Fabrication

Related Theory for Exercise 1.3.44

Welder - Weldability of steels (OAW, SMAW)

Filler rods for gas welding

Objectives: At the end of this lesson you shall be able to

« state the necessity of filler rods and name the different types of filler rods and their sizes

« select filler rods for the jobs to be welded by gas.

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 rods.

To obtain best results, high quality filler rods should be
used.

The actual cost of welding rods, is very small compared
with cost of job, labour, gases and flux.

Good quality filler rods are necessary to:
- reduce oxidation (effect of oxygen)

- Control the mechanical properties of the deposited
metal

- Metal caused by fusion.

While welding, a cavity 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 purpose a filler rod is
necessary. Each metal requires a suitable filler rod.

Sizes as per IS: 1278 - 1972)

The size of the filler rod is determined from the diameter
as: 1.00, 1.20. 1.60, 2.00, 2.50, 3.15, 4.00, 5.00 and
6.30mm. For leftward technique filler rods up to 4mm dia.
are used. For rightward technique upto 6.3 mm dia. is
used. For C.I welding filler rods of 6mm dia. and above
are used. Length of filler rod:-500mm or 1000mm.

Filler rods above 4mm diameter are not used often for
welding of mild steel.

The usual size of mild steel filler rods used are 1.6mm
and 3.15mm 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 rods are called
copper coated mild steel (C.C.M.S) filler rods.

All types of filler rods are to be stored in sealed plastic
covers until they are used.

Different types of filler rods used in gas welding

Objectives: At the end of this lesson you shall be able to
e define a filler rod

¢ specify and state the different types of ferrous, non-ferrous and alloy filler rods
« explain the method of selection of filler rod in respect to the metal to be welded.

Definition of filler rod: Afiller rod is a metallic wire made
out of ferrous or non-ferrous metal to deposit the required
metal in a joint or on the base metal.

Types of filler rods: The following types of filler rods are
classified in gas welding.

— Ferrousfiller rod
— Non-Ferrous filler rod
— Alloy type filler rod for ferrous metals

— Alloy type filler rod for non-ferrous metals
A ferrous type filler rod has a major % of iron.

The ferrous type filler rod contains iron, carbon, silicon,
sulphur and phosphorous.
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The alloy type filler contains iron, carbon, silicon and any
one or many of the following elements such as manganese,
nickel, chromium, molybdenum, etc.

The non-ferrous type filler rod which contains elements of
non-ferrous metals. The composition of non-ferrous type
filler rods is similar to any non-ferrous metal such as
copper, aluminium. A non-ferrous alloy type filler rod
contains metals like copper, aluminium, tin, etc. along
with zinc, lead, nickel, manganese, silicon, etc.

Selection of the correct filler rod for a particular job is a
very important step for successful welding. Cutting out a
strip from the material to be welded is not always possible
and even when itis possible, such a strip cannot replace
a recommended welding filler materials. Composition of a
filler metal is chosen with special consideration to the
metallurgical requirement of a weldment. Awrong choice
due to either ignorance or a false consideration of economy



may lead to costly failures. IS: 1278-1972* specifies
requirements that should be met by filler rods for gas
welding. There is another specification IS: 2927-1975*
which covers brazing alloys. It is strongly 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 performances
should 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 of base metal
the base metal thickness

the type of edge preparation

o O T 9

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

0]

welding position

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

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 itis not practicable to store filler rods under heated
conditions, an absorbent for moisture such as silica-gel
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 to assist
manipulation during welding.

Each metal requires a suitable filler rod. Refer
toIS: 1278-1972 and IS : 2927 - 1975 attached.
(Table 1: Filler metals and fluxes for gas
welding.)

Table 1
Filler metals and fluxes for gas welding

Filler metal type

Application Flux

Mild steel - Type S-FS1

Mild steel - Type S-FS2

Wear-resisting alloy steel

acetylene flame.)

3 percent nickel steel
Type S-FS4

neutral flame.)

Stainless steel decay-resis-
tant (niobium bearing)

with neutral flame.)

High silicon cast iron-
Type S-C11

Copperfiller rod - Type

A general purpose rod for welding mild steel where a
minimum butt-weld tensile strength of 35.0 kg/mm?
is required. (Full fusion technique with neutral flame.)

Intended for application in which minimum butt-weld
tensile strength of 44.0 kg/mm? is required. (Full fusion
technique with neutral flame.)

