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Metal Casting

:

2:1  Introdution:

Casting is one of the oldest manufacturing processes, and even today is
the first step in manufacturing most products. In this process. the material is
first hquefied by properly heating it in a suitable furnace. Then, the liquid is
poured into a previously prepared mould cavity where it is allowed to solidify
subsequently, the product is taken out of the mould cavity, trimmed and cleaned
to shape.

2.2 :Steps Involved In Making Castings. ()

i) Preparation of moulds and patterns [used to make the mould]

"

i) Melting and pouring of the liquefied metal.

&

i) Solidification and further cooling to room temperature.
/

iv) Defects and inspection.

2.3: Advantages of Metal Casting:@

Metal castings have the following advantages.

I) It is one of the most versatile manufacturing processes.

2)  Casting provide uniform directional properties and better damping

Capacity to cast parts.

3) Intricate shaped components that are difficult to produce by other
methods can be produced by casting.

4) Very complicated components can be cast in one piece. It eliminates
many joining processes.

3)

Metals like cast iron that are difficult to sh

ape by other processes
can be cast.




2. 2 Production Technology

6) The casting process can be modernized by suitable mechanism e
mass production of components.

7) Very heavy and bulky parts that are difficult to form by other
process can be cast.

i
81 Casting provide greatest freedom of producting components in terms

of design, shape, size and quality.

9) The overall cost of the components is low.

2.4:  Applications of Metal Castings: ©

Great advances have taken place in foundry engineering due to lower
cost and the above-mentioned advantages. There is hardly any prqduct In
engineering. Which doesn’t have one or more cast components casting find
the following applications in engineering.

1) Road transportation and vehicles — more than 90% automobile engine
components more than 35% of car truck, bus components and more
than 50% tractor components by weight are made by casting.

1) Aeroplanes — more than 30% components used by weight in
aedplanes are cast components.

1i1) Machine tool structures — beds of machines like planer, shaper,
milling, lathes etc. are cast in cast iron.

iv) Paper mill stock breaker parts are castings of steel.

v) Defence — more than 50% components used in defence are cast.

vi) Cast components are used in communication, construction and
atomic energy.

vii) Adreraft jet engine blades.
vii) Agricultural parts.

ix) Turbine vanes.

X) Sanitery fittings.

xi) Fish plates used ip railways.
xil) Super charger castings.

xii) Mill housings.

2.5:  Disadvantages of Castings{»

1) Casting is a very hj

gh energy consuming -
2000Kwh of power i £ process.

$ required to produce a ton of fi
2) Casting process is a
processes.

For example, about
nished steel casting.

highly labour-intensive compared to the other



Chapter 3 ————

e

Patterns and Pattern Making

3.1 Introduction >

Pattern 1s the principal tool during the casting process. It may be defi
as a model of anything, so constructed that is may be 1;&';ed foryfo? , o
impression called mould in damp sand or other suitable material W?;:gt;n
mould is filled with molten metal, and the metal is allowed to. solidify liSt

forms a reproduction of the pattern and is known as casting. The process of
making a pattern is known as pattern making.

Foundry engineering deals with the process of making casting in moulds

prepared by patterns. The whole process of producing casting may be
classified into five stages.

1. Pattern making

2

Moulding and core making
3. Melting and casting
4. Fettling

5. Testing and inspection

Except pattern making, all other stages to produce castings are done in
foundry shops.

3.2 Pattern making:y A

Qa pattern is the replica or facsimile model of the desired casting)whlgh
when packed or embedded in a suitable moulding material produc_es a Cgv_lly
called mould{*This cavity when filled with molten produces the desired casting

) ; i , i n as
after solidification of the metal.t[‘he process of making a pattern is know
pattern making)i



3. 2 Production Technology

3.3 Pattern Materials: ()

The selection of pattern materials depends primarily on the following
factors.

L. Service requirements, e.g. quantity, quality and intricacy of casting
i.e., minimum thickness desired, degree of accuracy and finish
required

8]

Type of production of castings and the type of moulding process.

Lad

Possibility of design changes.

4. Number of castings to be produced, i.e. possibility of repeat orders.
To be good of its kind, pattern material should be :

I.  Easily worked, shaped and joined.

2. Light in weight.

3. Strong, hard and durable, so that it may be resistant to wear and
abrasion, to corrosion, and to chemical action,
Dimensionally stable in all situation.
Easily available at low cost.

Repairable and reused.

e =A N R

Able to take good surface finish.

The wide variety of pattern materials which meet these characteristics

are wood and wood products, metals and alloys, plasters, plastics and rubbers,
and waxes.

