Basic Manufacturing Processes

MODULE-I&II

CASTING PROCESSES

Manufacturing can be defined asthe process of converting raw material s (and information such
as specifications) into a usable form of products. The process of manufacturing mainly
encompases

(@) Product design
(b) Raw material selection, and
(c) Seguence of operations (processes) through which the product will be manufactured.

In general, the term “process’ can be defined as a change in the properties of an object,
including geometry, hardness, state, information content and so on. Depending on the main
purpose of the process, it is either a material process, an energy process or an information
process. In the present text it is mainly concerned with material process which produces
geometrical changesor changesinthe materia property or both and known asbasic processes.

A manufacturing process is the activity (or a set of activities) of transforming a given
material into aproduct of different form and sizesand with or without changing the physical and
mechanical propertiesof the material of the product. A manufacturing process normally consists
of aseriesof basic processes, which congtitute the structure of the material flow. A classification
scheme of the basic manufacturing processesis shownin Fig. 1.1.
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Fig. 1.1 Classification of Manufacturing Processes

Packagi
Shaping process
These processes give desired shape and size to the raw material (s) to obtain the finished
product through material removal process or non-material removal process.

Thematerial removal process (machining process) removes excess material from the base
material by atool to get desired shape. Eg. Turning, Milling etc. The non-material removal
process involves shaping of amaterial by putting it in acavity either in aliquid state or asolid
state to get the desired shape. Eg. Forming (extrusion, deep drawing etc.) and casting.

Assembly / Fabrication / Joining

Theseinvolvejoining pieces either permanently or temporarily to perform necessary function.
Joing can be made by applying both temperature and pressure on the materialsto bejoined or by
fastering by using nuts and bolts. Eg. Welding (Gas, Arc and non-conventional), Rivetting, etc.

Associated operations

The associated operations such as heat treatment, finishing or super finishing operations, surface
treatment etc. help in improving the material property of thefinal product.

1.1 FOUNDRY PROCESS / CASTING

The art of foundry (From latin “fundere” means ‘melting & pouring’) is very primitive to civilization
asit has been is use since 3000 B.C, when bronze arrowheads were cast in open-faced clay
moulds.

Metal casting (or ssmply casting) it based on the property of liquid to take up the shape of
the vessel which containsit. The process of metal casting involves pouring of molten metal into
amould, which isacavity formed in some moulding material such as sand. The mould cavity
exactly resembles in shape and size with the product to be made. After pouring, the molten
metal isallowed to freeze there, taking up the shape of the mould cavity and the product isthus
cast, is called a casting. A sand mould isshownin Fig. 1.2.
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Fig. 1.2 Corss section of a two-part sand mould.

Flask A moulding flask is one which holds the sand mould intact. Depending on the
position of the flask in the mould structure, it is referred to as drag, cope and
cheek. It is generally made up of wood for temporary use or of metal for long
term use.

Drag L ower moulding flask.

Cope Upper moulding flask.

Cheek Intermediate moul ding flask used in three piece moulding.

Parting line  Thisisthedividing line between thetwo moulding flasksthat makesup the sand
mould.

Core It isused for making hollow cavitiesin castings.

Pouringbasin A small funnel shaped cavity at thetop of the mould into which the molten metal

Sprue
Runner

Gate
Chaplet

Chill

Riser

ispoured.

The passage through which the molten metal from the pouring basin reaches
the mould cavity.

The passage ways in the parting plane through which molten metal flow is
requlated before they reach the mould cavity.

Theactual entry point through which molten metal enters mould cavity.
Chaplets are used to support cores inside the mould cavity to take care of its
own weight and overcome the metall ostatic forces.

Chillsaremetallic objectswhich are placed in the mouldsto increase the rate of
cooling of castingsto provide uniform or desired cooling rate.

It isthereservoir of molten metal provided in the casting so that hot metal can
flow back into the mould cavity when there is areduction in volume of metal
dueto solidification.
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Coreprint  Animpressionintheform of arecessis madein the mould with the help of a
projection suitably placed on the pattern, for supporting the coresin the mould
cavity. This projection isknown asacore print.

1.1.1 Stepsin casting

Thewhole process of producing casting may be classified in to five stepsasfollows::

(i) Pattern making The pattern isan exact fascimile or replicaof the article to be cast.
The patterns are designed and prepared as per the drawing.

(i) Moulding and core making The moulds are prepared in either sand or similar
materialswith the help of patterns so that a cavity of the designed shapeis produced.
To obtain hollow portions, cores are prepared separately in core boxes. The moulds
and cores arethen baked to impart strength and finally assembled for pouring. Moulding
can be doneeither manually or by machines depending on the output required. Provision
of gates and risers are also made for flow of molten metal.

(iii) Melting & casting Correct composition of molten metal is melted in a suitable
surface and poured into the moulds. The moulds are then allowed to cooldown for the
metal to solidify. The castings arefinally extracted by breaking the moulds.

(iv) Fettling The castings as obtained after solidification carry unwanted projections.
Also sand particlestend to adhereto the surface of castings. The castings aretherefore
sent to fettling section when the projections are cut off and surface cleaned for further
work. The casting may also need heat treatment depending on the specific properties
required.

(v) Testing & Inspection Finaly, before the casting is despatched from foundry, it is
tested and inspected to ensure that it is flawless and confirms to the specifications
desired.

1.1.2 Advantages and disadvantages of Metal Casting

Advantages

(A) Design advantages

(i) Size: Thereisno restriction on size. Items from a few grams to many tons can be
produced by casting. Infact, castingisthe only processfor producing massive objects
in one single piece. Eg. watch cases (few grams), rolling mill housing (around 50
tons).

(i) Complexity : The most complex curved surfaces and complicated shapes which are
difficult or rather impossible to manufacture by other processes, can usualy be cast.

(iii) Weight saving : Large saving in weight is achieved as the metal can be placed
exactly whereit is required.
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(iv) production of prototypes: The casting process is ideal for making models and
prototypes required for creation of new designs.

(v) Wide range of properties: Special properties like corrosion resistance, heat
resistance, damping capacity, high strength, electrical and thermal conductivity etc.
are possible by alloying the base metal and proper heat treatment.

(B) Metallurgical advantages

(i) Fibrousstructure: Incast metas, theinclusionsare moreor lessrandomly distributed
during the solidification process. Thusthe cast aloysusually do not exhibit any fibering
or directionality of properties.

(ii) Grain size: Most non-ferrous alloys retain the grain size attained during freezing.
Subsequent heat treatment can improve the grain size.

(iii) Density : Thedensity of cast alloy isusually identical to that of thewrought alloys of
the same chemical composition and heat treatment, when both are fully sound.

(C) Others

(i) Low cost

(i) Dimensional accuracy : Tolerance as close as +01 mm can be achieved depending
on the cast metal, the casting process and the shape and size of the casting. The

surface finish can aso be controlled and may vary from 5u to 50u .

(iii) Versatility in production : Suitablefor small quantity job shop production aswelll as
large volume mass production by employing at automatic machines.

Disadvantages
(i) High energy consuming process.
(if) Labour intensive as compared to other processes.
(iii) Needs large space and handling systems.
(iv) Timerequirement for producing castingsisquitelong.

(v) Unfavorableworking condition dueto heat, dust fumes, heaps of scrapsand dlag etc.
at different stages. Also thereishigh environmental pollution.

1.1.3 Applications of Casting (Metal : Ferrous and Non ferrous)

Cylinder blocks
Cylinder liners
M/C Tool beds
Pistons
Pistonrings
Mill rolls
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Wheels

Housing

Water supply pipes
Bdls

Jet engine blades
Turbineblades

1.1.4 Sections of aFoundry

The sections of afoundry are asfollows:

METAL SAND

—

(5) MELTING (2) SAND MIXING

(1) PATTERN
MAKING (4) MOULDING
(3

COREMAKING ———»
& BAKING

v

(6) POURING

(7) SHAKEOUT

(8) FETTLING & SHAKEOUT
(9) HEAT TREATMENT

(10) INSPECTION & TESTING

1.2 PATTERN

m  Pattern may be defined as a model or replica of the object to be cast.

= Only variation according to dimension between casting and pattern are the various
allowances.

m  Sand is packed around the pattern and after its removal mould cavity is formed in
which molten metal is poured to form final cast product.
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1.2.1 Difference between Pattern and Casting

Main difference between pattern and casting is their dimensions i.e., a pattern is
slightly larger in size than the casting because it carries shrinkage allowance (1 — 2
mm per 100 mm), draft allowance (1° and 3°) for tenal and internal surfaces and
machining allowance.

Pattern carries core prints.
Pattern can be in two or three pieces but casting is a single piece object.
Material required for both are different.

1.2.2 Functions of Pattern

Produces mould cavity in sand.
Its casting has a core pattern contains coreprints.
It defines parting line and parting surfacesin the mould.

Properly made patterns provide finished and smooth surface to casting and reduce
defects.

Properly constructed patterns reduce the overall cost of process.

1.2.3 Types of Pattern

Single piecel one piece pattern (solid pattern)
Split/ Two piece pattern

L oose piece pattern

Match plate pattern

Cope and Drag pattern

Sweep pattern

Gated pattern

Skeleton pattern

Follow board pattern

Single Piece Pattern

Simplest pattern andinexpensive

Made out of one piece and does not contain |oose pieces or joints.
Large size single castings are manufactured.

Moulding operations are manual and so much timeisrequired.
Generally small numbers of castings are produced.

Material used are wood or metal (depend on quantity of production)
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1.2.3.2

1.2.3.3

1234

Stuffing box of steam engine.
ItisshowninFig. 1.3.

Fig. 1.3 Single piece pattern.

Split Pattern

Castings of complicated shape can not be prepared in single piece because of some
difficultieslike withdrawing the pattern from the mould, etc.

Upper part kept on cope and lower part in drag of mould.

Alignment is maintained by using dowel pins. (i.e., parting line for both pattern and
mould are same)

Taps, water stopcocks. /\—/‘\
It is shown in Fig. 1.4. U/~

Fig. 1.4 Split Pattern

Dowel Pin

Loose Piece Pattern

Why Loose Pieces ?

Some patterns can not beremoved after putting themin moulding sand. So for removing
them, they are made of loose pieces.

L oose pieces are attached to the main body by lower pins.

Main body drawn out first and then loose pieces. fy f
Moulding needs moretime. ¢ v
Provides errors.

ItisshowninFig.15. Fig. 1.5 Loose piece pattern

Match Plate Pattern

It has a match plate on both side of which number of split patterns are fastened.
Pattern of different size and shape can be fitted to a match plate.

Match plateis clamped with drag by locator holes.

Runner and gates are attached to the pattern assembly.

After ramming the whole assembly is removed.
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1.2.35

1.2.3.6

Spindle

Cope and drag fitted together-forms moul d.

Material - Aluminium normally used because of light weight and cheap in cost.
Small castings are made in large scale.

Piston rings and IC engines.

ItisshowninFig. 1.6.

Patterns
1 LEITI

Locating hole

Fig. 1.6 Match plate pattern

Cope and Drag Pattern
Onekind of split pattern.

Differenceisthat in this gating and risering system attached to both the halves using

separate metal /wooden plate.

Both the cope and drag parts of the final mould can be produced separately and

assembled findlly.
Used for heavy castingsinconvenient to handle.
ItisshowninFig. 1.7.

[T11 Cope

mHE [T Drag pattern

Fig. 1.7 Cope and Drag
Sweep Pattern

ItisillustratedinFig. 1.8.

Rammed sand

Sweep Final mould

Fig.1.8 Sweep Pattern
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1.2.3.7

1.2.3.8

It is aform made on a wooden board which sweeps the shape of the casting around
thepost/spindle.

It eliminates need of 3D pattern.
Used for producing large castings of circular section and symmetrical shapes.
Large bells etc.

Gated Pattern Gate
ItisshowninFig1.9. j[/\ﬂn ﬂ
Improvement of simple pattern 5

Gating and runner system is a part of pattern. /

Productivity increases by eliminating Runner

preparation of gating system manually. Patterns

For producing small size castingsfor mass Fig. 1.9 Gated pattern
production.

Skeleton Pattern

ItisshowninFig. 1.10.
This pattern isthe skeleton of desired shape.

Skeleton is made from wooden strips.
Strickle board is used after ramming to remove extra sand.

If object is symmetrical, then two halves can be moulded by using same pattern and
finally moul ds assembled before pouring.

Large castingsin small numbers.
Turbine blades, water pipes, chutes, L - bends, etc.

Fig. 1.10 Skeleton Pattern
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1.2.3.9 Follow Board Pattern

ItisshowninFig1.11.
Follow board is awooden board.

Supports pattern which isvery thin and fragile. With this support, the drag isrammed,
then follow board iswithdrawn.

Therammed drag isinverted, copeis mounted in it and rammed. At thistime pattern
remains over the inverted drag and gets support from rammed sand and the drag
under it.

Finally, pattern is removed and cope and drag assembl ed.
Follow board forms natural parting linein the mould.

Sand

o =1

|- Sttt agteest

L~ Pattern

Follow board

Fig. 1.11 Follow Board Pattern

1.2.4 Pattern Materials

Selection of pattern material depends on thefollowing factors.

Number of castingsto be produced

Required dimensional accuracy and surfacefinish.
Process used like, sand, investment, shell, etc.

- Moulding, hand/machine.

—  Shape, complexity and size of casting

Materias used are

D

Wood  (2) Metd  (3) Plastic  (4) Plaster and (5) Wax

1. Wood

Types

White pine
Mahogany
Teak
Deodar, etc.
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Advantages

- Inexpensive

- Eesyavailahility

— Lightinweight

—  Easy to machine

—  Easytojoinfor obtaining complex shapes
Limitations

—  Shrinkageand swelling

—  Poor wear resistance

—  Easily absorb moisture and result in change of shape and size.
—  Weak compared to metal patterns.

Applications

Used where large size patterns produced for small number of castings.

2. Metal
These are cast from wooden patterns or machined.
Types
(i) AlandAl aloys
(i) Sted
(iii) ClI
(iv) Brass (Cu - Zn)
Advantages

—  Stronger and accurate than wooden pattern.
- Morelifethan wood.

—  Greater resistance to abrasion

—  Greater wear resistance

—  Surfacefinish obtained isgood.

- Stableindifferent environments.

Limitations
—  More expensive as compared to wooden.
—  Heavier than wooden (Ferrous pattern).

—  Get rusted easily (Ferrous Patterns).
—  Can’t be easily repaired (Al) or machined.
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Applications

Generally used where large number of castings are to be produced.

Aluminium and Al alloys
Advantages

—  Best pattern material

—  Goodresistanceto corrosion, swelling

—  Good machinability, wear resistance and strength.
— Donot rust

—  Pattern cost moderate

Limitations

—  Donot withstand to rough handling

—  Poor repairability
Applications
For any step patterns :
Cast-iron
Advantages
—  Lessexpensive
—  Durahilityishigh
— Resistance against abrasive action of sand.
—  Easily machined
Limitations
- Moreweight

— Itishard and brittle, so it can be broken easily
—  Getsrusted in presence of moisture.

Steel

Advantages

- Good machinability

—  High wear resistance
— Highsrength

—  Goodrepairability
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Limitations
—  Highweight
—  Poor resistance to rust and corrosion.

3. Plastic
Advantages
— Durable
—  Smooth cast surface
—  Moistureresistant
—  No markable change in shape and size during use.
— Highabrasion resistance
—  Good resistance against chemicals
Limitations

- Fragile and so may need metal reinforcements.

—  Not satisfactory under shock (m/c moulding/ jolting)
4. Wax
Advanatges

—  Very good surfacefinish

—  High accuracy in cast product.
Applications

Investment casting process

1.2.5 Pattern Allowances

Pattern is always larger in size than that of final casting. Because, certain allowances are
provided dueto metallurgical (shrinkage) and mechanical (machining draft, shakeand distortion)
reasons.

The various allowances in pattern are

(i) Shrinkage/Contraction

(i)  Machining/Finish

(i) Draft / Taper

(iv) Distortion/ Camper

(v) Shake/ Rapping
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1.25.1

1.25.2

Shrinkage Allowance

Practically all metals shrink except bismuth.
There are two types of shrinkage such as (i) liquid and (ii) solid.

Liquid shrinkage is the reduction in volume from liquid to solid stage at solidus
temperature.

Risersare provided in mould to compensate this.

Solid shrinkage is the reduction in volume when metal looses temperature in solid
state.

Shrinkage allowanceis provided to compensate this.
Difference metals shrink at different rates.

For this, patternmaker is provided with aspecial rule.
Thisrule has two scales on each side.

The graduation is oversized proportionately eg. on one size scale, 1mm for each 100
mm.

This contraction is still a guideline because actual contraction depends on several
factors such as

(i) composition of metal and impurity present  (ii) moulding method
(iii) pouring temperature (iv) complexity of design

Machining Allowance

Finishand accuracy isnormally lessin sand casting. So machiningissometimesrequired
to improve these parameters.

Scales generated on ferrous material sareto be removed. So extramaterial isprovided
whichisremoved by either machining or cleaning

Machining allowance dependson

metal to be cast
type of moulding
accuracy required
surface complexity

Machining allowance may vary from 2 to 20 mm. Another classical way to reduceitisto
keep the casting in drag flask totally so that dimensional variation and other defects due to
parting plane are reduced to minimum.

1.2.5.3 Draft Allowance

Atthetimeof remova of patternfrom sand mould, the vertical facesof the pattern are continuoudy
in contact with the sand. So thereis chance of damage of mould cavity. To reduce this, vertical
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surfaces are tapered from parting line. It is called draft allowance.

1254

1.25.5

Itisgivento all surfacesperpendicular to parting line.

Itisgivenfor easy removal of pattern without damaging mould cavity.
Amount of taper depends on

—  shapeand size of pattern vertically

- moulding method

—  mouldingmaterias

It isprovided on both external and internal surfaces.

External — 10to 25 mm/m

Internal — 40 to 65 mm/m

Shake Allowance

A pattern is rapped by striking with awooden piece. It is done so that the pattern is
loosened alittle in mold for easy removal. This activity increases the size of mould
cavity alittlewhichresultsinlarger size casting. For thisreason anegative allowance
isprovided in pattern. Thisis called shake alowance.

Itisgeneraly givenin big castings and neglected in small ones.

Distortion Allowance

Just after solidification, casting isvery weak and may distort. Thistendency ismore, for
weaker sections such as U, V sections i.e., which has thin, long sections connected to
thick sections. For thisreason some extramaterial is provided.

1.3 MOULDING MATERIALS

Moulding material may be defined as the material out of which mould is made.

It should be such that the mould cavity retainsits shape until molten metal solidifies.
Casting can bedonein

(i)  Permanent mould — ferrous metal and alloys (steel, Gray CI).

(i)  Temporary mould — refractory sand and resin.

(iii)  Wax, plaster of paris, carbon, ceramics, etc.

Permanent mould normally used for casting low melting point metals.

Permanent moulds are costly also.

Refractory moulding used for casting high melting point materialsand bigger insize.
Most of the foundry output comes from temporary moulds.
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Refractory Sands

Normally used refractory sands are
(i) Silicasand (ii) Magnesite (iii) Zircon (iv) Dolomite
(v) Olivine (vi) Sillimanite (vii) Graphite/ Carbon

1.3.1 Sand Moulding

Generally two types
m  Greensand mould
= Drysand mould

1.3.1.1 Green Sand Mould

—  Green sand may be defined as sand which isin damp (wet) condition and contains
moisture.

—  Clay binderisadded toit.

—  Ingreen sand mould, molten metal is poured whileitisinwet/undried condition.
—  Agreen sand mould haslow strength and low permeability.

—  Difficult shapes can be produced.

—  Castings do not crack because there is less resistance to soild shrinkage.

—  Suitablefor small and medium size casting.

1.3.1.2 Dry Sand Mould

— ltisshowninFig. 1.12.
— Binders are added which harden when heated.

Rammed
" Sand

i Parting

/ Surface

Bottom

v
_ DA \ XX XX Board

Fig.1.12
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Mouldis preparedin green (wet) condition and then heated in oven for drying (300° to
650°F) before pouring.

It has more strength than green sand mould.

More expensive.

Mould gas generation isless than green sand mould.

Smoother surface on casting because fine sand is used.

Higher permeability than green mould.

Preferred for large size casting.

1.3.2 Metal Moulding/Dies

These are also called permanent moulds.

Generally made of grey cast iron/steel.

Metal mould is made of two partsto facilitate removal of casting.
Mould is manufactured by casting and then machining of the cavity.
Generally used for casting nonferrous metalsand alloys. (A1, Mg, Pb etc.)
Ex : Aluminium alloy pistons(I.C. Engine) are cast in metal moulds.
Metal moulds are used in the following type of castings.

(i)  Permanent mould casting

(ii)  Pressure die casting

(iii)  Centrifugal casting

Surface produced by metal mould have

(i)  finegrainstructure

(i) highdimensional accuracy

(iii)  very good surfacefinish

Preferred for mass production of casting.

1.3.3 Investment Moulding

Processto befollowed for investment moulding are asfollows:

Use a master pattern to make metalic die cavity.
Pour molten wax in the die and get wax pattern.

Protecting of wax patternisdone by repeatedly dippingit in slurry of afinerefractory
material.

Pour the investment moul ding mixture around the protected wax pattern.
Allow investment to harden.
Invert the mould and heat it in the furnace (200° — 300°F).
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It resultsin

(i) hardening of investment of mould

(ii) melting and removal of wax (can be reused)
Investment mould is heated from 1000°F to 1800°F.
Molten metal can be pouredintoit.

1.3.4 Shell Moulding

In this process, mould and cores are prepared of thin shells using a mixture of fine
sand and thermosetting resin, sand (100 — 150 mesh).

This mixtureis poured on a heated metal pattern.
Some amount of mixture adhere to the pattern.

The resin cures and gets bonded with each other and forms a shell like structure
around the pattern.

The portion of the shell touching the metal pattern gets the shape and size of the
pattern and is one half of the mould.

In the same manner the other half is also prepared.

Two halves are placed together which constitute the mould assembly.
Theassembly isplaced in aflask and backup material placed around it
Now molten metal can be poured in.

ItisshowninFig. 1.13.

Hot Pattern

Shell

\+1-+Backing

Fig. 1.13 Shell Moulding Process
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1.4 COMPOSITION OF MOULDING SAND

Sand is the principal moulding material. It is used in foundry for al types of castings. Some
important properties of it are

(i) refractoriness — withstand high temperature of molten metal and does not fuse.
(ii) chemical resistivity — doesnot chemically react with molten metal.
(iii) high permeability — allows gases and air to escape from the mould after pouring.

Composition
The principal ingredients of moulding sand are
(i) silicasandgrains
(ii) clay (binder)
(iii) moisture (activate clay and provide plasticity)

1.4.1 SilicaSand

m |t possesses major portion of moulding sand (upto 96%)

m  Therest are other oxides as alumina, sodium oxide (Na,0 + K,O) and magnesium
oxide (MgO + Ca0)

m  These should be kept about 2%

Main source of silicasand isriver sand.

Silicasand grains provide refractoriness, chemical resistivity and permeability to sand.

It is specified according to its shape and size.

Fine sand provides more intimate contact and less permeability .

According to shape, these can be round, subangular, angular and very angular.

1.4.2 Zircon Sand

m  Itschemical nameiszirconiumsilicate (Zr Si O,)
= Composition : — ZrO, - 66.25%, SiO, — 30.96%, AlLO, - 1.92%
Fe,0, - 0.74% and other oxides in less quantity.
m |tisvery expensive.
m  AvailableinKerala(India) and Australia.
m  Fusionpointis2400°C
= Important propertiesare high thermal conductivity and high density, etc.
m  Lesshinder required (3%).
m  Usedfor precision steel casting, precision investment.
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1.4.3 Binders

Binder may be defined asthe material which isresponsible for the cohesion between
the moulding sand grainsin both green and dry condition.

Binders arelessrefractory than moulding sand.
These provide strength to moul ding sand to retain its shapein mould cavity.

Increase in binder content reduces permeability and increases green compression
strength to some extent.

Clay isthe generally used binder for itslow cost and wider utility.
The most popular clay types are

(i) Kaeolinite/ Fireclay (Al,O,2S0,2H,0)

(i) Bentonite (Al,O, 450, H,O, H,0)

(iii) Water

Kaolinite

Melting point 1750 - 1787°C.

Absorbs less water than bentonite and so less shrinkage.

It isthe residue of weathered granite and basalt.
Composition : Kaolinite (60%) + Illite (30%) + Quartz (10%)
Softening point (3000 — 3100°F)

Bentonite

Melting point 1250° — 1300°C

Absorbs more water and so more bonding power.

Two types

(i) soidum bentonite/western bentonite(high dry and low green strength)
(if) calcium bentonite/southern bentonite (high green and low dry strength).

The clay chosen should give required strength considering the metal to be cast and
thickness of casting.

Normally river sand contains large amount of clay and can be directly used.

Water isused to activate clay for plasticity and strength.

Quantity of water isvery important because apart of water hel ps bonding (absorbed)
and another part improves plasticity (free water).

If added in more quantity will decrease strength and formability.
Normally 2 — 8% is added.
Required water content varies with type of clay.
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1.4.4 Additives

1.4.5

Binders

The basic constituents of moulding sand mixture are sand, binder and water.
Thematerialsother than these, which are added to moulding sand mixturesare called
additives.

These are added in very small quantities.

Additives are used to

— increasethe existing properties.

—  develop now properties.

Cereal binders increase strength when added upto 2%

Pitch used upto 3% increases hot strength

Saw dust upto 2% increases permeability

Other materials like sea coal improves surface appearance of cast iron.

Binders - Clay

Binders areadded to abase sand to bond the sand particlestogether (i.e. itisthe gluethat holds
themold together.

Clay

Claysare generally used binding agents mixed to the mol ding sandsto sustain strength . There
aretwo types of clay commonly used: bentonite and kaolinite or fine clay

1.4.6

Binder for CO, Sand

Sodium silicate is used as binder (water glass — SiO, Na,0)

Mould is prepared with a mixture of sodium silicate and sand and then treated with
CO, for 2 — 3 minutes.

CO, formsawesak acid which hydrolysesthe sodium silicate which resultsin amorphous
silicawhich makesbond.

When CO, is supplied, hydrated sodium carbonate (Na,CO, + H,O) is formed.
Na,S0; + CO, —— Na,CO; + SO,
SodiumSilicate Silicagel

Thisgel type component increases the viscosity of the binder till it becomes solid.

Amount of binder required for grain size of 55is3% and for grain size 85it is4.5%
(by weight).
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1.4.7 Binder for Shell Moulding

1.4.8

Thermosetting resin is used as binder.

Sand is mixed with the binders and applied against a heated metallic pattern.
Dry and fine sand completely free from clay is used.

Grain size of sand depends on surface finish required.

Too fine sand will require more amount of binder which will makeit costly.
Thethermosetting resin binder gets hardened irreversibly by heat.

Phenol phormal dehydeiswidely used binder.

Normal curing temperature is about 150°C and time required is 50 — 60 sec.

Binder for Core Sand

Clay binder used in moulding sand are not sufficient for providing enough strength.

Coresare surrounding molten metal on all sides. So it experiences much more severe
thermal and mechanical conditions.

Core sand should be of higher strength than moulding sand.

If normal binders which are organic in nature are used for core making then it will
become collapsible during cooling of casting.

Some commercially available core bindersare

(i) Linseedoil

(ii) coreail

(iii) resins

(iv) dextrin

(v) molasses

(vi) cereds

(vii) sulphite- liquor
(viii) protein

The action of thermoplastic binders as rosin and pitch depend on the amount of heat
which liquifiesand disperses the binder in the sand.

Rosinaisaform of resinwhichisobtained by distillation and extraction of pinewood.
Generally used resin binders are phenol, ureaand furan.
Generally used core oilsare vegetable oil (linseed oil and corn oil)

Required properties of a core binder are

holding sand grainstogether.

providing strength to cores.

makes cores erosion and breaking resistant.
provide sufficient collapsibility.
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1.5 PROPERTIES OF MOULDING SAND

Important properties of moulding sand are:
(i)  Refractoriness
(i)  Green strength
(iii) Dry strength
(iv) Hot strength
(v)  Permeability/porosity

Refractoriness

It may be defined asthe ability of the moulding material to sustain the high temperatures of the
molten metal so that it does not cause fusion.

Green strength

The moulding sand which containsmoistureis called green sand. The strength of the green sand
which should be sufficient enough to maintain the shape of the mould is called green strength.

Dry strength

The moulding sand which does not contain any moistureiscalled dry sand. The strength of the
dry sand (by hot metal effect) which should retain the shape of the mould cavitiesis called dry
strength.

Hot strength

After dl, themoistureiseliminated and the metal inthe mouldisinliquid state, thetemperature
of the sand becomes very high. The strength of the sand which isrequired to hold the shape of
themould cavity inthat conditionis called hot strength.

Permeability / Porosity

During solidification, large amount of gases come out from the mould. These are the gases
which are absorbed by the metal in the furnace, from atmosphere or gases involved by the
moulding and core sand. If these gases are not allowed to escape, these will be trapped inside
the casting and cause defects. For thisreasons, the moul ding sand should be sufficiently porous
so that the gases are allowed to escape out. The gas evolution capability of themoulding sandis
called permeability/ porosity.

Collapsibility

Besides al the above properties, the moulding sand should have collapsibility so that during
contraction of the solidified casting, it does not provide any resistance which may result in
cracksin casting. Moulding sand should be reusable and having good thermal conductivity so
that heat from casting is quickly transferred to the sand.
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1.6 SAND TESTING

Various kind of tests are done on moulding sand. They are:

1.6.1

Moisture content test

Clay content test

Grain fineness test

Permeability test

Strength tests

(a) Greenand Dry compression
(b) Greentensile

(c) Green and Dry shear

(d) Transverse (bending)

Moisture Content Test

Amount of water contained in moulding sand control sthe properties of moulding sand.
If moisture content islow strength will not be devel oped.