Building up worn out crossings and other application where
the steel surfaces are subject to extreme wear by shock
and abrasion. (Surface fusion technique with excess

These rods are intended to be used in repair and
reconditioning parts which have to be subsequently
hardened and tempered. (Full fusion technique with

These rods are intended for use in the welding of corrosion-
resisting steels such as those containing 18 percent
chromium and 8 percent nickel. (Full fusion technique

Intended for use in the welding of cast iron where an
easily machinable deposit is required. (Full fusion
technique with neutral flame.)

For welding of de-oxidized copper. (Full fusion
S-C1 technique with neutral flame.)

Not required.

Not required.

Not required.

Special flux
(if necessary).

Necessary

Flux necessary.

Flux necessary.
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Filler metal type

Application

Flux

Brass filler rod - Type
S-C6

Manganese bronze (high
tensile brass) - Type S-C8

Medium nickel bronze - Type
S-C9

Aluminium (Pure) - Type
S-C13

Aluminium alloy-5 percent
silicon - Type S-NG21

Aluminium alloy-10-13 per-
cent silicon - Type 5-NG2

Aluminium alloy-5 percent
copper

Stellite: Grade 1

Stellite: Grade 6

Stellite: Grade 12

Copper-phosphorus brazing
alloy - Type BA-CuP2

Copper-phosphorus brazing
alloy - Type BA-CuP5

Silver-copper-zinc (61 per-
cent silver) type brazing
alloys - Type BA-CuP3

Silver-copper-zinc (61
percent silver) - Type BA-
Cu-AG6

For use in the braze welding of copper and mild steel
and for the fusion welding of material of the same or
closely similar composition. (Oxidising flame.)

For use in braze welding of copper, cast iron and malleable
iron and for the fusion welding of materials of the same
or closely similar composition. (Oxidising flame.)

For use in the braze welding of mild steel, cast iron and
malleable iron. (Oxidising flame.)

For use in the welding of aluminium grade 1B.
(Full fusion technique with neutral flame.)

For welding of aluminium casting alloys, except those
containing magnesium, or zinc as the main addition.
They may also be used to weld wrought aluminium-
magnesium-silicon alloys. (Full fusion technique with
neutral flame.)

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

For welding aluminium casting particularly those
containing about 5 percent copper. (Full fusion technique
with neutral flame.)

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

Hard facing of components subjected to shock and abrasion,
(Surface fusion technique with excess acetylene flame.)

Hard facing of components subjected to abrasion and
moderate shock. (Surface fusion technique with excess
acetylene flame.)

Brazing copper, brass and bronze components. Brazing
with slightly oxidising flame on copper; neutral flame on
copper alloys.

For making ductile joint in copper without flux. Also widely
used on copper based alloys of the brass and bronze type in
conjunction with a suitable silver brazing flux. (Flame

slightly oxidising on copper; neutral on copper alloys.)

Similar to type BA-CuP5 but with a slightly lower tensile
strength and electrical conductivity (flame slightly
oxidising on copper; neutral on copper alloys).

NOTE: Phosphorus bearing silver brazing alloys

should not be used with ferrous metal or alloys of

high nickel content.

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

Flux necessary.

Flux necessary.

Flux required.

Flux necessary.

Flux necessary.

Flux necessary.

Flux necessary.

None is usually
required. A castiron
flux may be used, if
necessary

-do-

-do-

Necessary

None for copper.
A flux is nece-
ssary for brazing
copper alloys.

None for copper.
A flux is necess-
ary for brazing
copper alloys.

Flux necessary.
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Filler metal type

Application

Flux

Silver-copper-zinc (43 per-
centsilver) - Type BA-Cu-
Ag 16

Silver-copper-zinc cadmium
(43 percent silver) - Type
BA-Cu-Ag 16A

Silver-copper-zinc-cadmium
(50 percent silver) - Type
BA-Cu-Ag 11

Silver-copper-zinc-cadmium
nickel (50 percent silver)
-Type BA-Cu-Ag 12

This is a general purpose brazing alloy and is particularly
suitable for joining electrical components requiring high
electrical conductivity. (Flame neutral)

An ideal composition for economy in brazing operation
requiring a low temperature, quick and complete
penetration. Suitable on steel, copper, brass, bronze,
copper-nickel alloys and nickel-silver. (Flame neutral)

This alloy is also suitable for steel, copper-nickel
alloys and nickel-silvers. (Flame neutral)

Specially suitable for brazing tungsten carbide tips to
rock drills, milling cutters, cutting and shaping tools;
also suitable for brazing steels which are difficult to
‘wet' such as stainless steels. (Flame neutral)

Flux necessary.

Flux necessary.

Flux necessary.

