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CHAPTER 1

GENERAL DESCRIPTION

1.1 METAL JOINING METHODS

The art ¢ joining metals is about 3000 yeaold. The origin of welding is
probably to be traced to the shaping of metals. In industry every worker is working for
changing the shape of metals by different methods and machifedding is a metal
joining method. Tk following methods are used for joining metals:

0] Soldering

This joint is made on thin metals using solder as a joining medium. The melting
point of solder is less than the metals to be joined. The joint can be opened by
heating upto the solder miely temperaturgbelow 400°C).

(i) Brazing

The joint is similar to soldering but has more strength. The joining medium used
is brass, which has a higher melting temperature than solder. The joint can also be
opened by heating upto the melting poinbrdss (8550°C)

(i) Welding

A metal joining method in which the joining edges are heated and fused together
with or without filler metal to form a permanent (homogeneous) bond is known as
welding

Or in other wordsif We |l di ng i s agtwaa n@epeced df thg o i n
same or dissimilar materials to achieve complete coalescence. This is the only
method of developing monolithic structures and it is often accomplished by the
use of heat and/or pressure.

1.2 COMPARISON BETWEEN WELDING AND OTHER METAL JOINING
METHODS

Joining methods like iveting, assembling with bolt, seaming, soldering and
brazing all result in temporary joints. Welding is the only method to join metals
permanently.

The temporary joints can be separated if:

- the head of theivet is cut

- nut of the bolt is unscrewed

- hook of the seam is opened

- more heat is given than that required for soldering and brazing.

Welded joints cannot be separated like soldering and brazing because it is made
homogeneous by heating and fusing theifa edges together.

Handbookon Welding Techniques Draft
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ADVANTAGES OF WELDING

Welding is superior to other metal joining methods because it:
- is a permanent pressure tight joint
- occupies less space
- gives more economy of material
- has less weight
- withstands high temperature and pressgeal to joined material
- can be done quickly
- gives no colour change to joints.
It is the strongest joint and any type of metal of any thickness can be joined.

DIFFERENT METHODS OF WELDING

Welding is a method of joining metals permanently. It is@eiemt method, about
1500 years old. The method used in ancient days was forge or blacksmith welding.

One of the methods of classifying welded joints is the method useffett the joint
between metal pieces. Accordingly the methods are:

- fusion method vthout pressure/ with pressure

- nonfusion method

Fusion welding without pressure

A method of welding in which similar and dissimilar metals are joined together
by melting and fusion their joining edges with or without the addition of filler nietal
without the application of any kind of pressure is known as fusion welditigput
pressure

The joint made is permanent. The common heat
sources are:

- arc welding
- gas welding
- chemical reaction (thermit welding)

..--_,—ﬁ_,
"WOOWNWY

Pressure welding

This is amethod of welding in which similar metals are joined together by
heating them to plastic or partially molten state and then joined by pressing or
hammering without the use of filler metal. This is fusion method of joining with pressure.

Heat source may bblacksmith forge (forge welding) or electric resistance (resistance
welding) or friction.

=~

/EATED TO RED HEAT

— e e
PRESSURE —__| == [~ PRESSURE
- S— P
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1.4.3 Non-fusion welding

This is a method in which similar or dissimilar metals are joined together without
melting the edges of the base metal by using ant@lting point filler rod but without the
application of pressure.

1.5 CLASSIFICATION OF WELDING PROCESSES ACCORDING TO HEAT
SOURCE

According to the sources of heat, welding processes can be broadly classified as:
- Electric welding processes (heat souscelectricity)
- Gas welding processes (heat source is gas flame)
- Other welding processes (heat source is neither electricity nor gas flame)

x  Electric welding processes can be classified as:
- Electric arc welding
- Electric resistance welding
- Laser welding
- Electron beam welding
- Induction welding

x  Electric arc welding can be further classified as:
- Metallic arc welding
- Carbon arc welding
- Atomic hydrogenarc welding
- Inert gas arc welding/ TIG welding
- COygas arc welding
- Flux cored arc welding
- Submerged arc weldin
- Electroslag welding
- Plasma arc welding

x  Electric resistance welding can be further classified as:
- Spot welding
- Seam welding
- Butt welding
- Flash butt welding
- Projection welding

x  Gas welding processes can be classified as:
- Oxy-acetylene gas welding
- Oxy-hydrogen gas welding
- Oxy-coal gas welding
- Oxy-liquefied petroleum gas welding
- Air acetylene gas welding

Handbookon Welding Techniques Draft
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X The other welding processes are:
- Thermit welding
- Forge welding
- Friction welding
- Ultrasonic welding
- Explosive welding
- Cold pressure welding
- Plastic welihg

CODES FOR WELDING PROCESSES

Code Welding process Code Welding process
AAW Air acetylene AHW Atomic hydrogen
BMAW Bare metal arc CAW Carbon arc

EBW Electron beam EGW Electro gas

ESW Electroslag FCAW Flux cored arc

FW Flash FLOW FLOW
GCAW Gas carbon arc GMAW Gas metal arc
GTAW Gas tungsten arc IW Induction

LBW Laser beam OAW Oxy-acetylene
OHW Oxy-hydrogen PAW Plasma arc

PGW Pressure gas RPW Resistance projectio
RSEW Resistance seam RSW Resistance spot
SAW Submerged arc SMAW Shielded mtal arc
SCAW Shielded carbon arc SW Stud arc

TW Thermit uw Ultrasonic

APPLICATIONS OF VARIOUS WELDING PROCESSES
1  Forge weldingis used in olden days for joining metals as a lap andjbutt.

1  Metallic arc welding is used for welding all ferrousnd norferrous metals using
consumable stick electrodes.

1 Carbon arc welding is used for welding all ferrous and néarrous metals using
electrodes and separate filler metal. But this is a slow welding process and so not
use nowa-days.

1 Submerged arc wéding is used for welding ferrous metals, thicker plates and for
moreproduction.

T CO, welding (gas metal arc welding)is used for welding ferrous metals using
continuously fed filler wire and shielding the weld metal and the arc by catibon
oxide gas.

1  TIG welding (inert gas arc welding)is used for welding ferrous metals, stainless
stee] aluminium and thin sheet metal welding.

1 Atomic hydrogen welding is used for welding all ferrous and néarrous metals
and the arc has a higher temperature than atltavelding processes.

Handbook on Welding Techniques
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1.8

Electro-slag weldingis used for welding very thick steel plates in one pass using
the resistancpropety of the flux material.

Plasma arc welding The arc has a very deep penetrating ability into the metals
welded and also the figsy is taking place in a very narrow zone of the joint.

Spot weldingis used for welding thin sheet metal as a lap joint in small spots by
using the resistance property of the metals being welded.

Seam weldingis used for welding thin skeés similar to spowelding. But adjacent
weld spots will be overlapping each other to get a continuous weld seam.

Projection welding is used to weld two plates one over the other on their surfaces
instead of the edges by making projection on one plate and pressingti@wther
flat surface. Each projection acts as a spot weld during welding.

Butt welding is used to join the ends of two heavy section rods/ blocks together to
lengthen it using the resistance property of the rods under contact.

Flash butt welding is usedto join heavy sections of rods/ blocks similar to butt
welding except that arc flashes are produced at the joining ends to melt them before
applying heavy pressure to join them.

Oxy-acetylene weldingis used to join different ferrous and négrrous metals
generally of 3nm thickness and below.

Oxy-other fuel gases welding Fuel gases like hydrogen, coal gdisjuefied
petroleum gas (LPG) are used along with oxygen to get a flame and melt the base
metal and filler rod. Since thiemperatures of these flamarelower than the oxy
acetylene flame, thesselding are used to weld metals where less heat input is
required.

Air -acetylene gas weldings used for solder, heating the job etc.

Induction welding is used to weld parts that are heated by electricatti@ucoils
like brazing of tool tips to the shank, joining flat rings etc.

Thermit welding is used for joining thick, heavy irregularly shaped rods, like rails,
etc using chemical heating process.

Friction welding is used to join the ends of large diametkafts etc. by generating
the required heat using the friction between their ends in contact with each other by
rotating one rod against the other rod.

STATES OF MATTER

There are three states of mag&istas:

A Solid
A Liquid
A Gas

In welding, a m&al to be welded will be in the solid state before weldidgring

welding the solid state changes to liquid state and at the end of the welding operation, the
liquid state again changes to solid state.

Handbookon Welding Techniques Draft
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1.9 COMMON METALS AND ALLOYS
Metals may be ferraj nonferrous metals and alloys.

Ferrous metalsare those which have iron as their badeey include iron and its alloys
such as steel, cast iron and alloy steels such as stainless steel etc.

Non-ferrous metalsdo not contain iron as basgéhey includecopper, aluminium, zinc,
tin etc and notferrous alloys.

Alloys

If two or more metals are chemically combined they forma#doy e.g. iron,
chromium nickel and arbon form an alloy called chromium nickel steel (stainless),
manganese, iron and carbfomm an alloy called manganese steel, copper and zinc form
an alloy called brass, copper and tin form an alloy called bronze, lead and tin form an
alloy called soft solder.

1.10 PROPERTIES OF METALS

Properties of metals can be classified mainly into:
1 Chemical properties
1 Physical properties
1 Mechanical properties

1.10.1 Chemical properties

Chemical propertiesare those which involve chemical effect such as:
1 Corrosion
T Oxidation
1 Reduction

Corrosion will spoil the metal surface due to the effect of was elements in the
atmosphere and water.

Oxidation is the formation of metal oxides which occur when oxygen combines with
metals.

Reductionrefers to the removal of oxygen from the surrounding molten puddle to reduce
the effect of atmospheric contamiiwet.

1.10.2 Physical properties

Physical properties are those, which affect metals when they are subjected to heat
generated by welding such as:

1 melting point

1 thermal conductivity
1 thermal expansion
f grain growth

Draft Handbook on Welding Techniques
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Melting point

Melting point is the degee of temperature, when a solid metal changes into liquid.
Melting pointsof some metals are given below:

1. Mild steel 1500 to 1530°C
2. Cast iron 1150°C

3. Copper 1083°C

4, Aluminium 659°C

5. Brass and bronze 850°G950°C

6. Zinc 419°C

7. Tin 232°C

8. Lead 327°C

9. Nickel 1452°C

10 Soft solder

(50% lead, 50% tin)

Thermal conductivity

Thermal conductivity is the rate at which a metal conducts heat to the adjacent area of
the heated jobCopper conducts heat faster than aluminiutuminium conducts heat
faster than iron.

Thermal expansion

Whenever metals are heated there will be increase in its dimensions due to their thermal
expansion property. Depending on the nature of metal, different anetkl have
different thermal expain.

