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Preface

For many welding jobs it can be as important to be able to lay out and fit up the
weldment as it is to be able to weld it. This textbook, therefore, combines the
skills of measuring, cutting, shaping, fitting, welding, and finishing.

The cover photo of Welding and Metal Fabrication was taken of me in my
hangar as I was making a GTA weld on tubing. Aircraft tubing is used to make a
number of parts for an aircraft, including the engine mount. Today, many light-
sport aircraft, like this KitFox, can be built and flown by individuals.

All of the welding equipment required to build a homebuilt light-sport air-
craft is shown in the cover photo. With some hand tools, a few power tools, and
the welding and fabrication skills taught in this book, you too could build your
own aircraft. There is nothing like the feeling of freedom one experiences as the
pilot of your own plane.

Whether you build your own aircraft or you build anything else, there is a
sense of accomplishment and a great feeling of pride in being able to point at
something and say, “I made that.” Over 30 years ago, I owned a welding company
that made agricultural equipment, and I still look at farm equipment as I drive
through the countryside to see if one of my units is out there in the field. Recently,
my niece was in a volleyball playoff. It was being held in an empty warehouse that
had been converted into a gym. I proudly told my wife, “I made the ramp for cars
and light trucks at the loading dock on this building.” I had made it over 20 years
ago, and it was still there and being used to drive into the warehouse.

Not only have I fitted and welded things on my jobs, I have made parts for
airplanes, barbeque grills, step and tow truck bumpers, truck racks, farm gates,
wood stoves, compost bins, car jack stands, bases for power tools, toys, furni-
ture, tools, car trailers, boat trailers, utility trailers, and hundreds of other big
and small welded fabrications.

Welding and Metal Fabrication is designed to help you develop all of the
skills to become a highly paid versatile welder. In addition, it is designed to
make the process of learning to weld interesting and rewarding by having every-
thing you weld on become something you can take home and use. The projects
within each of the fabrication and welding chapters are designed to be func-
tional even though the welds may be your first attempts at welding. So at first
do not be overly critical of your welding skills, they will improve as you advance
through the textbook. In that way, both your fabrication skills and your welding
skills will improve together.

This textbook is the result of my more than 45 years of welding and fabri-
cation experience. In addition to my personal experiences, I have drawn valu-
able welding and fitting information from many friends, colleagues, and former
students. I know that not everyone who learns welding and fitting will use it to
earn their primary paycheck; for some it will be a hobby or part-time job. For

xviii
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Preface xix

me, welding has not only been a lifelong, very profitable career, it has been my
hobby too. This is what I had in mind when I wrote this textbook.

In the welding field, the ability to lay out, cut out, and assemble a welded
part can be as important as good welding skills. This textbook is designed to
give you all of the skills needed to be successful in welding. The chapters fall
into four general categories:

® General and Background chapters cover important information that will
help you work safely, be able to read drawings, and be a better all-round weld-
ing employee.

® Theory and Application chapters cover the equipment, materials, and pro-
cedures related to a single welding or cutting process.

® Fabrication and Welding chapters cover how to use each of the processes to
produce a finished project and also cover related fabrication techniques.

¢ Supplemental and Technical chapters cover material that will help you
solve welding problems you may encounter on the job by giving you infor-
mation about other processes, metal identification, filler metal selection, and
testing and certification.

As an example of the importance in learning proper welding skills, I offer
the following true story regarding overwelding. It is a common problem that
often results when welders believe that if a little weld is good, then a bigger weld
is probably better. Overwelding is so common that it has its own term—"*“gorilla
welding.” Gorilla welds often are referred to as strong and ugly. I once subscribed
to this myth. It is easy to argue that they are ugly, but are they really strong?

When I attended Hiwassee College in Madisonville, Tennessee, in the
1960s, I worked as a welder in a local shop that specialized in farm equipment
repair welding. Like many young welders, I thought I was the world’s best
welder. My welds never cracked. I even convinced the shop owner to offer this
warranty on my welds: “If our welds crack, we fix them for free.”

To ensure that my welds did not fail, I made the biggest gorilla welds you
have ever seen. Everyone knew that if I welded it, my welds would not fail.
Although my welds never cracked, the base metal alongside my weld often did.

Cracks beside my welds meant my warrantee did not apply, so I could bill
the farmer for my new welds. Although I stayed busy rewelding parts with
cracks alongside my welds, my customers were happy with my work because
they also thought a bigger weld was better.

By the time a local farmer got rid of his dump trailer that I had kept “fixing”
for him, there was a 3-inch wide series of welds on the hinge point. Today, I
realize that my welded repairs failed because of the size of the welds.

Often I made large welds on thin sheet metal parts that were subjected to
vibration as the equipment was used in the fields. Each time a crack appeared
next to one of my previous welds, I would just add another weld. Not all over-
welding today is as blatant as mine was, but it still is a problem.

In addition to being costly, overwelding can produce a welded joint that
cannot withstand the designed forces or vibration. Overwelded joints are not as
flexible, and the resulting joint stresses are focused alongside the weld, which is
why cracks always appeared just alongside my welds.
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XX Preface

A good rule of thumb on weld sizes is that the weld size should not be
much more than the thickness of the metal being joined, and the weld should
have a smooth contour with the base metal.

The material in this textbook is designed to give you the skills to fabricate
and weld projects so you never create the same problems for your customers
that I once did.

SUPPLEMENTS

Accompanying the text is a carefully prepared supplements package, which
includes an Instructor’s Guide, an Instructor Resources CD, and a Workbook.

The Instructor’s Guide contains chapter objectives, answers to the end of
chapter review questions and answers to the questions in the Workbook.

The Instructor Resources CD contains PowerPoint lecture slides that pres-
ent the highlights of each chapter, an ExamView computerized test bank, an
electronic version of the Instructor’s Guide, and an Image Library that includes
images from the text.

In the Workbook, each chapter includes a variety of review questions that
correspond with the chapter objectives to provide a comprehensive, in-depth
review of material covered in the chapter. Questions include sentence comple-
tion, multiple choice, and figure-labeling exercises.

The Welding Principles and Practices on DVD series explains the concepts
and shows the procedures students need to understand to become proficient
and professional welders. Four DVDs cover Shielded Metal Arc Welding, Gas
Metal Arc Welding, Flux Cored Arc Welding, and Oxyacetylene Welding in
detail. The main subject areas are further broken down into subsections on
each DVD for easy comprehension. The DVD set offers instructors and stu-
dents the best welding multimedia learning tool at the fingertips.
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Introduction

OBJECTIVES

Chapter 1

After completing this chapter, the student should be able to:

e Discuss the role welding plays in the manufacture of modern

products today.

e Explain the primary steps used in welding fabrication.

e Describe the most popular welding and cutting processes.

e Discuss the importance of careful and accurate part assembly

for welding fabrication.

e List the types of jobs available in the welding industry.

e Convert from standard units to metric (SI) units and from S| units

to standard units.

KEY TERMS

American Welding
Society (AWS)

certification
coalescence

flux cored arc welding

(FCAW)
forge welding (FOW)

gas metal arc welding

(GMAW)

gas tungsten arc
welding (GTAW)

oxyfuel gas (OF)

oxyfuel gas cutting
(OFCQ)

oxyfuel gas welding
(OFW)

plasma arc cutting
(PAC)

INTRODUCTION

semiautomatic
process

shielded metal arc
welding (SMAW)

torch or oxyfuel
brazing (TB)

welding

The ability to put things together to build a useful tool has been important
since the dawn of humanity. Early civilizations used vines or rope to tie stones
to sticks to make tools such as axes. Later, glues or cements were used to
hold parts together. Forge welding (FOW) was used to join smaller pieces of
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2 CHAPTER 1

FIGURE 1-1
1850, in Baltimore, Maryland. Larry Jeffus

Example of forge welding done around

metal that could be heated in a forge and hammered
together, Figure 1-1. At the dawn of the Iron Age, riv-
ets were used to fabricate large metal structures like
bridges, boilers, trains, and ships, Figure 1-2. But with
the advent of modern welding, cutting, and brazing,
civilization began advancing more rapidly. In fact,
modern civilization could not exist without welding.
Today, everything we touch was manufactured using
some welding process or was made on equipment
that was welded.

The skills of welding, cutting, and brazing are an
essential part of metal fabrication.

® Metal fabrication is the building, shaping, and
assembling of a product, equipment, or machine
from raw metal stock. Metal fabrication can be
done using rivets, bolts, welding, and so forth.

! BUIET EY
| wirsiiiA BRIBGE
JAHD [RONCOS

b E VA

® A welded metal fabrication is primarily assembled
using one or more of the following processes: weld-
ing, thermal cutting, or brazing.

® A weldment is an assembly in which its component
parts are all joined by welding.

In some cases, a welded fabricated part may
require some postweld finishing such as grinding,
drilling, machining, or painting to complete the
fabrication.

Welding Applications

Modern welding techniques are employed in the con-
struction of numerous products. Ships, buildings,
bridges, and recreational rides are examples of welded
fabrications, Figure 1-3.

The exploration of space would not be possible
without modern welding techniques. From the very
beginning of early rockets to today’s aerospace indus-
try, welding has played an important role. Many
of aerospace welding advancements have helped
improve our daily lives.

Many experiments aboard the Space Station
have involved welding and metal joining. The Inter-
national Space Station was constructed using many
advanced welding techniques. Someday, welders will
be required to build even larger structures in the
vacuum of space.

Welding is used extensively in the manufacture
of automobiles, farm equipment, home appliances,
computer components, mining equipment, and con-
struction equipment. Railway equipment, furnaces,
boilers, air-conditioning units, and hundreds of other

FIGURE 1-2A This all-riveted bridge was built in 1922, and is still in use today in San Antonio, Texas. Larry Jeffus
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FIGURE 1-2B Riveted boiler used in a gold mine in
Eagle Nest, New Mexico. Larry Jeffus

FIGURE 1-2C Riveted narrow-gauge logging train,
once used along the coast of the Olympic Peninsula in
Washington State. Larry Jeffus

products we use in our daily lives are also joined
together by some type of welding process.

Fabrication Steps

The process of metal fabrication can be divided into
several, often distinct steps. Following are the primary
steps for fabrication:

® Layout—the process of drawing lines on the raw
metal stock according to the parts drawings and
specifications, Figure 1-4.

® Cut out—the process of removing all of the unwanted
material around the laid-out part or sometimes just
cutting material to the desired length. Some of the

Introduction 3

FIGURE 1-3 Welded car ferry used on the Cherry
Branch—-Minnesott Beach crossing of the Neuse River in
North Carolina. Larry Jeffus

FIGURE 1-4 One way to lay out parts, is to trace them.
Larry Jeffus

most common methods of cutting out the parts are
flame cutting, plasma cutting, sawing, and punching,
Figure 1-5.

e Assembling—the process of placing all the parts
together in the correct location and orientation
with each other. The parts may be held in place
with small welds called tack welds or by some type
of clamp, Figure 1-6.

® Welding—the process of permanently attaching the
parts together to form the finished part, Figure 1-7.

® Finishing—can be accomplished by any number of
different processes such as grinding, polishing, drill-
ing, machining, painting, etc., Figure 1-8.

Not all metal fabrication includes all of the steps, and
the difficulty of each step varies with the complexity
of the fabrication. In addition, sometimes the order
in which each step is done may change. For example,
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FIGURE 1-7 Gastungsten arc welding was used to join
this stainless steel flange to pipe. Larry Jeffus

FIGURE 1-5 Oxyacetylene torch cutting a 2-in.
(50.8-mm) thick steel plate. Larry Jeffus

FIGURE 1-8 Angle grinding a weld to prepare it for
finish painting. Larry Jeffus

FIGURE 1-6 Magnetic alignment clamp used to hold pipe in the correct placement for welding. Larry Jeffus
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it may be necessary to wait until part of the assembly
has been welded before laying out the location of an
additional part; or a part may be trimmed to fit once
other parts have been welded in place.

WELDING DEFINED

Most people think of welding as either a gas torch or
electric arc welding process. They also think of it as
just melting metal together. In the earlier history of
welding, that was true, but welding is a lot more than
that today. For example, welds can be made without
an arc or flame with the induction welding (IW) pro-
cess; without heat using the pressure welding (PW)
process; or with an explosive using the explosion weld-
ing (EW) process. In fact, welding today is much more
than the basics; it can be a very sophisticated process.

The American Welding Society’s (AWS) defini-
tion of welding is very technical to reflect the differ-
ences in the welding processes used today. The AWS
definition of welding states that welding is “a localized
coalescence of metals or nonmetals produced either by
heating the materials to the required welding tempera-
tures, with or without the application of pressure, or
by the application of pressure alone, and with or with-
out the use of filler materials.” The term coalescence
means the fusion or growing together of the grain
structure of the materials being welded. The defini-
tion includes the terms metals or nonmetals because
materials such as plastics ceramics, and so forth, are
not metals and they can be welded. The phrase with
or without the application of pressure is important
because without the application of significant pres-
sure, some of the processes would not work, such as
electric resistance welding (ERW) and friction welding
(FW). In some welding processes only pressure is used
to cause localized coalescence such as the PW and EW
processes. And the last part of the definition says with
or without the use of filler materials, meaning welded
joints can be made by using only the base material.

A nontechnical definition of welding would be
that welding is the joining together of the surface(s)
of a material by the application of heat only, pressure
only, or with heat and pressure together so that the
surfaces fuse together. A filler material may or may
not be added to the joint.

Weld Quality

We would like to think that every weld is made per-
fectly, with not even a slight flaw or imperfection

Introduction 5

allowed. However, that is not possible. The higher the
welding standard, the higher the cost to produce a weld
to that standard. Therefore, we often say that a weld
must be fit for service. Fit for service means that there
is a reasonable expectation that the weld will never fail
as long as the weldment is used as it was designed to
be used. So the quality of welding required for weld-
ments differs depending on the intended service of the
weldment. For example, a weld that is made on a high-
pressure oil refinery vessel must be of an extremely
high quality, Figure 1-9. A weld failure on such a ves-
sel would be catastrophic, causing great property dam-
age and possible loss of life. However, if a weld made
on a driveway gate failed, it might be inconvenient but
not likely to cause a significant loss of life like a high-
pressure vessel failing, Figure 1-10.

To further illustrate this point, Figure 1-11 shows
two welds made on two different vehicles. The weld
shown in Figure 1-11A was made in 1945 by my
grandfather on the family farm. He made the weld
using bare metal electrodes. This farm trailer made

FIGURE 1-9 An oil refinery is an example of a structure
that requires critical welds to ensure its safe operation.
Larry Jeffus
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FIGURE 1-10 A farm gate is an example of a structure
containing noncritical welds. Larry Jeffus

FIGURE 1-11
electrodes. (B) Welded in 2008 with GTA welding.
Larry Jeffus

(A) Welded in 1945, using bare metal

from a Model A Ford car axle is still being used,
Figure 1-12. The weld shown in Figure 1-11B was
made in 2008 to hold the front suspension on a For-
mula 1 race car, Figure 1-13. The weld on the trailer
tongue has lasted for more than half a century travel-
ing around the farm at 3 or 4 miles per hour. But it

FIGURE 1-12 Farm trailer, 3 miles per hour. Larry Jeffus

FIGURE 1-13
Larry Jeffus

Formula 1race car, 300 miles per hour.

would last only a few seconds traveling around a race-
track at 300 miles per hour on a race car.

Good welders always try to make perfect welds
no matter what code or standard is specified.

WELDING AND CUTTING
PROCESSES

Welding processes differ greatly in the manner in
which heat, pressure, or both heat and pressure are
applied and in the type of equipment used. Table 1-1
lists various welding and allied processes. Some 67
welding processes are listed, requiring hammering,
pressing, or rolling to effect the coalescence in the
weld joint. Other methods bring the metal to a fluid
state, and the edges flow together.
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atomic hydrogen welding.... AHW
bare metal arc welding...
carbon arc welding.

—twin.... CAW-T SOLID
electrogas EGW STATE
flux cored arc weldln .. FCAW WELDING

(SSW)

coextrusion welding
cold welding.....
diffusion welding.
explosion weldin
forge welding...

iron soldering......... INS (RW)
resistance soldering..
torch soldering...

wave soldeﬁng.................:.

flame spraying.
plasma spraying.

chemical flux cutting.............
metal powder cutting..
oxyfuel gas cutting

—oxyhydro%an cutting..... OFC-H
—oxynatural gas cutting.. OFC-N
—oxypropane cutting....... OFC-P
oxygen arc cutting...... .\e]
oxygen lance cutting

Table 1-1

The most popular welding processes are gas metal
arc welding(GMAW) , flux cored arc welding (FCAW),
shielded metal arc welding (SMAW), gas tungsten arc
welding (GTAW), oxyacetylene welding (OAW), and
torch or oxyfuel brazing (TB). The two most popu-
lar thermal cutting processes are oxyacetylene cutting
(OAW) and plasma arc cutting (PAC).

Welders, like many professionals, have developed
jargon, nonstandard terms for many of the welding
processes. For example, the oxyacetylene welding pro-
cess is a part of the larger group of processes known as
oxyfuel gas welding (OFW). Sometimes it is referred
to as gas welding and torch welding. Shielded metal arc
welding is sometimes referred to as stick welding, rod
welding, or just arc welding. As you begin your work
career, you will learn the various names used in your
area, but you should always keep in mind and use the
more formal terms whenever possible.

.- BMAW
..CAW ARC
CAW-G WELDING

.FOW WELDING

—oxyacetylene cuttmg..'.'.-,' OFC-A OTHER
| curting
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gas metal arc welding
—pulsed arc...
—short mrcumng an::
gas tungsten arc weldlng . GTAW
—pulsed arc... .G
plasma arc weldlng -
shielded metal arc welding... SMAW

stud arc welding.........cccv.v... SW
BH'?BZ: NG submerged arc welding. SAW
ies.... SAW-S

arc brazing..........cceseeeeen. AB
block brazing...
diffusion brazing.

friction welding.... ..FRW PROCESSES dip brazing......

hot pressure welding.. .HPW flow brazing. .FLB

roll welding.............. .. ROW furnace brazing... .FB

ultrasonic welding................ Usw induction brazing 1B
infrared brazing... .IRB

dip soldering.....c.ccvwsivieinens DS torch brazing:......ccueeisieins TB

furnace soldering... ..FS s OXYFUEL twin carbon arc brazing..... TCAB

induction soldering 1S RESISTANCE GAS

infrared soldering... IRS WELDING WELDING

(OFW) electron beam welding.... EBW

—high vacuum............ EBW-HV

—medium vacuum...... EBW-MV

—NONVACUUMuseirairisns EBW-NV
electroslag welding..........ESW

flow welding.........

flash welding THERMAL ALLIED ADHESIVE induction welding. W

high frequency res:stance weldmg HFRW SPRAYING PROCESSES BONDING laser beam welding..........LBW

percussion welding.... ....PEW (THSP) (ABD) thermit welding........c.c.c.. TW

projection welding.......

res_stance seam wetqiing ...RSEW air acetylene welding.

resistance spot welding...................RSW oxyacetylene welding.

upset welding uw oxyhydrogen welding.
THERMAL pressure gas welding.

electric arc spraying.... EASP CUTTING

air carbon arc cutting......... AAC
carbon arc cutting... .C.

gas metal arc cutting.......... :
gas tungsten arc cutting.... GTAC
metal arc cutting.....ccveeeins MAC
plasma arc cutting............. PAC
shielded metal arc cutting.. SMAC

electron beam cutting....EBC
laser beam cutting

Master Chart of Welding and Allied Processes (American Welding Society)

Gas Metal Arc Welding

Gas metal arc welding (GMAW) uses a solid electrode
wire that is continuously fed from a spool, through the
welding cable assembly, and out through the gun. A
shielding gas flows through a separate tube in the cable
assembly, out of the welding gun nozzle, and around
the electrode wire. The welding power flows through
a cable in the cable assembly and is transferred to the
electrode wire at the welding gun. The GMA weld is
produced as the arc melts the end of the continuously
fed filler electrode wire and the surface of the base
metal. The molten electrode metal transfers across the
arc and becomes part of the weld. The gas shield flows
out of the welding gun nozzle to protect the molten
weld from atmospheric contamination.

GMA welding is extremely fast and economi-
cal because it can produce long welds rapidly that

Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



8 CHAPTER 1

require very little postweld cleanup. This process can
be used to weld metal ranging in thickness from thin-
gauge sheet metal to heavy plate metal by making only
a few changes in the welding setup.

Flux Cored Arc Welding

Flux cored arc welding (FCAW) uses a flux core
electrode wire that is continuously fed from a spool,
through the welding cable assembly, and out through
the gun. The welding power also flows through the
cable assembly. Some welding electrode wire types
must be used with a shielding gas, as in GMA welding,
but others have enough shielding, which is produced
as the flux core vaporizes. The welding current melts
both the filler wire and the base metal. When some
of the flux vaporizes, it forms a gaseous cloud that
protects the surface of the weld. Some of the flux
that melts travels across the arc with the molten filler
metal where it enters the molten weld pool. Inside the
molten weld metal, the flux gathers up impurities and
floats them to the surface where it forms a slag cover-
ing on the weld as it cools.

Although slag must be cleaned from the FCA
welds after completion, the advantages of this process,
including high quality, versatility, and welding speed
offset this requirement.

Gas metal arc welding and flux cored arc welding
are very different welding processes, but they use very

SHIELDING GAS
CYLINDER

WELDING CABLE ASSEMBLY
* WIRE AND WIRE LINER
* WELDING POWER CABLE
* SHIELDING GAS HOSE

* START/STOP CONTROL WIRES

WELDING
GUN x

CYLINDER
SAFETY CHAIN
GUN START/STOP
TRIGGER
WIRE FEEDER
POWER CABLE

WORK CLAMP J

FIGURE 1-14 Gas metal arc (GMA) and/or flux cored arc (FCA) welding equipment.
© Cengage Learning 2012

similar welding equipment, Figure 1-14. Both GMA
and FCA welding are classified as semiautomatic
processes because the filler metal is automatically fed
into the welding arc, and the welder manually moves
the welding gun along the joint being welded. GMA
and FCA welding are the first choice for many weld-
ing fabricators because these processes are cost effec-
tive, produce high-quality welds, and are flexible and
versatile. In addition to welding supply stores, many
others stores such as hardware stores, building sup-
ply stores, automotive supply stores, and others carry
GMA/FCA welding equipment and filler metals.

Shielded Metal Arc Welding

Shielded metal arc welding (SMAW) uses a
14-in.-(350-mm) long consumable stick electrode
that both conducts the welding current from the
electrode holder to the work, and as the arc melts
the end of the electrode away, it becomes part of
the weld metal. The welding arc vaporizes the solid
flux that covers the electrode so that it forms an
expanding gaseous cloud to protect the molten
weld metal. In addition to protecting molten weld
metal, fluxes also perform a number of beneficial
functions for the weld, depending on the type of
electrode being used.

SMA welding equipment can be very basic
compared to that used in other welding processes. It

AND FLOWMETER
WIRE FEED AND CONTROL UNIT

WIRE SPOOL
WIRE SPEED ADJUSTMENT
WELDING MACHINE

MAIN POWER
SUPPLY CABLE
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FIGURE 1-15 Shielded metal arc (SMA) welding equipment. © Cengage Learning 2012

can consist of a welding transformer and two weld-
ing cables with a work clamp and electrode holder,
Figure 1-15. There are more types and sizes of SMA
welding electrodes than there are filler metal types
and sizes for any other welding process. This wide
selection of filler metal allows welders to select the
best electrode type and size to fit their specific welding
job requirements. So, a wide variety of metal types and
metal thicknesses can be joined with one machine.

Gas Tungsten Arc Welding

Gas tungsten arc welding (GTAW) uses a noncon-
sumable electrode made of tungsten. In GTA weld-
ing the arc between the electrode and the base metal

SHIELDING
GAS CYLINDER

GTA WELDING

TORCH ‘\

SHIELDING
GAS TO TORCH

melts the base metal and the end of the filler metal
as it is manually dipped into the molten weld pool.
A shielding gas flowing from the gun nozzle protects
the molten weld metal from atmospheric contami-
nation. A foot or thumb remote-control switch may
be added to the basic GTA welding setup to allow
the welder better control, Figure 1-16. This remote-
control switch is often used to start and stop the
welding current as well as make adjustments in the
power level.

GTA welding is the cleanest of all of the manual
welding processes. But because there is no flux used to
clean the weld in GTA welding, all surface contamina-
tion such as oxides, oil, and dirt must be cleaned from
the part being welded and the filler metal so it does
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FIGURE 1-16 Gas tungsten arc (GTA) welding equipment. © Cengage Learning 2012
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10 CHAPTER 1

not contaminate the weld. Even though GTA welding
is slower and requires a higher skill level as compared
to other manual welding processes, it is still in demand
because it can be used to make extremely high-quality
welds in applications in which weld integrity is critical.
In addition, there are metal alloys that can be joined
only with the GTA welding process.

Oxyacetylene Welding, Brazing,
and Cutting

Oxyacetylene welding (OAW) and torch or oxyfuel
brazing (TB) can be done with the same equipment,
and oxyfuel gas cutting (OFC) uses very similar equip-
ment, Figure 1-17.

In OA welding and TB, a high-temperature flame
is produced at the torch tip by burning oxygen and
a fuel gas. The most common fuel gas is acetylene;
however, other combinations of oxygen and fuel gases
(oxyfuel gas [OF]) can be used for welding such as
hydrogen, Mapp®, or propane. In OF welding the
base metal is melted, and a filler metal may be added
to reinforce the weld. No flux is required to make an
OF weld.

In TB, the metal is heated to a sufficient temper-
ature but below its melting point so that a brazing
alloy can be melted and bond to the hot base metal. A
flux may be used to help the brazing alloy bond to the
base metal. Both OF welding and TB are used primar-
ily on smaller, thinner-gauge metals.

PRESSURE
REGULATORS

VALVES

AC OXYGEN

CYLINDER

FUEL GAS
CYLINDER

FLOW CHECK

THERMAL CUTTING
PROCESSES

There are a number of thermal cutting processes such
as oxyfuel gas cutting and plasma arc cutting (PAC).
They are the most commonly used in most welding
shops. Air carbon arc cutting (AAC) is also frequently
used, and many larger fabrication shops have started
using laser beam cutting (LBC).

Oxyfuel Gas Cutting

Oxyfuel gas cutting (OFC) uses the high-temperature
flame to heat the surface of a piece of steel to a point
where a forceful stream of oxygen flowing out a cen-
ter hole in the tip causes the hot steel to burn away,
leaving a gap or cut. Because OF cutting relies on the
rapid oxidation of the base metal at elevated temper-
atures to make a cut, the types of metals and alloys
that it can be used on are limited. OF cutting can be
used on steel from a fraction of an inch thick to several
feet, depending on the capacity of the torch and tip
being used.

Plasma Arc Cutting

Plasma arc cutting (PAC) uses a stiff, highly ion-
ized, extremely hot column of gas to almost instantly
vaporize the metal being cut. Most ionized plasma is
formed as high-pressure air is forced through a very

BRAZING TIP HEAD

P

\— GAS HOSES

FIGURE 1-17 Oxyfuel gas welding (OFW) and oxyfuel cutting (OFC) equipment.
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small opening between a tungsten electrode and the
torch tip, Figure 1-18. As the air is ionized, it heats
up, expands, and exits the torch tip at supersonic
speeds. PAC does not rely on rapid oxidation of the
metal being cut like OFC, so almost any metal or alloy
can be cut.

PA cutting equipment consists of a transformer
power supply, plasma torch and cable, work clamp
and cable, and an air supply. Some PA cutting equip-
ment has self-contained air compressors. Because the
PA cutting process can be performed at some very
high travel speeds, it is often used on automated cut-
ting machines. The high travel speeds and very low
heat input help to reduce or eliminate part distortion,
a common problem with some OF cutting.

DEMONSTRATIONS,
PRACTICES, AND PROJECTS

The welding Demonstrations in the textbook are
designed to show you how something works, reacts
to heating or welding, or how you might be able to
perform a task. They may be done individually or as
a group.

The welding Practices in this textbook are
designed for you to develop a specific welding skill.
Welding is a combination of technical knowledge
and skill. You can develop the technical knowledge
through reading and studying the text, and you can

\— WORK CABLE

FIGURE 1-18 Plasma arc cutting (PAC) equipment.

© Cengage Learning 2012

develop the skill and art of welding by performing the
welds laid out in each practice and project. Learn-
ing to weld requires practicing each weld. Often,
you have to make the weld several times before you
develop the eye—hand coordination. The more time
you spend practicing welding, the better your skills
will become.

The welding Projects in this textbook are
designed to help you both improve your welding
skills and develop your fabricating skills. The begin-
ning welding projects are designed so that you can
make them even though you may not have developed
all of your welding skills yet. That is not to say that
you should not always try to make high-quality welds
every time you weld. Making perfect welds is every
welder’s desire; however, a high skill level comes
with practice. If you follow the project drawings and
specifications, every project should result in a usable
product being produced.

Assembling the Parts

The assembly process for a weldment can be as sim-
ple as holding a part in place with one hand as you
make a tack weld using your other hand. But most
of the time, it is much more complicated, requiring
clamps, jigs, or fixtures to hold the parts in place for
tack welding or finish welding, Figure 1-19. A variety
of hand tools such as squares, magnetic angle blocks,
clamps, and locking pliers are commonly used to align
and hold the parts for welding.
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FIGURE 1-19 Motorcycle frame clamped in a
welding jig. Larry Jeffus

Getting the parts of an assembly properly posi-
tioned may take more time than it takes to do the
welding. Time spent accurately positioning the part is
not wasted, because welding parts in the wrong place
can result in time being wasted removing the welds
and repositioning a part.

Selection of the Joining Process

Many different welding processes can be used to tack
weld or finish weld. Some of the factors to consider
are whether this is a single weldment or whether a
large number of welds will be required. When a large
number of welds are needed, then a slightly faster
welding process would be worth using. Another fac-
tor to consider is the metal thickness and joint design.
You have more choices when welds are made in a
welding shop rather than in the field. For example,
when it is too windy, FCA and GMA welding cannot
be used outside, so SMA welding may need to be used
for these field welds.

OCCUPATIONAL
OPPORTUNITIES
IN WELDING

The American welding industry has contributed to
the widespread growth of the welding and allied pro-
cesses. Without welding, much of what 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. The
need to fill these well-paying jobs is not concentrated
in major metropolitan areas but exists throughout the
country and the world. Because of the diverse nature
of the welding industry, the exact job duties of each
skill area vary. The following are general descriptions
of the job classifications used in our profession; spe-
cific tasks may vary from one location to another.

Welders perform the actual welding. They are
the skilled craftspeople who, through their own labor,
produce the welds on a variety of complex products,
Figure 1-20.

Tack welders, also skilled workers, 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 and still not
interfere with the finished welding.

Welding operators, often skilled welders, operate
machines or automatic equipment used to make welds.

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

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

FIGURE 1-20 Sometimes welding must be done
in confined spaces such as this pumping station.
Larry Jeffus
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They also must have knowledge of the effects of con-
traction and expansion of the various types of metals.

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 (CWTI). To become a CWI, candi-
dates 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.

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 demon-
strate good management skills by effectively planning
jobs and assigning workers.

Welding salespersons may be employed by sup-
ply houses or equipment manufacturers. These jobs
require a broad understanding of the welding pro-
cess as well as good marketing skills. Good sales-
persons are able to provide technical information
about their products to convince customers to make
a purchase.

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 busi-
nesses. These individuals may specialize in one field,
such as hardfacing, repair, and maintenance, or spe-
cialty fabrications, or they may operate as subcon-
tractors of manufactured items. A welding business
can be as small as one individual, one truck, and one
portable welder or as large as a multimillion-dollar
operation employing hundreds of workers.

Welding engineers design, specify, and oversee
the construction of complex weldments. The weld-
ing 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 weld-
ing engineer is required to know all of the welding
processes and metallurgy as well as 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 perform
the required work to produce a weldment to strict
specifications. Large industrial concerns employ workers

Introduction 13

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 the research, design,
development, and fabrication of a project. Technicians
work as part of the engineering staff. These individuals
may oversee the actual work for the engineer by pro-
viding the engineer with progress reports as well as
chemical, physical, and mechanical test results. Tech-
nicians may also require engineers to build prototypes
for testing and evaluation.

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

The flame-cutting process is closely related to
welding. Some operators use handheld torches, and
others are skilled operators of oxyfuel cutting machines.
These machines range from simple mechanical devices
to highly sophisticated, computer-controlled, multiple-
head machines that are operated by specialists.

