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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 Topic1.
e Topic 2.
¢ Topic 3.
¢ Topic 4.
e Topic 5.
¢ Topic 6.
e Topic7.

Introduction To Welding
Welding Safety

Basic Electricity For Welding
Welding Power Source Design
Engine Driven Power Sources
Shielded Metal Arc Welding
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

e Topic A. Introduction

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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e Neck - The neck carries the electrical current from the
welding cable to the consumables. Loose connections at
either end can cause poor electrical conductivity, which
can lead to weld defects and further equipment failures
due to the heat generated by electrical resistance. Check
for tight neck connections on a daily basis.

e GMAW gun necks also feature external insulators that pro-
tect the electrically-live components from being exposed.
Exposed electrical components near the handle are a shock
hazard, and exposed components near the consumables
could arc to the workpiece and damage both the gun and
the workpiece. The insulators should be checked weekly
and replaced as needed.

e Consumables - Because of their exposure to heat, spat-
ter, and general abuse the consumables require frequent
replacement. That doesn’t mean, however, that you can’t
save time and money through some simple maintenance.

In addition to providing gas flow to the weld pool, the gas dif-
fuser connects to the neck and carries the electrical current to
the contact tip. Loose connections between the diffuser and the
neck or between the diffuser and the contact tip can cause gas
leaks, and weld quality and equipment problems (related to poor
conductivity and built up electrical resistance). These compo
nents should be checked during nozzle changes and tightened
to the manufacturer’s specifications.

Many diffusers also use o-rings to seal in the shielding ga
like their counterparts at the back end of the gun, you sh
check these for cracks, cuts or other dama
move the nozzle and replace them as nece

weld pool. Spatter can build up ji
the gas flow, resulting in poros
problems related to inadequate
zle and nozzle insulator can also
ing out the built-up spatter.

ited while welding, you
times per day. A pair
or cleaning nozzles,
ed specifically for re-

The nozzle insulator pper or brass nozzle body
separate from the el consumable components, so
a damaged insulator could cause the nozzle to arc to the work-
piece. A visual inspection of the nozzle insulator is usually suf-
ficient to determine its condition. Damaged insulators require
replacement of the entire nozzle.

The contact tip is the final piece of the consumables set and
the last point of contact between the welding equipment and the
welding wire. As the wire passes through the contact tip, it can
erode the inside of the tip bore, leading to interruptions in the
electrical current and poor arc control. The tip can also become
covered with spatter and cause inadequate gas coverage.

Welding operators often wait to change the contact tip until a
weld problem develops. However, the time and cost to correct
a weld problem can be considerably greater than the time and
cost to inspect and replace the contact tip on a regular basis as
a standard maintenance procedure.

GMAW Welding Variables

The Gas Metal Arc Welding process requires a number of ele-
ments to work together to perform welding process. When
just one of the variables is out o stment the process may

Another very important thing to
nomenclature,shown in Figure 48. ese terms are
inology used to
ship between the nozzle, contact tip, elec-

The physical proximity

ity and the ability to deposit
the various modes of transfer

e GMAW gun nomenclature is pretty straight-forward
stration. However, to understand the terms used to
e relationships, some clarification is needed. We
8 contact tip, gas nozzle, workpiece, and electrode

Stickout - Stickout is the distance that the electrode
extends beyond the gas nozzle to the point where the
electrode melts off at the arc. It is NOT the distance from
the end of the contact tip to the point that the wire melts
off. The term stickout is often misused to describe elec-
trode extension or contact tip setback when the contact tip
actually extends past the nozzle rather than being flush or
recessed. If there is no nozzle, such as when performing
Self-Shielded Flux Cored Arc Welding (FCAW-S) then there
is essentially no stickout to measure.

¢ Electrode Extension - Electrode extension is the distance
from the end of the contact tip to the point where the wire
melts off at the arc. This is an important variable for the
operator to understand and monitor. The electrode exten-
sion length is critical to performing the GMAW transfer
mode correctly and it can be even more important for Flux
Cored Arc Welding as each FCAW wire specifies (on it’s
data sheet) the appropriate electrode extension.




This distance can have an effect on the resistance in the
circuit and cause the amperage to vary. Just as impor-
tantly, this resistance helps FCAW wires become slightly
“preheated” to ensure they perform as designed to pro-
duce the “alloyed” weld deposit. Shortening this distance
can make the amperage slightly increase and lengthening
this distance can cause the amperage to slightly decrease.
Having too long of an electrode extension can also con-
tribute to inadequate gas coverage, leading to porosity or
poor weld strength as the nozzle is too far away to ensure
proper shielding gas coverage.

Arc Length - Arc length is the distance from where the
electrode melts to the surface of the weld pool. Arc length
is controlled by the arc voltage. If the arc length is too

short the weld can have a crowned “rope” like appearance.

If the arc length is too long,porosity, underfill, and under-
cut can occur (Figure 58 on page 37).

Standoff Distance (Nozzle-to-Work Distance) - The noz-
zle-to-work distance is critical to ensure there is adequate

shielding gas for the weld pool. If the nozzle is too close it
can drag on the weld puddle as it solidifies and cause weld

defects. If the nozzle is too far away, inadequate shielding
can cause weld discontinuities that require rework.

Contact Tip to Work Distance - This measurement j
simply the total distance from the end of the con
the weld pool. It is the sum of electrode extension
length.

Contact Tip Sethack -
The distance from the
end of the nozzle to
the contact tip is called
contact tip setback. It
is also referred to as
tip recess. For GMAW
arc transfer modes

7 - A Tapered Nozzle
ontact Tip Setback
ended Past the Nozzle in a

; Pipe Groove.
nozzle. This ensures

adequate shieldi g the nozzle close to the weld
pool but creati er electrode extension required
to perform the transfer mode correctly. For short circuit
transfer where a 1/4 in. to 3/8 in. (6 to 10 mm) electrode
extension is required, the contact tip setback is usually
0in., or flush, to allow the nozzle to be close enough for
adequate gas coverage.

Sometimes the contact tip setback is actually not setback
in the nozzle it may extend past the nozzle slightly to get
the proper electrode extension for the root pass on groove
welds where the groove face helps to ensure adequate gas
shielding (Figure 47). This scenario is often referred to as
an extended tip.

Gas Nozzle
Contact Tip
. Electrode
Stickout Extension
Arc Length

Contact
Tip-to-Work
Distance

important to understand that these terms (as illustrated in
48) may appear to change when the tip is extended past
the nozzle. However the terms remain the same reguardless of
tip extension. Keeping these distances consistent will ensure
consistency in the arc and weld quality and are just as important
as things like wire feed speed and arc voltage.

Wire Feed Speed (Amperage)

Wire feed speed has a direct effect on welding amperage for
the semi-automatic GMAW process. Increasing wire feed speed
increases amperage and reducing wire feed speed will reduce
welding amperage. This phenomenon is explained by Ohm’s
Law as discussed on page 5. Increasing the wire feed speed
slightly decreases the resistance and causes the amperage to
increase. Decreasing the wire feed speed increases resistance,
slightly decreasing amperage. Wire feed speed is measured in
inches per minute (IPM or in./min) or as meters per minute (m/
min). Wire feed speed is also referred as WFS.