If moisture content is high, permeability reduces. M oisture content can be determined
by the following methods.

Using direct reading moisture teller

Thereaction isproduced by providing calcium carbide
CaGC, +2H,0=Ca(OH), + C,H,

Calcium carbide reacts with the moisture of moulding sand and produces acetylene
gas.

The pressure of C,H, gives adirect reading of the water content of the pressure
gauge.

Using infrared heating

Thefollowing steps arefollowed in this process.

()

(i)
(iii)
(iv)

(v)

Fixed weight of 20 to 50 gms of prepared sand is placed in pan and is heated by
infrared heater bulb for 2 — 3 minutes.

The moisture present evaporates.
Moulding sand is taken out of the pan and reweighted.

The percentage of moisture can be calculated from the differencein weightsof original
moist and final dry sand samples.

The apparatusis shownin Fig. 1.14.
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Infrared heating bulb

[
F

Base

on/off switch

Fig.1.14 Moisture determining apparatus

1.6.2 Clay Content Test

Clay isabonding agent for sand particles. The clay content of amoulding sand can be determined
asfollows:

Takeasmall quantity of moulding sand and dry it throughly

Take out 50 gms of dry moulding sand and put in awash bottle.

Add 475 cc of distilled water and 25 cc of 3% NaOH solution.

Using arapid sand stirrer, stirr the mixture for 10 minutes.

Fill the wash bottle with water upto indicated mark.

Allow 10 minutesfor settling of sand, then takeout water from the bottle.
Clay comes out with water in dissolved condition.

Again add water to the sand and stir it, let the sand to settle down and take water out.
Follow the above step till water over the settled sand is clean.

So all the clay has been removed out of sand.

Dry the sand.

Calculatethe clay content by measuring the differencein weights betweeninitial and
final sand sample.

1.6.3 Grain Fineness Test

Thistest determines

(i) Gransize

(it) digribution

(iii) grain fineness

The apparatusin shownin Fig. 1.15.
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m  |thasanumber of standard sieves mounted
one above the other on a power driven
shaker.

m  The shaker vibrates the sieves and sand
poured on top sieve gets screened and
collected on different sieves depending
upon the various sizes of grains present in
moul ding sand.

m  There are generally eleven number of
standard sieves mounted one above other Control knob
and under the bottom most sieve pan is
placed.

m  Thetop sieveisthe coarsest and bottom most sieveisthefinest, in between sievesare
placed in order.

m A sample of dry sand without clay is placed in upper sieve.
m  Sandisvibrated for adefinite period of time.

m  Theamount of sand obtained in each sieveisweighted and percentage distributionis
calculated.

m  For calculating grain finess number, each percentage is multiplied by afactor.
m  Theresulting productsare added and divided by total percentage of sand grain retained.

Sives

Electric motor

Ml

ug

Fig. 1.15 Grain Finesess Tester

3 Sumof products
Total sumof thepercentagesof sand retained on panandeachsieve

XM f
X

where, M; = Multiplying factor of the jth sieve.

GFN

f, = Amount of sand retained on each sieve.

1.6.4 Permeability Test

Permeability may be defined as the property of moulding sand which allows stream and other
gas generated in the mould during the pouring of molten metal to escape out.

It depends on
(i) ogransize
(ii) grain shape
(iii) binder type and amount
(iv) degree of ramming
(v) water of content of moulding sand
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m  First, aspecimen of standard sizeis prepared by Specimen Rammer.

m  Permeability of sand specimen isdetermined by passing given volume of air through
the sand.

m  Permeability tester consists of
(i) aninverted bell jar, which floatsin water.
(ii) specimen tubeto hold the sand specimen.
(iii) manometer to read the air pressure.

m  TheapparatusisshowninFig. 1.16.

Specimen
pusher
3
[Jorm
—f 5081 «— Ramtube
Specimen O — Specimen
_..I H_
@ ()

Air
2000 cc
Inverted bell jar

Sand Specimen

L\~ > Pressure
‘ manometer

© Mercury seal

Fig. 1.16 Permeability Tester
Process
(i) 2000 ccof air heldininverted bell jar isforced to pass through sand specimen.

(if) Atsomepointtheairflow stabilizesi.e., amount of air entering the specimen = amount
of air escaped through the specimen to atmosphere.

(iii) By this, astablereading isobtained in manometer.
(iv) Using stopwatch, time required for the total 2000 cc of air to pass through the sand
specimen is also recorded.
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(v) Now permeability number can be calculated asfollows :

- V.H.
Permeability Number = ———
A.P.T

whereV = volume of air passed through specimen = 2000cc
H = height of the specimen
A = area of the specimen
T = time taken by 2000 CC air to pass through sand specimen (in minutes)
P = air pressure recorded by manometer (gm/cn?).

1.6.5 Strength Test

m  Strength test are donein order to control sand strength properly.
m  Strength of amoulding sand can be determined by
(i) Compression
(if) Tensile
(iii) Shear
and (iv) Transverse test
m  Among all these compression test is most commonly used.
m  All thetests can be done on sand specimen tester by using different attachments.
m  Thestrength testing equipment isshownin Fig. 1.17.

Gripsor jawsto
hold specimen Dial indicator

/qJ:I Whed

Indicators of
High Low
strength  strength

Fig. 1.17 Strength Testing Equipment
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Process
()
(i)
(iii)
(iv)

(v)
(vi)

The specimen is held between the grips.
Hand wheel isrotated, it builds hydraulic (oil) pressure on specimen.
Dial indicator measures the deformation occurs.

There are two manometer indicators. One is for low strength sand and other is for
high strength core sand.

Each indicator has three scales. First for reading compressive strength, second for
tensile (traverse) and third for shear strength.

The shape of specimen and the grips are shownin Fig 1.18.

Compressive Shear Tensile

25 x 25 mm?
| >
<
> G

Transverse
Fig. 1.18 Shapes of specimen and grips for strength tensing:

G — Grip, S — Specimen

1.7 MELTING FURNACE

Furnaceis used to melt the metal.
Foundry furnace remelts the metal to be cast.
A foundry furnace does not convert ore into usable metal as blast furnace.

A furnace generally forms a high temperature zone surrounded by refractory bricks
which can withstand the heat and minimize heat lose by insulating it from the outside
environment.

The metal isplaced in this high temperature zone.

1.7.1 Remelting Furnaces for Casting

Metals are generally obtained from blast furnace, steel making furnace or other non-ferrous
smelting furnaces.
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These metals can not be cast directly into desired shapes of components basically due to
following two reasons.

1. These metals are not alwaysin asufficiently refined state.
2. Practicalyitisdifficult to pour huge quantity of molten metal into mould.

For the above reasons metals obtained from smelting furnaces are first cast into same
regular shapesasingots. These arethen remelted in foundriesfor casting required components.

Various types of remelting furnaces are used for this purpose. They are asfollows:

(i) CupolaFurnace
(ii) Electric Furnace
(@) Resistance furnace
(b) Induction furnace
—  Corelesstype/ High frequency induction furnace

—  Coretype/Low freguency induction furnace
(c) Arc furnace

—  Direct arc furnace

— Indirect arc furnace/Rocking furnace

1.7.2 Selection of Remelting Furnace

Selection of remelting furnace depends on following factors.

(i) Initial cost of furnace.

(ii) Fuel cost

(iii) Meta/aloy to be melted.

(iv) Melting/ pouring temperature.

(v) Quantity of metal to be melted.

(vi) Cost of melting per unit weight.

(vii) Flexibility of uniti.e., whether can be used for melting other metal or not.
(viii) Speed of melting

(ix) Cost of operation

(x) Degreeof cleanliness/pollution.

1.7.3 CupolaFurnace

A cupolafurnaceisgenerally used for melting and refining pigirona ongwith scrap for producing
castiron (Fig. 1.19).
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Features/Advantages of Cupola
—  smpleoperation
—  continuousproduction
— economy of working
—  increased output
—  lowmelting cost
—  easy tempeature control
—  lessfuel expensiveand easily available

For producing white cast iron (below 2.71% carbon) duplex processis used.

Description of Cupola
Shell

— ltisvertical and cylindrica in shape
—  Made of sheet thickness 6 — 12 mm inside of which is lined with acid refractory bricks
and clay consisting of silicon acid (SiSO,) and Alumina(Al,QO,).
—  Diameter of cupola varies from 1 — 2 meters and height is 3 — 5 times diameter.
Foundation

—  Theshell ismounted on abrickwork foundation or cast iron columns.

—  Thebottom of the shell consistsof adrop bottom door for cleaning purposesat theend
of melting.

—  Airfor combustion of fuel isdelivered through the tuyers.
—  Theseare provided at height of between 0.6 to 1.2 m above the working bottom.

Wind Belt

- Airsupplied by blower isdelivered to the tuyers from wind belt/jacket.
— Itisajacket like structure which isasteel plate duct mounted on outside of shell.

Blower
A high pressure fan/ blower is used to supply air to the wind belt through a blast pipe.
Slag Hole

— Itisused for removing the dag.
— ltisplaced at alevel at about 250 mm below the centre of the tuyers.

Tapping Hole
— Itisusedfor pouring out molten metal.
— Itislocated opposite and just below the slag hole.
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Charging Hole

It isused for feeding charge to the furnace.

Chargeisamixture of metal, coke and flux.

Normally situated 3 to 6 meters above the tuyers.

Chimney / Stack

Zones of Cupola

The entire cupola can be divided into the
following sections.

Crucible Zone

It is between top of the sand bed and bottom
of the tuyers.

Combustion / Oxidizing Zone

It starts from top of the tuyer to 150
to 300 mm aboveit.

Heat isgenerated in thiszone dueto
thefollowing reaction.

C+0, > CO, + Heat
S+0,—> S0, + Heat

2Mn+ 0O, —» 2MnO + Heat
Fe+O— FeO+ Heat

Reducing Zone

It starts from the top of the
combustion zone upto the top of
cokebed.

CO, isreduced in these zone.

Melting Zone

The shell normally continues for 4.5 mto 6 m above the charging hole to chimney.

P
S

N
Brick lining
Charging H-
door £ |
 —
C100 [+ Tuyer
h opening
Sag -~
Hole T leese ~ Tapping
: Hole

Drop

T%q L

Fig.

bottom

1.19 Cross section of a Cupola

It starts from top of the coke bed and ranges upto a height of 900 mm.
Temperatureishighest in thiszone (1600°C).
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Preheating / Charging Zone

- It startsfromtop of the melting zone and ranges upto the charging door.
—  Charging materials when fed gets preheated here.

Sack Zone

— It starts from the charging zone upto top of cupola
—  Gases generated are carried out in this zone.

Operation of Cupola

Preparation of Cupola

—  Cleanthedlag and repair damaged lining using mixture of fire clay and silicasand.

—  Bottom doors are raised up and bottom sand poured.

—  Thesurfaceof thesandis s oped fromal directionstowardsthetap hole and rammed.
—  Slagholeisalso formed to remove slag.

Firing the Cupola
—  Woodisignited on sand bottom.
—  Thencokeisadded to alevel slightly abovethe tuyers.

— Airblast isturned on at a slower rate.
—  After having red spots on the fuel bed, extra cokeis poured upto required height.

Charging the Cupola

—  Cupolastarts burning properly.

—  Thendlternatelayersof pigiron, cokeand flux (limestone) arefed from charging door
till cupolaisfull.

—  Hux doestwo functions(i) prevent oxidation (ii) removeimpurities (Flux isnormally
2 — 3% of metal charge by weight)
Soaking of Iron

—  After charging these get owly heated up.
— Airblastiskept closed for 45 minutes.
—  Thiscausesiron to soak.

Opening of Air Blast
— Air blast is opened after near about 45 minutes.

—  Tapholeiskept closed to gather sufficient amount of molten metal.

—  Therateof charging should be equal totherate of meltingin order to keep thefurnace
full for continuous operation.
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1.7.4 Resistance Furnace

1.7.5

Thisfurnaceworks on the principl e of resistance heating effect of current (Fig. 1.20).

It states that when a current carrying conductor carries current (1) having resistance
(R) for time (t) then the heat produced will be 12 Rt.

Resistance heating of asingle electrode provides required heat for melting
Normally silicon carbideismelted in thiskind of furnace.

Power
Steel shell

Refractory lining

Electrode

Molten metal
Fig. 1.20 Resistance heating furnace.

The electrode has reduced diameter at its center.

1
It offers greatest resistance to current flow as Roc N

High heat is generated which is used for melting.
The operation is noiseless and costly dueto high cost of electricity.

Induction Furnace

1.7.5.1 Coreless type / High frequency Induction Furnace

A high frequency induction furnace has a refractory crucible placed inside a water
cool ed copper coil.

Thiscrucibleiskept in required position by ramming dry refractory sand around it.

It can be of two types depending on the method of molten metal extraction. They are
(i) tiltingtype(Fig.1.21).

(ii) lift coil type(Fig. 1.22).
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Molten metal Crucible
Transformer

shell

— Induction coil
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s s,
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Water Power

Fig. 1.21 Induction Furnace : tilting type

Lifting up

4—— Furnacecdll
with cu coil

Base

Fig. 1.22 Induction Furnace : lift coil type.

Operating Principle

m  Steel pieces (scrap) normally used as charge is fed into the furnace.

m  Highfrequency currentissuppliedtothecails. Sothe coil actsasprimary of transformer
and the charge acts as secondary.

m  Dueto eectromagneticinduction aternating current isinduced in secondary (charge).

m  These offer resistance to secondary current due to which heat is generated.
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Due to conduction, this heat created on skin of charge propagates and melts the
charge.

A magnetic field is associated with the secondary current which provides a stirring
actionin the molten which resultsin.

—  speed up of melting process

—  mixing of metal chargeuniformly

Thistype of furnace takes very little time for melting.

Pouring is done by any of the method af oresaid.

It isused /preferred where different metal S/all oys are to be melted in small amount.

Advantages

Can melt small quantity (i.e., 1.5 kg to 12 tons) of varioustypes of methods or aloys
quickly.

Magnetic stirring produces uniform melt.

Construction issimpler than core type induction furnace.

No warm up time required.

Great control over energy input and furnace atmosphere.

Limitations

Initial costishigh

There should beno error in chargein terms of composition becausethereispracticaly
very lessavailablefor analysis.

Thermal efficiency is less (upto 60%) than core type due to energy loss in motor
generator set or spark gap convertor.

Applications

Used for melting general, special, alloy and high quality steelsin small quantity.

1.7.5.2 Coretype/Low Frequency Induction Furnace

ItisshowninFig. 1.23.

It works as an ordinary transformer.

The primary coil has many turns which iswound on alaminated steel core, but the
secondary has only one turn which isachannel of molten metal.

The furnace uses an A.C. supply of 60 cycles per second (Hz).

Secondary current (high current and low voltage) produced in molten metal around
core generates heat due to electrical resistance to flow of secondary current.

This channel of molten metal is connected to the main metal container which holds
metal charge. So the metal in the channel gets heated, it circulates through the metal
in the container and melting process goes on.
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m  Metad ispoured into ladle when it reaches the required pouring temperature

Pouring sprout  Molten metal

Steel shell —»

Refractory —» N
lining
Circulating e

melt K S

Primary coil

Plugfor
removal
/

Channd .~

molten metal ( \

Fig. 1.23 Core type induction furnace

Advantages

m Itisthemost efficient induction furnace.

m  Thermal efficiency is about 80%

m  Rapidand clean melting.

= Uniform molten metal dueto magnetic stirring.

m  Accurate control of temperature and composition.
m  Economical operation.

Limitations

m  Furnace can not be started with solid metal charge. The channels have to be filled
with molten metal produced by any other furnace.

m If by mistake metal in channel gets soildifield, can be remitted by heat created in
secondary coil.

= Normally used to melt only one type of metal/alloy continuously because by thisthe
liquid metal in channel will alwaysbeavailable.
Applications

m  Generally used for melting non-ferrousmetal and alloys continuously for alongtime.

m  Generaly used asaholding furnace for permanent mould and die casting because of
ability to control temperature easily.

= Normally capacity isupto 5 tons.
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1.7.6 Arc Furnace

1.76.1

Direct Arc Furnace

Theinterior of the furnace is preheated before placing metal charge in the furnace.

Preheating is done by alternatively striking and breaking the arc between the vertical
electrodes and the used el ectrode pieces kept on the hearth.

After preheating is done, the electrode pieces placed on the hearth are removed.

Few spare roofs should be available at all times because of their shorter lifetime.

Charging may be done from charging door which is also used for removing slag or
from furnace roof whichislifted for charging.

Transformer rating — 800 kVVA to 40000 kVA
A 50 ton direct arc furnace require current of 2500 amps and voltage of 250 volts.
Electrode guides placed on roof are water cooled to dissipate damaging heat.

For removing slags before pouring molten metal, the furnace is tilted backward to
pour off slag from charging door.

Thefurnaceistilted forward for pouring molten metal into ladle.

After each heat, hearth, side walls and roof are repaired using suitable refractory
meaterial.

Indirect Arc Furnace

It has capacity from few kgsto 2 tons.
Generally used for less capacity than direct arc type.

Inthistypeelectric arcis produced between two graphite el ectrodes. So chargeis not
a part of arc.

It is called rocking furnace because, it rocks back and forth during melting. So the
metal comesin contact with the heated refractory lining for melting.

Charge melts due to
—  heat from arc,
—  heat from hot refractory walls,
due to conduction when furnace rocks and molten metal rolls over it.
Indirect arc furnaceis used for melting
—  cast-iron
- sted
—  copper anditsalloys
Gets lower temperature and has lower efficiency than arc type.
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Construction

Anindirect arc furnace hasabarrel type shell made out of stedl plates having refractory
lininginside.

There arethree openings, two for two graphite electrodes and third oneisfor charging
metal charge into furnace.

Pouring tap isbuilt up with charging door.

Theserollersaredriven by rocking unit to rock the furnace back and forth for melting.

Working of Rocking Unit

During rocking of furnace, theliquid metal flowsover the heated refractory lining and
absorbs heat.

It also resultsin proper mixing of molten metal.

Rocking

— increases speed of melting.

—  stressthe molten metal.

—  avoidsoverheating of refractory lining, thusitslifetimeincreased.

The angle of rocking furnace is adjusted in such a manner that liquid metal level
remains below the pouring tap.

Process of Operation

Pigironischargedfirst.

Scrap ispoured over pigiron.

When el ectric power is supplied, graphite electrodes are brought nearer to each other
till the current jumps and electric arc is produced between them.

The heat is generated due to arc which melts charge. After some metal has been
melted, rocking unit isactivated.

Rocking helpsin better exchange of heat between refractory lining, molten metal and
solid metal.

Advantages

Metal chargeisnot apart of electrical circuit.
Low cost scrap metal can be used.
Operation and control are simple.

1.8 SOLIDIFICATION OF CASTING

Solidifications of casting and its control for obtaining sound casting isthe most important
problem for foundry men.

Soundness of casting may be defined as the degree of true metallic continuity.
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Casting iscalled sound if the volumetric shrinkage (due to change from molten metal

tosolid) iscompensated by liquid metal provided by risers.

The mechanism of solidification hasto be understood properly to prevent defectsdue

to shrinkage of metal.

Solidification starts as soon as the molten metal is poured in the mould.

Process of solidification affects

(i) grainsize, shape and orientation

(ii) distribution of alloying element

(iii) crystal structure and itsimperfections.

Volumetric shrinkage/contraction occurs in three stages. So contraction is of three

types.

(i) Liquid contraction/shrinkage — It occurs when the metal is in liquid state (pouring
temperatureto starting of solidification).

(if) Solidification contraction / shrinkage — It occurs when molten metal changes
fromliquidto solid, (when metal lossesitslatent heat).

(iii) Solid contraction / shrinkage — It occurs when metal is solid.
— Occursafter solidification
— Does not affect shrinkage defect.
Solidification occurs dueto nucleation of very small grainscalled crystals.
Grain growth occurs when solidification continues.
The solidification may be (i) directional or (ii) discrete which is dependent upon
nucleation and grain growth.

1.8.1 Nucleation

1.8.2

It isthe starting point of phase transformation.

In thistiny new phase called nuclei grow in the molten metal. This nuclei grow into
solid by further deposition of atoms.

Nucleation is of two types. They are:
(i) Homogeneous nucleation occurs in homogeneous materials as pure metals.
(if) Heterogeneous nucleation - occurs at surfaces, imperfections.

Grain Growth

It occurs after nucleation

It determinesthefinal crystallographic structure of solid.
Grain growth may be defined asincrease of nucleusin size.
Nuclei grow by addition of atoms.

Total free energy isreduced dueto grain growth.
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= Metal inmolten condition has high energy.
m  Energyislost asthe molten metal coolsto form crystals.

m  Heat lossismorerapid near mould walls than any other place. So nuclei are formed here
fird.

m If nonuclei isinimpurity form, then it becomesdifficult to start crystallization.

m  Inthiscondition, the melt undercoolsand nuclei/seed crystal forms.

m  Thegrowth of crystal occursin dendritic manner.

m  Dendrites grow by forming small armson original branches of individual dendrites.
Slow cooling produces|ong dendrites and fast cooling produces short dendrites.

m  Dendrites result in grains. So slow cooling produces large grain structure and fast
cooling produces small grain structure.

m  When solidification proceeds, more and more arms grow on existing dendrite and
more and more dendritesformtill thewholemelt iscrystallized.

(a) Dendritic growth (b) Unit cell and dendutic growh

Fig. 1.24

m  Dendrites grow until they come in contact the neighboring dendrites and produce
grain boundaries. After sometimes dendrite arms become thick and produce solid
crystal or grain and there remains no indication of dendritic growth.

1.8.3 Chvorinov’s Rule

Itisobserved that, when mould wall isplain and flat, thethickness of the skinformed isproportiona
to the square root of time.

So toc VT
wheret = skin thicknessand T = time after pouring the metal in mould.
or t=kJT
where k = constant whose val ue depends on mould material and itsthermal conductivity.

Total time taken for solidification of casting can be expressed by Chvorinov’s rule which is
proportional to the sguare of the ratio of volume and surface area.
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wheret = solidification time, k_ = solidification constant, (V/A) = shape factor.

This rule helps in determining the solidification time of casting. However, it is not very
accurate, since it does not take into account the solidification contraction or shrinkage. This

method is generally used for calculating proper riser sizefor short frezing-range alloys such as
steel and pure metals.

1.8.4 Types of Solidification
L] Progressive and
n Directiond
1.8.4.1 Progressive Solidification

It may be defined asthe growth of practically solid and partially liquid zone from the outside to
theinterior of the casting.

o
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Fine distance from

eqiaxed mould wall

grains

Fig. 1.25 Solidfication from a flat mould wall.
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1.8.4.2 Directional Solidification

When the gating system design is utilized to control this progressive solidificationis
such away that no portion of the casting isisolated from liquid metal feeding channels
during complete solidification cycle, itiscalled asdirectional solidification.

It may be defined as solidification
which is forced to occur in a
particular direction.

Directional solidificationin castings
startsand progress from the thinnest
section towardsthe heaviest section.

Effective directional solidification
starts from those parts of the feeder
heads (riser system). It proceeds
through casting to the feeder heads.
Feeder headsare designed to solidify
last so that liquid metal can be

Solid

Progressive
J metal

solidification

I \
| Liquid Directional
metal solidfication

supplied throughout freezing process. Fig. 1.26 Progressive and Directional solidfication

1.8.5 Gating System

Grating system consists of all the elements which are connected to the flow of molten metal
fromthe ladleto the mould cavity. Aim of the design of gating system should bethe production
of defect free casting.

Elements of gating system are

(i) pouringbasin
(i)  sprue

(iii)  sprue base well
(iv)  runner

(v)  runner extension
(vi) ingate

(vii) riser

1.8.6 Design Considerations

Cavity (mould) should befilled in smallest possibletime.

Metal should flow smoothly into mould without turbulence.

Unwanted material as slag, dross etc. should not be allowed to enter.

Metal should enter cavity in such a way that contamination by atmospheric air is

prevented.
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Flow of metal should not erode gating system components or mould cavity.
Sufficient molten metal should reach mould cavity.

Gating system should be economical to prepare and easy to break.
Casting yield should be maximized.

1.8.7 Riser

During solidification most of the foundry metalsand alloys shrink in volume.
Voids (blank spaces) are created due to shrinkage if extramaterial isnot fed in.

So areservoir of molten metal isto be provided which will supply molten metal to the
casting when needed. Thisreservoir is called riser.

Considerations in Riser Design

(i)
(ii)

Metal intheriser should solidify last.

Riser volume should be sufficient to compensate the shrinkage in casting. So, the
risers can be made sufficiently large. But it would increase process cost because it
has to be cut off from the riser as scrap.

Classification

()
(i)
(iii)

Top risers — open to atmosphere (last effective and convenient to make)
Blind risers — completely in mould (more effective and more convenient to make)

Internal risers — enclosed on all sides by casting (most effective and must convenient
to make)

Function of ariser — feeding the casting during solidification so that no shrinkage
cavities are formed.

It depends on
— metal poured and
— complexity of casting

Normally dueto shrinkage the volume of material isreduced when cooled from liquid
tosolid.

Grey cast iron some times shows negative shrinkage. It occurs due to higher carbon
and silicon content. Graphiti zation occurswhich increases volume. Risersmay not be
critical here

Liquid Liquid (ﬁ (Ne—+ Void

4

Solid Solid
Fig. 1.27
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Riser Design (Caine’s Method)

Generally, risers are considered as cyclindrical shape

T
S%asting /Vcasting Y s
Freezing Ratio (X)=
g S'AYiser /Vriser 101
0.8}
where SA = Surface Area

Sound

V =Volume of casting Unsound

O O «
N b
T

| 1 1 a
10 14 18 X

a
Empirical Freezing Ratio X = v c

Riser volume / Casting volume
o
(o]
T

Freezing Ratio —

Riser volume
where Y= and Fig.1.28

~ Castingvolume

a, b, c are constants (value of different materials)
For steel, a=0.10,b=0.3,c = 1.00
(i) Assuming certain value of riser diameter X can be found out.

(i) Then by using graph, the value of X and Y can be plotted if the assumed diameter
meets the above soundness curve then it is accepted [Fig. 1.28].

(iii) For example, value of Xis1.4and Yis 0.4 for aparticular diameter of riser then the
point will bein soundness zone. Sotheriser isof required size. If itisin unsound zone
then the suitable sizeisto be selected by hit and trial method.

NRL (Naval Research Laboratory Method) /Shape Factor Method

m  Shape factor method is used for rough measurement of riser.
m  Thismethod is a simplification of Caine’s method.
m |t uses shape factor which replaces the freezing ratio.

Length+Width £
s Shape factor — o WA E Tya
Thickness S o6k
m  From the graph shown in Fig 1.29, g 05t
thevolumerratio can be obtained for S 04Ff
sound casting considering shape - 03}
factor. % 02 L Unsound
m  From the given data volume of the S o1k
casting can be calculated. After 3 L '4 ' L1y x
Knowing the volumeratio, the riser [14 2 6 8 10

Shape factor —
Fig.1.29

volume can be calcul ated.
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1.8.8 Design of Runner

Itisgenerally located in the parting plane which connects sprue with ingates.
Itisnormally trapezoidal in cross section

Normally for ferrous materials runners are cut in cope and ingates in the drag.
It isdoneto trap slag and dross which are lighter in the upper part of runners.
For effective trapping of slag the runners should flow full.

Runner full Runner partially full
Fig. 1.30

In order to get afully filled casting the cross section areaof runner must belarger than
Cross section area of gate.

For minimum or less metal vel ocity in runner, areashould be high

a4 =13, L) -115 (Fig.1.31)
dy ds

For this reason, generally runner to gate arearatio of 1.15: 1to 1.5:1isused asa

compromise.
d, ds
| ] d, ‘ ttl&
AV A,V

1 2 72

Fig. 1.31 Fluid flow across varying cross section

The design obeys equation of continuity for fluid flow i.e., AV, = AV, = AV; =
constant.

The shape of therunner cross section gradully variesfromround, trapezoidal, elliptical
wide and flat to narrow and thick.

A thick runner will solidify dlower than thinner one.
A flat runner looses heat faster before it enters gate.
Normally maintained widthto depthratiois1.6: 1t01.8: 1.
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1.8.9 Feeding Distance

m  Feeding distance may be defined as the distance a riser can feed the metal in a
casting.

m Itisaffected mainly by casting thickness.

m  For platetype casting feeding distance normally maintained is4.5 timesthe thickness

(T) of casting.

For bar type casting it is 2 — 2.5 times of thickness, generally 6JT isfollowed.

Feeding distance can be improved by reducing the diameter of riser at the neck.

It is measured from the edge of the riser.

It can also beimproved by providing chill in the mould.

1.8.10 Centre Line Feeding Resistance

m It may be defined as the resistance against feeding an alloy in amould cavity dueto
uneven freezing rate.

m |t comes as awhole number(%) which is called centre line freezing resistance. It is
abbreviated as CFR.

CFR = Timeinterval betweenstart and end of freezingof centreline < 100%

Tota solidification time

Total solid fraction time

Centreline gyt of freezing Mould centreline Start of freezing

Endof @[ o—————T——
4 |_—Treezing |- - ——--— - -
Liquid/ " Liquid —~
Distance : — - - - == End of
from theI P — freezing
mould face Liquid Distance 4 |
‘?Old frommould | =
Mould face D A B C E
Time
) (OB) A C
Mould face
Fig 1.32 Freezing diagram for chilled mould
1.8.11 Chill

m  Chill may be defined as a metallic object inserted in mould in order to speed up the
solidification of aparticular portion of the casting.

m A chill can be considered as alarge heat sink.
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A chill
—  promotessolidification (progressive and directional)
—  avoidsshrinkage cavities

Itisused whereit isimpossibleto provideriser for apart whichisheavy. Thismay be
dueto

—  complex shape of casting
—  unaccessiblelocation of heavy sections of castings.