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

1/4in. = 6 mm
1/2 in. = 13 mm
3/4in. = 18 mm
1lin.= 25 mm
2in.= 50 mm
1/2gal =2L
lgal=4L
1lb =1/2K
2lb=1K
1 psig = 7 kPa
1°F = 2°C

Table 1-2 Metric Conversion Approximations

By using an approximation for converting standard units to metric, it is possible
to quickly have an idea of how large or heavy an object is in the other units. For
estimating, it is not necessary to be concerned with the exact conversions.
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TEMPERATURE 1L = 0.2642 gal (U.S))
Units lcuyd = 0.769 cum
°F (each 1° change) = 0.555°C (change) lcum = 13cuyd
°C (each 1° change) = 1.8°F (change) Conversions
32°F (ice freezing) = 0%elsius cuin.to L cuin. X 0.01638 = L
212°F (boiling water) = 100°Celsius L to cu in. L X 6102 = cuin.
—460°F (absolute zero) = O°Ran|_<|ne cuftto L cuft X 2832 = L
—273°C (absolute zero) = 0°Kelvin Ltocuft L % 003531 =  cuft
Conversions L to gal L X 0.2642 = gal
°Fto°C °F-32 = X.555 = EE© galtoL gal X 3737 = L
°Cto °F °C X 1.8= 1320 = °F
WEIGHT (MASS) MEASUREMENT
LINEAR MEASUREMENT Units
Units loz = 0.0625Ib
1linch = 25.4 millimeters 1lb = 160z
1linch = 2.54 centimeters loz = 2835¢g
1 millimeter = 0.039%4 inch 19 = 0.03527 oz
1 centimeter = 0.3937 inch 1lb = 0.0005 ton
12 inches = 1 foot lton = 2000Ib
3 feet = 1lyard loz = 0.283kg
5280 feet = 1mile 1lb = 0.4535kg
10 millimeters = 1 centimeter 1 kg = 35270z
10 centimeters = 1 decimeter 1 kg = 22051Ib
10 decimeters = 1 meter l1kg = 1000¢g
1000 meters = 1 kilometer Conversions
Conversions Ib to kg b X 0.4535 = kg
in.to mm in. X 25.4 = mm kg to Ib kg X 2.205 = Ib
in.to cm in. X 254 = cm oztog 0z X 0.03527 = g
ft to mm ft X 3048 = mm gtooz g X  28.35 = 0z
fttom ft X 0.3048 = m
mm to in. mm X 0.0394 = in. PR_ESSURE AND FORCE MEASUREMENTS
cmtoin. cm X 0.3937 = in. Units
mm to ft mm X 0.00328 = fit 1 psig = 6.8948 kPa
m to ft m X 3.28 = ft 1 kPa = 0.145 psig
- 1 psig = 0.000703 kg/sg mm
AREA MEASUREMENT lkg/sgmm = 6894 psig
Units 1 Ib (force) = 4.448N
1 sqin. = 0.0069 sq ft 1 N (force) = 0.2248 b
1sqft = 1l44sqin. Conversions
1sqft = 0.111sqyd psig to kPa psig X 6.8948 = kPa
lsqyd = 09sqft kPa to psig kPa X 0.145 = psig
lsgin. = 645.16 sqg mm lbtoN b X 4448 = N
1sgmm = 0.00155 sqin. N to Ib N X 0.2248 = psig
1sgecm = 100 sq mm
1sqm = 1000 sqcm VELOCITY MEASUREMENTS
Conversions Units
sq in. to sq mm sqin. X 645.16 = sq mm ilf?/éZiC = 25%3/35156(:
sq mm to sq in. sq mm X 0.00155 sq in. 1 fmin = 720in/sec
VOLUME MEASUREMENT 1in./sec = 0.4233 mm/sec
Units 1mm/sec = 2.362in./sec
Lcuin. = 0.000578 cu ft 1cfm = 0.4719 L/min
1 cu ft = 1728 cuin. 1 L/min = 2.119 cfm
1lcuft = 0.03704 cu yd Conversions
lcuft = 2832L ft/min to in./sec ft/min X 720 = in./sec
1cuft = 7.48gal (US) in/mintomm/sec _____in/min X .4233=___ mm/sec
lgal(Us) = 3737L mm/sec.toin/min ___mm/sec X 2.362=___in./min
lcuyd = 27cuft cfm to L/min cfm X 0.4719 = L/min
1 gal = 0.1336 cu ft L/min to cfm L/min X 2.119 = cfm
1cuin. = 16.39cucm
1L = 1000 cu cm
1L = 61.02cuin.
1L = 0.03531cuft

TABLE 1-3 Table of Conversions: U.S. Customary (Standard) Units and Metric Units (SI)
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U.S. Customer (Standard) Units
°F = degrees Fahrenheit
°R = degrees Rankine
= degrees absolute F
Ib = pound
psi = pounds per square inch
= Ib per sq in.
psia = pounds per square inch absolute
= psi + atmospheric pressur
in. = inches = in. = "
ft = foot or feet = ft =
sqin. = square inch = in.
sqft = square foot = ft
cuin. = cubic inch = in.
cuft = cubic foot = ft
ft-Ib = foot-pound
ton = ton of refrigeration effect
qt = quart
Metric Units (SI)
°C = degrees Celsius
°K = Kelvin
mm = millimeter
cm = centimeter
cm? = centimeter squared

Miscellaneous Abbreviations

)
QD
1 | | | e T |

centimeter cubed
decimeter
decimeter squared
decimeter cubed
meter

meter squared
meter cubed

liter

gram

kilogram

joule

kilojoule

newton

pascal

kilopascal

waltt

kilowatt
megawatt

seconds

radius of circle
3.1416 (a constant
used in determining
the area of a circle)

pressure sec
hours r
diameter T
area

volume

infinity

Table 1-4 Abbreviations and Symbols

approximate value—the SI units have been rounded
off to the nearest whole number. Round off occurs
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 was an approxima-
tion. Rounding off the metric units makes under-
standing the metric system much easier, Table 1-2,
page 13. By using this approximation method, you
can make most standard-to-metric conversions in
your head without using a calculator.

Once you have learned to use approximations for
metric, you will find it easier to make exact conver-
sions whenever necessary. Conversions 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 reason you must be able to
make those conversions. Table 1-3 and Table 1-4 are
set up to be used with or without the aid of a calculator.
Many calculators today have built-in standard—metric
conversions. Of course, it is a good idea to know how
to make these conversions with and without these
aids. Practice making such conversions whenever the
opportunity arises.

Welding Video Series

Delmar/Cengage Learning, in cooperation with the
author, has produced a series of DVDs. Each of the
four DVD sets covers specific equipment setup and
operation for welding, cutting, soldering, or brazing.

REVIEW QUESTIONS

1. Define metal fabrication.
2. Define welded metal fabrication.
3. What is a weldment?

4. List 20 items that are manufactured using weld-
ing or thermal cutting processes.

5. List the five steps that might be followed to fabri-
cate a project.

6. What is a nontechnical definition of welding?
7. Explain the term fit for service.

8. List the six most popular welding processes.
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9. Name the two most popular thermal cutting
processes.

10. List the major parts of a GMA welding setup.
11. List the major parts of an FCA welding setup.
12. List the major parts of an SMA welding setup.
13. List the major parts of a GTA welding setup.
14. List the major parts of an OF cutting setup.
15. List the major parts of a PA cutting setup.

16. Why can more types of metal be cut with PAC
than with OFC?

17. List some ways that parts can be held in place for
tack welding or finish welding.

18. List some factors that should be considered when
selecting a welding process.

19. List some of the types of jobs that are available in
the welding industry.

20. Using Table 1-3, convert the following standard
units to SI units.

a. 212°F to °C
b. 2 in. to mm
c.4lbto_ k

d. 10 psig to kPa

21. Using Table 1-3, convert the following SI units to
standard units.

a. 100°C to °F

b. 400 mm to in.
c. 10kto Ib

d. 100 kPa to psig
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Welding Safety

OBJECTIVES

After completing this chapter, the student should be able to:

e Explain how to work safely.

e |dentify each degree of burn and describe how to provide first aid.

e List the types of protective clothing a welder should wear.

e Explain the importance of proper ventilation and respiratory protection.
e Describe how to safely lift, climb, and handle materials.

e Demonstrate electrical safety.

KEY TERMS

acetone full face shield type B fire extinguisher
acetylene goggles type C fire extinguisher
earmuffs ground-fault circuit type D fire extinguisher
earplugs interpreter (GFCI) ultraviolet light
electrical ground infrared light valve protection cap
electrical resistance material :pecification ventilation
exhaust pickups CHAEEEAAER) visible light

natural ventilation .
flash burn warning label

safety glasses

flash glasses
forced ventilation

welding helmet
type A fire extinguisher

INTRODUCTION

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 working must do their own part to make the job safe.
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18 CHAPTER 2

Welding fabrication is a very large and diverse
industry. This chapter concentrates on only that portion
of welding fabrication safety related to the areas of
light metal. You must read, learn, and follow all safety
rules, regulations, and procedures for those areas.

Light welding fabrication, like all other areas of
welding work, has a number of potential safety haz-
ards. These hazards need not result in anyone being
injured. Learning to work safely is as important as
learning to be a skilled welding fabrication worker.

You must approach new jobs with your safety in
mind. Your safety is your own responsibility, and you
must shoulder that responsibility. It is not possible to
anticipate all of the possible dangers in every job. This
text may not cover some dangers. You can get specific
safety information from welding equipment manufac-
turers and their local suppliers, your local college and
university, and the World Wide Web.

If an accident does occur on a welding site, it can
have consequences far beyond just the person being
injured. Serious accidents can result in local, state,
or national investigations. For example, if the federal
office of the Occupational Safety and Health Adminis-
tration (OSHA) becomes involved, the jobsite may be
closed for hours, days, weeks, months, or even perma-
nently. While the jobsite is closed for the investigation,
you may be off without pay. If it is determined that your
intentional actions contributed to the accident, you
may lose your job, be fined, or worse. Always follow the
rules; never engage in horseplay or play practical jokes
while at work.

BURNS

Burns are one of the most common and painful injuries
that occur in welding fabrication. 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 dead tissue that results. It is impor-
tant 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 include first-degree,
second-degree, and third-degree burns.

First-Degree Burns

First-degree burns have occurred when the surface of
the skin is reddish in color, tender, and painful; they
do not involve any broken skin, Figure 2-1. The first

SWEAT PORE

EPIDERMIS _]

DERMIS

SUBCUTANEOUS
LAYER

SWEAT
GLAND

NERVES

BLOOD FAT
VESSELS CELLS

FIGURE 2-1 First-degree burn—only the skin surface
(epidermis) is affected. © Cengage Learning 2012

step in treating a first-degree burn is to immediately
put the burned area under cold water (not iced) or
apply cold water compresses (clean 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, or any
other home remedies or medications, without a doc-
tor’s recommendation.

Second-Degree Burns

Second-degree burns have occurred when the sur-
face of the skin is severely damaged, resulting in the
formation of blisters and possible breaks in the skin,
Figure 2-2. Again, the most important first step in
treating a second-degree burn is to put the area under

BREAK BLISTER
SERUM
EPIDERMIS _] Z
DERMIS
SUBCUTANEOUS 88
LAYER z

FIGURE 2-2 Second-degree burn—the epidermal
layer is damaged, forming blisters or shallow breaks.
© Cengage Learning 2012
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cold water (not iced) or apply cold water compresses
until the pain decreases. Gently pat the area dry with
a clean towel, and cover the area with a sterile ban-
dage or clean cloth to prevent infection. Seek medical
attention. If the burns are around the mouth or nose,
or involve singed nasal hair, breathing problems may
develop. Do not apply ointments, sprays, antiseptics,
or home remedies. Note: In an emergency, any cold
liquid you drink, for example, water, cold tea, soft
drinks, or milk shake, can be poured on a burn. The
purpose is to lower the skin temperature as quickly as
possible to reduce tissue damage.

Third-Degree Burns

Third-degree burns have occurred when the surface
of the skin and possibly the tissue below the skin
appear white or charred. There may be cracks or
breaks in the skin, Figure 2-3. Initially, little pain
is present because the 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. If the victim is on fire, smother the flames
with a blanket, rug, or jacket. Breathing difficulties
are common with burns around the face, neck, and
mouth; be sure that the victim is breathing. Place a
cold cloth or cool 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 if needed; people with
even small third-degree burns need to consult a
doctor.

HAIR BURNED OFF CRACK IN THE SKIN

EPIDERMIS _]

DERMIS

SUBCUTANEOUS
LAYER

FIGURE 2-3 Third-degree burn—the epidermis, dermis,
and the subcutaneous layers of tissue are destroyed.
© Cengage Learning 2012
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Burns Caused by Light

Some types of light can cause burns. There are three
types of light—ultraviolet, infrared, and visible. Ultra-
violet and infrared are not visible to the unaided
human eye but can cause burns. During welding, one
or more of the three types of light may be present.
Arc welding and arc cutting produce all three kinds
of light, but gas welding produces only the less haz-
ardous visible and infrared lights.

The light from the welding process can be
reflected from walls, ceilings, floors, or any other
large surface. This reflected light is as dangerous as
the direct welding light. To reduce the danger from
reflected light, welding shops, if possible, should be
painted flat black. Flat black reduces the reflected light
by absorbing more of it than any other color. If the
welding cannot be moved away from other workers,
screen off the welding arc with welding curtains that
will absorb the welding light, Figure 2-4. These special
portable welding curtains may be either transparent
or opaque. Transparent welding curtains are made of
a special high-temperature, flame-resistant plastic that
prevents the harmful light from passing through.

FIGURE 2-4 Portable welding curtains.
Frommelt Safety Products
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CAUTION

Welding curtains must always be used to protect
other workers in an area that might be exposed to
the welding light.

Ultraviolet Light (UV)

Ultraviolet light waves are the most dangerous. They
can cause first-degree and second-degree burns to the
eyes or to any exposed skin. Because you cannot see
or feel ultraviolet light while being exposed to it, you
must stay protected when in the area of any arc weld-
ing processes. The closer a person is to the arc and
the higher the current, the quicker a burn may occur.
The ultraviolet light is so intense during some welding
processes that eyes can receive a flash burn within
seconds, and the skin can be burned within minutes.
Ultraviolet light can pass through loosely woven cloth-
ing, thin clothing, light-colored clothing, and a damaged
or poorly maintained arc welding helmet.

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.

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 blind-
ness (poor eyesight under low light levels). Too little
visible light may cause eyestrain, but visible light is
not hazardous.

Whether burns are caused by ultraviolet light or
hot material, they can be avoided if proper clothing
and other protection are worn.

EYE AND EARPROTECTION

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. For
better protection when working in brightly lit areas

SIDE SHIELDS

FIGURE 2-5 Safety glasses with side shields.
© Cengage Learning 2012

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 you
cannot immediately detect excessive exposure to arc
light. Welding light damage occurs often without
warning, like a sunburn’s effect that is felt the fol-
lowing day. Therefore, welders must take appropri-
ate precautions in selecting filters or goggles that are
suitable for the process being used, Table 2-1. Select-
ing the correct shade lens is also important because
both extremes of too light or too dark can cause
eyestrain. New welders often select a lens that is too
dark, assuming it will give them better protection, but
this results in eyestrain in the same manner as if they
were trying to read in a poorly lit room. In reality,
any approved arc welding lens filters out the harmful
ultraviolet light. Select a lens that lets you see com-
fortably. 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.
It can injure the retina, which is the back of the eye.
Burns on the retina are not painful but may cause
some loss of eyesight. Ultraviolet light can also burn
the whites of the eyes, Figure 2-6. The whites of the
eyes are very sensitive, and burns are very painful.
The eyes are easily infected because, as with any burn,
many cells are killed. These dead cells in the moist
environment of the eyes promote the growth of bac-
teria that cause infection. When the eye is burned,
it feels as though there is something in the eye, but
without a professional examination, it is impossible
to know. Because there may be something in the eye
and because of the high risk of infection, home rem-
edies or other medicines should never be used for eye
burns. Any time you receive an eye injury, you should
see a doctor.
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Electronic rights not available.

Table 2-1 Huntsman Selector Chart (kedman Co., Huntsman Product Division)
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FIGURE 2-6 The eye can be burned on the
white or on the retina by ultraviolet light.
© Cengage Learning 2012

Even with quality welding helmets, like the one
shown in Figure 2-7, the welder must check for poten-
tial problems that may occur from accidents or daily
use. Small, undetectable leaks of ultraviolet light in an
arc welding helmet can cause a welder’s eyes to itch or
feel sore after a day of welding. To prevent these leaks,
make sure that the lens gasket is installed correctly,
Figure 2-8. The outer and inner clear lens 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.

Safety glasses with side shields are adequate for
general use, but if you are doing heavy grinding, chip-
ping, or overhead work, you should wear goggles or a

FIGURE 2-7 Typical arc welding helmets used to
provide eye and face protection during welding.
Larry Jeffus
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FIGURE 2-8 The correct placement of the gasket around
the shade lens is important because it can stop ultraviolet
light from bouncing around the lens assembly.

© Cengage Learning 2012

TWIST \

FIGURE 2-9 To check the shade lens for possible cracks,
gently twist it. © Cengage Learning 2012

full face shield in addition to safety glasses, Figure 2-10.
Safety glasses are best for general protection because
they must be worn under an arc welding helmet at
all times.

FIGURE 2-10

Full face shield.
© Cengage Learning 2012
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OSHA PERMISSIBLE EXPOSURE
Time of Noise

Average Daily

Sound Level Exposure
90 8 Hours
95 4 Hours
100 2 Hours
105 1 Hour
110 30 Minutes
111 15 Minutes

SOUND LEVEL dBA
SOUND SOURCE

0 |Threshold of Hearing
20 |Buzzing Insect
40 | Transformer Welder
60 |Speech
95 |Hand Grinder
120 |Jet Plane and Threshold of Pain

Table 2-2 OSHA Permissible Sound Exposure Levels

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 unpro-
tected, Table 2-2. 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

FIGURE 2-11 Earmuffs provide complete ear protection
and can be worn under a welding helmet. MSA
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FIGURE 2-12
only. MSA

Earplugs used as protection from noise

is earplugs that fit into the ear canal, Figure 2-12.
Both of these protect a person’s hearing, but only the
earmuffs protect the outer ear from burns.

CAUTION

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

RESPIRATORY
PROTECTION

All welding and cutting processes produce undesir-
able by-products, such as harmful dusts, fumes, mists,
gases, smokes, sprays, or vapors. For your safety and
the safety of others, your primary objective is to pre-
vent these contaminants from forming and collecting
in the area’s atmosphere. This can be accomplished
as much as possible by thorough cleaning of surface
contaminants before starting work, and confinement
of the operation to outdoor or open spaces.
Production of welding fumes and vapor by-products
cannot be avoided. They are created when the tem-
perature of metals and fluxes is raised above the temper-
atures at which they boil or decompose. Most of the
by-products are recondensed in the weld. However,
some do escape into the atmosphere, producing the
haze that occurs in improperly ventilated welding shops.
Some fluxes used in welding electrodes produce fumes
that may irritate the welder’s nose, throat, and lungs.
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When welders must work in an area where effec-
tive controls to remove airborne welding by-products
are not feasible, employers must provide equipment
such as respirators when necessary to protect workers’
health. The respirators must be applicable and suit-
able for the purpose intended. The welding shop will
establish and implement a written respiratory pro-
tection program with work site-specific procedures
indicating where respirators are necessary to protect
welders’ health or whenever respirators are required
by the shop. Welders are responsible for following
the welding shop’s established written respiratory
protection program. Guidelines for the respiratory pro-
tection program are available from the OSHA office in
Washington, DC.

Training must be a part of the welding shop’s
respiratory protection program. This training should
include instruction in the following procedures:

® Proper use of respirators, including techniques for
putting them on and removing them.

® Schedules for cleaning, disinfecting, storing,
inspecting, repairing, discarding, and performing
other aspects of maintenance of the respiratory
protection equipment.

® Selection of the proper respirators for use in the work-
place, and any respiratory equipment limitations.

® Procedures for testing for tight-fitting respirators.

® Proper use of respirators in both routine and rea-
sonably foreseeable emergency situations.

® Regular evaluation of the effectiveness of the program.

All respiratory protection equipment used in a
welding shop should be certified by the National Insti-
tute for Occupational Safety and Health (NIOSH).
Some of the types of respiratory protection equip-
ment that may be used include the following:

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

® Atmosphere-supplying respirators supply breath-
ing air from a source independent of the ambient
atmosphere; this includes both the supplied-air
respirators and self-contained breathing apparatus
type units.

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

FIGURE 2-13 Filtered fresh air is forced into the welder’s
breathing area. © 2010 3M Company. All rights reserved

® Positive pressure respirators are respirators in
which the pressure inside the respiratory inlet cov-
ering exceeds the ambient air pressure outside the
respirator.

® Powered air-purifying respirators (PAPRs) are air-
purifying respirators that use a blower to force the
ambient air through air-purifying elements to the
inlet covering, Figure 2-13.

e Self-contained breathing apparatuses (SCBAs) are
atmosphere-supplying respirators for which the
breathing air source is designed to be carried by
the user.

® Supplied-air respirators (SARSs), or airline respira-
tors, are atmosphere-supplying respirators that
have air piped in through a flexible hose from a
large central air supply.

Respiratory protection equipment used in many
welding applications is of the filtering facepiece (dust
mask) type, Figure 2-14. These mask types use the
negative pressure as you inhale to draw air through
a filter, which is an integral part of the facepiece. In
areas of severe contamination, you may use a hood-
type respirator, which covers your head and neck and
may also cover portions of your shoulders and torso.

CAUTION

Welding or cutting must never be performed on
drums, barrels, tanks, vessels, or other contain-
ers until they have been emptied and cleaned thor-
oughly, eliminating all flammable materials and all
substances (such as detergents, solvents, greases,
tars, or acids) that might produce flammable, toxic,
or explosive vapors when heated.
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FIGURE 2-14 Typical respirator for contaminated
environments. The filters can be selected for specific types of
contaminant. MSA

Some materials used as paint, coating, or plat-
ing on metals to prevent rust or corrosion can cause
respiratory problems. Other potentially hazardous
materials include alloys used 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 sur-
face must be thoroughly cleaned. This cleaning may
be done by grinding, sandblasting, or applying an
approved solvent.

CAUTION

Never weld, cut, or braze on any metal that has
any chemical residue. Even small amounts trapped
in crevices, such as those in the hopper or between
parts, must be thoroughly removed before you can
safely perform any welding, cutting, or brazing. All
of these chemicals can release deadly gases when
heated. Some are explosive.

Most paints containing lead have been removed
from the market. But some industries, such as marine
or ship applications, still use these lead-based paints.
Often, old machinery surfaces may have lead-based
paint coatings. Old solder often contains lead alloys.

Welding Safety 25

The welding and cutting of lead-bearing alloys or
metals whose surfaces have been painted with lead-
based paint can generate lead oxide fumes. Inhala-
tion and ingestion of lead oxide fumes and other lead
compounds cause lead poisoning. Symptoms include
a metallic taste in the mouth, a loss of appetite, nau-
sea, abdominal cramps, and insomnia. In time, ane-
mia and a general weakness, chiefly in the muscles of
the wrists, develop.

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

Zinc galvanizing may be found on pipes, sheet
metal, water tanks, 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. Inhalation of zinc
oxide fumes can occur when you are welding or cut-
ting on these materials. Exposure to these fumes is
known to cause metal fume fever; its symptoms are
very similar to those of common influenza.

Concern has been expressed about the possibil-
ity of lung cancer being caused by some of the chro-
mium compounds that are produced when stainless
steels are welded.

CAUTION

Take extreme caution to avoid the fumes produced
when welding is done on dirty or used metal. Any
chemicals that are on the metal can become mixed
with the welding fumes, a combination that can be
extremely hazardous. All metal must be cleaned
before welding to avoid this potential problem.

Rather than take chances, welders should recog-
nize that fumes of any type, regardless of their source,
should not be inhaled. The best way to avoid prob-
lems is to provide adequate ventilation. If this is not
possible, breathing protection should be used.

Potentially dangerous gases can also be present in
a welding shop. Proper ventilation or respirators are

Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



26 CHAPTER 2

necessary when welding in confined spaces, regard-
less 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 very irritating to all mucous membranes,
with excessive exposure producing pulmonary edema.
Other effects of exposure to ozone include headache,
chest pain, and dryness in the respiratory tract.

Phosgene is formed when ultraviolet radiation
decomposes chlorinated hydrocarbon. Fumes from
chlorinated hydrocarbons 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 dan-
gerous chlorine acid compound. This compound
reacts with the moisture in the lungs to produce
hydrogen chloride, which in turn destroys lung tis-
sue. For this reason, any use of chlorinated solvents
should be well away from welding operations in
which ultraviolet radiation or intense heat is gen-
erated. Any welding or cutting on refrigeration or
air-conditioning piping must be done only after the
refrigerant has been completely removed in accor-
dance with Environmental Protection Agency (EPA)
regulations.

Care also must be taken to avoid the infiltra-
tion of any fumes or gases, including argon or carbon
dioxide, into a confined working space, such as when
welding in tanks or cylinders. 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, asphyxia-
tion if they replace the oxygen in the air, or death if
they are toxic.

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

VENTILATION

The actual welding area should be outside or well-
ventilated. Excessive fumes, ozone, or smoke may col-
lect 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
begins to collect.

== !

\

10,000 cu ft

25}

/

FIGURE 2-15 A room with a ceiling 16 ft (4.9 m)
high may not require forced ventilation for one welder.
Natural ventilation is best for welding areas.

Larry Jeffus

Forced Ventilation

Small shops or shops with large numbers of welders
require forced ventilation. Forced ventilation can
be general or localized using fixed 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 suc-
tion strong enough to pull welding fumes away from
the welder at a velocity of 100 linear feet (30.5 m) per
minute, Figure 2-17. Local, state, or federal regula-
tions 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 rising past the level of the
welder’s face.

= "
= Mg et

FIGURE 2-16

Flexible exhaust pickup.

Larry Jeffus
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FIGURE 2-17 An exhaust pickup. Larry Jeffus

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

MATERIAL
SPECIFICATION
DATA SHEET (MSDS)

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 specification
data sheets are often called MSDSs. They must be
provided to anyone using the product or anyone work-
ing in the area where the products are in use. Often
companies will post these sheets on a bulletin board
or put them in a convenient place near the work area.
Some states have right-to-know laws that require spe-
cific training of all employees who handle or work in
areas with hazardous materials.

WASTE MATERIAL
DISPOSAL

Welding shops generate waste materials. Much of the
waste is scrap metal. All scrap metal, including elec-
trode stubs, can be easily recycled. Recycling metal
is good for the environment and can be a source of
revenue for the welding shop.
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Some of the other waste, such as burned flux,
cleaning solvents, and dust collected in shop air filtra-
tion systems, may be considered hazardous materials.
Check with the material manufacturer or an environ-
mental consultant to determine if any waste material
is considered hazardous. Throwing hazardous waste
material into the trash, pouring it on the ground, or
dumping it down the drain is illegal. Before you dis-
pose of any welding shop waste that is considered
hazardous, you must first consult local, state, and
federal regulations. Protecting our environment from
pollution is everyone’s responsibility.

LADDER SAFETY

Falls are a major cause of injury and death. Improper
use of ladders is often a factor in these falls. Always
keep in mind when erecting a ladder that 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 usage poses a
danger to your safety. Some students 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 if
you do fall, it will not be onto debris or equipment.

Types of Ladders

Both stepladders and straight ladders are used exten-
sively in welding fabrication. Straight ladders may be
single section or extension-type 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 fabrication should be listed
with the American National Standards Institute (ANSI)
or Underwriters Laboratories (UL) to ensure 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 ladders must be checked for cracks, rot, or
wood decay. Never use a defective ladder. Make any
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Disadvantages

Material Advantages
Wood Electrically nonconductive
Aluminum Lightweight

Weather resistant

Fiberglass Electrically nonconductive

Weather resistant

Long-term exposure to weather will cause rotting
Electrically conductive

Shakier than wood or fiberglass

Heavier than aluminum and wood

Fiberglass splinters

Table 2-3 Major Advantages and Disadvantages of Typical Ladder Materials

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 2-18.

The following are general safety and usage rules
for ladders:

® Follow all recommended practices for safe use and
storage.

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

3' MINIMUM
HEIGHT ABOVE 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 2-18 Make sure the ladder is leaning at the
proper angle. © Cengage Learning 2012

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

® 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 with clean, dry shoes.

® Tie the ladder securely in place.
® Climb and descend the ladder cautiously.

® 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.

® Never use ladders around live electrical wires.

® Never use a ladder that is too short for the job,
requiring you to reach or stand on the top step.

® Wear well-fitted shoes or boots.

CAUTION

Turn off the power to any wires that will be near
your ladder when you are working. Never use ladders
near live electrical wires. Never move a ladder in the
upright position near live electrical wires.

ELECTRICAL SAFETY

Electric shock can cause injuries and even death
unless proper precautions are taken. Most welding
and cutting operations involve electrical equipment in
addition to the arc welding power supplies. Grinders,
electric motors on automatic cutting machines, and
drills are examples. Most electrical equipment in a
welding shop is powered by alternating-current (AC)
sources having input voltages ranging from 115 to
460 volts. However, fatalities have occurred when
working with equipment operating at less than 80 volts.
Most electric shocks in the welding industry do not
occur from contact with welding electrode holders
but as a result of accidental contact with bare or
poorly insulated conductors. Electrical resistance
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Welding Safety Checklist

Factors
Hazard to Consider Precaution Summary
Electric shock can | « Wetness = Insulate welder from workpiece and ground using dry
kil * Welder in or on workpiece | insulation. Rubber mat or dry wood.
« Confined space « Wear dry, hole-free gloves. (Change as necessary to keep
* Electrode holder and dry.)
® cable insulation = 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 is damaged or missing.

-
-

Fumes and gases |+ Confined area Use ventilation or exhaust to keep air breathing zone clear,

can be dangerous |+ Positioning of welder's comfortable.
head » Use helmet and positioning of head to minimize fume in
= Lack of general breathing zone.
ventilation » Read warnings on electrode container and material safety
« Electrode types, i.e., data sheet (MSDS) for electrode.
manganese, chromium, » Provide additional ventilation/exhaust where special
etc. See MSDS ventilation requirements exist.

Use special care when welding in a confined area.
Do not weld unless ventilation is adequate.

Base metal coatings,
galvanize, paint

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
el from sparks, heat.

Keep a fire watch in the 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 Process: gas-shielded arc |- Select a filter lens which is comfortable for you while
eyes and skin most severe welding.

E} Always use a helmet when welding.
RZ

Provide nonflammable shielding to protect others.
Confined space

Wear clothing which protects skin while welding.

Metal enclosure Carefully evaluate adequacy of ventilation, especially where

.
* Wetness electrode requires special ventilation or where gas may
* Restricted entry displace breathing air.
« Heavier than air gas + If basic electric shock precautions cannot be followed to
* Welder inside or on insulate welder from work and electrode, use

° workpiece semiautomatic, constant-voltage equipment with cold

electrode or stick welder with a voltage-reducing device.
Provide welder helper and method of welder retrieval from
outside enclosure.

General work area
hazards
_- 9

Cluttered area Keep cables, materials, tools neatly organized.

Indirect work (welding Connect work cable as close as possible to area where
ground) connection 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 5 KW).

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

%

+ Gas cylinders

FIGURE 2-19 Note the warning information contained on this typical label, which
may be attached to welding equipment or in the equipment owner’s manual.
The Lincoln Electric Company

is lowered in the presence of water or moisture, so CAUTION

welders must take special precautions when work-

ing under damp or wet conditions, including perspi- Welding cables must never be spliced within 10 ft (3 m)
ration. Figure 2-19 shows a typical warning label of the electrode holder.

shipped with the welding equipment. |
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Cables must be checked periodically to be sure
that they have not become frayed, and if they have,
they must be replaced immediately.

Never allow the metal parts of electrodes or elec-
trode holders to touch the skin or wet coverings on
the body. Dry gloves in good condition must always
be worn. Rubber-soled shoes are advisable. Precau-
tions against accidental contact with bare-conducting
surfaces must be taken when the welder is required to
work in cramped kneeling, sitting, or prone positions.
Insulated mats or dry wooden boards are desirable
protection from the earth.

Welding circuits must be turned off when the
workstation is left unattended. The main power supply
must be turned off and locked or tagged to prevent
electrocution when you are working on the welder,
welding leads, electrode holder, torches, wire feeder,
guns, or other parts. Since the electrode holder is
energized when coated electrodes are changed, the
welder must wear dry gloves.

The workpiece being welded, and the frame or
chassis of all electrically powered machines, must be
connected to a good electrical ground. The work
lead from the welding power supply is not an elec-
trical 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 insulation rapidly.
Cable connectors for lengthening leads must be
insulated.

Electrical Safety Systems

For protection from electrical shock, the standard
portable tool is built with either of two equally safe
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 con-
nected to a grounded, three-hole electrical outlet, the
grounding wire will carry any current that leaks past the
electrical insulation of the tool away from the user and
into the ground. In most electrical 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 2-20A. If it is used at 150 to
250 volts, it has a plug like that shown in Figure 2-20B.

GROUNDED OUTLET BOX

)

|

GROUNDING
PRONG IS THE
LONGEST OF
THE THREE
PRONGS

(A

GROUNDED

OUTLET BOX\

GROUNDING
PRONG IS THE
LONGEST OF
THE THREE
PRONGS

-y,
N
S
-y
N

FIGURE 2-20 (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. © Cengage Learning 2012

(8)

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.

All electrical plugs must be grounded, and it is
against many local, state, and national electrical
safety codes to remove or disable the ground plug on
a power cord. However, some older buildings may
have old ungrounded, two-prong electrical outlets, so
an adapter must be used. If there is any uncertainty
about whether a receptacle is properly grounded,
have it checked by a qualified electrician.

A double-insulated power tool has an extra layer
of electrical insulation that eliminates the need for a
three-prong 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 2-21.
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1/2” Single-Speed

Reversing Drill
120V AC-ONLY 5.0 A 600 RPM

CAUTION

FOR SAFETY OPERATION SEE INSTRUCTION MANUAL.
WHEN SERVICING USE ONLY IDENTICAL REPLACMENT PARTS.

DOUBLE
INSULATED

FIGURE 2-21 Typical portable power tool nameplate.
© Cengage Learning 2012

VOLTAGE WARNINGS

Before connecting a tool to a power supply, be sure
that 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 figure with the
abbreviation amps (for amperes, a measure of electric
current). This refers to the current-drawing require-
ment of the tool. The higher the input current, the
more powerful the motor.

Extension Cords

When there is some distance from the power source
to the work area or if the portable tool is equipped
with a stub power cord, an extension cord must be
used. When using extension cords on portable power
tools, the size of the conductors must be large enough
to prevent an excessive drop in voltage. A voltage
drop is the lowering of the voltage at the power tool
from that of the voltage at the supply. This occurs
because of resistance flow in the wire. A voltage drop
causes loss of power, overheating, and possible motor
damage. Table 2-4 shows the correct size 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 recep-
tacles 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 interpreter
(GFCI) devices. These safety devices are often
referred to as GFlIs.
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Name-
plate
Amperes

Cord Length in Feet

25 50 75 100 125 150 175 200

1 16 16 16 16 16 16 16 16
2 16 16 16 16 16 16 16 16
3 16 16 16 16 16 16 14 14
4 16 16 16 16 16 14 14 12
5 16 16 16 16 14 14 12 12
6 16 16 16 14 14 12 12 12
7 16 16 14 14 12 12 12 10
8 14 14 14 14 12 12 10 10
9 14 14 14 12 12 10 10 10
10 14 14 14 12 12 10 10 10
11 12 12 12 12 10 10 10 8
12 12 12 12 12 10 10 8 8

Table 2-4 Recommended Extension Cord Sizes for Use
with Portable Electric Tools

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

® 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 recep-
tacle before unplugging the cord of the portable
power tool from the extension cord.

® Extension cords should be long enough to make
connections without being pulled taut, creating
unnecessary strain or wear.

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

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

® 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 immedi-
ately for overloading.

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

® To prevent the accidental separation of a tool cord
from an extension cord during operation, make a
knot as shown in Figure 2-22A or use a cord con-
nector as shown in Figure 2-22B.

Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



32 CHAPTER 2

EXTENSION CORD

CORD CONNECTOR AND
STRAIN RELIEVER

EXTENSION

(B

FIGURE 2-22 (A) A knot will prevent the extension
cord from accidentally pulling apart from the tool cord
during operation. (B) A cord connector will serve the
same purpose. © Cengage Learning 2012

® Use an extension cord that is long enough for the
job but not excessively long.

® 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. Following are a few safety
precautions that should be observed. These are gen-
eral 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.

® 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 electrical
receptacle. If an adapter is used to accommodate
a two-pronged receptacle, the adapter wire must
be attached to a known ground. Never remove the
third prong.

® Do not expose the power tool to rain. Do not use a
power tool in wet locations.

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

® 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.

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

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

® Wear eye protectors. Safety glasses or goggles pro-
tect the eyes while you operate power tools.

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

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

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

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

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

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

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

® 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.

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

® Do not use tools with cracked or damaged housings.

® When operating a portable power tool, give it
your full and undivided attention; avoid dangerous
distractions.
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GENERAL WORK
CLOTHING

Because of the amount and temperature of hot sparks,
metal, and slag produced during welding, cutting, or
brazing; and the fact that special protective clothing
cannot be worn at all times, it is important to choose
general work clothing that minimizes the possibility
of getting burned.