Flux necessary.

Gas Welding Fluxes and Function

Objectives: At the end of this lesson you shall be able to

« explain flux and its function in gas welding

« describe the types of welding fluxes and their storage.

Flux is a fusible (easily melted) chemical compound to be
applied before and during welding to prevent unwanted
chemical action during welding and thus making the
welding operation easier.

The function of flux in gas welding: To dissolve oxides
and to prevent impurities and other inclusion that could
affect the weld quality.

Fluxes help the flow of their metal into very small gap
between the metals being joined.

Fluxes act as cleaning agents to dissolve and remove
oxides and clean the metal for welding from dirt and other
impurities.

Fluxes are available in the form of paste, powder and liquid.
The method of application of flux is shown in Fig 1.

Storing of fluxes: Where the flux is in the form of a coating
on the filler rod, protect carefully at all times against damage
and dampness. (Fig 2)

Seal flux tin lids when storing especially for long periods.
(Fig 2)

Though the inner envelope of an oxy-acetylene flame offers
protection to the weld metal, it is necessary to use a flux
in most cases. Flux used during welding not only protects
the weldment from oxidation but also from a slag which
floats up and allows clean weld metal, to be deposited.
After the completion of welding, flux residues should be
cleaned.

Fig 1
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Fig 2
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METHOD OF STORING FLUX

Removal of flux residues: After welding or brazing is
over, itis essential to remove the flux residues. Fluxes in
general are chemically active. Therefore, flux residues, if
not properly removed, may lead to corrosion of parent metal
and weld deposit.

Some hints for removal of flux residues are given below:

— Aluminium and aluminium alloys - As soon as possible
after welding, wash the joints in warm water and brush
vigorously. When conditions allow, follow up by a rapid
dip in a 5 percent solution of nitric acid; wash again,
using hot water to assist drying.

When containers, such as fuel tanks, have been welded
and parts are inaccessible for the hot water scrubbing
method, use a solution of nitric and hydrofluoric acids.
To each 5.0 liters of water add 400 ml of nitric acid
(specific gravity 1.42) followed by 33 ml of hydrofluoric
acid (40 percent strength). The solution used at room

temperature will generally completely remove the flux
residue in 10 minutes, producing a clean uniformly
etched surface, free from stains. Following this treatment
the parts should be rinsed with cold water and finished
with a hot water rinse. The time of immersion in hot
water should not exceed three minutes, otherwise
staining may result; after this washing with hot water
the parts should be dried. It is essential when using
this treatment that rubber gloves be worn by the operator
and the acid solution should preferably be contained in
an aluminium vessel.

Magnesium alloys - Wash in water followed quickly by
standard chromium. Acid chromate bath is
recommended.

Copper and brass - Wash in boiling water followed by
brushing. Where possible, a 2 percent solution of nitric
or sulphuric acid is preferred to help in removing the
glassy slag, followed by a hot water wash.

Stainless steel - Treat in boiling 5 percent caustic soda
solution, followed by washing in hot water. Alternatively,
use a de-scaling solution of equal volume of hydrochloric
acid and water to which is added 5 percent of the total
volume of nitric acid with 0.2 percent of total volume of
a suitable restrainer.

Cast iron - Residues may be removed easily by a
chipping hammer or wire brush.

Silver brazing - The flux residue can be easily removed
by soaking brazed components in hot water, followed
by wire brushing. In difficult cases the work piece
should be immersed in 5 to 10 percent sulphuric acid
solution for a period of 2 to 5 minutes, followed by hot
water rinsing and wire brushing.
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Fabrication

Related Theory for Exercise 1.3.45

Welder - Weldability of steels (OAW, SMAW)

Defects in gas welding

Objectives: At the end of this lesson you shall be able to

* name and define various weld defects
« identify the common faults in gas welding.

Definition

A fault is an imperfection in the weld which may result in
failure of the welded joint while in service.

The following faults occur commonly in gas welding.