3.3.1 Wood:
Wood is the most common material for pattern as is satisfies many of the
above requirements. It is easy to work and readily available. Wood can be cut
and fabricated into numerous forms by gluing, bending, and curving, it is
easily sanded to a smooth surface, and may be preserved with shellac, which
is the most commonly used finishing material for wooden pattern. Wood has
its disadvantage as a pattern material it is readily affected by moisture. It
changes its shape when the moisture dries out of it, and when it picks up
moisture from the damp moulding sand. It wears out quickly as result of sand
abrasion, and, if not stored properly, it may warp badly. Owing to these reasons
wooden patterns do not last long, ynd they are generally used when a small
number of casting are to be produced,



Patterns and Pattern Making 3. 3

Wood used for pattern making should be properly dried before it is used.
Should be straight-grained, free from knots, and free from excessive sapwood.
The most common wood used for pattern is teak wood-both Burma and
c.pteak. This wood is straight grained light. easy to work has tittle tendency
to break and warp and has reasonable cost. When a more durable wood is
necessary for fragile patterns, which are to be used. as so called “inasters”,
mahogany is preferred. It is more costly than c.p. Teak. has a uniform grain,
and is also easy to curve and shape. Other woods, which may also easy be
used in making patterns, are Sal. shishampine, deodar. and few other
indigenous varieties.

3.3.2 Metal

Metal is used when a large number of castings are desired from a pattern
or when conditions are too sever for wooden patter. Metal patters do not
change their shape when subjected to moist conditions Another advantage of
a metal pattern is freedom from warping in storage. Metal patterns are very
useful in machine moulding because of their accuracy, durability and strength.
Commonly a meal pattern is itself caste from a wooden pattern called master
pattern when metal patterns are to be cast from master patterns, double
shrinkage must be allowed.

Merals used for patterns include cast iron, steel, brass, aluminum, and
white metal.

3.3.2.1 Cast iron:

cast iron is used for some highly specialized types of patterns. It is strong
gives a good smooth mould surface with sharp edges and is resistant to the
abrasive action of the sand. But cast iron patterns rust too much and require a
dry storage area.

3.3.2.2 Brass:

Brass is used in patterns, particularly when metal patterns are small.

Itis strong, does not rust, takes a better surface finish than cast iron, and
s able to withstand the wear of the moulding sand. But brass patterns are
heavier than cast iron. This is why they are restricted to small size patterns.

3323 Aluminium:

Aluminium is probably the best all round metal because it melts at a
relatively Jow temperature, is soft and easy to work, light in weight and resistant

10 corrosion. Aluminium, being rather soft, is liable to be damaged by rough
Uf\age_ v &




3.6 Production Tlechnology

D Quantity of casting to be produced,

’ . - B . o v 1y
i) The size and the complenity of the shape ol the casting 1o be produce|
iy Type of moulding method to be used (ie. hand or machine moulding)

W) Problems assoctated with the moulding operation such as wigy,
drawing the pattern from the mold ete.

V) Other difficulties resulting from poor casting design or pattern desig, f

The different types of patterns commonly used are:

a)  One piece pattern

s N
i "] ?r )\b"
b)  Split pattem - VW ¢

¢)  Loose piece pattern
d)  Match plate pattern

¢) Cope and drag pattern
f)  Sweep pattern

g) Gated pattern

h) Skeleton pattern

1) Segmental pattern

1) Follow boaSrd pattern

3.4.1 One Piece (Solid) Pattern:

1) It is the simplest type of pattern.

i) As the name suggests the pattern is made from one piece and does
not contain loose piece or joints.

i) It 1s in expensive.

iv) Itis used for making new large size simple castings.

v)  One piece pattern is usually made up of wood or metal depending
upon the quantity of castings to be produced.

vi) For making the mold, One piece pattern is accommodated either i

cope or in the drag
vii) One piece pattern molding operations (like cutting runners, gates
and providing riser/risers), being largely manual consume a lot of
time and for this reason one piece pattern is used for producing
small number of castings only.

viit) Stuffing box of steam engine may be cast with the help of one piect
pattern




FIG. 3.1: One piece pattern.

1.4.2: Split Pattern:

Patterns of intricate shaped castings cannot be made in one piece because
of the inherent difficulties associated with the molding operations (e.g.
withdrawing the pattern from the mold ete.) Such patterns are, then, made
as spht or two-piece patterns.

The upper and the lower parts of the split pattern are accommodated in
the cope and drag portions of the mold respectively.

Dowel pins are used for Keeping the alignment between the two parts of
the pattern.

The parting (surface or) line of the pattern forms the parting (surface or)
line of the mold,

Patierns for still more intricate castings are made in more than two pieces
tor facilitating their molding and with drawing.

A pattern having three picce flask for the molding purposes( Fig 3.3)

Castings like those of taps and water stop-cocks are produced with the
help of split pattern shown n Fig 3.2

FIG. 3.2: Split pattern




Vi) Cope and drag pattern are used for producing big castings which as
whole cannot be conveniently handled by moulder alone.
3.4.6: Sweep Pattern; -

1 Sweep pattern can be used for both green and sand molding.

o ACSWeep pattern - ; '
1 A sweep pauern iy Just aform made on a wooden board, which sweeps

the ane s o . ; :
¢ shape of (he casting into the sand all around the circumference. The
SWECP pattern rotates about the PoSL.