Wool clothing (100% wool) is the best choice but
difficult to find. All-cotton (100% cotton) clothing is a
good second choice, and it is the most popular mate-
rial used. Synthetic materials, including nylon, rayon,
and polyester, must be avoided because they are eas-
ily melted, they produce a hot, sticky ash (because it
sticks, burns can be more severe), and some produce
poisonous gases. The clothing must also stop ultra-
violet light from passing through it. This is accom-
plished if the material chosen is a dark color, thick,
and tightly woven.

The following are some guidelines for selecting
work clothing:

e Shirts must be long-sleeved to protect the arms,
have a high-buttoned collar to protect the neck, 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), Figure 2-23.

® Pants must have legs long enough to cover the tops
of the boots and must be without cuffs that would
catch sparks.

® Boots must have high tops to keep out sparks; have
steel toes to prevent crushed toes, Figure 2-24; and

FIGURE 2-23 The top button of the shirt worn by the
welder should always be buttoned to prevent severe burns
to the neck. Larry Jeffus
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SAFETY
STEEL TOE

FIGURE 2-24 Safety boots with steel toes are required by
many welding shops. © Cengage Learning 2012

have smooth tops to prevent sparks from being
trapped in seams.

® Caps should be thick enough to prevent sparks
from burning the top of a welder’s head.

All clothing must be free of frayed edges and holes.
The clothing must be relatively tight-fitting to prevent
excessive folds or wrinkles that might trap sparks.

Butane lighters and matches may catch fire
or explode if they are subjected to welding heat or
sparks. There is no safe place to carry these items
when welding. They must always be removed from
the welder’s pockets and placed a safe distance away
before any work is started.

CAUTION

There is no safe place to carry butane lighters or
matches while welding or cutting. They can catch
fire or explode if subjected to welding heat or sparks.
Butane lighters may explode with the force of 1/4
stick of dynamite. Matches can erupt into a ball of
fire. Both butane lighters and matches must always
be removed from the welder’s pockets and placed a
safe distance away before any work is started.

SPECIAL PROTECTIVE
CLOTHING

Each person must wear general work clothing 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, flexible, resists burning,
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and is readily available. Synthetic insulating materials
are also available. Ready-to-wear leather protection
includes capes, jackets, aprons, sleeves, gloves, caps,
pants, kneepads, and spats, among other items.

Hand Protection

All-leather, gauntlet-type gloves should be worn when
doing any welding, Figure 2-25. Gauntlet gloves that
have a cloth liner for insulation are best for hot work.
Noninsulated gloves give greater flexibility for fine
work. Some leather gloves are available with a canvas
gauntlet top, which should be used for light work only.
When a great deal of manual dexterity is required
for gas tungsten arc welding, brazing, soldering, oxyfuel
gas welding, and other delicate processes, soft leather
gloves may be used, Figure 2-26. All-cotton gloves are
sometimes used when doing very light welding.

FIGURE 2-25 All-leather, gauntlet-type welding
gloves. Larry Jeffus

FIGURE 2-26 For welding that requires a great deal
of manual dexterity, soft leather gloves can be worn.
Larry Jeffus

FIGURE 2-27

Full leather jacket. Larry Jeffus

Body Protection

Full leather jackets and capes protect a welder’s shoul-
ders, arms, and chest, Figure 2-27. A jacket, unlike the
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 pro-
vide 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.

Waist and Lap Protection

Bib aprons or full aprons protect a welder’s lap. Weld-
ers especially 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 2-28. 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.
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FIGURE 2-28

Full leather sleeve. Larry Jeffus

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, leav-
ing the back open. Spats prevent sparks from burning
through the front of lace-up boots.

HANDLING AND STORING
CYLINDERS

Oxygen and fuel gas cylinders or other flammable
materials must be stored separately. The 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 1/2-hour (hr) burn rating,
Figure 2-29. The purpose of the distance or wall is to
keep the heat of a small fire from causing the oxygen
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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 from full cylinders, although they
may be stored in the same room or area. All cylinders
must be stored vertically and have the protective caps
screwed on firmly.

Securing Gas Cylinders

Cylinders must be secured with a chain or other device
so that they cannot be knocked over accidentally.

Storage Areas

Cylinder storage areas must be located away from
halls, stairwells, and exits so that in case of an emer-
gency they will not block an escape route. Storage areas
should also be located away from heat, radiators, fur-
naces, and welding sparks. Storage areas should be sit-
uated so that unauthorized people cannot tamper with
the cylinders. A warning sign that reads “Danger—No
Smoking, Matches, or Open Lights,” or similar word-
ing, should be posted in the storage area, Figure 2-30.

Cylinders with Valve
Protection Caps

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, C0,, and 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 you are moving cylinders, the valve pro-
tection cap must be on, especially if the cylinders are
mounted on a truck or trailer for out-of-shop work. The
cylinders must never be dropped or handled roughly.

General Precautions

Use warm water (not boiling) to loosen cylinders that
are frozen to the ground. Any cylinder that leaks, has a
bad valve, or gas-damaged threads must be identified
and reported to the supplier. A piece of soapstone is
used to write the problem on the cylinder. If the leak
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FIGURE 2-29 The minimum safe distance between stored fuel gas cylinders and any flammable material is 20 ft (6.1 m)
or awall 5ft (1.5 m) high. © Cengage Learning 2012
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cannot be stopped by closing the cylinder valve, the Acetylene cylinders that have been lying on their
cylinder should be moved to a vacant lot or an open sides must stand upright for four hours or more before
area. The pressure should then be slowly released after they are used. The acetylene is absorbed in acetone,
a warning sign is posted, Figure 2-31. and the acetone is absorbed in a filler material. The

filler does not allow the liquid to settle back away from

ACETYLENE
FLAMMABLE GAS
NO SMOKING
NO OPEN FLAME

FIGURE 2-31 Move a leaking fuel gas cylinder out of

FIGURE 2-30 A separate room used to store acetylene the building or any work area. The pressure should slowly
must have good ventilation and should have a warning be released after a warning of the danger is posted.
sign posted on the door. © Cengage Learning 2012 © Cengage Learning 2012
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FIGURE 2-32 The acetone in an acetylene cylinder
must have time to settle before the cylinder can be used
safely. © Cengage Learning 2012

the valve very quickly, Figure 2-32. 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 the regulator or torch valve settings.

FIRE PROTECTION

Fire is a constant danger to the welder. The possi-
bilities of fire cannot always be removed, but they
should be minimized. Highly combustible material
like paint, fuel, oil, and any large quantity of mate-
rial that might start more than a small fire must be
moved 35 ft (10.7 m) from any welding or cutting.

However, in welding fabrication it is not always
possible to weld or cut 35 ft (10.7 m) or more away
from some combustible materials. When welding
outside or at a remote jobsite, there may be dry grass,
wood chips, or numerous other items that will burn
around your work areas. If you must work around
combustible materials, wet the area first and then
keep a bucket of water and a fire extinguisher handy
and use a fire watch, Figure 2-33A.

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
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FIGURE 2-33 (A) Two buckets of water and a fire
extinguisher are ready if needed. (B) You probably should
not weld outdoors when a sign like this is posted.

Larry Jeffus

out a fire of the type of combustible materials near
the welding. Combustible materials that cannot be
removed from the welding area should be soaked with
water or covered with sand or noncombustible insu-
lating blankets, whichever is available.

CAUTION

Never weld or cut in a dry area or any area that has
been posted by the county or state as fire restricted,
Figure 2-33B. You could be held legally responsible if
you ignore the warning and a fire starts.

Fire Extinguishers

The four kinds of fire extinguishers are type A, type B,
type C, and type D. Each is designed to put out fires
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FIGURE 2-34 Type A fire extinguisher symbol.
© Cengage Learning 2012

on certain types of materials. Some fire extinguishers
can be used on more than one type of fire. However,
using the wrong kind of fire extinguisher can be dan-
gerous, causing the fire to spread, causing electrical
shock, or causing an explosion.

Type 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 extinguisher is a green
triangle with the letter A in the center, Figure 2-34.

Type B Extinguishers

Type B fire extinguishers are used for combustible
liquids, such as oil, gas, and paint thinner. The sym-
bol for a type B extinguisher is a red square with the
letter B in the center, Figure 2-35.

Type C 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 sym-
bol for a type C extinguisher is a blue circle with the
letter C in the center, Figure 2-36.

FIGURE 2-35 Type B fire extinguisher symbol.
© Cengage Learning 2012

FIGURE 2-36 Type C fire extinguisher symbol.
© Cengage Learning 2012

Type D Extinguishers

Type D fire extinguishers are used on fires involv-
ing combustible metals, such as zinc, magnesium, and
titanium. The symbol for a type D extinguisher is a
yellow star with the letter D in the center, Figure 2-37.

Location of Fire Extinguishers

Fire extinguishers should be of a type that can be
used on the combustible materials located nearby,
Figure 2-38. The extinguishers should be placed so
that they can be easily removed without reaching over

FIGURE 2-37 Type D fire extinguisher symbol.
© Cengage Learning 2012
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FIGURE 2-38 The type of fire extinguisher provided
should be appropriate for the materials being used in the
surrounding area. © Cengage Learning 2012
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FIGURE 2-39 Mount the fire extinguisher so that
it can be lifted easily in an emergency.
© Cengage Learning 2012

combustible material. They should also be placed at a
level low enough to be easily lifted off the mounting,
Figure 2-39. 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 extinguishers should also
be marked near the floor so they can be found even if
a room is full of smoke, Figure 2-40.

Use

A fire extinguisher works by breaking the fire triangle
of heat, fuel, and oxygen. Most extinguishers both cool

PAINT

RED
G/PAINT THIS
RED ON ALL SIDES

?%
PAINT THIS »

RED ON ALL SIDES

FIGURE 2-40 The location of fire extinguishers should
be marked so they can be located easily in an emergency.
© Cengage Learning 2012
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FIGURE 2-41 Point the extinguisher at the material
burning, not at the flames. © Cengage Learning 2012

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 use foam, car-
bon dioxide, a soda-acid gas cartridge, 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 soda-acid gas cartridge extin-
guisher, place your foot on the footrest and direct the
stream at the base of the flames.

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 chemi-
cals at the remaining material still burning. There-
fore, the extinguisher must be directed at the base of
the fire where the fuel is located, Figure 2-41.

EQUIPMENT
MAINTENANCE

A routine schedule of equipment maintenance aids in
detecting potential problems such as leaking coolant,
loose wires, poor grounds, frayed insulation, or split
hoses. Small problems, if fixed in time, can prevent
the loss of valuable time due to equipment breakdown
or injury.

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

Hoses

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 hoses should be avoided. Never use oil, grease, lead,
or other pipe-fitting compounds for 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.

WORK AREA

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 2-42. Hooks
can be made to hold hoses and cables, and scrap steel
should be thrown into scrap bins.

If a piece of hot metal is going to be left unat-
tended, write the word /ot on it before leaving. This

FIGURE 2-42 An easy-to-build electrode caddy can
be used to hold both electrodes and stubs. Larry Jeffus

procedure can also be used to warn people of hot
tables, vises, firebricks, and tools.

HAND TOOLS

The welder uses hand tools to do necessary assembly
and disassembly of parts for welding as well as to per-
form routine equipment maintenance.

The adjustable wrench is the most popular tool
used by the welder. During use, this wrench should
be adjusted tightly on the nut and pushed so that
most of the force is on the fixed jaw, Figure 2-43.
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 2-44.
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FIGURE 2-43 The adjustable wrench is stronger when
used in the direction indicated. © Cengage Learning 2012

FIGURE 2-44 The fewer the points, the less likely the
wrench is to slip. Larry Jeffus
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FIGURE 2-45 Any mushroomed heads must be
ground off. Larry Jeffus

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 hammers should be ground off,
Figure 2-45.

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 injur-
ing your hand. A handle should be placed on the tang
of a file to avoid injuring your hand, Figure 2-46. 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
that it was not designed to do.

Hand Tool Safety

Hand tools used in welding fabrication should be
treated properly and not abused. Many accidents can
be avoided by using the right tool for the job. For
instance, use a tool that is the correct size for the
work rather than one that is too large or too small.
Keep hand tools clean to protect them from cor-
rosion. Wipe off any accumulated dirt, mud, and

FIGURE 2-46 To protect yourself from the sharp
tang of a file, always use a handle with a file.
© Cengage Learning 2012
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FIGURE 2-47 Welder's chipping hammer; grind the
head periodically. © Cengage Learning 2012

grease. Occasionally dip the tools in cleaning fluids
or solvents and wipe them clean. Lubricate adjust-
able and other moving parts to prevent wear and
misalignment.

Make sure that hand tools are sharp, Figure 2-47.
Sharp tools make work easier, improve the accuracy
of the work, save time, and are safer than dull tools.
When sharpening, redressing, or repairing tools;
shape, grind, hone, file, fit, and set them properly
using other tools suited to each purpose. For sharp-
ening tools, either an oilstone or a grindstone is pre-
ferred. If grinding on an abrasive wheel is required,
grind only a small amount at a time. Hold the tool
lightly against the wheel to prevent overheating, and
frequently dip the part being ground in water to keep
it cool. This will protect the hardness of the metal
and help to retain the sharpness of the cutting edge.
Be sure to wear safety goggles when sharpening or
redressing tools.

When carrying tools, protect the cutting edges
and carry the tools in such a way that you will not
endanger yourself or others. Carry pointed or sharp-
edged tools in pouches or holsters.

Hammer Safety

Keep hammer handles secure and safe. Check wedges
and handles frequently. Be sure heads are wedged
tightly on handles. Keep handles smooth and free of
rough or jagged edges. Do not rely on friction tape to
secure split handles or to prevent handles from split-
ting. Replace handles that are split or chipped or that
cannot be refitted securely.
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When swinging a hammer, be absolutely certain
that no one is within range or can come within range
of the swing or be struck by flying material. Always
allow plenty of room for arm and body movements
when hammering on anything.

The following safety precautions generally apply
to all hammers:

® Check to see that the handle is tight before using
any hammer. Never use a hammer with a loose or
damaged handle.

® Always use a hammer of suitable size and weight
for the job.

® Discard or repair any tool if the face shows exces-
sive wear, dents, chips, mushrooming, or improper
redressing.

® Rest the face of the hammer on the work before
striking to get the feel or aim; then, grasp the han-
dle firmly with the hand near the end of the handle.
Move the fingers out of the way before striking with
force.

® A hammer blow should always be struck squarely,
with the hammer face parallel to the surface being
struck. Always avoid glancing blows and over-and-
under strikes.

® For striking another tool (cold chisel, punch, wedge,
etc.), the face of the hammer should be proportion-
ately larger than the head of the tool. For example,
a 1/2-in. (13-mm) cold chisel requires at least a
1-in. (24-mm) hammer face.

® Never use one hammer to strike another hammer.

® Do not use the end of the handle of any tool for
tamping or prying; it might split.

POWER TOOLS

All power tools must be properly grounded to pre-
vent accidental electrical shock. If even a slight
tingle is felt while using a power tool, stop and
have the tool checked by an electrical technician.
Power tools should never be used with force or
allowed to overheat from excessive or incorrect use.
If an extension cord is used, it should have a large
enough current rating to carry the load, Table 2-4.
An extension cord that is too small will cause the
tool to overheat.

Safety glasses must be worn at all times when
using any power tools.
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FIGURE 2-48 Always check to be sure that the grinding
stone and the grinder are compatible before installing a
stone. Larry Jeffus

Grinders

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 the maxi-
mum revolutions per minute (RPM) listed on the
paper blotter, Figure 2-48. 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, the
stone should be tested for cracks. You can do this by
tapping the stone in four places and listening for a
sharp ring, which indicates it is good, Figure 2-49. A
dull sound indicates 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 by using a special tool designed for that
purpose, Figure 2-50. Truing 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
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FIGURE 2-49 Grinding stones should be checked for
cracks before they are installed. © Cengage Learning 2012

FIGURE 2-50 Use a grinding stone redressing tool as
needed to keep the stone in balance. Larry Jeffus

stones are made for nonferrous metals such as alu-
minum, copper, and brass. If a ferrous stone is used
to grind nonferrous metal, the stone becomes glazed
(the surface clogs with metal) and may explode due
to frictional heat building up on the surface. If a
nonferrous stone is used to grind ferrous metal, the
stone is quickly worn away.

When the stone wears down, keep the tool rest
adjusted to within 1/16 in. (2 mm), Figure 2-51, 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 grind-
ing, 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 welders or equipment.

Drills

Before starting to drill, secure the workpiece as neces-
sary and fasten it in a vise or clamp. Holding a small
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FIGURE 2-51 Keep the tool rest adjusted.
© Cengage Learning 2012

item in your hand can cause injury if it is suddenly
seized by the bit and whirled from your grip. This is
most likely to happen just as the bit breaks through
the hole at the back side of the work. All sheet metal
tends to cause the bit to grab as it goes through.
This can be controlled by reducing the pressure
on the drill just as the bit starts to go through the
workpiece.

Carefully center the drill bit in the jaws of the
chunk and securely tighten it. Do not insert the bit
off-center because it will wobble and probably break
when it is used. Drill bits that are 1/4 in. (6 mm)
may be hand tightened in the drill chuck to prevent
them from snapping if they are accidentally grabbed.
Hand tightening the small bits allows them to spin
in the chuck if necessary, thus reducing bit breakage.
This technique does not always work because some
chunks cannot hold the bits securely enough to pre-
vent them from spinning during normal use. In these
cases, the chunk must be tightened securely with a
chuck key.

When possible, center-punch the workpiece
before drilling to prevent the drill bit from moving
across the surface as the drilling begins. After center-
ing the drill bit tip on the exact point at which the hole
is to be drilled, start the motor by pulling the trigger
switch. Never apply a spinning drill bit to the work.
With a variable-speed drill, run it at a very low speed
until the cut has begun. Then gradually increase to
the optimum drill speed.

Except when it is desirable to drill a hole at an
angle, hold the drill perpendicular to the face of the
work. Align the drill bit and the axis of the drill in
the direction that the hole is to go and apply pressure
only along this line, with no sideways or bending
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pressure. Changing the direction of pressure will
distort the dimensions of the hole and might snap a
small drill bit.

Use just enough steady, even pressure to keep
the drill cutting. Guide the drill by leading it slightly,
if needed, but do not force it. Too much pressure
can cause the bit to break or overheat. Too little
pressure will keep the bit from cutting and dull its
edges due to the friction created by sliding over the
surface.

If the drill becomes jammed in the hole, release
the trigger immediately, remove the drill bit from
the work, and determine the cause of the stalling or
jamming. Do not squeeze the trigger on or off in an
attempt to free a stalled or jammed drill. When using
a reversing-type model, the direction of the rotation
may be reversed to help free a jammed bit. Be sure
the direction of the rotation is reset before trying to
continue the drilling.

Reduce the pressure on the drill just before the
bit cuts through the work to avoid stalling in metal.
When the bit has completely penetrated the work
and is spinning freely, withdraw it from the work

while the motor is still running, and then turn off
the drill.

METAL CUTTING
MACHINES

Many types of metal cutting machines are used in the
welding shop—for example, shears, punches, cut-off
machines, and band saws. Their advantages include
little or no postcutting cleanup, a wide variety of
metals that can be cut, and the fact that the metal is
not heated.

CAUTION

Before operating any power equipment for the first
time, you must read the manufacturer’s safety and
operating instructions and should be assisted by
someone who has 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.

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 the equipment’s
rating. Their power can be 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 can be used to work with safely. 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 metal
being cut should be placed as close to the pivoting pin
as possible, Figure 2-52. 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 fly-
wheel operated. Both types move quickly, but only the
hydraulic type can usually be stopped midstroke. Once

y SHEAR BLADES
— CUT METAL AS CLOSE AS
POSSIBLE TO THIS END

HOLD-DOWN BAR
X. @ METAL BEING’(y

SHEAR TABLE
PORTABLE STANDS

PIVOT PIN

FIGURE 2-52 Power shear. © Cengage Learning 2012
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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 starting the
punching operation.

Cut-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 a 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 cutting 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

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; but most 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 over-
heating. When using a vertical band saw with a man-
ual 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.

Portable band saws can be used to make cuts
through pipes, angles, and other similarly shaped
materials up to approximately 6 in. (152 mm) in size.
These portable saws can make quick work of cutting
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small-diameter material; however, the cut may not
be as square as those made with a fixed band saw.
In most cases, the slight out-of-square cut is made
well within the tolerance needed for general fabrica-
tion work.

MATERIAL HANDLING

Proper lifting, moving, and handling of large, heavy-
welded assemblies is important to the safety of the
workers and the weldment. Improper work habits can
cause serious personal injury as well as cause 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 (not your back) should be used
to lift, Figure 2-53. Do not try to lift a large or bulky
object without help if the object is heavier than you
can lift with one hand.

Hoists or Cranes

Hoists or cranes can be overloaded with welded
assemblies. The capacity of the equipment should
be checked before trying to lift a load. Keep any load
as close to the ground as possible while it is being
moved. Pushing a load on a crane is better than pull-
ing a load. It is advisable to stand to one side of ropes,
chains, and cables that are being used to move or lift

FIGURE 2-53  Lift with your legs, not your back.
© Cengage Learning 2012
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FIGURE 2-54 Never stand in-line with a rope, chain, or cable that is being used to move or lift a

load. © Cengage Learning 2012

a load, Figure 2-54. If they break and snap back, they
will miss hitting you. If it is necessary to pull a load,
use a rope, Figure 2-55.

Hauling

Much of the fabrication work may be done away from
the buildings or shops. This means that the equip-
ment used for welding, such as torches, grinders,
gas cylinders, and portable welders, has to be hauled

N
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out to the job in the work area. Keeping everything
together makes it safer and easier to haul. Depending
on the operation’s needs, a truck or trailer can be set
up for welding.

To secure the safety of oxyacetylene cylinders,
a special cylinder holder can be built in the vehicle.
It is important that fuel and oil for the engine gen-
erator welder not be stored in the toolboxes. If fuel
or oil gets on the oxygen and acetylene regulators,
they can explode when connected to the cylinders

FIGURE 2-55 When moving a load overhead, stay out of the way of the load in case it falls. © Cengage Learning 2012
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for use. Even a small amount of liquid or vapors from
fuel and oil can ruin welding electrodes. Electrodes
contaminated with fuel or oil produce porous, weak
welds.

CAUTION

It is dangerous to store fuel and oil in the same tool-
box as regulators and electrodes. The regulators can
explode and the electrodes may not work correctly.
Securely store fuel and oil containers in the open
vehicle bed, Figure 2-56.

Often the tie-downs in a truck bed are connected
high along the bed rail, which makes it difficult to
secure small items like fuel and oil containers. Mag-
netic strap connectors, like Magna-Ties™, make it
easier to safely secure small items in the bed of weld-
ing vehicles.
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FIGURE 2-56 Secure oxygen and fuel cylinders on
vehicles. Remove regulators and replace cylinder valve
safety caps any time the vehicle is in motion. Larry Jeffus

SUMMARY

Safety in all aspects of welding fabrication is of utmost
importance. When done correctly, welding and fab-
rication are safe. You are responsible for your own
safety. If you do not think a job can be done safely, do
not start the job. If you have safety concerns about a
job, get help.

You must read and follow all of the manufactur-
er’s operation and safety literature on any equipment.
Do not assume that any new equipment has the exact
same operating instructions or safety rules. As equip-
ment changes, even slightly, manufacturers update

the literature; you must read it to know that you are
working in the safest manner.

Periodically performing maintenance, servicing,
and doing a safety check of equipment make doing
every job safer. In addition to maintaining safety,
keeping equipment well-maintained reduces operat-
ing costs. Equipment that is in good working order
makes the job go better, faster, and safer.

Further safety information is available in Safety for
Welders by Larry F. Jeffus, published by Delmar/Cengage
Learning and the U.S. Department of Agriculture.

REVIEW QUESTIONS

1. What are the most common and painful injuries
that occur in welding fabrication?

2. What three classifications are burns divided into?

3. What burns are reddish in color, tender, and
painful and do not involve any broken skin?

4. Why is it important to cool the burned area?

5. Why should you not put ice or ice water on a burn?

6. What are the two types of light that can cause
burns?

7. What problems can reflected welding light cause?

8. What should be done if welding cannot be moved
away from other workers in the area?

9. How long might it take to burn your eyes with
UV light?
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10.

11

14.

15.

16.

17.

18.

19.
20.

21.

22,

23.
24.
25.
26.

CHAPTER 2

What problem might visible light cause?

. When must eye protection be worn?
12.
13.

Why can an injured (burned) eye become infected?
What type of eye and face protection should be
worn for heavy grinding?

According to Table 2-2, what is the maximum
number of hours a welder can grind without
wearing ear protection?

Which welding and cutting processes may pro-
duce undesirable respiratory by-products that
might require some type of protection?

List some of the items that should be included in
a respirator-protection training program.

Which type of respirator uses a blower to force
the ambient air through air-purifying elements to
the inlet covering?

What is a possible way of telling if a bolt, nut, or
hinge is plated with cadmium?

How is ozone produced by welding?

Why must welding be done outside or in a well-
ventilated area?

List some of the metals that may give off danger-
ous fumes and always require forced ventilation
when being welded.

Ladders used for welding fabrication should be
listed with what organizations?

List the general safety rules for ladder use.
Why must welding cables be checked periodically?
What is a double-insulated power tool?

Refer to Table 2-4 to find the wire gauge needed for
an extension cord if it is going to be 100 ft (30.5 m)
long and supply 9 amps to the power tool.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.
38.
39.

40.
41.

42.

What is the correct term for a device sometimes
referred to as a GFI?

Clothing made from what materials must be
avoided in the welding shop?

Why must butane lighters and matches not be
carried in a welding shop?

List the types of ready-to-wear leather-protective
clothing for welding.

Why must fuel gas cylinders or other flamma-
ble materials be stored separately from oxygen
cylinders?

When must the valve protection cap be on a
cylinder?

Why must an acetylene cylinder stand upright for
four hours after its has been stored on its side?
Who can stand fire watch for a welder?

List the four types of fire extinguishers and tell
what type of fire each can be used to fight.

Why should a wrench be pushed with the palm of
an open hand or pulled?

How can hand tools be cleaned?
How should a hammer blow be made?

How can you tell what the maximum RPMs a
grinding stone can be used at?

Why might small drill bits be hand tightened?
What should you do before operating any power
equipment for the first time?

What can happen if fuel or oil gets on oxygen and
acetylene regulators?
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Shop Math

OBJECTIVES

After completing this chapter, the student should be able to:

e Solve basic welding fabrication math problems.

e Round numbers.

e Convert mixed units, fractions, and decimal fractions.
e Reduce fractions and decimal fractions.

KEY TERMS

common equation sequence of
denominator formula mathematical
converting or e operations
conversion . . tolerance
mixed units
decimal fractions whole numbers
numerator

denominator .
rounding

dimensioning

INTRODUCTION

The most common use of math in welding fabrication is for dimensioning.
Most welding shops use standard or English dimensioning with feet, inches,
and fractions. A few shops use metric dimensioning, and even fewer use feet,
inches, and decimal fractions, Figure 3-1. The math functions of addition, sub-
traction, multiplication, and division of dimensions are easier in the metric and
the feet, inches, and decimal fraction systems than they are in the feet, inches,
and fraction systems because calculators can be used.

Almost all welding shop dimensioning uses mixed units. An example of
a mixed unit is feet and inches, with inches based on 12 inches to the foot.
So the largest number of inches is 11 because when you add 1 more inch it
becomes 12 inches, which is expressed as 1 foot. Mixed units present unique
problems for addition, subtraction, multiplication, and division because each
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3 FEET=1YARD

3 FEET =1 YARD

12INCHES =1 FOOT

100 CENTIMETERS =1 METER | | |1 3.

Y1 CENTIMETER

> |<1 MILLIMET

1 2 3

ER

10 MILLIMETERS = 1 CENTIMETER

FIGURE 3-1 Three types of measuring rules. © Cengage Learning 2012

type of unit must be worked separately. For example,
you cannot add feet to inches without first converting
the feet to inches.

Most welding shops encourage the use of calcula-
tors because they eliminate arithmetic errors. There
are a few calculators that can add, subtract, multiply,
and divide standard fractional dimensions; and some
can even work mixed units of feet and inches. However,
most math using fractions must be worked manually.

This chapter concentrates on basic math and
reviews the use of mixed units, decimal fractions, and
fractions.

TYPES OF NUMBERS

Welding fabricators use only a few types of numbers
on a regular basis. They most commonly use the fol-
lowing types of numbers:

® Whole numbers—Whole numbers are numbers
used to express units in increments of 1, so they
can be divided evenly by the number 1. Examples of
whole numbers are 1, 2, 3, 4, 5, 6, 7, 8, 9, 10. They

are the easiest type of numbers to use with all types
of mathematical functions.

Decimal fractions—A decimal fraction is a num-
ber that uses a decimal point to denote a unit that
is smaller than 1. Examples of decimal fractions
are 0.1, 0.35, 0.9518, 1.1, 5.4, 3.14, and 125.1234.
Decimal fractions are expressed in units that are
10 times, 100 times, 1000 times, and so on, smaller
than 1, Figure 3-2. They can be added and sub-
tracted as easily as whole numbers. Decimal frac-
tions can be used with whole numbers.

Mixed units—Mixed units are measurements con-
taining numbers that are expressed in two or more
different units. An example of a mixed unit is a linear
measurement such as 2 ft 6 in., with part of the
measurement expressed in feet (2) and the other
part in inches (6). Other examples of mixed units
are angular measurements such as 45° 0', weight
measurements such as 8 1b 4 oz, and time measure-
ments such as 3 hrs 20 min 15 sec. The most common
types of mixed units used in welding fabrication
are linear dimensions, angular dimensions, weight,
and time. Linear dimensions use units of feet and
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1,000,000.0 millions
100,000.0 hundred thousand
10,000.0 ten thousand
1000.0 thousand
100.0 hundreds
10.0 tens
1.0 ones
tenths 0.1
hundredths 0.01
thousandths 0.001
ten thousandths 0.0001
hundred thousandths 0.00001
millionths 0.000001

FIGURE 3-2 Number and decimal terminology.
© Cengage Learning 2012

1 V7.
Z\DENOMINATOR —/

FIGURE 3-3
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Fraction identification. © Cengage

inches; angular dimensions use degrees, minutes,
and seconds; weight uses pounds and ounces;
and time uses hours, minutes, and seconds. The
different units may be separated with a space ()
or dash (-). It is important to keep the different
number units straight when performing mathe-
matical functions.

® Fractions—A fraction is two or more numbers
used to express a unit smaller than one. Examples
of fractions are 1/2, 3/4, 5/16, 2 3/8, and 9 1/2. A
dash (=) or slash (/) is used to separate the top and
bottom numbers of a fraction. The denominator is
the bottom number of a fraction, and the numerator
is the top number, Figure 3-3. Fractions can be the
hardest type of number to work with because they
often cannot be added, subtracted, multiplied, or
divided without first having to make some type of
conversion. Fractions can include whole numbers,
such as the “9”in 9 1/2.

GENERAL MATH RULES

All of the math in this textbook will be set up and
worked in the same manner.

1% Step  The equation or formula will be stated on
the first line.

2" Step  Explain the meaning of any variables.
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3" Step State the problem’s known values and
what answer is needed.

4™ Step  Write the equation or formula.

5™ Step  Write the known values in place of the
variables.

6™ Step One mathematical calculation will be
performed per line.

7" Step  Add as many lines as necessary to com-
plete the problem’s calculations.

8" Step  Give the answer, including units.

9" Step  Explain the answer in a written statement.

The working of the math problems in this very
structured way is intended to make it easier for you to
look back at the examples in this textbook and work
new problems you might encounter in a welding fab-
rication shop. It can be very frustrating to know the
equation or formula but not remember the sequence
of mathematical functions.

EQUATIONS
AND FORMULAS

An equation is a mathematical statement in which
both sides are equal to each other; for example, 2X = 1Y.
In this equation, the value of X is always going to be
1/2 of the value of Y. An example of an equation used
in metal fabrication would be: the number of hours
worked (hrs) x pay per hour ($) = total labor bill (T),
or hrs x $ = T. If either the hours or the pay rate goes
up, the total bill goes up too and vice versa.
To find the labor cost, use the following formula:

hrsx$=T

Where:
hrs = hours worked
$ = hourly rate
T = total labor bill in dollars

Find the total labor bill for 4 hours of work at $15 per
hour, Figure 3-4.

hrsx$=T
4x15=60

The total pay for the 4 hours of work at $15 per hour
would be $60.

A formula is a mathematical statement of the
relationship of items. It also defines how one cell
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JOB CARD
oo Weld out Go- Caut Frame pate_ (/10/10  \eger Y
Starting Time Ending Time Total Time
7:00 oy 11.00 amv 4 hrs
Total Hours 4 hiy
Hourly Rate | X $15/Tw
Total Labor $60.00

FIGURE 3-4 Bill of materials. © Cengage Learning 2012

of data relates to another cell of data; for example,
wt = [(I"x w" X t") + 1728] x wt/ft. In this formula you
must first find the volume of material by multiplying
length (1) times width (w) times thickness (t) before
dividing that number by the number of cubic inches
in a cubic foot (1728), then multiply that number by
the material’s weight per cubic foot (wt/ft?).

The sequence of mathematical operations is
important when working formulas and equations. For
example, 6 X 4 +2 X 5=60, but (6 x 4) + (2 x 5) =24.
When a formula has more than one mathematical
operation, the operations must be performed in the
following order:

1% Perform all operations within parentheses.
2" Resolve any exponents.

3" Do all multiplication and division working
from left to right.

4™ Do all addition and subtraction working from
left to right.

To find the total weight of a piece of material, use the
following formula:

wt = [(I" X w" x t") + 1728] x wt/ft

Where:
wt = total weight
I" = length in inches
w" = length in inches
t" = thickness in inches
1728 = number of cubic inches in a cubic foot
wt/ft = weight of material in pounds per cubic foot

Find the total weight of a piece of steel that is 144 in.
long, 12 in. wide, and 2 in. thick if the steel weighs
490 1Ib per cubic foot:

[(1"x w" X t") + 1728] x wt/ft
[(144" x 12" x 2") + 1728] X 490
[(1728 x 2") + 1728] X 490

wt = (3456 x 1728) x 490

wt =2 X 490

wt =980

wt
wt
wt

The total weight of this piece of steel is 980 Ib.

WHOLE NUMBERS

Adding and Subtracting
Whole Numbers

Most fabrication drawings contain as many dimen-
sions as possible. Sometimes the welder may have
to do some basic math to find a dimension that is
not given on the drawing in order to complete the
project. A common math problem that welders may
encounter relates to how much metal stock is needed
for a project. This information may be included in
the bill of materials, but when it is omitted, you will
have to do the math yourself. For example, if you
want to know how many feet of pipe you need and
the dimensions are whole numbers such as 10" + 5,
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all you do is add them together using the following
formula:

Add L=L+L,

Where:
L, = total length of pipe needed
L, =length of part 1
L, = length of part 2

Add L=L+L,
L=10'+5
L=15

The total feet of pipe required is 15 ft.