Grain structure

Like salt or sugar, the metal is also a crystalline substance. In metals the crystals are
called grains. @ins are composed of atoms. Atonstructure determinethe grain
structure just as tharrangement of bricks determintdg shape of the buildingduring
welding (due to heating effect) the grain size increases resulting in the loss of strength.

1.10.3 Mechanical Properties

Mechanical propertieare those which determine the behavior of metals under applied
load such as:

1 Tensle strength
1 Ductility

1 Hardness

1 Toughness

1 Brittleness

Tensile strengthis the property of the metal whicksistsforces acting to pull it apart.

Ductility is the ability of the metal to stretch, bend or twist without breaking or cracking
or to draw inb fine wires.

Handbookon Welding Techniques Draft
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Hardness is the ability of the metal to withstand abrasions, cutting action by a tool.
Usually any hard metal will resist the compressive forces. Normally a hard metal will
also be brittle.

Toughnessis the ability of a metal to withstanddden force without breaking.

Brittleness is the property of the metal which is opposite of ductility and is applied to a
metal which cracks suddenly if placed pressure or load to bend or twist.

1.10.4 Effect of welding heat on the properties of metals

During welding the properties of the weld metal may be affected.
1 Important alloying elements may be destroyed.
1 Brittle, hard or cracked welds may be produced.
1 There may be reduction in the corrosion resistance properties of the welds.
T Main properties oftie base metal and weld metal will get affected

1.11 EFFECT OF ATMOSPHERIC AIR ON WELDING

The atmospheric air is a gaseous mixture of mainly nitrogen and oxygen, with
some other gases like hydrogen, etc. in small percentages.

Since the atmospheric apbntains 21% of oxygen, whenever a red hot or molten
iron comes in contact with atmospheric air the metal gets oxidized.

Oxygen contamination i.e. oxidation will reduce the mechanical properties of the
weld metal. In other words the tensile strength,gtoess and ductility of the weld
decrease with increased oxygen contamination.

The nitrogen injected into the weld pool, during the solidification of the weld
metal, forms bubbles and results in the formation of gas porosity in the weld metal. This
redues the strength of the joint. In addition, the atmospheric nitrogen will combine with
the molten metal and the weld hardened due to the formation of iron nitride. For the
above reason the weld metal must be protected from the atmospheric contamination
either by using suitable flux or with insert gas shielding.

If there is more moisture (water) present in the atmospheric air (particularly
during rainy and winter season) the iron gets oxidized (i.e. rusted) due to long storage.

The formation of oxides anditrides due to the contact of atmospheric air with
the molten metal is also called @snospheric contamination

Effects of oxidation

During the welding process the combination of a metal with oxygen (oxide) may cause
the following effects:

i. Produce lbw holes in the weld beads.

il. Produce oxides which are having a higher melting point than that of the surrounding
metals. This will form solid particles (oxide inclusions) in the weld metal in the case
of nonferrous metals.

Draft Handbook on Welding Techniques
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iii. Produce oxides which will dissa in the molten metal and make the metal brittle
and weak.
iv. The oxides of wrought iron and steel melt at a temperature lower than that of the
parent metal, and being light, float to the surface as a scale.

If care is taken in the welding process, the odes will not cause trouble
during welding.

There are some effects of oxidation on the filler rods, powder type fluxes used in
gas welding and on the electrode core wire and the flux coated on them. If proper care is
not taken to protect the filler rodfluxes and M.S. coated electrodes to store them
properly, they will get rusted. The fluxes will pick up moisture from the wet atmosphere
and will become useless/ deteriorated.

However, the oxidation of metals has also certain useful effects i.e. a sifeam
pure oxygen if applied (used) on a red hot mild steel plate through a nozzle, the plate will
get cut into 2 pieces. Hence the principleogidation is effectively used in Gas cutting
and gouging of mild steel.

1.12 TYPES OF WELDS

To get differentwelding joints the following types of weld are used:
1 Bead weld
1 Groove or butt weld
1 Fillet weld
1 Plug or slot weld

1.12.1 Bead weld

Bead weldis a type of weld composed of one or mo /\’5‘:\
stringer or weave beads deposited on an unbroken sui 9;@:5@5:3{/,

to obtain thedesired properties and dimensions. [</ -
g
s L

Butt weld or groove weldis a weld made in the groove between two members to be
joined as butt joint. Groove welds are also done on T fillet joints if the plate thickness is
more than 12mm.

1.12.2 Butt weld or groove weld

TOE

=

I
R REMORC&MENT
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ROOT PENFTRATINN
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1.12.3 Fillet welds

Fillet weld is a weld, having a triangular cressction, joining two surfaces at right
angle to each other such as:

1 Lap joint

1 Tee joint

1 Corner joint

=
-
T >
= i
',U "/
m e ;
LAP JOINT CORNER JOINT o g
e
-l
; g WELD FAGE
f / W TOE
Eijéﬁ NN
ORI . \
LEG LENGTH \)A(.HJAL THROAT
I THICKNESS
[ty We—
TEE JOINT
FILLET WELDS

1.12.4 Plug or slot welds

Plug or slot weldsare weld used to join two ovdapping pieces of metal by welding
through circular holes or slots. These welds are often used in the place of rivets.

Draft Handbook on Welding Techniques
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CHAPTER 2

ELECTRIC WELDING PROCESSES

2.1 ELECTRIC WELDING

This is a process of welding in which the heagrgy is obtained from electricity.

Formula for converting electrical energy to heat energy

H=I°RT
Where
H I's the amount of heat
I is the amount of current passingamps.
R is the resistance of medium in ohms.
T is thetime during which the current flows.

This is useful only in the resistance welding process.

2.2 TYPES OF ELECTRIC WELDING
There are mialy two types of electric weldingrocesssclassified as follows:
0] Electric arc welding

It is a fusionwelding (non

. . SOURCE /
pressure) process in which th ‘

11

produced

ELECTRODE
HOLDER

welding heat is obtained from a
arc, formed between ai

connected to a suitable weldin
machine.

(i) Electric resistance welding

It is a pressurevelding process in
which the heats obtained by passing
a heavy momentary electric currel
through  the inherent electric,

|\(.uu-'(ru|

electrode and the welding jol l\_[ A

OF GROUND CABLE )
EARCTRIC | [ LTL -
ELECTRODE
Y -
-—-{:wol(h ] l
_‘.- . - -
N 0d
e ELECTRODE CARLE

SIMPLE WELDING CIRCUIT

PRESSURE

|

HEAT PRODUCNG
ELECTRIC CURREN]

resistance of the joint to be welde(~
When the joint reaches a plastic sta
sufficient pressure is applied t
produce fusion and get
homogeneous weld.
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12 CAMTECH/E/8-15/Welding/1.0
2.3 ELECTRIC ARC WELDING

Electric arc is formed when both the terminals of an electric circuit are brought
together and then separated by a small 9&men high current passes thgh an air gap
from one conductaio another, it produces very intense and conceititaat in the form
of a spark. The temperature of this spark (or arc) is app. 3600°C, which can melt and fuse
the metal very quickly to produce a homogeneous Wiéld.typesof electric arc welding

are as follow.
2.3.1 Metallic arc welding pae

This is an arc wkling process in which the ;
welding heat is obtained from an arc, formed betwe | L [2]"
a metallic (consumableglectrodeand welding job.
The metal electrodenelts itself and acts as a filler
metal. ARC WELDING

1 ~=——— DIRECTION OF TRAVEL

2.3.2 Carbon arc welding

ARC FLAME

Here the arc is formed betweercarbon ARC STREAM =

electrode (noftonsumable) and the welding jot

A separate filler rod is used since the carb
electrode is a nemetal and will not melt.

ELECTROOE

FILER ROD —

;A
AaODQR :
&\&&R}\\\ NN

CARBON ARC WELDING

12
2.3.3 Atomic hydrogen arc welding

In this process the arc is formed betwe | uosmen
two tungsten electrodes;n an atmosphere o FEETROOES
hydrogen gasThe welding job remins out of s
the welding circuit and @eparate filler rod is oassmeio-
used to add the filler metal.

WELDS MADE
WITH OR WTHOUT
FILLER ROO

HEAT ZONE

ATOMIC HYDROGEN WELDING PROCESS

2.3.4 Tungsten inert gas arc welding (TIG)
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In this processthe arc is formed between the tungstencteteles (non
consumable) and the welding job in an atmosphere of an inert gas (argon or h&lium).
separate filler rod is used to add the filler metdlis process is also called gas tungsten

arc welding (GTAW) process.
g 13
TORCH ==

ARGON GAS

ELECTRODE

SUPPLY _/ ' I
POWER
SUPPLY

2.3.5 Gas metal arc velding (GMAW) or Metal inert gas arc welding (MIG)

In this process the arc is formed between a continuous, automatically fed, metallic
consumable electrode and welding job in an atmosphere of inert gas, and hence this is
called metal inert gas arc weldi (MIG) process.

L CONTROL SYSTEM — _~ FEED CONTROL
N 2

g O

GAS OUT —,

GUN CONTROL

- GAS IN L :Q
I / b
AN
- VOLTAGE
(' CONTROL,
f ) 3 ’ - SHIELDING
0 (O /o
\ I CYLNDER
- PR cooumen
- # 090
\ e -
\— EARTH CAILE /\ ? T N
CONTRACTOR CONTROL =" p

When the inert gas is replaced bgrbon dioxide then it is calledCO, arc
welding ormetal active gas (MAG)arc welding.

The common name for this process is gas metal arc welGiAW).

2.3.6 Submerged arc welding

Handbookon Welding Techniques Draft
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In this pro@ssthe arc is formed between a continuous, automatically fed, metallic
consumable electrode and the welding job under a heap of powdered/ granulated flux.
The arc s totally submerged in the fluxn{risible).

HAND HELD -
GUN —

AN

2.3.7 Electro-slag welding

The arc is formed between a continuous,

WIRE FEED AND HORIZONTAL

MOVED P AS THE SH0ES automatically fed, metallic consumable
; \”‘“"’“"" electrode and the welding job under a thick pool
\ /" whourceeen  Of mplten qu>§ (sIag).This automatic process
" T requires special equipment and is used only in
i A\/“ vertical position for the weldingf heavy thick

MOLTEN FLUX —~_ ) plates.

AND SLAG P

MOLTEN WELD

METAL

WELD METAL —_«

| A COOUING 7 £~ WELDING POWER SUPPLY(0.C.)
\l/-/ = SLIDING ;'. / HIGH FREQUENCY GENERATOR
COPPER SHOE / /
L o = TUNGSTLN ELECTROOE
2.3.8 Plasma arc welding L [ o oS PLASMA
In this process the arc is forme S

between a tungsten electrode and the weld - BELONG

job in an atmosphere of plasff@ming gas

nitrogen, hydrogen and argom separate ~ CERAMIC

filler rod is used to add thellér metal in the

joint, if necessary. But normally no filler roc

is used - ORIFICE

. I —

. . . . PLASMA ARC WEL
The process is similar to TIG welding — . ronasveTm

Plasma cutting is used to cut Rfamrous metals and alloys successfully and quickly.
2.4 SHIELDED METAL ARC WELDING (SMAW)
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2.4.1 SalientFeatures

1 Itis an arc welding process in which the heat required for the welding comes from
an electric arc.

1 The electric arc develops when electricity jumps across an air gap (ionization of air)
between the end of the metallic electrode and the weldingydface.