1) Onee the mold s ready, sweep pattern and the post can be removed.
V) Sweep pattern avoids the necessity of making a full large circular and
costly three = dimensional pattern

V) Making a sweep pattern saves

_ ‘ a lot of time and labour as compared to
making a full pattern .

Vi) A sweep pattern is preferred for producing large castings of circular
sections and symmetrical shapes,

vil) The manufacture of large kettles of cast iron re

e quires a sweep pattern as
shown in fig. 3.6

H
Post — !
4 ) Sweep
\\1—1
ll—
'._:.'..'-.":‘- ‘-l [ : il i
TR | R
Green .
Sand s wakie

FIG: 3.6: - Sweep pattern

3.4.7: - Gated Pattern: -

(i) Gated pattern are usually made of metal which increases their strength
and reduces, the tendency to warp.
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3438: Skeleton Pattery. .

) A skeleton pattern is the skeleton of a desireq
bend pipe or a chute

shape which may be g § _
or SOmething elge. The
on 4 metal base.

skeleton frame ig mounted
(i) The skeleton 1S ma

de from wooden Strips(fig 3.8)and g thus a wooden
irame work_

i) The skeleton Pattern is filled wigp

sand and jg rammed
(V) A stickle (board) assigtq in giving the desired shape to the sand and
rmoves extry sand.
V1 If the ok

dject s Symmetrical like 4 pipe, of the pipe) can be
Molded by using the same pattern and then (he WO molds can e
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U Skeleton Patterns are employe
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FIG: 3.10: -Follow board pattern

3.5: -Pattern Allowances:

A« discussed earlier, a pattern is always made larger than the required
size of the casting in order to allow for various factors, such as shrinkage,
machining. distortion and rapping etc. The fowling allowances are provided

in a pattern:

3.5.1 Shrinkage Allowance or Contraction Allowance:

.M(M of the metals used in casting work contract during coding from
lfl.r.urmg lemperature to room temperature. This contraction takes place in
'IJ! I;:?:]','l,:[li]\_i’uv.l,:!“?Uid cjogfruflion, solidifying contraction and solid contraction,
dogunte ot : L, Lf).lﬁ[-)LllhtllL:(‘l.by gates and risers afnd the last one by providing

allowances ualso differ. The prominent factors, which influence the

metal ¢ acti ‘ |
tal contraction, are the following:
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3.5.2: Machining or Finishing Allowance:

A casting may require mag hining all over o on cer

,_%n_a_:m upon the assembly conditions and (he ope
such portions or surfaces are marked duly

i specihied portions,
not has to perform
in the working drawings

The corresponding

1o CTm

8: i addi Y OF surtaces o the pattern are given adequate

allowance. 1 addiion to he shrinkage allowance. by increasing the metal
_ _ . :

for the loss of metal due to machining on these

! : owance depends upon the metal of casting
= y - A o ,
method of machiming to be employed, method of casting used. size and shape

of casting and the degree of finish required on the machined portion. Ferrous
metals need more allowance than the non- ferrous metals. Similarly, Jaree
and slander castings need more allowance than the shorter ones \ ¢

(hickness there to compensate
surfaces. The amount of thig

5 < This allowance
varies from 1.5 mm 0 16 mm but 3 mm allowance is quite common for small
and medium size castings,

3.5.3 Draft Allowance or Taper Allowance:

All patterns are given a slight taper on all vertical surfaces. i.e. the surfaces
parallel 1o the direction of their with drawal from the mould. This taper is
known drait or draft allowance, It can be expressed either in degrees or in
terms of linear measures. It is provided on both internal and external surfaces.
The amount of draft on internal surfaces is more than on external surfaces.
The purpose of providing this taper or draft is to facilitate easy withdrawal of
pattern from the mould. The amount of draft varies from 10 mm to 25 mm
per meter on external surfaces and from 40 mm to 70 mm per meter on internal
surfaces. The factors influencing this amount are design of pattern, its vertical
height and method of moulding.

Pattern withdrawing Internal

Fig: 3.11: -Taper Allowance

Fig. 3.11 shows two patterns one with taper allowance and the other
without it It come be visuals that it is easy to draw the pattern having taper
allowance out of the mould without damaging mould walls or edges.



.4: Rapping or Shake Allowance:

When a pattern is to be withdrawn from the mould, it is first rapped
shaken. by striking over it from side to side, so that its surface may be free of
the adjoming sand wall of the mould. As a result of this the size of the moulqg
cavity increases a little and a negative allowance is to be providcdbih”the
pattern to compensate the same and the pattern is made small size than the
casting. However, 1t may be considered negligible for all practical purposes

3

S

in small and medium sized castings.

3.5.5: Distortion or Camber Allowance:

The tendency of distortion is not common in all the castings. Only castings
which have an irregular shape and some such design that the contraction is
not uniform throughout will distort during cooling on account of the setting
up of thermal stresses in them. such an effect can be easily seen in some
dome shaped or U’ shaped castings. To eliminate this defect an opposite
distortion 1s provided in the pattern, so that the effect is neutralized and the

correct casting 1s obtained.

