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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
Series. 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

¢ [ntroduction To Welding
e Welding Safety

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

e (as Tungsten Arc Welding

e (Gas Metal Arc Welding

e Flux Cored Arc Welding

e Metal Cutting

¢ Troubleshooting Welding Pr
e Submerged Arc Welding

Filler Metals

Introduction To Met
Low Alloy Steel

eveloped to teach the skill of

S processes and related topics.
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Submerged Arc Welding Principles

Submerged Arc Welding (SAW) uses heat generated by an arc
formed when an electric current passes between a welding wire
and the workpiece. The tip of the welding wire, the arc, and the
weld joint are covered by a layer of granular flux. The heat gen-
erated by the arc melts the wire, the base metal and the flux.
The flux shields the molten pool from atmospheric contami-
nation, cleans impurities from the weld metal, and shapes the
weld bead. Depending on the design of the flux, it can also add
alloying elements to the weld metal to alter the chemical and
mechanical properties of the weld.

The American Welding Society defines Submerged Arc Weld-
ing (SAW) as “An arc welding process that uses an arc or arcs
between a bare metal electrode or electrodes and the weld pool.
The arc and molten metal are shielded by a blanket of granular
flux on the workpieces. The process is used without pressure
and with filler metal from the electrode and sometimes from a
supplemental source (welding rod, flux, or metal granules).”

A continuous consumable electrode is inserted into the flux that
covers the weld area and, when the arc starts, the base metal,
electrode, and the flux in the immediate vicinity of the arc mejs
to form a molten pool. Wire is continually fed into the arc anc
flux is steadily replenished. The melted flux forms a pr

weld. Pressure is not used, and filler metal is provided
electrode(s) and sometimes from a supplemental source

Solid Slag

Electrode Wire

Metal Droplets

The three main types of Submerged Arc Welding are automatic,
semiautomatic, and mechanized:

e Automatic welding - Welding with equipment which
performs the welding operation without adjustment of
controls by a welding operator. The equipment may or may
not perform the unloading and loading of the work.

e Semiautomatic welding - Arc welding with equipment
where one or more of the proce iables is controlled
automatically, such as the vol nd filler metal feed rate.

etc.

performs the entire welding 0
must be monitored by an indivi

Figure 2 — Automatic Welding System




When the process is performed correctly, Submerged Arc Weld-
ing produces welds with good ductility, high impact resistance
and uniform bead appearance. The weld’s mechanical properties
are at least equal to that of the base metal on a consistent ba-
sis. The base metal/filler metal dilution for single pass welds is
greater than multi-pass welds. Thus, the filler metal will have a
greater influence on the chemical and mechanical properties of
the deposited weld when using only a single pass. Because of
this, electrodes of the same chemical composition as the base
metal are not always used. Multi-pass welds, however, are less
affected by the base metal/filler metal dilution and rely more on
the combination of the electrode, flux, and welding conditions to
achieve acceptable results.

Commonly associated only with low carbon steel, Submerged
Arc Welding is used with other metals such as low alloy steel,
high carbon steel, stainless steel, nickel alloys, and many special
alloys for surfacing applications.

System Components

The basic welding equipment requirements for the Submerged
Arc Welding process are identified below and shown in Figure

Welding power source.
Control unit.
Manipular system to hold and move the welding
Filler metal supply.

Flux delivery system.

Welding head/torch with wire drive assembly.
Weld tooling/fixturing/positioner.

EMMOO®m>

Figure 3 — SAW System Components

.ﬁ':

merged Arc Welding

e

SAW Welding Power Sources
The Submerged Arc Weld-
ing power source is often
the first piece of equipment
selected. Because the pro-
cess is usually automated
or mechanized, the weld-
ing power sources must be
capable of achieving 100%
duty cycle at the required
welding output. (Duty cycle
is the number of minuteg
welding power source ca
operated at maximum ratet
output in a ten minute period
(see Figure 5.) The thickness

Minutes

For example a 60% Duty Cycle
At 800 ADC

Wk
J
Ul

4 Minutes Resting

Figure 5 — Duty Cycle Definition




Here are some guidelines to follow when making Submerged

Arc Welds on circumferential weldments:

Proper 0.D.
For outside diameter welds, position the wire/weld pool Displacement
ahead of the point to where the weld pool will travel uphill
to the vertical center line of the weldment. (For example,

if making a weld on a pipe, the puddle would be at the 11
o’clock position for a clockwise rotation and the weld pool
would be traveling to the 12 o’clock position as it solidi-
fies [Figure 47].) For outside diameter welds, angle the
electrode toward the direction of travel. The amount of
displacement from the center line (12 o’clock position) will
vary with each cylinder diameter (see Figure 46).

For inside diameter welds position the wire/weld pool
ahead of the point to where the weld pool will travel
downhill to the vertical center line of the weldment. (For
example, if making a weld on the inside of a pipe, the
puddle would be at the 5 o’clock position for a clockwise
rotation and the weld pool would be traveling to the 6
o’clock position as it solidifies [Figure 47].) For inside di-
ameter welds, angle the electrode away from the direction
of travel. The amount of displacement from the center line
(6 o’clock position) will vary with each cylinder diamete
(see Figure 46).

Limit bead sizes by reducing the amperage (wire
speed), reducing the voltage, using smaller diam
or using faster travel speeds. Small beads solidify
and the fused flux cools quicker for easier slag rem

Support the flux with flux dams or shi

Proper |.D.
Displaceme

Not Enough
Displacement

Not Enough :
Displacement

Small multiple passes j
ity of undercutting and
removal.

Too Much
Displacement

42in

1.751in. - 2 in. (44 mm - 50 mm)

Slag
48 in. - 72 in. (122€ 2in.-2.5in. (50 mm - 64 mm) runs
721in. + (183 cm +) 3in. (76 mm) ahead ([ oo Much
Figure 46 — Displacement From The 12 Or 6 0’Clock Center Displacement
Line For Circumferential Welds

Figure 47 — Torch Placement For Circumferential SAW