1 The metallic electrode is generally coated with a flux which is consumable.

1 The arc created due to the ionization of air between the electrode tip and the base
metal generates an intense arc heat having a temperature between88007C.

1 The welding current is provided by an AC or DC machine.

1 The intense heat of the arc melts a small portion (molten pool) on the job directly
under the arc and at the end of the electrode instantaneously.

1 The melted electrode fuses into the molten pool of thelimglijob and produces a
homogeneous weld on cooling.

1 The flux coating on the electrod’
also melts and provides a gaseo
shield around the arc which protec eicrrooe wire —
the molten metal from atmospheri :
contamination.Hence this is called arc sirean
shielded metal arc welding
(SMAW).

1  The welding speed and feed of tf
electrode is controlled manually b
the welder himself. So it imlso [
called manual metal arc welding /

(MMAW) . = BASE METAL

\\ =~ FLUX COVERING

~ GASEOUS
SHIELD

2 .
O
o
$
=
o

1  When the weld metal solidifies, the slag (of flux coating) gets deposited on its
surface as it is lightehan the metal and the weld metal is allowed to cool gradually
and slowly.

2.4.2 Advantages

The process is widely used because of the following ddgas:

All kinds of light and heavy gauge metals can be welded.

It can be used for fabrication, congtion as well as maintenance works.

All types of metals (ferrous, neferrous and alloys) can be welded.

It permits a skilled operator to perform the welding operation quickly and easily.
It is more suitable for short length welds.

It is lessexpensive thathe other processes.

= =/ =4 =4 -4 A -2

It is less sensitive to weld than the other arc welding processes.

1 It is portable.
2.4.3 Limitations
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T Less metal is deposited per hour and so mainbe used for heavy fabrication
welding.
1 Requires more welders to be employed.

1 Controling the distortion is difficult.

1 Continuous and automatic welding is not possible due to the specific length of the
electrode.

T More strain to the welder.

Applications

1 It is used for welding thin gauge as well as thick gauge metals in small and

medum scale industries.

1 Used in welding bridges, bus bodies, domestic items like grills for gate, windows,
doors chairs and tables.

1 Used in welding roof structures for workshops, broken and cracked castings,
water and oil tanks.

1 Whenever welding is done irutdoor work, this process is very useful as a diesel
generator welding set can be used.

1 This process is used for reconditioning, hard facing, rectifying broken parts and
repair welding.

ARC LENGTH

It is the straight distance between the electrodeutigh the job surface when the arc is
formed.There are three types of arc lengths

- Medium or normal
- Long
- Short

Medium, normal arc 1

The correct arc length or normal arc length
approximately equal to the diameter of the core w 1 K
of the electrodeThis is a stable arc producing steac
sharp cracking sound and causing:

- Even burning of the electrode
- Reduction in spatters
- Correct fusion and penetration

- Correct metal deposition a2 NORMAL
_,: [ PENETRATION
It is used to weld mild steel using a mediu o0 .
coated electrode. It can be uded the final covering ' 1

run to avoid undercut and excessive convex fill
reinforcement. NORMAL ARC LENGTH
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3.4.2 Long arc

If the distance between the tip of tr

electrode and the base metal is more than
diameter of the core wire it is called a lor
arc.It makes a hummiyg sound causing:

restarting the arc and while withdrawing tt
electrode at the end of a bead atfter filling tl
crater. Generally long arc is to be avoided

unstable arc

oxidation of weld metal
poor fusion and penetration
poor control of molten metal

more spatters, indicating wastage
electrode metal.

It is used in plug and slot welding, fo

17

J WIDE HEAD
o
- it N
r— LESS
- ity PENETRATION

it will give a defective weld.

3.4.3 Short arc

If the distance between the tip of ttF

electrode and the base metal is less than tmeadex
of the core wire, it9 called a short ardt makes a
popping sound causing:

the electrode melting fastly and trying to free
with the job

higher metal with narrow width bead
less spatters
more fusion and penetration.

It is used for root runs to get good roi

penetration, dr positional welding and while using
heavy coated electrode, low hydrogen, iron, pow:
and deep penetration electrode.

2.6 SAFETY IN MANUAL METAL ARC WELDING

LONG ARC LENGTH

L<d NARROW BEAD

SHORT ARC LENGTH

During arc welding the welder is exposed to hazards such injury due to harmful
rays (ultraviolet and infra red rays) of the arc, burns due to excessive heat from the arc
and contact with hot jobs, electric shock, toxic fumes, flying hot spatters and slag
particles and objects falling on the feet.

The following safety apparels and accessorresused to protect the welder and other
persons working near the welding area from the above mentioned hazards.

1. Safety apparels

a. Leather apron

b. Leather gloves

c. Leather cape with sleeves
d. Industrial safety shoes

Handbookon Welding Techniques
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2. Hand screen

a Adjustable helmet

b. Portable fie proof canvas screens
3. Chipping/ grinding goggles
4. Respirator and exhaust ducting

2.6.1 Safety apparels

The leather apron, gloves, cape with sleeves and leg guard are used to protect the
body, hands, arms, neck and chest of the welder frorhgheradiation and hot spatters
from the arc and also from the hot slag particles flying from the weld joint during
chipping off the solidified slag.

yv
ADJUSTABLE HELMET

ELECTRODE —

LEATHER CAFE
WITH SLEEVE —_

ELECTRODE
HOLDER

LEATHER GLOVES

LEATHER APRON —

CAPE WITH SLEEVES

FALLING OBJECTS
CRUSH TOECaAP
CUTS AT ANKLE LEVEL

All the above safety apparels should n
be loose while wearing them and suitabize has

SOLE PENETRATED BY

to be selected by the welder. SANRP OBIECT

ORDINARY $SHOES OFFER NO PROTECTION
KSTEELYOEW
The industrial safety boot is used to ava
slipping, injury to the toes and ankle of the foot.

It also protects the welder from th \— HIGH ELIP, OlL RESISTANT
. . . / AND ELECTRIC SHOCK PROOF SOLE
electric shock as the sole of the shoe is speci L sres mves soce
made of shock resistamtaterial. T o

STOUT LEATHER PREVENTS
INJURY TO THE ANCHILIES TENDON
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2.62 Welding hand screens and helmet

N —

These are used to protect the eyes ¢ /\ >

face of a welder from arc radiation and spar |‘ = ‘—"" 1 —3
during arc welding. l | [T’f }

| | (7

| t\l ,}

A hand screen is designed to hold in ha \
A helmet screen is designed to wear on the he \\
It provides better protection and allows tf \

l
welder to use his both hands freely. \L~

o

HAND SCREEN

Screens are made of nogflective, non
flammable, insulated, dull coloured, light materi
with coloured (filter) glasses fitted with plail
glasses on both sides to see tleeaard molten pool
while welding.Clear glasses are fitted on each si
of the coloured glass to protect it from hae ‘-
spatters.

Coloured (filter) glasses are made
various shades depending tme welding current
ranges used as given below:

WELDING HELMET

Recommendaion of filter glasses for manual metal arc welding

Shade No. of coloured glass Range of welding current in ampers

8-9 Upto 100
10-11 100 to 300
12-14 Above 300

Portable fire proof canvas screensare used to protect the persons who work
near the wieling area from arc flashes.

Ig 11

PORTABLE FIREPROOF CANVAS SCREENING
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Plain gogglesare used to protect the eyes whi R AT e
chipping the slag orgrinding the job. It is made of ,,1,5;;.""' ~
Bakelite frame fitted with clear glasses and an ela: <\
band to hold it securely on the operators heads | "f;‘ o
designed for comfortable fit, proper ventilation and fi s=#<%.7”
protection from all sides A\,

ARC WELDING ACCESSORIES

Some very important items used by a welder with an arc welding machine during
the welding operation, are called arc welding accessori

Electrode-holder
It is a clamping device used to grip ar S

manipulate the electrode during arc welding. “S_=_" ‘\
) Y, \/
is made of copper/ copper alloy for bett

electrical conductivity. Partially or fully \\
insuated holders are made in various sizes i

200-300-500 amps.

The electrodéolder is connected to welding
machine by a welding cable.

ELECTRODE HOLDER

Earth Clamp SCAEW CLAMP

, / 7+ CABLE

It is used to connecthe earth cables

firmly to the job or welding table. It is alsc

made of copper/ copper alloyScrew or spring

loaded arth clamps are made in various siz
i.e. 200300500 amps.

| SPRING LOAL lFf)'"LI\MI‘

CABLE
WORK CADLE ATTACHMENTS

Welding cables/ leads

Theseare used tearrythe welding current from the welding machine to the work
and backThe lead from the welding machine to the electrbaleer is callecelectrode
cable andhe lead from the work or job through the earth clamp to the welding machine
is called earth (ground) cable.

Cables are made of super flexible rubber insulation, having fine copper wires and
woven fabr¢ reinforcing layers.Welding cales are made in various sizes (cross
sections) i.e. 300, 400, 600 amps etc.

The same size welding cables must be used for the electrode and the job.The

cable connection must be made with suitable cable attachments {logsg joints or
bad contacts ecese overheating of the cables.
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2.8
2.8.1

2.8.2

MATERIAL PREPARATION METHOD
Cutting

Cutting and preparing the base metal to the required dimensions from the original
material available is necessary before welding tH2ifferent methods used to cut metals
are:

By chiseling the sheets

By hacksawing

By shearing using hand lever shear
By using guillotine shear

By gas cutting

agrODdDE

For thin sheets the first 4 methods are used. For thick materials method 2, 4 and 5
are used.

Tools and equipments used to cut atet

1. Cold chisel

Hacksaw with frame

Hand lever shear
Guillotine shear
Oxy-acetylene cutting torch

ok DN

The cut edges of the sheet or plate are to be filed to removed burrs and to make
the edges to be square (at 90° angle) with each other. For ferrous laiets)| which are
more than 3mm thick, the edges can be prepared by grinding them on a bench/ pedestal
grinding machine.

Cleaning

The base metals before cutting them to size will have impurities like dirt, oil,
paint, water and surface oxides, due togl@torage.These impurities will affect the
welding and will create some defects in the welded jdat.in order to get a strong
welded joint, it is necessary to clean the surfaces to be joined and remove the dirt, oil,
paint, water, surface oxide etcoin the joining surfaces before welding.