Chills can egualize/increase the gap between the coding rate of thin sections as
compared to thick sections.

Chills promote solidification/increase therate of cooling. Thishel psheavy sectionsto
draw molten metal through thethin sectionswhilethey are still liquid.

It also helpsasectionwhichisfar fromriser to solidify first to produce sound casting.
Thusit promotesdirectional solidification.

Metallic chills have the capacity of increasing the solidification rate as high as 14
times than sand moulds of same condition.

For thisreason, chillsare used to obstruct the formation of graphitei.e., carbon remains
in combined form and cast the iron as white (C.1.) and hard.

Disadvantages

Due to high rate of cooling (when chill provided) may produce hard spot at the contact area
which may require machining to bring it to shape.

Classification

Chills

External Internal

Direct Indirect

The size, shape and position of achill must be considered carefully. Because

too rapid cooling of casting may produce cracksinit.
too slow cooling of casting may not produce required chilling effect.

External Chills

Itisrammed in mould sand walls.
Itisagood way of controlling cooling ratesin critical regionsof casting.

Direct external chill isinlevel with mould cavity wall and thuscomesin direct contact
withtheliquid metal.

Indirect external chill isplaced behind the mould cavity wall and isfully buried in sand.
It does not comein direct contact with the liquid metal.
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Sometimesindirect chill isplaced at an angleto casting surface. So itschilling effect
decreases as the chill tapers away from casting. This effect can be used to promote
directional solidificationin acasting (member) of uniform thickness.

Direct chills are more effective than indirect chills.

Normally made up of steel, cast iron and copper. Copper imparts highest effect of
chilling becauseit ishaving highest conductivity.

For ferrous casting chillsare made out of iron and steel . For non-ferrous castingsiron,
steel, copper and block graphite are used.

They can be reused.

It should make sufficient contact (direct/indirect) but should belarge enough so that it
should not fuse with casting.

Helpsto eliminate porosity (micro and micro) at the portions of castingwhichisdifficult
to fed by riser.

Direct chills should be clean, dry and free from rust. Sand blasting may be done.

Direct chills should be preheated and dried before pouring molten metal in mould to
avoid blow holes due to moisture present on chill.

Internal Chill

Internal chillsfuseinto and become part of the casting. So these are made of the same
metal which isto be cast.

Itisrarely used because structural homogeneity isless dueto improper fusion which
resultsin poor casting quality.

Normally used in the areawhereit is used isto be removed after solidification. For
example, bossesto bedrilled/bored.

These penetrate upto the positionin mould cavity where external chills can not reach.

One end of these remain hanging in mould cavity and the other end is supported in
sand.

Normally not used in nonferrous becauseit isdifficult to fuse properly.
It should be

— clean (free from rust scale, grease etc.

— fuse properly and thoroughly with casting.

Chemical composition compatiblewith metalsto be cast.

Must not change mechanical or metallurgical properties of casting.

Should not remain more than one hour in green sand mould before-pouring otherwise
it may collect moisture.
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Shrinkage Metal chill
caV| ty

Chill

% Sprue

Internal
chills External  chills
Fig. 1.33 Placing of external and internal chills.

Chi” Porisity

Chill

Porosity

Chill .
Porosity
1K
<

Fig. 1.34 Use of chills to prevent formation of porosity at casting junctions

1 2 3

=9 S ()

Fig. 1.35 External Chills
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1.8.12

Fig. 1.36 Internal Chills

Chaplet

Chaplet may be defined as the metallic support which is normally kept inside the
mould cavity to support placement of cores.

A chaplet is made of the same composition asthat of the pouring metal.

The molten metal provides sufficient heat to completely melt them first and then
fuseswith the casting during solidification.

If the coreis shifted from its position in the mould the cavity gets displaced and
produces defective casting.

Core must be firmly supported in the core seat to prevent its vertical movement
due to buoyant forces experienced by the core due to poured molten metal.
Chaplet may be described as metal shapes positioned/placed between mould and
core surfaces.

Chaplet

Moulding
sand

Fig. 1.37 Core supported between chaplets

Chaplet isrequired to fuse with the parent metal after pouring but practically it is
very difficult to achieve and normally forms aweak joint in the casting.

Theother commonly observed problemin chapletsisthe condensation of moisture
which resultsin blowholes.

Generally the chaplets are thoroughly cleaned to extract dirt, and grease before
placing themin mould.
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Fig. 1.38 Radiator chaplets 1.39 Steam chaplet Fig. 1.40 Cast chaplet

1.9 SPECIAL TREATMENT OF METALS (MELTS)

Before pouring, molten metals are given certain treatmentsto purify them
or to alter the metallographic structure of the castings
The important melt treatments are
(a) Refining
— Oxidation.
— Deoxidation.
— Degassing.
— Desulphurization.
(b) Inoculation

— Grain and constituent refinement.
— Refinement and eutectic modification.

1.10 GASES IN METALS

Most of the problemsfor producing sound metal castingsare dueto lack of control of
dissolved gases or reaction gasin the casting during the period of solidification.
Gases are absorbed in molten metals due to the following sources.

(i) Furnace charge

(ii) Furnace refractories

(iii) Furnace atmosphere

Precautions to be taken to avoid gas absorption in melt are

(i) Using bigger pieces possible as metal charge because they are less susceptible
to contamination.

(if) Restrict the use of contaminated scrap as metal charge.
(iii) Using preheated charge specialy in case of continuous melting process.
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(iv) Melt the metal first and handle it with little agitation. Metal handling includes
skimming slags or protective aimospheres.

(v) Alloys, fluxesto beadded and all other itemsasladdles or furnacetools coming
in contact with molten metal should be perfectly dry.

(vii) Gassolubility decreaseswith temperature. So molten metal should be at minimum
possible temperature. Overheating of melt should be avoided.

1.11 DEGASSIFICATION

Degassificationisthe process of removing the gasesfromthe melt. If itisimpossibleto prevent
the absorption of gases completely, the melt isa solution to obtain sound casting.

Effect of dissolved gascan bereduced by removing or isol ating one or more of the components
of gas.
Principle
M ost degassing treatment are based on the equilibrium between molten metal and gasatmosphere.

If agasis completely removed from the atmosphere around the molten metal, then the gas
dissolved in molten metal tendsto escape out.

Vzk\/B1

V = volume of molecular gas
P = pressure of gas around and above liquid metal
k = constant

Techniques
(i) Vacuum Degassing
—  static bath treatment
— inductiondegassing
—  fractional degassing
—  streamdroplet degassing
(ii) Gasscavengingincluding solid degasser and jet degassing.
Vacuum Degassing

In thismethod melting and pouring of metal isdonein vacuum. Thismethod of degassingisvery
effective and also very costly.

Static Bath Treatement

m  Meta ismeltedinair.
m  Before pouring it is placed within a chamber which can be sealed and evacuated.
m  Inthe second type, theladdle is sealed with a cover and molten metal degassed.
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After vacuum degassing pouring is done in atmosphere.
Rate of degassing depends on

- surfaceareaof liquid metal.

—  massof liquid metal.

—  extent of agitation and stirring which accelerate transport of dissolved gas to
nearest atmosphere.

— Nocirculation of meltisprovided.

—  Dagassing occurs by natural convection only, thusit isaslow process.

Fig. 1.41 Static Bath Vacuum Degassing

Induction Degassing

In thismethod the laddle containing molten metal isplaced in achamber which can be
sealed and evacuated.

Aninduction stirring coil surroundsthe laddle. It helpsthe gassesto evolve from the
melt and the gas is drawn away by vacuum pump.

Advantages

(i) circulationof melt

(ii) induction heating

More efficient than static bath degassing

[=) a

a a -

"ﬁ— Induction
o a cail

Fig. 1.42 Induction Degassing

Fig. 1.43 Fractional Degassing
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Fractional Degassing

Stream

In this degassing method a separate vacuum vessel is utilized.

The molten metal in the laddle is degassed by lowering and raising of the vessel
dternately into theladdle.

It occurs dueto the raising of molten metal in the vacuum vessel.

Droplet Degassing
Bottom Pour

Inthismethod themolten metal from Laddle

the laddle is tapped into another
preheated laddle placed in an
evacuated chamber. Sl
Thisfalling stream of molten metal Droplet
is exposed to vacuum and thus
degassing occurs.

Itisavery rapid method of dissolved

gas extraction from molten metal

(melt).

—» 1 (Tovacuum
pump)

Fig. 1.44 Vacuum degassing

Gas Scavenging

It isthe most effective technique of gas extraction from melt.
Inert gasis used for this purpose.
Inert gasis bubbled through the melt using graphite tube.

Pressure of dissolved gaswithininert gasbubbleiszero/negligiblethanin melt. Sothe
dissolved gas migrate to the bubble. Then collected there and flushed out from melt.

Some allays and scavenging gases

Copper base ————— N,
Aluminium base N,, Cl, Ar
Magnesium base CL, Ar
Nickel base ———— O,
Solid Degassing To gas cylinder Graphite tube
m  Inthismethod, inert gasesare generated within } \
the melt by decomposition of unstable

compounds as C,Cl, (hexachloro - ethane).
C,Cl, isasolid degasser.

Tablets of hexachloroethance are plunged and
held beneath the melt surface.

They decompose and flushing isaccomplished. Fig. 1.45 Inert Gas Scavenging
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m  Cacium carbonate is used as solid degasser to generate CO, in copper base alloys.

Jet Degassing

m |tisoneof the methods of gas scavenging.

m Inthisprocessinert gasjet isimpinged on
surface of molten metal. For exampleargon
jet is used to reduce hydrogen content in
steel.

m  |nsted preparation, carbon monoxidefrom
carbon boil (FeO + C = CO + Fe) acts as
scavenging gasand removes hydrogen from
melt.

Fig. 1.46 Solid Degassing

1.12 INOCULATION OF METALS

Inoculation may be defined as addition of inoculant to molten metal in order to modify structure
of metal after solidification and propertiesof cast metal or alloy. Action of inoculantsisnot just
only simplealloying effect. Nucleation isan integral effect of inoculation. It is partially caused
by addition of nuclei to the melt. A nucleusis a particle of matter which acts as centre to start
graphitizations/crystallization.

Itisapplied latein melting operation/process. Some commonly applied inoculation treatments
are:

(i) Grain and constituent refinement

Alloys Typical inoculants
Stedl — AlLTi
Aluminium base —— Ti, B, Nb, Zr
Magnesium base C, zZr
Mg-Al —————— C

(ii) Refinement and eutectic modification
Alloys Typical inoculants
Al-S @ —————— Na

Cast iron (inoculation) S, C
Cast iron (S.G. iron structure — Mg, Ce

Effects of Inoculation

= Aluminiumin controlled amount isadded in steel to producefinegrain size and special
distribution of inclusions. Thisimproves mechanical (especially impact) propertiesand
response of metal to heat treatment.
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Titanium (0.2%) or boron (0.02%) are added at final stage of casting of light alloys
(Al reduce the cast grain size from 0.1 inch (2.5 mm) in dia to as small as 0.005
(0.125mm) india.

Wheniron and nickel areadded in small percentagesto aluminium bronze, it prevents
the formation of a coarse crystalline structure.

Carbon isadded in small amountsto molten Mg - Al alloysfor grain refinement.

Zirconiumisadded in small amount to magnesium alloys (without any aluminium) for
grain refinement.

Eutectic structure of Al-Si alloysis modified by adding sodium in small quantity or
treating with sodium salts. Sodium treatment ensures fine dispersion of Si and higher
physical properties.

Inoculation of molten cast iron

—  modifiesstructure or graphiteformation

—  changein graphitetype obtained by inoculation of molteniron.

—  improvesmechanical and physical properties

—  reducesinherent section sensitivity of grey cast iron

— makes material tougher, more predictable and less susceptible to changes in
chemica composition.

— Ingraphitizationinoculation of grey cast iron, inoculant favoursgraphiteformation.
prevents (undercoding) chilling and avoidsformation of whiteironin thin sections.

Common graphitizers are ferrosilicon, nickel silicon, Ca—Mn — Si and Si — Mn — Zr.

Quantity of graphitizer (inoculant) should be such that it can add 0.5 - 1.0% silicon to
themolteniron.

Graphitizers produce more effect when added to the molten metal inladdle than when
included in the furnace metal charge.

If normal grey iron is inoculated with silicon at the time of pouring, the austenite —
graphite eutectic grain size and graphite flake distribution can be control led.

In another treatment, when magnesium or cerium is added in the molten iron, the
result isthe spheroidal graphite structure and aductileiron.

Near about 0.04% residual magnesium changes graphite, flakes into spheroids with
huge improvement in mechanical propertiesof theresultingiron.

SPECIAL CASTING TECHNIQUE

Sand mould casting process gives satisfactory results at lowest cost.
All metals can be cast in sand moulds.

In sand mould technique no casting size limitation is present. But sand moulds are
single purpose because they are completely destroyed during removal from moulding
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box. Thisdrawback generated permanent mould method by which considerablelabour
cost in moulding can be saved. So permanent moulding isaspecial casting method.

m  Therearesome other limitations associated with conventional casting techniquewhich
gave rise to special casting processes.

m  Specia casting technique can not be employed in all foundries because of its high
initial cost. But where conventional sand casting does not produce good result, it is
used there e.g. turbine blades for jet engines.

1.14 ADVANTAGES OF SPECIAL CASTING OVER SAND CASTING

—  Higher dimensional accuracy.

—  Higher metallurgical quality.

—  Lower production cost (in some cases).

—  Ability to cast extremely thin sections.

—  Highproductionrate.

—  Better as cast finish, so low labour and finishing cost afterwards.

—  Minimum need for further machining of castings.

—  Casting can have denser and finer grain structure.

—  Castingsare slightly more stronger and ductile than sand mould casting.

1.15 TECHNIQUE : SPECIAL CASTING PROCESSES

Classification
(1) Metal Mould Casting

(i) Gravity/permanent mould casting.
Diecasting
Hot chamber process Cold chamber process

(ii) Slushcasting.
(iii) Pressed/Corthias casting.

(2) Non metallic mould casting
(i) Centrifugal casting

True i
centrifugal centrifugal Centrifuge

casting casting casting
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(if) Carbon-dioxidemoulding.

(iii) Investment mould casting / |ost-wax process.
(iv) Shel moulding.

(v) Plaster moulding.

(vi) Mercast process.

(3) Continuous Casting

(i) Reciprocating moulds. (i)  Draw casting.
(iii) Stationary moulds. (iv)  Direct sheet casting.
1.16 DIE CASTING

m  Die casting (pressure die casting) may be defined as a permanent mould casting in
which pressure forces the molten metal into the mould cavity.
The mould used is much more expensive than sand mould whichiscalled adie.
A complex machineis used to produce castings at a very high rate.
If the molten metal is forced into a metallic die under gravity head as done is sand
cavity, theprocessisknown as Gravity Die Casting or Permanent M ould Casting.

m  Themouldisnormally called ametallic diewith two halves. Onehalf isfixed (stationary
cover) and the other is (gjector) movable.

m  Commonly used die materials are medium carbon, low aloys, hot stedls.

m  Thediecarriesal detailsrequired onthe cagting.

= Molten metal pressureisgenerally obtained by compressed air or hydraulically.

m  The pressure varies from 70 to 5000 kg/cm? and is maintained when the casting

Movable
mold
section
Hydraulic cylinder -
to open and
close mold
[ —

solidifies.

High velocity is associated with high pressure (externally applied) with which the
liquid metal isinjectedintothedie.

All these conditions provide unique capacity for the production of complex components
at relatively low cost.

_J

PELLLEL rd

L

(a) (b)
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L F rred
(©) (d) (e)
Fig. 1.47 Die Casting Process

The primary requirements for producing a good die casting

(i) A casting machine smoothly operating and properly designed to hold and operateadie
under pressure.

(ii) Properly designed and constructed die.
(iii) Suitablecastingaloy.

Die Casting Machines

Functions
(i) Hoaldingtwo die halvesfirmly together
(i) Closingthedie
(iii) Injectingmolten metal intodie
(iv) Openingthedie
(v) Ejecting the casting out of the die.
Parts
(i) Frame
(if) Sources of molten metal and metal transfer
(iii) Die-castingdies
(iv) Metal injection mechanism
Frame

m  Die casting machine frames are generally four-bar presses.
m  Solid or one-piece frame has gained wide acceptance for small machines.

m  Themachineframe usesastationary platen and amovabl e platen to which die halves
are attached and they open and closein correct alignment.

m  Theframeshould be sufficiently strong because the weight of an assembled die may
exceed several tons.
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— Movable die halt

Moving platen — Guide
rods —— Fixed die half
(4) 2
Toggle mechanism ' Front platen
: - Shot chamber
Die-closing | 4 fCT| ' . . "
cylinder ; i - jﬂ ¥ ouring hole
Y
-t Shot cylinger

St

Fig. 1.48 Die Casting Machine

N 1l

Sources of molten metal and molten metal transfer

m  Generadly each die casting machine has a holding furnace for feeding the metal.
m  Holdingfurnaceis provided with automatic temperature controls.

m  Meta chargeismeltedin aseparate foundary furnace (i.e., pot, crucible, reverberatory,
gectric, etc) and isthen transferred to holding furnaces.

= Normaly, magnesiumismelted and held in fabricated stedl crucibles, duminiumalloys
ingraphite cruciblesand zinc aloysin cast iron crucibles.

m  Gasfired furnaces are commonly used for melting almost all die casting alloys. Oil
fired furnaces are also used.

m  Electric resistance furnaces are generally not preferred, but low frequency induction
furnaces are gaining demand.

m  Molten metal can be transferred from holding furnacesto die casting machines with
the help of hand-ladles or automatically if the casting weights more than 7 kg or even
when producing smaller castings, at high production rates.

Automatic molten metal transfer from holding furnace to the casting machine may work

with the following mechanisms.

(i) aholding furnace and die casting furnace is connected through arefractory tube. Air
or nitrogen at low pressure when introduced in the enclosed furnace exerts pressure
on the molten metal which viarefractory tube flowsinto the injection cylinder of the
die casting machine.

(i) Non-metallic or refractory pumps can be placed in the holding furnace for molten
metal transfer.

(iif) A monorail is mounted between die casting machine and holding furnace. A valved
bottom inlet crucible riding on the monorail is lowered into the holding furnace for
taking metal and is than moved along the monorail to the casting machine where it
discharges molten metal into theinjection cylinder.
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Die Casting Dies

m A diemay bedefined asatype of permanent mould made of two halvesfor facilitating
easy removal of casting.

m  Onedie half is stationary called fixed / cover die and the other is movable called
€jector die which movesto open or close the complete die.

m  Thetwo halvesarealigned properly using dowel pins.

m  Molten metal isforced under pressure into closed dieto produce casting.

m  Whenthecastingissolidified, the movabledie half containing the castingispulled to
open and the g ector pins advance beyond the movabl e dieto detach the casting from

thedie.

Die Material

There are three modes of die failurerelated to die material.

(i) Thermal fatigue

(i) Mechanical erosion

(iii) Chemical attack

Thefollowing isthe composition of different die casting diesteels

Type Composition %

C Cr Mo w Vv Co Ni Use
Hot work
tool steel
H11 035 5.0 150 0.5 Zn casting dies
H12 0.355.0 150 15 04
H13 0.355.0 1.50 10 @ —— JAll casting dies
H19 0.40 4.25 425 20 4.25
H20 0.35 2.00 90 @ ———— ] Brass and Bronze
H21 0.35 350 %0 @ @ @ —— casting dies
Mould sted! 030170 04
Maraging steel
e : 50 5 cutey g
Refractory w

Refractory M

]Cu aloy casting dies brass
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Metal Injection Mechanism

There are two general types of molten metal injection mechanismsfor die casting machines.

(i)
(i)

Hot chamber T:Goose neck / air injection type
Submerged plunger type
Cold chamber

Hot Chamber Process

Hot chamber die casting machine/ process is the oldest die casting process.

Depending on size a hot chamber die casting machine can produce about 60 or more
number of castings having weight upto 20 kg each per hour. It can produce several
hundred castings per hour for castings weighing few grams.

Thedistinguishing featureisthat in hot chamber machinethemelting unitisanintegral
part of the process.

The molten metal pocesses normal amount of superheat. So less pressureis required
toforcetheliquid metal into thedie.

A gooseneck isused for pumping the liquid metal into the die cavity.

The gooseneck is submerged in the holding furnace containing the moltel metal.
Goosneck is made of grey, aloy or ductileiron or cast stedl.

Plunger used is hydraulically operated and is made of alloy cast iron.

Plunger moves up in the gooseneck to open the entry port to facilitat entry of liquid
metal in gooseneck.

Then the plunger goes down to produce required pressure for forcing metal into die
cavity.

A nozzle is provided at the end of the gooseneck which isin close contact with the
sprue located in the cover die.

Movable : :
dora ) [ Fixed die hait
Ejector ; NN '
pins } . & WF
' Plunger \Q
Cavity —: \ :\\\<
Pot NN )

Chamber
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(c)
Fig. 1.49 Hot Chamber Process

Operation

(i) Closeandlock thetwo halvesof thedie. The plunger at thistimeislocated at highest
positionisgooseneck (i.e., itisfilled)

(if) Plunger moves down and forces molten metal in the gooseneck to beinjected into the
die cavity under pressure.

(iii) Thispressureisto bemaintainedtill solidification.

(iv) Thedieisopened andif any coreis present istaken out.

(v) Theplunger is moved back to return the unused liquid metal in the gooseneck.

(vi) Thecastingis gected with assembly of sprue, runners and gates.

(vi) The above cycle is repeated.

m  Theweight of most castingsisfrom 90 gmsto 25 kgs.

m  Die casting machines are normally rated by the magnitude of clamping force.

m  |nanother method shot weight capacity is specified for theinjection system.
Advantages

(i) Itisasimple machine as per its construction and operation.
(if) Except plunger thereis no moving parts.

Disadvantage

Production rateis|ow.
Application

Castings of low melting point metalseg., zinc, tin, lead.
Cold Chamber Process

m  Thehot chamber processisused for most of thelow melting point alloyssuch aszinc,
lead and tin. But for materials such as al uminium and brass having higher melting point
makes it difficult to cast them by hot chamber process. Thereasonsisasfollows:
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—  gooseneck of hot chamber machineis continuously in contact with molten metal.
—  liquid aluminium would attack the gooseneck material.

So molten metal is poured with a laddle into the shot chamber for every shot. It
reduces the contact time between the liquid metal and the shot chamber.

The cold chamber die casting machine consists of apressure chamber or cold chamber
of cylindrical shapefitted witharam or piston whichisnormally operated by hydraulic
pressure.

Strong, high grade, heat resistant alloys steels are used for making the working parts
of the machine as well as the dies. It is due to the high temperature and pressure
associated with the process.

Movable

Fixed die hall
dve halt
Ejector N
pins d_\ NN
Cavity

NN

p— (c)
Fig. 1.50 Cold Chamber Process
Operation

The operation starts with the spraying of die lubricantsthroughout the die cavity and
closing of thedie.

Molten metal isladled into the shot chamber of the machine either manually by ahand
ladle or by means of an autoladle.

Anautoladleisarobotic device which automatically scoops/ unl oads molten aluminium
from the holding furnace and poursinto the die at the exact time/moment in the casting
cycle.

Thevolume of metal and pouring temperatureisprecisely controlled by using an auto
ladle, so that required cast quality can be obtained.

Ram/plunger forcesthe metal into die cavity and maintainsthe pressuretill it solidifies.

Pressurerequired to force metal into the dieis of the order of 200 to 2000 kg/cm?. So
high squeezing actionisexerted on the metal whileit solidifies.
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m  After solidification dieisopened and casting ejected.

m At the same time plunger/ram returns to its original position which completes the
operation.

Advantages

(i) Castingsare of greater density and more dimensional accuracy.

(ii) Separation of melting unit (i.e., furnace and pot etc.) from the working parts of die
casting machine increasesits life and efficiency.

Limitations

(i) Longer cycletime needed compared to hot chamber process.

(i) Meta isladled into machine from furnace, so it may lose superheat and sometimes
may cause defects such as cold shuts.

(iii) Dies have to be made stronger because of high pressuresinvolved.

Application

Cold chamber die casting machine are widely used for producing castings of aluminium,
brass and magnesium.

Feature Difference between Hot and Cold Chamber Process
(i) Melting unitisnot anintegral part of cold chamber die casting m/c. Molten metal is
brought and poured into die casting machine using ladles.

(if) Incold chamber die casting machine molten meta is poured at alower temperature
than in hot chamber die casting machine.

(iii) For the above reason pressure is more (200 to 2000 kg/cn?) in case of cold chamber
process than in hot chamber process.

(iv) High pressure tries to increase fluidity of molten metal which has relatively low
temperature in cold chamber process.

(v) Molten metal havinglow temperature and highinjection pressure produces castings of
dense structure, sustained dimensional accuracy and free from blowholes.

(vi) Die castings of cold chamber process has less thermal stress because of lower
temperature of molten metal. But die must be stronger to bear high pressures.

Die Casting : Advantages, Disadvantages and applications

Advantages
m  Largequantitiesof identical partscan be produced rapidly and economically.
m  Verylittlemachiningisrequired on the parts produced.
m  Complex castings can be prepared.
m  Parts having thin and complex shape can be cast accurately and easily.
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Very high production rate can be achieved. (eg., 200 pieces per hr)

Dueto metdllic dies, surface finish of the order of 1 micron can be obtained.
Die cast surfaces can be directly electroplated without ant further processing.
Closer dimensional tolerance + 0.08 mm can be obtained.

Die hasalong lifewhich is of the order of 300000 piecesfor zinc alloys and 150000
piecesfor aluminiumalloys.

Die castings give better mechanical properties compared to sand castings. Itisdueto
finegrained skin formed during solidification.
Inserts can be readily cast in place.

Holes upto minimum of 1.5 mm diacan be easily cored during casting.
Die castings prove very economical when used for large scal e production.
Die castings requiresless floor area than other casting techniques.
Soundness of die cast products are more.

Disadvantages

The cost of equipment and dieishigh.

Maximum size of castingislimited

A limited range of non ferrous alloys can be die cast.

Maintenance requires special skill

Entrapment of air present in die cavity in casting creates a problem (porosity defect).

Economy in production is possible only in case a large quantity is to be produced.
Generally, holds good upto 20000 castings.

Applications

Transmission housings
Valvebodies

Carburettors

Motors

Hand tools

Toys

Crank cases

Handle bar housings

Head temperature bezzels

Magnetos

Zip fasteners

Other decorativeitemin automobiles



Casting 69

1.17

CENTRIFUGAL CASTING

1
©)
"
-
A

The principle of contrifugal casting was originally established by A.G. Eckhardt in
18009.

It was used after 1920 for manufacturing C.1. pipes.

Themainfeature of centrifugal castingistheintroduction of liquid metal into arotating
mould.

Centrifugal force playsamajor rolein shaping and feeding of casting.
The centrifugal forceisutilized intwo ways:

(i) Thecentrifugal forceisutilizedto distribute liquid metal over the outer surfaces
of amould. Hollow cylinders and other annular shapes are formed in this way.

(ii) The centrifugal force triesto fly the poured metal and freezing metal outward,
away from axis of rotation. This creates high pressure on the metal or casting
whileitisfreezing. Soit produces casting of high metallurgical quality.

Thesdlag, oxidesand other inclusionsarelighter. So they get separated from the metal

and seggregate toward the centre.

For devel oping asolid casting, the axis of rotation is shifted at the end of the casting.

So the processis useful to produce dense casting whether hollow or soild.

Centrifugal action seggregatesthelessdense non metallicinclusionsand slag particles
near the centre of rotation which are removed by machining later.

Cylindrical pipesand parts are most suitableto cast.

The castings are produced with promoted directional solidification because the cold
metal is thrown to outerside of casting and hotter metal nearer the axis of rotation
which also acts as feeder during solidification of metal.

Moid Free roller Mold

End view Side view

Fig. 1.51 Centrifugal Casting

Methods

There are three main types of centrifugal casting processes.
(i) Truecentrifugal casting
(ii) Semi centrifugal casting
(iii) Centrifuging
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1.17.1 True Centrifugal Casting

This process is used for making castings of hollow cylindrical parts e.g. pipes, gun
barrels and lamp posts, hollow bushes, etc which are axisymmetric with aconcentric
hole.

Themolten metal ispoured in arotating mould.
Theaxisof rotationisusually horizontal but can be vertical for short workpieces.

The moulds are made of steel, iron, graphite and may be coated with a refractory
liningtoincreasemouldlife.

Mould surfaces can be shaped so that pipeswith variousouter shapes, including square,
polygonal, can be cast.

The inner surface of the casting remains cylindrical because the molten metal is
uniformly distributed by centrifugal forces.

No core is required for making concentric hole because of the outward centrifugal

force.

Process of Centrifugal Casting of Cast Iron Pipein Sand Mould

(i) Themouldingflask isproperly rammed with sand to conformto the outer contour
of the pipe to be made.

(ii) End details as spigot ends or flanged ends are obtained by using dry sand cores
located in the ends.

(iii) Thentheflaskisdynamically ba anced to reduce occurance of unwanted vibrations
during casting.

(iv) Thefinished flask is mounted betweenrollers.

(v) Mouldisrotated slowely.

(vi) Molten metal inrequired quantity ispoured into the mould through the movable
pouring basin.

(vii) Amount of molten metal determines the thickness of pipeto be cast.

(viii) After pouring, mould is rotated at operational speed till solidification to form
required thickness.

(ix) Mould isreplaced by new mould machine and the processis repeated.

Intruecentrifugal cagtingthe casting solidifiesfrom outside towardsthe axisof rotation.
So it provides/ creates conditions which set up directional solidification to produce
castings free from shrinkage.