—— TP =D

by s

Required shape Distored Casting Cambered Patterm
of Casting

Fig: 3.12: Distortion in Casting.




Principles of Gating

4.1  Gating System:

The term gating system refers to all the passageways through which the
molten metal passes enter the mould cavity. Since the way in which the liquid
metal enters the mould has a decided influence upon the quality and soundness
of the casting. the different components of a gating system should be carefully
designed and produce. Different components of a gating system of shown in
Fig: 4.1.

Casting

Sprue base

Fig.4.1: Components Of Gating System

4.1.1 Pouring Cup

The molten metal is not directly poured into the mould cavity because it
May cause mould erosion. Molten metal is poured into a pouring cup or basin,
Which acts as a reservoir from which it flows smoothly into the sprue.
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4.2 Production Technology

s

4.1.2 Sprue

Sprue helps in feeding metal to the runner, which in turn reaches the
cavity through the gates. The sprue may have either straight or taper shape,

4.1.3 Spruebase

This is a reservoir for the metal at the bottom of the momentum of the
falling molten metal. The molten metal, as it moves down the sprue, gaing in
velocity, some of which is lost in the sprue base well, and the mould e,_r_%i_(_)_n
is reduced. This molten metal changes direction in the spruce base and flows
into the runner in a more uniform way. '

4.1.4 Runner

Runner is used to take the molten metal from the sprue base and distribyte
it to several single gate, the runner may not be required.

4.1.5: Gate

The gate is a channel, which connects runner with the mould cavity and
through which molten metal flows to fill the mould cavity.

4.1.6: Riser .

A riser is a hole cut or moulded in the cope to permit the molten metal to
rise above the highest point in the casting. The riser serves as a feeder to feed
the molten metal into the main casting to compensate for its shrinkage during
solidification. If the metal does not appear in the riser, it indicates that either

the metal is insufficient to fill the mould cavity or there is some obstruction to
the metal flow between the sprue and the riser.

4.2:  Requirements or F unctions of the Gating System:@

A Gating system should,

—

Fill the mould cavity — completely before freezing;

2. Introduce the liquid metal into the
little turbulence, so that mold erosior
prevented.

mold cavity with lqw velocit}\'_iin_d
. . . —— q
1, metal oxidation amd gas pickup P

-_—

3. Help to promote lemperature o

. 1

. . - S0[1dil
radients favourable for proper directiod

sohdification.,



7.2v.//()entrifugal Casting Methods :-

Several Centrifugal casting techniques are in common use and are usually
classified as.

I. True centrifugal casting

(]

- Semi — centrifugal casting

s

- Centrifuge casting

7.2.1 True Centrifugal Casting :

L True centrifugal castings are of straight uniform inner diameter and are

Produced by spinning the mold about its own axis. either vertically or
horizontally |

fl hey have more or less a symmetrical configuration (round, square,
‘“xdagonal etc.) on their outer contour and do not need any center core.

e S
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A mold is mode to rotate on its own axis at a speed such thiy
thrown to the outer surface of the mold ¢y,

a hollow cylinder (Fig 7.7). The Cyl

3. A ceylindn
the metal being poured is
Thy metal Solidifies in the form of

inder wall thickness s controlled by the amount of hguid metal PO
Metal 1

L~ Casting

r 4

e
i
& ha

N 77774

\.;:/']

Ll
i

lil|l||
Jrevena

VI IITITTIIT S

227227
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Fig 7.7 True centrifugal casting

4. Casting cools and solidifies from outside toward the axis of rotation,
thereby providing conditions which setup directional solidification to
produce castings free from Shrinkage.

5. True centrifugal castings may be produced in metal or sandlined molds,
depending largely upon the quantity desired.

7.2.1.1 The Delavaud Process

a.  Metal molds prove to be economical when larger quantities of castings
are required to be produced

b.  De lavaud process makes use of metal molds.

c.  Figure 7.8 shows the essentials of de Lavaud casting process.

d.  The de lavaud casting machine contains an accurately machined metal
mold (die), entirely surrounded by cooling water

e.  The machine is mounted on wheels and it can be moved length wise on
a slightly inclined track.

f. At one and of the track there is a ladle containing proper quantity of
liquid metal which flows though a long pouring spout initially inserted
to the for extremity of the mold.

g. As pouring proceeds the rotating mold i.e., the casting machine is moved
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slowly down the track ¢o th
length of the mold w
by synchronising th
n-muion.

at the mety] i laid progressively along the
all following control being achieved

mold travel ang speed of mold

a helical path;
¢ rate of Pouring,

After completion of the Pouring,

the machine will be
its track with the mold rot

ating continuously til] (he
The pipe. after it has sohidified
mserting a pipe pulle

at the lower end of
Pipe has solidified
acted from the met
as it is pulled,

. 1S extr

al mold by
r which expands

Long pouring

Metal mold
3 3
oMt (Die) Water jacker
: /
E y ¥ |
1/}':’///1//{{[/}!/
Pipe being
[‘— cast

al=);

.«1f///f////fl/f/ff///lff_/—

Fig: 7.8 De Lavaud casting machine.