Importance of cleaning

The basic requirement of any welding process is to clean the joining edges before
welding. The joining edges or surfaces may have oil, paint, grease, rust, moisture, scale
or any other forign matter. If these contaminants are not removed the weld will become
porous, brittle and wéa The success of welding depends largely on the conditions of the
surface to be joined before welding.

Methods of cleaning

Chemical cleaningincludes washinghe joining surface with solvents of diluted
hydrochloric acid to remove oil, grease, paint etc.

Mechanical cleaning includes wire brushing, grindindiling, sand blasting,
scraping, machining or rubbing with emery paper.

For cleaningferrous metalsa carbon steel wire brush is used. For cleaning
stainless and neferrous metals, a stainless steel wire brush is used.
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2.9 OPEN CIRCUIT VOLTAGE AND ARC VOLTAGE

Figuregiven belowshows an electric circuit used in arc welding. After switching
on the weldng machine, when there is no arc created/ struck between the electrode tip
and the base metal then the voltage AVO0 s
AOpen circuit voltaged The value of this open circuit voltage will vary from 60V to
110V degnding on the type of machine.

After switching on the welding machine, if the arc is struck/ eebetween the

tip of the electrode and the base metal th
circuitArécvltage@m.l | ed A
mi::ow(e; MACHINE ELECTROOE
HIN
= Lyl -
1 T4 i - /
C‘b\ :aaseuem C\JP\ :aASEMETAL
\voum \voummn
OPEN CIRCUIT VOLTAGE ARC VOLTAGE
The value of this arc voltage will vary from 18V to 55V depending on the type of
machine.

2.10 POLARITY IN DC ARC WELDING
2.10.1 Importance of polarity in welding

In DC welding 2/3 of the heat liberated from the positive end and 1/3 from the negative
end.To have this advantage of unequal heat distribution in the electrode and base metal,
the polarity is an important factor for successful welding.

In AC, the polarity can not be utilized as the power source changes its poles
frequently.

Kinds of polarityaretwo:

- Straight polarity or electrode negative (DCEN).

- Reverse polarity or electrode positive (DCEP).

M Straight polarity (DCEN)

In straight polarity the electrode is connected to the negative and the work to the

positive terminal of the power source.
r - CABLE

Straight polarity is used for: AL

D.C WELDING —,

- welding with bare light coated ant gagumn oo s

medium coated electrodes CLAMP

- welding the thicker sections in dow e

hand position to obtain more bas
metal fusion and penetration.

\ ELECTRODE

ELECTRODE NEGATIVE OR STRAIGHT POLARITY (DCEN)
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(i) Reverse polarity (DCEP)

In reverse polarity the elecule is connected to the positive and the work to the

negative terminal of the power source.

Reverse polarity is used for: |8  CABLE

welding of norferrous metals A
welding of cast iron

. . GROUND D.C. WELDING ——~__ o
welding with heavy and super cuawe— GENEIATOR
heavy coated electrodes \ ——
> ®

welding in horizontal, vertal and
overhead positions

sheet metal welding.

\— ELECTROOE

ELECTRODE POSITIVE OR REVERSE POLARITY (DCEP)
DC is preferred to AC for

hard facing and stainless steel welding.

Choice of the polarity also depends on the instruction of the electrode

manufacturers.

In order to get the best resulis is essentiato attach the electrode with the

correct terminal of the welding machine.

2.10.2 Indication of wrong polarity

If the electrode is used on wrong polarity it will result in:

excess spatter and poor penetration

improper fusion of the electrode

heavy brevnish deposition on the face of the weld metal

difficulty in manipulation of the arc

abnormal sound of the arc

poor weld bead appearance with surface defects and more spatter.

2.11 MILD STEEL WELDING ELECTRODES

2.11.1 Electrode sizes

The electrode sizeefers to the diameter of its core wire. Each electrode has a

certain current range. The welding current increases with the electrode size (diameter).

Electrode size Electrode size
1.6mm 5.0mm
2.0mm 6.0mm
2.5mm 6.3mm
3.15mm 8.0mm
4.0mm 10.0mm

Standard length of electrodes

The electrodes are manufactured in two different len@®,0r 450mm
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2.11.2 Functions of an electrodan shieldedmetal arc welding SMAW)

There aretwo main functions of an electrodeshielded metal arc welding

-  The ore wire conducts the electric current from the electrode holder to the base

metal through the arc.
- It deposits weld metal across the arc onto the base metal.

11 [ METAL CORE
ELECTRODE - T,
CURRENT FLOW FLUX
BETWEEN
ELECTRODE AND
PARENT METAL

SLOWER
MELTING

/
/ TN FLUK DIRECTS
/ yi ARC STREAM

PARENT METAL / //
/

The flux covering melts at a slower rate than the metal core and a cumeifat the tip
of the electrode which helps to direct the molegtalto the required spot.

2.11.3 Identification of Electrodes

For easy identification and selection of a suitable arc welding electrode for
welding mild steel plates, the electrodes@ded by Bureau of Indian Standa(8sl.S).
According to the B.l.Sthe electrodes to be used for welding mild steel for training a
beginner is coded as ER4211.

The classification for the electrode ER4211 is given below for easy
understanding:

E =Flux coated or covered electrode

R =Type of flux covering (Rutile)
4 = Strength of the joint (UTS 410510 N/nnf and YS= 330N/nnf min.

2 =Elongation and impact properties of the weld
(Elongation = 22% min. and impact = 47 J min. at 0°C)

1 =Weldingposition (all position) welding can lone in all positions
1 =Welding current and voltage conditions. This means that for DC welding, the
electrode can be connected to the +véwar terminal. For AC welding, the

open circuit voltage should be 50 wlt
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2.11.4 Types of electrodes
Electric arc welding electrodes aregenerally followingthree types

(1) Carbon electrodes
(i) Bare electrodes
(i)  Flux coated electrodes

Carbon electrodesare used in the carbon arc welding process. The arc &edre
between the carbon electrode and the job. The arc melts a small pool in the job and filler

metal is added by using a separate rod.

Normally the carbon arc has very little use of welding. Its main applicationcisttimg
andgougingoperations.

/ "/ ‘ ///
',"//' //: P v /
V557 ///

CARBON ARC PROCESS

Bare electrodesare also used in some arc welding processes. An inert gas is used to
shield the molten weld metal and prevent it from absorbing oxygen and nitrogen. Filler
metal is separately added through a filler rod. Usualgstenis usedas one of the bare

wire electrode. In O, welding and submerged arc welding processesniltesteel bare

wire electrode is also used as a filler wire.

INERT GAS

SHIELD BARE METAL

ELECTRODE
METAL
FILLER ROD

DEPOSITED
WELD METAL

WELD POOL

PROCESS USING BARE ELECTRODE & GASEOUS SHIELD
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Flux coated electrods are used in the manual metal arc welding process for welding
ferrous and notferrous metals.The composition of coating provides the flux, the
protective shield around the arc and a protective slag which forms over the deposited
weld metal during cooling.

MOLTEN METAL —
DROPLETS

GASEOUS —
DEPOSITED SHIELD |
WELD METAL - \

— COATED
ELECTROCE

)

PROCESS USING FLUX COATED ELECTRODE

2.12 FLUX COATED ELECTRODES

Flux coated electibes

1. Light coated 1. Nonferrous.
2. Medium coated 2. Cast iron.
3. Heavy coateetlectrodes 3. Alloy steel and mild

steel electrodes.

2.12.1  Merits of Flux coated electrodes

A good quality weld is made.

The arc remains stable.

The weld penetrates into the job.

The slag produced during welding redsidbe cooling rate of the weld
metal.

= 4 4 =

Low oxidation.

Protect the weld metal to become brittle.
Overhead and verticaleldingis easy.

The spatter loss is low and the bead remaingclhed.

= =4 4 A
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2.12.2 Coating factor
The ratio of electrode dia to the core wire dia is called coasting factor.

Total dia of an electrode

Coating factor =
Core dia of an electrode

a) Light coated electrode coating factor = 1.24 approx.

b) Medium coated electrode coating factor = 1.44 approx.

c¢) Heavy coated electroamating factor =1.6t02.2
2.12.3 Types of material used in flux coated electrode

1.  Ferrosilicon or Ferremanganese for dexidation of the molten pool.
2. Magnesiunsilicate, Btassium silicate and Calcium carbonate for obtaining a

stable arc.

3. Aluminium silicate, Sodium silicate and magnesium silicate for producing a
slag.

4.  Wooden sawdust, Cellulose, Calcium carbonate for covering arc.

5. Ironfillings for obtaining a fine arc anghiform bead.

2.12.4 Electrode coding
At present three methods are &ectrode coding:

1. B.S. or BEAMA (British standard or British electrical and Allied Manufacturing
Association) method.

2. AW.S. or A.S.T.M. (American Welding Society or American ®bgiof Testing
Material) method.

3. I.S. (Indian Standard) method.
2.13 WELDING MACHINES (POWER SOURCES)

The basic requirements for any arc welding power sourchigineamperages for
welding and relatively low voltage The first commercially made availa&blwelding
power source is thevelding transformer. The commonly used arc welding power
sources are as given here.

2.13.1 Welding transformer

Welding transformer, basically steps down the voltage & hence the output is low
voltage high current AC supply. As tbhetput is AC, it has a sinusoidal wave form. Due
to its design, it has a lot of circuit power losses like hysterical losses. Thus a welding
transformer operates at low efficiency & hence has a low power factor.

Disadvantagesof welding with transformempower sources are that with the
sinusoidal wave output the current crosses the zero mark twice in a cycle which means
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that the arc distinguishes 100 times a second. This produces higspagtier. There is

high peak to peak current variation which causesunstable arc The machine
consumes high power during welding & also when machine is ON. The machine is very
economicalfor capital investment but the running costs are very high.

For MMAW & TIG welding processes constant current (CC Type) welding
trarsformers are designed. These are available in air cooled & oil cooled versions. The
machines are also available in single phase & three phadelsrfoom a range of 156A
600A. Welding transformers are also available for aluminium TIG welding as it offers
AC output.

These transformers are used by small time fabricators & also by process
industries where welding is done for maintenance purposes. However, nowadays
rectifiers & inverters are replacing the transformers.

2.13.2 Welding Rectifiers

Welding retifier provides a DC output by rectifying the low voltage high current
AC output obtained from the step down transformer. The output is DC which has a ripple
in the DC wave form. With the improvement in transformer design & PCB circuit
controls, the rectiér could offer an improved welding quality & better electrical
efficiency.

Rectifiers offer a more stable arc & the spatter is considerably low. Even though it
has a DC output, the AC content of the sinusoidal wave is imposed in the output as
ripples. Hbwever, the response time is slow & the output is dependent on the input
variations. The machine consumes high power due to its moderate efficiency & power
factor.

