Module 8: Thermal Cutting Processes

n Unit 1: Manual Oxyfuel Gas Cutting (OFC) Key Indicators

Key Indicator 1: Performs safety inspections of manual OFC
equipment and accessories

Key Indicator 2: Makes minor external repairs to manual OFC
equipment and accessories

Key Indicator 3: Sets up for manual OFC operations on carbon steel

Key Indicator 4: Operates manual OFC equipment on carbon steel

Key Indicator 5: Performs manual OFC straight, square edge, cutting
operations, in all positions, on limited thickness
range of carbon steel

Key Indicator 6: performs manual OFC shape, square edge, cutting
operations in all positions, on limited thickness
range of carbon steel

Key Indicator 7: Performs manual OFC straight, bevel edge, cutting
operations, in all positions, on limited thickness
range of carbon steel

Key Indicator 8: Performs manual OFC scarfing and gouging
operations to remove base and weld metal, in 1G
and 2G positions, on carbon steel

Unit 2: Mechanized Oxyfuel Gas Cutting (OFC)

Key Indicator 1: Performs safety inspections of mechanized OFC
equipment and accessories

Key Indicator 2: Makes minor external repairs to mechanized OFC
equipment and accessories

Key Indicator 3: Sets up for mechanized OFC operations on carbon
steel

Key Indicator 4: Operates mechanized OFC equipment on carbon
steel

Key Indicator 5: Performs mechanized OFC straight, square edge,
cutting operations, in 1G and 2G positions, on
limited thickness range of carbon steel

Key Indicator 6: Performs mechanized OFC straight, bevel edge, cut-
ting operations, in 1G and 2G positions, on limited
thickness of carbon steel

Module 9: Welding Inspection and Testing Principles

Key Indicator 1: Examines cut surfaces and edges of prepared base

\‘n metal parts j

INTRODUGTION

Oxyfuel gas cutting (OFC) describes a group of oxygen cutting processes that

use an oxyfuel gas flame to heat metal to its kindling temperature before a high-
pressure stream of oxygen is directed onto the metal to cut it. The kindling tem-
perature of a material is the temperature at which rapid oxidation (combustion)
can begin. The kindling temperature of steel in pure oxygen is 1600°F to 1800°F
(870°C to 900°C). The OFC processes are identified by the type of fuel gas used
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Table 6.1 Fuel Gases Used for Flame Cutting

Fuel Gas Flame (Fahrenheit) Temperature* (Celsius)
Acetylene 5589° 3087°
MAPP® 5301° 2927°
Natural gas 4600° 2538°
Propane 4579° 2526°
Propylene 5193° 2867°
Hydrogen 4820° 2660°

*Approximate neutral oxyfuel flame temperature.

with oxygen to produce the preheat flame. Oxyfuel gas cutting is most commonly
performed with oxyacetylene (OFC-A). Table 6.1 lists a number of fuel gases used
for OFC. MPS (MAPP®) gas is increasingly being used today for cutting and rivals
acetylene’s popularity in some areas of the United States.

More welders use the oxyfuel cutting torch than any other welding process.
The cutting torch is used by workers in virtually all areas, including
manufacturing, maintenance, automotive repair, railroad work, farming, and
more. Unfortunately, it is one of the most misused processes. Most workers
know how to light the torch and make a cut, but their cuts are of very poor
quality. Often, in addition to making bad cuts, they use unsafe torch tech-
niques. A good oxyfuel cut should be straight and square and should require
little or no postcut cleanup. Excessive postcut cleanup results in extra cost,
which is an expense that cannot be justified.

Manual, mechanized, and automatic OFC processes are used in industry.
Hand-controlled, manual cutting is used for short-run production, one-
of-a-kind fabrication, and demolition and scrapping operations. Manual cut-
ting is also used in the field for steel construction. Mechanized or automatic
cutting is widely used in production work where a large number of identical
cuts must be made or where very precise cuts are required. In mechanized or
automatic cutting, more than one cutting head may be mounted so that sev-
eral cuts can be made at the same time.

Various oxyfuel cutting specialties are found on the job, including flame
cutting, gouging, beveling, scarfing, and the operation of an automated cut-
ting machine. In addition to these cutting jobs, some welders work with scrap
metal, such as scrap autos, or in construction demolition.