Advantages of trye centrifugal Casting :
Relatively lighter impurities within the
oxides and gas float more quickly tow
where they can be easily machined out t

liquid metal such as sand, slag,
ards the centre of rotation from
hereby giving clean mety] casting.

Except with castings having greater

wall thickness, there is proper direc-
tonal solidification from outside (

surface) towards inwards of the casting.

There is ng need of a central core to make a pipe or tube.
Gating system is not required; this raises casting yield as high as 100%
In certain cases

True centrifugal casting may be adopted for mass production,

1.2.1.3 Disadvantages

L.
2,

>

True centrifugal casting is limited to certain shapes
Equipment costs are high.
Sk

illed workers are required for operation and maintenance

B
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and concentric with the
5. Spmning speeds pee
T castings. A line
of the casting

asis of rotation
S need NOt be ag fj
ar speed of (he
S generally reCommende
6. Directional Solidification ¢an be oby
ing padding and selective chilling.
7. Casting shapes, more complicate
gal casting can be myge

gh as those used for true centrifyo:
order of 180-2() i “E;t!

Impm at the outsjde ec

amned by proper gating of the cast-

‘ d than those sutable for (rye centrifu-
on Semi-centrifugal casting machines.
A number of mo

o0

Ids stacked together,
common central sprye
time.

one over the o

: ther can be fed by a
morder to produce

more than one casting at a

7.2.2.1 Advantages :-

I. Semi - centrifugal castip

. & ensures purity and density at the extremities
of a casting such as a ¢

st wheel or pulley,

Since the poorer structure forms

_ ( ture. IS at the center of the Casting, it can be
readily machined out if it ig objectionable

Y

7.2.2.2 Applicati®ns :

Disk shaped parts : wheels rings, rollers

» pulleys, flywheels, gear blanks,
Turbosupercharger diaphragm d

isks and steel railroad wheels etc.
7.2.3 Centrifuge Casting : -

Parts not symmetrical about any axis of rotation may be cast in a group
of molds arranged in a circle (Fig 7.10) to ba_lance each other. The axis
of mold and that of rotation do not coincide with each other. The setup is

revolved around the center of the circle to induce pressure on the metal
in the molds.

2. Casting shape imposes no special limitations in this process and an al-
most unlimited variety of smaller shape can be cast.

3. Mold cavities are fed by a central sprue under the action of centrifugal

forces. _
*. When castings in multiple layers one above the other are Pmd?ﬁgir:n
one mold, the method is called stack molding. It is use(‘lki_qr Pd“’l widg
valve bodies, valve bonnets, plugs, yokes, pillow IbIUL § and «
variety of other industrial castings in large quantities.
?.253

-I Product applications :
ieal © Valve ies s, valve
Products may be irregular or non-symmetrical : V;l]\t.' bt)dlﬁh- Plligt: B
\ g ) A ally cast by spin-
hﬂnnem pillow blocks and jokes etc. Jewelery 1s LLI’]IT]leg‘! y cas f) p[h
= . . . th _ i . e e
MNg the investment moulding during pouring centrifugal force transfers
"etal and ansures good mould filling.



7. 10 Production Technology

O e Central
Sprue

Core Central sprue

A AR R ARV RN
Y2227

AT TP T T I T L

Fig 7.10 Centrifuge casting

7.2.4 Advantages of centrifugal casting methods :-

Different centrifugal casting methods are used in order to

1.

(ES]

jlt:»w

wn

Obtain castings of better quality
Produce castings more economically
Cast parts, which cannot be satisfactorily produced by other methods.

Achieve high casting yield as centrifugal casting seldom requires feed
heads. Other advantages associated with centrifugal casting methods ar¢

Feuling and cleaning costs are considerably reduced

Centrifugal casting produces denser castings which possess phy‘a’iC"l
properties comparable with those of forgings.

Centrifugal casting, in some metals, improves tensile strength becaus¢
of the resultant increased homogeneity and density.
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g Instead of having flow Jines

S parallel 1o the lines of force as in conven-
rllt no flow lines in centrifugal castings and
idicular 1o the gear tooth line of force, "

ctions or fine outside surf

tional gear casting, (here
grain structure runs perpe
g Castmgs with thin se

pl'(ldllk'k‘li ace detarls can be readily

10. The pereentage of rejects i very low

11. Directional solidification can be achieved
12. Itis sn:.nlal‘ "~ nspect the castings because defects if any will occur on
the surface and not inside the castings other advantages and applica-

tions have been listed under individual centrifugal casting methods

7.3 /Dic caslingv/"

Die casting machines perform the following functions:

| Holding two die halves firmly together
2. Closing the die

In jecting molten metal into die

Cald

4. Opening the die

5. Ejecting the casting out of the die

Die casting machines are of two types

a. .~ Hot chamber die casting machines

b.  Cold chamber die casting machines.