Welding rectifiers are used for MIG/ MAG, MMAW & TIG welding processes. It
is available inconstant current (CC Type) and constant voltage (CV Type) power
sources. The machines are available in single phase & three phase madedsrénoge
of 150AT 1200A. The constant curretype of rectifiers can be used for rutile &s@a
coated electrodesThe constant voltagipe of rectifier is used as MIG/ MAG power
sources.

Rectifiersare very popular and used by most of the fabricators in the field of
automobile, ship building, construction machinery. etc

2.13.3 Welding Generator

Draft

Welding genertor delivers a pure DC output having no ripple content which
produces the most stable welding arcs suitable for MMAW process. The machine design
produces a step down voltage with a pure DC output. Generators offer a very stable arc &
the spatter is considably low.

Thedisadvantagesof generators are as below:

1 High noise level.

1 Bulky and hence difficult to transport.

9 More moving parts & more wear & tear.

1 High maintenance cost due to the design.
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Applications

Ideal for MMAW welding and all types of eted electrodes. Very popular
machine used in construction industry and particularly for pipe welding applications.

2.13.4 Welding inverters

Welding inverters are the boon to the welding industry. The technology provides
best quality of welding, birtrotnew welding processes, povedficient, light weight etc.

The 3 phase AC input supply is inverted to DC by a rectifier. This high voltage
DC is converted to high frequency AC (HFAC) by a transistor switching device. HFAC
is stepped down by a transfonn& inverted again by a rectifier to get a DC output.

A 50Hz AC supply when rectified will produce high ripple content in the resultant
DC, whereas a high frequency AC at 20 KHz and above will produce an almost straight
line DC output, HFAC is producedyblGBT (Isolated Gate Bipolairansistoy or
MOSFET (Metal Oxide Semiconductor Field Effect Transistor) type of switching
devices.
Thedistinctive advantagesof inverter based welding power sources are:
Excellent welding characteristics
Quick response timm& constant output supply

Improved features for welding applications

= =4 = ==

Energy efficient due to its high power factor & efficiency
1 Low weight & hence easy to transport.
Inverter technology power sources are availdbleMMAW, TIG, MIG/ MAG,

PLASMA and manyother processes. Inverters are available with Analogue controls
& Digital controls.
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3.1

3.2

3.2.1

3.2.2

Draft
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CHAPTER 3

OXY- ACETYLENE GAS WELDING

GAS WELDING

This term relates to a group of welding proesss/herein weld iproduced
by heating with a gas flame or flamesttwor without application of pressure and
with or without the use of filler wire.

The most common gases are oxygen and acetylene, certain fuel gases
hydrogen, LPG, Coal gas etre used.

OXY-ACETYLENE WELDING

Oxy-acetylene welding is a method @ining metals by heating them to the
melting point using a mixture of oxygen and acetylene gases.

Acetylene

Acetyleneis a fuel gas which produces a very high temperature flame with
the help of oxygen because it has more amounaidion(92.3%) than any other fuel
gas. Its chemical symbol is, &, and composed of

- Carbon 92.3% (24 parts)

- Hydrogen 7.7% ( 2 parts)

It is a colourlessgas lighter than air and highly inflammable and burns with a
brilliant flame. mmercial acetylene has pungeatlour because of certain
impurities. It forms a long range of explosive mixture with air any percentage
between 3 x 80 becoming explosive on ignition. It may also explode when under
unduly high pressure even in absence of air, when mixed with oxygeplddes

more violently. Acetylene absorbs heat during producing and liberates heat when
decomposed.

There are two type of acetylene generators:
- Wateri toi Carbide generators.
- Carbidei toi Water generators.

Dissolved @etylenemeans compressed aglene pumped into steel cylinder filled
with porous filling material soaked in acetylene.

Oxygen

Oxygen is a supporter of combustion. Its chemical symbol,isitOis a clear
colourless, odourless and tasteless Has slightly soluble in water. Itaks not burn
itself, butsupports combustioof fuels.lIt is industially produced by two methods:

- by air liquefaction.
- by electrolysis of water.
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3.3

3.3.1

3.3.2

3.3.3

3.34

OXY-ACETYLENE WELDING EQUIPMENT AND ACCESSORIES

Oxygen gas cylinders THE sLowewe

The oxygen gas requiredor gas
welding is stored in bottle shape
cylinders. These cylinders are painte

in black colour. Oxygen cylinders car
store gas to a capacity of 7mith the
pressure ranging between 120 to 1
kg/cnf. Oxygen gas cylinder valves
areright hand threaded. g

[1mEim]
(C D)

Dissolved acetylene cylinders

The acetylene gas used in gaddirey

is stored in steel bottle shape
cylinders painted inmaroon colour.
T

™~ OXYGEN CYLINDER

. . . (BLACK COLOUR)
The normal storing capacity of storin,~
acetylene in dissolved state is Bwith Sofiena) |l | 5
the pressure ranging betwedrt-16 © MARROON COLOUR) §
kg/cnf.

. _ .
Oxygen pressure regulator WORNMG FrESURE T T s
by . :

This is used to reduce the oxygen cylind

gas pressure according to the requir secuaron ssessume
working pressure and to control the flow ( sacso wenor
oxygen at a constant rate to the blowpif =
The threaded connections aright hand

threaded.

OXYGEN TO 3LOW PPE
RM THREAD)

GAS FROM CYUINOER ENTERS HERE

Acetylene regulator

TR
WORKING PRESGUNE

ouwoen M}, GALr This is alsoused to reduce the cylinder gas
> G 4 pressure to the required working pressure

é N\ and to control the flow of acetylene gas at a

: g} | Torscuwasuar - constant rate to the blowpipe. The threaded

C\ ~ (BLACKEN) WHEN NO'T
/«\

{( Ve N USE connections ardeft handed. For quickly
b
) A(j"x-rvu-m 10 OW

identifying the acetylene regulatora
grooveis cut at the corners of the nut.

LN THREAD TO = PPE (PO THNEAD)
S N= There are two types of regulators
| - single stage regulator
GAB FROM CYLINDEFUENTERS Mg - dOUble Stage regUIator

ACETYLENE PRESSURE REGULATOR
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3.3.5 Rubber hose pipes and connections

These are used to carry gas from the regutatthe blowpipe. These are made of
strong canvas rubber having good flexibility. HgBspes which carryxygenare black
in colour and thecetylenehoses are aharoon colour.

3.3.6 Hose protectors

At the blowpipes end of the rubber hosesaqorotedors are fited. The hose
protectors are in the shape of a connecting union and haveratonom disc fitted inside
to protect from flashback and backfire during welding.

RIGHT HAND THREAD
OXYGEN

FREE SECURING
NUT
NORMAL DIRECTION

OF FLOW

P DA R

! STAINLESS STEEL DISC VALVE SITS
LEFT HAND THREAD INSTANTANEOUSLY WHEN GAS FLOW
AGETYLENE IS REVERSED (NON RETURN VALVE)

HOSE PROTECTOR
3.3.7 Blowpipe and nozzle

Blowpipes are used to control and mix theygen and acetylene gases to the
required proportion.

- 7 \ 6 1 5 3
/ } i
1. HANDLE :
2. ACETYLENE INLET CONNECTION 4 2
3. OX¥YGEN INLET CONNECTION
4. ACETYLENE CONTROL VALVE
5. OXYGEN CONTROL VALVE

6. MIXING CHAMBER
7. NECK PIPE WITH NOZZLE

-

A set of interchangeable nozzles/ tips of different sizes is available to produces smaller or
bigger flames.

Draft Handbook on Welding Techniques



CAMTECH/E/8-15Welding/1.0 33

The size of the nozzle varies according to the thickness of thes ptabe welded.

Plate thickness Nozzle size

mm number
0.8 1
1.2 2
1.6 3
2.4 5
3.0 7
40 10
5.0 13
6.0 18
8.0 25
10.0 35
12.0 45
19.0 55
25.0 70

Over 25.0 90

3.4 SAFETY PRECAUTIONS IN HANDLING OXY-ACETYLENE GAS WELDING
PLANT

One must bserve safety rules in dag-day working to avoid accident.
AAcci dent starts when safety ends. 0

Oxy-acetylene equipment is safe if it is properly handled, but it may become a
great destructive power if handled carelessly. It is important that the @pkeatamiliar
with all the safety rules before handling gas cylinders.

In gas welding, the welder must follow certain safety precautions while handling
gas welding plants in order to prevent accidents to othershand Observing the
following precautims will help the gas welder to avoid accidents to a great extent.

3.4.1 General safety precautions ~—— GOGGLES

1 Never use oil or grease in any part or assembly
a gas welding plant as it may cause an explosic

1 All infammable materials should be kept awe
from thewelding area.

1 Always wear goggles with filter glasses durir
welding.

1  Wear fireresistant clothes, asbestos gloves &
an apron while welding.

1 Never wear nylon or greasy clothes while
welding.

1 Rectify the gas leakages noticed immediately
even a small dakage can lead to seriot
accidents.

1 Always keep fire extinguishing devices hanc
and in working order.

1 While leaving the work area, make sure the place is free from any form of fire.
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3.4.2 Safety concerning gas cylinders

Draft

=A =/ =2 =4 =4

Do not roll gas cylinders for shiftin
Always use a trolley to carry cylinders.

Do not drop the gas cylinders.

Close the cylinder valves when not in u:
or empty.

Keep the empty cylinders and fallinders
separately.

Always open the cylinder valves slowl
and not more than one and a halt

Use always the correct size cylinder keys.
Stand aside when opening the cylinders.

Do not remove the cylinder keys from the cylinders during welding. It will help to
close the cylinders quickly in case of an emergency.

Always keep the cylinders in arpright position keeping in view safety and ease in
handling.

Always crack tle cylinder valves to clean

the valve socket before attaching th mowourmecnomvine

regulators. REGULATOR CRACKING OPEN THE
CYUNDER VALVE MOMENTARLY

Never fall or trip over gas cylinders. OOODL\ -

A valve broken in the oxygen cylinder wil g il

cause it to becomea rocket with

tremendous force.

W\l

Keep the gas cylinders away from expost
to high temperature.

Remember the pressure in the gas cylind
increases with the temperature.

Mark the empty cylinders (MT/EMPTY)
with chalk.

Put on the valve protection capsenthe
cylinders arenot in useor they are being
moved.

KEEP CYLINDER UPRIGHT POSITION

Close the cylinder valvasoth when they are full areimpty.

Never remove the valve protection cap while lifting cylinders.