METALS GUT USING THE OXYFUEL PROCESS

Oxyfuel gas cutting is used to cut iron base alloys. Low-carbon steels (up
to 0.3% carbon) are easy to cut. Any metal that requires preheating for
welding, such as high strength and high alloy carbon steels, should also
be preheated before cutting. Failure to preheat some high-strength alloys
before cutting can result in a very thin hardness zone on the cut surface.
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This hardness zone can cause cracks to start in the finished part. If high-
strength steel flame-cut parts are to be bent or formed, the hardened
edge may cause cracks to form. These surface cracks can cause the part
to fracture and fail. High-nickel steels, cast iron, and stainless steel are
difficult to cut. Most nonferrous metals—such as brass, copper, and
aluminum—cannot be cut using oxyfuel cutting. A few reactive nonfer-
rous metals, such as titanium and magnesium, can be cut. However,
these metals seldom are cut with the OFC process because of the exten-
sive postcut cleanup required.

EVE PROTEGTION FOR FLAME GUTTING

The National Bureau of Standards has identified appropriate filter plates
to be used for eye protection in flame cutting. The recommended filter
plates are identified by shade number and are related to the type of cut-
ting operation being performed.

Goggles or other suitable eye protection must be worn for flame cut-
ting. Goggles should have vents near the lenses to prevent fogging. Cover
lenses or plates should be provided to protect the filter lens. All lens glass
should be ground properly so that the front and rear surfaces are smooth.
Filter lenses must be marked so that the shade number can be readily
identified, Table 6.2.

GUTTING TORGHES

The oxyacetylene hand torch is the most common type of oxyfuel gas
cutting torch used in industry. The hand torch, as it is often called, may
be either a part of a combination welding and cutting torch set or a cut-
ting torch only, Figure 6.1. The combination welding-cutting torch offers
more flexibility because a cutting head, welding tip, or heating tip can be
attached quickly to the same torch body, Figure 6.2. Combination torch
sets are often used in schools, automotive repair shops, auto body shops,

Table 6.2 A General Guide for the Selection of Eye and Face Protection Equipment

Type of Cutting Operation Hazard Suggested Shade Number
Light cutting, up to 1 in. Sparks, harmful 3or4
Medium cutting, 1-6 in. rays, molten metal, 4o0r5
Heavy cutting, over 6 in. flying particles 50r6

CUTTING OXYGEN

CUTTING VALVE LEVER  posE
OXYGEN
TUBE CONNECTION

NEEDLE VALVE 7

Figure 6.1 Dedicated oxyfuel cutting torch

Source: Courtesy of Victor Equipment, a Thermadyne Company
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Figure 6.2 Torch attachments
The flexible combination torch set has attachments for heating, cutting, welding, and brazing
Source: Courtesy of Victor Equipment, a Thermadyne Company

small welding shops and for any job where multipurpose equipment is
needed. A cut made with either type of torch has the same quality; how-
ever, the dedicated cutting torches are usually longer and have larger gas
flow passages than the combination torches. The added length of the
dedicated cutting torch helps keep the operator farther away from the
heat and sparks and allows thicker material to be cut.

Oxygen is mixed with the fuel gas to produce a high-temperature pre-
heating flame. The two gases must be completely mixed before they leave
the tip and burn. Two methods are used to mix the gases. One method
uses a mixing chamber, and the other method uses an injector chamber.

The mixing chamber may be located in the torch body or in the
tip, Figure 6.3. Torches that use a mixing chamber are known as

|« CUTTING OXYGEN

R PREHEAT OXYGEN

PREHEAT FUEL

CUTTING TIP

MIXING

CHAMBERS KEY

OXYGEN USED FOR CUTTING
I OXYGEN USED FOR PREHEAT FLAME
———— FUEL USED FOR PREHEAT FLAME
e OXYGEN FUEL MIXTURE

|

\’

Figure 6.3 Mixing chamber located in the tip
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Figure 6.4 Injector mixing torch

| CUTTING OXYGEN
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/ PREHEAT FUEL

MIXING CHAMBERS

/ CUTTING TIP

KEY
C1 OXYGEN USED FOR CUTTING
e OXYGEN USED FOR PREHEAT FLAME
=——"=—3 FUEL USED FOR PREHEAT FLAME
e OXYGEN FUEL MIXTURE

equal-pressure torches, because the gases must enter the mixing cham-
ber under the same pressure. The mixing chamber is larger than both the
gas inlet and the gas outlet. This larger size causes turbulence in the
gases, resulting in the gases mixing thoroughly.