Undercut: Agroove or channel formed along the toe of the
weld on one side or on both sides. (Fig 1)
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Excessive convexity: Too much weld metal added to the
joint so that there is excessive weld reinforcement. (Fig 2)
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Overlap: Metal flowing into the surface of the base metal
without fusing it. (Fig 3)
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Excessive penetration: Depth of fusion at the root of the
grooved joint is more than the required amount. (Fig 4)

Fig 4
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Lack of penetration: Required amount of penetration is
not achieved, i.e. fusion does not take place up to the root
of the weld. (Fig 5)

Fig 5
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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 lack of fusion. (Fig 6)

Fig 6
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Porosity: Number of pinholes formed on the surface of
the deposited metal. (Fig 7)

Fig 7

UNFILLED CRATER
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WLN134517

POROSITY Excessive concavity/insufficient throat thickness:

Enough weld metal is not added to the joint so that there
is insufficient throat thickness. (Fig 11)

QD

Blow-holes: These are similar to pinholes but have
greater diameter. (Fig 8)

Fig 11
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Cracks: Adiscontinuity in the base metal or weld metal or

both. (Fig 9) Burn through: A collapse of the molten pool due to

excessive penetration, resulting in a hole in the weld run.
(Fig12)

Fig 9
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Unfilled crater: A depression formed at the end of the
weld. (Fig 10)

BURN THROUGH

WLN13451C
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Weld defects - causes and remedies

Objectives: At the end of this lesson you shall be able to
» explain the causes of weld defects
« state the remedies to prevent the defects.

Welding defects: Possible causes and remedies

Defect Possible causes Appropriate remedies

1 Filletweld with Incorrect angle of filler rod and Maintain filler rod and blowpipe
insufficient blowpipe. at the appropriate angles.
throat thickness.

2 Excessive concavity Excess heat build-up with too Use the appropriate size nozzle
in butt weld profile. fast a speed of travel or filler and filler rod with the correct

rod too small. speed of travel.

3 Excessive penetration. Angle of slope of nozzle too large. Maintain the nozzle at the correct
Excess fusion of root Insufficient forward heat. speed of travel.
edges. Flame size and/or velocity too Select correct nozzle size.

high. Filler rod too large or too Regulate flame velocity correctly.
small. Speed of travel too slow. Use correct size of filler rod.

4 Burnthrough. Excessive penetration has produced Maintain blowpipe at the correct
local collapse of weld pool resulting angles. Check nozzle size, filler rod
in a hole in the root run. size. Travel at the correct speed.

5 Undercut along vertical Incorrect angle of tilt used in Maintain blowpipe at the

member of filler blowpipe manipulation. Correct angle.
welded Tee joint.

6 Undercutin both sides Wrong blowpipe manipulation; in- Use correct nozzle size, speed of
of weld face in butt correct distance from plate surface, travel and lateral blowpipe
joint. excessive lateral movement. manipulation.

Use of too large a nozzle.

7 Incomplete root pene- Incorrect set up and joint preparation. Ensure joint preparation and set up

tration in butt joint Use of unsuitable procedure and/or are correct. Appropriate procedure
(single V' or double V). welding technique. and/or welding technique must be
used.

8 Incomplete root pene- Incorrect set up and joint preparation. Ensure joint preparation and set up
tration in close square Use of unsuitable procedure and/or are correct. Appropriate procedure
Tee joint. welding technique. and/or welding technique

must be used.

9 Lack of root penetration. Incorrect joint preparation and set up. Prepare and set up the joint correctly.
Gap too small. Vee preparation too
narrow. Root edges touching.

10 Lack of fusion on root Incorrect set up and joint preparation. Ensure the use of correct joint

and side faces of double Use of unsuitable welding preparation, set up and welding
Vee butt joint. technique. technique.

11 Lackofinter-run Angles of nozzle and blowpipe Correct the angles of slope and tilt.
fusion. manipulation incorrect. Use blowpipe manipulation to control

uniform heat build-up.
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Defect

Possible causes

Appropriate remedies

12

13

14

Overlap

Weld face cracks in
butt and fillet welds.

Surface porosity and
gaseous intrusions.

Crater at end of weld
run. Small cracks
may be present.

Use of incorrect welding procedure.

Unbalanced expansion and
contraction stresses.
Presence of impurities.
Undesirable chilling effects.
Use of incorrect filler rod.

Use of incorrect filler rod and
technique. Failure to clean
surfaces before welding.
Absorption of gases due to
incorrectly stored fluxes,
unclean filler rod.
Atmospheric contamination.

Neglect to change the angle of
blowpipe, speed of travel or
increase the rate of weld metal
deposition as welding is completed
at the end of the seam.

Use correct procedure and filler

rod. Ensure uniform heating and
cooling. Check suitability and
surface preparation of material
before welding. Avoid draughts

and use appropriate heat treatment.

Clean plate surfaces. Use correct
filler rod and technique. Make
sure the flame setting is correct
to avoid gas contamination.

Reduce the angle of the blowpipe
progressively with speed of travel to
lower the heat input and deposit, and
deposit sufficient metal to maintain
the toe of the weld pool at the
correct level until it has completely
solidified.
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