Most pipe comes in 20-ft sections. To find out
how much scrap pipe you will have once you cut out
the 15 ft needed in the previous problem, you sub-
tract the whole dimensions 15 ft from 20 ft
Subtract L=L-L,
Where:

L, = total length of scrap
L, =length of part 1
L, = length of part 2

Subtract L=L-L,
L, =20 —15'
L=5

The length of scrap pipe is 5 ft, Figure 3-5.
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The same thing would be done when adding
or subtracting dimensions if they were all in inches
units, such as 5"+ 3" or 9" — 4",

Add L=L+L,
L=5"+3"
Lt — 8”
or
Subtract L=L-L,
L=9"-4"
L — 5"

Multiply and Divide
Whole Numbers

Multiplication can be used to calculate the area,
determine the weight of a weldment, estimate the
total time required to build a weldment, and so on.
Multiplying is the same thing as adding the same
number to itself over and over; for example, 2 X 4 =8
is the same thing as 2 + 2 + 2 + 2 = 8. An example of a
multiplication problem would be if you want to cut off
four pieces of bar stock. Each piece of bar will be 5 ft
long, Figure 3-6. To find out how many total feet of
bar stock you will need, you would multiply 5 ft times
4 pieces using the following:

Multiply 5'x 4
5'x4=20

0

N —— ]

<«— 50 :l:

FIGURE 3-5
Learning 2012
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Pipe layout adding and subtracting whole numbers. © Cengage
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FIGURE 3-6 Bar layout multiplying whole numbers.
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A

FIGURE 3-7 Partlayout dividing whole numbers.
© Cengage Learning 2012

Division can be used to locate the center of an object,
determine the even spacing of parts, find the number of
parts that can be cut from a piece of metal, and so on.
Division is the process of subtracting the same number
over and over again; for example, 20 + 4 =5 is the same
thing as repeatedly subtracting 4 from 20: 20 — 4 = 16
(one time), then 16 — 4 = 12 (two times), then 12 —4.=8
(three times), then 8 — 4 = 4 (four times), now 4 —4 =0
(five times). So, 4 goes into 20 five times. An example
of a division problem would be to find the spacing dis-
tance between the four pieces of bar stock you just cut
off, assuming you want to space them evenly on a 20-in.-
(508-mm) wide 5-ft-(1.524-m) long plate, Figure 3-7.
Use the following to determine the center spacing:
Divide 20" +4

20" +4=5"

DECIMAL FRACTIONS

Adding and Subtracting
Decimal Fractions

Decimal fractions are added and subtracted just like
whole numbers as long as the decimal points are kept
in a vertical line. An example of a welding fabrication
decimal fraction problem would be to find the total
length of two pieces of pipe when one is 5.5 ft and the
other is 2.25 ft.

Add 5.5"+2.25'
5.5

+2. 25

7. 75

When adding decimal fractions you carry the num-
ber forward to the left column just like adding whole
numbers. So, 0.9 + 0.1 would become 1.0.

Add 82+46+94+11.25

8. 2
4. 6
9. 4

+11. 25

33. 45
Subtract 9.8-3.2
9. 8
-3. 2
6. 6

When subtracting decimal fractions, you can borrow
from the left column just like subtracting whole num-
bers. So, 1.0 — 0.9 would become 0.1.

Subtract 11.3-7.5
11. 3

-7. 5

3. 8

Multiply and Divide
Decimal Fractions

Multiplying Decimal Fractions

When multiplying decimal fractions, you need to ensure
that the decimal point is placed in the correct position
in the answer. The rule is that you will have the same
number of digits to the right of the decimal point in the
answer as there were to the right of the decimal points
in both of the numbers being multiplied; for example,
if the two numbers being multiplied have a total of five
digits to the right of the decimal points, then the answer
would have five digits to the right of the decimal point.
To multiply 5.4 times 2.3, use the following steps:

1* Step 5.4
x2.3

2" Step 5.4
x2.3
12

3" Step 5.4
x23
12

15
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4™ Step 5.4
x2.3
12
15
8

5™ Step 5.4
x2.3
12
15
8
10

6™ Step 5.4
x2.3
12
15
8
+10
1242
5.4} 1 PLACE
%23} 1 PLACE
12
15
8

+10
12.42} 2 PLACES

7™ Step

Dividing Decimal Fractions

When dividing decimal fractions you must keep the
decimal point in the correct location. The decimal
point in the answer of a division problem is placed
before any calculations are done, Figure 3-8.

1% Step Move the decimal point in the divisor
to make it a whole number, and then move the
decimal point in the dividend the same direction
and the same number of places as it was moved
in the divisor. Add zeros to the dividend if
needed to have enough places to move the deci-
mal point.

2" Step Mark the decimal point in the answer
directly above the decimal point you just placed in
the divisor.

3" Step Divide the divisor into the dividend as
many times as it will go completely. Subtract that
number from the dividend.

4™ Step Repeat the third step as many times as
needed until the remainder is zero or you start repeat-
ing the decimal figures.
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FIGURE 3-8 Dividing decimal fractions. © Cengage
Learning 2012

To find out how many 1.5-ft pieces you could cut
out of a 7.8-ft long piece of metal, you would do the
following:
Divide 7.8by 1.5

15[78
15.178.0

1% Step
2" Step

5.

15. | 78.0
—75.

3.0

3" Step

52

4" Step  15.[ 78.0
—75.

3.0

-3.0

0

Rounding Numbers

When dividing numbers, we often get a whole number
followed by a long decimal fraction. When we divide
10 by 3, for example, we get 3.3333333. For all practical
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purposes, we need not lay out weldments to an accu-
racy 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 num-
ber unchanged. If this number is 5 or greater, increase the
last significant number by 1and record the new number.

® Round off 15.6549 to the second decimal place.
Because the number in the third place to the right
of the decimal point is less than 5, the number
would be rounded to 15.65.

® Round off 8.2764 to the second decimal place.
Because the number in the third place to the right
of the decimal point is 5 or more, the number
would be rounded to 8.28.

® Round off 0.8539 to the third decimal place.
Because the number in the fourth place to the
right of the decimal point is 5 or more, the number
would be rounded to 0.854.

® Round off 156.8244 to the first decimal place.
Because the number in the second place to the
right of the decimal point is less than 5, the number
would be rounded to 156.8.

MIXED UNITS

Adding and Subtracting
Mixed Units

When adding mixed units such as feet and inches,
you have to add each type of number together first. For
example, you would add the inches to inches and feet
to feet. An example of a mixed unit problem that you
might find in welding would be to see how many feet
of metal stock you need if one piece is 10 ft 6 in. long
and the other is 3 ft 5 in. long, Figure 3-9. The first

-~ 10'-6"

>|<— 35—
- ? >

FIGURE 3-9 Adding mixed numbers. © Cengage
Learning 2012

step would be to write the numbers in columns with
feet over feet and inches over inches. The second step
would be to add the inches to the inches and feet to
the feet.

Add 10'6"+3'5"
1% Step Feet Inch
Column | Column
10! 6"
2" Step + 3 5"
13 | 11"
or
Add 10'6"+3'5"
1 Step 10+3'=13'
2 Step 6"+5"=11"
3" Step 13'+11"=13"11"

When subtracting mixed units, use the same steps as
those used for adding. For example, to see how many
feet of scrap pipe you have left from a 7 ft 8 in. piece
when 5 ft 5 in. will be cut off, Figure 3-10, you would
do the following:

Subtract 7'8"—-5'5"
1% Step Feet Inch
Column | Column
7| 8“
2" Step - 5 5"
2| | 3|v
or
Subtract 7'8"—5'5"
1% Step 7'-5=2
2" Step 8" —-5"=3"
3" Step 2'4+3"=2"3"

|
|
l
<— 55" —»}4— ? >

< 78" >

FIGURE 3-10 Subtracting mixed numbers.
© Cengage Learning 2012
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Feet and Inches Pounds and Ounces

Furracion | icves [l o racion | ounees

1/12 1 1/16 1

2/12 2 2/16 2

3/12 3 3/16 3

4/12 4 4/16 4

5/12 5 5/16 5

6/12 6 6/16 6

7112 7 7/16 7

8/12 8 8/16 8

9/12 9 9/16 9

10/12 10 10/16 10
11/12 11 11/16 11
12/12 12 12/16 12
13/16 13

14/16 14

15/16 15

16/16 16

Table 3-1 Feet and Inches; Pounds and Ounces.

When some mixed units are added, the sum can be
reduced. For example, if you add 7 in. to 7 in., the
total would be 14 in., which is the same as 1 ft 2 in.
To reduce any inches equal to or larger than 12 in.
to feet and inches you divide the inches by 12. For
example, how long will a piece of steel bar need to
be if you are going to cut both a 7 ft 8 in. piece and a
6 ft 6 in. piece from it? Reduce the answer in inches to
feet and inches using Table 3-1. Pounds and ounces
are also mixed units, which can be reduced by divid-
ing the ounces by 16.

Add 7'8"+6'6"
1* Step Feet Inch
Column | Column
7| 8"
2" Step + 6 6"
13' 14"
Reduce and Add
3 Step 13' 14+ 12
4™ Step 13+1 2
5™ Step 14 2"
or
Add 7'8" +6'6"
1% Step 7'+6'=13'
2" Step 8" +6"=14"
3" Step 13'+14"=13"14"
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I 1'or 12" I 1'or 12" I 2 I
(A)
7
(B)
DKL & OO
© (D)

FIGURE 3-11 Mixed units. © Cengage Learning 2012

Reduce 14" to feet and inches

4" Step 14+12=1"and 2/12"
5" Step 2/12=2"
Re-add 13'0"+1'2"
6™ Step 13'+1'=14'
7™ Step 0"+2"=2"
8" Step 14'+2"=14'2"

When subtracting one mixed unit from another and
the small unit being subtracted is larger than the
small unit it is being subtracted from—for example,
1 ft 4 in. from 2 ft 2 in.—you must make that unit
larger. You can increase the small unit in a mixed
number by subtracting one whole large unit by divid-
ing it into the smaller units. For example, 2 ft 2 in,,
Figure 3-11A, is the same dimension as 1 ft 14 in,,
Figure 3-11B; and 4 1b 8 oz, Figure 3-11C, is the same
weight as 3 Ib 24 oz, Figure 3-11D.

Convert 2'2"
1* Step 2'=1"12"
2" Step 1'12"+2"=1"14"
Convert 41b 8oz
1% Step 41b=31b 16 oz
2" Step 3lb160z+80z=31b 240z

With 2 ft 2 in. converted to 1 ft 14 in., you can now
subtract 1 ft 4 in. the same way that you subtracted
mixed numbers before.

Subtract 1'14"-1'4"
1% Step 1'-1'=0
2™ Step 14" —4" = 10"

3 Step 0'+10" = 10"
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To subtract 2 1b 10 oz from 4 1b 8 oz, you have to con-
vert 1 Ib to 16 oz and add that to the 8 oz as shown
in Figure 3-11C and D. Now 4 1b 8 oz has become
31b 24 oz.

Subtract 31b240z—-21b 100z
1* Step 3lb-2lb=11Ib
2" Step 24 0z—10 0z =140z
3" Step 1lb+120z=11b 140z

When adding multiple mixed numbers, add all of
the inches first and then all of the feet. Then reduce
the inches to feet and add the new mixed number to
get the final answer. Follow the same process when
adding pounds and ounces. Find the total length of
angle iron needed if the following pieces are to be
cut out.

Add 2'6"+5'6"+7'3"+82"+1'1"+3'9"
1% Step Feet Inch
Column | Column
2' 6"
5' 6"
7' 3"
8 2"
1| 1"
2" Step + 3 9"
26' 27"
Reduce and Add
3" Step 26' 27 +12
4™ Step 26 +2 3
5% Step 28' 3"
or
Add 2'6"+5'6"+7'3"+82"+1'1"+3'9"
1* Step 2'4+5'+7'+8+1'+3'=26

2" Step 6"+6"+3+2"+1"+9"=27"

Reduce 27" to feet and inches

3 Step 27 +12"=2'3/12"
4™ Step 3/12"=3"
Add 26'0"+2'3"
5% Step 26'+2'=28'
6™ Step 0"+3"=3"
7' Step 28'+3"=28'3"

Multiply and Divide
Mixed Numbers

The easiest way to multiply and divide mixed num-
bers is to convert the large units to the smallest units.
Multiply or divide the small units as if they were
whole numbers. Then convert the answer back to a
mixed number. You might need to multiply mixed
numbers to find the area of a piece of metal or to find
out how much material you need to cover the floor of
a trailer. Find the area of a small lawn tractor bed that
is 4 ft long and 3 ft 6 in. wide.

1" Step  Convert the feet to inches by multiplying
by 12.

2" Step  Add the converted inches to the already
existing inches.

3" Step  Multiply the inches in the multiplicand
by the multiplier to get the square inches of the
material needed.

4™ Step Divide the answer by 144 (number of
square inches in a square foot) to find the square feet.

Multiply 4'0"x3'6"

1* Step 4
12
48"

3
2

X

X 1
36"

48"+ 0=48"
36" +6=42"

3 Step 48"
x 42"
96
+192
2016

4™ Step 14 ft>
144 [2016
144
576
576
0

2" Step

The small lawn tractor trailer will need 14 sq ft of
metal to cover the bed. To divide mixed numbers con-
vert the larger units to the smallest units then divide
the whole number. Once the answer is derived, it may
be necessary to convert the answer back to feet and
inches; pounds and ounces; or hours, minutes, and
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seconds. This conversion can cause some problems
because it is not often exactly even. The easiest way to
make these conversions is with a conversion table or
refer to the section on conversions that appears later
in this chapter.

FRACTIONS

Fractions are commonly used in welding fabrica-
tion dimensioning. They are how we express parts
(fractions) of inches when measuring. Figure 3-12
shows the common inch fractions most often used
in welding fabrication. Fractions smaller than 1/16
of an inch, such as 1/32 and 1/64 of an inch, are not
commonly used in fabrication. When they are used,
it is most often with some form of automated or
machine welding or cutting process.

Adding and Subtracting
Fractions

The fractional dimensions found on welding fabrication
drawings have a denominator of 2, 4, 8, or 16. If the
denominators are not the same, they can easily be made
the same, Table 3-2. When all of the denominators
of the fractions are the same, adding and subtracting

1
15
L16
38
i]é
l4
i1
KN
1_1
_72
116
8
— ]—56—>
® —— 1——»
3
‘_1 16
<l
1_8
16
! [
1
FIGURE 3-12 Fractionsof aninch. © Cengage

Learning 2012

Shop Math

59

Inch Half Fourth | Eighths [Sixteenths
1/16
1/8 2/16
3/16
1/4 2/8 4/16
5/16
3/8 6/16
7116
1/2 2/4 4/8 8/16
9/16
5/8 10/16
11/16
3/4 6/8 12/16
13/16
718 14/16
15/16
1 212 4/4 8/8 16/16

Table 3-2 Converting Fractions to a Common
Denominator

can be accomplished quickly by following these
simple rules.

1. Add the numerators.

2. Reduce the fraction to the lowest common
denominator.

Add 1/8 and 3/8. Both denominators are the same, so
all you have to do is add the numerators.

Add

— oo|H
|+ +
W oolw

o |

Subtract 5/8 from 7/8. Both denominators are the
same, so all you have to do is subtract the numerators.

Subtract -
ubtrac 8
-5

N o

8

0|t

Finding the Fraction’s Common
Denominator
When the denominators of two fractions to be

added or subtracted are different, one or both must
be converted so that they are the same. To convert a
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denominator, multiply both the numerator and the
denominator of the fraction by the same number. For
example, to convert 1/4 to 16ths, you would multiply
both the numerator and denominator by 4: 4 x 1 = 4
and 4 X 4 = 16, which is 4/16. There are conversion
tables available to convert the denominators and
numerators, Table 3-2. To add 1/2 and 1/16 where
both denominators are different, you must first find
the common denominator. In this case it is 16.

Convert the Fraction

Add

Reducing Fractions

Some fractions can be reduced to a higher denomi-
nator. For example, 4/8 is the same as 1/2, although
when you are working with a rule or tape measure on
the job, you can locate either measurement. There-
fore, such reductions are necessary only when you are
working with several different dimensions or various
fractional units. Also, you would not want to ask for a
4/8-in. thick piece of steel.

The normal way to reduce a fraction is to find
the largest number that can be divided into both the
denominator and numerator. If you are good at math,
that can be easily done, but if you are not good at
doing math in your head, there is an alternate way of
reducing fractions. For reducing fractions in a weld-
ing fabrication 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,
for example, 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. For
example, both the denominator and numerator of 4/8
can be divided by 2, so 4 + 2 =2 and 8 + 2 = 4. That
would make the new fraction 2/4, which can be
reduced again by dividing the denominator and
numerator one more time by 2. This last division
results in 2/4 being reduced to 1/2. Reduction of

fractions becomes easier with practice. Reduce 14/16
and 4/16 to their lowest common denominators.

14
Reduce R

14+2=7

16 +2=8

7

8

The new fraction for 14/16 is 7/8, which is the lowest
form.

st . 4

1** Reduction 16
4 +2=2
16+2=8
7
8

2™ Reduction %
2+2=1
8+2=4
1
4

The new fraction for 4/16 is 1/4, which is the lowest
form.

Multiply and Divide Fractions

Although there is a way to multiply and divide frac-
tions, the easiest way is to convert the fraction to a
decimal fraction and, if needed, convert it back to a
fraction once you have an answer. By converting the
fraction to a decimal fraction, you can easily use a cal-
culator to do the math. One slight problem with doing
that is that some fractions when converted to decimal
fractions and then divided result in recurring deci-
mals; for example, 1/3 becomes 0.333333333. If you
add 0.333333333 + 0.333333333 + 0.333333333, you
get 0.999999999, which is not equal to 1, but if you add
1/3+1/3 +1/3, you get 3/3, which is 1. But realistically,
0.999999999 is only 0.000000001 less than 1, and most
welding fabrication uses a dimensional tolerance of
+1/16 to +1/8, which is a lot larger than that.

Table 3-3 lists the conversions for most fractions
to decimal fractions. Also, converting fractions to
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INCH INCH

FRACTION | DECIMAL mm
1/16 1.5875 0.062500
1/8 3.1750 0.125000
3/16 4.7625 0.187500
1/4 6.3500 0.250000
5/16 7.9375 0.312500
3/8 9.5250 0.375000
716 11.1125 0.437500
172 12.7000 0.500000
/16 14.2875 0.562500
5/8 15.8750 0.625000
11/16 17.4625 0.687500
3/4 19.0500 0.750000
13/16 20.6375 0.812500
718 22.2250 0.875000
15/16 23.8125 0.937500
1 25.4000 1.000000

Table 3-3 Conversion of Fractions, Decimals, and
Millimeters

decimal fractions and decimal fractions back to frac-
tions is covered later in this chapter.

Multiplying Fractions

To multiply fractions without converting, follow these
steps:

1**  Multiply the two numerators to get the new
numerator.

2" Multiply the two denominators to get the new
denominator.

3" Simplify the resulting fraction, if possible.
To find the area of a piece of metal that is 3/4 in. long

by 7/8 in. wide, you would multiply the length by the
width as follows:

A=LxW
Where:
A =area
L =length
W = width

Shop Math 61

A=LxW
3.7
A==x=-
4 8
3x7=21
:—X— —_—
4X8=32
A==—
32

Multiply

Dividing Fractions

To divide fractions, invert the divisor, then multiply
using steps 2 and 3 in the previous problem.

To find out how many 1/4-in. pieces could be
cut out of a 3/4-in. piece of metal, you would do the
following:

Divide Number = %+ i
Number = %x %
Number 222%:%
Number = 14—2

The fraction 12/4 can be reduced to 3, so you could
cut three pieces from the 3/4-in. piece of metal.

CONVERTING NUMBERS

Dimensions on a drawing are usually given in a con-
sistent format and unit type. Very seldom will you
find that you must make conversions to interpret a
drawing. However, you may be asked to install or
mount a unit such as a winch on a truck bumper or
motor on a piece of equipment. Things like this may
have a different unit of measurement. If the part is
available, you can simply measure it using a tape or
rule of the same type as your drawing. Sometimes
you will be working from the manufacturer’s draw-
ing, and then you may have to make conversions of
measurements.

Conversion of measurements is also often used
to make it easier to lay out the part. Conversions can
also be used to reduce confusion with your coworkers
on a job. It is much easier to understand 1 ft 1 1/8 in.
rather than trying to find 105/8 in. on a scale, even
though they are the same.
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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 cal-
culators can be used to solve problems containing
fractions. There are some calculators that will allow
the inputting of fractions without converting them to
decimals.

RULE: To convert a fraction to a decimal, divide the
numerator (top number in the fraction) by the denomi-
nator (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

Tolerances

All measuring, whether on a part or on the drawing, is
in essence an estimate because no matter how accu-
rately the measurement was made, there will always
be a more accurate way of making it. The more accu-
rate the measurement, the more time it takes. To save
time while still making an acceptable part, dimension-
ing tolerances have been established. Most drawings
usually state a dimensioning tolerance, the amount
by which the part can be larger or smaller than the
stated dimensions and still be acceptable. 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 using the symbol &+, Table 3-4. In
addition to the tolerance for a part, there may be an
overall tolerance for the completed weldment. This

Dimension Tolerance Minimum Maximum

12" +1/8" 11 7/8" 12 1/8"

2'8" +1/4" 2' 7 3/4" 2'81/4"
10' +1/8" 9'117/8" 10' 1/8"
11" +0.125 10.875" 11.125"

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

Table 3-4 Examples of Tolerances

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.
Most weldments use a tolerance of +1/16 in. or £1/8
in., Figure 3-13.

Converting Decimals
to Fractions

This process is less exact than the conversion of frac-
tions to decimals. Except for specific decimals, the con-
version will leave a remainder unless a small enough
fraction is selected. For example, the decimal 0.765 is
very close to the decimal 0.75, which easily converts
to the fraction 3/4. The difference between 0.765 and
0.75 is 0.015 (0.765 — 0.75 = 0.015), which is within the
acceptable tolerance for most welding applications. If
you are working to a +1/8-in. tolerance that has up
to a 1/4-in. difference from the minimum to maxi-
mum dimensions, a measurement of 3/4 is acceptable.
More accurately, 0.765 can be converted to 49/64 in.,
a dimension that would be hard to lay out and impos-
sible to cut using a hand torch.

RULE: To convert a decimal to a fraction, multiply
the decimal by the denominator of the fractional units
desired; that is, for 8ths (1/8) use 8, for 4ths (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 4ths:
0.75x4=3.0 or 3/4

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

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

Conversion Charts

Occasionally, a welder must convert the units used on
the drawing to the type of units used on the layout rule
or tape. Fortunately, charts that can be easily used to
convert between fractions, decimals, and metric units
are available. To use these charts, Table 3-3, locate the
original dimension and then look at the dimension in
the adjacent column(s) of the new units needed.
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FIGURE 3-13 Tolerances. © Cengage Learning 2012

To convert 1/16 in. to millimeters:

1/16 in. = 1.5875 mm

To convert 0.5 in. to a fraction:

0.5in.=1/2in.

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 conversions result in answers that often
contain long strings of decimal numbers. Often this
new converted number, because of the decimals now
attached to it, cannot be easily located on the rule or

TOO LARGE

tape. In addition, most of the layout and fabrication
work welders perform do not require such levels of
accuracy. These small decimal fractions, in inches
or millimeter scales, represent such a small differ-
ence 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 lay-
out, they can be rounded off. Round off millimeter
units to the nearest whole number; for example,
19.050 mm would be 19 mm and 1.5875 mm would
be 2 mm, and so on. Round off decimal inch units
to the nearest 1/16-in. fractional unit; 0.47244 in.
would become 0.5 in. (1/2 in.), and 0.23622 in. would
become 0.25 in. (1/4 in.). In both cases of rounding,
the whole number obtained is well within most weld-
ing layout and fabrication drawing tolerances.

Using the rounding-off method of conversions
with the conversion chart makes the following con-
verted units easier to locate on rules and tapes.
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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:

2x254=150.8
3/4=19.0
50.8 +19=169.8

69.8 rounded to 70 mm
To convert 5.5 in. to millimeters:

5%x254=127.0
05=127
127+ 12.7=139.7
139.7 rounded to 140 mm

To convert 10 mm to a fraction inch:
10 mm = 3/8 in.
To convert 14 mm to a decimal inch:
14 mm = 0.5625 in.
To convert 300 mm to a fraction inch:
300 + 25.4=11.81 in. rounded to 11 13/16 in.
To convert 240 mm to a decimal inch:

240 + 25.4 =9.44 in. rounded to 9 7/16 in.

Measuring

Measuring for most welded fabrications does not
require accuracies greater than what can be obtained

) umm
-

o,

FIGURE 3-14 Measuring tape. © Cengage
Learning 2012
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FIGURE 3-15 Decimal and fraction rules. © Cengage
Learning 2012

with a steel rule or a steel tape, Figure 3-14. Both steel
rules and steel tapes are available in standard and
metric units. Standard unit rules and tapes are avail-
able in fractional and decimal units, Figure 3-15.

SUMMARY

Math is a very important part of welding metal fabri-
cation. You will often use your math skills as a welder
fabricator to locate parts, lay out parts, calculate mate-
rial needs, and determine cost. Math is a skill, and like
the skill of welding, it requires practice to become an
expert. As you weld on projects, take every opportu-
nity to practice your math. As you practice math, you
will find shortcuts to some math problem solving.

Once you have learned the mathematical pro-
cesses, a calculator can be a big help. A word of caution
about using a calculator: Do a quick estimate of the
answer you expect from a problem. That way, when you
get an answer from the calculator, you can compare the
two. Sometimes we hit the wrong key on a calculator
accidentally, so the answer is not even close to being
correct. If it differs greatly, recheck your work.
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REVIEW QUESTIONS

1. Give an example of a dimension containing mixed
units.

. List three examples of a whole number.
. List three examples of decimal fractions.

. List three examples of fractions.

e & W N

. When a formula has more than one mathemati-
cal operation, in what order must the operations
be performed?

6. If you need two pieces of pipe—one must be 15 ft
and the other 10 ft—what is the total amount of
pipe needed?

7. A job requires 500 pieces of bar stock, each 11 in.
long. What is the total length of bar stock
required in inches?

8. A 21-ft long piece of new steel must be sheared
into 7-ft long pieces. How many pieces can be
obtained?

9. Find the total length of two pieces of pipe when
one is 5.25 ft and the other is 3.5 ft.

10. How much scrap pipe will you have once you cut
out 5.5 ft from a 20-ft length of pipe?

11. A welder uses 3.1875 cu ft of acetylene gas to cut
one angle iron. How much acetylene gas would
be needed to cut 20 angle irons?

12.

13.

14.
15.

17.

18.

19.

20.

21.

When dividing decimal fractions, what must be
done before starting any calculations?

A piece of frame material is 50 ft long. If we cut it
into 6.25-ft long pieces, how many pieces will we
have?

Round 75.235 to the second decimal place.

How many total feet of metal stock would you
need if one piece is 12 ft 5 in. long and the other
is 7 ft 3 in. long?

. How many feet of scrap pipe will you have left

from a 9 ft 6 in. piece when 4 ft 2 in. is cut off?

How many total feet of metal stock would you
need if one piece is 11 ft 9 in. long and the other
is 6 ft 5 in. long?

List in order the fractional dimensions of 1 in. in
16ths.

How thick will the finished part be if two pieces
of metal are welded together if one is 3/4 in. and
the other is 5/16 in.?
How much metal is left if 1/8 in. is ground off a
5/16-in. thick plate?
What is the minimum and maximum length

a part can be if it is shown as needing to be
57/8in.+1/8?
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OBJECTIVES

After completing this chapter, the student should be able to:

e Explain the purpose of a set of drawings and what information
is contained on them.

e |dentify 10 types of lines used on mechanical drawings.

e Describe what mechanical and pictorial drawings are.

e Name the various special views that can be shown on drawings.

e Explain dimensioning on drawings.

e Discuss how a drawing can be scaled.

e Compare sketches and mechanical drawings.

e Demonstrate the ability to make a sketched mechanical drawing.

e |llustrate how to use graph paper to make a scaled mechanical drawing.

e List the advantages of using computer-aided drafting software to make
mechanical drawings.

KEY TERMS

alphabet of lines detail views pictorial drawings

project routing
information

architectural scale dimension line

bill of materials drawing scale

raster lines

break line engineering scale

extension line rotated views

hidden line

cavalier drawings

center line section line

section view

computer drafting
programs

computer drawing
programs

cutting plane line
cut-a-ways

isometric drawings
leaders and arrows
mechanical drawings
object line

orthographic projections

phantom lines

set of drawings
sketching
specifications
title box
vector lines
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INTRODUCTION

Drawings are the tools that let us accurately commu-
nicate with each other in a very technical way. It is
said that “a picture is worth a thousand words, but
a mechanical drawing is worth millions.” How many
words would you have to use to tell someone how
to build a jet airliner, a tanker ship, or even some-
thing as simple as a door hinge? Try it. How would
you describe the thickness, diameter, and angle of the
countersink of the screw holes and their locations?
What would be the radius of the hinge pin? And the
list of things you need to describe about the making
of a hinge goes on and on. We can do all of that and
more with easily understood mechanical drawings.

As you look at a basic mechanical drawing, you
can see the object’s shape, size, and location of its
parts. However, as the drawing becomes more and
more complex, it can be more difficult to see how
everything relates. This chapter helps you see the
basic layout of mechanical drawing and how the vari-
ous parts of a drawing relate.

MECHANICAL DRAWINGS

Mechanical drawings have been used for centuries.
Leonardo da Vinci (1452—-1519) made mechanical
drawings extensively for his inventive works. Mechan-
ical drawings are produced in a similar format world-
wide. There are a few differences in how the views are
laid out, but even with that they are understandable.
The two most common methods are third-angle pro-
jection and first-angle projection, Figure 4-1.
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SHOP TALK

Did you know that mechanical drawings are
often called the universal language? Many of
Leonardo da Vinci’s 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. There are many different
cultures with a wide variety of beliefs among the many
nations of the world. Some of their beliefs and practices
may seem strange to us, but much of what we do may
seem strange to them too. Notwithstanding these dif-
ferences and the many different languages and mea-
suring systems used around the globe, the basic shape
of an object and location of components can be deter-
mined from any good drawing. Drawings are so univer-
sal that they were placed on the Voyager 1 and 2 space
probes that were sent to travel out of our solar system
in 1977. The drawings depict a little about us and where
the satellite came from so that if someday it is found
by another planet’s civilization, they will know a little
something about us and our world.

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 drawing,
assembly drawing, detailed drawing, and exploded
view, Figure 4-2.

In addition to the actual shape as described by
the various lines, a set of drawings may contain addi-
tional information such as the title box, specifications,
project routing information, and bill of materials.
The title box, which will appear in one corner of the
drawing, may contain the name of the part, company
name, scale of the drawing, date of the drawing, who

THIRD-ANGLE A
PROJECTION
TOP
FRONT RIGHT SIDE

RIGHT SIDE FRONT

FIRST-ANGLE
\ PROJECTION

5 $ TOP

FIGURE 4-1 Two different layout methods used to show drawing views. © Cengage Learning 2012
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__ HYDRAULIC
_ CYLINDER
_ BRACKET _
PAGE 1 OF 5
TITLE PAGE
< =5 b
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Q
PAGE 2 OF 5 PAGE 3 OF 5
PICTORIAL ASSEMBLY
[E—— |
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I
I
BASE PLATE
T
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DRILLi E H
CLEAT PAGE 4 OF 5 PAGE 5 OF 5
DETAIL EXPLODED
FIGURE 4-2 Example of a set of drawings. © Cengage Learning 2012

made the drawing, drawing number, number of draw-
ings in this set, and tolerances.

The specifications detail the type and grade of
material to be used, including base metal, consum-
ables such as filler metal, and hardware such as nuts
and bolts.

The project routing information is used in large
shops that employ an assembly line process. This
information lets you know where the parts should be
sent once you have completed your part of the assem-
bly process.

A bill of materials can also be included in the set
of drawings. This is a list of the various items that are
needed to build the weldment, Figure 4-3.

Lines

Different types of lines are used to represent various
parts of the object being illustrated. The various line
types are collectively known as the alphabet of lines,
Table 4-1 and Figure 4-4.
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BILL OF MATERIALS

Number
Required

Part Type of Material

Size
Standard Units

Sl Units

FIGURE 4-3 Typical bill of materials form. © Cengage Learning 2012
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HIDDEN LINE
CENTER LINE
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CUTTING PLANE LINE

SECTION LINES

STEEL CAST
IRON
LEADER OR
ARROW LINE

<
<

LONG BREAK LINE

N

SHORT BREAK LINE
\,‘/_,—_’f_\/“/\

Table 4-1 Alphabet of Lines Used for Mechanical Drawings

Following are the types of lines used on drawings:

® Object line—Object lines show the edge of an
object; the intersection of surfaces that form cor-
ners or edges; and the extent of a curved surface,
such as the sides of a cylinder, Figure 4-4A.

¢ Hidden lines—Hidden lines show the same
features as object lines except that the corners,
edges, and curved surfaces cannot be seen because
they are hidden behind the surface of the object,
Figure 4-4B.

® Center lines—Center lines show the center point
of circles and arcs and round or symmetrical
objects. They also locate the center point for holes,
irregular curves, and bolts, Figure 4-4C.

® Extension lines—Extension lines are the lines that
extend from an object and locate the points being
dimensioned, Figure 4-4D.

¢ Dimension lines—Dimension lines are drawn so
that their ends touch the object being measured, or
they may touch the extension line extending from
the object being measured. Numbers in the dimen-
sion line or next to it, give the size or length of an
object, Figure 4-4E.

¢ Cutting plane lines—Cutting plane lines represent
an imaginary cut through the object. They are used
to expose the details of internal parts that would
not be shown clearly with hidden lines, Figure 4-4F.

® Section lines—Section lines show the surface
that has been imaginarily cut away with a cut-
ting plane line to show internal details. Different
patterns of section lines are used to show differ-
ent types of materials. The evenly spaced diago-
nal lines for cast iron are often used as the default
pattern, Figure 4-4G.
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FIGURE 4-4 Drawing with the alphabet of lines identified. © Cengage Learning 2012

® Break lines—There are two types of break lines:
long break lines and short break lines. Both show
that part of an object has been removed. This is
often done when a long uniform object needs to be
shortened to fit the drawing page, Figure 4-4H.

® Leaders and arrows—Leaders (the straight part)
and arrows (the pointed end) point to a part to

identify it, show the location, and/or are the basis of

a welding symbol, Figure 4-41.

® Phantom lines—Phantom lines show an alternate
position of a moving part or the extent of motion
such as the on/off position of a light switch. They
can also be used as a placeholder for a part that will
be added later.