7.3.1. Hot Chamber Die Casting :

I.In hot chamber die casting machines, the melting unit is in the machine
itself that is why it is called hot chamber die casting machine.

2. The molten metal possesses normal amount of superheat and therefore
less pressure is needed to force the liquid metal into die.

In this machine the goose neck type container always remains immersed in
the metal pot. The molten metal from the container is forced inside the die
with the help of a plunger submerged in the molten metal and operates hy-l
draulically when the plunger moves up, the molten .metul comes up qnd fills
the cylinder and when the plunger moves down, the metal is forced into lh{e
die. The movable die platen is synchronized such that when plunger 1s mov-

ing up, the movable die platen moves away and the casting 13 removed.



Moving  Die Fixed platen
platen halves
,i -—A—- r’ﬂydmculic clamp

i Tie-bar

7

N
T@ @ Casting cavity

7

Vfqu/// _

Goose neck

Charging door

77727

Piston

N

Ejectorrod  Core rod
X NZ
Molten metg]
Intel port
Furnace crucible _
cylinder

Fig 7.11 Goose neck Submerged plunger Type Hot Chamber Die Casting Maching,

7.3.2. Cold Chamber Die Casting :-

In these machines, the metal is melted separately in a furnace and transferred
to these by means of small hand ladle. After closing the die, the molten metal
s forced into the die cavity by a hydraulically operated plunger and pressure
is mainted till solidification. These machines can either have vertical plunger
or horizontal plunger for forcing molten metal into die. These machines are

widely used for casting a good number of aluminium alloys and brasses

Die Core Die
/ N < /!LLadlc
N

{

N
7 \\\
= =
7
/! V7R TJE “f
E- b I =
JCFW R . Rum
pin 724 N  Cylinder
Core

Fig 7.12 Cold Chamber die casting Machine
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. Advantages of Die Casting .
133/

1 requires less floor space

I

Die casting provides for precision m
juction in machining cost,

ut

|
i

anutacture with subsequent re-

Thin sections of the compley shape

——

are possible
High pmduction rate

Greater surface finish
jnserts can be easily cast in place
. Dic castings are less defective than sang casting

. The increased soundness and reduction of defects provides increased
yield.

The labour cast involved is less

0. Threads and other fine surface details can pe easily obtained
1. A number of nonferrous alloys can be die cagt

12 The die has a long life. It is possible to

produce 1,00.000 castings in
case of zinc base alloys

and 75,000 castings in case of copper base
alloys.

734. Limitations of Die Casting :-

The cost of die and equipment is high
The life of die decreases rapidly it metal temperature is high

Femous alloys are not cast and moreover g limited number of nonferrous
alloys can be economically die-cast.

ha N . v I
The size of the casting 1s limited.

* The ir in the die cavity gets trapped inside the casting and creates po-
rosity,
b, ¢

Pecial skill s required for maintenance and supervision of die

Hi'L‘ 1 . , 2 . : . . -
5 imum economic quantity for die casting is around 20,000

Dig pacy: ‘ ) . ..
~ling technique requires comparatively a longer period of time for

T8 g Production (Set up time, prcpuralion time)

M Cases, dies may produce an undesirable chilling effect on the

Bling
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7.3.5 Applications of D

l

L]

7.4

i*r

“ Die casting process has

jectors, Radio. Binocular, Camera

. » s T <]y _' s TeaY
Productior Technolok,

ie Casting :
for many non-ferrous metals ang 2

been used .
lead and tin.

copper. ma gnesium.

loys such as zinc. Aluminiun.

Automobile parts
Marine uses
Domestic appliances
Instruments

Parts of the refrigerators, washing machines. television, typewriters, Pre.

Lead base alloys are used in radiation shielding, battery parts. light dun

bearings etc.

Investment Mould Casting :

7 4.1 Procedural steps in the Investment casting process :-

= 4.1.1 Producing a die for marking wax patterns :-

1.

2

7.4.1.3 Precoating the pattern assembly :-

L

1g cavities In tWo Or more matching

Dies may be made either by machinir
point alloy around a (met

blocks of steel or by casting a low melting
master pattern.

For long production runs, steel dies are most satisfactory. They are m
chined from the solid blocks by die in sinking and are assembled in e
tool room. The dies thus formed achieve the highest standard of acct:
racy and have considerable longer life.

.4.12 Making of expendable patterns and gating System :-

Wax patterns are produced using wax-injection machines wax at 13

170°F is injected into the die (halves camped in position) at a pressér
raging from 7 to 70kg/cm? [Shown in Fig 7.13(a)]

Small shallow vents cut in the parting surface of the die provide 8

equate venting.
Gates and sprues are formed in the same manner as the wax patterns &
are attached to the pattern assembly. Shown in Fig 7.13(b).

W

.