Avoid exposing the cylinders to furnace heat, open fire or sparks from tine tor
Smoking or naked lights should be strictly prohibited near gas cylinders.
Never strike an arc of direct gas flame on a gas cylinder.
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3.4.3 Safety of rubber hose-pipes

1 Use only the type of hose recommended for use in gas welding.

1  Use only black colored hoses for oxygen and maroon coloured ones for

acetylene gas. L

1 Avoid damage to the Iss-pipes
caused by rubbing against hard or
sharp edges.

1 Ensure that the hoses do not cross the
gangways.

1 Do not add bits of hose together to
make up the length.

1 Blow ou the hosepipes before "
connecting to the blowpipe to remove
dirt or dust.

1  Protect the regulators from water, dust, oil etc.

1 Never attempt to interchange oxygen and acetylene regulators while fitting as it
can damage the threads.

1 Always remember theoxygen connection is righthand threaded and the
acetylene connections have left hand threads

1 In the event of backfire shut both the blowpipe vaheg/gen first) quickly and
dip the blowpipe in water.

1 While igniting the flame, point the blowpipe nozzle irsafe directiorand use the
spark lighter to ignite the flame tc
avoid fire hazards.

1 While extinguishing the flame, shut of
the acetylene valve first and then tt
oxygen to avoid backfire.

1 Check for leakage before usiraxy-
acetylene welding equipment.

{>o°\° /
ot —
[ ACETYLENE
SEARCH FOR LEAXKAGE AT CONNECTION
— BRUSH

APPLY SOAP WATERFR

ACETYLENE CONNECTI

APPLY FRESH WATERAR

OXYGEN CONNECTON
|

i s X - CHECK FOR LEAKAGE IN THESE PLACES
TURN ON ACETYLENE. APPLY SPARK AT TI® TEST FOR | FAKAGE
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3.5
3.5.1

3.5.2

Draft
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RESPIRATOR PAD TO PREVENT
INHALATION OF TOXIC FUMES

ADRISTABLE HOOD ||

' P |
/ JONNECT =
\ L?(“A\, L'.\ L
'L {
!

A

f Toxic and poisonous fumegvenout during
welding of some materds should be
collected and clead so as to be prevented
from inhaling. For this an exhaust ducting
and a respiratamay beused.

T Containers used for the storage of flaaiie
materials should not be welded withor
thorough cleaningas otherwise the container
may explode.

TROUBLE WITH BLOW PIPE & CYLINDERS

Backfire

At certain times during ignition in gas welding a small explosion of the flame occurs at
the torch tip.The flame may or may not go off. Thisksown asbhackfirea

Causes: A backfire is caused when:
1 the gas pressure setting is low
the nozzle is overheated
the nozzle orifice is blocked by carbon or spark deposits
the nozzleouches the niten pool
there is leakage near the nozzle

= =4 =4 =

Eliminate the causes before proceeding further to avoid backfire.
Flashback

Sometimes during backfire, the flame goes off and the burning acetylene gas travels
backward in the blowpipe, towards the rlegor or cylinders. This is known as
0fl ashbackd

BLACK SMOKE

Indications of flashback

1 A sharp squealing sound inside tt
blowpipe may be heard.

1 Heavy black smoke and sparks come ¢
of the nozzle.

1 The blowpipe handle starts heating.
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Immediate steps:
1 Close the @wpipe valves gxygen first)
1 Immerse the blowpipe in water and close the cylinder valves.

If the backfire or flashback is not checked in time, it may cause serious accidents to
men and machines.

3.5.3 Cylinder catches fire
If the cylinder catches fire extaally due to the leakage of gas at the connection:

- close the cylinder valve immediately (wearing asbestos gloves as a safety measure)
- use carbon dioxide fire extinguisher to extinguish the fire.
- Rectify the leakage thoroughly before putting into furthes.u

If the cylinder becomes overheated due to internal or external fire:

- close the cylinder valve

- detach the regulator from the cylinder

- remove the cylinder to an open space, away from smoking or naked light.
- Cool the cylinder by spraying with water

- Inform the gas cylinder supplier immediately

- Never keep such defective cylinders with the other cylinders.

3.6 TYPES OF OXY-ACETYLENE FLAMES

The oxyacetylene gas flamieas following features which make it useful for gas
welding:
A it has a well controlleddme with high temperature
A the flame can be easily manipulated for proper melting of the base metal
A it does not change the chemical compositibthe base metal/ weld.

Three different types of oxgcetylenelames as given below can be set:
1 Neutral flame
T Oxidising flame
1 Carburizing flame

3.6.1 Neutral flame 1 NO BAD EFFECT DUE TO
COMPLETE COMBUSTION

Oxygen and acetyleneare
mixed in equal proportion in the
blowpipe and complete combustio
takes place in this flamelhis flame
does not have a bad effect on tl
metal/ weld ie. the metal is no (EQUAL GUANTITIES OF OXYGEN AND ACETYLENE)
oxidized and no carbon is available fc.
reacting with the metal.

NOTE CLEAR ROUND CONE AND LENGTHY FLAME

It is used to weld most of the common metals, i.e. mild steel, cast iron, stainless
steel, copper and aluminium.
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3.6.2 Oxidizing flame

It contains an excess of oxygen ov T OXIDISING EFFECT DUE TO
acetylene ashe gases come out of th N\ P (R

nozzle.The flame has an oxidizing effec [ :
on metals which prevents evaporation

zinc/ tin in brass welding/ brazing. § .
. . NOTE THE VERY SHORT POINTED
It is usedfor welding of brass and CONE AND THE SMALLER FLAME
for brazing of ferrous metals. OXIDISING FLAME
(EXCESS OXYGEN)

3.6.3 Carburizing flame

. CARBURISING EFFECT DUE TO
It receives anxess of acetylene ove f.\ IS AR

oxygen from the blowpipeThe flame o .
has a carburizing effeon steel, causing '~
hard, brittle and weak weld. ) E—.

L. NOTE THE WHITE EXCESS ACETYLENE FLAME

It is Useful for stelliting (hard SURROUNOING THE CONE AND MORE LENGTHY
. . ~ , . "L .
facilonged, wel di ng o CARBURISING FLAME

and flame cleaning. ar i

The selection of the flaeis based on the metal to be weldEge neutral flame is
the most commonly used flanMdetals and flame to be used are as given below:

Metal Flame

1 Mild steel Neutral

1 Copper (deoxidised) Neutral

1 Brass Oxidising

1 Castiron Neutral

1 Stainlessteel Neutral

1 Aluminium (pure) Neutral

1 Stellite Carburising

3.6.4 Chemistry of oxy-acetylene flame

Oxy-acetylene flame is produced by the combustion of a mixture of oxygen and
acetylene in various proportions. The temperature and characteridtiesftzfime depend
on the ratio of the two gases in the mixture.

Features of neutral flame

Oxy-acetylene flame consists of the following features by appearance:
- Inner core

- Inner reducing zone

- Outer zone or envelope
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3.7
3.7.1

Different zones and temperature

To know and make the best us' S0 azeatE s
of oxy-acetylene flame, the temperatul HOTTEST POINT \
in different zones is shown below:

The greatest amount of heat

produced at just ahead of the inner co PRIMARY — /
called thehottest point or region of SRS ToN CORREIION
{INNER CONE) (OUTER ENVELOPE)

maximum temperature.
PRIMARY AND SECONDARY COMBUSTION
STAGES IN THE OXY-ACETYLENE FLAME

Combustion ratio of oxygen
and acetylene in flame

For complete combustion/ burning one volume of acetylene requires two and a
half volumes of oxygen.

Acetylene : Oxygen
1 litre : 2.5 litres

Equal volumes of acetylene and oxygen are supplied from the blowpipe to
produce aneutral flame

Acetylene oxygen
1 litre : 1 litre
(Primary combustion)

So another 1.5 litieof oxygen is required for complete burning of acetyléiee flame
takes an additional 1.5 liseof oxygen from the surrounding atmosphere ¢selary
combustion)

FILLER RODS FOR GAS WELDING
Filler rod and its necessity

Pieces of wires or rods of standard diameter and length used as filler metal in the
joint during gas welding process are called filler rods or welding rokdsse rod are
made out of ferrous or neferrous metal.

To obtainbestresults, high quality filler rods should be usé&tie actual cost of
weldingrodsis very small compared with cost of job, labour, gases and flux.

Good quality filler rods are necessary to:
1 reduce oxidation (effect of oxygen)
1 control the mechanical properties of the deposited metal

1 make up for the loss of certain elements in the wektdnrcaused by
fusion.

While welding, a caiy or depression will be formed at the joints of thin section
metals. For heavy/ thick plates a groove is prepared at the joint. This groove is necessary
to get better fusion of the full thickness of the metal, so as to get a uniform strength at the
joint. This groove formed has to be filled with metal. For this psedsoa filler rod is
necessaryEachmetal requires a suitable filler rod.
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3.7.2 Sizes as per 1S:1273972

3.7.3

3.74

Draft

The size of the filler rod is determined from the diameter as: 1.00, 1.G0,
2.00 2.50, 3.15, 4.00, 5.00 and 6.80n.

For leftward techrque filler rods upto 4mm dia. are used. For rightward
technique upto 6.831m dia.is used.For cast irorwelding filler rods of 6mm dia.and
above are used.

Length of filler rod are 500mm or 1000mm.

Filler rods above 4nm diameter are not usedten for welding of mild steelThe
usual size of mild steel filler rods used are m@ and 3.15nm diameter. All mild steel
filler rods are given a thin layer of copper coating to protect them from oxidation
(rusting) during storage. So these filler rode amalled copper coated mild steel
(C.C.M.S) filler rods.

All types of filler rods are to bstored in sealed plasticoversuntil they are used.
Types of filler rods

The following types of filler rods are classified in gas welding:
- Ferrous fillerrod

- Nonferrous filler rod

- Alloy type filler rod for ferrous metals

- Alloy type filler rod for nonferrous metals

A ferrous type filler rod has a major % of iron.

The ferrous type filler rod contains iron, carbon, silicon, sulphur and
phosphorous.

Thealloy type filler rod contains iron, carbon, silicon and any one or many of the
elements such as manganese, nickel, chromium, molybdenum etc.

The non-ferrous filler rod is a filler rod which contains elements of fferrous
metals. The composition afonferrous type filler rods is similar to any nderrous
metal such as copper, aluminum.

A non-ferrous alloy type filler rod contains metal like copper, aluminium, tin
etc. alongwith zinc, lead, nickel, manganese, silicon, etc.

Selection of théfiller rod

Selection of the correct filler rod for a particular job is a very important step for
successful welding. Composition of filler metal is chosen with special consideration to
the metallurgical requirement of a weldment.

A wrong choice due teither ignorance or a false consideration of economy may
lead to costly failuredS:1278 1972 specifies requirements that should be met by filler
rods for gas welding. There is another specificat®2927-1975which covers brazing
alloys.
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It is strondy recommended that filler material confirming to these specifications
IS used. In certain rare cases, it may be necessary to use filler rods of composition not
covered by these specifications; in such cases filler rods with well established
performance stuld be used.