SPARK YOUR IMAGINATION

F/IM How would you show the front view of the cylin-
der in Figure 4-52 How would the side view look,
and would it be much different from the front view?
What are some other shapes that might have similar
appearances in more than one view?

Types of Drawings

Drawings used for most welding projects can be divided
into two categories—orthographic projections
(mechanical drawings) and pictorial. The projection

FIGURE 4-5 How would the side view of this cylinder
look? © Cengage Learning 2012
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FIGURE 4-6 The arrangement of views of an object as if it were viewed in a glass box and

then the box unfolded. © Cengage Learning 2012

drawings are made as if you were looking through
the sides of a glass box at the object and tracing its
shape on the glass, Figure 4-6A. If all of the sides of
the object were traced and the box unfolded and laid
out flat, Figure 4-6B, there would be six basic views
shown, Figure 4-6C.

Pictorial drawings present the object in a more
realistic or understandable form. These drawings

. . ISOMETRIC DRAWING CAVALIER DRAWING
usually appear as one of two types, isometric or
cavalier, Figure 4-7. The more realistic perspective FIGURE 4-7 Two types of pictorial drawings.
drawing form is seldom used for welding projects. © Cengage Learning 2012
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Mechanical Drawings

Usually not all of the six views are required to build
the weldment. Only those needed are normally pro-
vided, usually only the front, right side, and top views.
Sometimes only one or two of these views are needed.

The front view is not necessarily the front of the
object. The front view is selected because when the
object is viewed from this direction, its overall shape
is best described. As an example, the front view of a
car or truck would probably be the side of the vehicle
because viewing the vehicle from its front may not
show enough detail to let you know whether it is a
car, light truck, SUV, or van. From the front, most
vehicles may look very similar.

Pictorial Drawings

Of the two types of pictorial drawings, the isometric
drawing is more picturelike. Isometric drawings are
drawn at a 30° angle so it appears as if you are looking at
one corner. As with all drawings, all of the lines that are
parallel on the object appear parallel on the drawing.

On cavalier drawings one surface, usually the
front, is drawn flat to the page. It appears just like
the front view of a mechanical drawing. The lines for
the top and side surfaces are drawn back at an angle,
usually 30°, 45°, or 60°.

SPARK YOUR IMAGINATION

F/IM\ Both types of pictorial drawings are used in this
' book. Look through this chapter and make a list
of all of the figure numbers that show pictorial draw-
ings. Look around your shop and classroom and see how
many posters, signs, or drawings have pictorial drawings.
Make a list of the different items you find.

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 the following:

® Section view—The section view is made as if you
were to saw away part of the object to reveal inter-
nal details, Figure 4-8. This is done when the internal
details would not be as clear if they were shown as
hidden lines. Sections can either be fully across the
object or just partially across it. The imaginary cut
surface is set off from other noncut surfaces by sec-
tion lines drawn at an angle on the cut surfaces. On
some drawings the type of section line used illustrates

FIGURE 4-8 Sectioning of parts can be used to
show internal details more clearly. © Cengage
Learning 2012

the type of material that the part was made with.
The location at which this imaginary cut takes place
is shown using a cutting plane line, Figure 4-9.

® Cut-a-ways—The cut-a-way view is used to show
detail within a part that would be obscured by the
part’s surface. Often a freehand break line is used to
outline the area that has been imaginarily removed
to reveal the inner workings.

® Detail views—The detail view is usually an exter-
nal view of a specific area on the part. Detail views
are used to show small details of an area on a part
without having to draw the entire part larger.
Sometimes only a small portion of a view has signif-
icance, and this area can be shown in a detail view.
The detail view can be drawn at the same scale or
larger if needed. By showing only what is needed
within the detail, the part drawn can be clearer and
not require such a large page.

® Rotated views—A rotated view can be used to
show a surface of the part that would not normally
be drawn square to any one of the six normal view
planes. If a surface is not square to the viewing
angle, then lines may be distorted. For example, a
circle when viewed at an angle looks like an ellipse,
Figure 4-10.

Dimensioning

Often it is necessary to look at other views to locate
all of the dimensions required to build the object. By
knowing how the views are arranged, it becomes eas-
ier to locate dimensions. Length dimensions can be
found on the front and top views. Height dimensions
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FIGURE 4-9 Using a cutting plane line.

can be found on the front and right-side views. Width
dimensions can be found on the top and right-side
views, Figure 4-11. Locating dimensions on these views
is consistent with both the first-angle perspective or
third-angle perspective layouts.

If the needed dimensions cannot be found on the
drawings, do not try to obtain them by measuring
the drawing itself. Even if the original drawing was
made very accurately, the paper it is on changes
size with changes in humidity. Copies of the original

S

FIGURE 4-10 Note that the round hole looks misshapen
or elliptical in the right-side view but looks round in the
special view. © Cengage Learning 2012
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© Cengage Learning 2012

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 writing or doing calculations on the
drawing unless you are noting changes. Often there is
a need to make a change in the part as it is being fabri-
cated. When these changes are added to the “as drawn”
drawing, the drawing is referred to as the “as built” draw-
ing. It is important to keep these “as built” drawings so
they 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.

‘4— WIDTH ‘Pl

LENGTH

r
L

HEIGHT —>

-

LENGTH *P‘

FIGURE 4-11 Drawing dimension locations.
© Cengage Learning 2012
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Drawing Scale

It would not be possible to make every drawing the
same size as the parts being made; for that reason you
must change the scale. When we use a drawing scale,
we are saying that the part being drawn is drawn
smaller or larger than it really is. An easy scale to use
is 1 in. equals 1 ft, so that if we draw a line that is
10 in. long, it represents an actual distance of 10 ft.
To aid in making and reading scaled drawings, you
can use a drafting tool called a scale, Figure 4-12. A
scale is a special type of ruler that is marked with dif-
ferent units. There are two commonly used scales: the
architectural scale and the engineering scale. The
architectural scale is the one that is most often used
for mechanical welding drawings.

Architectural scales are divided into fractions
of inches. Some of the common units are: 1/8, 3/32,
1/4, 3/16, 3/8, and 3/4. These scales can be used to
represent different lengths and units of measure. For
example, the 1/4 scale can be used with inches so that
1/4 in. equals 1 in. or to represent feet as in 1/4 in.
equals 1 ft. It could be used with yards, meters, miles,
or any other standard unit.

Engineering scales are divided into decimals of
inches. Some of the common units are 10th, 20th, 30th,
40th, 50th, and 60th. As with the architectural scale, these
units can be used to represent any number of distances.

FIGURE 4-12 Drawing scales: (A) fraction, (B) decimal.
© Cengage Learning 2012

Not all drawings are scaled down; some are made
larger, Figure 4-13A. Most often, details are drawn at
a larger scale so that the important parts can be seen
more clearly, Figure 4-13B.
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| KITCHEN POT RACK AND HOOKS
FIGURE 4-13 Examples of scaling down and scaling up on a drawing.
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MECHANICAL DRAWING VIEW COLOR CODES
VIEW NAME | VIEW COLOR VIEW NAME VIEW COLOR
FRONT ORANGE LEFT SIDE YELLOW
RIGHT SIDE BLUE BOTTOM

Table 4-2 Color-Coding Used in This Chapter to Help
Identify Views

READING MECHANICAL
DRAWINGS

The pictorial drawing of the block in the glass cube
shown in Figure 4-6A is color-coded. The same color
coding has been used for all of the multiview draw-
ings in this chapter to help you identify the views.
Table 4-2 lists the colors and views used. The front
surface in all the views is colored orange, the top view
is green, the right side is blue, the left side is yellow,
and the bottom is brown. Mechanical drawings you
work with in the field are not color-coded.

In addition, the lines that represent the hidden
surfaces of the block in the glass cube have been color-
coded. For example, you can see the red line for the
back, which is visible on the top and right-side views.

The color-coding is intended to help you learn
how to read a mechanical drawing. The important ele-
ment to remember is that the front view is the main
view. The standard views include the front, top, and
right-side views. Not all drawings use all of the stan-
dard views, and drawings may or may not include
additional views. For that reason, you need to know
where each of the views are and how they relate to
each other.

SKETCHING

Sketching is a quick and easy way of produc-
ing a drawing that can be used in the welding shop.
Sketches and mechanical drawings have some simi-
larities and some differences. They are similar in that
both contain the necessary information to produce a
welded project. The main way that they are different
is that a sketch is a quick way of drawing an object and
sketches may not be drawn to scale. Mechanical
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#”

| |

FIGURE 4-14 Sketching using draft paper. © Cengage
Learning 2012

drawings take more time and are drawn to scale. They
should both contain all the necessary information to
build the desired weldment.

NOTE: When graph paper is used, sketches can be eas-
ily drawn to scale, Figure 4-14.

A sketch can be any drawing that is made with-
out the extensive use of drafting instruments or
computer-aided design (CAD). Sketches are generally
drawings that are made in the shop by the welder,
shop supervisor, or customer. A sketched drawing
can be made with or without the use of drawing tools
such as scales, straight edges, curves, and circle tem-
plates, Figure 4-15. When drawing tools are used, the

FIGURE 4-15 Drafting tools: (A) welding symbol
template, (B) flexible curve, (C) French curve, (D) circle tem-
plate, (E) rule, (F) scale. Larry Jeffus
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FIGURE 4-16 When sketching, use short strokes.
Larry Jeffus

drawing may have straighter lines but take longer to
produce. Straight lines are not always necessary to the
actual production of the parts being welded as long as
the drawing is clear.

Sketching is the process of making a line on a
drawing by making a series of quick, short strokes
with the pencil or pen, Figure 4-16. The technique of
sketching a line may seem slow and awkward in the
beginning, compared to just holding the pencil on
the paper and drawing a line. But a sketched line can
be much straighter and faster once you have devel-
oped the skill. Each stroke may not be straight, but
the line produced can be straight.

PRACTICE 4-1
Sketching Straight Lines

Using a pencil and unlined paper, you are going
to sketch a series of 6-in. (152-mm) long straight
lines.

Practice sketching from right to left and left to
right. You may find that it is easier for you to go in
one direction, rather than the other. The direction
you sketch is not as important as your ability to make
straight lines.

Start by making a small mark or dot approxi-
mately 6 in. (152 mm) from the point you plan on
starting your sketched line. Do not measure; just esti-
mate the distance. Part of being able to make quick
sketches is the ability to judge lengths. The mark
will give you an aiming point. Look at the point as
you start the series of short sketched marks. Make

FIGURE 4-17 Overlap each sketched stroke so they
form a solid line. © Cengage Learning 2012
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FIGURE 4-18 Practice sketching until you can keep
your line within +1/8 in. (3 mm) of being straight.
Larry Jeffus

each sketch mark about 1/2 in. (13 mm) to 3/4 in.
(19 mm) long and make them in a quick, smooth
series. Overlap each mark so they form a solid line,
Figure 4-17. You may want to make the sketched
line very light initially and go back over it to make it
darker. It may be easier to make the sketch marks in
the direction of travel or in the opposite direction—
try both.

Once you have completed six or eight lines, lay
a straight edge next to the lines and see how straight
you were able to make them. Keep practicing sketch-
ing straight lines until you are able to make 6-in.
(152-mm) long lines that are within +1/8 in. (3 mm)
of being straight, Figure 4-18.

PRACTICE 4-2
Sketching Circles and Arcs

Using a pencil and unlined paper, you are going to
sketch a series of circles.

Start by sketching two light construction lines
that cross at right angles. Construction lines are often
used in drawing as guides to the finished line. Con-
struction lines should be very light so they can be left
on the drawing or easily erased.

Make two marks on each of the construction lines
about 1/2 in. (13 mm) from the center point. These
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FIGURE 4-19 Acircle can be sketched as a series of straight lines. © Cengage Learning 2012

points will serve as your aiming points as you sketch
the circle. The circle you sketch will be tangent to
these points. A tangent straight line is one that meets
a circle at a point where the circular line and straight
line are going in the same direction. Much like plac-
ing a 12-in. (25-mm) ruler on a round pipe, where the
ruler and pipe meet is the tangent point. If you were
to make a short, straight line at the tangent point
and keep doing this all the way around the pipe, you
would wind up with a circle drawn from a series of
short straight lines, Figure 4-19.

Sketch a tangent line starting at the top mark,
keep sketching and gradually turn the line toward the
mark on the next construction line. Once you have
completed the first quarter of the circle, you may find
it easier to continue if you turn the paper. Repeat the
sketching process until you have completed sketching
the circle.

Repeat this process making several different size
circles. On larger circles it may be helpful to make
more construction lines. Using a circle template,
check your circles for accuracy. Continue making
sketched circles until you can draw them in several
sizes within +1/8 in. (3 mm) of round.

NOTE: Sometimes it is easier to draw small circles in a
square box. You can do this by first drawing a box using
construction lines then drawing the circle inside the box. e

PRACTICE 4-3
Sketching a Block

Using a pencil and unlined paper, you are going to
sketch a mechanical drawing showing three views of a
block as shown in Figure 4-20.

NOTE: In the mechanical drawing type called ortho-
graphic projection, the views must be arranged properly.
The top view is drawn straight above the front view, and
the right-side view is aligned to the right. This arrange-
ment makes it possible for you to see distinguishing
lines in one view and locate the corresponding lines in
another view. This is how you find all of the location
dimensions or even how you can identify material. For
example, in one view angle, iron might be shown as par-
allel lines while in another view you would see the dis-
tinctive “L” shape. The same would apply to a cylinder
that would appear as parallel lines in one view but as a
circle in a different view.

Start by sketching construction lines as shown
in Figure 4-21A. These lines will form the boxes for
the front, top, and right-side views. Darken the lines
that make up the object’s lines so it is easier to see,
Figure 4-21B.

Repeat this practice using the shaped objects
shown in Figure 4-22.6
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B —

(A)

)
(B)

FIGURE 4-21 (A) First, lightly sketch the lines and

then (B) darken the object lines. © Cengage Learning 2012

SPARK YOUR IMAGINATION

& Figure 4-23 shows some differently shaped front
views that all have the same shapes for the top
and right-side views. There are lots of possibilities for
other shapes of front views that can be used with these
same top and right-side views. Sketch as many differ-
ently shaped front views as you can for the top and side
views shown. Hint: Curved surfaces do not show lines
© on other views unless they are tangent to the view, and
solid object lines hide hidden lines.

FIGURE 4-20 Practice 4-3. © Cengage Learning 2012
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(B) LAP

(E) TEES

(H) H-BEAMS

(I) WIDE FLANGE

FIGURE 4-22 Additional shapes to be sketched for Practice 4-3. © Cengage Learning 2012
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FIGURE 4-23 What other shapes could the front view
of this object be? © Cengage Learning 2012

PRACTICE 4-4

~Y

/§\

Sketch a Candlestick Holder

Using a pencil and unlined paper, you are going to

sketch a three-view mechanical drawing of the can-
dlestick holder shown in Figure 4-24.

FIGURE 4-24

Practice 4-4. © Cengage Learning 2012
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FIGURE 4-25 Additional object to be sketched for
Practice 4-4. © Cengage Learning 2012

Repeat the process using the candlestick holder
shown in Figure 4-25.

NOTE: All you have to do to lay out the angle for the can-
dlestick holder shown in Figure 4-24 is measure down the
correct distance from the top and measure out the correct
distance at that point from the center line. Connecting the
points will automatically give the angle. But most impor-
tant, remember that sketches do not have to be exactly to
scale as long as all of the needed dimensions are shown. ¢

Erasers and Erasing

Most pencil erasers have an abrasive action on the
paper as they are used to erase pencil marks. This can
sometimes cause the top surface of the paper to be
roughed up or rubbed off. If you are not careful in eras-
ing with a pencil eraser, you can damage the paper’s
surface, making it hard to redraw over that area.
Plastic erasers are usually white. These erasers do
not have an abrasive and will not damage the paper’s
surface like pencil erasers. Plastic erasers are very
effective in removing unwanted pencil lines.
Sometimes you need to erase a small part of a line
without removing or smudging a nearby line. There are
thin metal tools called “eraser shields” that are used in

FIGURE 4-26

Eraser shield. © Cengage Learning 2012

drafting to protect the neighboring line from erasure,
Figure 4-26. An easy substitute for this tool is any scrap
piece of paper. Simply cover the line you do not want
to erase, and rub the eraser away from the edge so the
edge is not wrinkled.

NOTE: A Post-it Note can be used to make a great tem-
porary eraser shield.

Both correction tape and fluid do not erase errors
but cover them up so corrections can be made. They
are easy to use and work well; however, if you are
drawing with a pencil, they may be more difficult to
draw over than an erased line.

Graph Paper

Making a sketch on graph paper is a way of both mak-
ing your drawing more accurate and speeding up the
sketching process. Graph paper is available with grid
sizes ranging from 1/8-in. (3-mm) to 1/4-in. (6-mm)
squares, Figure 4-27. Other sizes are available. Many
copiers do not copy the light blue or light green lines
on graph paper, so if you need the lines later, you may

EEEREEEE ]
| [

(®)

FIGURE 4-27 Graph paper. © Cengage Learning 2012
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FIGURE 4-28 Practice 4-5. © Cengage Learning 2012

need to make the copy machine copy darker or use
another color of lined paper. Usually, the inch lines
are a little darker on the graph paper, which makes it
easier to count when measuring.

Even though you have lines to follow on graph
paper, you may find that you can make a better-
looking drawing by sketching over the grid lines
rather than trying to just follow the grid line with
your pencil. Graph paper does lend itself to the use of
straight edges and other drafting tools, but with prac-
tice sketching is faster and works well.

PRACTICE 4-5

Sketching Curves and Irregular Shapes

Using a pencil and graph paper, you are going
to sketch a front view of the plant hanger shown in
Figure 4-28.

Curves and irregular shapes can be easily drawn
using a grid such as that found on graph paper. The
first thing you need to do is locate a series of points
on the graph paper that coincide with points on the
curve you are copying. Start with the easy points
where the lines on the paper cross at a point on the
object. For example, one end of the curve starts at

the intersection of lines E-3, so put a dot there. Next,
the curve is tangent to lines F-2, so put a dot there.
Follow the curve around, putting additional dots at
the other intersecting points.

Once all of the easy dots are located, you are
going to have to make some estimates for the next
series of dots. For example, the curve almost touches
the 1 line as it crosses the E line. Put a dot there and
at similar points where the curve crosses other lines.

After you have located all of the points for
the curve, sketch a line through all of the points,
Figure 4-29. Refer to the figure to see how the line

FIGURE 4-29 Sketching a curved line.

Larry Jeffus
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should pass through the point. If you are not sure,
you can always add additional points that are not on
lines to help guide your sketching.

SHOP TALK

Did you know you can draw graph lines on a
project to help with the layout?

If you are laying out a curved object to be cut
out, it is often easy to draw grid lines on the metal as a
way of aiding in the layout. You can use a chalk line or
straight edge and marker to create your grid. Also, you
do not have to draw the full grid; you may be able to
just draw the grid around the area where your curved
line is to be drawn.

NOTE: The curve you made is called free form, and as
the name implies, it is not an exacting process. If you
are working on an exacting curve, there will often be

/

FIGURE 4-30 Sketching curves using a center point.
© Cengage Learning 2012

center points for you to follow, Figure 4-30. You would
use a compass to lay out this curve.

Repeat this practice and make a three-view draw-
ing of the candlestick holder shown in Figure 4-31.

!

FIGURE 4-31

Practice sketching the curved object. © Cengage Learning 2012
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FIGURE 4-32 AutoCAD LT® drafting program used to
draw a birdhouse. Larry Jeffus

COMPUTERS
AND DRAWINGS

Computers have made it much easier to draw plans
for projects. The welded birdhouse project shown
in Figure 4-32 was drawn on AutoCAD LT®. There
are a number of computer drawing programs like
AutoCAD LT® available. Computer drafting programs
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use vector lines, which is different from most draw-
ing programs, which use raster art. Computers see
vector lines as lines, and they see raster lines as if
they were part of a picture. Because vector drawings
are seen by the computer as lines, you can zoom in
and out, measure, resize, reshape, or rotate the draw-
ing, and the lines stay crisp and sharp. For example,
as the lines on the roof of the vector-drawn birdhouse
in Figure 4-33 are magnified 300 and 500 times, they
stay sharp.

Computers see raster images as a series of small
squares called pixels. Raster drawings are commonly
known as bitmap drawings because the computer
maps the location of every little bit (pixel) of the
drawing. When these pixels are very small, your eye
sees them as a line; but as you zoom in, they start
looking like a bunch of colored squares. For example,
as the lines on the roof of the bitmap-drawn bird-
house in Figure 4-34 are magnified 300 and 500 times,
they look like a group of colored squares not even
recognizable as lines. Bitmap lines have a softer
appearance, and they work best in art and photo-
graphic programs. The sharp crisp lines of vector
drawings work best for mechanical drawings.

Two-dimensional drafting programs, abbre-
viated 2D, like AutoCAD LT®, allow you to make
mechanical drawings accurately for projects. Vector
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FIGURE 4-33 Vector line art drawing. © Cengage Learning 2012
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FIGURE 4-34 Bitmap line art drawing. © Cengage
Learning 2012

drafting programs allow you to draw trailers, barns,
or other large projects more accurately than they can
be built. Using the pull-down and dimensioning
options, you can set the precision for this bird-
house drawing at 1/256 in. (0.01 mm), Figure 4-35.
Accuracy is important when parts must fit together
and move without interfering with each other. It is
also helpful when planning projects like the trailer in
Figure 4-36. The back of the trailer has ramps built
on it that can be flipped down for easier loading of
equipment. The ramps are hinged to the back of the
trailer so that when they are in the up position, the
dropped back end of the bed is level. AutoCAD LT®
makes designing the trailer easier, and leveling the
bed makes it easier to haul hay, Figure 4-37.
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FIGURE 4-35 The drawing’s precision can be set on an
AutoCad LT® drawing by using the dimension style manager.
Larry Jeffus

FIGURE 4-36 Well-designed trailer for hauling hay or
equipment. Larry Jeffus
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FIGURE 4-37 The AutoCAD LT® rotate feature can be
used to check art alignment and fit-up. Larry Jeffus
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FIGURE 4-38 AutoCAD LT® makes it easy to connect
lines using its endpoint connecting feature. Larry Jeffus

Lines on a mechanical drawing connect to other
lines on the drawing. It is that connection between lines
that allows the object being drawn to take shape. Very
rarely would a mechanical drawing line just be drawn
by itself. Computerized drafting programs make it easy
to make lines connect. As the curser nears the end of a
line in AutoCAD LT®, as with many vector drafting pro-
grams, the end of the line changes colors, Figure 4-38. If
you move closer, the line will “jump” to join the end of
the first line drawn. This feature of “joining lines,” like
other features, can be adjusted or turned off as needed.
This ability to customize the settings on a drafting pro-
gram makes the program much easier and faster to use.

The readability and ease of understanding a draw-
ing is dependent on the drawing’s layout and location of
dimensions and notes. Drafting programs allow you to
move things around to make them clearer and easier to
understand. This feature is important because on pencil
drawings erasing and redrawing can result in a messy
drawing, which can make it harder to understand.

On-screen help with computer drafting is avail-
able in several general ways. One method of accessing
on-screen help is to hover the curser over a function
button and a one- or two-word description of the button
will appear, Figure 4-39. A more complete listing of help
is available on screen by clicking the “?” button on the
tool bar at the top of the screen, Figure 4-40. Some pro-
grams, like AutoCAD LT®, provide an Active Assistance
function that pops up the first time a function button is
clicked, Figure 4-41. The Active Assistance tool provides
step-by-step instructions on how to use that function.
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FIGURE 4-39 Hovering above an icon will generate a
one- or two-word identification for thaticon. Larry Jeffus
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FIGURE 4-40 On-screen help will guide you through
many of the program’s features. Larry Jeffus
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P Magnifying the image to view the details
more closely is called zooming in.
Shrinking the image to see a larger
portion of the drawing is called zooming
out, more ...

FIGURE 4-41
program features.

Active Assistance details specific
Larry Jeffus
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SUMMARY

Technical drawings are a universal language, so once
you are able to read and understand them, you can
literally communicate with any engineer or techni-
cian anywhere in the world. Of course, you would not
be able to read the notes, but everything else—part
location, method of assembly, surface, finish—is all
important and easily understood. In addition to being
able to read drawings, you should be able to make
accurate and easily read sketches so that you can
communicate your idea clearly.

Before starting to work on a project, you should
look at the entire set of drawings. It may be advanta-
geous for you to even make a quick sketch of how you
understand that the part should be assembled. This

can help you avoid misreading or misunderstanding
details that might be contained within the drawing. A
part may be referenced on more than one page; there-
fore, on large complex drawing sets that may contain
10, 20, 30, or more pages, you will have to make sure
that the references are all consistent. For example, the
part may be shown to be located 3 in. from the end on
one page, and several pages back it may be shown to
be located 3 1/2 in. These differences are the result of
revisions to the part and drawings during the design
process or updating. Discrepancies in the drawings do
not often occur, but they can be costly if not caught.

Practice reading drawings any time you can because
with practice comes greater speed and accuracy.

REVIEW QUESTIONS

1. What information may be included in a set of
drawings to aid in the fabrication of the project?

2. What information is provided in the title box on
a set of drawings?

3. What is a bill of materials?

4. Sketch an object that contains all of the necessary
elements so that you can use the following line
types: object line, hidden line, center line, exten-
sion line, and dimension line. Label each line type
using leaders and arrows.

5. What are the two types of break lines and why are
they used?

6. What type of line would be used on a drawing to
show an alternate position of a moving part?

7. What is the difference between orthographic
projections (mechanical drawings) and pictorial
drawings?

8. Which three views are usually provided on a
mechanical drawing?

9. Describe how to tell the difference between an
isometric drawing and a cavalier drawing.

10. What kind of information does a section view on
a drawing provide?

11. What view might you draw to show small details
of an area on a part without having to draw the
entire part larger?

12. Which of the standard views would you look at to
find the height of an object?

13. What is the difference between “as drawn” and
“as built” drawings?

14. What is the most commonly used scale for
mechanical drawings?

15. What is the difference between architectural
scales and engineering scales?

16. What is the difference between a sketch and a
mechanical drawing?

17. What is the advantage of vector over raster in
computer-aided mechanical drawing?
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Welding Joint Design,
Welding Symbols

OBJECTIVES

After completing this chapter, the student should be able to:

Sketch the five basic welding joints.

Explain the factors that must be considered when choosing a weld
joint design.

e List and explain five ways that forces cause stress in welds.
e Discuss the factors to consider when selecting a weld joint design.

e List and explain the information that can be included on a welding
symbol.

e Describe the various types of welds.
e Sketch a welding symbol and identify the components.

KEY TERMS

bevel intermittent reinforcement
chamfering J-groove root

edge preparation nondestructive specifications
faying out-of-position spot weld

fillet weld outside corner joint U-groove

flange weld plug weld V-groove
gouging radius welding symbols
groove welds
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WELD JOINT DESIGN

The term weld joint design refers to the way pieces of
metal are put together or aligned with each other. The
five basic joint designs are butt joints, lap joints, tee
joints, outside corner joints, and edge joints. Figure 5-1
illustrates the way the joint members come together.

® Butt joint—In a butt joint the edges of the metal meet
so that the thickness of the joint is approximately
equal to the thickness of the metal. The metal surfaces
are usually parallel with each other, although there
can be some difference in thickness or misalignment
of the plates. Butt joints can be welded from one
side or both sides with some form of groove weld.

® Lap joint—In a lap joint the edges of the metal
overlap so that the thickness of the joint is approxi-
mately equal to the combined thickness of both
pieces of metal. The distance the surfaces overlap
each other may vary from a fraction of an inch to
several inches or even feet. Lap welds are usually
joined by making a fillet weld along the edge of one
plate, joining it to the surface of the other. There
are several alternate ways of welding lap joints
where the weld is made through one or both pieces
of metal joining the lap in the center of the overlap.

< <

(A) BUTT (B) LAP

€ ¥

(D) OUTSIDE CORNER

<

(E) EDGE

(C) TEE

FIGURE 5-1 Types of joints. © Cengage Learning 2012

m |
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FIGURE 5-2 Two ways of fitting up an outside corner
joint. © Cengage Learning 2012

Some examples of this would be plug welds, seam
welds, and stir welds. Welds can be made on one
side or both sides of the joint.

® Tee joint—In a tee joint the edge of a piece of metal
is placed on the surface of another piece of metal.
Usually the parts are placed at a 90° angle with each
other. Tee joints can be welded with a fillet weld
applied to the surfaces, or a weld can be made in a
precut groove in the edge of the joining plate. In a
few cases, a fillet weld can be made on the top of
a groove weld on a tee joint. Welds can be made on
one side or both sides of the joint.

® Qutside corner joint—In an outside corner joint,
the edges of the metal are brought together at an
angle, usually around 90° to each other. The edges
can meet at the corner evenly or they can overlap,
Figure 5-2. The outside corner joint can be welded on
both sides, with the outside being made as a groove
weld and the inside as a fillet weld.

® Edge joint—In an edge joint the metal surfaces are
placed together so the edges are even. One or both
plates may be formed by bending them at an angle,
Figure 5-3. Edge joints are usually welded only on
one side.

Welding drawings and specifications usually tell
you exactly which joint design will be used for all of
the welds to be made. Often a welding engineer or
designer has determined the best type of joint to be

)

FIGURE 5-3 Edgejoints. © Cengage Learning 2012
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STEP 1

PREBEND BASEPLATE

STEP 2

CLAMP BASEPLATE

TOJIG

STEP 3
TACK WELD SUPPORTS
AT APRESET ANGLE

STEP 4
WELD

STEP 5
REMOVE FROM JIG

\
[
.

FIGURE 5-4 A method of controlling distortion.

used. However, on small projects or on some repair
welding jobs, you will be making the decision as to
the joint design to be used. The way the pieces of
metal fit together may determine the joint design
that must be used. For example, the part shown in
Figure 5-4 can be made using only tee joints. Joints
on every weldment are not as easily determined.

If you are the one choosing the weld joint
design, you must consider a number of factors.
Some of the factors involve the type and thickness
of metal being welded, the welding position, weld-
ing process, finished weld properties, and any code
requirements. The selection of the best joint design
for a specific weldment requires that you carefully
consider all of the various factors. Each factor, if con-
sidered alone, could result in a part that might not
be able to be fabricated or meet the strength require-
ments. 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 pro-
cess being used, the weld cannot be made strong

© Cengage Learning 2012

enough. A large weld may be stronger, but it may
result in the part being distorted so badly that it
becomes useless.

The purpose of a welded joint is to join parts
together so that the completed weldment can withstand
the stresses. The forces acting on a weld cause stresses.
Forces cause stresses in five ways: tensile, compression,
bending, torsion, and shear, Figure 5-5. If the stresses
are excessive, the part can fail. The ability of a welded
joint to withstand these forces depends both upon
the joint design and the weld integrity. Some joints
can withstand some types of forces better than others.

Some of the factors that affect the selection of a
specific weld joint design include welding process, edge
preparation, joint dimensions, metal thickness, metal
type, welding position, codes or standards, and cost.

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 performance. Some processes are easily used in
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any position; others may be restricted to one or more
positions. The rate of travel, penetration, deposition
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 electro-
slag or electrogas welding, but not many other pro-
cesses can be used on such a joint design.

Edge preparation. The area of the metal’s surface
that is melted during the welding process is called the
faying surface. The faying surface can be shaped before
welding to increase the weld’s strength; this is called
edge preparation. The edge preparation may be the
same on both members of the joint, or each side can be
shaped differently, Figure 5-6. Reasons for preparing
the faying surfaces for welding include the following:

® Codes and standards—Some codes and standards
require specific edge preparations.

® Metals—Some metals must be grooved to success-
fully weld them, such as thick magnesium, which
must be U-grooved; or cast iron cracks, which must
be drill-stopped and grooved, Figure 5-7.

® Deeper weld penetration—With the metal removed
by grooving or beveling the metal’s edge, it is easier
for the molten weld metal to completely fuse
through the joint. In some cases, it is possible to
make a through-thickness weld from one side.

® Smooth appearance—The weld’s surface can be
ground smooth with the base metal so that the weld
“disappears.” This can be done for appearance or so
that the weld does not interfere with the sliding or
moving of parts along the surface.

Forces onaweld. © Cengage Learning 2012

® Increased strength—A weld should be as strong
as or stronger than the base metal being joined.
By having 100% joint fusion and an appropriate
amount of weld reinforcement, the weld can meet
its strength requirement.

SPARK YOUR IMAGINATION

7/ Make a list of all the different types of welded
: joints and weldments that you find as you walk
around your welding shop, see on construction equip-
ment, or find on the way to your school or job.

Joint dimensions. In some cases the exact size, shape,
and angle can be specified for a groove, Figure 5-8.
If exact dimensions are not given, you may make the
groove any size that you feel necessary; but remember,
the wider the groove, the more welding it will require
to complete, Figure 5-9.

Metal thickness. As the metal becomes thicker,
you must change the joint design to ensure a sound
weld. On thin sections it is often possible to make full
penetration welds using a square butt joint. Square
butt joints take less preparation time and less welding
time. 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 either a bevel, V-groove,
J-groove, or U-groove.

When welding on thick plate or pipe, it is often
impossible for the welder to get 100% penetration with-
out some type of groove being used. The groove may
be cut into just one of the plates or pipes or both. On
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FIGURE 5-6 Joint edge preparation. FIGURE 5-7C  Grind a U-groove all the way along the
American Welding Society crack. (continued) Larry Jeffus
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FIGURE 5-7D continued Grind the weld before

finishing.  Larry Jeffus

some plates it can be cut both inside and outside of the
joint. 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 best if they
are cut before the parts are assembled. J-grooves and
U-grooves can be cut either before or after assembly.
The 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. Plate in the flat position is
usually grooved on only one side unless it can be repo-
sitioned or it is required to be welded on both sides.
Tee joints in a thick plate are easier to weld and will
have less distortion if they are grooved on both sides.
Sometimes plates are either grooved and welded
or just welded on one side and then back-gouged and
welded, Figure 5-10. Back gouging is a process of cut-
ting a groove in the back side of a joint that has been

GROOVE
ANGLE

BEVEL
ANGLE
DEPTH
OF B+EVEL

SIZE OF /T —| |«—RrooT oPENING

ROOT FACE

V-GROOVE

60° TO 90° GROOVE
ANGLE

30° GROOVE

/v\ ANGLE /\

0

FIGURE 5-9 A smaller groove angle can reduce both
weld time and weld metal required to make the joint.
© Cengage Learning 2012

WELD

/7 GROOVE

WELD

FIGURE 5-10 Back gouging a weld joint to ensure 100%
joint penetration. © Cengage Learning 2012
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FIGURE 5-8 U-groove terminology. American Welding Society
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welded. Back gouging can ensure 100% joint fusion at
the root and remove discontinuities of the root pass.

Metal type. Because some metals have specific
problems with thermal expansion, crack sensitivity, or
distortion, the joint design selected must help control
these problems. For example, magnesium is very sus-
ceptible to postweld stresses, and the U-groove works
best for thick sections.