Injector torches work with both equal gas pressures and low-fuel gas
pressures, Figure 6.4. The injector allows the oxygen to draw the fuel
gas into the chamber even if the fuel gas pressure is as low as 6 0z/in.”
(26 g/cm®). The injector works by passing the oxygen through a venturi,
which creates a low-pressure area that pulls the fuel gases in and mixes
them. An injector-type torch must be used if a low-pressure acetylene gen-
erator or low-pressure residential natural gas is used as the fuel gas supply.

The cutting head may hold the cutting tip at a right angle or a slight
angle to the torch body. Torches with the tip slightly angled make it easier
for the welder to cut flat plate. Torches with a right-angle tip make it easier
for the welder to cut pipe, angle iron, I-beams, and other uneven material
shapes. Both types of torches can be used to cut any type of material, but
practice is needed to keep the cut square and accurate.

The location of the cutting lever varies from one torch to another,
Figure 6.5. Most cutting levers pivot from the front or back end of the
torch body. Personal preference will determine which one a welder uses.

A machine cutting torch, sometimes referred to as a line burner or
track torch, operates in a similar manner to a hand cutting torch. The
machine cutting torch may require two oxygen regulators, one for the
preheat oxygen and the other for the cutting oxygen stream. The addition
of a separate cutting oxygen supply allows the flame to be more accu-
rately adjusted. It also allows the pressures to be adjusted during a cut
without disturbing the other parts of the flame. Various machine cutting
torches are shown in Figures 6.6-6.8.

GUTTING TIPS

Most cutting tips are made of copper alloy, but some tips are chrome.
Chrome plating prevents spatter from sticking to the tip, thus prolonging
its useful life. Tip designs change for the different types of uses and gases,
and from one torch manufacturer to another, Figure 6.9.
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i Figure 6.7 Multiple-head cutting machine

/ Source: Courtesy of ESAB Welding & Cutting Products

CUTTING LEVER

Figure 6.5 Cutting lever
The cutting lever may be located on the front or back of the torch
body

Source: Courtesy of Victor Equipment, a Thermadyne Company

ll
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shapes
TORCH

Figure 6.6 Portable oxyfuel cutting machine

Source: Courtesy of Victor Equipment, a Thermadyne Company

Tips for straight cutting are either standard or high-speed, Figure 6.10.
The high-speed cutting tip is designed for a higher cutting oxygen pres-
sure, which allows the torch to travel faster. High-speed tips are also
available for different types of fuel gases.

The diameter of the center cutting orifice determines the thickness of
the metal that can be cut. A larger-diameter oxygen orifice is required for
cutting thick metal. There is no standard numbering system for sizing
cutting tips. Each manufacturer uses its own system, though there are
similarities among some systems. Table 6.3 lists several manufacturers’
tip numbering systems. The center hole diameter (in inches) is given
below the tip number to allow size comparisons. For example, in Table 6.3
Airco’s tip number 00 has a center orifice size equal to a number 70 drill

CUTTING Source: Courtesy of ESAB Welding & Cutting Products

Figure 6.8 Portable cutting machine for highly complex

183



184

CHAPTER 6

STANDARD |

CUTTING TIP —,

HIGH-SPEED / R
CUTTING TIP LI L
4 2 [

(6 mm TO
13 mm)

Figure 6.10 Comparison of standard and
high-speed cutting tips

Figure 6.9 Cutting torch seals

Source: Courtesy of American Torch Tip

Table 6.3 Comparison of Manufacturers’ Oxyacetylene Cutting Tip Identifications

Metal Thickness, Inches (mm)
1/8 1/4 1/2 3/4 1 112 2 21/2 3 4 5
Manufacturer (3) (6) (13) (19) (24) (37) (49) (61) (74) (98) (123)

