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A WARNING

This document contains general information about the topics discussed herein. This document is not an application manual and does not contain a
complete statement of all factors pertaining to those topics.

The installation, operation, and maintenance of arc welding equipment and the employment of procedures described in this document should be con-
ducted only by qualified persons in accordance with applicable codes, safe practices, and manufacturer’s instructions.

Always be certain that work areas are clean and safe and that proper ventilation is used. Misuse of equipment and failure to observe applicable codes and
safe practices can result in serious personal injury and property damage.
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Material Joining Processes

Many products made today by manufacturing and construc-
tion companies require some type of joining process be used in
the production of that product. There are three main categories
of material joining processes; mechanical fastening, adhesive
bonding, and welding.

Joining

Operation Method

Mechanical
Fastening

Adhesive
Bonding

Materials
Joining

Welding

Figure 1 — Material Joining Processes

Mechanical Fastening
Mechanical fastening joins two ma-
terials together by using a clamping
force. Screws, bolts, nails, and rivets
are examples of different typ f
mechanical fasteners. This

allows for the materials to be -
sembled if necessary.

materials.

Welding

The American Welding Society (AWS) defines welding as a join-
ing process that produces coalescence of materials by heating
them to the welding temperature, with or without the application
of pressure or by the application of pressure alone, and with or
without the use of filler metal.

Welding differs from the other joining processes in that the joint
created by welding is very strong and permanent. Parts that
have been welded together cannot be easily separated. Welding
is fast and is one of the most economical ways to join metal

together permanently.

There are as many as 94 different
types of welding processes rec-
ognized by the AWS that use dif-
ferent sources of energy to join
metals. The welding processes
covered in this book are some
the most commonly used
tric arc welding processes
These processes are Shig
Metal Arc Welding (SMAW), Ga
Tungsten Arc Welding (GTAW)
Gas Metal Arg,Welding (GMAW),
Flux-Cored elding (FCAW),

e eeded for welding is created by establishing an elec-
tric ar¢ between an electrode and the metal to be welded. The
e of nt used may be either direct current (DC) or alter-

The le of liquid metal created while welding must be pro-
ected from air to keep it from oxidizing (becoming brittle). This
n be accomplished through the use of a flux contained on or
side the electrode, or by the use of an external shielding gas.
In some cases, both flux and shielding gas are used.

In most cases, simply melting the pieces of metal together will
not create a strong enough weld. For this reason, filler metal is
typically added to increase the overall strength of the weld. De-
pending on the welding process being used, the filler metal may
also be the electrode or is added separately.

Success in welding is achieved not only by the skill of the person
performing the welding process, but also by carefully matching
the filler metal chemistry to the base metal. This insures that
the resulting weld will have the required physical and chemical
properties to meet the service requirements of the part being
welded.

Methods of Arc Welding

In manufacturing, the welding processes may be performed us-
ing the manual, semi-automatic, automatic, and robotic meth-
ods. In manual welding all aspects of the arc and weld deposit
are controlled by hand.




Semiautomatic Welding

Semiautomatic welding is defined by the American Welding So-
ciety (AWS) as manual welding with equipment that automati-
cally controls one or more of the welding conditions.

The wire feeder and the constant voltage aspect of the power
supply make the continuous wire processes such as GMAW and
FCAW semiautomatic. The wire feeder controls the filler metal
addition and the arc voltage controls the arc length, hence two
parts are being controlled automatically. The operator physically
manipulates the gun or torch angles and travel speeds while
welding.

Automatic Welding

Automatic Welding is defined by the
American Welding Society (AWS) as
welding with equipment that requires
only occasional or no observation of
welding, and no manual adjustment
of the equipment controls.

Automatic welding can be performed
with a number of welding processes
in three basic ways: Fixed Automa-
tion, Flexible Automation and Robotic
Welding (Programmable Automa-
tion).

Fixed Automation utilizes a dedicated Welding Syste
machine specifically designed for arc
welding the same specific parts on a co

The parts to be welded may be
or the welding torch may move 3
ally in just one axi

Linear weld
¢ (Circumferentia

Flexible Automation is simply a variation of Fixed Automation
but allows for some part variation such as a diameter change on
a circumferential weld or a length adaptation on a longitudinal
weld.

Robhotic Welding (Programmable Automation)
Robotic welding is defined by the American Welding Society
(AWS) as welding that is performed and controlled by robotic
equipment.

be retooled for changeovers, or they can be dedicat-
aking large volume production runs operating 24 hours
days a week.

ding offers the following advantages:

Minimizes hazards to the operator.

inimizes labor and material waste, through greater ac-
curacy and consistency.

¢ Faster part cycle times.
» (apable of welding in all positions.

» (apable of quickly adapting to welding a variety of produc-
tion parts as needed and/or parts changes.

Robotic welding is programmable and highly flexible to adapt
and quickly change the movement of the welding arc to produce
high quality welds on complex part designs.

Electrical Terms for Welding

Primary Voltage

Primary voltage is the voltage input to the machine that is sup-
plied by the power company, or by an auxiliary electrical power
generator unit. This voltage has a constant voltage or potential
at every receptacle. This voltage could be 120 (110/115), 208
(200), 230 (220/240), 460 (440/480), 575 (600), etc, VAC (volts
of alternating current) with a frequency of 50 or 60 Hz. Weld-
ing power source transformers are designed to work with these
voltages.

Primary voltage may be single or three-phase (Figure 4 and
Figure 5). Primary Voltage is measured at the electrical panel
or line disconnect device, receptacle, or the terminal strip inside
the welding machine.




Polarity

The polarity of the direct current welding arc, or the direction of

electrical current flow, is very important. The shielded metal arc

welding (SMAW) process was first used with bare or lightly flux-

Single Phase \ /\ coated metallic electrodes connected to the negative (-) terminal
Two Fuses A (pole). The work connection was then made to the positive (+)
Green = Earth ; \/ terminal (pole) of the welding power source. This is Electrode
Ground Negative and is also called “Straight Polarity” (Figure 7). When
Single Phase AC the electrode is connected to the positive (+) terminal (Electrode

Positive) and the work cable to the
connection is referred to as Elect
larity” (Figure 8). It is importan

ggative (-) terminal, the
e Positive or “Reverse Po-
0 make the,connections so the
¢ specific welding

Three Phase
Three Fuses
Green = Earth
Ground

4/

Three Phase Primary Power
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Alternating Current

Figure 6 — Alternating Curre

Welding Current Types
There are two types of Electrical C
alternating current

Direct Cur,
Direct direct
arllrde%agugirteh WX L)nat(;gfy gﬁﬁ;? 2 Figure 8 - Direct Current Electrode Positive (DCEP)

flashlight (dry
Direct Current and has a positiv
The conventional the cal current flow, credited to
Benjamin Franklin, sta electrons flow from the positive
(+) terminal to the negative (-) terminal.

(wet cells ), is a source of
a negative terminal (pole). | |

A Direct Current output welding machine also has a positive and

a negative terminal. Polarity of the electrical current (or the di- 30% 70%
rection of current flow) is selected by connecting the electrode - - *
cable, holder, and an electrode to either the positive or negative
terminal. The work cable, and its clamp, is connected to the op-
posite terminal. The current flows from the negative (=) terminal

to the positive (+) terminal in a single direction. This is the elec- DCEN (DCSP) -~ DCEP (DCRP)
tron theory that is credited to Thomas Edison and is used in arc

welding theory.

Figure 9 — Direct Current Heat Distribution