True centrifugal castings may be produced in metal or sand lined moulds. It largely
depends on the quantity to be produced.

A water jacket is provided around the mould for coaling it.

The casting machine is mounted on wheel s with the pouring laddle which has along
spout extending till the other end of the pipe to be made.
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Advantages

(i)

(i)
(iii)
(iv)
(v)

(vi)

Relatively higher impuritieswithin the liquid such as sand, slag, oxides and gas float
more quickly towardsthe centre of rotation. At thispoint it can be easily machined to
produce a clean metal casting.

Dense and fine grained metal castings are produced by this technique.
Proper directional solidification obtained except for castingswith greater wall thickness.
Thereis no need of central core.

No gating systemisrequired. Thisraisesthe casting yield as high as 100% in certain
cases.

This process can be used for mass production.

Disadvantages

()
(i)
(iii)

These are limited upto/for certain shapes (axisymmetric)
Equipment cost ishigh. So only for large scale production is profitable.
Skilled workers are required for operation and maintenance.

Applications

(i)

(i)
(i)
(iv)

1.17.2

Bearingsfor electric motors and industrial machinery.
Cast iron pipes, aloy sted pipesand tubings.

Linersfor I.C. engines.

Rings, short or long pots and other annular components.

Semi Centrifugal Casting

It is aso known as profited centrifugal casting.
Gear blanks, wheels are produced.

This processis used for jobs which are more complicated than those possible in true
centrifugal casting but are axisymmetric in nature.

The central holeis not necessary but if present/required isto be produced by using a
core (out of sand)

Moulds may be made of sand or metal.

Theaxisof rotation isawaysvertical.

Metal entersthe mould through central pouring basin.

Therotating speed in this processis not as high astrue centrifugal casting.

Directional solidification can be obtained by proper gating of casting and using proper
chills,

For producing more than one castings at a time, a number of moulds are stacked
together one over the other fed by a common central sprue.
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Advantages

(i)
(ii)
1.17.3

1.17.4

This process ensures purity and density at the extreme point of casting as cast wheel
or pulley.
Poor structure forms at the centre of the casting, it can be readily machined.

Centrifuging / Pressure Casting

Centrifuging method is used to obtain higher metal pressures

Bearing caps, small brackets during solidification, when casting shapes are not
axisymmetrical.

This processis suitable for small jobs of any shape.

A number of small jobs are joined together by radial runnerswith central sprue on a
revolvingtable.

Thejobs are uniformly placed on the table around periphery so that their masses are
properly balanced.

Thecastingispossibleonly in vertical direction.

The casting shape has no special limitationsin this process and an almost unlimited
variety of smaller shapes can be cast.

When castings in multiple layers one above the other are produced in one mould, the
method iscalled Sack moulding. It isused for producing valve bodies, valve bonnets,
plugs, yokes, pillow blocksand awide variety of industrial castings.

Advantages of Centrifugal Casting

Obtain castings of better quality

Castings produced more economically.

Parts which are unsuitable to produce by other methods can be cast satisfactorily.
High rate of production can be achieved.

Cleaning and fitting costs are reduced considerably.This produces dense casting which
obtains physical properties compared to that of forging.

In some metal sthis processimprovestensile strength because of resultant increasein
homogeneity and density.

Thereisno flow linesin centrifugal castings as obtained in case of conventional gear
castings, low lines parallel to thelines of force and grain structure runs perpendicul ar
to the gear tooth line of force.

Castings having thin sections or fine outside surface details can be easily produced.
Percentage of rejection isvery low.
Directiona solidification can be achieved easily

Easy to inspect, because defects if any will occur on the surface and not inside the
castings.
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1.18 CONTINUOUS CASTING

m |tisalso known as strand casting.

m  Thismethodisusedtodirectly cast dabs, billets, bloomswithout going through rolling
process.

m |tisafast and economical process.

Process
m  Themolten meta in theladdleis cleaned and equialised in temperature by blowing
nitrogen gasthrough it for 5to 10 mins.

m  Themeta isthen poured in arefractory lined intermediate pouring vessel which is
called tundish. Here impurities are skimmed off.

m A tundish may hold as much as three tonnes of metal.

= Themolten metal travelsthrough water cooled copper moulds and beginsto solidify
when it travels downward along a path supported by pinch rollers.

m  Beforethe process of casting is started, asolid starter or dummy bar isinserted into
the bottom of the mould.

m  Themolten metal ispoured and solidified on the starter bar.
m  Thebar iswithdrawn at the same rate as that of pouring of metal.

m  Thecooling rateissuch that the metal developes a solidified skin/shell to support it
during its downward travel, normally at the rate of 25 mm/s.

m  The shell thickness at the exit of the mould is about 12 — 18 mm.
m  Further intensive cooling is provided by water sprays asthe metal moves downward.

= Mouldsarenormally coated with graphite or similar solid lubricantsto reducefriction
and adhesion at the mould metal interface.

m  Themouldsare vibrated to reduce friction and sticking further.
m  Thecontinuously cast barsare cut into desired length by shearing or torch cutting.

m |tcanasobedirectly fedinto arolling mill for further reductionsin thicknessand for
shaperolling of products such as channels and |- beams.

m  Contineously cast metal s have more uniform compositions and properties than metal
obtained by ingot casting.

1.19 CASTING DEFECTS

Any unwanted deviation from the desired requirements in a cast product results in a defect.
Some defects inthe cast products are tolerable while others can be rectified by additional
processes likewelding etc. Thefollowing arethe major defectswhich arelikely to occur in sand
cagtings:
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(a)
(b)
(c)
(d)
(e)

Gas defects

Shrinkage cavities
Moulding material defects
Pouring metal defects
Metallurgical defects

Gas Defects

These defects are due to lower gas passing tendency of the mould which is caused by less
venting, lower permeability of the mould and improper design of the casting. The lower
permeability of themould isdueto use of finer size grains of sand, higher percentage of clay &
moisture and excessive ramming of the mould. The various gas defects are;

Blow holes and Open blows: These are spherical, flattened or elongated cavities
present inside the casting or on the surface. When present inside the casting it is
called blow hole while it is termed as open blow if it appears on the surface of the
casting. These defects are caused by the entrapped of steam due to moisture left in
the mould and the core. These are predominant in green sand mould and to get rid of
these proper venting is required.

Scar: A shallow blow, usually found on aflat casting surface, isreferred to asa scar.
Blister: Thisisascar covered by the thin layers of a metal.

Air inclusions: Themain reasonsfor thisdefect arethe higher pouring temperatures
which increase the amount of gas absorbed in molten metal; poor gating design such
as straight sprue in unpressurised gating; abrupt bends and other turbulence causing
practicesin the gating, whichincreasethe air aspiration and finally thelow permeability
of the mould. The remedieswould be to choose the appropriate pouring temperature
and improve gating practices by reducing the turbulence.

Pin hole por osity: The high pouring temperature which increasesthe gas pick up is
the main reason for this defect. The hydrogen gas which is picked up by the molten
metal either inthe furnace from the unburnt fuel or by the dissociation of water inside
the mould cavity may escapethe solidifying metal leaving behind very small diameter
and long pin holes showing the path of escape.
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Blow Scar Blister Gas holes Pin holes

Shrinkage Cavities

These are caused by theliquid shrinkage occurring during the solidification of the casting. An
improper riser and gating system may give this type of defects which has a shape of afunnel.
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Shrinkage Cavities

Moulding Material Defects

These defects are originated due to some specific characteristics of the moulding materials
such asinsufficient strength, improper ramming etc. The various defects under this category

are

Cutsand Washes:. Theses appear as rough spots and areas of excess metal and are
caused by the erosion of the moul ding sand by the flowing molten metal. Thismay be
dueto insufficient strength of mould material or the high velocity of the molten metal.

The proper choiceof moulding sand and appropriate moul ding method together with
proper design of gating system can eliminate these defects.

Metal Penetration: When molten metal enters the gaps between the sand grains,
theresult would be arough casting surface. Thiscan al so be caused by higher pouring
temperature. Choosing appropriate grain sizes, together with proper mould wash should
be ableto eliminate this defect.

Fusion: Thisiscaused by the fusion of sand grainswith molten metal, giving abrittle,
glassy appearance on the casting surface. The main reasons for this defect are the
lower refractoriness of the clay used in moulding sand and very high pouring
temperature. The choice of an appropriate type and amount of Bentonite would cure
this defect.

Run out: This occurs when the molten metal leaks out of the mould due to faulty
mould making or defective moulding flask.

Buckles: Thisrefersto along, fairly shallow, broad, v-shaped depression occurring
in the surface of aflat casting. The expansion of thin layer of sand at the mould face
when obstructed by the flask, the mould face tends to bulge out, forming the v-shape.
A proper amount of volatile additivesin the sand-mix is therefore essential to make
room for this expansion and to avoid the buckles.

Rat tail: It isalong shallow angular depression normally found in athin casting. The
reason for itsformation isthe same asthat of buckles. Here, instead of the expanding
sand up heaving, the compressed layer fails by onelayer, gliding over the other.

Scab: This refers to the rough thin layer of a metal, protruding above the casting
surface, on top of athin layer of sand. A scab results when the upheaved sand is
separated from the mould surface and the liquid metal flowsinto the space between
the mould and the displaced sand.

Swell: Under the influence of metallostatic forces, the mould wall may move back
causing a swell in the dimensions of the casting. The main cause of this defect is
improper ramming of the mould.
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Drop: An irregularly shaped projection on the cope surface of a casting is called a
drop. Thisiscaused by dropping of sand from the cope or other overhanging projections
into the mould. An adequate strength of the sand and the use of gaggers can helpin
avoidingthedrops.

Dross: Lighter impurities appearing on the top of acasting are called dross. It can be
taken care of at the pouring stage by using items such as a strainer and skim bob.
Dirt: Sometimes sand particles dropping out of the cope get embedded on the top
surface of a casting. When removed, these leave small, angular holes, known as
dirts.

Mould and Core shift: A misalignment between two halves of amould or of acore
may give rise to a defective casting.

Porosity

Nonmetallic Dirt Wash
inclusion

NN

Buckle

Mould shift Core shift

Pouring Metal Defects

The defects occur due to due to lower fluidity of the molten metal, small thickness of the
casting, large surface area to volume ratio of the casting, high heat transfer rate of the mould
material and back pressure of the gases entrapped in the mould cavity dueto inadequate venting.
Thelikely defects under this category are;

Misrun: Theliquid metal dueto insufficient superheat, start freezing before reaching
the farthest point of the mould cavity. This defect iscalled Misrun.

Cold shut: For a casting with gates at its two sides, the misrun may show up at the
centre of the casting dueto non fusion of two streams of metal resultingin adiscontinuity
or weak spot in casting.

Slag inclusions: Slag caused due to flux added during the melting process, if not
removed before tapping may enter the mould cavity causing weak casting and
damaged surface.
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Metallurgical Defects

The defects under this category are hot tears and hard spots.

m  Hottears: Sincemetal haslow strength at higher temperatures, any unwanted cooling
stress may cause the rupture of the casting. The better design of casting avoids this
defect.

m  Hard spots: These are caused by the chilling of the casting causing subsequent
machining difficult. Thiscan be avoided by controlling properly therate of coling.
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MODULE-III

Welding Processes

2.1 INTRODUCTION

Weldingisthe processof joining two similar or dissimilar metallic componentswith theapplication
of heat, with or without the application of pressure and filler material. Heat may be obtained by
chemical reaction, electric arc, electrical resistance, frictional heat, sound and light energy.

When awelding process takes place without addition of filler metal by melting the edges
together tojoin similar metalsiscalled autogenouswelding, for example, cold and hot pressure
welding and electric resistance welding etc. hen the welding process makes the use of filter
metal but the same composition as the parent metal is known as homogeneous welding, for
example, welding of plainlow-C steel withalow-C welding rod and welding of 70- 0 brasswith
a 70-30 brass welding rod etc. In case of heter ogeneous welding process the filler metal is
introduced, the melting point of which is below that of the metalsto be welded, for example,
brazing and soldering processes.

The autogenous welding is especially applicable to iron, steel and lead, while the
heterogeneouswel dingisindispensablefor zinc, brass, aluminium, or, ingeneral, for those meta's
which oxidise or volatilise at atemperature near that of the point of fusion.
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2.2 ADVANTAGES, DISADVANTAGES AND APPLICATIONS OF WELDING

Advantages

Welding canjoin large number of both similar and dissimilar metals/alloys.
A good weld is as strong as the base metal.

Portable welding equi pment are available.

Welding permits considerable freedomin design.

L ow manufacturing cost and reduced |abour content of production.
Weldingresultsin agood saving of material and maximum homogeneity.

Disadvantages

Welding resultsin residual stressesand distortion of the workpieces.

Welding heat produces metallurgical changes.

Welding produces harmful radiations, fumesand spatter.

Jigsand fixtures are generally required to hold and position the parts to be wel ded.
Skilled worker is needed for this process.

Applications

Weldingiswidely used in fabrication of pressurevessels, bridges, building structures,
aircraft and space crafts, railway coaches and general applications.

It is aso being used in shipbuilding, automaobile, electrical, electronic and defence
industries.

Weldingisvastly being used for construction of transport tankersfor transporting ail,
milk and fabrication of welded tubesand pipes, chains, LPG cylinders and other items.

Steel furniture, gates, doors and door frames, body and other parts of a number of
items such as refrigerators, washing machines, microwave ovens etc are fabricated
by welding.

2.3 CLASSIFICATION OF WELDING PROCESSES

The welding processes may be classified asfollows:

I. Fusion Welding

1
2.

Gaswelding

Electricarc welding

(i) Shielded metal arc welding (ii) Carbon arc welding

(iii) Gas metal arc welding (iv) Gas tungsten arc welding
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(v) Submerged arc welding (vi) Plasmaarc welding
vii) Electrodag welding (vii) Electrogaswelding

Il. Resistance Welding

(i) Spot welding (ii) Seamwelding (iii) Projection welding
(iv) Resistance butt welding (V) Resistance flash welding  (vi) Percussion welding

lll. Solid State Welding

(i) Coldwelding (i) Diffusionwelding  (iii) Ultrasonic welding
(iv) Explosivewelding (v) Frictionwelding (vi) Forgewelding

IV. Thermochemical Welding

(i) Thermit welding (ii) Atomic hydrogen welding
V. Radiant Energy Welding

(i) Laser beam welding (ii) Electron beam welding
VI. Allied Processes

(i) Soldering (ii) Brazing

2.4 GAS WELDING

Gaswelding isamethod of fusion welding inwhich aflame produced by combustion of gasesto
heat and melt the parent metal and filter rod of ajoint. A filler metal may be added to the flowing
molten metal tofill up the cavity made during the end preparation. Many different combinations
of gasses can be used to obtain heating flame, but the most commonly used combinations are;

Oxygen and Acetylene (Oxy-Acetylenewelding)

Oxygen and Hydrogen (Oxy-hydrogen welding)

Air and Acetylene (Air-Acetylenewelding)

2.4.1 Oxy -Acetylene Welding

Oxy-acetylene wel ding derives heat from the combustion of fuel gas acetylenein combination
with oxygen. Acetylene mixed with oxygen when burnt under acontrolled environment produces
large amount of heat giving higher temperaturerise. Thisburning also produces carbon dioxide
which helpsin preventing oxidation of metals beingwelded. The chemical reactioninvolvedin
burning of acetyleneis

2C,H, + 50, = 4CO, + 2H,0 + Heat
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Oxy- Acetylene gas welding is accomplished by the melting the edges or surfaces to be
joined by gasflame and alowing the molten metal to flow together, thusforming asolid continuous
joint.

Thisprocessis particul arly suitablefor joining metal sheetsand plates having thickness of
210 50 mm.

Principle of Gas Welding

The principle of oxy-Acetylence welding as shown in [Fig. 2.1]. The flame is obtained by
ignition of oxygen and acetylene gases, mixed in a blow pipe fitted with a nozzle of suitable
diameter. Thisflameisapplied to the edges of thejoint and to awirefiller of appropriate metal,
to melt them for forming the joint. When acetylene is burned in an atmosphere of oxygen, an
intensely hot flame with a temperature of about 3000°C is produced. As the melting point of
steel isapproximately 1300°C, the metal fuserapidly at the point of application of the flame.

OXYGEN HOSE
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WELDING TORCH

TP ACETYLENE HOSE
CONNECTION
CYLINDER WORKING
PRESSURE GAUGE PRESSURE GAUGE
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\\ ﬁ‘ WRENCH

WORKING l
PRESSURE GAUGE CYLINDER
OXYGEN PRESSURE GAUGE
REGULATOR :
OXYGEN ACETYLENE

|
SPARKLIGHTER \QEEH;%E
ey
D & ACETYLENE \
APPARATUS HOUSE
PARATY TWIN HOSE
ACETYLENE

/ ™~ CYLINDER
OXYGEN CYLINDER \/ \ /] //)

Fig. 2.1 Oxy-Acetylene Gas welding

Welding Techniques

Depending upon the ways in which welding rod and the welding torch can be used, there
are two usual techniques used in gaswelding;

(i) Leftward or Forward welding
(i) Rightward or Backward welding
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(i) Leftward or Forward or Forehand Technique

In leftward welding, the welder starts welding at the right hand end of the joint and
proceeds towards the left as shown in Fig. 2.2. The welding flame is directed away
from the finished weld i.e., towards the unwelded part of the joint.

The blowpipe or welding torch is kept at an angle of 60° to 70° to the surface of the
work so that the flame plays ahead of it. Thefiller rod isheld at an angle of 30° to 40°
ahead of the flame and progressively fed into it.

Thebase metal getspreheated which facilitates proper fusion. Thistechniqueisusually
used on relatively thin metalsi.e., thicknesslessthan 5 mm.

The tip of the rod causes weld contamination, when the weld is recommenced.
Necessary actions may be taken to prevent it.

Progress of welding
4—
Filler rod Blow pipe

N
7

Fig. 2.2 Left ward welding

\Wel dmetal

(ii) Rightward or Backward or Backhand Technique

Welding beginsat the left hand end of the joint and proceeds towardstheright, hence
itisknown asrightward technique as shown in Fig. 2.3.

Thetorch flamein rightward techniqueis directed toward the completed weld and the
filler rod remains between the flame and the compl eted weld section. Theweld isthus
annealed which relieves the residual stress.

Smaller total volume of deposited metal reduces shrinkage and distortion and because
of less consumption of filler rod, the cost of weldingisless.

Progressof welding

Weld metal

Fig. 2.3 Right ward welding
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Types of Flames

Three types of flames are obtained from oxygen and acetylene mixture.

(i) Neutra flame

(ii) Carburisingflame

(iii) Oxidisingflame
Neutral Flame
When theratio of oxygen and acetyleneisequal, aneutral flameisobtained. Thistypeof flame
has a maximum temperature of about 3100°C, iswhitein colour and has sharply defined central
cone with areddish purple envelope as shown in Fig. 2.4. It does not react chemically with the

parent metal and protect it from oxidations and carburisation. The neutral flameisused toweld
mild steel, stainless steel, cast iron, copper, and aluminium etc.

Bluish-White | jght Blue

Purple
— el T

S --~/

—_—
-
e — e — —

Fig. 2.4 Neutral Flame
Carburising Flame

An excess of acetylene creates a carburshing flame (Fig. 2.5). It consists of thefollowing three
Zones.

—  Luminiouszone.

—  Feather or intermediate cone of white colour.

—  Outer envelope.
It isalso called as reducing flame and has a maximum temperature of 2900°C. The carbursing
flameis used to weld monel metal, high carbon steel and alloy steel.

Bluish-White Light Blue
White Purple

Fig. 2.5 Reducing flame
Oxidising Flame

It occurs when the oxygen content is more than that of acetylene in the gas mixture. It is
characterised by a purple-white inner cone with purple envelope (Fig. 2.6). The maximum
temperature obtained is 3300°C. It is used to weld nonferrous metal s and all oys such as copper,
brass, bronze and zinc alloys etc. Thisflameisharmful for steels, becauseit oxidizesthe steels.
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Fig. 2.6 Oxidizing Flame

2.4.2 Gas Welding Equipment

For gaswelding following equipments are used.
1. Gascylinders

Pressure regulators

Pressure gauges

Welding torch

Hoses and the Hose fitting

Safety device etc.

o0 ks~ WD

Gas Cylinders

Oxygen Cylinders

Oxygen cylinders are painted black and the valve outlets are screwed right handed. The usual
size of oxygen cylindersare 3400, 5200 and 6800 It . For safety purposes oxygen cylindersare
fitted at a pressure 12500 to 14000 kN/m?.,

Acetylene Cylinder

An acetylene cylinder is painted maroon and the val ves are screwed | eft handed. The usual size
of acetylenecylindersare 2800 and 5600 It. Thecylinder isusually fitted to pressure of 1600 to
2100 kN/m?.

Pressure Regulators

The cylinders are provided with pressure regulators to control the working pressure of oxygen
and acetylene to the welding torch. Value of supply pressure depends upon inside diameter of
outlet nozzle, supply flow rate of gas.

Pressure Gauges

Pressure gauge measures the pressure with respect to the atmospheric pressure. Two pressure
gauges are mounted on each of the cylinders. One for knowing pressure of gasinside the cylinder
which is the measure of gas content inside the cylinder. Second gauge is used to know the supply
pressure of the gasto below pipe. Former gaugeis called cylinder pressure gauge and later oneis
called outlet pressure gauge.
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Welding torch or blow pipe

Itis used for moving oxygen and acetylenein the required volume and igniting it at the mouth of
itstip.

There are two types of welding torches available.

(i) High pressure (or equal pressure) type.

(ii) Low pressure (Injector) type

High pressure blow pipesor torches are used with (dissol ved) acetylene stored in cylinders

at a pressure of 8 bar. Low pressure blow pipes are used with acetylene obtained from an
acetylene generator at a pressure of 200 mm head of water (approximately 0.02 bar).

Hose and Hose Fittings

—  Hosepipesareusedto carry gasesfrom their respective cylindersto blow pipe. Theseare
made up of rubber and fabric; painted black or green for oxygen and red or maroon for
acetylene.

—  Forwelding purposes, the hoses should be strong, non porous, flexible and not subject
tokinking.

—  Specid fittings are used for connecting hosesto equipment .

Safety Devices

—  Gloves made of leather, canvas and asbestos are worn to protect hands from any
injury.

—  Gogglesfitted with coloured glasses are used to protect the eyesfromharmful ultraviolet
rays and heat.

2.4.3 Advantages, Disadvantages and Applications of Gas Welding

Advantages

— It is probably the most versatile process. It can be applied to a wide variety of
manuf acturing and maintenance situations.

—  Sincethesourcesof heat and thefiller metal are separate, thewelder has control over
thefiller metal deposition rates.

—  Theequipmentisversatile, low cost, self sufficient and usually portable. Besides gas
welding, the equipment can be used for preheating, post heating, braze welding and
can be readily converted to oxygen cutting.

—  Thecost and maintenance of the welding equipment islow when compared to that of
some other welding processes.
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Disadvantages

Heavy sections cannot be joined economically

Refractory metals (e.g. tungsten, molybdenum etc) and reactive metal s (e.g. titanium
and zirconium) cannot be gas welded.

More safety problems associated with handling and storing of gases.

Ascompared to arc welding, it takes considerably longer timefor the metal to heat up.
Heat affected zone is wider.

Applications

For joining thin materials.

For joining materials in whose case excessively high temperatures or rapid heating
and cooling of the job would produce unwanted or harmful changesin the metal.

In automotive and air craft industries.

For joining most ferrous and non ferrous metals. e.g., carbon steels, aloy steels, cast
iron, aluminium, magnesium, nickel, copper anditsalloy etc.

In sheet metal fabrication plants.

2.4.4 Gas Cutting

Oxy fuel gas cutting is a process by which metal (ferrous) to be cut is heated up by means of
flame and then oxygen gasisimpinged on thisred heat metal so as to form the metal oxide
and then remove the metal from there. Metal upto thicknessashigh as2 m can be cut by this

method.

Principle of Operation

Weldingtip Cutting tip

Iron and steel when heated to a temperature

between 800 to 1000°C get oxidised (burn). Preneat

When a high pressure (300 kPa) oxygenjetis  Flameorifice flame Oxygen
directed against ametal, it burnsthe metal and

blows it away causing the cut (kerf). Fig. 2.7 Oxy-Acetylene torch tips

The oxy-acetylene gas cutting outfitissimilar to that of oxy-acetylene welding except
for thetorch tip. Here, the torch tip has provision for preheating the plate as well as
providing the oxygenjet. Thusthetip hasacentral holefor oxygen jet with surrounding
holes for preheating flames as shown in Fig. 2.7. The cutting tip should be properly
chosen for intended application. The size normally depends on the thickness of the
plate asit determinesthe amount of preheating aswell asthe oxygen jet flow required
for cutting.

Gas cutting would be useful only for those materialswhich readily get oxidised and the
oxides have lower melting points than the metals. Thus it is most widely used for
ferrous materials. But it cannot be used for materials such as aluminium, bronze,
stainless steel and like metals sincethey resist oxidation.
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Fig. 2.8 Oxy-Acetylene cutting

2.5 ARC WELDING

Electric arc welding is one of the fusion welding processes in which coalescence (joining) of the
metal isachieved by the heat from an el ectric arc between an electrode and workpiece. Anarcisa
sustained el ectric discharge through the ionised gas column called plasma between thetwo
electrodes.

Principle of Arc Welding

In eectric arc welding, when electrode is brought into contact with the work and is then quickly
separated by ashort distance (approximately 1.5 to 3 mm.) such that the current continuesto flow
through apath of ionized particles, an eectric arcisformed. Thearc is sustained dueto continuous
presence of athermally ionized column of gas. Thecircuit operatesat |ow voltage and high current,
therefore arc is established in the gap due to thermoionic emission from eectrode (Cathode) to
workpiece (Anode). Thisarc produces atemperature of the order of 5500°C or higher. In thisway
apool of molten metal cong sting of workpiecemetal and filler metal isformedinthewelding zoneas
showninFig. 2.9.

Electrode

Coating

travel g aiooveri ng

Base metal

Depth of penetration

Arc stearn Arc crater Solidfiedweld
metal

Fig. 2.9 Principle of Arc Welding
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Arc Welding Equipment

The equipments used in Arc welding are as follows. (Fig. 2.10).
Power Source

Both alternative current (AC) and direct current (DC) are used for welding. AC machines are
recommended for ferrous metal and DC machines are recommended for other metals. The
mai n component of wel ding machineisthetransformer which convertsthe supply to low voltage
and high current. Normally, the power requirement for AC welding is80to 110 volt sand 50 to
80 amperes and in case of DC welding the power required is 8 to 25 volts and 50 amperes.

Arcwelding machine

1 Primary Secondary 1 Electrodeholder

: A | Electrode

1 1
gg ' : A Workpri

I | rc orkprism
8 5 1 1 “/
E 3 1 1 | |

1 1

=) ®B—— “Metal tabIeI'l

Iron core

Fig.2.10 Arc welding set up
Comparison Between A.C and D.C Arc Welding

Aspects ACWelding DC Welding

Power consumption Low High

Arc stability Unstable Stable

Cost Less More

Weight Light Heavy

Efficiency High Low

Operation Noiseless Noisy

Suitability Non ferrous metals Suitable for both ferrous and
cannot be joined. non ferrous metals.

Electrode used Only coated. Bare electrodes are also used.

Welding of thin sections Not preferred Prefferred.

Miscellaneous Work can act as Electrode is always negative
cathode while electrode and the work is positive.
acts as anode and vice versa.

Welding Electrodes

The electrodes (welding rods) can be consumabl e type or non-consumabl e type. In consumable
type, the electrode in the form of thin small rods or sticks (bare or coated with flux) or coil of
bare round wireisfed continuously during welding which forms apart of the weld metal pool
after melting. The electrodes are of the same composition as the metal to be welded.
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Coated Consumable Electrodes are the most popular arc welding electrodes (Fig. 2.11).
No additional filler metal and flux are required with them. In general these el ectrodes have core
of mild stedl withacoating of flux material over them. The coating developsareducing atmosphere
and prevents oxidation, forms separable d ag from metal impurities, provides necessary aloying
elementsto theweld pool. One of the major concernswith the coated el ectrodesisthe moisture
pick up by the coating. This moisture, dissociate into oxygen and hydrogen with the hydrogen
being absorbed by theliquid metal and subsequently rel eased during solidification, causing porosity.
Therefore, they should be kept in adry place.

Bare electrodes are simple rods made of filler metal with no coating over them. In case of
bare ectrodeflux isrequired additionally. Examples of arc welding processes using consumable
eectrodeinclude: carbon arc welding, shielded metal arc welding, submerged arc welding etc.

Solid extruded covering

(0) —
L Strinking end \ Corewire

Boreend for gripping in electrode hol der

Fig. 2.11 Parts of an electrode

In non-consumabl e type, the electrode used is not consumed and does not form a part of
the weld deposit. Typically, a non-consumable carbon or tungsten el ectrode is used which, as
one pole of the arc, generates high heat for welding. Their depletion rateis very slow. M etal
and flux are supplied additionally. Thetypical examplesare: gastungsten arc welding, plasma
arc welding etc.

Thefactorsthat affect the selection of electrodes are: (a) availability of current, (b) com-
position of base metal, (c) thickness of base metal, (d) welding position-flat, horizontal vertical
etc. and (e) amount of penetration required in welding.

Coding of Electrode

An electrode is specified by six digits with a prefix letter ‘M’ which indicates that it is suitable
for metal arc welding, according to ISl coding system. The meanings of the codes are as given
below.

First Digit (1to 8) : Standsfor particular type of coating on the electrode.
Second Digit (1to6) :Indicateswelding position.

Third Digit (0to7) : Representing a particular current condition.

Fourth Digit (1to 8) : Indicates minimum tensile strength of the wledment.