Cutting orifice
drill number 70 68 60 56 54 53 50 47 45 39 31

Airco 00 0 1 1 2 2 3 4 4 5 6
ESAB 14 1/4 12 112 11/2 112 4 4 4 4 8
Harris 000 00 0 1 1 2 2 3 3 3 4
Oxweld 2 4 6 6 6 8 8 8 8 8
Purox 3 4 4 5 5 7 7 7 7 9
Smith 00 1 2 2 3 3 4 4 4 5
Victor 000 00 0 1 2 2 3 4 4 5 6

size. This cutting tip is designed for cutting metal approximately 1/8 in.
(3 mm) thick. Other manufacturers’ tips designed for this thickness have
the following numbers: 000, 00, 1/4, 2, and 3.

Finding the correctly sized tip for a job can be confusing, especially if
you are using the cutting unit for the first time. To make it easier to select
a tip, you can use a standard set of tip cleaners to find the size of the
center cutting orifice. Table 6.4 lists the material thickness that can be
cut with each size of tip cleaner.

If the manufacturer’s recommendations for gas pressure are not avail-
able, you can use Table 6.4 to find the approximate pressures to be used
with the tip. A number of factors determine gas pressures, including the
equipment manufacturer, the condition of the equipment, hose length,
hose diameter, regulator size, and operator skill. In all cases, start out
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Table 6.4 Center Cutting Orifice Size, Metal Thickness, and Gas Pressures for
Oxyacetylene Cutting

Metal Thickness, Inches (mm)
1/8 1/4 1/2 34 1 112 2 2172 3 4 5

Tip Size (3) (6) (13) (19) (24) (37) (49) (61) (74) (98) (123)
Cutting orifice drill

number 70 68 60 56 54 53 50 47 45 39 31
WYPO tip cleaner

number* 10 10 15 18 22 24 26

Campbell Hausfeld
tip cleaner number* 3 3 6 9 10 11 12

Oxygen 20 20 25 30 35 35 40 40 40 45 45
pressure, psi** 25 25 30 35 40 40 45 45 45 55 55
Oxygen 140 140 170 200 240 240 275 275 275 310 310
pressure, kPa** 170 170 200 240 275 275 310 310 310 380 380
Acetylene 3 3 3 3 3 3 4 4 5 6 8
pressure, psi** 5 5 5 5 5 5 8 8 11 13 14
Acetylene 20 20 20 20 20 20 30 30 35 40 55

pressure, kPa** 35 3 35 35 35 35 55 55 75 90 95

*There is no standard numbering system for tip cleaners, so numbers can differ from one manufacturer to
another.

**Tip size and pressures are approximate. Use the manufacturer’s specification for equipment being used
when available.

with the pressure recommended by the manufacturer of the equipment
being used. Adjust the pressure to fit the particular job.

A wide variety of tip shapes are available for specialized cutting jobs.
Each tip, of course, also comes in several sizes. Some tips are specialized
for the kind of fuel gas being used. Different means are used to attach the
cutting tip to the torch head. Some tips screw in; others have a push fitting.

Different designs are used for manual and for mechanized and auto-
mated cutting tips. Mechanized and automated cutting tips are designed
for high-speed cutting with high-speed oxygen flow.

Always choose the correct type and size of tip for each cutting job.
Check the manufacturer’s literature for recommendations. Make sure
the tip is designed for the type of fuel gas being used. Inspect the tip
before using it. If the tip is clogged or dirty, clean it and clean out the
orifices with an appropriate-size drill. Check to ensure there is no
damage to the threads. If the threads or the tapered seat are damaged,
do not use the tip.

The amount of preheat flame required to make a perfect cut is deter-
mined by the type of fuel gas used and by the material thickness, shape,
and surface condition. Materials that are thick, are round, or have sur-
faces covered with rust, paint, oil, and so on require more preheat
flame, Figure 6.11.

Different cutting tips are available for each of the major fuel gases.
The type or number of preheat holes determines the fuel gas to be
used in the tip. Table 6.5 lists fuel gases and the range of preheat holes
or tip designs used with each gas. Acetylene is used in tips with from one
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(A)

(B)

Figure 6.11 Special cu