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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.




Welding Process and Filler Metals
Training Series:

Welcome to the Welding Process and Filler Metals Training
Serigs. This training series was developed for the purpose of
providing a basic set of educational materials that can be used
individually or in a classroom setting.

The topics covered in the series are:

Welding Processes

e Topic 1. Introduction To Welding

e Topic 2. Welding Safety

¢ Topic 3. Basic Electricity For Welding
¢ Topic 4. Welding Power Source Design
e Topic 5. Engine Driven Power Sources
e Topic 6. Shielded Metal Arc Welding

e Topic 7. Gas Tungsten Arc Welding

e Topic 8. Gas Metal Arc Welding

e Topic 9. Flux Cored Arc Welding

¢ Topic 10. Metal Cutting

e Topic 12. Submerged Arc Wel

Filler Metals

Please note, this serie not developed to teach the skill of

welding or cutting, but rather to provide a foundation of general
knowledge about the various processes and related topics.
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Process Definition

Experiments with a plasma arc date back to early in the twentieth
century, but it was in the 1950s when Plasma Arc Cutting (PAC)
torches were introduced to the market. The equipment was large
and bulky and used a variety of cutting and cooling gases.

Contrary to common belief, there are 4 states of matter rather
then three. Plasma is known as the fourth state of matter. The
four states in which physical matter may exist are solid, liquid,
gas, and plasma. Changes from one physical state to another
occur by either supplying or subtracting energy (in the form of
heat). Water can be used as an example of these four states of
matter. Water, in the solid state, is ice at temperatures of 32°
F (0° C) or colder. With the addition of heat the ice melts and
changes to water, the liquid state. The addition of more heat —
to temperatures of 212° F (100° C) or hotter — converts this
liquid to its gaseous state, steam. The fourth state of matter,
plasma, looks and behaves like a high temperature gas, but with
an important difference; it conducts electricity. The plasma arc is
the result of the electrical arc heating gas to a very high tempera-
ture so that its atoms are ionized (an electrically charged gas due
to an unequal number of electrons to protons) and enabling it to
conduct electricity. The major difference between a neutral ga
and plasma is that the particles in plasma can exert electromag-
netic forces on one another.

If you happen to be reading this
by the light emitted by a fluo-
rescent lamp you see plasma in
action. Within the glowing tube
of the lamp is plasma consist-
ing of low pressure mercury
or sodium vapor, ionized by a
high voltage across electrodes
at the ends of the tube. As the
plasma conducts an electric
current it radiates which in turn
causes the phosph
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This heat causes the plas-
ma gas to greatly expand in v and pressure. The plasma
gas exits the constric f the torch nozzle or tip at very
high speeds and temperatures, up to 30,000° F (16,000° C) at
20,000 ft/s (6000 m/s). The intensity and velocity of the plasma
is determined by several variables including the type of gas, its
pressure and volume, the flow pattern, the amount of electric
current, the size and shape of the constricting tip or nozzle ori-
fice, and the tip to work distance.
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Figure 3 — Plasma Cutting Torch Cut-Away




Plasma Cutting vs Oxy-Fuel Cutting

Before the PAC process became commonplace, if you wanted to
cut carbon steel, stainless steel, or aluminum, you would likely
use several or methods. Perhaps you would likely use oxy-fuel
gas flame cutting for steel, but that process is not recommended
for cutting stainless steel and aluminum. Band saws could also
be used, or shears, abrasive cut-off wheels, or power hacksaws.
And you’d need special blades to cut the stainless steels and
alloy steels.

With engineering advances in PAC equipment, all metals that
conduct electricity, whether they are common or exotic metals,
can be cut economically with one process. Since the Plasma Arc
Cutting process is capable of hand-held or machine torch cut-
ting metals ranging from thin gauge aluminum to 2 in. (51 mm)
carbon or stainless steel, it can be used in many applications.
These applications include stack cutting, beveling, shape cut-
ting, gouging, and piercing in all positions. The PAC process is
used in industries such as metal fabrication, construction, main-
tenance, metal salvage (scrap and recycling), automotive repair,
metal art and sculpting.

The PAG process is primarily compared to the oxy-fuel g
(OFC) cutting process. The OFC cutting process severs or
moves metal by the chemical reaction of oxidation or i

metal. The metal is maintained at elevated temperatur
flame from the burning oxy-fuel gas mixture. The OFC
requires high purity oxygen and fuel gas, which compri
explosive fuel gas mixture. The oxygen
ally supplied in high-pressure compress
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Figure 4 — Oxy-Fuel System

Metal Cutting

The advantage of OFC is the capability of cutting up to seven-ft
(2 m) thick carbon steel with relatively inexpensive equipment
requiring no electricity. The major disadvantage of OFC is its
limitation to carbon steel cutting only.

PAC requires minimum training to operate the equipment safely
and efficiently. One of the major advantages of PAC is speed.
Because PAC operates at a much higher heat energy level, it can
cut faster than OFC. This is especially true on metal that is less
than 2 in. (51 mm) thick. Cutting speed makes a significant dif-
ference in production time an rator comfort. Besides the

quires no preheating of t

changed in
characteristics near the cut).
with the PAC process can eli
of other ¢
dross on

the equipment pay for itself. When compared to OFC, PAC
e areas will not be as portable, due to its dependence
on primary electrical power from a utility line or engine driven
generator.
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