Fifth Digit (1to5) : Indi cates the percentage el ongation of deposited wel dment.
Sixth Digit (1to5) : Signifies the minimumimpact strength of the weldment.

Electrode Holder

Electrode holder holdsthe electrode with its jaws. Jaws of holder are made of metal with high
conductivity and heat resistant. Electrode holder needs proper insulation as electric current
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flowsin to the welding zone through it. In the cases, when the jaws are subjected to very high
temperature, provision for coolingismade.

Work Table

The partsto be welded are placed on the work table. It is connected with the power source to
giveaparticular polarity to theworkpiece. Electric circuit formswhen electrodeis brought in
contact of workpiece through work table and electrode holder.

Connecting Cables

The connecting cableis used to connect electrode holder with the power source. 1t should be
flexible enough to facilitate easy movement of electrode, properly insulated and capable of
carrying high current.

Welding Shield

Welding shields are used for the protection of eyes of the welder (operator). Further, electric
arc welding generates ultraviolet radiations which may cause permanent damage to eyes.
Therefore, welding shield used in arc welding should be opagueto ultraviolet radiations. Other
safety devices such as goggle, gloves, and apron are also used in arc welding.

Chipping Hammer
Chipping hammer and wire brush are used in arc welding to clean the joint.
Filler Metal

Filler metalsare used in case of non-consumabl e el ectrodetoimprove properties of thewel dment.
Thefiller metal may be bare or coated. A coating of flux material isprovided onthefiller metal
in coated type. No coating of flux istherein abaretypefiller metal. It issupplied additionally as
per the requirement. Filler metal composition should be same as that of the material to be
welded. Sometimes, additional alloying elements are added to improve mechanical properties
of weldment.

Flux Material

Flux is used in arc welding to prevent weak joint due to oxidation of the weld. Flux can be
supplied through coating of electrode or coating onfiller metal or separately. Someti mes spray
of inert gasis used to prevent oxidation and no flux is required in such cases. Ingredients used
to produce reducing atmosphere are cellul ose, dalomine, wood flour, starch. Iron powder provides
higher deposition rate. The common ingredients act as flux which help in slag formation are
asbestos, mica, silica, fluorspar, stealite, titanium dioxide, iron oxide, metal carbonates, etc.
Manganese oxide and potassium silicate and titanate are the all oying elements and stabilizers.

2.5.1 Shielded Metal Arc Welding (SMAW)

Shielded metal arc welding (SMAW) (or manual metal-arc welding or stick welding or simply
manual arc welding is the most commonly used for fabrication and maintenance jobs. Arcis
generated between consumabl e coated metal electrode and the work piece (Fig. 2.9). The heat
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generated dueto the arc is about 5000°C. Under thisintense heat asmall part of the base metal
melts. At the sametime, the end of metal electrodesa so melts, yielding tiny drops or globules of
molten metal, which passthrough the arc and reach the weld metal pool. The coal escence with
the molten part of the base metal occurs after cooling. Burning of flux coating on the electrode
helpsin creating a protective gas shield and the molten flux forms aslag that protects theweld
bead from oxidation. Thisslag islater chipped off to get the clean weld.

Arc Initiation

Arc initiation refers to starting an arc between the electrode and the workpiece. It can be
obtained by the foll owing two methods.

(i) Touch start. In this method the el ectrode isfirst touched with the workpiecefor avery
short time and immediatel y withdrawn. The short-circuit dueto touch causesrisein current and
thus the temperature at the point of contact. This causes|ocal melting and vapourisation of the
eletrode tip and workpiece material besides emission of electrons from the cathode. These
electrons collide with the atoms and molecules of air present in the gap between el ectrode and
the workpiece breaking them into free electrons, thus creating a ionised gas column. Under
these circumstances, a small amount of electron emission isenough to initiate an arc.

(ii) High voltage discharge. The arc isinitiated by using a high frequency unit which
superimposes a high frequency voltagein thewelding circuit. Thisproducesan electric field of
very high strength. The high frequency, high voltage oscill ators supply apulse of high voltageto
initiate an arc. In thismethod the contamination of electrodeis eliminated.

Arc Crater

Because of the penetration of el ectric arcinto the parent metal, small depressionwill beformed
in the parent metal around which molten metal is piled up, known as the arc crater. Its depth
depends on thethickness of the parent metal. The arc penetration isjudged by observing this
crater depth.

Arc Length

The distance through the centre of the arc from thetip of the electrode to the bottom of the arc
crater istermed as arc length. It should be 2to 4 mm. Arc length should be proper and
constant during welding to obtain good results.

Arc Sability

A stablearcisuniform and steady which reslutsin good wel d bead and defect-free weld nugget.
For stable arc, the welding plant should be such that alittle variation in arc length should not
extinguish thearc. Also, addition of proper arc stabilizing elementsin theflux coating can help
making the arc stable.

Polarity

Polarity meansthetype of potential (positive or negative) given to the workpiece or electrode.
The positive and negative terminals are fixed in direct current (DC) power source, whereasin
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case of alternating current (AC) power source, positiveand negativeterminalsare not fixedi.e.
the terminal which is positive during one half of acycle become negative in another half. So
polarity principleis applicable only to direct current power source. Polarities are of following
two types:

(i) Sraight Palarity. Instraight pol arity, e ectrodeis having negative terminal whileworkpiece
is connected to the positive terminal of the direct current power source.

(ii) Reverse Polarity. In reverse polarity, electrode is connected to positive terminal
whereas workpiece is connected to the negative terminal of the direct current power source.

Direct Current Sraight Polarity (DCSP)

m  About 67% of heat is generated at the workpiece (+ terminal) while rest of total heat
isgenerated at the electrode (- terminal). Hence, bare and medium coated el ectrodes
are used.

m  Deep penetration.

m  Mostly used for welding thicker sections.

Direct Current Reverse Polarity (DCRP)

m  About 67% of heat isgenerated at the el ectrode (+ terminal) whilerest of total heat is
generated at the workpiece (- terminal). Hence, heavily coated el ectrodes are used to
prevent overheating and melting of the electrodes.

m  Shallow penetration.

m  Mostly used for welding thin sections.

Arc Blow

Arc blow occursin DC welding. It isa phenomenon of wandering of arc. When current flows
in any conductor, amagnetic field isformed around the conductor in thedirection right angleto
the current. Since in DC arc welding, there is current through the electrode, workpiece and
ground clamps, so magnetic field exists around each of these components. This magnetic field
tendsto bend thearc fromitsintended path andis called arc blow. Magnetic field concentration
is always more at the ends so chances of arc blow are also more at the beginning and at
the end of the weld. Sincein DC welding the polarities are fixed, therefore the induced
magneticfieldsare constant only inonedirection. Butin AC welding polarity isnot fixed (direction
of current flows changesaternatively), therefore, thereisno arc blow. Arc blow, if not controlled,
may result in porosity and other defectsin the weld atmospheric gases may be pulled into the
arc. Arc blow may be corrected by;

m  Placing ground connections asfar as possible from the joints to be welded.
Using AC instead of DC, if possible.

Selecting proper arc length, current and welding speed.

Welding towards a heavy stack weld or an already existing weld.

Wrapping the ground cabl e around the workpiece such that the current followinginit,
sets up amagnetic field in opposite direction counteracting the arc blow.
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Advantages

m  Thearcwelding equipment issimple, less costly, and portable.
m  Welding can becarried out in any position with highest weld qualities.
m  Widevarieties of electrodes are available to weld various metals.

Disadvantages
m  Thelength of each electrodeislimited and when new el ectrodeisused, proper cleaning
isrequired reducing the the welding speed.
m  Welding control isdifficult ascompared to M1G welding.
m  Flux covering, if absorbs moisture, causesthe porosity defect.
m  Chances of slag entrapment are more due to flux coating.

Applications

m |tisused asafabrication process aswell asfor regular maintenance and repair jobs.

m  [tisusedin ship buildings, long pipe lines, buildings and bridge construction, tanks,
boilers, automotive and aircraft industries etc.

2.5.2 Carbon Arc Welding(CAW)

Carbon Arc Welding (CAW) isawelding process, in which heat isgenerated by an electricarc
struck between a non-consumable carbon (baked carbon or graphite) el ectrode and the work
piece. If required, filler rod may be used. Shields (neutral gas, flux) may be used for weld pool
protection depending on the type of welded metal.

Principle of Operation

In carbon arc welding, DC power supply with straight polarity isused. The carbon electrodeis
connected to negativeterminal and work pieceis connected to positive terminal. Thearc heats
and melts the work pieces edges, forming ajoint. The welding is done with along arc to
protect the molten metal from the atmosphere. Carbon monoxide gas produced during welding,
surrounds the molten metal and protectsit.

Modification of carbon arc welding is twin carbon electrode arc welding, utilizing arc
struck between two carbon electrodes. In this method, work piece is hot a part of welding
eectric circuit. Therefore, the welding torch may be moved from one work piece to other
without extinguishing thearc.

Advantages

m  Low cost of equipment and welding operation.
m  Low skill level required and the process can be easily automated.
m  Lowdistortion of work piece.
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Disadvantages

= Unstablequality of theweld (porosity).
m  Carbon of electrode contaminates weld material with carbides.
m  Carbon eectrodes erode after longer use.

Applications

m  Used to weld both ferrous and non ferrous metals such as sheets of steel, copper
aloys, brassand aluminium etc.

m  Repairing of castings, pre-heating and post-heating of weldments.

= Most suitablefor butt welding of thinner metal (upto 2mm) asworkpiece distortions
arenegligible.

2.5.3 Tungsten Inert Gas (TIG) Welding

Tungsteninert gas (T1G) welding or gastungsten arc welding (GATW) isan arc wel ding process
inwhich heat is produced from an el ectric arc established between atungsten (non-consumabl e)
electrode and the job. The electrodes contain 2% of thoria(thoriumoxide) or 0.15 to 0.40% of
Zirconia (zirconium oxide) mixed with the core tungsten which gives better el ectron emission,
easy start of arc, cool running, better arc stability and restart of arc at low current. Filler metal
if required isfed separately. The method iswell suited for wel ding thickness upto 6mm.

Theweddingiscarried out in aninert atmosphere using shiel ding gas (argon, helium, nitrogen
etc.) to avoid atmospheric contamination of the molten weld pool. Argon is normally preferred
over helium because it requires a lower arc voltage, easier arc starting and provides a
smooth arc action. It is also economical and heaviest. Helium can withstand the higher arc
voltage, thereforeit isused where higher heat input isrequired. Both DC and AC power source
can be used.

Principle of Operation

The non-consumabl e tungsten electrode mounted in a special electrode holder. The holder is
designed in such away that it facilitatesflow of inert gas around the electrode and around the
arc as shown in Fig. 2.12. Welding operation is carried out by striking an arc between the
workpiece and tungsten electrode in an atmosphere of inert gas. The arc is initiated either by
touching the electrode with a scrap metal tungsten piece or using a high frequency unit. After
thearcisinitiated, it is allowed to impinge on the job and a molten weld pool is created. The
welding torch and thefiller metal are generally kept inclined at angles of 70°-80° and 10°-20°
respectively, with theflat workpiece. Filler metal, if required isadded by dipping thefiller rodin
theweld pool.
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Fig.2.12 TIG Welding (GTAM Welding)

Polarities

m  DCSP(Direct Current Straight Polarity): Tungsten el ectrode (-ve), work (+ve). Used
for welding mild steel, stainless steel, copper and titanium.

m  DCRP(Direct Current Reverse Polarity): Tungsten electrode (+ve), work (-ve). Used
for welding aluminumand heavily oxidized aluminum castings.

m  ACHF (Alternating Current High Frequency): Itisused for Al and Mg. High frequency
also helpsin oxide cleaning actions.

Joint Design

TIG weldingisapplicableto the following typesof joints.
(i) Butt, Lap, Corner, Edgeand T joint areal used in TIG welding.

(if) A sguaregroove butt joint isused for smaller thickness. A singleV groovebutt jointis
required for base metal thickness between 4.8 and 9.6 mm.

(iii) A corner joint isused for fabricating box like structure.

Advantages of TIG Welding

(i) Thisprocesscanweldinall positionsand produces smooth and sound weldswith less
spatter.

(i) TIGweldingisvery much suitablefor high quality welding of thinmaterials (asthin as
0.125 mm).

(iii) Nofluxisused, hencethereisno danger of flux entrapment when welding refrigerator
and air conditioner components.

(iv) Because of clear visibility of the arc and the job, the operator can exercise a better
control on the welding process.
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(v) Itisvery good process for welding nonferrous metals (aluminium etc) and stainless
steel.

(vi) Dissimilar metals such as mild sted to stainless steel, brass to copper etc. can be
welded to each other.

(vii) Smaller heat affected zone (HAZ).

Disadvantages

(i) Under similar applications, TIG welding is a slower process as compared to MIG
welding, sinceit requires a separatefiller rod.

(if) Tungsten if it transfers to molten weld pool can contaminate the same. Tungsten
inclusionishard and brittle.

(iii) Filler rod end if it by chance comes out of theinert gas shield can cause weld metal
contanination.

(iv) Equipment costs are higher than that for shielded metal arc welding.

Applications

(i) Weding aluminium, magnesium, copper, nickel and their alloys and hard surfacing
dloyslikezirconium, titaniumetc.

(i) Welding of expansion bellows, transistor cases, instrument diaphragms and can seal
joints.

(iii) Welding sheet metal and thinner sections.

(iv) Precisionweldinginatomic energy, aircraft, chemical andinstrument industries.

(v) Rocket motor chamber fabricationsin lounch vehicles.

2.5.4 Metal Inert-Gas (MIG) Welding

This welding process is aso caled Gas Metal Arc Welding (GMAW). It is an arc welding
process wherein coalescence is produced by heating the job with an electric arc established
between a continuously fed metal electrode and thejob. No flux is used but the arc and molten
metal are shielded by aninert gas, which may be argon, helium, carbon dioxide or agasmixture.

Principle of Operation

The inert-gas consumabl e electrode process, or the MIG process is a refinement of the TIG
process. However, in this process, thetangsten e ectrodeis replaced with aconsumabl e el ectrode.
The consumable electrode isin the form of awirereel, which isfed at a constant rate, through
thefeed rollers. The welding torch is connected to the gas supply cylinder, which providesthe
necessary inert gas as shown in Fig. 2.13. The electrode and the workpieces are connected to
the welding power supply. The power supplied are generally of the constant voltage type. The
current from the welding machine is changed by changing the rate of feeding of the electrode
wire. Normaly DC arc welding machines are used for GMAW with el ectrode positive (DCRP).
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TheDCRPincreasesthemetal deposition rateand also providesastable arc and smooth electrode
metal transfer. During welding, torch remains about 10 £ 2 mm away from the job and arc
length iskept in between 1.5to 4 mm. Arc length ismaintained constant by using the principles
of self adjusted arc or self controlled arc in semi-automatic and automatic welding sets.

Self adjusted Arc

Theelectrodeisfed fromacoil through the grooved rollersrun by aconstant speed motor. If arc
length decreases, voltage decreases and arc current increases. The increased current melts
electrode at a faster rate resulting in increase of arc length and thus becomes normal. The
reverse will occur if arc length increases above the set value. For self adjusting arc, awelding
power source with flat characteristicsis preferred over another having drooping characteristics
because for same change in arc length, thereis alarger change in arc current.

Self Controlled Arc

Theelectrodeisfed fromacoil through therollersrun by avariable speed el ectric motor whose
speed increases or decreases as the arc voltage increases or decreases. It the arc length
decreases, arc voltage will decrease, which in turn reduces the speed of electric motor and
electrodefeed-rate. Thiswill increase and bring the arc length to the normal set value. Reverse
will occur if the arc length increases. For self controlled arcs, a welding power source with
drooping characteristicsis preferred over another having flat characteristics because with the
same change in arc length, thereisagreater changein arc voltage, which in turn increases or
decreases the speed of electrode feed motor.

Solid

Electrode Wire

Current
Conductor

Shielding
GasIn

Wire Guide and

+—
Direction of Contact Tube

Travel
Gas Nozzle
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Fig. 2.13 Metal Inert Gas (MIG) or GMAW welding process
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Advantages

It can produce joints with deep penetration.
Both thick and thin workpieces can be welded effectively.
Large metal deposition rates are achieved by M1G welding process.

Because of continuously fed electrode, MIG welding process is much faster as
compared to TIG welding.

The process can be easily automated.

No flux is used. MIG welding produces smooth, neat, clean and spatter free welded
surfaces which require no further cleaning. This helpsreducing total welding cost.

Higher arc travel speeds associated with MIG welding reduces distortion considerably.
Operator with lesser degree of skill isrequired.

Disadvantages

The processisslightly more complex as compared to T1G welding because anumber
of variables are required to be controlled effectively to achieve good results.

Welding equipment ismore complex, more costly and | ess portable.

Since air drafts may disperse the shielding gas, MIG welding may not work well in
outdoor welding applications.

Weld metal cooling rates are higher than with the process that deposit slag over the
weld metal.

Themetallurgical and mechanical properties of the joint may be affected dueto high
cooling rate.

Applications

Theprocess can beused for thewelding of carbon, siliconand low aloy stedls, stainless
stedls, heat resisting alloys, Aluminium, copper, magnesium and their alloysetc.

For welding tool steelsand dies.
For the manufacture of refrigerator parts.

MIG welding has been used successfully inindustrieslikeaircraft, automobile, pressure
vessel and dlip building.
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Comparison between TIG and MIG Welding

TIG Welding MIG Welding

1. Permanent non-consumable tungsten | 1. Consumablemetaliceectrodeisused
electrodeis used in this process. inthis process.

2. Filler metal may ormay notbeusedin | 2. Filler metal intheformof wireisused
TIGwelding. inMIGwelding.

3. Penetration is not so much deeper as| 3. Deeper penetration can beobtained as
compared to MIG compared to TIG,

4. Both AC and DC power source can | 4. DC power sourcewith reverse polarity
be used. isgenerally used.

5. Meta thicknesswhich canbewelded | 5. Suitablefor thicknessmorethan 6 mm.
islimited to about 6 mm. Thickness can go upto 40 mm.

6. Electrode feed not requiredincaseof | 6.  Electrode need to be fed at a constant
TIGwelding. speed from awire reel.

7. Wedingspeedisdow. 7. Wedingisfaster

8. TIGweldingtorchiswater cooled. 8. No cooling is necessary.

9. Additional fixturesrequiredtoholdthe | 9.  No fixturing required. process can be
work piece. easily automated.

10. Requiresskilled operator. 10. Lessskilled operator can perform.

2.5.5 PlasmaArc Welding (PAW)

Plasm arc welding is an arc welding process wherein coalescence is produced by the heat
obtained from a constricted arc set up between a tungsten/alloy tungsten electrode and the
water-cooled (constricted) nozzle (non-transferred arc) or between a tungsten/all oy tungsten
electrode and the job (transferred arc). The process employstwo inert gases, one formsthearc
plasma, and the second shieldsthe arc plasma. Filler metal may or may not be added. Pressure,
normally is not employed.

Principle of Operation

Plasmaarc welding isaconstricted arc process. The arc is constricted with the help of awater
cooled small diameter, nozzle which squeezes the arc, increases its pressure, temperature and
heat intensively and thus improves arc stability, arc shape and heat transfer characteristics.

There are two types of plasma arc welding processes as shown in Fig. 2.14.

(i) Non-Transferred Arc Process: The arc is formed between the electrode (-) and
the water cooled constricting nozzle (+). Arc plasma comes out of the nozzle as aflame. The
arc is independent of the workpiece and the workpiece does not form a part of the electrical
circuit. Thenon-transferred arc plasmadevel opsless energy density ascompared to atransferred
arc plasma. Itisemployed for welding and other applicationsinvolving ceramicsor metd plating.
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(i) Transferred Arc Process : The arc is formed between the electrode (-) and the
workpiece (+). A transferred arc devel ops high energy density and plasma jet velocity.

Tungsten Electrode
Qé— Plasmagas _\\g)
Shidding gaS\ Nozzle
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}

|
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Fig. 2.14 Transferred and non transferred arc in plasma Arc welding
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Equipment

The plasmaarc welding system consists of the following equipments (Refer. Fig. 2.15).

Welding power supply (D.C.)

High frequency generator
/ Electrode

- @ @ \ / Plasmagas
@ A w-}ozzle

Shielding |~ Plenum chamber

Resigtor  gas //
% Outrer gas cup

Throat

N/

1 Orificedia
Q_»

Fig. 2.15 Plasma Arc welding system
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(i) Power Supply : A direct current power source (generator or rectifier) having dropping
characteristics and open circuit voltage of 70 voltsor aboveissuitablefor plasmaarc
welding.

(it) High frequency generator and current limiting resistors arc used for arc ignition. Arc
starting system may be separate or built in the system.

(iii) Plasma torch : It is either transferred arc or non-transferred arc type. It is hand
operated or mechanised.

(iv) Shielding gas: Two inert gases or gas mixtures are used. The orifice gas at lower
pressure and flow rates forms the arc plasma. Most of the materials can be welded
with argon, helium, argon + hydrogen and argon + helium with inert gases or gas
mixtures.

(v) Current and gasdecay contral : It isnecessary to close the keyhole properly while
terminating the weld in the structure.

(vi) Fixture: Itisreguiredto avoid atmospheric contamination of the molten metal under
bead.
Advantages

The plasmaarc welding hasfollowing merits:
(i) Stability of arc.
(i) Excellentweld quality.
(iii) Uniform penetration.
(iv) Simplifiedfixtures.
(v) Itispossibleto producefully penetrated keyholewelds on piecesupto and about 6 mm
thick with square butt joint.
(vi) Rewelding of theroot of the joint saved.

Disadvantages

(i) Theprocessislimited to metal thickness of 25 mm and lower for butt welds.
(ii) Inert gasconsumptionishigh.

(iii) More chances of electrical hazards are associated with this process.

(iv) Welder need ear plugs because of unpleasant distrubing and damaging noise.

Applications

(i) Welding cryogenic, aerospace and high temperature corrosion resistant alloys.

(i) Welding of stainless steel tubes (thickness 2.6 to 6.3 mm).

(iii) Welding titanium plates upto 8 mm thickness.

(iv) Plasmatorch can beapplied to spraying, welding and cutting of difficult to cut metals
aloys.

(v) Thebase metal welded by plasmawelding are; Carbon and low alloy steels, Stainless
steels, Copper dloys, Nickel and cobalt alloys, Titaniumalloys, Aluminium alloysetc.
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2.5.6 Submerged Arc Welding (SAW)

In submerged arc welding process arc is generated between bare or copper coated metal
electrode (or electrodes) and the workpiece. The arc, electrode end and the molten metal pool
remain invisible being submerged under agranular material (flux). The continuously fed bare
metal electrode melts and acts as filler rod (Fig. 2.16). It is possible to use large welding
electrodes (12 mm), more than one el ectrode and very high current (4000 A) so that very high
metal deposition rates of the order of 20 kg/hr or more can be achieved. Very high welding
speeds (5 m/min) and wel ding plates of thicknesshighas 75 mmin butt jointinasingle passare
possible.

Principle of Operation

The arc is struck either by touching the electrode with the job or placing steel wool between
electrode and job or by using ahigh frequency unit. Theflux placed over thejob, when cold, is
non-conductor of electricity. Initialy, theflux isinsulator but onceit meltsby the heat duetothe
arc, it becomes highly conductive. Hence, the current flow is maintained between the el ectrode
and the job through the molten flux. No pressure is applied. The upper portion of the flux
remains solid and can be reused.

Weld metal Moltenmetal Workpiece
Fig. 2.16 Submerged arc welding
Advantages
m  Nousua sparks, spatter or smoke. Operator, thus, can work without safety
equipment.

m  Dueto deep penetrations and high deposition rates, fewer passes are required for
longer and thicker jobs.

m  Noedge preparation isrequired.

m  Theprocessisfaster and causes |less distortion.

m  Very neat appearance and smooth weld shapes can be obtained.
m  [tisoften used in automotive mode.
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Disadvantages

m  Jigs, fixturesand other accessories are required to ensure proper positioning, asthe
arc and the end of the electrode remains compl etely hidden under the flux.

m  Flux consumption ishigh and needsregular flux replacement.

m |tisnot economical for smaller welds and for thin pieces. Also Cl, Al alloys, Mg
alloys cannot be welded by this process.

m  |tislimitedtoweldinginflat positiononly.
m  Welding equipment iscostly asit ishighly automated.

Applications

m  Weldingof bridge girders, railroads, structural shapes, pressurevessels, pipesand

structure of railway coaches and locomotives.

m  Shipbuildings, automotiveindustries, nuclear power industries etc.

m  Effectivefor long stretches of weld and most suitable for mass production of steel
sections. Welding metalslikemild steel, low alloy steelsetc.

@ Wirered
Wirefeed

2.5.7 Electroslag Welding (ESW)

Electroslag welding (ESW) is similar to
submerged arc welding but in vertical
position. The joint is produced by casting
the filler metal between workpiecesin a
single pass. Welding of very largeand long
plates can be done by this method. The
welding heat is produced by the molten
slag, which melts the filler metal and the
surfaces of the workpiece to be welded.

Principle of Operation

Electroslagweldingisinitiated by starting
an arc between the electrode and the work.
Thisarc heatstheflux and meltsit to form
the slag. The arc is then extinguished and
the dlag (conductive) iskept in molten state
by the heat produced due to its resistance
to the flow of electric current between the
electrode and the workpiece (Fig. 2.17).
Thetemperature of thismolten slag pool is
approximately 1650°C at the surface and
1950°C inside, under the surfacewhichis
sufficient to weld thick sectionsinasingle

Consumable|zis mechanism
guide tube 88
Workpiece\ax
‘% Water
cooled
copper
ﬁ/shoes s .
Support
plate
Wireelectrode
Base metal
%
Molten slag
Weld pool
// Weld metal
= //\

Fig. 2.17 Electroslag Welding
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pass. Several electrodes are used for longer welds so that the heat is more uniformly spread.
Water-cooled shoe or copper dam plate fastened to the sides of the workpiece prevents the
molten metal from running off. These platesal so assi st the solidification processby transferring
heat and move up astheweld progresses. Generally, combination of oxidesof silicon, manganese,
titanium, cal cium, magnesium and fluorspar are used asflux in this process. It also shieldsthe
molten metal and clearsthe impurities from the molten metal.

Advantages

m  Thicker and longer plates can be welded economically in asingle pass.

m  Extremely high deposition rates can be achieved (10-20 kg/hr el ectrode).
m  Flux consumption as compared to submerged arc weldingislow.

m  No gpattering and arc flashing occurs.

m  Welding speed about 1.5 m/hr is possible.

Disadvantages

m  Forjoints below 60 mm electroslag welding isless economical submerged arc
welding
m  Cylindrical weldsaredifficult to be closed.

Applications

m  Fabrication of high pressure vessels, frames of heavy mechanical and
hydraulic presses.
m  Roalling mill frames, ship hulls, locomotive frames, etc.

2.5.8 Electrogas Welding (ESW)

Electrogas welding is an arc welding process which uses an arc between a continuous filler
metal electrode and theweld pool, employing vertical position welding with suitable backing to
confine the molten weld metal. No pressure is applied and shielding gas may or may not be
used. A groove (sguare or V) joint is positioned so that the axis or length of the weld remains
vertical . Repositioning of thejoint isnot possible oncewelding starts. Thewelding iscompl eted
in one pass. It isamachine welding process.

Principle of Operation

The consumabl e €l ectrode, either solid or flux cored, isfed downward into a cavity formed by
the base metalsto be wel ded and theretaining shoes (Fig. 2.18). An arcisinitiated between the
el ectrode and the sump (starting tab). Heat from the arc melts the continuously fed electrode
and the groove faces. Melted filler metal and base metal collect in apool beneath the arc and
solidify to form the weld. The electrode can be flux-cored to provide the weld with protection
from atmospheric contamination, or a shielding gas—generally carbon dioxide—can be used
with asolid wire electrode. The electrode may be oscillated horizontally through the joint for
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uniform distribution of heat and weld metal. As the cavity fills, one or both shoes may move
upward. Although the weld travel is vertical, the weld metal is actually deposited in the flat

position at the bottom of the cavity. EGW uses a constant voltage, direct current welding power

supply, and the electrode has positive polarity. The welding current can range from 100 A to
800 A, and the voltage can range between 30V and 50 V.
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Fig. 2.18 Electrogas Welding
Advantages
m  Suitablefor welding of thick steelsin vertical position.

m  Timeand cost issaved intheavoidance of joint preparation, preheating and inter-pass
temperature control, and inter-pass cleaning.

m  Thereislittle or no angular distortion of the base metal.
m  Thewelding actionisquiet, with little spatter.

Disadvantages

m  EGW, if interrupted during welding, can leave major discontinuitiesin the joint that
are difficult to access and repair.
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m  Thelarge grain size caused due to high heat input, and subsequent slow cooling,
reduces toughness.

m  Requiresprotection of thejoint fromwind over 8 kmph.
m  Requiresaddition safety measures asthe processisoften performed at great heights.

Applications
m  Making square-groove weldsfor butt and t-j oints, especially in the shipbuilding
industry and in the construction of storage tanks.

m  Electrogaswelding can be applied to most steels, including low and medium carbon
steels, low alloy high strength steels, and some stainless steels.

m  Quenched and tempered steels may also be welded by the process with proper
heat input.

2.6 RESISTANCE WELDING

Resistance welding is a group of welding processes where in coalescence is produced by the
heat obtai ned from resi stance of the work to the flow of electric currentinacircuit of which the
work isa part and by the applications of pressure. No filter metal is needed in this process.

Principle of Operation
Successful operation of a resistance welding process depends upon correct application and
proper control of the following factors.

(i) The generation of heat at the place where aweld is to be made.

(i) The application of pressure at the place where aweld joint is to be formed.