Welding position. The most ideal welding position
for most joints is the flat position because it allows for
larger molten weld pools to be controlled. Usually the
larger that a weld pool can be, the faster the joint can
be completed. When welds are made in any position
other than the flat position, they are referred to as
being done out-of-position. Some types of grooves
work better in out-of-position welding than others;
for example, the bevel joint is often the best choice
for horizontal butt welding, Figure 5-11.

® Plate Welding Positions—The American Welding
Society has divided plate welding into four basic posi-
tions for grooves (G) and fillet (F) welds as follows:

= Flat 1G or 1IF—When welding is performed from
the upper side of the joint, and the face of the weld
is approximately horizontal, Figure 5-12A and B.

= 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 verti-
cal plane, Figure 5-12C and D.

FIGURE 5-11 Weld position for a horizontal joint.
© Cengage Learning 2012
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PLATE WELDING POSITIONS

(G) GROOVE WELDS
1G FLAT

(F) FILLET WELDS

1F FLAT B

2F HORIZONTAL

3G VERTICAL

FIGURE 5-12 Plate welding positions.
American Welding Society

= Vertical 3G or 3F—The axis of the weld is approxi-
mately vertical, Figure 5-12E and F.

= Overhead 4G or 4F—When welding is performed
from the underside of the joint, Figure 5-12G and H.

® Pipe Welding Positions—The American Weld-

ing Society has divided pipe welding into five basic

positions:

= Horizontal rolled 1G—When the pipe is rolled
either continuously or intermittently so that the
weld is performed within 0° to 15° of the top of
the pipe, Figure 5-13A.

= Horizontal fixed 5G—When the pipe is parallel
to the horizon, and the weld is made vertically
around the pipe, Figure 5-13B.
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PIPE WELDING POSITIONS
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FIGURE 5-13  Pipe welding positions.

American Welding Society

= Vertical 2G—The pipe is vertical to the horizon,
and the weld is made horizontally around the
pipe, Figure 5-13C.

= Inclined 6G—The pipe is fixed in a 45°-inclined
angle, and the weld is made around the pipe,
Figure 5-13D.

= Inclined with a restriction ring 6GR—The pipe
is fixed in a 45° inclined angle, and there is a
restricting ring placed around the pipe below the
weld groove, Figure 5-13E.

Code or standards requirements. The type, depth,
angle, and location of the groove is usually determined

by a code or standard that has been qualified for the
specific job. Organizations such as the American Weld-
ing Society (AWS), American Society of Mechanical
Engineers (ASME), and the American Bureau of Ships
are a few of the agencies that issue such codes and speci-
fications. 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 specific set of
specifications is often known as prequalified. These joints
have been tested and found to be reliable for the weld-
ments for specific applications. The joint design can be
modified, but the cost to have the new design accepted
under the standard being used is often prohibitive.

Cost. Almost any weld can be made in any material
in any position if cost is not a factor. A number of
items affect the cost of producing a weld. Joint design
can be a major way to control welding cost. Changes
in the design can reduce cost while still meeting the
weldment’s strength requirements. Making the groove
angle smaller can help, Figure 5-14, reducing the weld-
ing filler metal required to complete the weld as well
as reducing the time required to fill the larger groove
opening. Good joint design must be a consideration
for any project to be competitive and cost effective.

FIGURE 5-14 Even aslight change in groove angle can
save time and money. © Cengage Learning 2012

SPARK YOUR IMAGINATION

770\ We have all heard the expression “Time is money.”

On your next welding practice, record the time it
takes to make the weld. How many inches of weld can
you produce in a minute? To find out, you can divide the
time you took into the length of the weld to determine
how many inches per minute you weld. If you know how
many inches of weld you can make in a minute, then
how would you find out how many inches of the same
weld you could make in an hour if you did not stop for
breaks?
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Do not be discouraged if you are making only a
fraction of an inch of weld per minute. With some weld-
ing processes and material thicknesses, even a highly
skilled professional welder may not do much better. You
are still learning!

WELDING SYMBOLS

The use of welding symbols enables a designer to
indicate clearly to the welder, important detailed
information regarding the weld. The information in
the welding symbol can include details for the weld
such as length, depth of penetration, height of rein-
forcement, groove type, groove dimensions, location,
process, filler metal, strength, number of welds, weld
shape, and surface finishing. All of this information
would normally be included on the welding assembly
drawings.

Welding symbols are a shorthand language for
the welder. They save time and money and serve to
ensure understanding and accuracy. The American
Welding Society has standardized welding symbols.
Some of the more common symbols for welding
are reproduced in this chapter. If more information
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is desired about symbols or how they apply to all
forms of manual and automatic machine welding,
these symbols can be found in the complete manual
Standard Symbols for Welding, Brazing, and Nonde-
structive Examination, ANSI/AWS A2.4, published
as an American National Standard by the American
Welding Society.

Figure 5-15 shows the basic components of weld-
ing symbols, consisting of a reference line with an
arrow on one end. Other information relating to vari-
ous features of the weld are 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

Welds are classified as follows: fillets, grooves, flange,
plug or slot, spot or protecting, seam, back or backing,
and surfacing. Each type of weld has a specific symbol
that is used on drawings to indicate the weld. A fillet
weld, for example, is designated by a right triangle.

FINISH SYMBOL:
CONTOUR SYMBOL:

ROOT OPENING; DEPTH OF FILLING
FOR PLUG AND SLOT WELDS

EFFECTIVE THROAT
DEPTH OF PREPARATION; SIZE OR

-

GROOVE ANGLE, INCLUDED
ANGLE OF COUNTERSINK
FOR PLUG WELDS

LENGTH OF WELD

PITCH (CENTER-TO-CENTER
SPACING) OF WELDS

FIELD WELD SYMBOL

IS NOT USED)

OR DETAIL REFERENCE J

BASIC WELD SYMBOL

STRENGTH FOR CERTAIN WELDS
_\ \A o ARROW CONNECTING REFERENCE
w —
SPECIFICATION, PROCESS, o i@ LINE TO ARROW SIDE MEMBER OF
OR OTHER REFERENCE————, S (E) » R ozl L-P JOINT
TAIL = 2
Q ey
(TAIL OMITTED a i)
WHEN REFERENCE <3

(N)

NUMBER OF SPOT OR
PROJECTION WELDS

ELEMENTS IN THIS
AREA REMAIN AS

<«<—— SHOWN WHEN TAIL———>
AND ARROW ARE
REVERSED

WELD-ALL-AROUND SYMBOL

—— REFERENCE LINE

FIGURE 5-15 Standard locations of elements of a welding symbol.

American Welding Society
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TYPE OF WELD
FIELD WELD FLUSH
GROOVE PLUG ALL
FILLET WELD CONTOUR
SQUARE v BEVEL U J &SLOT AROUND
LOCATION OF WELDS
ARROW OTHER BOTH SIDES
SIDE OF JOINT SIDE OF JOINT OF JOINT
EIELD WELD SEE NOTE 5 e INCLUDED ANGLE —\ SIZE OR GROOVE DEPTH WELD ALL
— \ s 90° 1 SIZE — 40° ¥ :-I\IIE(,?\‘RGETI\'/_LENT \ AROUND
2 \ 16 30 1 3
o A Z | 2\2s al
N il N / 1]/ F
g L1 4 8 2 4
FLUSH 4 z ROOT SIZE ROOT SEE OFFSET IF PITCH OF
OPENING OPENING NOTE 5 STAGGERED INCREMENTS
1. THE SIDE OF THE JOINT TO WHICH THE ARROW POINTS IS THE ARROW SIDE.
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 5-16 Welding symbols for different types of welds.

A plug weld is indicated by a rectangle. All of the
basic symbols are shown in Figure 5-16.

WELD LOCATION

Welding symbols are applied to the reference line
at the base. All reference lines have an arrow side
(near side) and other side (far side). Accordingly, the
terms arrow side, other side, and both sides are used
to locate the weld with respect to the joint. The ref-
erence line is always drawn 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 desired weld symbol is placed
below the reference line, Figure 5-17A.

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 5-17B. 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 5-17C and D.

The tail is added to the basic welding symbol when
it is necessary to designate the welding specifications,

American Welding Society

procedures, or other supplementary information
needed to make the weld, Figure 5-18. The notation
placed in the tail of the symbol may indicate the welding
process to be used, the type of filler metal needed,

SYMBOL WELD
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] ARROW SIDE
B) .

OTHER SIDE

©
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p.aliaslimlia

BOTH SIDES

©) —

f

| BOTH SIDES
FOR TWO JOINTS

FIGURE 5-17 Designating weld location.
American Welding Society

Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



(A) REFERENCE

Welding Joint Design, Welding Symbols

BMAW-MA

(C) PROCESS AND METHOD

FIGURE 5-18
ences on weld symbols.

whether or not peeling or root chipping is required, and
other information pertaining to the weld. If notations are
not used, the tail of the symbol is omitted.

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

LOCATION SIGNIFICANCE
OF ARROW

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 that the arrow
point actually 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.

On a drawing, when a joint is illustrated by a sin-
gle 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.

1
2
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1
7 1
5 a3
16
: ':
1
1
©

FIGURE 5-19 Dimensioning fillet weld symbols.
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SAW

(B) PROCESS

¥ (D) NO SPECIFICATIONS

REQUIRED

Location of specification, process, and other refer-
American Welding Society

For welds designated by the plug, slot, spot, seam,
resistance, flesh, upset, or projection welding sym-
bols, the arrow connects the welding symbol refer-
ence 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.

FILLET WELDS

NOTE: A fillet weld is approximately triangular in
shape. It is used to join lap joints, tee joints, or corner
joints where the joint is at an approximate right angle.

Dimensions of fillet welds are shown on the same
side of the reference line as the weld symbol and
are shown to the left of the symbol, Figure 5-19A.
When both sides of a joint have the same size fillet
welds, one or both may be dimensioned as shown in

ENTEN N

Slo| si-

(B)

American Welding Society
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FIGURE 5-20 Dimensioning intermittent fillet welds. American Welding Society

Figure 5-19B. When both sides of a joint have different
size fillet welds, both are dimensioned, Figure 5-19C.
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 5-19D. The length of a fillet weld, when
indicated on the welding symbol, is shown to the right
of the weld symbol, Figure 5-19E. In intermittent fillet
welds, the length and pitch increments are placed to
the right of the weld symbol, Figure 5-20. Intermittent
welds are often used in sheet metal to both reduce the
heat input to the joint and to stop cracking from con-
tinuing through the joint. Each individual weld serves
as a crack-stopper. If a crack starts in a single intermit-
tent weld, it has to restart in the next weld before it
can continue on down the joint. For these reasons you
must make the intermittent welds as designed, even
though making a continuous weld might be faster. The
first number represents the length of the weld, and the
second number represents the pitch or the distance
between the center of two welds.

NOTE: Unequal legged fillet welds are used when
one piece of metal is much thinner than the other. The
short leg of the fillet allows less heat input to the thin-
ner metal and reduces the chance of burnthrough.

PRACTICE 5-1

Referring to the weld symbols shown in Figure 5-19
and using a pencil and paper, sketch a cross section
of each of the welds. Include the dimensions for the
fillet weld size for the six welding symbols shown in
the figure. See Figure 5-21 for an example of how to
do this practice. e

PLUG WELDS

NOTE: A plug weld is made by welding through a
round hole in the top plate to fuse the bottom plate.
The hole in the top plate may or may not be filled
completely by the weld. Plug welds are used to make
lap joints.

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 symbol above the reference line.
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YOUR SKETCH AND DIMENSIONS

FIGURE 5-21 Practice5-1. © Cengage Learning 2012
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SIDE-VIEW OR FRONT-VIEW SYMBOLS
USED TO INDICATE REQUIRED WELD

SIDE VIEW
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FRONT VIEW
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FIGURE 5-22 Applying dimensions to plug welds. American Welding Society

Refer to Figure 5-22 for the location of the dimen-
sions 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).

SPOT WELDS

NOTE: A spot weld is approximately round and is
created between the two overlapping surfaces being
joined.

Dimensions of spot welds are indicated on the
same side of the reference line as the weld symbol,
Figure 5-23. Such welds are dimensioned either by size
or strength. The size is designated as the diameter of

the weld expressed in fractions or in decimal hun-
dredths 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 mini-
mum shear strength in pounds (Newton’s) per spot
and is shown to the left of the symbol, Figure 5-24A.
When a definite number of spot welds are desired in
a certain joint, the quantity is placed above or below
the weld symbol in parentheses, Figure 5-24B.

PRACTICE 5-2

Referring to the weld symbols shown in Figure 5-24,
and using a pencil and paper, sketch a cross section of
each of the welds. Include the dimensions for the spot
weld size for the five welding symbols shown in the
figure. See Figure 5-21 for an example of how to do
this practice.s
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SECTION A-A
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(A) ARROW SIDE % -in. (13-mm) DIAMETER GAS TUNGSTEN ARC SPOT WELD

B 126 mm
S NG — —
' N\
N i e R N
13 mm—l<—><—50 mm —|<—>50 mm—>:7->‘ SECTION B-B |<—>—13 mm
B < 13 mm RSW 50 mm

(B) 50-mm PITCH ON A RESISTANCE SPOT WELD

FIGURE 5-23

600
200

Spot welding symbols. American Welding Society

800 S N

(A) STRENGTH IN POUNDS PER WELD OR POUNDS PER LINEAR INCH OF WELD

(©)

©)

/LéTAW

(B) QUANTITY OF SPOT WELDS

FIGURE 5-24 Designating strength, number, and process of spot welds.

American Welding Society

SEAM WELDS

NOTE: Seam welds are continuous along the overlapping
surfaces. They can be made by producing a series of over-
lapping spot welds or be one continuous resistance weld.

Dimensions of seam welds are shown on the same
side of the reference line as the weld symbol. Dimen-
sions 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 5-25A. When the
length of a seam weld is indicated on the symbol, it is
shown to the right of the symbol, Figure 5-25B. When
seam welding extends for the full distance between
abrupt changes in the direction of welding, a length
dimension is not 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 5-26.
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A < SECTION A-A

(A) NO ARROW OR OTHER SIDE SIGNIFICANCE, 0.62" WIDE RESISTANCE SEAM WELD
=3t

(B) LENGTH OF SEAM WELD

100 mm

FIGURE 5-25 Designating the size of seam welds. American Welding Society

A <—| ® Groove welds that extend only partway through
% % the parts being joined. The size as measured from
____________ I the top of the surface to the bottom (not including
= -I\ = = reinforcement) is included to the left of the welding
symbol, Figure 5-27C.
, A
A= SECTION A-A Weld Designation
Desired Weld Weld Symbol
200 o ) /7T

FIGURE 5-26 Strength of a seam weld. } ' { e |

American Welding Society (B) > <

GROOVE WELDS D T S

NOTE: A groove weld is made in the space cut into the

3
4
joint between two pieces being joined. 5 g g‘é‘ ::
T

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.

Hlw

1 RoOT PENETRATION

By cutting the groove in the plate, the weld can pen- g  DESIRED WELD

etrate deeper into the joint, helping to increase the g EFFECTIVE THROAT

joint strength without restricting flexibility. B &

The grooves can be cut in base metal in a number

of different ways. The groove can be oxyacetylene cut, éI$ :I:

air carbon arc cut, plasma arc cut, machined, sawed, —~I5

and so forth. The various features of groove welds are ) /7T
A

as follows: K? 507 %0
e Single-groove and symmetrical double-groove

welds that extend completely through the members

being joined. No size is included on the weld sym- FIGURE 5-27 Designating groove weld location, size,
bol, Figure 5-27A and B. and root penetration. American Welding Society
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S ROOT FACE

\

ROOT FACE

el
ROOT OPENING —T

FIGURE 5-28
American Welding Society

® The size of groove welds with a specified effective
throat is indicated by showing the depth of groove
preparation with the effective throat appearing in
parentheses and placed to the left of the weld symbol,
Figure 5-27D. The size of square groove welds is indi-
cated by showing the root penetration. The depth of
chamfering and the root penetration is read in that
order from left to right along the reference line.

The root opening of groove welds is the user’s stan-
dard unless otherwise indicated. The root opening
of groove welds, when not the user’s standard, is
shown inside the weld symbol, Figure 5-27E and F.

® The root face’s main purpose is to minimize the
burnthrough that can occur with a feather edge.

FLARE-V GROOVE
T | |

FLARE-BEVEL GROOVE

b= |

FIGURE 5-29 Designating flare-V and flare-bevel
groove welds.  American Welding Society

T— ROOT OPENING

Effect that root dimensioning can have on groove weld penetration.

The size of the root face is important to ensure
good root fusion, Figure 5-28.

® The size of flare groove welds is considered to
extend only to the tangent points of the members,
Figure 5-29.

BACKING

A backing (strip) is a piece of metal that is placed on
the back side of a weld joint to prevent the molten
metal from dripping through the open root. It helps
to ensure that 100% of the base metal’s thickness is
fused by the weld. 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 5-30.

The backing may be either left on the finished
weld or removed following welding. If the backing is
to be removed, the letter R is placed in the backing

y

FIGURE 5-30 Backing strips. © Cengage Learning 2012

Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



SYMBOL
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\ BACKING BAR
WELD

} }

BACKING CAN BE
REMOVED AFTER WELDING

FIGURE 5-31 Backing strip weld symbol.

American Welding Society

symbol, Figure 5-31. The backing is often removed
from a finished weld because it can be a source of
stress concentration and a crevice to promote rusting.

SHOP TALK

Why would you want to remove a backing strip
from a weld?

There are several reasons to remove a back-
ing strip from a weld. The strip can collect moisture
and cause the part to rust. A backing strip can keep
a weldment from bending evenly under a heavy load,
and if it cannot bend uniformly, it will break.

PRACTICE 5-3

Welding Joint Design, Welding Symbols 103

SYMBOL

DESIRED WELD

FIGURE 5-32 Applying dimensioning to flare welds.
American Welding Society

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

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

® 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 5-32. The
radius and height above the point of tangency are
indicated by showing both the radius and the height
separated by a plus sign.

® The size of the flange weld is shown by a dimension
placed outward from the flanged dimensions.

PRACTICE 5-4

Referring to the weld joints shown in Figure 5-30 and
using a pencil and paper, sketch a cross section of each,
showing a weld and the appropriate welding symbol. e

FLANGE WELDS

NOTE: Flange welds are used on thin metal as a way
of stiffening the edge so there is less distortion. It can
also make it easier to make a weld on these thin sec-
tions without excessive burnthrough. A flange weld is
made along the edge of the metal that has been bent
upward, forming a ridge or flange.

The following welding symbols are used for
light-gauge metal joints where the edges to be joined
are bent to form a flange or flare.

Referring to the AWS weld test shown in Figure 5-33
and using a pencil and paper, sketch a cross section
of each of the welds. Include the dimensions for the
groove, if any, and the finished weld size for the seven
welding symbols used on the drawing. See Figure 5-21
for an example of how to do this practice.s

NONDESTRUCTIVE
TESTING SYMBOLS

The increased use of nondestructive testing (NDT)
as a means of quality assurance has resulted in the
development of standardized symbols. The designer
or engineer uses them to indicate the area to be tested
and the type of test to be used. The inspection symbol
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See Note 10

INCH MM REVISIONS
See Notes 10& 12 | /18 e
1/4 9/32 (5/16) :::E gi ZONE IREV | DESCRIPTION ‘ DATE | APPROVED
< 1 1 127 NOTES
7 T~ N 1 25.4 1. All dimensions U.S. customary unless otherwise
\p \ 7 specified.
L ! 2. 3/8" thickness plain carbon steel material
— 3. The welder shall prepare a bill of materials in U.S.
‘ customary units of measure prior to cutting.
* : 1/4 4, The welder shall convert the above bill of materials
' 1/4 to S.1. metric units of measure.
/ 5. All parts may be mechanically cut or machine OFC
i unless indicated manual OFC.
- 6. All welds GMAW-S, FCAW-G or FCAW as applicable.
= * i 7. Fit and tack entire assembly on bench before attach-
4 : __i 1E )-See Note 8 _oahia |—_ ing to positioning fixture arm.
= peei [T @ Atacn 2 x2 extensiontab of ar 1 to postioring

50,
9/32 (5/16)

&1
[ | orc-g1

Manual OFC
s This Edge

cagl @ -
- _J{ oY @
| 5 1

- T N

See Notes 10 & 13

9/32 (5/16)
50°

fixture arm. ALL WELDING DONE IN POSITION
ACCORDING TO DRAWING ORIENTATION.

9. Employ boxing technique where applicable.

10. Partial penetration weld.

11. For GMAW-S use WPS AWS-1-GMAW-S.
For FCAW-G use WPS B2.1-019 or WPS B2.1-020.
For FCAW use WPS WPS B2.1-1-027.

12. Weld joins Parts 1C and 1D to 1E.

13. Weld joins Parts 1C and 1E to 1A.

14. Visual examination in accordance with the
requirements of AWS QC10, Table 1.

PART | No. REQD SIZE S.1. CONVERSION

& American Welding Society

18

1C TOLERANCES (Urless Orwice Specied) | Entry Level Welder — GMAW-5; FCAW-G; FCAW —
Fractions: + 116 Angles: +10°, -5" Workmanship Qualification

% I'H'IT BRIE: THE TENO: 10-95 TWE N AWS'1 AEV: |

e D, Cantetope 115195 | |
CHKBY: DATE: APPROVED: DATE: SHEET:

L BYReeve 1[6(95 AWS-EGC _1/31/95 101

FIGURE 5-33 American Welding Society Workmanship Qualification Test.

American Welding Society

701
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_——— NUMBER OF TEST
(N)
OTHER
SIDE |

[ARROW] SN

BASIC TESTING

SYMBOL LENGTH OF SECTION

TO BE TESTED

SIDE
. NUMBER OF TEST
(N)

FIGURE 5-34 Basic nondestructive testing symbol.
American Welding Society

uses the same basic reference line and arrow as the
welding symbol, Figure 5-34.

The symbol for the type of nondestructive test
to be used, Table 5-1, 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 5-35. Some tests may be performed on both
sides; therefore, the symbol appears on both sides of

the reference line.
u

TEST
OTHER SIDE

i

TEST
ARROW SIDE

MT
)
/ MT /
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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
Table 5-1 Standard Nondestructive Testing Symbols.

(American Welding Society)

Two or more tests may be required for the
same section of weld. Figure 5-36 shows methods
of combining testing symbols to indicate more than
one type of test to be performed.

The length of weld to be tested or the number
of tests to be made can be noted on the symbol. The
length may either be given to the right of the test
symbol, usually in inches, or can be shown by the
arrow line, Figure 5-37. The number of tests to be

TEST
BOTH SIDES

TEST
EITHER SIDE

FIGURE 5-35 Testing symbol used to indicate the side that is to be tested. American Welding Society

RT + FPT

DPT ut
RT T VT +RT
PT

VT + RT

==\

FIGURE 5-36 Method of combining testing symbols.

FPT 8

N

American Welding Society

(Y

MT

e 4> ®)

RT 8 /
DPT10 '\

|l—— 4" — 3|

>

A

RT

FIGURE 5-37 Two methods of designating the length of the weld to be tested.

American Welding Society
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(6)

uT
(©)

FIGURE 5-38 Method of specifying the number of tests to be made.

PT
i PT
VT
i PT

UT + LT

NN B

American Welding Society

EB

DPT uT

VT

FIGURE 5-39 Combination of weld and nondestructive testing symbols.

American Welding Society

SYMBOL

*\{ 30~>|

RT

SYMBOL

—

FILM —
WELD AND TEST

\ 30—
<&
\

FILM —
WELD AND TEST

FIGURE 5-40 Combination symbol for weld and radiation source
location for testing. American Welding Society

made is given in parentheses ( ) above or below the
test symbol, Figure 5-38.

The welding symbols and nondestructive testing
symbols can be combined into one symbol, Figure 5-39.
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 5-40.

PRACTICE 5-5

Referring to the weld test shown in Figure 5-39 and
using a pencil and paper, sketch a cross section of each
of the welds shown by the six welding symbols. Write a
sentence for each, describing the testing that is speci-
fied in each welding symbol. Refer to Figure 5-21 for
an example of how to do this practice.s
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SUMMARY

Understanding the mechanics of joint design is essen-
tial so that you can recognize and anticipate the
various forces that will be applied to a weldment in
the field. For example, a one-sided fillet weld on a
tee joint would withstand much more force on the
welded side than it would on the back side of the
weld. So it is important that you recognize the limi-
tations of weld joint configurations to select the best
design to withstand these forces. Engineers use all of
the appropriate codes and standards when designing

a welded structure. They also have taken into consid-
eration all of the forces that can be anticipated. For
that reason it is important that you follow their weld
specifications closely.

From time to time, you will be asked to make
changes in structures as part of a modification or
repair. In the field, you will be expected to understand
the types of forces being applied to the weldment, and
to determine the best joint design to prevent these
forces from causing a structural failure.

REVIEW QUESTIONS

1. List and describe the five basic joint designs.

2. What factors must you consider when choosing a
weld joint design?

3. What are the five ways that forces cause stress on
a weld?

4. What is a faying surface?

5. Why should you prepare the faying surfaces for
welding?

6. What effect does metal thickness have on the
joint design?

7. What are some methods of cutting a groove?

8. What is back gouging and what advantages does
it offer?
9. What is the most ideal welding position for most
joints and why?
10. When welds are made in any position other than
a flat position, what are they called?
11. List and identify each of the four plate welding
positions.
12. List and identify each of the five pipe welding
positions.

13. Name three agencies that issue codes and/or
specifications.

14. What does it mean when a joint design has been
prequalified?
15. What can affect the cost of producing a weld?

16. What detailed information can the welding sym-
bol include?

17. What are the basic components of a welding
symbol?
18. List the types of welds.

19. If the desired weld symbol is placed below the ref-
erence line, on which side of the joint should the
weld be?

20. If the desired weld symbol is placed above the ref-
erence line, on which side of the joint should the
weld be?

21. If the tail is added to the basic welding symbol,
what information can it provide?

22. List two reasons an intermittent weld is used.

23. How is the strength of seam welds designated?

24. How can cutting a groove in a plate improve a
joint’s strength?

25. Describe several features of groove welds.

26. What is the purpose of placing a backing on the
back side of a weld joint?
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Fabricating Techniques
and Practices

OBJECTIVES

After completing this chapter, the student should be able to:

e Explain the various safety issues related to fabrication.

e List the advantages of using preformed parts for fabrication.

e List the advantages of using custom fabrication parts.

e Demonstrate an understanding of the proper placement of tack welds.

e Demonstrate the use of location and alignment points when assembling
a project.

e Explain how to adjust parts to meet the tolerance.

e Describe how to control weld distortion.

e Lay out and trace parts.

e |dentify common sizes and shapes of metals used in weldments.

e Describe how to assemble and fit up parts for welding.

KEY TERMS

angles fixtures thermal expansion
assembly kerf tolerance

chalk line layout tubing

clamps nesting warp

contour marker scribe/punch weld distortion
custom fabrication tack welds weldment
fabrication template

fitting thermal conductivity
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INTRODUCTION

The first step in almost every welding operation is the
assembly of the parts to be joined by welding. At the
very basic level, this assembly can be just placing two
pieces of metal flat on a table and tack welding them
together for practice welding. At a higher level is the
assembly of complex equipment, buildings, ships, or
other large welded structures. The important thing
to remember, however, is that no matter how large or
complicated the welded structure, it is assembled one
piece at a time. That is true for a simple project you
build as part of your welding shop learning in school
or for the ship, rocket engine, or building you might
construct one day.

FABRICATION

The difference between a weldment and a fabrication
is that a weldment is an assembly whose parts are all
welded together, but a fabrication is an assembly
whose parts may be joined by a combination of meth-
ods including welds, bolts, screws, adhesives, and so
on. All weldments are fabrications, but not all fabrica-
tions are weldments.
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In addition to straight welding, welders are
often required to assemble parts together to form a
weldment. The weldment may form a completed
project or may only be part of a larger structure.
Some weldments are composed of two or three parts;
others may have hundreds or even thousands of indi-
vidual parts, Figure 6-1. 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 will vary depend-
ing on the complexity and size of the finished weld-
ment. All welding projects start with a plan. This plan
can range from a simple one that may exist only in the
mind of the welder, or it can be complex and com-
posed of a set of drawings. As a beginning welder, you
must learn how to follow a set of drawings to produce
a finished weldment.

We are now fabricating large structures in space
such as the International Space Station, Figure 6-2.
The station is being assembled in space from large
sections that were built here on earth. Most of the
assemblies require some type of welding. Someday
we expect to be welding in space. Research for weld-
ing in space dates back to the 1960s with experiments
that were done on board the U.S. Skylab. Today, that
research continues with experiments in the Space

FIGURE 6-1

Petrol chemical refinery near Point Comfort, Texas, along the South Texas coast. Larry Jeffus

Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



110 CHAPTER 6

FIGURE 6-2A The neutral buoyancy tank allows divers
to work in spacesuits to simulate the microgravity of
space. NASA

FIGURE 6-2B

International Space Station. NASA

Shuttle program and in conjunction with the Interna-
tional Space Station project.

Safety

As with any welding, safety is of primary concern for
fabrication of weldments. Fabrication may present
some potential safety problems not normally encoun-
tered in straight shop welding. Unlike most practice
welding, much of the larger fabrication work may need
to be performed outside an enclosed welding booth.
Additionally, several welders may be working on
a structure at the same time. You must let the other
workers in the area know that you are going to be weld-
ing so they can protect themselves from the arc light,
sparks, and other possible hazards. Tell them about the
hazards because you cannot assume that they know

FIGURE 6-3 Portable welding curtain.
Frommelt Safety Products

about the hazards of welding. Extra care must be taken
to ensure that burns do not occur on you or the other
welders from the arc or hot sparks. When possible, you
should erect portable welding curtains, Figure 6-3.

SHOP TALK

Did you know that conflicts can arise because
you are trying to do your job?

Sometimes conflicts occur between a welder
working outside of a welding shop and others working
in the same area. Sometimes these conflicts can occur
between different trade groups or with individuals who
feel you are in their space. Keep the lines of commu-
nication open by asking them what their needs are for
time, access, space, and other pertinent requirements.
It may be necessary to have a group meeting among all
the parties affected to resolve any conflict.

Ventilation is also important because the normal
shop ventilation may not extend to the fabrication
area. A portable fan may be needed to help blow the
welding fumes away from the work area. Be sure the
fan blows the fumes away from you and others.

Often you will be working in an area that has
welding cables, torch hoses, extension cords, and
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other trip hazards lying on the floor. These must be
flat on the floor and should be covered if they are in a
walkway to prevent accidental tripping. Keep all of the
scrap metal and other debris picked up; a neat work
area is a safe work area.

As the fabrication grows in size, it will become
heavier. Make sure it is stable and not likely to fall. A
weldment that starts out stable and well-supported
can become unstable and likely to fall as it grows in
size. Keeping it well-supported is important especially
if you have to crawl under it to work on the bottom
side welds. Check with your supervisor or shop safety
officer before working under any weldment.

These and other safety concerns are covered in
Chapter 2, “Welding Safety.” You should also read any
safety booklets supplied with the equipment before
starting any project.

PRACTICE 6-1

Conflict Resolution

Form a small group and divide up into two or more
factions representing differing viewpoints that might
be in conflict on a jobsite. One faction may be the
electricians, carpenters, plumbers, or other skilled
trades; another might be the owner or supervisor over
the area; and the last faction would be the welder.
Using the role-playing technique and discuss
various situations that might cause conflicts and how
these may be resolved so that everyone feels there is
a win-win result. Ask your instructor to help if you
have difficulty developing the possible conflict sce-
narios. Have each person in the group write a short
paragraph describing how the conflict was resolved.e

PARTS AND PIECES

Welded fabrications can be made from precut and
preformed parts, or they can be made from parts cut
and formed by hand. In most cases, weldments are
made using a variety of precut and preformed parts
along with handmade pieces.

Preshaped pieces may be precut, bent, machined,
or otherwise prepared before you receive them. This
is a common practice in large shops and on large-run
projects. Large shops may have an entire department
dedicated to material and part preparation. When a
large number of the same items are made in a large-
run shop, the shop may outsource some of the parts
to shops that specialize in mass producing items.
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When making an assembly with precut and formed
parts, little or no on-the-job fitting may be required.
That, of course, depends on how accurately the parts
were prepared.

The opposite end of the spectrum from preformed
parts is custom fabrication, in which all or most of
the assembly is handmade. This might include cutting,
bending, grinding, drilling, or other similar processes.
Almost all weldments were produced by hand until
the introduction of automated equipment for cutting,
bending, and machining. Today, many items, includ-
ing some large machines and almost all repair work,
are still custom-fabricated.

Advantages of using preformed parts include the
following:

® Cost—Shops that specialize in cutting out mass num-
bers of similar parts can do it less expensively than a
shop that makes the same parts one-by-one by hand.

® Speed—High-speed cutting and forming machines
can produce a large number of items quickly.

® Accuracy—Automated equipment can make parts
more accurately than they can be made by hand.

® Less waste—The wise use of materials is impor-
tant to both control cost and to conserve natural
resources.

Advantages of custom-fabricating parts include the
following:

® Originals—It is not practical to set up an automated
process when there will be only one of a kind or a
limited number of an item produced.

® Prototypes—Often, even if there are going to be
thousands or even tens of thousands of a weld-
ment produced, the first one, the prototype, must
be made by hand to be sure that everything works
as it was planned.

® Repairs—Seldom would it be necessary to make a
large number of the same part or piece when mak-
ing a repair on a damaged or worn item.

® Custom jobs—Sometimes people want to have
something special or unique built or modified just
for them.

TACK WELDS

Tack welds are the welds, usually small in size, that
are made during the assembly to hold all of the parts
of a weldment together so they can be finish-welded.
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FIGURE 6-4 Tackwelds. © Cengage Learning 2012

Making good tack welds is one of the keys to assem-
bly work. Tack welds must also be small enough to be
incorporated into the final weld without causing a dis-
continuity in its size or shape, Figure 6-4. They must
be strong enough to hold the parts in place for weld-
ing but small enough so that they become an unseen
part of the finished weld. Deciding on the number,
size, and location of tack welds takes some planning.
Some of the factors to consider regarding the number
of tack welds include the following:

SMALL
TACK WELDS

-

1"
7 (6 mm)

6" (152 mm)

TACK WELDS

V /

® Thickness of the metal—A large number of very
small tack welds should be used on thin metal sec-
tions, while a few large tack welds may be used for
thicker metal parts.

® Length and shape of the joint—Obviously, short
joints take fewer welds, but some long, straight
joints may have very few tack welds compared to a
shorter joint that is very curvy.

® Welding stresses—All welds create stress in the sur-
rounding metal as they cool and shrink. Larger welds
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produce greater stresses that might pull tack welds
loose from an adjoining part if the tack welds are not
strong enough to withstand the welding stresses.

® Tolerances—The more exacting the tolerance for the
finished weldment, the more tack welds are required.