Thei¥ax pattern assembly is dipped into a slurry of a refractory coati

material
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y [ntroduction :-

pefore pouriﬂg mt(.) e S e _mCtal Lo be cast should be ip, the molte
quid State- This is done by melting the metal in 4 furnace. Quali fn e
" asting is greatly influenced by the molten meg] - Quality of the

state varjet|

cnal ¢ ) . neties of furnaces
si1able for melting the material. Few are

e a\aﬂabl g of then are Cupola furnace and

pen-hearth furnace. The selection O_f A particular type of furnace depends
joon the amount and type of ma.terlal to be melted. For example cupola
(ynace 18 used for meltlng cast iron and open-hearth furnace is used for
heiilﬂ?‘ steel. The cupola furnace is the oldest and most basic furnace. for
melting iron

M‘ith(’ds of Melting

g2, Crucible Furnace :

T T

4 crucible furnace is very convenient for small foundries where the operation
« mtermittent and a variety of alloys are handled in small quantities. The
metal to be melted is put in a heated crucible, which acts as a melting pot. The
- crucible is made of clay and graphite by moulding these materials into a
- wundard shape and it is produced in sizes from number 1 to 400. The crucible
number represents its approximate melting capacity in kg of copper. The
cepacity of a crucible for other metals may be determined by multiplying
with the ratio of densities. The fuel used for heating the metal may be coke, oil, or gas.

821 Coke - Fired Furnace :

. The coke - fired furnaced is commonly used for melting non-ferrous metals.
'Uh & brass, bronze and aluminium, owing to its low cost of installation,
O fuel cost, and case in operation, Generally this furnace is installed in a in
flt "‘i”d %0 1s reffered to as the pit type. (Fig 8.1). The furnace has a cylindrical
'-.u'neh Zheil lined on the inner side with fefractory bricks c!osed at the bottom

kg irate al-nd cgvered at the top wnh a removab!e lid. The metal to be

> tontained in the crucible, which is embedded in burning coke.

i e s ' I

B




G £ Foduclion JeCninuiugy

Preparation of the furnace involves kindling deep bed of coke from the top
is removed and the crucible is lowered into the furnace. The. coke is agaip
added on all sides of the crucible. The metal is then charged in lhe Cl’l{cib[e
and the lid is replaced to facilitate the chimney draft. It forced draft is availabje
from a blower. it is used to help in rapid combustion of the coke.-When the
metal reaches the desired temperature, the crucible is drawn out with specig)
long-handled tongs and carried away for pouring

Rafractory Cradh
S i rucible  crhimne
brick lining ~ 1d y
Floor gate
38 i
¥ Air from
$- |1} blower

Fig 8.1: Pit type coke - fired crucible furnace

-

8.2.2 Oil -And gas — Fired Furnace :-

Some furnaces (Fig 8.2) make use of oil or gas as fuel for heating the crucible.
The furnace is cylindrical in shape and. the flame produced by the combustion

of oil or gas with air is allowed to sweep around the crucible and uniformly
heat it.

Top lid

Lid bracket

/77
Tom spout

emergency Airblast

Blower Tilting hand wheel

Fig : 8.2 Oil - Fired Tilting type crucible furnace
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mised fuel oil is fed through a manifold It enters the furnace

Gas 0 _3“1 where it ignites and swirls upwards between the crucible and the
angen ;ﬂ.])]iniﬂg' The metal is charged through the opening in the centre f?f
stof Modern oil — and gas — fired furnaces are equipped for automatic

e, they produce a neutral flame by regulating the fuel and air
\pﬂiionlng'

: 1s also controlled thermostatically.
. The temperature 1s al h
ratt0-

. _ and gas — fired furnaces are generally the tilting or the bale — out
Ly iling type of furnace is raised above floor level, mounted on two
nd The'm'[‘l‘l;g""““‘ed by means of a geared hand wheel. The lilting gear is
];NJES{:{I'& : o designed that the furnace tilts on a central axis. The bale — out
i on Sfurnacc is fixed, but, unlike the pit type, is installed on the floor.
" hfe;ag:;;g the molten metal the crucible has to be lifted out of the furnace
E‘:Irhc:he help of tongs.

§.2.2.1Advantages of Oil — And gas - Fired Furnace :-

0

There is no wastage of fuel : no sooner is the metal ready than the
supply of oil or gas can be stopped. The fuel supply can also be regulated
while working to suit the requirements.

The output in a given times is greater due to higher efficiency

i Better temperature control can be maintained

W, Less contamination of metal takes place.
Saving in floor space is achieved

As stoking is not required labour cost is reduced.