Heat (H)

Theheat H, for electric resistance welding is generated by passing alarge electrical current (of
the order of 3000 to 100,000 Ampswith avoltage between 1 and 25 volts) through two pieces of
metal that are touching each other.

H=I?RT (2.1
where Histhe heat generated in joule.
| isthe current in root mean square ampere.
R istheresistance in Ohm.

T isthetime (from fraction of a second to few seconds) of current flow through
the pieces to be welded.

Current (1)

With other parameters kept constant, the temperature in resistance welding is regulated by
controlling the magnitude and timing of thewelding current. The current isobtained from astep
down transformer. Generally, three types of current supply are used in resistance welding.
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(i) AC systems
(i) DC systems
(iii) Stored energy current systems

Resistance (R)

The total resistance of the system between the el ectrodes consists of
(i) The resistance of the workpiece R:.
(i) The contact resistance between the electrodes and the work, R..
(iii) The resistance between the surfaces of the two metal piecesto bewelded together, Rs.

Time (T)
Four definite segments or periods of timing are set up on aresistance spot welding machine
during onewelding cycle.
(i) Squeezetime
(i) Weldtime
(iii) Holdtime
(iv) Off time.
Squeeze time

Itisthetime between theinitial application of the electrode pressure onthework and theinitial
application of current to maketheweld. During this period the upper €l ectrode comesin contact
with the workpiece and develops full electrode force. At the end of the squeeze time, the
welding current isapplied.

Weld time

During this period the welding current is through the circuit i.e., it enters from one electrode,
passes through the workpieces and goes out from the second el ectrode.

Hold time

It is the time during which force acts at the point of welding after the last impul se of welding
current ceases.

Off time

Itistheinterval fromthe end of the hold time to the beginning of the squeeze timefor the next
(resistance) welding cycle.

Pressure or Electrode Force

Electrode force is the force applied to the workpieces by the electrodes during the welding
cycle. Pressure exerted on the workpieces by the welding electrodes does the following.
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It brings the various interfaces into intimate contact and thus affects the contact
resistance between the two workpieces.

It ensures the compl etion of the electrical circuit between the electrode and through
the work.

It permits the weld to be made at lower temperature.
It provides aforging action and thus reduces weld porosity.

Advantages

Faster rate of production.

A high degree of reliability and reproducibility can be achieved.
Itispossibletoweld both similar and dissimilar metals.

Nofiller rod and flux arerequired.

The operation required little skill and can be easily mechanised and automated.
Heating of workpieceis confined to very small part which resultsin less distortion.
Very economical process.

Disadvantages

Theinitia cost of equipment ishigh.

Certain resistance welding processes arelimited only to lap joints.

Bigger job thicknesses cannot be wel ded.

Skilled persons are needed for the maintenance of equipment and its control.
In some materials, special surface pernetration is required.

Applications

Resistance welding is used for

Joining sheets, bars, rods and tubes

Making tubesand metal furniture

Welding aircraft and automobile parts

Making wirefabric, grids, grillsmash weld, containersetc.

2.6.1 Resistance Spot Welding

Spot welding is a resistance wel ding process in which overlapping sheets are joined by local
fussion at one or more spots by the heat generated due to resistance to the flow of electric
current through workpieces. The work pieces are held together under force by two electrodes,
one above and the other below the two overlapping sheets.
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Principle of Operation

Refer to Fig. 2.19, the resistance offered to current as it passes through the metal raises the
temperature of the metal between the electrode to welding heat. The current is cut-off and
mechanical pressureisthen applied by the electrodesto forge the welds. Finally the electrodes
open.
m  When sheets of unequal thickness are joined, the current and pressure setting for the
thinner sheets are used.

m  Currents usually range from 3000A to 40,000A, depending on the materials being
welded and their thickness.

= Modern equipment for spot welding is computer controlled for optimum timing of
current and pressure, and the spot welding guns are manipulated by programmable
robots.

Water cooled
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- Platesto be g
welded °
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Spot weld

5_ Pump

Main
supply

Transformer

.. Fig. 2.19 Spot Welding
Applications

m  Spot welding is used for fabricating sheet metal products which forms a cheap and
satisfactory substitute for riveting.

m  Lowcarbon steel, high speed stedl, stainless steels, brass, Al, Cu, nickel, nickel alloys
etc. can be joined by this method.

m  Steel household furniture and containers arejoined by thismethod.

Advantages

m  Highproductionrate.

= Very economical process.

m  Highskill not required.

m  Most suitable for welding sheet metals.
m  No edge preparation is needed.
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m  Dissimilar metals can be welded.
m  Small heat affected area

Limitations

m  Suitablefor thin sheetsonly.
= Highequipment cost.

2.6.2 Resistance Seam Welding

Seam welding is a resistance welding process where in coalescence at the laying surfaces is
produced by the heat obtained from resistance to electric current through the work parts held
together under pressure by electrodes. The resulting weld is a series of overlapping resistance
seam welds made progressively along ajoint by rotating the circular el ectrodes.

Principle of Operation

Seamwelding is analogousto spot welding with the difference the el ectrodes arein the form of
rollers and the work movesin direction perpendicular to roller axisas shownin Fig. 2.20.

m  Thecurrent isinterrupted 300 to 1500 times a minute to give a series of overlapping
spot welds. Theweldingisusually doneunder water to keep the heating of thewelding
rollers and the work to aminimum and thusto give lower roller maintenance and less
distortion of thework.

m  Welding current range from 2000A to 5000A whiletheforce applied to therollersmay
be as high as 5 kN to 6 kN.

m  Thetypica welding speedis1.5 m/minfor thin sheet.

Supply leads ( <+— Roller
| — /
A.C. main supply k / % Plates to be welded
through transformer [ {
L ]
\
L 4
L A :
) Clamp % : §
1
/ Seamweld

Fig.2.20 Seam Welding
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Advantages of Seam Welding

m |tcanproducegastight or liquidtight joints
m  Overlapislessthan for spot or projection welds.
m  Asingleseamweld or severall parallel seams may be produced simultaneously.

Disadvantages of Seam Welding

m  Welding can beonly along astraight or uniformly curved line.
m [tisdifficult to weld thickness greater than 3 mm.
m  High cost of equipment as compared to spot welding.

Applications

It is applicable on many types of pressure tanks, for oil switches, transformers, refrigerators,
evaporators and condensers air craft tanks, paint and varnish contaniners etc.

2.6.3 Resistance Projection Welding

Projection welding is aresistance welding process wherein coalescnce is produced by the heat
obtained from resistance to electric current flow through the work parts held together under
pressure by electrodes. Theresulting weldsarelocalized at predetermined points by projections
and intersections (Fig. 2.21).

Principle of Operation
Projectionwelding is similar to spot welding except that
(i) Theelectrides, instead of being tip asin spot welding, areflat and relatively largein
surface area. Electrodes are cooled as in spot welding.
(i) Since a number of welds are made at each operation, both the electrical power and
mechanical pressure must be correspondingly greater, as compared to a spot welder.

The success of projection welding depends on the surface penetration of the work-pieces
to be welded. Projections (of the order of 0.8 mm), small deformations that will touch the
surface of the material to be welded are formed on the weld area by embossing, stamping,
casting or machining. These projections serve to concentrate the welding heat at these areas
and facilitate fusion without the necessity of employing alarge current.

Advantages of Projection Welding

= A number of welds can be made simultaneously.
m  Projectionweldscan bemadein metalsthat aretoo thick to bejoined by spot welding.

m  Projection welding electrodes process longer life than spot welding ones because of
lesswear and maintenance resulting from fusion and overheating.
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m  Projection welding locates the welds at certain desired points.
m A better heat balance can be obtained in difficult to weld combinations of compositions
and thickness.

m  Projection welding lowersthe amount of current and pressure needed to form agood
bond between two surfaces. This reduces the chances of shrinkage and distortion

around theweld zone.
m  Scale rugt, oil and work metal coatings interfere less with projection welding than
with spot welding.
Welding Pressure
Transformer Moving platen
Dieblock
Insert
Supply ‘ ‘ ‘

DieFixed Projections
Fixed platen

Disadvantages Fig. 2.21 Projection Welding

m  Theprojectionweldingislimited to combinations of metal thicknessand composition
which can be embossed.

m  For proper welding, al projections must be of the same height.

= Metasthat are not strong enough to support projections cannot be projection welded
satisfactorily.

Applications

= Smal fasteners, nuts etc. can be welded to larger components.
m  |tisused for welding of refrigerator condensers, joining of wires etc.
m  Weding of stainlesssted parts, titanium alloys, monel aloysetc.

2.6.4 Resistance Butt Welding

Thisisalso called upset butt welding or simply upset welding. In thiswelding, the two piecesto
bejoined are held tightly together and current is applied, so that the heat is generated over the
entire area of abutting surfaces. Pressure is applied throughout the heating period. The
coalescence is produced simultaneously over the entire area.
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Principle of Operation

One of the workpiece to be joined is clamped in stationary clamping block and the other is
clamped in movable clamp (Fig. 2.22). The two workpieces are brought together by pressure
forming abutt and a current of high magnitude is then passed through these workpieces. Heat
is generated because of resistance to the flow of eectric current. When desired welding
temperatureisreached, pressureisincreased for proper joining. Thewelding current is cut off
after the weld is obtained. The welding pressure is released when the welded joint reaches
normal temperature.

Stationary clamp

Movable clamp

Upsetting
pressure

\

Workpiece POWEr SOUTce Workpiece

Fig. 2.22 Resistance Butt Welding
Applications
m  Wires, bars, strips and tubes are butt welded.
m  Joining small stripsof ferrous and non-ferrous metals and longitudinal butt jointsin
tubes and pipes.
m  Metalswelded include copper alloys, low carbon steels, stainless steels, Al and Ni
aloys.

2.6.5 Flash Butt Welding

Flash butt welding haslargely replaced resistance butt welding. It issimilar to upset butt welding
except that the heat required for melting is obtained by means of an arc rather than the simple
resistance heating.

Principle of Operation

In thiswelding, the workpieces are clamped in the stationary and movable block with asmall
gap (Fig. 2.23). When the current isturned on, it jumps through the gap causing aflash. This
flashing producesthe wel ding heat. When sufficient heat is produced, more pressureisapplied
to join the workpieces. The welding current is cut off and workpieces are unclamped after
joiningisover.
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Stationary Movable
clamp clamp

Fig. 2.23 Flash butt welding

Advantages

m  Flashbutt welding offersstrength factor upto 100% and consumes|esswelding current
than upset butt welding process.
m  Theprocessis cheap, faster and no weld surface preparation is required.

Disadvantages

m  Concentricity and straightness of workpieces during welding isdifficult to maintain.
m  Thereispossibility of fire and health hazards due to the flash.

Applications

m  Itisused for thewelding of bars, rods and tubes. Metal s welded include: low
carbon steels, low alloy steels, stainless steels, tool steel, Al alloys, copper,
magnesium and Ni alloys.

m |tisalsoused for thewelding of saw bladesinto continuousloops, taps and
reamersto alloy steel shanks.

m  Theprocessisused inautomobileindustry, aircraft industry, refrigerators and farm
implements.

Differences between Resistance Butt welding and Flash Butt welding

m  Noflashing takes placein resistance butt welding.

m  Themovableplatenin flash butt welding keeps on moving constantly towardsthe
stationary platen which isnot so in case of resistance butt welding.

m  Lesscurrent isconsumed in flash welding but the application timeis more.

m  Application of heat precedes pressure application in flash welding whereasin
resistance butt welding constant pressureis applied during heating.
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2.6.6 Percussion Welding

Percussion welding (PEW) is aresistance welding process wherein coalescence is produced
simultaneously over the entire area of abutting surfaces by heat obtained from an arc produced
by arapid discharge of electrical energy, with pressure percussively (rapidly) applied during or
immediately following the electrical discharge.

Principle of Operation

The cleaned workpieces are clamped into the welding machine and light force is applied to
bring the ends of thetwo workpieces near (Fig. 2.24). The arc between the faces of workpieces
isstruck either by ionizing the gap or by bringing theworkpiecesinto light contact to establisha
flow of current and then retracting those. At this stage, welding forceis applied. It extinguishes
the arc and holds the parts together to form the weld after cooling.

Power source
Fixed f Movable
platen | platen
Workpiece / Workpiece
_

Advantages Fig. 2.24 Percussion welding
m  Because of the extreme brevity of the arc, fusion is confined to the surface of the

parts being welded and there is amost compl ete absence of flash or upset.

m  Heat treated or cold worked metals can be welded without annealing or destroying
the heat treatment.

Disadvantages

m  Theprocessislimited to butt welded jointsonly.
m  Sincecontrol of the path of an arcisdifficult, thejoint used islimited to about 1.5to
3sg. cm.

Applications

m  Mostly used for aluminiumand itsalloys.
m  Copper aloys, low carbon steel, stainless steel and copper to molybdenum are al'so
weld by this method.

2.7 SOLID STATE WELDING

A solid state welding process produces coal scence at temperatures bel ow the melting point of
the base metal being joined. Thewelding iscarried out without the addition of afiller metal but
with the application of pressure. At least one of the metal to bejoined should be highly ductile
and should not exhibit extreme work hardening.
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2.7.1 Cold Welding

Cold or contact welding isasolid-state wel ding processin which joining takes place without
fusion or heating at the interface of the two parts to be welded. A layer of metal oxide exists
on the metal surface. During cold working a part of the oxide is removed. When two such
partly cleaned surfaces are pressed together, the remaining thin oxide film forms spot
fragments. The metal behind the oxide film undergo plastic deformation under pressure and
metal to metal contact occurs. Due to plastic deformation metals fusein to one ancther. The
ductility of the metal produces atrue fusion condition.

Principle of Operation
The partsto bewelded arefirst cleaned and clamped in adie with some initial extension. A
forging forceisthen applied to complete welding (Fig. 2.25).

Workpiece Dies

Before weldi ng

After welding
Fig. 2.25 Cold welding

Advantages
m  Tota absence of applied heating.

m  Dissimilar metalscan bejoined.

Disadvantages

m  Needsalot of surface preparation.
m  Atleast oneof themetalsisrequired to be ductile without excessive work hardening.

Applications

m  Usedtoweld aluminium, copper and itsall oys, al uminiumto copper, nickel toiron etc.

m  Cold welded butt joints are used in the manufacturing of aluminum, copper, gold,
silver, and platinumwire.

m  Successivereels of wire arejoined for continuous drawing to asmaller diameter by
coldwelding.

m  Cladding andjoining many similar and dissimilar metals.
m  Joiningmetalsin explosiveareas
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2.7.2 Diffusion Welding

Diffusion welding isasolid state wel ding process, in which pressure applied to two workpieces
with carefully cleaned surfaces and at an elevated temperature below the melting point of the
metals. Bonding of the materialsis aresult of mutual diffusion of their interface atoms. The
process does not involve macroscopic deformation, or relative motion of the work pieces. No
appreciable deformations of the workpieces occur.

Principle of Operation

The process needs metal to metal contact. A large pressure (350 to 700 kg/cm?) is applied to
the workpieces which breaks the surface oxide layer establishing metal to metal contact (Fig.
2.26). For achieving the diffusion and grain growth to compl ete the weld, temperature up to
1100°isused. Dueto metal contact, the atomsarewithin the attractive forcefield of each other
and hence a high strength joint is established. In order to keep the bonded surfaces clean from
oxides and other air contaminations, the processis often conducted in vacuum.

Pressure

Workpiece

Power source
Fig. 2.26 Diffusion welding

Advantages
m  Dissimilar materials may be welded (Metals, Ceramics, Graphite, glass).
m  Welds of high quality are obtained without pores, inclusions, chemical segregation
and distortion.

m  Nolimitation of workpiecethickness.

Disadvantages
m  Timeconsuming processwith low productivity requiring thorough surface preparation.
m  Themating surfaces must be precisely fitted to each other.
=  Relatively highinitia investmentsin equipment.

Applications

m  Findsapplicationsinfabrication of the reactor componentsin atomic energy industry,
rocket engines, helicopter rotor hub, missiles, bombersand space shuttle.

m  Usedfor joiningtitanium alloys, zirconium aloysand nickel based alloys.
m  Usedforjoining composite materials.
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2.7.3 Ultrasonic Welding (USW)

Ultrasonic welding is asolid state welding process where in coal escence is produced between
awide range of similar and dissimilar combinations of metals by the local application of high
frequency vibratory energy in very short cycletimeswithout melting the materials beingjoined.

Principle of Operation

In ultrasonic welding a power supply converts low frequency electrical energy into frequency
eectrica pulses. Theseare, inturn, converted to mechanical vibrationsby meansof atransducer.
A coupling system transmits and applies the high frequency mechanical vibrationsto the weld
interface clampingforce. The clamping force produces auniform, symmetrical stressthat radiates
into the material from the dimpling point. As the lateral welding force is applied, the stress
distribution in the material shiftsto one side of the clamp point. This represents one-half of a
vibration cycle. During the second half of thevibration cycle, thelateral force reversesdirection
and the stress di stribution within the workpi ece shiftsto the opposite side of the clamping point.

Welding Equipment Clamping Force

The ultrasonic welding equipment asshownin Fig. 2.27
consists of M ass

(i) Power supply. (
(it) Transducer.
(iii) Thecoupling system. Read
(iv) Theclamping system. /

(i) Power Supply Wedge

The USM power supply is responsible for covering 50 '/
or 60 Hz electrical signal to a much higher frequency Transducer
signal. This is accomplished through the use of a Welding Tip
frequency generator and amplifier. The frequency Vibration
generators used for various welding applications are
capable of operating at frequencies from 10 to 75 kHz.

(ii) Transducer Wefdment

The role of the transducer is to convert the electrical Anvil
energy from the power supply into mechanical energy

that will perform the welding. There are two types of Force
Fig. 2.27 Ultrasonic Welding

(iii) The Coupling System

The coupling systemstransmit the high frequency vibrationsfrom thetransducersto theworkpiece.
There are two methods for transmitting energy to the weld, the wedgereed system and the
lateral drive system.
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(iv) Clamping System

Clamping systems provide the force being applied through their welding tip or the workpiece
itself aswell as providing the static force necessary to held the workpiece together during the
weld cycle.

Advantages

(i) Surfacepreparationisnot critical.

(ii) No defects are produced from arc, gases and filler metals.

(iii) Dissimilar metalshaving vastly different melting pointscan bejoined.
(iv) Minimum surface deformation results.

(v) Short welding cycle and low energy consumption.

(vi) Duetolow temperatureinvolvement, the characteristics of the materialsare not attered
and are continued through the weld zone.

(vii) Welding of glassisimpossible by any other means.
Disadvantages
(i) Thisprocessisrestrictedtojoiningthin material sheet foil and wire. Themaximumis
about 3.0 mmfor aluminium and 1 mm for harder metals.
(ii) Materialsbeing welded tend to weld to the tip and anvil .
(iii) Dueto fatiguewelding, thelife of equipment isshort.
(iv) Hard materialswill fatigue under the stresses necessary for welding.

Applications
The most common application for ultrasonic welding are:

(i) Joining electrical and electronic components.
(ii) Thermatic sealing of materials and devices
(iii) Welding aluminiumwire and sheet.

(iv) Fabricating nuclear fuel elements.

2.7.4 Explosive Welding

Explosive welding is a solid state welding process where incoalescence is effected by high
vel ocity movement produced by a controlled detonation.

Principle of Operation

Inthis processweldingisachieved through very high contact of pressure devel oped by detonating
athin layer of explosive placed over one of the piecesto bejoined as shownin Fig. 2.28. The
detonation imparts high kinetic energy to the piece which on striking the other piece causes
plastic deformation and squeezes the contaminated surface layers out of interface resulting a
high quality welded joint.



120 Basic Manufacturing Process

Advantages

(i) Wedscan beproduced on heat-treated metal swithout affecting their microstructures.
(ii) Extremely large surface can be bounded.

(iii) Highjoint strength.

(iv) Widerange of thickness can be explosively clad together.

(v) Thefoilscan be bounded to heavier plates.

®\ @ Explosive
‘ ........ r_____\%::::::f{:::::::: Buffer
/

L S/—grriiiiiiiiiiiiiin
Detonator /..‘; S ‘|\
Stand-off | / Flyer plate
distance | s Parent plaie |
Anvil

Fig. 2.28 Explosive welding
Disadvantages

(i) Inindustrial areas the use of explosives will be severely restricted by the noise and
ground vibration caused by explosion.

(ii) Metds to be welded by this process must posses some ductility and some impact
resistance.

(iii) Meta thickness greater than 62 mm of each alloy cannot be joined easily and require
high explosiveloads.

Applications

(i) A number of dissimilar metal combinations have been joined successfully with the
help of explosivewelding e.g. (8) aluminiumto steel (b) tungstento steel (c) aluminium
to stainless steel etc.

(if) Itisusedindiecastingindustry for nozzles, die-cast biscuits and other components.
(iii) Heat exchangers tube sheets and pressure vessels.
(iv) Pipesand tubesupto 1.5 m length have been clad with this process.
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2.7.5 Friction Welding

Friction welding isasolid state welding process, in which two cylindrical partsare brought in
contact by a friction pressure when one of them rotates. Friction between the parts resultsin
heating their ends. Pressureis then applied to the pieces providing formation of thejoint. This
process is also known as “inertia welding”.

The shape of the welded joint depends on the rotational speed and the axial force applied.
Thesefactorsmust be controlled to obtain auniformly strongjoint. Theradially outward movement
of thehot metal at theinterface pushes oxidesand other contaminants out of theinterface. Filler
metals, fluxes or shielding gases are not required and welds can be made with a minimum of
joint preparation. Thismethod ismost suitablefor circular partsi.e., butt welding of round bars
or tubes.

Principle of Operation

Coalscenceis produced by the heat obtained from mechanically induced sliding motion between
rubbing surfaces. thetwo componentsare held in axial alignment (Fig. 2.29). One componentis
held in the chuck spindle of the rotating machine and accelerated at desired speed. The other
component is held stationery and moved forward to contact the rotating component. Pressure
and rotation are maintained until high temperatureisreached. High temperature takesthe metal
to plastic state. Braking is applied to stop rotation and axial force is increased to weld two
componentstogether.

Left part Right part
AR N
I Apply normal
pressure
Y U
(i) Rotate left part at high speed (it) Bring right part in contact and apply axial force
N A
|
1 Increse normal (\ I ! é
pressure !
U \Y W

(iii) Flash beginsto formwhen axial forceisincreased (iv) Stop rotating left part when flash is formed

Fig. 2.29 Friction welding process
Advantages

(i) Highquality welds.

(ii) Verylittlelossof materia through exclusions.

(iii) Annealing of weld zone is hot necessary.

(iv) Theheating zonebeing very thin, therefore dissimilar metalseasily joined.
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Disadvantages

(i) The partsto be welded must be essentially round and must be able to withstand the
hi gh torque devel oped during wel ding.
(i) Themethod islimited to smaller components.

Applications

(i) Itisapplicablefor

(i) H.S.Stwistdrills

(iii) Gasturbine shafts.

(iv) Refrigerator tubesof dissimilar metals
(v) Welding of sintered products.

(vi) Stringcolumns

(vii) Aero engine drive shafts and valves.

2.7.6 Forge Welding

Forge welding isthe oldest method of welding in the category of solid state welding. Surfaces
to be joined are heated till they are red hot and then forced together by hammering. Prior to
forgewelding, the parts are cleaned in order to prevent entrapment of oxidesinthejoint. Itisa
crude method of welding and quality depends upon the skill of the welder.

Principle of Operation

The process is carried out by heating the components to be joined to a plastic state in a
blacksmith’s forge with upsetting edges. The hot workpieces are withdrawn in appropriate time
and joined by repeated hammer blows. Borax in combination with ammoniac is the most
commonly used flux in forge welding of steel.

Advantages

m  Good quality weld may be obtained;
m  Parts of intricate shape may be welded;
m  Nofiller material isrequired.

Disadvantages

Welding isrestricted to wrought iron and mild steel.

High level of the operator’s skill is required.

Slow welding process.

Weld may be contaminated by the coke used in heating furnace.

Applications

m  Usedinrailroad shopsand general repair shops.
m  Making pipesfrom platesby rolling.
m  Used for manufacturing metal art pieces and welded tubes.
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2.8 THERMOCHEMICAL WELDING

2.8.1 Thermit Welding

Thermit welding isthe method of uniting iron or stedl parts by surrounding thejoint with steel at
sufficient high temperature to fuse the adjacent surface of the parts together.

In this process the coalescence is produced by heating with superheated liquid metal and
slag resulting from chemical reaction between ametal oxide and aluminiumwith or without the
application of pressure.

Principle of Operation

Thermit welding isbased on casting and foundry practice and consists essentially of providing,
by means of achemical reaction, avolume of molten weld metal whichispouredintothejoint to
be wel ded.

The chemical or thermit reaction takes place between ametal oxide and ametal reducing
agent. The chemical affinity of aluminium for oxygenisthe basisfor thethermit process. Thermit
reaction is an exothermic one.

A few typical thermit reactions are
(i) 3Fe304 +8Al--->9Fe+ 4Al,04(3088°C) 719.3 kcal

(i) Fe,05+ 2Al---> 2Fe+ Al,0,(2960°C)181.5 keal
(iii) 3Cuo+2al---> 3Cu+ Al,04(4865°C) 275.3 kcal
(iv) Cr,04+2Al--->2Cr + Al,05(3977°C)546.5 kcal

Theworking of thermit welding processis,

m  Hereawax pattern of desired size and shape is prepared around the joint or region
where the weld isto be affected as shown in Fig. 2.30.

m  Thewax pattern isthen surrounded by sheet iron box and the space between box and
patternisfilled and rammed with sand.

m  After curring, pouring and heating gates and risersaflameisdirected into the heating
oven due to which the wax pattern metals and drains out, the heating is continued to
raise the temperature of the parts to be welded.

m  Thethermitfixture (finely divided aluminimumiron oxide) is packed in the crucible of
conical shapeformed from asheet-iron casting lined with heat resisting cement andis
ignited with magnesium or torch yielding ahighly superheated (3000°C) molteniron
and aslag of aluminium oxide.

m  Themoltenironisthen runinto the mould which fuseswith the partsto bewelded and
formsathermit collar at thejoint.
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Fig. 2.30 Thermit Welding

Advantages
m  The heat necessary for welding is obtained from a chemical reaction and thus no
costly power supply isrequired.
m  Can be used anywhere.
m  Most suitablefor welding of thick sections.
m  Notahighly skilled operation.

Disadvantages
m  Thermit welding is applicable only to ferrous metal parts of heavy sectionsi.e., mill
housings and heavy rail sections.
m  High set-up and cycletime.
m  Theprocessisuneconomical if usedto weld cheap metalsor light parts.
Applications
Thermit welding isused chiefly in therepair or assembly of large componentsi.e.,

(i) For reparing fractured rails (railway tracks)
(ii) For butt welding pipesend to end

2.8.2 Atomic Hydrogen Welding (AHW)

Atomic hydrogen welding is athermo-chemical welding processin whichthe work piecesare
joined by the heat obtained on passing a stream of hydrogen through an electric arc struck
between two tungsten electrodes. The arc supplies the energy for a chemical reaction to take
place, thereafter heat is obtained for welding. Filler metal may or may not be used.
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Principle of Operation

The equipment consists of awelding torch with two tungsten el ectrodes inclined and adjusted
to maintain a stable arc (Fig. 2.31). Annular nozzles around the tungsten electrodes carry the
hydrogen gas supplied from the gas cylinders. The work pieces are cleaned to remove dirt,
oxides and other impurities to obtain a sound weld. Hydrogen gas supply and welding current
arethen switched ON. An arcis struck by bringing the tow tungsten el ectrodesin contact with
each other and instantaneously separated by a small distance, such that the arc still remains
between the two electrodes. As the jet of hydrogen gas passes through the electric arc, it
disassociatesinto atomic hydrogen by absorbing large amounts of heat supplied by the electric
arc.

H,=H + H - 422 KJ (Endothermic Reaction)
The heat thus absorbed can be released by recombination of the hydrogen atoms into

hydrogen molecule (H,). The recombination takes place as the atomic hydrogen touches the
cold workpieceliberating alarge amount of heat.

H + H = H, + 422 KJ (Exothermic reaction)
AC power source is suitable compared to DC, because equal amount of heat will be
available at both the electrodes. A transformer with an open circuit voltage of 300 volts is
required to strike and maintain the arc.

"y

Tungsten
Electrode

N

/

Torch

Electric arc

Fig. 2.31 Atomic hydrogen Welding
Advantages

m  Lessdistortion asthe can be concentrated at the joint.

m  Wedingisfaster.

m  Problemslike striking the arc and maintaining the arc column are eliminated asthe
workpiece do not form a part of the electric circuit.

m  Separateflux/ shielding gasarenot required. The hydrogen envelopeitself prevents
oxidation of the metal and the tungsten electrode. It a so reducestherisk of nitrogen
pick up.
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Disadvantages

m  Costof weldingishigh.

m  Wedingislimitedtoflat positionsonly.
Applications

m  Usedfor welding plain carbon stedl, alloy steel, stainless steel, Al, Cu and Ni.
m  Hardfacing and surfacing of diesand toolsand heat resisting alloys.

2.9 RADIANT ENERGY WELDING

2.9.1 Laser Beam Welding (LBW)

Thelaser (light amplification by stimulated emission of radiation) beam welding processisthe
fousing of a monochromatic light into extremely concentrated beams. It employs a carefully
focused beam of light that concentrates tremendous amount of energy on asmall areato produce
fusion.