® Fit-up—When custom bending parts during the
fit-up process, it may be necessary to use a large
number of small tack welds to keep the parts in
alignment and make the bends more uniform.

Tack welds must be made in accordance with any
welding procedure with an appropriate filler metal.
They must be located well within the joint so that
they can be completely remelted into the finished
weld. Posttack welding cleanup is required to remove
any slag or impurities that may cause finished weld
flaws. Sometimes the ends of a tack weld must be
ground down to a taper to improve their tie-in to the
finished weld metal.

Make sure that your tack welds are not going to
be weld defects in the completed weldment. A good
tack weld is one that does its job by holding parts in
place, yet is undetectable in the finished weld.

On harder metals like steel, you can often hear
a tack weld break; however, for some soft metals
like aluminum, the tack weld may separate quietly.
Depending on the type of metal and its size and thick-
ness, a breaking tack weld can make a small, sharp
snap or a deep, resounding thump. You might hear
one break while you are welding or sometime after-
ward. Do not assume that a broken tack weld has no
effect and continue to weld. A broken tack can allow
parts to shift well out of tolerance. If you continue to
weld, it may be impossible to pull the loose part back
into position, which could result in the weldment not
meeting its specifications. Sometimes this is referred
to as “making scrap metal” and not a weldment.

LOCATION AND
ALIGNMENT POINTS

Locating parts is easier when the parts being assem-
bled are lined up on an edge starting at a corner,
Figure 6-5. This makes it fairly easy for the assembler
to put the pieces in their proper positions. However,
if the parts being assembled are to be fitted in the
middle of a surface or edge, placing them accurately
becomes more difficult. Sometimes there are align-
ment slots, notches, or points made onto the parts to
aid during the assembly, Figure 6-6.
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START YOUR LAYOUT
ALONG AN EDGE
STARTING AT A CORNER

FIGURE 6-5 Laying out parts squarely is easier when
they are placed along an edge or at the corner of the plate.
© Cengage Learning 2012

Locating parts along an edge or at the cor-
ner is the easiest way to determine where they are
to be aligned. You must look at the drawing to see
how the edges are fitted. This is much more impor-
tant on thicker materials than it is with thin stock,
Figure 6-7A. Of course, even on thin material it can
be important if the part is to be built to a very tight
tolerance. In that case, if the joint should be assembled
as shown in Figure 6-7A but is assembled as shown
in Figure 6-7B; the overall length in one direction
decreases by the thickness of the material, and in the
other direction the dimension increases by the thick-
ness of the material.

On thicker materials it is easy to see how the
overall dimensions of a weldment could change if
the parts are not properly aligned during fit-up. But
in addition to not being the correct size, sometimes
the weld itself will not be as strong if the joint is not
aligned properly. The reason the weld might not be as
strong as it is designed to be is because the tensile
strength of thick metal plate differs depending on the
direction in which the load is placed on the plate as com-
pared to the rolling direction of the plate, Figure 6-8A.
Metal plate, much like wood, will break in one direc-
tion easier than in another. In this aspect, steel plate is
similar to a wooden board in that the direction of the
rolled grain of a plate and the direction of the wood
grain in a board affect their strength. Many common
materials have a grain; for example, when you tear
a newspaper down the page, it tears fairly easily and
straight. However, when you try to tear it across the
page, the tear is much more jagged, Figure 6-8B.

OVERALL TOLERANCE

When fabricating a weldment that is made up of a
number of parts all welded together, there is a poten-
tial problem that the overall size of the weldment
can be wrong. As discussed in Chapter 3, every part
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FIGURE 6-6 Complex parts that are to be formed may use alignment slots, notches,
or points. Larry Jeffus
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FIGURE 6-7 Part placement during assembly can affect
the overall dimension, especially when the metal being
assembled is thick. © Cengage Learning 2012

manufactured has a tolerance. A part’s tolerance is
the amount that a part can be bigger or smaller than
it should be and still be acceptable. The more exact a
part’s tolerance, the more time it takes to make and,
therefore, the more it costs. In most cases, the weld-
ing engineer has calculated the effect of these slight
variations in size when designing a weldment. As
the weldment fabricator, you must take these toler-
ances into consideration as you make the assembly to
ensure that the overall size of the weldment is within
its tolerance.

As the number of parts that make up a weld-
ment increases, the problem of compounding the
errors increases. For example, if there are 8 parts and
each part is 1/8 in. (3 mm) larger than its ideal size
but within its £1/8 in. (3 mm) tolerance, the overall
length of the finished weldment could be 8/8ths or
1 in. (25 mm) too long. Likewise, if each of the parts
was 1/8 in. (3 mm) shorter, the overall length would
be 1 in. (25 mm) too short, Figure 6-9. Therefore, an
assembler must be mindful of both the size of each
part and the overall size of the assembly. In addition
to tolerances for size, parts also have angle tolerances.
For example, each of the 10 pieces that make up the
star in Figure 6-10 are off by only 1°. But as you can
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FIGURE 6-8 (A) A metal’s strength is affected by the
direction it is rolled because of its grain structure. (B) The
effect of grain structure can be seen on a newspaper as it
istorn. Larry Jeffus

see, when they are assembled, the last corner does not
fit, making the weldment unacceptable.

Ideally, all the parts for a weldment fit up per-
fectly; however, in reality that does not always happen.
You cannot just throw out all of the parts that do not
fit in order to find the ones that would make the per-
fect star. That is especially true if the parts are made
within the correct tolerance. When parts like the ones
in this star are made on the shorter side of the toler-
ance, you might be able to “loosen up” the joint tol-
erance to make the overall star work. Welded joints,
like parts, have tolerances. By slightly adjusting the
alignment of each of the 10 pieces, the star can be
made within its overall acceptable tolerance. In this
case, by making sure that all the joints stay within tol-
erance, the complete star can be made without having
to recut any of the parts. If you can make this assem-
bly by adjusting the joint tolerance, you can assemble
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FIGURE 6-9 Lay out the parts to avoid compounding dimensioning errors. © Cengage Learning 2012

Rats! The puzzle pieces for the star didn't fit together!

That's much better.

FIGURE 6-10 Small errors on lots of parts can
become a big error on the finished assembly.
© Cengage Learning 2012

it faster, and because each of the parts is exactly the
same, it will look perfect, Figure 6-10.

What else could be done to make this star fit up?
Well, if the height tolerance allows some adjustment,
then the fit-up can be made even better. As the height
is reduced, the gap at the inside edges will close. So, by
slightly flattening the star, its fit-up can be improved.

Whenever possible, try to get the parts to fit
without having to recut or grind them; but remem-
ber, the finished weldment must be within tolerance.
You want to avoid recutting and grinding because
both will add time and cost to the finished project.
However, you must remember that in some cases the
only way that the weldment can be assembled within
overall tolerance is to recut or grind some or all of the
parts. If the finished weldment is not within tolerance,
it may be unusable. If you must grind a part to fit, try
to do as little grinding as possible to get the parts to
fit up. Hand-grinding is a time-consuming operation,
and as Benjamin Franklin once said, “Remember that
time is money.”

Where you recut or grind a part can sometimes
greatly affect the time required. For example, if the
pieces used in the star need to be ground to fit, you
might want to grind along the short side, which would
be faster, Figure 6-11A. In addition, it might be pos-
sible to grind only part of the edge to get the parts to
fit up within tolerance. In the case of the parts shown
in Figure 6-11B, the required root opening tolerance
of 1/4 in. (6 mm) £1/8 in. (3 mm) will allow the part’s
edge to be ground unevenly as long as the root open-
ing tolerance is maintained, Figure 6-11C. Note how
the root opening varies but stays within the accept-
able tolerance. The root opening is 1/4 in. (6 mm) at

Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



*‘ [-1/4"

Q)

LARGE AREA TO BE
REMOVED BY GRINDING

SMALL AREA TO BE
REMOVED BY GRINDING

| |- 178"

®)

| |18

FIGURE 6-11 Trimming parts efficiently can save time.
© Cengage Learning 2012

one end, which is acceptable; but at the point where
it becomes too close (less than 1/8 in. [3 mm)]), begin
grinding. The result as shown in Figure 6-11D meets
the part’s fit-up specifications and requires a minimum
amount of grinding.
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SHOP TALK

Do you know why it is so important to make

the root opening exactly as it is specified on the

drawings?

If the root opening is too narrow, you may not
be able to get 100% root penetration with the weld as
required. In some cases, a welder may be able to push the
weld through the narrower root opening and get the
penetration. To get the penetration, some aspect of
the welding procedure specification would have to be
changed. It may require that a higher-than-normal cur-
rent be used or a different electrode size be used than
is specified.

If the root opening is too wide, you may be able
to make the weld, but it would be too large. Larger
welds result in more filler metal being added and
more heat input to the base metal. Larger welds may
cause greater weld distortion and have larger heat-
affected zones. Both can result in a weld that will not
withstand the part’s designed strength specifications.

Even a quick visual inspection by a welding
inspector would reveal that the weld is unacceptable
and must be repaired. You cannot deviate from the
root opening specified in the welding procedure; to
do so is wrong.

WELD DISTORTION

To make it easier to understand what is happening
to the metal during welding, we must first define
the terms used. Most dictionaries define the terms
distortion and warp and the terms distorted and
warped very similarly. However, in this textbook the
terms distortion and warp will be used as active and
temporary events such as “the part warps during weld-
ing” or “weld distortion affects the weldment.” In these
cases, it should be understood that once the welding
is over, the metal will return to nearly its prewelded
shape. The terms distorted and warped as in “the weld
distorted the plate” or “the weld warped the weld-
ment” are past tense and refer to the fact that the
postwelded metal, after it has cooled, has been signifi-
cantly misshapen as a result of the welding process.
All metals distort by expansion when heated and
distort by contraction when cooled. Parts return to
their original shape when cooled if the heating is uni-
form and their shapes are symmetrical. However, if the
heating and/or the parts’ shapes are not symmetri-
cal, the parts to some degree will be permanently dis-
torted as the result of the heat/cooling cycle. Almost
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A DELTA (WHICH MEANS CHANGE)

AL CHANGE OF LENGTH

Lo ORIGINAL LENGTH AA \\

a COEFFICIENT OF LINEAR EXPANSION

AT CHANGE OF TEMPERATURE

AA CHANGE OF AREA

Ao ORIGINAL AREA

AV CHANGE OF VOLUME

V, ORIGINAL VOLUME

]
|<7 Lo 4>|<-AL->|
AL = alg AT AA = 2aAgy AT AV = 3aV, AT
PROPERTIES OF METALS
TYPE COEFFICIENT OF RELATIVE TYPE COEFFICIENT OF RELATIVE
OF LINEAR EXPANSION | THERMAL OF LINEAR EXPANSION [ THERMAL
METAL X 10"5PER DEGREE | CONDUCTIVITY METAL X 10°PER DEGREE | CONDUCTIVITY
noF | mmek | COPPER=L in/oF mmek | COPPER=1
ALUMINUM 13.0 24.0 0.52 STEEL, LOW CARBON 6.7 12.1 0.17
BRASS 11.0 19.0 0.28 STEEL, MEDIUM CARBON 6.7 12.1 0.17
BRONZE 16.6 29.9 0.15 STEEL, HIGH CARBON 7.2 13.0 0.17
COPPER 9.4 17.0 1.00 STEEL, STAINLESS
GOLD 8.2 14.2 0.76 AUSTENITIC 9.6 17.3 0.12
GRAY CAST IRON 6.0 10.8 0.12 MATENSITIC 9.5 17.1 0.17
INCONEL 7.0 12.6 0.04 FERRITIC 55 9.9 0.17
LEAD 151 28.0 0.08 TANTALUM 3.6 6.5 0.13
MAGNESIUM 14.3 25.7 0.40 TIN 13.0 23.4 0.15
MONEL 7.5 135 0.07 TITANIUM 4.0 7.2 0.04
NICKEL 7.4 13.3 0.16 TUNGSTEN 2.4 43 0.42
SILVER 10.0 18.0 1.07 ZINC 22.1 39.8 0.27
Table 6-1 Thermal Expansion Properties of Metals

every welding process involves some heat cycling.
Most welding heat cycling is not symmetrical; so as a
result, the weldment will be distorted to some degree.

The two factors that affect the degree to which
a metal will distort and possibly remain distorted
are its rate of thermal expansion and its rate of
thermal conductivity, Table 6-1. Basically, the higher
the coefficiency of thermal expansion, the greater the
metal distorts. From Table 6-1, we see that tungsten
has the smallest coefficiency of expansion, and zinc
has the largest coefficiency of expansion. What this
means is that if the same size pieces of tungsten and
zinc are heated to the same temperature, the zinc will
expand a lot more. Using the following linear expan-
sion formula:

DL = 0L AT
Where:

AL = the change in length
o = the coefficiency of linear expansion

L= the original length
AT = the change in temperature, which is the
difference between the beginning temperature
and the ending temperature (T, — T,). (A change
in temperature is always expressed as a posi-
tive number whether the temperature was
increased or decreased.)

Using the formula just given, calculate the change in
length of a 100-in. (2540-mm) long tungsten bar and
the change in length of a 100-in. (2540-mm) long
zinc bar. The beginning temperature for both bars
is 70°F, and the ending temperature is 570°F. Use
Table 6-1 to determine the coefficiency of thermal
expansion for each metal.

AL = 0L AT

From Table 6-1: o (alpha) for tungsten is 2.47%°
or 0.0000024 and for zinc is 22.1°° or 0.0000221.

Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Tungsten Zinc
AL = oL AT AL = aL,AT
AL =0.0000024 AL =0.0000221
X 100 x 500°F % 100 x 500°F
AL=0.12 in. (3 mm) AL=1.105in. (28 mm)

As you can see, the o for zinc at 22.1 is about
10 times greater than the o for tungsten at 2.4; and
the expansion in length for the zinc bar was about the
same—10 times greater than the tungsten bar. The
length of the heated tungsten bar would be 100.12 in.
(2543 mm), and the length of the heated zinc bar
would be 101.105 in. (2568 mm).

Some metals have high values of coefficients of
expansion and others have much lower values. The
metals with the higher values tend to distort more dur-
ing welding and those with lower values distort less.

SPARK YOUR IMAGINATION

/N All metals expand when heated and contract
when cooled. An example of how we use thermal
expansion in our daily life is when we hold a sealed jar
lid under the hot water faucet to loosen the seal for
easier opening.

List some other examples of thermal expansion or
contraction that we might observe in our daily life. Hint:
All materials, not only metals, expand and contract with
temperature changes.

EXPERIMENT 6-1

Thermal Expansion

In this experiment, you will observe the effect that
heating has on metals having different coefficiencies

HEAT HERE

STAINLESS STEEL BAR
STEEL BAR —\ \
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of thermal expansion. You will need three bars of
metal of about the same size and length (2 ft [0.61 m]
to 3 ft [0.914] long), one each of aluminum, steel,
and stainless steel; a vise; a measuring tape; an oxy-
fuel torch; required safety equipment; and pencil and
paper. Working in a small group of three or four stu-
dents, select a leader and have the leader assign tasks
to each group member. Someone will need to work
the torch for heating the metal bars, one or two peo-
ple will need to do the measuring, and someone will
need to record the observations.

Wearing all required safety equipment and fol-
lowing all shop and equipment manufacturer safety
procedures, clamp all three metal bars horizontally
in a vise so that you can measure the movement at
the far end of the bars as they are heated and cooled,
Figure 6-12. Measure and record the distance from
the bar tips to the floor or workbench top. Next,
with the metal bars clamped in place and the oxyfuel
torch set up, lit, and adjusted according to all manu-
facturer and shop safety requirements, begin heating
all three bars at the same time by moving the torch
flame back and forth across all of them about 2 in.
(51 mm) from the vise. When the metal bars have
been heated a little, remeasure the tip distances and
record the distance next to the first measurements.
Continue heating the metal and take two more mea-
surements. Be careful not to overheat and melt the
aluminum; it melts at a lower temperature than the
other metals.

Let the bars cool, then remeasure the tip distance.
You may even use a fine mist of water from a spray
bottle to speed the process. If you use water, be very
careful because when the water hits the hot metal, it
may turn into steam. Steam can easily burn you.

MEASURE THE CHANGE
IN THIS DISTANCE

FIGURE 6-12

Experiment 6-1: Thermal Expansion. © Cengage Learning 2012
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(B

FIGURE 6-13 Heating or welding on metal causes it to distort. © Cengage Learning 2012

As a group, discuss the following questions and
write your answers to the questions on a sheet of
paper to be turned into your instructor.

1. Did all of the bars move the same distance?

2. If not, which bar moved farthest? Which bar
moved the least?

3. Did all of the bars move at the same rate?

4. When the bars cooled, did they return to their
original location?

5. If not, how did their final cool position compare to
their original position?

6. How did what you observed in this experiment
compare to the metals’ coefficiencies of expansion
as shown in Table 6-1?

Thermal conductivity is another factor that affects the
degree of distortion experienced during welding. As
you remember, the more uniform a part is heated, the
more uniform the expansion and contraction, which
can result in the metal being less distorted following
the heat—cooling cycle. As a way of showing the com-
parison of how a metal conducts heat, other metals
are related to copper. Copper is given the value of 1.0.
Most metals conduct heat a little less quickly than
copper. Silver at 1.07 conducts heat a little faster than
copper. So, when looking at Table 6-1, you see that all
the metals listed have values less than 1.0 and con-
duct heat slower than copper. Metals with low ther-
mal conductivity like austenitic stainless steel at 0.12
and a higher coefficiency of expansion of 9.6 in./°F
(17.3 mm/°K) tend to be more distorted during welding.

You cannot usually change from one metal that
is known for its problem with distortion to one that is
less likely to be distorted. If the specifications call for
the part to be made out of stainless steel or any other
metal that tends to be distorted from welding, that is

the metal you have to use. But there are ways of con-
trolling distortion to keep the distorted part within
tolerance. Weld shrinkage is the primary reason welds
cause metal to be distorted.

If you take a flat plate and begin to heat it in the
center to make a weld, it begins to expand away from
the heat, Figure 6-13A. Initially, the expansion is uni-
form in all directions and the plate is bent away from
the heat, Figure 6-13B. But as the metal gets even
hotter, it becomes softer and it reaches the molten
state where it becomes fluid. It no longer is strong
enough to bend the plate, so it begins to expand out-
ward from the plate, Figure 6-13C. The result is that
the hot metal has actually expanded outward more
than it has expanded inward toward the cooler sur-
rounding metal. At this time the bending of the plate
stops. Once the heat is removed, the metal begins to
cool and shrink uniformly, Figure 6-13D. This uni-
form shrinkage causes the plate to bend toward the
weld, Figure 6-13E. Because the heat caused the metal
to become a little thicker where it was heated, there
is more metal there to shrink. As the plate cools, it
bends toward the heated side, resulting in a slight bow
in the plate, Figure 6-13F. To recap the process, as
metal is heated, it initially bends away from the heat,
but when it is allowed to cool, it bends even farther
back toward the heated spot.

To learn how to control distortion, you need
to know the factors in addition to conduction and
expansion that affect the degree that distortion occurs
during welding. Following are some of the factors that
affect the degree at which distortion occurs:

® Heat input—The lower the heat input to the part,
the less the distortion.

® Metal shrinkage—As weld metal cools, it contracts
or pulls together, causing distortion. Small welds
produce less weld shrinkage.
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FIGURE 6-14 Jigs and fixtures can be used to minimize weld distortion. © Cengage

Learning 2012

® Weld uniformity—Welds that are more uniform in
shape or symmetrical like U-groove welds cause the
metal to expand uniformly and contract uniformly,
resulting in less distortion.

® Small welds—If a large weld is required, it can be
built up from a series of small welds. Each of the
small welds reduces the stress caused by the previ-
ous weld, thus reducing the total degree of distor-
tion caused by making a large weld.

o Offset the parts before welding—In Figure 6-14, the
plates are slightly offset by a slight angle. Without
this offset, the weld would bend past the 90° desired
angle as it cooled. s

LAYOUT

Parts for fabrication may require that the welder
lay out lines and locate points for cutting, bending,
drilling, and assembling. Lines may be marked with
a soapstone, metal marker, a chalk line, scratched
with a metal scribe, or punched with a center punch.
Soapstone and welding metal markers, Figure 6-15,
are made to withstand most welding and cutting

temperatures without vanishing like a line from a
felt-tip marker will. A potential problem when using
markers not specifically manufactured for welding is
that they may contain elements like sulfur that can
contaminate welds. Use only approved materials for
marking metal for welding or cutting.

When marking a straight edge on a metal part, a
small gap can result if the soapstone point is not sharp
enough to fit tightly up against the straight edge, which
can cause the parts to not fit together properly. The end
of the soapstone should be sharpened to increase accu-
racy. You can use a grinder to sharpen it or just rub it
on some scrap metal or rough concrete, Figure 6-16.

SHOP TALK

Do you know you should keep your work area
neat?

Soapstone dust from sharpening can leave
a mess. If you rub it on a rough surface, make sure it is
not going to be something that will look unsightly once
you are finished. Do not make a mess.

A chalk line will make a long, straight line on metal
and is best used on large jobs with long, straight lines,
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FIGURE 6-15 (A) Paint marker, (B) grease marker,
(C) felt-tip marker, (D) soapstone. Larry Jeffus
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FIGURE 6-16 Proper method of sharpening a soap-
stone. © Cengage Learning 2012

Figure 6-17. Keep the tip of the chalk line reel pointed
up to prevent an excess amount of chalk in the chalk-
line reel from coming out as the string is pulled out.
This will keep your work area cleaner and reduce the
need to refill the reel’s chalk so often.

NOTE: Keeping the chalk dry is important. The pow-
dered chalk used in a chalk-line reel will become useless
if it gets too damp or wet. It is very hard to clean out
the gooey chalk mess if you let your reel get rained on
ordropitina puddle.

C

FIGURE 6-17  (A) Pull the chalk line tight and then snap
the line. (B) Check to see that the line is dark enough to be
easily seen. (C) Chalk-line reel; powdered chalks are available
in several different colors. Larry Jeffus

Either a scribe or a punch can be used to lay out an
accurate line, but the punched line can be easier to
see when cutting. A punch can be held as shown in
Figure 6-18, 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 rapidly strike the punch, it will
leave a series of punch marks for the cut to follow.
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FIGURE 6-18 Holding the punch slightly above the
surface allows it to be struck repeatedly, making punched
marks to form a punched line that is easily seen for
cutting. © Cengage Learning 2012

Starting your layout along an existing edge or from
the corner can both help you make a more accurate lay-
out and conserve materials. An existing edge is easier to
use to hook the end of your tape measure or line up a
square. In addition, the corners and edges of new plates
and sheets are straight and square. So, by starting in a
corner or along the edge, you can both take advantage
of the preexisting cut as well as reduce wasted material.

It is often easy to mistakenly cut the wrong line.
With your visibility somewhat limited by the cutting
goggles or shield, it is not always possible to see far
enough ahead to know when to stop cutting. Stop-
ping to look can result in a problem with restarting the
cut; therefore, you want to make sure that the lines are
clearly marked. This can become more of a problem if
one person lays out the parts and another makes the
cuts. Even if you are doing both jobs, it is easy to cut
the wrong line. Sometimes there may be layout lines
used to help locate parts or there may be bend lines,
both of which must not be mistakenly cut. To avoid
making a cutting mistake, lines should be identified
as to whether they are being used for cutting, locat-
ing bends, drill centers, or assembly locations. The
lines that are not to be cut may be marked with an X,
or they may be identified by writing directly on the
part, Figure 6-19. Mark the X at the beginning and
end of the line; and if it is a long line, you may want to
make several more Xs along the full length of the line.
You should also mark the side of the line that is scrap
so that the kerf is removed from that side, which will
leave the part the proper size, Figure 6-19. When pos-
sible, erase all unneeded lines before starting the cut.

Some shops will have their own shorthand meth-
ods for identifying layout lines, or you may develop
your own system. Failure to develop and use a system
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FIGURE 6-19 Identifying layout lines to avoid mistakes
during cutting. © Cengage Learning 2012

for identifying lines will ultimately result in a mistak-
enly made cut. In a welding shop, there are only those
who have made the wrong cut and those who will
make the wrong cut. When it happens, check with
the welding shop supervisor to see what corrective
steps may be taken. One advantage for most weld-
ing assemblies is that many errors in cutting can be
repaired by welding. There are often prequalified pro-
cedures 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:

® Material shape—Figure 6-20 lists the most common
shapes of metal used for fabrication. Flat stock such
as sheets and plates are the easiest to lay out, and
the most difficult shapes to work with are pipes and
round tubing.

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

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

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

SPARK YOUR IMAGINATION

7/ Many differently shaped materials have been
used for building items found in your welding
shop. Make a list of the items in your school’s weld-
ing shop. Include on the list all the different types of
materials used in their construction. Use Figure 6-20
to help identify as many of the different types of
materials used as possible.

Parts with square or straight edges are the easi-
est to lay out. Simply measure the distance and use
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FIGURE 6-20 Standard metal shapes; most are available with different surface finishes, such as hot-rolled,
cold-rolled, or galvanized. © Cengage Learning 2012
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LINE
PARALLEL
TO EDGE

FIGURE 6-21 Using a square to draw a straight line.
Larry Jeffus

FIGURE 6-22 Using a combination square to
lay out a line parallel to the edge of a plate.
© Cengage Learning 2012

a square or straight edge to lay out the line to be cut,
Figure 6-21. Straight cuts that are to be made paral-
lel to an edge can be drawn by using a combination
square and a piece of soapstone. Set the combination

square to the correct dimension, and drag it along the parts shown in Figure 6-23. The parts must be laid
edge of the plate while holding the soapstone at the out within £1/16 in. (2 mm) of the dimensions. Con-
end of the combination square’s blade, Figure 6-22. vert the dimensions into SI metric units of measure,

and write the SI units next to the standard dimen-
PRACTICE 6-2 sions for the parts.

Laying Out Square, Rectangular,

and Triangular Parts NOTE: Check your work and see how you did. If you

have laid out item C correctly, you can cut it out, use it

Using a piece of metal or paper, soapstone or pencil, as a pattern, and cut out nine more just like it to make
tape measure, and square, you are going to lay out the a star.
| 8 | | 10" T
_ 1
7 oo
[

> —

5" «1;';|._3;"_,|
. 2 4

2"

a5°

/
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/ 7
40°
{
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FIGURE 6-23 Practice 6-2. © Cengage Learning 2012
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FIGURE 6-24A Circletemplate. Timely Products Co., Inc.
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FIGURE 6-24B Compass. Larry Jeffus

Circles, arcs, and curves can be laid out by either
using a compass or circle template, Figure 6-24. The
diameter is usually given for a hole or round part,
and the radius is usually given for arcs and curves,
Figure 6-25. The center of the circle, arc, or curve
may be located using dimension lines and center

1" PAC- g1"

FIGURE 6-25 Methods of dimensioning arcs, curves,
radii, and circles. © Cengage Learning 2012

lines. Curves and arcs that are to be made tangent
to another line may be dimensioned with only their
radiuses, Figure 6-25.

PRACTICE 6-3

Laying Out Circles, Arcs, and Curves

Using a piece of metal or paper that is approximately
8 1/2 by 11 in., soapstone or pencil, tape measure,
compass or circle template, and square, you are
going to lay out the parts shown in Figure 6-26. The
parts must be laid out within £1/16 in. (2 mm) of the
dimensions. Convert the dimensions into SI metric
units of measure and write the SI units next to the
standard dimensions for the parts.e

Nesting

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

Manually nesting of parts may require several
tries at laying out the parts to achieve the lowest pos-
sible scrap.
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FIGURE 6-26 Practice 6-3. © Cengage Learning 2012

PRACTICE 6-4

4
Nesting Layout It
T

Using metal or paper that is approximately 8 1/2 by |

11 in., soapstone or pencil, tape measure, and square, you I 8 % I
are going to lay out the parts shown in Figure 6-27, in
a manner that will result in the least scrap, assuming a FIGURE 6-27 Practice 6-4. © Cengage Learning 2012
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BILL OF MATERIALS

Number

Part Required

Type of Material

Size
Standard Units

S| Units

Table 6-2 Bill of Materials Form

kerf width of zero. Use as many 8 1/2 by 11 in. pieces of
stock as would be necessary to produce the parts that
you are using in your layout. The parts must be laid
out within £1/16 in. (2 mm) of the dimensions. Con-
vert the dimensions into SI metric units of measure. s

PRACTICE 6-5
Bill of Materials

Using the parts laid out in Practice 6-4 and paper and
pencil, you are going to fill out the Bill of Materials
Form shown in Table 6-2.¢

Kerf Space

All cutting processes except shearing remove some
metal, leaving a small gap or space. This gap or space
is called the kerf. You must allow for the kerf width
when parts are being laid out side by side. The width
of material being removed by the cut’s kerf varies
depending on the cutting process used. Of the cut-
ting processes used in most shops, the metal saw

12"

produces one of the smallest kerfs while the handheld
oxyfuel cutting torch can produce one of the widest.
Saw kerfs often range around 1/16 in. (2 mm) wide
while a very good oxyfuel cut’s kerf will be around
1/8 in. (3 cm) wide.

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. How-
ever, if a large number of parts are being cut out
of a single piece of stock, the kerf width can add
up. This combining of kerf width from each cut can
increase the stock required for cutting out the parts,
Figure 6-28.

PRACTICE 6-6
Allowing Space for the Kerf

Using a pencil, paper 8 1/2 by 11 in., measuring tape
or rule, and square, you are going to lay out four rect-
angles 2 1/2 by 5 1/4 in. down one side of the paper,
leaving 3/32 in. (2 mm) for the kerf.

%ISPACE FOR CUTTING KERF

12" 12"

FIGURE 6-28 Because of the kerf, an additional 1/2 in. (13 mm) of stock would be required to make these

five 1-ft (0.30-m) long pieces. © Cengage Learning 2012
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FIGURE 6-29 Kerfis marked so it will be cut between
the lines. © Cengage Learning 2012

There are two common ways to provide for kerf
spacing. One method is to draw a double line and make
your cut between the lines, Figure 6-29. Another way
is to lay out a single line and place an X on the side of
the line that the cut is to be made on, Figure 6-30. You
do not have to leave a kerf space along the sides drawn
next to the edge of the paper or next to the scrap. What

X

X
X X

X

X
X X

X

X
X X

X

X
X X

X

X
X X

X

X
X X

FIGURE 6-30 Xs mark which side of the line is to be cut.
© Cengage Learning 2012
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is the total size (length and width) of material needed to
lay out these four parts?e

PRACTICE 6-7
Lay Out Nested Parts

Using metal or paper that is approximately 18 by 24
in., soapstone or pencil, tape measure, and square, you
are going to lay out the parts shown in Figure 6-31, in
a manner that will result in the least scrap, assuming

3/4"

FIGURE 6-31 Practice 6-7. © Cengage Learning 2012
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FIGURE 6-32 When tracing a part as a template,
always use the same part as the template each time. This
reduces the chance of any new errors getting transferred
to other parts. Larry Jeffus

a 1/8-in. (3-mm) kerf width. The parts must be laid
out within #1/16 in. (2 mm) of the dimensions. Con-
vert the dimensions into SI metric units of measure.
Make note that you will need four side pieces to make
this candlestick.

Parts Tracing

Parts can be laid out by tracing either an existing part
or a template, Figure 6-32. An advantage to tracing a
part or template is that it is fast and easy to mark out
a large number of parts that are exactly the same. One
of the major disadvantages of tracing parts or tem-
plates is that the parts that are laid out will not be any
more accurate than the originals being traced. If you
are using a part as a pattern, you should mark that part
so that you are sure to use the same one for all of the
layouts. Changing parts or using one that was traced
earlier can compound any errors. It can also result
in each part getting ever so slightly larger, until they

FIGURE 6-33 Make sure that the soapstone is held
tightly into the part being traced. Larry Jeffus

are completely out of tolerance. To reduce the error
caused by tracing, be sure that the line you draw is
made tight to the part’s edge, Figure 6-33. 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 up, Figure 6-34.

Sometimes a template may be made for a part.
Templates can be 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 is to
be made or when the part is only occasionally used.
The advantages of using templates are that once the
detailed layout work is completed, exact replicas can
be made any time they are needed. Templates can
be made out of heavy paper, cardboard, wood, sheet
metal, or other appropriate material. The sturdier the
material, the longer the template will last. s

Layout Tools

In addition to the standard layout tools such as
squares, straight edges, tape measures, and markers,

T paRT —

FIGURE 6-34 When using an oxyfuel or plasma torch
to make a cut, turning out into the scrap side of the line
when you have to stop will make restarting smoother.

© Cengage Learning 2012
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FIGURE 6-35 Pipe being laid out using a contour marker.
Larry Jeffus

a number of special tools have been developed to
aid in laying out parts. One such tool is the con-
tour marker, Figure 6-35. These markers are highly
accurate when properly used. They require a certain
amount of practice to gain experience. Once familiar
with this tool, the user can lay out an almost infinite
variety of joints within the limits of the tool being
used. An 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 6-36.

MATERIAL SHAPES

Metal stock can be purchased in a wide variety
of shapes, sizes, and materials. Weldments may
be constructed from a combination of sizes and
shapes of metal. Usually, only a single type of metal
is used in most weldments unless a special property
such as corrosion-resistance is needed. In those
cases, dissimilar metals may be joined into the
fabrication at such locations as needed. The most
common metal used is carbon steel, and the most com-
mon shapes used are plate, sheet, pipe, tubing, and
angles. For that reason, most of the fabrication cov-
ered in this chapter concentrates on carbon steel in
those commonly used shapes. Transferring the fab-
rication skills learned in this chapter to the other
metals and shapes should require only a little prac-
tice time.
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CUTTING
LINE

FIGURE 6-36
Learning 2012

Laying out structural shapes. © Cengage

Plate is usually 3/16 in. (4.7 mm) or thicker and
measured in inches and fractions of inches. Plates are
available in widths ranging from 12 in. (305 mm) up
to 96 in. (2438 mm) and lengths from 8 ft (2.4 m)
to 20 ft (6 m). Plate thickness can range 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. There are
several different gauge standards that are used. The
two most common are the Manufacturer’s Standard
Gauge for Sheet Steel; used for carbon steels; and the
American Wire Gauge, which is 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 the outside
diameter is given for pipe that is 12 in. (305 mm)
in diameter and larger, Figure 6-37. The strength of pipe
is given as a schedule. Schedules 10 through 180 are
available; schedule 40 is often considered a standard
strength. The wall thickness for pipe is determined by
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FIGURE 6-37 The inside diameter is abbreviated ID,
and the outside diameter is abbreviated OD. © Cengage
Learning 2012

its schedule (pressure range). The larger the diam-
eter of the pipe, the greater its area. Pipe is available
as welded (seamed) or extruded (seamless).

Tubing sizes are always given as the outside
diameter. The desired shape of tubing, such as square,
round, or rectangular, must also 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 speci-
fied as rigid or flexible. The strength of tubing may
also be specified as the ability of tubing to withstand
compression, bending, or twisting loads.

