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Welding

1.1 Introduction to Welding Processes

1.1.1 Definition and Classification of Welding Processes

Welding is essential for the manufacture of a range of engineering
components, which may vary from very large structures such as ships
and bridges to miniature components for microelectronic
appliwions.[']

Several alternative definitions are used to describe a weld, for
example: |
A union between two pieces of metal rendered* plastic or liquid by heat or
pressure or both. A filler metal” with a melting temperature of the same arder
of that of the parent metal* may or may not be used.

or alternatively:
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A localized coalescence* of metals or nonmetals produced either by heating the
materials to the welding temperature, with or without the application of
pressure, or by the application of pressure alone, with or without the use of a
filler metal.
Based on these definitions welding processes may be classified into
those which rely on the application of pressure and those which used
elevated temperatures to achieve the bond. The most important
processes are shown in figure 1.1.

- Shielded Metal Are
Gas Metal Arc
Gas Tungsten Arc
Plasma
| Flux Cared Arc
Submerged Arc
Electron Beam
“Laser
(RcsistamcSpot
Resistance Seam
Projection
Cold Pressure
Friction
Explosive
“Magnetically Impelled Arc Butt
Figure 1.1 Important welding processes

~Fusion Welding

Welding Processes<

“Welding with Pressure;

Key words:

render [4F, R 4] filler metal [FEEM ]

parent metal [#44] coalescence [454]

Note:

(1] REERS TRIRAENE PHR LT, KBIMLM FR, /D
RTINS
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Questions:

1) A filler metal must be used in a welding process. (T/F)
2) Welding processes can be classified into two groups according
to whether pressure is applied. (T/F)

1.1.2 Fusion Welding

The most widely used welding processes rely on fusion of the
components at the joint line. In fusion welding” , a heat source melts
the metal to form a bridge between the components.

A widely used heat source is electric arc, as shown in figure 1.2.

The molten metal must be
protected from the atmosphere—
absorption of oxygen and nitrogen
leads to a poor quality weld. Air in
the weld area can be replaced by a
gas which does not contaminate the
metal, or the weld can be covered
with a flux* . '

A large number of fusion
welding® processes and techniques
are available. No process is Faxe 1.2 Wodiog sec
universally best. Each has its own special attributes and must be
matched to the application. Choosing the most suitable process requires
consideration of a number of factors, including type of metal, type of
joint, material thickness, production constraints, equipment
availability, labour availability, labour costs, costs of consumables,
health, safety and the environment consideration.

Key words:
fusion welding [ 45 4k48 ] flux [ 857 ]
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1.1.2.1 Shielded Metal Arc Welding (SMAW) *
process, shown in figure 1.3, is also
known as manual metal arc welding
(MMA) in Europe.

It has for many years been one
of the most common techniques
applied to the fabrication of steels.
The process uses an arc as the heat
source and shielding is provided by
gascsl .i-:a:;dﬂt bzemodcdfﬁgm'clﬁﬂﬁddedmaalamwdding
coating material and by the slag” produced by the melting of mineral
constituents of the coating.!!! In addition to heating and melting the
parent material the arc also melts the core of the electrode and thereby
provides filler material for the joint* . The electrode coating may also
be used as a source of alloying elements and additional filler material .
The flux and electrode chemistry may be formulated to deposit wear-
and corrosion-resistant layers for surface protection.

Significant features of the process are:

(1) equipment requirements are simple;

(2) a large range of consumables are available;

(3) the process is extremely portable;

(4) the operating efficiency is low;

(5) it is labour intensive.

For these reasons the process has been traditionally used n
structural steel fabrication; shipbuilding and heavy engineering as well
as for small batch production and maintenance.
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Key words:

shielded metal arc welding (SMAW) [F T4 ]

electrode [#84%, Btk ] slag [#¥#&]  joint [#K]

Note: :

(1] ZTZRARIMMEA IR, bR KL B 5™ £ AR
T YT BLS HEALTE R i R BHR Y

Questions:

1) What are the features of the SMAW process?
2) How is the shielding realized in the SMAW process?

1.1.2.2 Gas Metal Arc Welding (GMAW) *

Gas metal arc welding, shown
in figure 1.4 and figure 1.5, is also
known as metal inert gas (MIG)*
or metal active gas ( MAG)*

Gas metal arc welding uses the
heat generated by an electric arc to
fuse the joint area. The arc is
formed between the tip of a
consumable” , continuously fed filler
wire and the workpiece and the
entire arc area is shielded by an inert gas. The principle of operation is
illustrated in figure 1.6. ’ :

Some of the more important features of the process are
summarized below:

(1) low heat input (compared with SMAW and SAW) ;

(2) continuous operation;

(3) high deposition rate;

(4) no heavy slag—reduced post-weld cleaning;

- Figure 1.4 Gas Metal Arc Welding
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(5) low hydrogen—reduces
risk of cold cracking.

Depending on the operating
mode of the process it may be
used at low currents for thin sheet
or positional welding.