Equipment

Thelaser welding process comprises the following equipments as shown in Fig. 2.32.
(i) Electrical storage unit
(ii) Capacitor bank
(iii) Triggeringdevice
(iv) Flashtubethat iswrapped with awire
(v) Lasing material
(vi) Focusinglensmechanism
(vii) Work table

Principle of Operation

m  When capacitor bank istriggered energy isinjected into the wire that surrounds the
flash tube. Thiswire establishes the imbalancesin the material inside the flash tube.
Thick Xenon often is used in the materia for the flash tube, producing high power
levelsfor very short period of time. Theflash tubes or lamps are designed for operation
at arate of thousands of flashes per second. By operating in the manner, the lamps
becomean efficient devicefor converting el ectrical energy into light energy, the process
of pumping the laser. The laser is then activated. The beam is emitted through the
coated end of the lasing material. It goes through a focusing device where it is pin-
pointed on the work-piece. Fusion takes place and the weld is accomplished.

= BoththeNd: YAG (neodymium-doped yttrium aluminum garnet; Nd:Y Al O,,) and
CO, lasers may be used for welding.
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SinceNd : YAG laser ispulsed, it isused for producing spot and seam welds.

CO, laser can produce deeper weld at higher rates of speed than possible with Nd :
YAG laser.

Flash tube———»
qa—"0P Trigger device
a—r Lasing
‘_
—7 material (&/
q4—>
¢—— Trigger wire
™1 11 ]
Laserbeam——»' 1 1 1 —@ Electrical
Wy g
R ——e Input
N Y 1 ! ha
Foucinglens | \ .
WYy Capacitor bank
(Storage)
11
Workpiece ‘\u,'<— Coherent monochrometic
] beam (Single colour)
\\*
Work table
Fig. 2.32 Laser beam welding
Advantages

Metals with relatively high electrical resistance and parts of considerably different
sizes and mass can be welded.

Welds can be made with a high degree of precision.

L aser welding holdsthermal distortion and shrinkage to aminimum.

This process can be used to weld dissimilar metals with widely varying physical
properties.

Welds can bemadein air or with shielding gas.

Deeper penetration welding can be done even with dissimilar metals.

Disadvantages

High energy losses

Highly skilled operation

Slow welding speed.

Eye protection required

Suitablefor narrow and deep joints

Weld joints made for lasers must be prepared and fixtures to close tolerances.
Weldsare normally limited to materials 0.3 mmthick or less.
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Applications

m Itisusedfor cutting and welding.
m Itisusedfor welding of copper, nickel, titanium etc.

2.9.2 Electron Beam Welding (EBW)

Electron beam welding is a high energy density fusion welding process that utilizes alightly
focused, high velocity stream of electrons as the thermal source. The electron beam welding
process allows fusion welds of great depth with a minimum width because the beam can be
focussed and magnified. The depth of the weld bead can exceed the width of the weld bead by
as much as 15 times.

Principle of Operation

The process joins separate pieces of base metal by fusing of molten metals. The melting is
achieved by a concentrated bombardment of adense stream of electrons which are accel erated
at high velocities, sometimes as high as the speed of light. The entire processis mostly carried
out inside avacuum chamber. The chambers house not only the workpiece but al so the cathode,
the focusing device and the remainder of the gun, preventing contamination of the weldment
and the electron beam gun itself (Fig. 2.33).

The operation is performed in vacuum to prevent the reduction of electron velocity. If a
vacuum were not used, the el ectronswould strikethe small particlesin the atmosphere, reducing
their vel ocity and decreasing their heading ability.
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Fig. 2.33 Electron Beam welding
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Advantages

(i) Lowthermal input.

(it) High purity, clean and sound welds.

(iii) Deep penetration.

(iv) Weldshigh conductivity metals.

(v) Energy conversion efficiency is high about 65%.

Disadvantages

(i) Highjoint preparation andtool costs.
(ii) Limited penetration and stand off distance.
(iii) X-ray shielding required.
(iv) Limitations of the vacuum chamber. Work sizeislimited by the size of the chamber.
(v) Expensiveequipment.
Applications

Welding of automobile, airplane, aerospace, form and other types of equipment including ball
bearing over 100 mm.

2.10 WELDABILITY

Weldability is defined as the capacity of ametal to be welded under the fabrication conditions
imposed in a specific suitable designed structure and to perform satisfactorily in the intended
service.

Weldability can be known by determining a metal’s behaviours under fusion and cooling, by
crack and notch sensitivity or by comparision of the heating and cooling effects which takes
place at the joint of the metal with the metal of known weldability.

2.10.1 Factors Affecting Weldability

Welding of ametal is affected by the following factors:
(i) Compositionof meta
(i) Thermal properties
(iii) Weldingtechnique
(iv) Filler materias
(v) Flux materia
(vi) Brittilenessof metal
(vii) Strength of metal at high temperature
(viii) Stability at micro-constituents upto wel ding temperature.
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2.11 PREPARATION OF WELDING

2111

Types of Welding Joints

Thetype of joint isdetermined by the relative positions of the two pieces being joined.
Thefollowing arethe commonly used jointsas shownin Fig. 2.34.

(i) Lapjoint (ii) Buttjoint (iii) Corner joint (iv) Edgejoint (v) T-joint

(i)

(ii)

(iii)

(iv)

Lap Joint

Thelapjoint isobtained by overlapping the plates and then welding the edges of the
plates. The lap joints may be signle traverse, double traverse and paralel lap joints.
These joints are employed on plates having thickness less than 3 mm.

Butt Joint

Thebuitt joint isobtained by placing the edgeto edgeasshown inFig. 2.34. Inthistype
of jointsif the plate thicknessislessthan 5 mm, bevelling is not required. When the
thickness of the plates ranges between 5 mm to 12.5 mm, the edge is required to be
bevelled to V or U grove while the plates having thickness above 12.5 mm should
haveaV or U grove on both sides.

i I z g — ,

Butt joint Lapejoint

Corner joint Teejoint Edgejoint
Fig. 2.34 Types of welded joints

Corner joint

A corner joint is obtained by joining the edges of two plates whose surfaces are at an
angle of 90° to each other. In some cases corner joint can bewelded, without any filler
metal, by melting off the edges of the parent metal. Thisjointisused for both light and
heavy gauge sheet metal.

Edge joint

m  Thisjointisobtained by joining two parallel plates.
m [tiseconomical for plates having thicknesslessthan 6 mm.
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(v) T-Joint

m Itisobtained by joining two plates whose surfaces are approximately at right
angles to each other.

m  Thesejointsare suitable upto 3 mm thickness.

m  THointiswidely usedtoweld stiffenersinair craft and other thin walled structures.

Welding Positions

The common welding positions are as shown in Fig. 2.35 are

m  Flat Position : In thiswelding position, the welding is done from the upper side of
joint and thewelding material isnormally applied in the downward direction asshown
inFig.2.35.

m  Horizontal Position: Inthiswelding position, theweld is deposited upon the side of
ahorizontal and against avertical surface.

m  Vertical position : Inthis position, the axis of the weld remains either vertical or at
aninclination of lessthan 45° with the vertical plane.

m  Overhead position : Inthiscase, thewelding is performed from the underside of the
joint. The workpieces remain over the head of the welder.

(e

(CCQCCCCCCC

Flat Vertical Horizontal Over head

Fig. 2.35 Types of welded joints
2.11.2 Edge Preparation in Butt Welding

m  |norder to obtain sound welded joint, edge preparationisvery essential. It consists of
bevelling the edges. After that cleaning of facesis done [Fig. 2.36].

m  Thesqguareor straight butt welded joints are used where thickness of the plateisfrom
3 to 5 mm. In this edges are kept 3 mm.

m  Thesingle V-butt welded joints are used when the thickness of the platesis between
8-16 mm. The angle of bevel is about 70 degree to 90 degree.

m  The double V-butt welded joints are used when the thickness of the plates is more
than 16 mm and where welding can be performed on both sides of the plate.

m  Thesingle and double U-butt welded joints are used when the thickness of the plates
is more than 20 mm. Double U-butt welded joint can be performed on both sides of
the plate.
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Fig. 2.36 Butt point edge preparation methods

2.12 SOLDERING AND BRAZING

2.12.1 Soldering

m  Solderingisan operation of joining two or more partstogether by molten metal whose
liquidustemperatureisbelow 450°C.

m [tisaquick method of makingjointsinlight articles madefrom steel, copper and brass
and for wirejoints such as occuring in el ectrical work.

Classification of Soldering Methods

Soldering methods are classified by the method of heat application. The heat should be applied
in such amanner that the solder meltswhilethe surfaceis heated to permit the molten solder to
wet and flow over the surface.

Thevarious soldering methods are

1. Solderingiron methods. 2. Torch method.

3. Dip and wave methods. 4. Induction method.

5. Resistance method. 6. Furnace and hot method.
7.  Spray method. 8. Ultrasonic method.

9. Condensation method.
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Types of Solder

There two types of solder basically used are :
(i) Soft solder, whichisusually alead-tin mixture.
(it) Hard solders, which may be of following types.
(a) Brasssolders(copper-zinc aloy)
(b) Silver solders(copper-silver dloy)
(c) Copper solders
(d) Nickel-silver solders.

Soldering Equipments

Sol dering equi pmentsinclude sol dering iron and soldering gas stove/heater.

(a) Solderingiron : Itisatool used during a soldering operation to heat the solder and
partsto bejoined.
Soldering irons are of two main types:
(i)  Those heated by either solid or gaseous fuel.
(i)  Thoseheated electricaly.

(b) Soldering gas stove/ heater : The soldering gas stove/heater used for heating the
soldering bit for accomplishment of soldering operation asshownin Fig. 2.37.

Soldering or outiet
brazing iron q

Gas inlets Gas taps

Fig. 2.37 Soldering gas stove
Soldering Procedure

The process of soldering is carried out by the following steps.

(i) Thesurface of the piecesto bejoined must be thoroughly cleaned and made freefrom
rust, grease, oil and dirt by scraping with dull knife or emery paper.

(i) Then coat the surfaces with flux.

(iii) Takeablobof solder onthebit of the hot solderingironand allow it rundown hill filling
therecess of thejointsfor light work. For heavy work the hot iron should be allowed
tofill thelonger length of thejoint.
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(iv) Wipe off excess of solder with a place of felt or cotton waste.
(v) Wash thejoint thoroughly with warm water to remove the traces of acid flux.

Advantages of Soldering

The advantages of soldering are asfollows:
(i) Simplicity and cheapness of the equipment.
(ii) The properties of base metal are not affected due to low temperature.

(iii) Good and effective sealing in fabrication as compared to other process like reveling
spot welding etc.

(iv) Low cost.

Disadvantages of Soldering

(i) Thesoldered jointsare not suitable for high temperature because of low melting.
(i) Thejoint has poor mechanical strength.

Applications of Soldering

Thesolderingisapplicablefor
(i) Connectioninwirelessset, T.V. sets etc.
(i) Wiringjointsin electrical connections, battery and other terminals.
(iii) Drain water gutters and pipes.
(iv) Radiator brass tubes for motor car.
(v) Itissometimesusedtorepair utensils.

2.12.2 Brazing

Brazing is a soldering operation using brass as the joining medium. The brazing operation is
simply aform of hard soldering using a copper zinc alloy i.e., brass asthe uniting medium (the
term hard soldering is used because the welding alloy used in the joint is harder than solder,
naturally thejoint ismuch more stronger than soldering).

The brass used for making the joint in brazing is generally called “Spelter ” and its composition
depends upon the metal being brazed because it is essential that the spelter shall have alower
melting point than thematerial being joined.

Threebrazing aloysare

1. Copper = 70%, Zinc=30%, Meéltingpoint=960°C
2. Copper = 60%, Zinc=40%, Meéltingpoint=910°C
3. Copper = 50%, Zinc=50%, Meélting point=870°C

When brazing or hard soldering uses a brass mixture, the heating may be by means of
(i) Coa gasand heating blow pipefor very small work.
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(ii) Coal gasand compressed air using the normal blow pipe.
(iii) Oxy-acetylene leve torch.

(iv) Oxy-hydrogentorch.

(v) Coal-gasand oxygen with asuitabletorch.

(vi) Electrical resistance as on a spot.

Brazing Equipment

The brazing equipment mainly comprisesas shown in Fig. 2.38 ablow pipe and brazing hearth.
The heat for brazing is obtained by a blowpipe fed with coal gas and air at a slight pressure.
When heating of the work istaking placeit is advisable to make the most of the heat given out
from the blow pipe flame. For this reason a small sheet metal hearth containing fire brick or
coke should be used. If the work is placed upon a substance, heat is reflected back on it is
undesirable and this conserves the heat during the operation.

Brazing Methods

The brazing methods are asfollows:

1. Torchbrazing 2. Furnace brazing
3. Inductionbrazing 4, Dipbrazing
5. Resistancebrazing 6. Laser brazing and €l ectron beam brazing

T
Te tan T S

- Blow pipe

B Motor Driver
- rotary blower

Fig. 2.38 Blow pipe and brazing hearth
Brazing Procedure

1. Thesurfacesto bejoined are thoroughly cleaned.

2. Thenapaste made of flux and spelter iskept inthejoint, thejoint iskept in position by
suitable clampsor tongs.

3. Theflameisdirected over thejoint held on afirebrick piece. Theflux and spelter will
soon melt and fill the recess between thejoints. Theliquidisspread uniformly over the
joints either with a pointed wire piece or by moving the jet of flame circular over the
joints.
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4.

5.

When thejoint is hot, common salt is put to soften the glossy hard flux that sets over
thejoint.

The work isremoved from the clamp after it is cooled.

Advantages of Brazing

No g~ ODdN

© ©

10.

Cast and wrought metal's can be joined.

Metallurgical properties of the base materialsare not seriously disturbed.
Assemblies can be brazed in a stress free condition.

Dissimilar metals can bejoined.

Non metals can be joined to metals, when the non metal is coated.
Materials of different thickness can bejoined easily.

Complex assemblies can be brazed in several steps by using filler metals with
progressively lower melting temperatures.

Litter or nofinishing isrequired by the brazed joints.
Severa operations can be mechanised.

Almost all the common engineering materials may be satisfactorily brazed or braze
welded.

Limitations of Brazing

1
2.
3.
4.

High degree of skill required

Limited size of parts

Machining of thejoint edgesforgetting the desired fit is costly.
Joint designissomewhat limited if strength isafactor.

Applications of Brazing

1

S SN

Parts of bicycle such as fames and rims.
Pipejoints subjected to vibrations.
Exhaust pipesin motor engines.

Band saws.

Tipped Tools.

2.13 WELDING DEFFECTS

Some of the defects found in the weld metals are :

1

3
5.
7

Under cut 2. Incompletefusion
Porosity 4, Slaginclusion
Hot cracking 6. Cold cracking

Lamellar tearing



Welding 137

Under Cut

Thisappearslikeasmall notchintheweldinterface. Thisisgenerally attributed to theimproper
welding technique or excessive welding current. This is mainly caused by the incorrect
manipulation of the e ectrodewhile depositing the bead, mostly in horizontal and vertical welding.

Incomplete Fusion

Incomplete fusion will be seen as a discontinuity in the weld zone. The main cases for this
defect are improper penetration of the joint, wrong design of the joint or in-correct welding
technique including the wrong choice of the welding parameters. The main parameter is the
welding current, if lower than required would not sufficiently heat all the faces of the joint to
promote proper fusion.

Porosity

Porosity inweldingis caused by the presence of gaseswhich get entrapped during the solidification
process. The main gasesthat cause porosity are hydrogen, oxygen, and nitrogen. Dueto porosity
the strength of joint may be reduced.

Slag Inclusion

m  Slagisformed by thereaction with thefluxesand it isgenerally lighter. If thisslagis
mixed with weld bead that defect iscalled slag inclusion.

m  Some of the factorsthat cause slag inclusion are asfollows::
—  Highviscosity of weld metal.
-  Rapidsolidification.
— Insufficient welding heat.
—  Inproper manipulation of the electrode.
—  Undercut on previous pass.
m  Saginclusion weakensthemetal by providing discontinuities.

Hot Cracking

The weld metal cracks are called hot cracking because these appear as a result if stress and
lack of ductility of the deposited metal at the high temperature. Low melting point compounds
such as Fethat get deposited on the grain boundries during solidification are usually responsible
for alow ductility and the appearance of the cracks.

Cold Cracking

These cracks are formed near the weld area and are due to excessive cooling rates and the
absorbed hydrogen. Since these appear a long time after the welding as cold cracks. Thisis
more danger in the low alloy and high carbon steel welds.

Lamellar Tearing

It isgenerally formed at the edge of the heat affected zone. It appears as along and continuous
visual separation line between the base metal and heat affected zone. This is caused by the
presence of the elongated inclusions such as Mn, Fe, and Sin the base metal.
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2.14 DESTRUCTIVE AND NON DESTRUCTIVE TESTING OF CASINGS
AND WELDING

2.14.1 Destructive Test

Itisvery essential to have careful examination of the component at each stage of manufacture.
Thus, by inspection or quality control, the wel ding defects are located and preventive measures
are devised to reduce or eliminate them.

Thewelded joints may be subjected to the following destructivetests:

Tensile Test

The tensile testing machine consists of a mechanism for exerting a pull on atest coupled to a
devicewhich measurestheload or stress. The stressing mechanism may be hydraulic, consisting
of acyclinder with apiston carrying one of thetest piecesor it may consist of ascrew drivenin
an axial direction by the rotation of anut or it may be a simple fulcrum and beam device.

The universal testing machine can be used for tensile testing. Tests for tensile strength,
percentage of el ongation, elastic limit, yield point, and reduction can be made. Thetest specimen
sizeisan important aspect of tensiletesting. Thetensile strength of many metalsishigh e.g. mild
steel hastensile strength of 62, 000 Psi.

Bending Test

Bending test can be accomplished with two types of tests, i.e., the free bend test and the guided
bend test. Bend tests of ductile metals are usually conducted on a qualitative basis with no
atention paid to theinitial stages of bending or the amount of force employed in bending Bending
is continued for beyond the limit of elastic properties of metal and into the plastic zone. The
failure of the weld bead in the free bend test means that the bead does not have strength that is
egual to the base metal.

Impact Test

Impact testing determines the relative
toughness of a material. Toughness is
defined as the resistance of a meta to o
fracture after plastic deformation has o
begun. This plastic deformationistested by
the swing of awei ghted pendulum as shown
in the Fig. 2.39. Two magjor tests for
determining impact toughness are the lozd Anvil
test and the Charpy test.

Pendulum
Stritting edge

e, -

Specimen

Fig. 2.39 Impact Testing Machine (Pendulum Type)
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Hardness Test

Hardness is the ability of a metal to resist penetration, to resist abrasive wear or to resist the
absorption of energy under impact loads.

The most common hardness tests are as follows :

1. Brinell Hardnesstest
2.  Rockwell Harness test
3.  Vickers Hardness test

Brinell Hardness Test

The Brinell hardnesstest uses a hardened steel ball 10 mmin diameter, which isforced under a
pressure of 3000 kg for hard metals and 500 kg for soft metals, into aflat surface on the test
specimen (Fig. 2.40). Theball isalowed to remain there for aminimum of 10 sec for iron and
ferrous materials or for at least 30 sec for non ferrous metals. Then the hardened steel ball is
removed, leaving aslight spherical impression. Thediameter of thisimpression isthen measured
with a specia microscope. The hardness of the specimen is defined as the quotient of the
pressure divided by the area of the surface of the impression, which is assumed to be spherical.
From this measurement, the Brinell hardness number is cal cul ated.

P

“D(D—m)

2

B.H.N (Brinell Hardness Number) =

where B = Brinell hardness number.
P =300 or 500 kg load.
D = diameter of the impression.

Micrometer screw

Load P

Specification plate

L P
Indenter holder/ Indent
Inderscale Handing d—» naener

Elverating screw \ pan for \_/ Specimen

Handshell |loads or

dash pol
Loading handle‘7
Y ———

The Specimen and Ball Indenter
Binadll Hardnes Tester for Brinell Hardness Test

Fig. 2.40 Brnell hardness Tuster
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Rockwell Hardness Test

Rockwell tester uses small penetratorsand
smaller loads than does the Brinell Tester
(Fig. 2.41). In this two types of indenters
i.e., a Brinell Indenter in form of 120

Specimentable
/ (Anvil)

1 Indenter holder
degree diamond cone or steel balls of I Indenter

Elevating screw—sy g
(=)
and % inch diameter are used as shownin Hand whell =
Fig. 2.41. Rockwell hardnessis measured / %_Loadingm,er
on an arbitrary in which hardness number
is inversely proportional to the depth of
penetration. Fig. 2.41 Rockwell Hardness Tester

Vickers Hardness Test

Basically Vicker’s hardness test is similar to Brinell hardness test. The difference between two
test methodsliesin use of indenter. The vicker indenter isadiamond pyramid with square base
with included angle of 136° between two faces.
2psin(6/2) 1.854p

2 d?

Vicker Hardness Number (VHN) =

where P = Indenting load in kgf.
d = Average of two diagonals.
Q = The angle between opposite faces of diamond pyramid which is 136°.

2.14.2 Non-Destructive Test
Visual Inspection

Thisis suited when appearance is the criterion of checking the quality of weld. Templates are
used to check the contour of thewelds. It isalso used to check cracks, inclusion, contour etc.for
strength assessment.

Magnetic Particle Inspection

It is used to check surface flaws in materials which can be magnetised. The surface to be
inspected is coated with aliquid sol ution containing very tiny coloured magnetic particles, and
then subjected to magnetic field created by either passing a current through it or by placing a
powerful magnet against it. Any lack of continuity at or near the surface on mangetisation
createsalocal north south magnetic poles and attracts the metallic particlesin the solution. On
removal of magnetic field, the flaws are detected by magnetic field, the flaws are detected by
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concentrations of magnetic particles since best results are obtained when magnetic field flux
linesare perpendicular to the crack, the object i stested by magnetising twice, creating magnetic
fieldsat 90° to check all flaws.

Liquid Penetrant Inspection

m  Thismethod detects surface flawsin all types of metals.

m  Either aliquid dye penetrant or a fluroscent liquid is applied to the surface to be
inspected and allowed to penetrate for some time.

m  Theliquidisthen removed with acleaner and surfaceisdried.

m Informer case adevel oper isthen sprayed on the surface which brings out the colour
in the dye penetrant that has penetrated into the flaws. In latter case a backlight
sourceisbrought upto the surface so that where fluorescent liquid has penetrated will
show up slowly.

Ultrasonic Inspection

m |t can detect surface as well asinternal flaws.

m  Ultrasonic waves are passed from atransmitter receiver unitsthrough the metal for 1
— 3 micro-seconds and then the selected waves from back surface and flaw surfaces
arereceived back and listened by the same unit. Thisaction waveisrepeated 0.5t0 5
million times per second. Each wave is individually represented on an oscilloscope
whichis callibrated to show the distance between searching unit and any flaw.

m  Theultrasonic search unit istraversed in azig- zag way to detect any flawsindicated
by peaks on the oscill oscope screen.

X-ray Inspection

X-rays can pass through any material and reproduce their image, clearly showing any internal
flaws, onfilm or on fluorescent screen or on acathoderay tube. X-ray inspection equipment can
be portable one also by utilizing radioactive isotope and then field weld can be tested in as
installed condition. X-ray inspection equipment selection is dependent on the kind of material to
be tested and its thickness geometry and access.

Eddy Current Inspection

Inthismethod an a.c. coil isbrought up closeto the conductive metal to betested so astoinduce
eddy currentsin it. These eddy currents produce their own magnetic field which opposes the
field of the a.c coil, increasing the impedance of a.c coil which can be measured and provides
alarm to indicate presence of flaw in metal.

Testing Welds for Leakage by Testing Tanks/Vessels Hydraulically

In this method CO, is pressurised and a soap and water solution is put on the outside of each
weld. lesksareindicated by the formation of bubbles. In another method, thevessel is pressurised
and pressure gaugesinstalled toindicatefall in pressurein about 24 hoursto indicate the degree
of tightness of vessels and leaks.
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MODULE-IV

Metal Forming Processes

3.1 INTRODUCTION

Inthischapter wewill briefly review the plastic deformation of metal's, hot working, cold working
and different types of metal forming process. More importantly, by plastic deformation and
machining process metals are formed into useful shapes such as tubes and sheets. A question
now arises. What is plastic deformation ? Quite clearly, when the stressis applied on amaterial
exceedsitselasticlimit, it produces permanent deformationi.e., non-recoverablecalled plastic
deformation in the metal. However, deformation is the change in dimensions of metal under
the action of applied forces. Infact, the main obj ective of deformation isto form various shapes
without rupture. The examples of plastic deformation process are rolling, florging, drawing,
extrusion etc.

The plastic deformation of ametal dependson

(i) Chemica composition of metal

(if) Structure content

(iii) Grainsize

(iv) Heating temperature

(v) Direction and magnitude of forces deforming the material.
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3.2 VARIABLES IN METAL FORMING AND THEIR OPTIMIZATION

Basically, there are two types of variablesin metal forming process such as dependent variable
and independent variable.
Thedependent variablesinclude:

—  Force or power requirements.

—  Material properties of the product.

—  Exittemperature.

—  Surfacefinish.

—  Dimensional precision.

—  Nature of the material flow.
Theindependent variablesinclude:

- Startingmaterial.

—  Starting geometry of workpiece.

—  Toolsand die geometry.

—  Lubrication.

- Starting temperature.

—  Speed of operation.

—  Amount of deformation.

3.3 DEPENDANCE OF STRESS-STRAIN DIAGRAM ON STRAIN RATE
AND TEMPERATURE

When an external load is applied on the material, the latter undergoes deformation either
temporarily or permanently. In the case of temporary deformation, the material returns to its
original condition on removal of the external load and the materia is said to have undergone
elastic deformation. In the second case, the material does not recover its original condition on
the removal of the load and is said to have undergone plastic deformation. In either case, the

applied load is measured in terms of the force per unit area called the Stress, (s) . Thus,

Force F

Engineering stress, = —— : =—
Original cross-sectional area A

(3.1)

The units for engineering stress are
Newtons per square meter (N/nv)
or Pascals (Pa), where IN /m? =1 Pa
However, in engineering applications megapascal (M Pa) unitsare widely used.

The deformation of the material is measured interms of strain, (€). Thus, the engineering
strainistheratio of changein dimension totheoriginal dimension, and henceit isdimensionless.
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Engineeringstrain, e= Ab_ w (3.2
L, Originalength
Inindustrial practice, engineering strain is expressed in terms of percent strain or percent
elongation, i.e.,

% engineering strain = engineering strain x100% = % el ongation.

From the above discussion, welearnt that the engineering strain is caused by the action of
an external force on the surface of the materia (i.e., the stress). An interesting question now
arises: How are stressand strain rel ated? Before plunging into adiscussion on their relation, itis
essential to consider the types of stresses that a material is subjected to.

There are four types of stresses, namely,

(i) Tensile, (ii) Compressive, (iii) Shear and (iv) Bulk.

Under atensilestress, when aload is applied on the material, itslength increaseswhile the
length decreases in case of a compressive stress. Thus, it follows that strain is positive under
tensile stress and negative under compressive stress. As pointed out earlier, strain may be
reversible (i.e, elastic deformation) or permanent (i.e., plastic deformation). Shear stressisthe
force per unit areaapplied parallel to the surface areaof the specimen. The deformation occurred
in shear stress is measured in terms of the angle of shear called the shear strain. The shear
stress () and the shear strain (y) arerelated as

=Gy (3.3
where G is called the shear modulus. Bulk stress is the force per unit area applied on the
material uniformly inall directions, so asto change the volume of the material without changing

itsshape. Theratio of the changein volumeto the original volume givesthebulk strain. The bulk
modulusis defined astheratio of bulk stressto bulk strain.

bulk stress

Bulk modulus =———
! WS = bulksrain

_ changein pressure
changein volumeper unit volume

—dP V.dP
TAvViV v
Thereciproca of bulk modulus givesthe compressibility, i.e, equalsto
-dVv/V.dP (3.5)
The negative sign means that with increase of pressure volume decreases.
Strainrateisdefined as:
Strain rate = V/h
where V = Deformation velocity and
h = Instantaneous height or length of the workpiece.

(3.4)
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Stress - Strain Relation

When stress values are low, for most materials, the stressis proportional to the strain
i.e., stress o strain
or c=Ee (3.6)

The relation (3.6) is called the Hooke’s law and the proportionality constant, E isthe modulus
of elasticity, or Young’s modulus, or the stiffness constant. The stiffness constant is a measure
of the ability of thematerial that withstandsthe applied external |oad without much deformation.

Theunit of Eis N/ m* or Pa Normally Eisgiven
in units of Mega Pascal (MPa) or Giga Pascals (GPa).
For most typical metals the magnitude of E ranges
between 45 GPa for magnesium and 407 GPa, for  gress Slope=E
tungsten.

Unload

Deformation in which stress and strain are Load
proportional iscalled elastic deformation. A plot of stress 0
(ordinate) versus strain (abscissae) givesriseto alinear 0 Strain
reationshipasshowninFig. 3.1. Thedopeof thestraight ~ Fig. 3.1 Linear stress-strain curve

line givesthe modulus of elasticity, or stiffness constant, E. The greater thamodulusthe stiffer
the material or the smaller the elastic strain. The modulus is an important characteristic for
considering the mechanical behaviour of the material.

A material which obeys Hooke’s law is said to be elastic such an elastic deformation is
nonpermanent, which means that on release of the applied load, the material returns to its
original condition. Asshownin Fig. 4.1, application of the load correspondsto movingupina
straight line from the origin and upon release of the load, the line is traced back to the origin.
Most materials are elastic at relatively low stresses.