To select a filler rod in respect to the metal to be welded, the filler rod must have
the same composition with respect to the base metal to be welded.

Factors to be considered for selection of filler rod are:

the type and composition bhse metal

the base metal thickness

the type of edge preparation

the weld is deposited as root run, intermediate runs or final covering run

welding position

-~ 0o o0 T @

whether there is any corrosion effect or loss of material from the base metal due
to welding.

3.75 Care and maintenance
- Filler rods should be stored in clean, dry condition to prevent deterioration.
- Do not mix different types of filler rods.
- Ensure that packages and their labels are in order for easy and correct selection.

- Where it is not practicabke store filler rods under heated conditions, an absorbent
for moisture such as siliegel may be used in the storage area.

- Ensure the rod is free from contamination such as rust, scale, oil, grease and
moisture.

- Ensure the rod is reasonably straight tsisisnanipulation during welding.
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3.7.6 Different filler metals and fluxes for gas welding

Draft

Filler metal
type

Applications

Flux

Mild steeltype
SFS1

A general purpose rod for welding mild st¢
where a minimum butiveld tensile strength ¢
35.0 kg/mm is required. (Full fusion techniquf
with neutral flame).

Not required

Mild steelType
S-FS2

Intended for application in which minimum bu!
weld tensile strength of 44.0kg/mns required.
(Full fusion technique with neutral flame).

Not required

Wear resisting
alloy steel

Building up worn out crossings and oth
application where the steel surfaces are subje
extreme wear by shock and abrasion. (Sur
fusion technique with excess acetylene flame)

Not required

3 % nickel steel

These rods are iehded to be used in repair a
reconditioning parts which have to be subseque

special flux (If

TypeS-FS4 hardened and temperedFull fusion technique necessary)
with neutral flame)

italnless. steg These rods aretended for use in the welding |

ecayresistant . . | h h .
(nobium corrosionresisting steels such as those contair Necessary

. 18% chromium and 8% nickel. (Full fusig

bearing)  Type technique with neutral flame)
S-Bo2MoNb '

High silicon| Intended for use in the welding of cast iron wh
cast ironType| an easily achineabledeposit is required. (Fu| Flux necessary
SCl11 fusion technique with neutral flame).
Cop_per fller For welding of deoxidized copper (Full fusiol

rod i Type S : . Flux necessary
c1 technique with neutral flame).

Brass filler rod

For use in the braze welding of copper and n
steel and for the fusion welding of material of 1

Flux necessary

Type SC6 same or closely similar composition. (Oxidisi
flame)
Manganese for use in braze welding of coppemst iron ang
bronze  (high malleable iron and for the fusion welding
. -z . > .| Flux necessary
tensile brass)i | materials of the same or closely simi
Type SC8 composition (Oxidising flame)
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Filler metal type

Applications

Flux

Medium nickel
bronzeType SC9

For use in the braze welding of mild ste
cast iron and malleable iron (Oxidising flam

Flux required.

Aluminium (Pure)
-Type SC13

For use in the welding of aluminum grade ]
(Full fusion technique with neutral flame).

Flux necessary

Aluminium alloy -
5% siliconi Type
SNG 21

For welding & aluminium casting alloys
except those containing magnesium or zing
the main addition. They may also be used
weld wrought aluminiurmagnesiunsilicon
alloys. (Full fusion technique with neutr
flame).

Flux necessary.

Aluminium alloy
10-13% silican 1
Type 5SNG2

For welding high silicon aluminium alloys
Also recommended for brazing aluminiul
(Neutral flame)

Flux necessary

Aluminium alloy
5% copper

For welding aluminium casting particular,
those containing about 5% copper. (F
fusion techniquevith neutral flame)

Flux necessary.

Stellite: Grade 1

Hard facing of components subjected mai
to abrasion. (Surface fusion technique W
excess acetylene flame)

None is usually
required. A cast
iron flux may be
used, if necessar

Hard facing of components subjected to sh

Stellite: Grade 6 | and abrasion. (surface fusion technique v| -do-
excess acetylene flame)
Hard facing of components subjected

Stellite: Grade 12 | abrasion and moderate shock. (Surface fuj -do-
technique with excess acetylenarfie)

Copper Brazing copper, brass and bror

phosphorous components. Brazing with slightly oxidizin

. _ necessary
brazing alloy | flame on copper; neutral flame on copj

Type BACuP2

alloys.

For making dutile joint in copper withoulf

None for copper

copper flux. Also widely used on copper based alld .

) . A flux IS
phosphorous of the brass and bronze type in conjunct necessar for
brazing alloy i | with a suitable silver brazing flux. (Flam brazin yco o
Type BACuP5 slightly oxidizing on copper; neutral ¢ allo Sg PP

copper alloys) ys.
Draft
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3.8

3.8.1

Draft
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Filler metal type

Applications

Flux

Silver-copperzinc
(61% silver) type
brazing alloys
type BA-CuP3

Similar to type BACuUP5 but with a slightly
lower tensile strength and electrig
conductivity (flame slightly oxidizing o}
copper; neutral on copper alloys).

NOTE: Phosphorous bearing silver braz|
alloys should not be used with ferrous mg
or alloys of high nickel content.

None for copper

A flux is
necessary fo
brazing coppe
alloys.

Silver-copperzinc
(61% silver)- type
BA-Cu-AG6

This brazing alloy is particularly suitable fi
joining electrical components requiring hi
electrical conductivity. (Flame neutral)

Flux necessary.

Silver-copperzinc
(43% silver)type
BA-Cu-Agl6

This is a general purpose brazing alloy &
particularly suitable for joining electric:
components  requiring  high  electrig
conductivity. (Flame neutral)

Flux necessary

Silver-copper
zinc-cadmium
(43% silver) type
BA-Cu-Agl6A

An ideal composition for economy in brazi
operation requiring a @ temperature, quicl
and complete penetration. Suitable on st
copper, copper, brass, bronze, coppekel
alloys and nickel silver. (Flame neutral)

Flux necessary

Silver-copper
zinc-cadmium
(50% silver) type
BA-Cu-Agll

This alloy is also suitable fosteel, copper
nickel alloys and nickesilvers. (Flameg
neutral)

Flux necessary.

Silver-copper
zinc-cadmium
nickle (50%
silver) type BA

Cu-Agl2

Specially suitable for brazing tungsten carb
tips to rock drills, milling cutters, cutting ar]
shaping toolsalso suitable for brazing stee
which are difficult

steels. (Flame neutral)

Flux necessary.

WELDING TECHNIQUES OF OXY-ACETYLENE WELDING

There ardollowing two welding techniques used in eagetylene welding process:

1. Leftward welding technique (Forehand technique)
2. Rightwardwelding technique (Backhand technique)

Leftward W elding Technique

It is the most widely used oxgcetylene gas
technique

welding
commences at the

job and proceeds towards the left. It is also cal
forward or forehand technigue.

The blowpipe is held at an angle of 60 °
70° with the welding line. The filler rod is held ¢
an angle of 3040° with the welding line. The

FILLER ROD 7

in which the weldin
right hand edge & ttelding

LEFT SIDF

FULLER ROO 7
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welding blowpipe dllows thefiller rod. The welding flame is directed away from the
deposited weld metal.

The blowpipe is given a circular or sitie-side motion to obtain even fusion on
each side of the joinfThe filler rod is added in the (weld) molten pool by a pislke
motion and not melted off by the flame itself.

If the flame is used to melt thi#ler roditself into the pool, the temperature of the
molten pool will be reduced and consequently good fusion cannot be obtained.

Edge preparation for leftward technique UPTC 1.5mm
= A !
1 For fillet joints <uare edge FLANGE BUTT WITHOUT GAP
preparation is dae. 1670 2.0mm
1 1
{1 For buttjoints the edgeare prepared i [ GAP 1.5mm
as shown in figurgiven below FLANGE BUTT WITH GAP
2070 3.0mm
— |
GAP 1.5mm l
SQUARE BUTT WITH GAP
;(ioi\/ 44 70 5mm

L AN |

’-!»—-'- GAP 1.5 TO Zmm

SINGLE VEE BUTT WITH GAP
EDGE PREPARATION FOR LEFTWARD TECHNIQUE

The tablegiven below showshe details fowelding mild steel by leftward technique(f

butt joint)
metal C.C.M.Sfiller | Blow pipe edge root gap| flux to be used
thickness | rod diameter | nozzle size| preparation in mm
in mm in mm
0.8 1.6 1 flange Nil
1.6 to 20 1.6 3 square 2 for gas welding
2.5 2 5 square 2 of m!ld stegl no
flux is required
3.15 2.5 7 square 3 to be used
4.0 3.15 7 80°Vee 3
5.0 3.15 13 80°Vee 3

For fillet joints one size larger nozzle is to be used.
Above 5.0mm thickness, the rightward technigue should be used.
Application - This technique is used for the welding of:

1 Mild steel upgo 5mm thickess

1 All metals both ferrous and ndarrous
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3.8.2 Rightward welding technique

It is an oxyacetylene gas weldinc FLLERROD -  { BLOW PIPE
technique, in which the welding is begu §
at the left hand edge of the welding jc
and it proceeds towards the right.

This tedinigue was developed t
assist the production work on thick ste
plates (above 5mm) so as to produce
economic welds of good qualitit is also
calledbackward or backhand technique.

The blowpipe is held at an angl
of 40%50° with the welding line. The
filler rod is held at an angle of 3@0°
with the welding line. The filler rod
follows the welding blowpipe. The
welding flame is directed towards th FOHT WARD

deposited weld metals. FEATURE OF RIGHTWARD WELDING TECHNIQUE

The filler rod is given a rotational or circular loop motion in the forwareation.
The blowpipe moves back in a straight line steadily towards the right. This technique
generates more heat for fusion, which makes it economical for thick steel plate welding.

DIRECTION OF WELD S——)

Edge preparation for rightward technique C [ 4

For butt joints the edgeare prepared as show ) R 4 8mem & sbove
in figure | b WY ]

/(5)\ ——

= .LL _)__!9!!!! A above

DOUBLE VEE BUTT WITH GAP
EDGE PREPARATION FOR RIGHTWARD WELDING

The tablegiven belowgives the details for welding mild steel by rightward technigue

butt joint:
Metal | C.C.M.Sfiller | Blow pipe Edge root gas| flux to be used
thickness | rod diameter | nozzle size| preparation | in mm
in mm in mm
5 3.15 10 square 2.5 for gas welding
6.3 4.0 13 square 3.0 |of mild steel no
S flux is required
8 5.0 18 60°Vee 3.0 to be used
10to 16 6.3 18 60°Vee 4.0
above 16 6.3 25 60° double Ve| 3.0

Draft Handbook on Welding Techniques
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3.9

3.9.1

3.9.2

3.9.3

Application:

This technique is used fdhe welding of steel abovBmm thickness andi | NDE 6
welding processf steel pipes.