Angles, sometimes referred to as angle iron, are
dimensioned by giving the length of the legs of the
angle and their thickness, Figure 6-38. 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).

~<~——LEG—>

FIGURE 6-38 Standard specifications used for sizing
angleiron. © Cengage Learning 2012

ASSEMBLY

The assembling process, bringing together all of the
parts of the weldment, requires a proficiency in several
areas, Figure 6-39. You must be able to read the draw-
ing and interpret the information provided to properly
locate each part. An assembly drawing has the neces-
sary information, both graphically and dimensionally,
to allow the various parts to be properly located as
part of the weldment. If the assembly drawings include
either pictorial or exploded views, this process is much
easier for the beginning assembler; however, most
assembly drawings are done as two, three, or more
orthographic views, Figure 6-40. 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 base line.
This is the point where all measurements for all part
location begins. When working with smaller weld-
ments, a single part may be selected as such a starting
point. Often, selection of the part to serve as the base
is easy because all the other parts are to be joined to
this central part. However, on other weldments the
selection is strictly up to the assembler.

To start the assembly, make a selection of the larg-
est or most central part to be the base for your assem-
bly. Once this is done, all other parts will be aligned
to this one part. Using a base also helps prevent
location and dimension errors. A slight misalignment of

FIGURE 6-39 Welded assembly fabricated at SkillsUSA
competition. Larry Jeffus
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FIGURE 6-40 Types of drawings that can be used to
show a weldment assembly. © Cengage Learning 2012

one part, even within tolerances, can be compounded
with other misalignments, resulting in an unacceptable
weldment. Using a base line or base part results in a
more accurate assembly.

Identify each part of the assembly, and mark each
piece for future reference. If needed, you can hold the
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FIGURE 6-41 Identify unique points or shapes on
parts to aid in assembly. © Cengage Learning 2012

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, notches, and
so on, Figure 6-41. Now mark the parts as to their
top, front, or other such orientation, which will help
you locate them during the assembly.

Layout lines and other markings can be made
on the base to locate other parts. Using a consistent
method of marking helps prevent mistakes. One
method is to draw parallel lines on both parts where
they meet, Figure 6-42.

After the parts have been identified and marked,
they can be either held or clamped into place.
Holding the parts in alignment by hand for tack
welding is fast but often leads to errors and is not
recommended for beginning assemblers. Experi-
enced assemblers recognize that clamping the parts

FIGURE 6-42 Layout marks on parts can help locate
the parts for tack welding. © Cengage Learning 2012
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FIGURE 6-43 C-clamp being used to hold plates for
tack welding. Larry Jeffus

in place before tack welding is a much more accu-
rate method, Figure 6-43.

ASSEMBLY TOOLS

Clamps

A variety of types of clamps can be used to temporar-
ily hold parts in place so that they can be tack welded.

® C-clamps are one of the most commonly used
clamps. They come in a variety of sizes, Figure 6-44.
Some C-clamps have been specially designed for
welding. These clamps may have a spatter cover over
the screw, and others have their screws made of spat-
ter-resistant materials such as copper alloys.

® Bar clamps are useful for clamping larger parts. Bar
clamps have a sliding lower jaw that can be snugged
up against the part before tightening the screw-
clamping end, Figure 6-45. They are available in a
variety of lengths.

® Pipe clamps are very similar to bar clamps. The
advantage of pipe clamps is that the ends can be

FIGURE 6-44 C-clamps come in a variety of sizes.
Larry Jeffus

|

FIGURE 6-45 Bar clamps, which are used on larger
weldments, can be opened wider than most C-clamps.
Strong Hand Tools & Good Hand, Inc.

attached to a section of standard 1/2-in. (13-mm)
pipe. This allows for greater flexibility in length,
and the pipe can easily be changed if it becomes
damaged.

® Locking pliers are available in a range of sizes
with a number of various jaw designs, Figure 6-46.

FIGURE 6-46 Three common jaw types on locking
pliers. Strong Hand Tools & Good Hand, Inc.
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FIGURE 6-47 Toggle-type clamps. Strong Hand Tools
& Good Hand, Inc.

The versatility and gripping strength make lock-
ing pliers very useful. Some locking pliers have a
self-adjusting feature that allows them to be moved
between different thicknesses without the need to (A)
readjust them.

® Cam-lock clamps are specialty clamps that are
often used in conjunction with a jig or fixture.
They can be preset, which allows for faster work,
Figure 6-47.

® Specialty clamps such as these for pipe welding,
Figure 6-48, are available for many different types
of jobs. Such specialty clamps make it possible to
do faster and more accurate assembling.

Fixtures

Fixtures are devices that are made to aid in assem-
blies and fabrication of weldments. Fixtures may
align, position, or support parts. They may have
clamping devices permanently attached to speed up
their use, Figure 6-49. Each fixture is unique to the
weldment being fabricated; therefore, they are used
when a number of similar parts are to be made. They
can increase speed and accuracy in the assembly of R
parts. They must be strong enough to support the

weight of the parts, able to withstand the rigors of

repeated assemblies, and remain in tolerance. Often, T
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 through L (©)

the entire welding process to reduce distortion. Mak-

ing fixtures for every job is cost prohibitive and not FIGURE 6-48  Specialty pipe clamps and alignment
necessary for a skilled assembler. tools.  Larry Jeffus
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FIGURE 6-49 A fixture for holding a motorcycle frame
for welding. Larry Jeffus

FITTING

Not all parts fit exactly as they were designed. There
may be slight imperfections in cutting or distor-
tion of parts due to welding, heating, or mechanical
damage. Some problems can be solved by grinding away
the problem area. Hand-grinders are most effective for
this type of problem, Figure 6-50. Other situations may
require that the parts be forced into alignment.

A simple way of correcting slight alignment prob-
lems 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 6-51. Small tacks applied
in this manner will become part of the finished weld.
Be sure not to strike the part in a location that dam-
ages the surface, which could render the finished part
unsightly or unusable.

(A) T

COMPLETE GRINDING
BETWEEN TACK WELDS

TACK WELDS

-

()

©

FIGURE 6-50 Abrasive grinding disk can be used to
(A) remove excessive weld metal, (B) cut a groove, or
(C) prepare a bevel for welding. © Cengage Learning 2012
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FIGURE 6-51

A hammer can be used to bend metal
into alignment after a tack weld has been made. © Cengage
Learning 2012

More 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 6-52. Any time that
cleats or dogs are used, they must be removed and
the area ground smooth.

Fabricating Techniques and Practices 137

TACK WELD
ONE SIDE

WEDGE

CLEAT OR DOG

ZTACK WELD

FIGURE 6-52 (A) Cleat and wedge used to align parts.
(B) Hydraulic jack used to realign a part. © Cengage
Learning 2012

Some codes and standards will not allow cleats or
dogs to be welded to the base metal. In these cases,
more expensive and time-consuming fixtures must be
constructed to help align the parts if needed.

SUMMARY

One of the greatest experiences as a welder/fab-
ricator is completing work on a piece of equip-
ment, building, trailer, or other structure. You can
proudly point to it and say, “I helped to make that.”
Learning layout and fabrication techniques will let
you someday be able to experience the sense of

pride when you are then are able to say, “I built
that all by myself.” Welded structures are an endur-
ing monument to your skill as a craftsman, so it
is important that each and every time you build a
project, that you do it as if it were going to be on
display, because it is.

REVIEW QUESTIONS

1. What precautions must you take when welding
around other workers?

2. How can you minimize the potential for conflict
when welding around other workers?

3. What safety hazard can occur as a fabrication
grows in size?

4. What are four advantages for using preformed
parts in a fabrication?
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5. What are four advantages of custom fabricating 17. Using the formula for linear expansion, AL = 0LoAT,

parts? calculate the new lengths of 200-in. long tungsten

6. What is the purpose of tack welds? and zinc bars that have a temperature change of
800°F.

7. What are five considerations that you must take
into account when deciding on the number, size, 18. Do metals having higher values of coefficients of

and location of tack welds? expansion tend to distort more or less than those
with lower values?

.

8. Does it matter if one of your tack welds breaks

during welding, and why? 19. What is kerf space?
9. How does the tensile strength of a metal affect a 20. Which of the cutting processes will leave the
weld? smallest kerf?
10. What is a part’s tolerance? 21. What are two common ways to provide for the
ing?
11. What can you do to make parts fit without having kerf spacing?
to recut or regrind them? 22. Why should you use the same part as your pat-

1 ?
12. Why should you avoid recutting or grinding parts tern every time you trace a new part:

whenever possible? 23. What is the most common metal used and the

most common shapes?

.

13. What problem can result if the root opening of a
weld is too narrow? 24. What is the assembly process?

What is a base line?

14. What problem can result if the root opening of a 25.
weld is too wide? 26. Describe three types of clamps used to tempo-

15. How will a metal distort when heated? How will a rarily hold parts in place so that they can be tack
metal distort when cooled? welded.

16. What two factors affect the degree to which a 27. What is a simple way of correcting slight align-
metal will distort and possibly remain distorted? ment problems?
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Welding Shop Practices

OBJECTIVES

After completing this chapter, the student should be able to:

e Discuss job skills that will help ensure that a welder will be a more
valuable employee.

e Explain why materials should be used efficiently.

e Give examples of ways to conserve metal.

e Tell how to conserve electrical energy in a welding shop.
e Explain why welding shops should recycle scrap metal.

e Tell what can be done to ensure the safe operation of equipment
in the shop.

e Recognize hand signals used to communicate with crane operators.

KEY TERMS

colleagues flaw owner
employees foreman profit
employer horseplay salary
employment interpersonal workplace

INTRODUCTION

Once you have a job, there are lots of things to learn in a welding shop other
than just welding. As an employee, you become part of a team of workers who
together can produce high-quality products efficiently. How well you work
with others is as important as how well you can weld. You will be judged not
only on your welding skills but your efficiency and productivity. As a new
employee, you will have little time to develop a working knowledge of the shop
and its organization. This can be a time for you to ask questions while you
watch and learn.
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Sometimes something as simple as learning other
workers’ names can help you fit into the shop envi-
ronment faster.

JOB-RELATED SKILLS

Often, the success of welders on the job may not only
be based on their welding and fabricating skills. They
are often judged by their ability to use their time wisely,
work with others, and think ahead. These are qualities
that are often referred to as a welder’s character and
can be the basis for your reputation. These are life skills
and attitudes that apply to everything you do. They
should be practiced all the time, not just on the job.

Time Management

Often, in a welding shop there are periods of time when
you can not continue welding on your part because you
are waiting for it to cool down, be machine sandblasted,
ground, and so on. Making good use of this time is
important. Often, you can use the time to prep the next
part that you will be working on—perhaps grind, posi-
tion, mark, or record data in the part’s log and so forth.
If there is nothing else to be done, you can clean up your
welding area, straighten up your tools, or pick up parts
and supplies that are needed or will be needed from the
parts room or welding supply. Check with your supervi-
sor or boss to see if there is another job you might work
on or if there is another welder you might help.

The main purpose that you are hired for by any
company is for your productivity. Your productivity
is your ability to get jobs done and make the company
profitable. If you are not working, you are not making
the company profitable. Do not simply find a com-
fortable spot to sit down and wait. Nothing brings
unwanted attention to yourself more than being the
one who is always “just sitting around.” Wasting time
is, indeed, wasting your company’s money.

Teamwork

Often a job will go faster if you work with one or
more people. For example, in large layouts it is faster
to have someone on the far end of a plate who can
move and tape the chalk line so you do not have to
move from one end to the other. During assembly,
having a coworker hold a part in place as you tack
weld it can be faster than having to clamp the part
securely in place so that you can do the tack welding.

Developing a friendly working relationship with
coworkers, which will allow you to more easily ask
for help, is important. Some of your coworkers will be
more willing than others to lend a hand. Often, it is
the way you ask for help that will make a difference in
others being willing to help you. For example, some
employees will respond favorably if you simply come
up and say, “I need a hand. Can you come?” while oth-
ers may want to be given the option. For example, “If
you have time, could you come and help?” Role-playing
in class will help you develop these interpersonal
skills so that once you are on the job, you can more
easily get the assistance you need.

It is important to note that you should not be
offended if someone says, “No, I can’t help you.” They
may have a project that is on a time line. In the same
vein, you may need to turn someone down when you
feel that taking time out of your schedule to solve or
work with them on a problem or give assistance will
put you behind schedule on your project.

Planning and Thinking Ahead

At the beginning of the day, you may want to spend
a few minutes talking with your boss and colleagues
about how to best approach a project so that it will
move through the shop most efficiently. During a
long weld, you may want to spend time thinking
about your next task and think it through so that once
the weld is complete, you can move on seamlessly and
begin the next project.

Labor costs, the money your employer spends
on your salary, or the money you earn as a result of
your work in your own business is a major cost factor
in the finished product. It may also be the most flex-
ible part of the project’s expense. For example, a higher-
speed welding process such as gas metal arc welding
(GMAW) or flux cored arc welding (FCAW) may take
a little longer to set up but may ultimately save time to
complete the project. Conversely, you might find that
shielded metal arc welding would be the most efficient
way when there are a number of small welds to be made
on a larger structure. For example, when working on a
utility trailer, it would be much easier to move around
with a shielded metal arc electrode holder than to try
and manipulate a gas metal arc (GMA) welding gun.

Sometimes the total time spent on a project can
be reduced by building a jig or fixture that can help
align parts and tack them in place for welding. In some
cases, something can be simply attached to a weld-
ing table to hold two angle iron pieces at a right angle
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FIGURE 7-1

Welding jig used to hold square tubing
in alignment for welding. Larry Jeffus

when building a frame, Figure 7-1. Jigs and fixtures
can often be fabricated from scrap material. In some
cases, they might be constructed from materials sal-
vaged from earlier jigs or fixtures.

It is important to note that a considerable amount of
time can be wasted in building jigs and fixtures when a
very limited production run is anticipated. Some degree
of judgment must be exercised to avoid this time delay.

Work Ethics

Honesty, attendance, and punctuality in the work-
place are critical. The owner or shop foreman sched-
ules work based on the assumption that employees will
be on the job ready and willing to work. When you are
late or absent, the job you were scheduled to do for the
day may not get done. This can cause undue delays in
production. It is not just a matter of if you don’t come
in, you don’t get paid; it is more important than that. If
you do not come in, the shop can not get the product
out in time, and employees may not get paid. That can
result in your being terminated and/or the shop los-
ing its ability to be competitive and having to close. A
sick day is only for when you are truly sick and not to
be used simply as a vacation day. Because of employee
abuse, some employers now require a note from a doctor
any time that an employee uses a sick day. Being on
time is one of the many factors that employers consider
when deciding about pay raises, job advancements, and
in some cases, continued employment.

NOTE: Your boss is your boss and not your friend.
Your boss is not as interested in what you did last night
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or what you are going to do tonight as he is interested
in your being there on time and giving the job 100% of
your attention and effort during the day. You need to
be on time or early and ready and willing to start work
the moment your shift starts.

It is important to have a friendly and professional
work environment, but horseplay and practical jokes
have no place on the job. They are disruptive and can
be extremely dangerous.

Take care of personal business on your per-
sonal time. When you use your cell phone to make
personal phone calls or to text a friend, you are in
essence stealing time from your employer. The weld-
ing shop environment, with hot sparks, dust, and
dirt, is not the best environment for your cell phone;
leave it with your personal belongings. If you need to
check it for messages, do so during your break or at
lunch and not while you are supposed to be working.

Sometimes workers feel that it is OK to take a few
screws, bolts, welding rods, or other materials from
the job for a personal project they are working on at
home. Honesty is important; never take any materials
home from your shop. This can be considered steal-
ing even if the material was in the scrap bin. Getting
caught taking something home is bad, but rumors
springing up about your honesty can be even worse.

CONSERVING MATERIALS
AND SUPPLIES

A company’s profit margin and ability to compete
when bidding on jobs is affected by a number of fac-
tors. One of the most important can be the efficient use
of materials and supplies. Also, being conservative with
materials and supplies is good for the environment.

Metal Conservation

The cost of welding materials is a major part of any
project’s total price. One way to reduce material cost
is to look for ways to reuse leftover material from a
previous job. You might be able to weld together two
or more smaller pieces of stock such as pipe, angle
iron, T bar, or other similar materials. This can make
these smaller pieces into one single piece long enough
to fit. A little welding and grinding can even make it
look almost new. There are a few cases in which this
may not work, such as on critical structures or when
the customer has specified all new stock.
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Another important way to save on material costs is
to make sure that you are being as conservative as pos-
sible with materials when you are laying out the parts
on new stock. Figure 7-2 shows three ways to lay out
three rings that are 4 ft in diameter and 2 in. wide. In
layout Figure 7-2A, the rings are laid out on two sheets
of a 4 x 8-ft plate. This layout leaves a 4 x 4-ft piece of
scrap. In layout Figure 7-2B, all three rings can fit on
a single 4 x 8-ft piece of plate. This would require
six 2-in. long welds to assemble the rings. The most
material-conserving layout is Figure 7-2C. In this layout,
a total of twelve 2-in. long welds are required to make
the three rings. This layout leaves a 3-ft 3-in. x 4-ft
piece of scrap metal, which is almost the same size as
was left from the second sheet in layout Figure 7-2A.

Electrode Conservation

Most SMA welders try to leave a welding electrode
stub thatis nomore thana 11/2in. (38 mm) to 2 in. (51 mm)
long, Figure 7-3. Even with a short stub, approximately
35% of the total electrode weight purchased is lost due
to losses of spatter, slag, fumes, and the stub. If longer
stubs are left, the percentage of wasted electrode can
increase dramatically. Sometimes a weld joint ends
before the electrode is completely used down to a short
stub. These longer, partially consumed electrode stubs
can be reused to make tack welds.

NOTE: Sometimes it is difficult to reuse some mineral-
based low-hydrogen electrodes because it can be dif-
ficult to restart an arc. To make this easier, practice
restarting these electrodes.

Sometimes partially used electrodes may cause a
small flaw in the weld as they are restarted. For this
reason, they may not be used when very stringent
code requirements will not allow this type of flaw.

Making welds of the correct size and not excessively
large, saves weld material, can save postweld grinding,
and reduces the electric and labor costs. Flat position
welds can be made at a higher rate of travel than most
other weld positions. Positioning the work so that as

14"

FIGURE 7-2 (A) Three rings cut out of two plates.
(B) Three rings cut out of one plate. (C) Three rings
cut out of approximately 1/2 a plate. © Cengage
Learning 2012

much as possible of the welding can be done in the flat
position makes it easier on the welder, more comfortable
for the welder, and increases the welding productivity.
Never continue to weld when you observe
excessive spatter being produced. Excessive spatter
wastes both filler metal and requires longer postweld
cleanup, Figure 7-4. Excessive SMA welding spatter

12" ENGTH OF ELECTRODE CONSUMED——»| 2'STUB

LENGTH

L

FIGURE 7-3

SMA welding electrodes should be used down to within 2 in.

(51 mm) of the end. © Cengage Learning 2012
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FIGURE 7-4 Excessive weld spatter caused by a high
wind blowing shielding away. Larry Jeffus

can be caused by arc blow, wrong welding current or
polarity, too long an arc length, or damp electrodes.
Sometimes high winds can blow enough of the gas-
eous cloud away to cause excessive spatter.

Both GMA and FCA can produce excessive spat-
ter when the welding voltage and amperage are not
set within the electrode manufacturer’s specifications.
In some cases, the wrong shielding gas mixture for
the electrode type can also cause spatter.

Gas Conservation

Shielding gases are used for all GMA and gas tungsten
arc (GTA) welding and for some FCA welding pro-
cesses. These shielding gases are used to protect the
molten weld metal from atmospheric contamination.
Several factors affect the shielding gas flow rate range
required to provide adequate protection. These fac-
tors include the nozzle diameter, the nozzle-to-work
distance, welding current, pre- and postpurge gas flow
times, and draft or wind speed.

When possible, set the shielding gas flow rate on
GMA, GTA, and FCA welding processes at the lower
end of the flow rate range to reduce the shielding
gas cost. Refer to the manufacturer’s data sheet for
the recommended flow rate range. Table 7-1 shows
examples of the shielding gas flow rates for GTA
welding. From Table 7-1 you can see that for metal
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Metal Oxygen Acetylene
VISR ||y CFH PSI CFH
1/4in. 20-25 38-45 5-10 8-12
3/8in. 20-28 55-60 5-10 8-12
1/2in. 30-35 70-75 5-10 8-12

Table 7-2 Example of Oxyacetylene Pressures and Flow
Rates for Cutting

of 16-gauge thickness, the gas flow rate is from 20 to
30 cubic feet per hour (CFH) when using a nozzle
that is from 1/4 in. (6 mm) to 3/8 in. (10 mm) in
diameter. Setting the flow rate at 20 CFH would be a
one-third savings in shielding gas used as compared
to the higher setting of 30 CFH.

Setting the gas pressures as low as possible within
the manufacturer’s recommended pressures for oxy-
fuel cutting reduces gas cost. Both too low a gas pres-
sure and too high a gas pressure result in poor-quality
cuts. So, setting the pressure correctly saves both gas
costs and improves the quality of the cuts being made.

Table 7-2 shows examples of pressures and flow
rates for oxyacetylene cutting torch tips used for vari-
ous thicknesses of metal. There can be an approxi-
mate 10% savings in oxygen if the lower oxygen gas
setting for 3/8-in. (10-mm) thick metal is used.

NOTE: Cutting torch tips must be clean to ensure that
you can get clean cuts at the lower gas pressure settings.

Some high-pressure gas cylinder valves, such as
those used on oxygen, argon, and mixtures of argon
and oxygen, have small leaks around the cylinder valve
stem, Figure 7-5. Although most of these leaks are very
small, over a long period of time they can result in a
significant loss of gas. Turning off the cylinder valve
any time that the gas is not needed both reduces that
possible leak and is required by safety rules.

Energy Conservation

All welding and cutting processes except for the few
oxyfuel processes use large quantities of electrical power.

GAS FLOW
METAL FILLER METAL PURGING TIMES NOZZLE AMPERAGE
THICKNESS | DIA.OF ER4043 PREPURGING | POSTPURGING SIZE IN. MIN. MAX.
18 ga. 3/32" 20to 30 10to 15 sec. 10 to 25 sec. 1/4to 3/8 40 to 60
17 ga. 3/32" 20to 30 10 to 15 sec. 10 to 25 sec. 1/4to 3/8 50to 70
16 ga. 3/32" 20 to 30 10 to 15 sec. 10 to 25 sec. 1/4t0 3/8 60to 75
Table 7-1 Example of GTA Welding Shielding Gas Flows

Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).

Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



144 CHAPTER 7
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FIGURE 7-5 High-pressure gas cylinder valves have two
valve seals: a main seal and one back seal to prevent gas
leaks. © Cengage Learning 2012

Equipment manufacturers have improved the operat-
ing efficiencies of newer models of their product lines.
Using more efficient pieces of equipment reduces
your shop’s electrical costs. New equipment can be
more efficient; however, it is not always cost effective
for a welding shop to purchase new equipment just to
save electrical energy.

The best way of saving energy when using any
welding equipment is to turn off the machines when
they are not being used. Check with the equipment
manufacturer to see if turning off the power might
cause any problems. A problem with turning off
equipment immediately after a long period of welding
might be that the cooling fan may not have removed
enough internal heat from the welder.

Some equipment may have a small quantity of
background power consumption even if the main
equipment power switch is off. In these cases, the
main power disconnect or the main power breaker
must be turned off. The main power disconnect or
main power breaker is not usually located on the
equipment but is on the wall near the equipment.

Recycling

Recycling weld shop materials is important because
it both helps the environment and can be a source
of revenue for the shop as the scrap is sold to a recy-
cler. Mixed metal recycling has a lower scrap value, so
it is important, if possible, to keep different types of
metal segregated in the waste stream in the shop. For

example, keeping the aluminum separated from steel
is important, but if you have a large amount of a par-
ticular grade of aluminum, it should also be segregated.
The same goes for the many varieties of stainless steel.

NOTE: Often you will find that individuals will drop
scrap paper, tin cans, drink cans, and other trash in the
recycle container. This can result in a lower value of the
scrap when it is sent to the recycler.

SPARK YOUR IMAGINATION

7/IA\% It is important to protect our environment. In
a small group, create an action plan to improve
some aspect of your shop’s environment and its impact
on your community’s environment.

GENERAL SHOP
PRACTICES

Operating Equipment

Lots of pieces of equipment in a welding shop are not
typically found in most school welding shops. For
example, production shops often have overhead hoists
or cranes, fork trucks, punch presses, shears, and other
similar production equipment. It is important to read
and follow all manufacturers’ operating and safety
instructions for each piece of equipment. It is also
important to have someone demonstrate the proper
and safe operating techniques and possibly observe
you using the equipment before you begin operating
it by yourself. In some cases, such as the operation of
overhead cranes, significant damage and danger can
be caused when the equipment is overstressed by
attempting to pick up a part when its weight is greater
than the rated capacity of the hoist.

Hand Signals

Welding shops tend to be noisy places at times. This
background noise can make it difficult to use two-way
radios to communicate from the weld shop floor to
crane operators. At other times a two-way radio may
not be available, so there are standard hand signals
used by most industries to communicate with the
crane operator. Hand signals can provide the neces-
sary instruction for the crane operator to safely and
accurately place a component.

Figure 7-6 shows the basic hand signals most often
used by crane operators and the related movement
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of a crane. A basic track crane is depicted in the
illustration, but the same hand signals can be used to
communicate to any crane operator using any other
type of equipment. The red arrows shown around
the illustration’s hand for “HOIST” indicate that
this motion continues as long as the crane operator
is lifting a load. Sometimes, the faster you make the
circular motion with your hand, the faster the opera-
tor will lift the load. However, speed and safety are
not equal; safety is the most important aspect of any
operation.

As the boom is lowered, the load will both travel
away from the crane and become lower. The reverse
is true for raising the boom, where the load gets closer
to the crane and becomes higher. To move a load
horizontally toward or away from the crane, the oper-
ator must both raise the boom and lower the load or
lower the boom and raise the load. These hand sig-
nals are performed by opening and closing your fisted
hand with your thumb pointed up or down.

PRACTICE

In a small group, each person will make a list of five
crane hand signals. Take turns giving the hand sig-
nals to the other group members. Each team member
should write down the hand signals as they interpret
them. Turn all of the lists in to your instructor after
each group member has had a turn.

Outsourcing

Occasionally, when a large project is undertaken in
the shop, there may be considerable advantages to
outsourcing some of the work. Some of the reasons a
shop might outsource are because the project requires
equipment your shop does not have or another shop
can produce it more cost effectively. For example,
in the construction of large beams where welds are

being made on a 2-in. (51-mm) thick plate forming
an I-beam for a bridge, Figure 7-7; outsourcing that
weld to a shop that has a large submerged arc welding
machine might be the only way of producing it.

Another example would be when a large number
of welds are to be made in a high-production run that
would lend its production to a robot that your com-
pany does not own. Robots can produce these welds
faster and more accurately than they could be pro-
duced manually in a shop.

NOTE: Often, welders want to do everything them-
selves; however, making a wise business decision rela-
tive to outsourcing can ultimately increase the shop’s
productivity and increase your earnings.

An example of cost-effectively outsourcing a
lot of small parts might be to use a machine shop to
punch them out rather than using your shop’s flame-
cutting equipment, Figure 7-8.

FIGURE 7-8

Four cutting head automatic flame-
cutting machine. Larry Jeffus
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SUMMARY

Once you get a job, your learning should not stop.
You should familiarize yourself with everything you
can about the shop, the equipment, and how the
shop’s systems work together. The more you learn,

REVIEW QUESTIONS

1. What should you do while you are waiting for
your part to cool down?

the more valuable you become to your company. It
is that value along with your welding skills that can
make you very successful.

11. Why should a welder stop welding when exces-
sive spatter is being produced?

2. Discuss how to develop a good working relation- 12. What can cause excessive SMA welding spatter?

ship with coworkers.

3. When would it be time-efficient to build a jig or
fixture to help align parts?

4. How can employee tardiness and absences adversely
affect a business?

5. What are some ways that leftover metal from a
previous job can be used?

6. Draw an example of how parts might be laid out
to conserve as much of the stock as possible.

7. What length of electrode stub should SMA weld-
ers leave?

8. Why is approximately 35% of every SMA welding
electrode wasted?

9. In what situation should partially used electrodes
not be used?

10. Why is it important to make correctly sized welds?

. Why are shielding gases used for all GMA and

GTA welding and some FCA welding processes?

. Using Table 7-1, find the range of shielding gas

flow rates for GTA welding on 17-gauge thickness.

. Why is it important to set the oxygen pressure as

low as possible when making an oxyfuel cut?

. What is the best way of saving on electrical costs

when using welding equipment?

. Why is it important to recycle scrap metal?

. What steps can be taken to ensure the safe opera-

tion of equipment in the welding shop?

. How might hand signals be used in a welding

shop?

. When should a welding shop consider outsourc-

ing a project to another shop?
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Shielded Metal Arc Equipment,
Setup, and Operation

OBJECTIVES

After completing this chapter, the student should be able to:

e Describe the shielded metal arc welding process.

e List the three units used to describe an electric current and tell how they
affect SMA welding.

e List the three types of welding current used in SMA welding.
e Describe how open-circuit and closed-circuit voltage affect SMA welding.
e Describe the force that causes arc blow and explain how it can be controlled.

e Explain how each type of welding power source produces the welding
current.

e Determine the duty cycle for any given welder and amperage setting.
e Demonstrate how to set up a welding workstation.

KEY TERMS

amperage magnetic lines of flux voltage

anode open circuit voltage wattage
cathode operating voltage welding cables
duty cycle output welding leads
electrons rectifier

inverter step-down transformer

INTRODUCTION

Shielded metal arc welding (SMAW) is a welding process that uses a flux-
covered metal electrode to carry an electrical current, Figure 8-1. The current
forms an arc across the gap between the end of the electrode and the work.
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FIGURE 8-1 Shielded metal arc welding.
American Welding Society

The electric arc creates sufficient heat and tempera-
ture to melt both the end of the electrode and the base
metal being welded. Molten metal from the end of the
electrode travels across the arc to the molten pool on
the metal being welded. The metal from the electrode
and the molten base metal are mixed together to form
the weld. The high temperature at the electrode end
causes the flux covering around the electrode to burn
or vaporize into a gaseous cloud. This gaseous cloud
surrounds, purifies, and protects at the end of the
electrode and molten pool of base metal. Some of the
electrode flux forms a molten protective slag on top
of the molten weld pool. As the arc moves away, the
weld metal cools, forming one solid piece of metal.

SMAW is the most widely used welding process
for metal fabrication because of its low cost, flexibil-
ity, portability, and versatility. The welding machine
itself can be as simple as a 110-volt, step-down trans-
former that can be plugged into a normal electrical
outlet. The electrodes are available from a large num-
ber of manufacturers in packages ranging from 1 Ib
(0.5 kg) to 50 1b (22 kg).

The SMAW process is very versatile because the
same SMA welding machine can be used to make a
wide variety of weld joint designs in a wide variety of
metal types and thicknesses, and in all positions:

® Joint designs—In addition to the standard butt, lap,
tee, and outside corner joints, at SMAW has been
certified to be used to weld every possible joint

design.

® Metal types—Although mild steel is the most com-
mon SMA-welded metal; stainless steel, aluminum,
and cast iron are easily SMA welded.

® Metal thickness—Metal as thin as 16 gauge and
approximately 1/16 in. (2 mm) thick up to several
feet thick can be SMA welded.

e All positions—The flat welding position is the easi-
est and most productive because large welds can be
made fast using SMA welding, but the process can
be used to make welds in any position.

SMAW is a very portable process because it is
easy to move the equipment from the shop to the job
site. Engine-driven generator-type SMA welders are
available that can be used almost anywhere. The lim-
ited amount of equipment required for the process
makes moving easy.

WELDING CURRENT

Welding current is the term used to describe the elec-
tricity that jumps across the arc gap between the end
of the electrode and the metal being welded. An elec-
tric current is the flow of electrons. The resistance to
the flow of electrons (electricity) produces heat. The
greater the electrical resistance, the greater the heat
and temperature that the arc will produce. Air has
a high resistance to current flow, so there is a lot of
heat and temperature produced by the SMA welding
arc. Electrons flow from negative (-) to positive (+),
Figure 8-2.

Electrical Measurement

Three units are used to describe any electrical current.
The three units are voltage (V), amperage (A), and
wattage (W).

® Voltage, or volts (V), is the measurement of electri-
cal pressure in the same way that pounds per square
inch is a measurement of water pressure. Voltage
controls the maximum gap that the electrons can
jump to form the arc. A higher voltage can jump a
larger gap. Welding voltage is associated with the
welding temperature.

® Amperage, or amps (A), is the measurement of the
total number of electrons flowing, in the same way
that gallons are a measurement of the amount of
water flowing. Amperage controls the size of the
arc. Amperage is associated with the welding heat.

® Wattage, or watts (W), is a measurement of the
amount of electrical energy or power in the arc.
Watts are calculated by multiplying voltage (V)
times amperes (A), Figure 8-3. Watts are associated
with welding power or how much heat and tem-
perature an arc produces, Figure 8-4.
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SMA Welding Arc Temperature
and Heat

The terms temperature and heat are explained in
Chapter 1.

The temperature of a welding arc is dependent
on the voltage, arc length, and atmosphere. The arc
temperature can range from around 5500°F to above
36,000°F, but most SMA welding arcs have effective
temperatures around 11,000°F. The voltage and arc
length are closely related. The shorter the arc, the
lower the arc voltage and the lower the temperature
produced, and as the arc lengthens, the resistance
increases, thus causing a rise in the arc voltage and
temperature.

Most shielded metal arc welding electrodes have
chemicals added to their coverings to stabilize the arc.
These arc stabilizers form conductive ions that make
the arc more stable and reduce the arc resistance.
This makes it easier to hold an arc. By lowering the
resistance, the arc stabilizers also lower the arc tem-
perature. Other chemicals within the gaseous cloud
around the arc may raise or lower the resistance.

The amount of heat produced by the arc is deter-
mined by the amperage. The higher the amperage set-
ting, the higher the heat produced by the welding arc,
and the lower the amperage setting, the lower the heat
produced. Each diameter of electrode has a recom-
mended minimum and maximum amperage range and
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HEAT AND
LIGHT

FIGURE 8-5 Energy is lost from the weld in
the forms of radiation and convection.
© Cengage Learning 2012

therefore a recommended heat range. If you were to
try to put too many amps through a small diameter
electrode, it would overheat and could even melt. If the
amperage setting is too low for an electrode diameter,
the end of the electrode may not melt evenly, if at all.

Not all of the heat produced by an arc reaches the
weld. Some of the heat is radiated away in the form of
light and heat waves, Figure 8-5. Some additional heat
is carried away with the hot gases formed by the elec-
trode covering. Heat is also lost through conduction
in the work. In total, about 50% of all heat produced
by an arc is missing from the weld.

The 50% of the rem<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>