There are some materials like gray cast iron, concrete and many polymers for which the

stress -strain curveis non-linear (Fig. 3.2). _z

Such materials are said to be plastic. For low Oy === ====

stresses, thematerial iselastic but beyond acertain I_ Tangent modulus
stressvalue the material becomesplastic. In such

cases, it isnot possible to determine the value of o, F——-

E, and normally, either tangent or secant modulus
isdetermined. Tangent modulusisobtained from  Stress

the slope of the stress strain curve at some / Secant modulus
specified range of stress, while secant modulusis
taken as the slope of a secant drawn from the ~an

originto some given point of the curve. Fig. 3.2 Non-linear stress-strain curve

The stiffness constants of some materials are given below :
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Material E(GPa) Material E(GPa)
Diamond 786 Ni 207
Tungsten Carbide 620 Steel 207

Al,O4 345 Nylon 2.75

Cu 110 Vulcanizedrubber  3.40

Al 69 Natural rubber 0.007-0.06

A comparison of the E values shows that the ceramic material s possess higher values of E
than the metals and the polymer materials possess lower values of E, the stiffness constant.

Effect of Strain rate

—  Flow stress of metal increases with strain rate.
—  Temperature of work material increased with strain rate.
—  Strainrateincreases by improved lubrication of tool-metal interface.

3.4 COLD WORKING AND HOT WORKING OF METALS

3.4.1 Cold Working

Plastic deformation of metal sbel ow the recrystallization temperatureisknown ascold working.
Generally the cold working is carried out at room temperature. Many cold working processes
are used for mass production.

Advantages
The advantages of cold working in comparison with hot working are asfollows:
—  Better accuracy is obtained.
—  Better surfacefinish is obtained.
— Noheatingisrequired.
—  Better strength, fatigue and wear properties of materials.
Disadvantages
—  Higher forces arerequired to initiate and complete the def ormation.
—  Heavier equipment isrequired.
—  Morepowerful equipment isrequired.
— Undesirableresidual stresses may be produced.

3.4.2 Hot Working

Hot working is defined as working of metals above their recrystallization temperatures. Here
plastic deformation of metal carried out at temperature abovethe recrystallization temperature.
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Advantages

—  Lessforceisrequired for deformation.
—  Lesspower equipment is needed.
—  Grainsizeobtainedisfavourablewhich leadsto better mechanical propertiesof metal.

Disadvantages

—  Poor surface finish of material is obtained.
—  Poor dimensional accuracy.
—  Lowerlifeof tooling and equi pment

3.4.3 Comparison of Hot working and Cold working

Hot Working Cold Working
m  Processiscarried out at atemperature  ®m Processiscarried out at atemperature below
above the recrystallization temperature. recrystalisation temperature.
m  Mechanical propertieslike elongation, m Elongation, reduction areaand inpact valueare
reduction of areaimproved. decreased by cold working.
m  Microstructure shows refined grain m Microstructure shows distorted grain structure.
structure.

m  Lessdressisrequired for deformation m More stressisrequired for deformation.

m  Energy requiredfor plasticdeformation m  Energy required for plastic deformationismore.
isless.

m  Surfacefinish obtained isnot so good  m  Surface finish obtained is good.
dueto oxidation at high temperature.

m  Materia handlingisdifficult m Materia handling is easy

3.5 CLASSIFICATION OF METAL FORMING PROCESS

Metal forming process are classified according to the type of forces applied to the workpiece.
The classification of metal forming process are asfollows:

‘ Metal forming process |

v
v v v v v
Direct Indirect Tension Bending Shearing
compression compression type processes processes
type processes processes processes
Example Example Example

Ralling. Extrusion. Stretch forming.



148 Basic Manufacturing Process

Direct Compression Process

In this process the force is applied to the workpiece
surface. Here the metal flows at right angles to the
compression direction. Rolling and forging are the

4—
examples of direct compression process (Fig. 4.3). «—
Indirect Compression Process Fig. 4.3 Rolling

In this type of process the applied forces are tensile, but the indirect compressive forces are
generated by the reaction of workpiece with the die. Extrusion is an example of indirect
compression process as shown in Fig. 4.4.

L Jyypy die

—

I

Fig. 4.4 Extrusion

Tension Type Forming Process

In this type of process the sheet metal is wrapped to the contour of a die applying of tensile
force. Stretch forming is an example of tension type forming process as shown in Fig. 4.5.

e

Fig. 4.5 Stretch forming
Bending Process

Bending is the process where bending moment is applied to the sheet. V-bending is one of the
examples of bending process (Fig. 4.6).

Ralha

Fig. 4.6 V-bending

Shearing Process

Shearing is the process where shearing forces are applied to rupture the metal in the shear
plane.



Extrusion

4.1

INTRODUCTION

Inextrusion, ablock of metal (billet) isforced to flow through an opening having asmaller cross
sectional areathan that of the origina billet. The opening isprovided by adie designedto give
the desired shape to the product. Moreimportantly, die geometry remains the same throughout
the operation, extended products have a constant section.

Typical products made by extrusion are railings for sliding doors, tubing having various
cross sections, structural and architectural shapes and door and window frames etc. Extruded
products may be of sectionslike square, angle, T, | etc. More specifically, duminimum alloysare
mostly used in the production of extruded materials Rubber, lead, tin, copper, titanium, molybdenum,
vanadium, steel, can also be extruded.

4.1.1 Advantages of Extrusion over other forming processes

Higher reductioninasingle passispossible.
Sinceit isacompression process, some brittle material can be extruded.

The range of extruded items is very wide. Cross sectional shapes not possible by
rolling, such asthose with re-eutrant sections can also be extruded.

Dimensional accuracy of extended partsis generally superior to that of rolled ones.
Smaller partsin large quantities can be made.
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m  Now-a-daysextrusion processes are mainly used to produce alarge variety of shapes
in long products such as bars, angles, sutings, circular and and non-circular tubes,
tooth paste tubes etc.

4.2 TYPES OF EXTRUSION PROCESS

The different extrusion processes are as follows :

Extrusion Processes

! : l

Direct Extrusion Indirect Extrusion Hydrostatic Extrusion

Fig. 4.1 Types of extrusion processes.

4.3 DIRECT EXTRUSION

Thedirect extrusionisshowninFig. 4.2.

0

Die —  »

-— Billet -—
Ram
’7 A

- Container

Container

Fig. 4.2 Direct extrusion.

In direct extrusion, the product emerges from the die in the same direction as the direction
of the application of pressure. The process starts with placing the billet in a cylinder. On the
other end of the cylinder adie shape of extrudeis fixed. The product flow out of thedie. This
processisused for manufacture of circular aswell asnon-circular bars and tubes, angle sections
etc. Since the direction in which the material extruded is same as that of punch motion, hence
the name forwar d extrusion. Relation between extrusion load and ram travel isshownin Fig.
4.3.

Theextrusion forceiscalculated by therelation ;

- al
F—AUKI{A J

f
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where, A, =Areaof thebillet

A = Areaof the extruded part
K = Extrusion Constant

Extrusionload —

Ramtravel

Fig. 4.3 Extrusion load Vs ram travel

Applications of Direct Extrusion

Extrude circular aswell asnon-circular solid sections and tubular sections.

4.4 INDIRECT EXTRUSION

Indirect extrusionisshowninFig. 4.4.
Die,
| =
— Billet
extruded product T
Ram T
Fig. 4.4 Indirect extrusion Container

In indirect extrusion, the metal flows in the
opposite direction of theram. It is more efficient
sinceit reducesfriction losses considerably. The
only limitation is that it is not extensively used
because it restricts the length of the extended
component. This process is also known as
backward extrusion because during the ram
travel, the die appliespressure on thebillet and the
deformed metd flowsthroughthedieopeninginthe
direction opposite to theram motion. The variation
of extrusion pressure with ram travel is shown in
Fig.4.5.

Extrusion pressure —»

Start of extrusi onJ
.

End of extrusion

Ramtravel —

Fig. 4.5 Variation of extrusion
pressure with ram travel.
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4.5 IMPACT EXTRUSION

Basically, itisacold extrusion process. Theimpact extrusionisshownin Fig. 4.6. Thisprocess
iscarried out at a high speed.

Theblank (dug) isplaced inthedieasshowninFig. 4.6. The plunger strikesthe blank. The
punch travel cause the material to heat up and then become plastic. Therefore, the materia is
extruded quickly through the space between the die and the punch as shownin Fig. 4.7.

R Stripper
= |
Sug
+«— Die
Fig. 4.6 Slugin die Fig. 4.7 Extrusion completed

Applications

Thinwalled items such astooth paste containers, radio shiel ds, food containers, conderser boxes,
thin-walled box cases for condensers and cigarette lighter cases are made by this process.
Lead, tin, aluminium and copper can be extruded easily.

4.6 HYDROSTATIC EXTRUSION

In hydrostatic extrusion billet isfilled with fluid and pressureistransmitted by aram pushing the
billet forward and compressesthe billet circumferentially [Fig. 4.8].

Brittle material can a so be extruded successfully by this method. Herethebillet issmaller
in diameter than that the chamber. Thereisno friction to overcomeaong the container walls. In
thistype of extrusion process the working loads are less and extrusion is also defect free.

< Cylinder
/ extrude
Press ram —_— - ___I -
force
N > D — Die

rd

Billet-or blank S
Fig. 4.8 Hydrostatic extrusion
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Applications

Theapplication of hydrostatic extrusioninclude extrusion of nuclear reactor fuel-rodsand cladding
of metals.

Dueto the pressurised fluid, lubrication is very effective. Extruded parts possesess better
surface finish and dimensional accuracy. However, the processis costly.

4.7 EXTRUSION OF TUBES

Itisaform of direct extrusion. In thistype of extrusion amandrel is used to shape the inside of
the tube After the billet is placed inside, the die containing the mandrel is pushed through the
billet. The ram then advances, extrudes the metal through the die and around the mandrel as
showninFig. 4.9.

The heated metal (billet) isplaced into the cylinder as shownin Fig. 4.10.

L -~

( -— Pf_ Piercing

F Billet mandre

Fig. 4.9 Process piercing

Fig. 4.10 Extrusion of tubes
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Wire Drawing

5.1 WIRE DRAWING

Drawing operationsinvolve pulling metal through adie by meansof atensileforce applied tothe
exit sideof thedie. Theplastic flow is caused by compression force, arising from the reaction of
the metal with thediewiredrawing isabulk deformation processinvolving pulling thewire, tube
or strip through aconverging die. It isusually carried out aroom temperapure, except for large
deformation, which leads to considerabl e rise in temperature during drawing. The metal to be
drawn, generally, hasacircular symmetry.

Wire Drawing Process

In the wire drawing process, one end of the coil isreduced in cross section upto certain length
and fed through the drawing die and gripped. By successive drawing operationsthrough dies of
reducing diameter, the diameter of the wire can be reduced further. Small diameter wiresis
wound round on a draw block. The rotation of the block pulls the wire through the die. The
drawn wire is taken off and it may be fed to another die. Annealing before drawing permits
largereduction (Fig. 5.1).
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4++— Drawing Die

Pulse
(Tension) I

Drawn wire

Drawn wire

) B

1 >
Wireroll (starting T f w
Drawn wire o

stock in coil form)
small diameter

Fig. 5.1 Finish draw block.

Basically, wireis drawn through asingle die or several dies. However, reduction in each pass
through adierangefrom 15% to 40%. If greater reductions are required the wire may be drawn
through several die.

In wire drawing, adifference is made according to the dimensions of the wire between :

coarsedrawing: d=16t04.2 mm

medium drawing : d=4.2t0 1.6 mm

finedrawing:d=1.6t00.7 mm

ultra-finedrawing : d < 0.7 mm.

5.2 METHODS OF WIRE DRAWING

Two processes are commonly used for wire drawing.They are as follows :

Single draft method

Insingledraft drawing method the operation iscarried out by pulling of wirethrough the tapered
die attached to a power operated reel.

Continuous drawing method

In continuous drawing method, the wire is drawn continuously. Several dies and draw blocks
arranged in series are used in this method.
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5.3 PROCESS VARIABLES IN WIRE DRAWING

Thefollowing are the process variablesin wire drawing.
m  Reduction in cross sectional area per pass.
m  Dieangle
m  Friction along thedie-workpiece interfaces.
= Drawing speed.
m  The temperature.
m  Thelubrication.

The die angle influences the drawing force and the quality of the drawn products.
Drawing force
The expression for drawing forceis given by

F=0agA1 In(%}
f

where F = Drawing force.
Cag = Average true stress of the material.

A, = Initial areaof cross section

A =Fina areaof cross section
Thedraft, d, isgiven by
d= D, - Dy

where D, and D¢ areoriginal and final diameters of the wire respectively.

5.4 OPTIMUM DIE SHAPE FOR EXTRUSION

Thefollowing points should be considered for diedesign in extrusion.
= Symmetry of entry side.
m  Morebaanced die.
m  Nosharp corners should be provided.
m  Sectionthickness should be kept uniform.
m  Voidsshould bebalanced.
Die materialsfor hot extrusion are generally hot work die steels.

Types of Extrusion dies

Generally two types of dies are generally used.They are asfollows::
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Conical die

Dies with conical entrance angles used in extrusion process are known as conical dies. As
showninFig. 5.2 (4). They require good lubricants. Decreasein die angleresultsinincrease of
homogineity and lower extrusion pressure. But beyond a point the firciton in the die surfaces

becomes too great. For most operations 45° < o < 60°.

Square die (Flat faced Die)

It is shown in Fig.5.2(b).Square dies produce o die angle (a.)
dead-metal zones. This zone develop a die LI e S -<«—Etrance
angle in the deformation zone due to integral

shear.

A paralel land on the exit side of the die
helpsstrengthen thedieand allow for reworking Fig. 5.2 (a) Conical die
of theflat face on the entrance side of the die
without increasing the exit diameter. Square
dies are used for extrusion of non-ferrous

metalsparticularly alluminimum. Dieexit Dieentrance
Other types of die generally used are

m  Spiderdie
m  Portholedie
m  Bridgedie Fig. 5.2 (b) Square die

5.5 OPTIMUM DIE SHAPE FOR DRAWING

Generally the dies are made of tungsten carbide, ceramic, diamond or hard aloy. Tungsten
carbide dies are used for drawing wires of small, medium and large size. Hard alloy dies are
used for large diameter wires. However, diamond dies are used for drawing very finewire. For
improved wear resistance, steel dies having chromium plating and carbide dies coated with
titanium nitride are used.

The cross section of aconical drawing dieisshowninFig. 5.3.

Bell (angleor_— | f Reiefangle

radius) Die enter —»— ‘i\'_ — —» Dieexit
/ \ Land
(bearing surface)
Dieangle

Approachangle  Fi9-53
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Thedieangles usually range from 6° to 15°. The entrance of the dieisknown asbell. Bell
is designed for entrance of the die and drawing the lubricant with it. The approach angle is
responsiblefor the actual reductionin diameter of thewire. The cone angle of the conical region
of thedieisknown asdieangle. The value of the die angle should be optimumi.e., theangle at
which the process requiresthe minimumdrawing force. Theland isthecylindrical regioninthe

diefor producing frictional drag onthewire. Also, it providesthe strength to thedie. Therelief
angle allowsthe metal to enhancedightly.



Rolling

6.1 INTRODUCTION

Rollingisthe primary metal forming process. In therolling process, the piece of metal ispassed
through tworollsrotating in oppositedirectionsat auniform speed. Thegap betweentherollsis
adjusted to confirmto the desired thickness of rolled section. However, rollingisthe process of
reducing thickness or changing the cross sectional area of workpiece by means of rolling mills.
Themetal issubjected to highly compressive force between theroll sfor deformation. Moreover,
itisgenerally used for forming metalsinto desired shapes. Rolling process basically depends
upon the friction generated between the rolls and the piece of metal surface being rolled. The
friction created helps in gripping the metal so that it can be easily pulled through the space
between therolls[Fig. 6.1].

<+«— Rall

Direction of

work flow
Work t j

Fig.6.1
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6.2 TERMINOLOGY USED IN ROLLED PRODUCTS

Bloom

Width of bloom equalstoitsthickness. Thisissguare cross section varying frombillet : 150 mm
x 150 mm to 400 mm x 400 mm.

Billet
Minimum cross sectional areais 40 mm x 40 mm and varies upto 150 mm x 150 mm.
Sab

It is a hot rolled ingot with cross section with width varying form 500 mm to 1800 mm and
thickness varying from 50 to 300 mm.

Plate

Plate has a thickness greater than 6 mm.

Sheet

Thickness less than 6 mm and has a greater width.
Srip

Strip refersto rolled product with awidth not more than 600 mm and thickness lessthan 6 mm.

6.3 PRESSURE AND FORCES IN ROLLING

Therolling processis showninFig. 6.2 Here athickness h, enterstheroll gap and isreduced to
thickness h, by arotating rolls.

Let P = Normal force !
F=Frictional force

n = Coefficient of friction between
the metal and theroll surfaces

We have F =puP
Let hy = Initial thickness

h,

h; = Final thickness |
o = Angleof bite Fig. 6.2

Roll Force (F)

Roll force F isgiven by theformula
F=LXxWX0g44
where F = Roll force.
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w = width of the strip.
Cag = Averagetrue stress of the strip in theroll gap.

The above equation isvalid for frictionless condition. Also the arc of contact is generally
very less compared to roll radius.

Dr aft

Thedifference between final thicknessand initial thicknessisknown asdraft anditisafunction
of coefficient of friction and roll radius. Therefore.

hg—hy = HZR
Calculation of Roll-strip contact -length

BC=L
Z/CAB=qa y Y qc’ la
R?=1?+(R-a)? Lyh" ézhf
= 12=R?>-(R-a)? < . )
=R?>-(R?+a’-2Ra)

=R’°-R’-a’+2Ra
= 12=R?-R?-a%+2Ra A

L? =2Ra-a?
(Sincevalue of aisvery lessit can be neglected) o

= L=+2Ra
=+Rx2a =+/RxAh

= L= [Rx(hy—hy) BT °©

Fig.5.4
L JRxan v omcan]

, p=tana = =— S 2a=

Again R-a p_A0 Ah

2 = a=—

2

Neglecting Ah/2 asvery small,

_ [an
PR

Therefore, for maximum reduction
Ahey = Hz R
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Power developed in rolling process

The power developed inrolling processisgiven by

_2nF LN
60,000
where, FisinNewtons, L inmeter and N inrpm of theralls.

6.4 TYPES OF ROLLING MILLS

Basically arolling mill consists of rolls, bearings, ahousing. Also it contains adrive applying
power to therollsand adrive applying power to therollsand controlling their speed. However,
the commonly used rolling millsare

(i) Twohighrollingmill
(ii) Threehighrollingmill
(iii) Four highrollingmill
(iv) Clusterrollingmill

(v) Planetary rollingmill
(vi) Continuousrallingmill

Two High Rolling Mill

Rollsarerotated only in onedirection. They are made up of equal size. Herein between thetwo
rollsthe sheet or bar to berolled isplaced. Rolling process carried out in onedirection only [Fig
6.5 (9)].

Three High Rolling Mill

Therearethreerolling mill in thethreehigh roll mill. Thetop and bottom rolls are power driven
where asthe middleroll rotates only by friction. Moreover, theserolling millsare employed as
blooming millsfor billet rollingand finishrolling [Fig. 6.5 (b)].

Four High Rolling Mill

Inthistypeof rolling mill therearefour rolls. Thesmall diameter roll iscalled working roll and
where as two large diameter roll known as back up rolls. Back up rolls are provided with a
larger radius to increase the rigidity. Four high mills are used to produce wide plates and hot
rolled or cold rolled sheet aswell as strip of uniform thickness[Fig. 6.5 (c)].

Cluster Rolling Mill

In cluster rolling mill, each of work rollsis supported by two backing rolls. The cluster mill is
used for rolling thin sheet of high strength metals[Fig. 6.5 (d)].
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Planentary Rolling Mill

Thistypeof mill consistsof multiplerollersof small diameter. These multiplerollersare backed
up by alarger roll. These are equispaced on its periphery. Thistype planetary rolling mill isused
to reduce stable slabsto coiled hot rolled stripsin asingle pass[Fig. 6.5 (€)].

Continuous Rolling Mill

For high production continuous mill iscommonly used. It consists of each set of roll known as
stand. or rolling mill stand. Herethe strip will be moving at different velocities at each stagein
themill[Fig. 6.5 (f)].

Thefunction of the uncoiler and thewind up reel isto feed the stock to therollsand coiling
up thefinal product.

Upper
—
Lower /

Upper
roll

roll

(a) Two-high roll mill

(b) Three high roll mill

Upper
back-uprall Back-up rolls

e

Upper
workingroll

@ Workingrolls
—Work piece
ower -

workingroll @

Lower
back-uproll

(c) Four-high roll mill (d) Cluster rolling mill
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Unrolled Rolled
maeria | O\ + ( +; n materid

Windup
Uncoiler redl
(e) Cluster rolling mill
Planetory rolls/work roll
Driven rotating
back-uprall
Driveroll

+

~

(f) Arrangement of rolls in a planetary rolling mill.

Fig. 6.5 Types of Rolling Mills

6.5 ROLLING DEFECTS

Mainly there are two categories of defects occur in the rolling process. They are asfollows:
m  Surface defects.
m  Interna structure defects.

Surface defects

The surface defects are scale, rust, blow holes, scratches, pits etc. These defects generally
takes place due to impurities and inclusions present in the original cast material and due to
improer material preparation.
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Internal structural defects
Wavy Edges

The compressive strain at the edges and tensile strain at
the centre leads to wavy edges as shown in Fig. 6.6.

Due to result of roll bending the wavy edges occur.
Fig.6.6

Zipper Cracks

When thestrain distribution resultsin cracksin thecentre

of the sheet is known as zipper cracks [Fig. 6.7].
However, to compensate the chances of these \

defects camber is provided to therolls.

Fig.6.7
Edge Cracks
When the edges of the sheet are strained in
tension, the edge cracking occurs. Due to poor
ductility material the edge cracksoccurs[Fig. 6.8].
Fig.6.8

Centre Split

The strain distribution leads to center split of the
sheet asshown in Fig. 6.9.

Alligatorling Fig.6.9

Complex phenomenon caused by non-uniform deformation and duetoimproper material structure.

Also there are other types of rolling defects are center wrinkling, residua stress, warping
etc.



166 Basic Manufacturing Process

Sheet Metal Working

7.1 SHEET METAL WORKING

Sheet metal is one of the fundamental forms used in metal working process. Sheet metal parts
are usually made by forming material in cold condition. Basically it isachipless manufacturing
process which is used for mass production.

Three factors govern the choice of amaterial for sheet metal working operations.

= Strength

m  Wear resistance

m  Corrosionresistance

Press working is carried out on work materials in the form of sheet. Thickness is not
changed during this operation. The pressworking operations are highly benefical dueto:

m  High degree of accuracy

m  Highproductionrate

= Low cost of production

Most sheet metal forming operations are performed on a press. The press either shapes or
cuts sheet metal by the tools attached to it and application of force.
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Punch and Die

Thefundamental tool s used with a metal working pressare punch and die. Generally the punch
isthe moving element.

Applications of Sheet Metal Working

Application of sheet metal working process includes washing machine, fans, roofing sheets,
automobile components, aircraft bodies etc.

There are various methods of sheet metal working processes.They are:
—  Shearing
— Bending
—  Drawing
- Forming

Low carbon sheet is most commonly used material for press working.

7.2 BENDING PROCESS

Bending is a very common sheet metal forming operation process. Bending is the process by
which astraight length isconverted into acurved length. By this process sheet and plate can be
converted into channel, drums, tanks etc.

In bending the metal flow isuniform along the beud axiswith theinner surface subjected to
compression and outer surface subjected to tension.

Bendangle

Tension
Bend allowance

Fig.7.1
During the bending process, the metal gets distorted plastically within the bend area. M etal
towards inner bend surface suffers compression and metal which is towards outer surface is
under tension.

Bend angle
Thisisthe angle included between the two extreme positions of bend radius.
Bend allowance

The curved neutral plane of the bend areaiis called bend allowance.
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Thebend allowameisapproximately given by therelation
L, =a(R+kt)
where L, = Bend allowance (mm)
a = Bend angle (radian)
R = Bend radius (mm)
t = Thickness of sheet (mm) and
k = Constant
Basically, there are three types of bending process such as
m  Edgebending
= V-bending
s U-bending
Edge bending : The material is bent at one edge with the help of a punch.
V-bending : The V-shaped punch is used for V-bending process.

Punch
Punch
r'd

V-Die 4
1 Sheet or plate \Work

«— Die

Fig. 7.2 V and U bending

U-Bending : U-bending uses a U-shaped punch
Bending Force : Theforceis given by

- K.L.ot?
W
where F, = Bending forcein tonnes.

K= Die opening factor.

L = Length of work in cm.

oy, = Ultimate tensile strength in tonnes/cm?.
W= Width of dieincm.
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Spring Back

Spring back is the phenomenon associated with bending process. After the applied force is
withdrawn, the metal triesto resumeitsoriginal positionleadingto decreasein bend angle. This
is due to elastic stresses present in the bend area.

Factors Affecting Amount of Bending

m  Properties of material.
= Bendlength.
= Condition of cut edge.

7.3 FORMING PROCESS

Inthe forming processthe part takes the shape of the punch or die. The commonly used forming
diesare

Solidformdies
Pad type form dies
Embossingdies
Coiningdies
Bendingdies

7.4 CLASSIFICATION OF FORMING PROCESS

The sheet metal forming processes can be classified into mainly two categories. They are:
m  Shearing process
m  Forming process

7.4.1 Shearing Process

Shearing is a cutting operation used to remove a blank of required diemnsions from alarge
sheet. Shearing process includes.

= Punching

= Blanking

m  Perforating
= Parting

= Notching

m  Lancing
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Principle of Shearing

When a punch penetrates asheet metal workpiece and entersin to thedie, asection through the
work piece provides a smooth cut area[Fig.7.3].

Punch

—»C b s
it |l«— Shest

Die—»|

. Fig. 7.3 Sheari
Punching 9 eanng

In punching, hole is the discarded product, the material punched out to form the hole being
waste. i.e., the cut out part is waste and |eft out piece is of importance [Fig.7.4].

Punched hole

|
t
|
|
|
|
|
_____ R
|
|
|
|
|

—— Discard/scrap

Fig. 7.4 Punching

Blanking

If theremoved pieceisthe useful part and the rest isscrap, the operationiscalled blanking. The
cut out part from the strip is the required component [Fig. 7.5].

Scrap

Workpiece

Fig. 7.5 Blanking
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Themain difference between the punching and blanking isthat in punching the metal insidethe
part isremoved and in blanking the metal around the part isremoved.

Forcein blanking : The maximum force (F;) required during blanking is given by

F,= nDtK, (for round holes)
F.=tLK, (for other contours)
where t = Sheet thicknessin mm.

L = Length of cut to be cut in mm.
K, = Shearing resistance of sheet.

Perforating

Punching anumber of uniformly spaced holesin asheet is called perforating. The holesmay be

of any size and shape [Fig. 7.6].

Parting Fig. 7.6 Perforating

Equispaced ]
holes

Shearing the sheet into two or more piecesis called parting. It isshownin Fig. 7.7.

Parting

Notching Fig. 7.7 Parting

Removing piecesfrom the edgesis called notching. It isan operationinwhich a specified small
amount of metal iscut fromablank [Fig. 7.8].

Metal strip «— Notch

Fig. 7.8 Notching
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7.4.2 Forming process

Forming processes are basically bending or stretching operationsin which the thickness of the
metal materials do not change. When multiple bends are made with a single die, it is called
forming.

There are generally two principles on which forming processis based.

—  Stretching or compressing the material beyond the elastic limit on the outside and
inside of the bend.

—  Stretching the material beyond the elastic limit without compression, or compressing
thematerial beyond the elastic limit without stretching.

Examples
m  Stretchforming
m  Deepdrawing
Stretch forming

Sheet metal is stretched to the yield point in tension and wrapped over and around the form
block (die). In this processthe spring back iscompl etely iminated becausethe forming isdone
by introducing uniformtensile stressesto exceed elastic limit of metal.

In stretch forming operation, bending takes place but simultaneously stretching of sheet
ocCCurs.

Advantages
Spring back is greatly reduced or completely eliminated asshownin Fig. 7.9.

Station M block

Fig. 7.9 Strech forming
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7.5 DEEP DRAWING

Deep drawing is defined asthe process for the making of cup shaped partsfrom flat sheet metal
blanks. During this process, a punch forcesthe blank to flow through adie, producing ashape
same asthe die shape. The processinvolvesforcing the sheet metal blank into adie cavity with
apunch. However, in forming a cup, the metal goes completely into the die. If the depth of the
formed cup exceeds the diameter it is called deep drawing.

Examples

= Bottle caps.
= Automobilepanes.
= Bathtubs.

Shallow Drawing
Shallow drawing is used when the height of the cup formed isless than half of its diameter.

Punching force

+— Punch
Blank holding fore _..]C e

|
|
ri
l l | Blank
:| ' Blank holder plate

[ | <+— Guide plate

—— Die

r = Punch radius
Ry=diecorner radius

<+— Shdl

Fig. 7.10 Shallow drawing

Applications of deep drawing

Kitchen wares.

Boxes of various wares.
Components of car bodies.
Domestic gascylinders.
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Equipment for deep drawing

- Adiewithacentra hole having aprofileradius.
— A blank holding plate which keeps the sheet pressed flat on the die surface.
- Apunch.

Variables in the deep drawing process

Thevariablesin the deep drawing process are properties of the sheet metal, clearance between
punch and die, punch radius, die corner radius, blank holding force, friction and lubrication.

Blank Size

Let D = Blank diameter in mm - d
r = Corner radius of punch in mm. le——d
h = Height of the shell
d = Out side diameter of cup

d
D =+/d? + 4dh for v is 20 or more

Fig.7.11
D =4/d?+4dh-05r for 15S%<20 9

D=+d?+4dh-r for 10<9<15
r

Advantages of deep drawing

m  Highproductionrate.
m  Moderate equipment and tooling cost.
m  Goodsurfacefinish.

Limitations

m  Limitedtoforming of thin sheets.
m  Forming of shallow or deep parts of simple shapesonly.
m  Finishingrequired.
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