The process is used for
joining plain carbon steel sheet
from 0.5 to 2 mm thick in the
following applications: automobile
bodies, exhaust systems, storage
tanks, tubular steel furniture, Figure 1.6 The operating principle of
heating and ventilating ducts. The 8 metal arc welding
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process is applied to positional welding” of thick plain carbon and low
alloy steels in the following areas: oil pipelines, marine structures and
carth-moving equipment. At higher currents high deposition rates may
be obtained and the process is used for downhand and horizontal-
vertical welds in a wide range of materials—include earth-moving
equipment, structural steelwork, weld surfacing with nickel or
chromium alloys, aluminum alloy. aryogenic vessels and military
vehicles.

Key words: -

gas metal arc welding (GMAW) [#8{bR KR 117 ]
metal inert gas (MIG) welding (/8 LR ¥R R 2]
metal active gas (MAG) welding [#81LBIEHESERTE]
consumable (4844 ]

positional welding (47 B8 ]

1.1.2.3 Gas Tungsten Arc Welding (GTAW) *

Gas tungsten arc welding, shown in figure 1.7, is also known as
tungsten inert gas (TIG) * welding in most of Europe.

In the gas ungsten arc welding process the heat generated by an
arc which is maintained between the workpiece and a non-consumable
tungsten electrode is used to fuse the joint area. The arc is sustained in
an inert gas which serves to protect the weld pool and the electrode
from atmospheric contamination. The principle of operation is
illustrated in figure 1.8.

The process has the following features:

(1) it is conducted in a chemically inert atmosphere;

(2) the arc energy density is relatively high;

(3) the process is very controllable;

(4) joint quality is usually high;
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TIG

TIG torch
Gas supply hose

Figure 1.7 GTAW system

(5) deposition rates and joint completion rates are low.

The process may be applied to the joining of a wide range of
engineering materials including stainless steel, aluminum alloys and
reactive metals such as titanjum. These features of the process lead to
its widespread application in the aerospace, nuclear reprocessing and
power generation industries as well as in the fabrication of chemical
process plant, food processing and brewing equipment.

Key words:
gas tungsten arc welding (GTAW) [t ARS R (BRENR)]
tungsten inext s (TIG) welding [ S5 BN SCHKAR S48 (B REIA) ]

Questions: .
1) What is the difference between GMAW process and GTAW

process?
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2) The GTAW process can be used to join titanium. (T/F)

1.1.2.4 Plasma Welding*

The arc used in TIG welding can be converted to a high energy
jet by forcing it through a small hole in a nozzle. This constricts the arc
and forms the plasma jet. Plasma welding uses the heat generated by
the constricted arc to fuse the joint area, and the arc is formed between
the tip of a non-consumable electrode and either the workpiece or the
constricting nozzle, as shown in figure 1.9. A wide range of shielding
gases are used depending on the mode of operation and the application.

Gas shroud

| Tungsten
Tungsten electrode
electrode Ity Plasma gas

!
Shielding gas %/’/ Shielding gas
Filler material \% H.

Finished N
weld

Figure 1.8 The operating prindple of Figure 1.9 Plasma welding
gas tungsten arc welding
In the normal transferred arc mode the arc is maintained between
the electrode and the workpiece; the electrode is usually the cathode
and the workpiece is connected to the positive side of the power
supply. In this mode a high energy density is achieved and the process
may be used effectively for welding.
Plasma welding relies on a special technique known as keyholing.
First a hole is pierced through the joint by the plasma arc. As the torch
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is moved along the joint, metal melts at the front of the hole, swirls to
the back and solidifies.

The features of the process depend on the operating mode and the
current, but in summary the plasma process has the following
characteristics:

(1) good low-current arc stability;

(2) improved directionality compared with TIG;

(3) improved melting efficiency compared with TIG;

(4) possibility of keyhole” welding.

These features of the process make it suitable for a range of
applications including the joining of very thin materials, the
encapsulation of electronic components and sensors, and high-speed
longitudinal welds on strip and pipe.

Key words:

plasma welding [ 43 71§ ] keyhole [#tA., /ML)
Questions:

1) What are the relationship and differences between plasma
welding and TIG welding?

2) A consumable electrode is used in plasma welding. (T/F)

1.1.2.5 Flux-cored Wire Welding (FCAW)

Flux-cored” wires consist of
a metal outer sheath filled with a
combination of mineral flux and
metal powders, as shown in figure g
1.10. The FCAW process is
operated in a similar manner to
GMAWwddmgmdhmkax 10 Construction of a flux-
is illustrated in figure 1. 11. The 4™ '

Outer metal sheath

Flux powdcr core_gfl
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—t+— Gas shroud
— Contact tip

Flux-cored wire
Gas and particulate

Solidified slag

on weld bead® Arc

Figure 1.11 Principle of operation of FCAW
@ O @ ® @ ()

Seamlesstube ~ Butt seam Joggle seam Complex
(may be ) section
copper-coated)

(a) Outer sheath (b) Flux powder

Figure 1.12 Alternative configurations of flux-cored wires
most common production technique used to produce the wire involves
folding a thin metal strip into a U shape, filling it with the flux
constituents, closing the U to form a circular section and reducing the
diameter of the tube by drawing or rolling!!. Alternative
configurations, shown in figure 1.12, may be produced by lapping or
folding the strip or the consumable may be made by filling a tube with