Advantages:

Less cost per length run of the weld due to less beg¢ aless filler rod being usexhd
increased speed. Welds are made much faster.

WELDING OF LOW CARBON STEEL AND MEDIUM CARBON STEEL

A plain carbon steel is one in which carbon is the only alloying element. The
amount of carbon in the steel controls its hardness, strength and ductility. The higher the
carboncontent lesser the ductility of the es¢l.

Carbon steels are classified accordingly to the percentage of carbon they contain.
They are referred to as low, medium and high carbon steels.

Low carbon stee$

Steelswith a @rbon range 00.05 to 0.30percent are called low carbon stewl
mild steel. Steels in this class are tough, ductile and easithineableand quite easy to
weld.

Welding technique Up to 6 mm, leftward technique is a suitable one. Aboven®
rightward technique is preferable.

Type of flame: Neutral flame to be esl.
Application of flux: No flux is required.

After treatment: Most of them do not respond to any heat treatment process. Therefore
except cleaning no pebkeat treatment is required.

Medium carbon steel

These steels have a carbon range (b8 to 0.6 percent. They are strong and
hard but camot be welded as easily as low carbon steels due to the higher carbon
content. They can be heat treated. It needs greater care to prevent formation of cracks
around the weld area, or gas pockets in thel balaof which weaken the weld.

Welding procedure: Most medium carbon steels can be welded in the same way as mild
steel successfully without too mudiifficulty but the metal should be preheated slightly
to 160°C to 320°C (to dull red heat). After coetidn of welding, the metal requires
postheating tahe same preheating temperatane allowed to cool slowly.

After cooling the weld is to be cleaned and inspected for surface defects and
alignment.

Theplate edge preparation depsemoh the thicknes of the material to be welded.

High carbon steels

These steels have a carbon range f@oéto 1.2 percent.This type of steel is nawveld
ableby gas welding process because it is difficult to avoid cracking of base metal and the
weld.
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CHAPTER 4

OXY-ACETYLENE GAS CUTTING

INTRODUCTION

The most common method of cutting mild steel is by anawsatylene cutting
process. With an oxgcetylene cutting torch, the cutting (oxidation) can be confined to a
narrow strip and with little effect of hean the adjoining metal. The cut appears like a
saw cut on a wooden plank. The method can be successfully used to cut ferrous metals
i.e. mild steel.

Non-ferrous metalsand their alloysannot be cutby this process.

PRINCIPLE OF GAS CUTTING

HIGH PRESSURE CUTTING
OXYGEN LEVER - \

When a ferrous metal is heated t
red hot condition and then exposed to pt
oxygen, a chemical reaction takes pla
between the heated metal and oxygen. C
to this oxidation reaction, a large amount
heat is produced and cutting action tak

place.

‘y PREMEAT EOGE
OF PLATE

In oxy-acetylene cutting the combination ¢
red hot metal and pure oxygen causes ra
burning and iron is changed into iron oxic
(oxidation). By this continuous process ¢

STARTING OF CUT

oxidation the metal can be cut through ve 83
rapidly. The iron oxide is less in weigt /:\/
than the base metal. OV

The iron oxide in molten condition is als
called slag So the jet of oxygen coming

¥
S GAF CALLED "KERF

from the cutting torch will blow the molter M~ an

slag away from the metal making a g¢ , IRON OXIE)
~ CUT IN PROGRESS

cal Kafd. i CTTING GPERATION

Cutting operation

There are two operations ixypacetylene gas cutting. A preheating flame is directed on
the metal to be cut and raises it to bright red hot or ignition point (900°C app.) Then a
stream of high pressure pure oxygen is directed on to the hot metal which oxidizes and
cuts the metal. Thievo operations are done simultaneously with a single torch.

The torch is moved at a proper travel speed to produce a smooth cut. The removal of
oxide particles from the line of cut is automatic by means of the force of oxygen jet
during the progress ofit.
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4.2.2

4.3

43.1

4.3.2

Application of cutting torch

Oxy-acetylene cutting torch is used to cut mild steel plates above 4mm thickness.
The M.S. plate can be cut to its full length in straight line either parallel to the edge or at
any angle to the edge of a platevBling the edgesf a plate to any required angle can
also be done by tilting the torch. Circles and any other curved profile can also be cut
using the cutting torch by using a suitable guide or template.

OXY-ACETYLENE CUTTING EQUIPMENT
The oxyaceaylene cutting equipment is similar to the welding equipment, except

that instead of using a welding blowpipe, a cutting blowpipe is used.

1 Acetylene gas cylinder
Oxygen gas cylinder
Acetylene gas regulator
Oxygen gas regulator (Heavy cutting requires higitessure oxygen regulator)
Rubber hosgipes for acetylene and oxygen

= =2 =4 =4 =4

Cutting blowpipe

Cutting torch

OXYGEN

NG\ e v e |
The cutting torch differs \

from the regular welding blowpipe i \

in most cases. It has an addition HL

lever for the control of the cutting [\ T E—
oxygen usd to cut the metal. The / \ / 7
torch has the oxygen and acetylel !-/ BODY

control valves to control the iy acirn tos onsce e oAl
oxygen and acetylene gases whi VALVE
preheating the metal.

~— CUTTING OXYGEN PIPE

The cutting tip is made with ar
ORIFICE in the centre surroundin:
by five smaller holes. The centr
opening pemits the flow of the
cutting oxygen and the smalle
holes are for the preheating flam: f,
Usually different tip sizes are "CE“"E”E
provided for cutting metals ot B mixeo oases
different thicknesses.

Difference between cuttirg torch (blowpipe) and welding blowpipe

1 A cutting blowpipe has two control valves (oxygen and acetylene) to control the
preheating flame and one lever type control valve to control the high pressure pure
oxygen for making the cut.

1 A welding blowpipe has only two control vales to control the heating flame.

1 The nozzle of the cutting blowpipe has one hole in the centre for cutting oxygen and
a number of holes around the circle for the preheating flame.
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The nozzle of welding blowpipe has only one hole in the centre for the heating
flame.

The angle of the cutig nozzle with the body is 60°.
The angle of the welding nozzle with the neck is 120°.
The cutting nozzle size is given by the diameter of the cutting oxygen orifice in mm.

The welding nozzle size is given by the volume of -axgtylene mixed gases
comingout of the nozzle in cubic meter per hour.

4.3.3 Care and maintenance

il
il
il
il

T

The high pressure cutting oxygen lever should be operated only for gas cutting
purpose.

Care should be taken while fitting the nozzle with the torch to avoid wrong thread.
Dip the torchafter each cutting operation in water to cool the nozzle.

To remove any slag particles or dirt from the nozzle orifice use the correct size
nozzle cleaner.

Use an emery paper if the nozzle tip is damaged to make it sharp and to be at 90°

with the nozzle ais.

4.3.4 Problems with cutting torch

Draft

Trouble | Partto be M ethod remedy When to be
checked checked
gas hose joint | soap water o tighten further| at the beginning
leakage water or replace of the work.
valve & | soap water o] replace the at the beginning
regulator | water torch of the work.
cutting tip| soap water of tighten further| at the beginning
attaching | water or replace of the work.
part
suction of| injector plug the fuell replace periodical check
acetylene gas hose for the low
mouth  with pressure torch.
your finger.
preheating neutral flamel Clean or| at the beginning
flame by visual| replace. of the work or
shape inspection at random
cutting visible gas| clean or replace at the beginning
oxygen flow by visual of the work or
flow inspection at random.
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CHAPTER 5

FAULTS AND DEFECTS IN GAS & ARC WELDING

5.1 WELD DEFECTS & TYPES

A defect or fault is one which does not allow the finished joint to withstand or
carry the required load.

Weld defects may be considered under two heads.

External defect
Internal defects
The defects which can be seen with bare eyes or with a lens on the top of the weld

bead, or on the base metal surface or on the root side of the joint are called external
defects.

Those defects, which are hidden inside the weld beatsmei the base metal surface
and which cannot be seen with bare eyes or lens are called internal defects.

Some of the weld defects are external defects, some are internal defects and some
defects like crack, blow hole and porosity, slag inclusion, lackatf penetration in fillet
joints, etc. will occur both as external and internal defects.

5.1.1 External defects

Undercut

Cracks

Blow hole and porosity

Slag inclusions

Edge of plate melted off

Excessive convexity/ oversized weld/ excessive reinforcement
Excessive concavity/ insufficient throat thickness/ insufficient fill
Incomplete root penetration/ lack of penetration

. Excessive root penetration

10. Overlap

11. Mismatch

12. Uneven/ irregular bead appearance

13. Spatters

© 0N O~ WDNPRE

5.1.2 Internal defects

Cracks

Blow hole and porsity

Slag inclusions

Lack of fusion

Lack of root penetration

Internal stresses or lockegb stresses or restrained joint.

L e o
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5.2 TYPES OF FAULTS IN GAS WELDING

A fault is an imperfection in the weld which may result in failure of the
welded joint while inservice. The following faults occur commonly in gas welding:

F Undercut

A groove of channel formed
along the toe of the weld on one side or
on both sides.

[P ——

T aNRE AhAr B o 4
4 / " S5 7 / s P B
DD, SOOI

Reinforcement

1a) l
T ﬂ - < F  Excessiveconvexity
L SN

_ Too much weld metal added to the
Excizsswe jOint so that there is excessiveeld
©cessive reinforcement.

Convexity

L] Reinforcement

L- - ~-d

Overlap

F Overlap

Metal flowing into the surface - .
of the base metal without fusing it. o %@:ﬁ\\\\\\k\}

Overlap

e T T e

F Excessive penetration In—l;r_ _“ﬁ
Depth of fusion at the root of the | \’?Z
grooved joint is more than the require l;

amount.

L

Excess Weld Metal at the Root
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F Lack of penetration
Required @&ount of /
penetrationis not achieved i.e.
fusion does not take place upt - % N .
the root of the weld. t i A

Lack of Penetration

F Lack of fusion

If there is no melting of the edges of the base metal at the root face or on the side
face or between the weld runs, then it is called ladksibn.

Lack of Inter Run Fusion
Lack of Side Fusion
_"-L

| | :'

L

Lack of Root Fusion Root Run

F Porosity

Number of pinholes formed on the
surface of the deposited metal.

Porosity

W

)
F Blow-holes [ l'

These are similar to pinhole: \Eﬁ‘ﬁzﬂmj l

but have a greater diameter. \

Blow Holes

e D, NN
A discontinuity in the base mete ,

Cracks
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