523 Open - Hearth Furnace :-

( .
JPen — hearth furnace,

€0 used in the casting

'Ton direct for Casting, L
are — :

in small sizes in the heigh bourhood of 25 tons, have
industry for melting steel or

producing steel from pig
ately however, these have be

B i o e e o Dy
v —-—-—-—--—-————-_._

en superseded by electric
I""r’“.L:-'r’mliﬁ;sir:{:e ftirna(ic may have bus:ic or .uci.d !ining, dcpv.‘[.lding on lht?
= long With stee) .U_de' The ‘ctmrgc consists ol pig iron in varyimg amounts
Serap and limestone.
I'h Obe
dnd irljj:::igcili;:}m}‘Pl"“t:chs 15 based on the regene rative principle of heating
P_r"'hcuting u"c ])ll‘l’f“”'g‘\’cf}’ high temperatures, as required for steel, by
X ¢ hegpy, of ”E‘fbguuh fuel and air by the outgoing products of combustion.
s, - ¢ furnace, (Fig 8.3) 8.4. shallow — about 13m long, Sm wide
U eagy, @ P and mye of suitable refactory material, It has gas and airports
Wit i vand rwo pair

. S of regenerators one for gas and the other for air,
Sary flupc il L
Y flues ang the chimney
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8. 06 Production =

Chimney

I-Ict'r'.lcmrylining I

Air Fla]‘na Q]l

4

T

qff}-ff? !

Hurﬂcr A!r

Motor
Drive rollers *
Exhaust Sheft

Fig:8.5: Oil/Gas Fired Rotary Furnace

8.3. Cupola
Cast iron produced in a cu
The cost of melting is low

pola possesses the following advantages :

®

% The control chemical composition is better.

% Temperature control is easier

%  Melter metals can be tapped from the cupola at regular interved
% It consumes the easily available and less expensive fuels.

The main advantages of cupol
2.81 carbon in this furnace.
below 2.71 carbon) the duplex process is employed.

8.3.1 Description of a cupola

1. Shell Shell is a vertical and cylindrical in shap
to 12 mm thick and lined inside with acid revocatory

Refectory bricks and clay used for cupola lining consis
(Sio,) gnd Alumina (A7,0,). Cupola diameter varies fro
and height is 3 to 5 times the diameter.

Foundation : The shell is mounted either on a bric

ts of silicon

a is that it is not possible to produce iron below
So for producing white cast iron (containing

e. It is made with sheet b
bricks wrd.~lay

ac

m | to 2 mete

k works foundation

2.
ists of a drop bot’

on steel columns. The bottom of the shell cons

works door, through which consisting of coke slag etc. can be discha’

at the end of a melting.

Eget[%r:]wded at the height of between 0.6 to 1.2 meters above the wc

ers : Air for combustion of fuel is delivered through the tuyers v

O
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pelt : The air 18 dehvered to the tuyers from

“'U}dpl (e duct mounted on the outer shell of (he
16

a wind belt which is 4
cupola.

1 pressure fan or blower supplie
omer s A high p pplie

s the air 10 the wind belt
£ last PlpL
. 1Ll"h d h

Spark arrester

LA
Stack A
Charging dQor A
LA
Charging platform 500°C d
A
Pre heating zone :

LA
s ’
s A
é v
W 700°C £
: A
LA
9 g
A >
LA A
> 800°C B

LA
’ g
A 1000°C A
d -
" " 2
A Melting zone ¥
Wi box—r’/ 200C | g
Coke bed - T g
Heigh RCd“C“"" m"e he
Tuyers = 13500(3 :
Slag spout — OmcLllUn_j »
L1
Wn." 11

IS-IIU'C S~
l ’ILl[J spoul
Hinged door ‘)
L SUPPOI le g o Open

Fig:8.6:Cupola
| .low the centres of the
,\'-f‘&!!u_lt It is located at a level about 250mm below the

RA LY [T used 10 remove lht. slag.

. uvers through
Darp " above the tuye
4 '“L Hole : It is \.m,m,d (o 6 metros i

rnace.
ole, metal, coke and flux are fed in to the fu




R . 4

4
NN IWnMrﬁnn!hhnnhwv
stack : The shell is usually continued for 4.5 melers 1o
y . - !
form a chimney.

8 Chimney 0F
he ¢h

meters above | arging hole to

8.3.2 Zones in a cupola.
pola is decided into the following zones
It 1s between top of the sand bed and bottom of the tuyer.

also called the ‘well’. :

accumulates here. It is

< 1t is situated pormally 150 to 300mm abgye

tion or Oxidizing Zone
Heat is evolved in this zone because of the followiny

The entire section of the ¢u

Crucible Zone :

The molten metal

the top of the tuyers.
oxidation reactions.

C+0, —CO, + Heat
Si+0, Si0, + Heat
2Mn + O, = 2Mno + Heat

Fe+O — FeO + Heat

..
of the combustion zone and extends up to the

This zone starts from the top
his zone, the reduction of Co, + CO Occurs and

top of the coke bed. In t
temperature drops to about 1200°C.

CO, + C (Coke} —™ 2CO - Heat.

Melting Zone :
The zone starts from the top of the coke bed and extends up to a height of
900mm. The temperature in this zone is highest approx. equal to 1600°C.

3Fe +2 CO — Fe,C + CO,

nds up to the Charging door

It starts from the top of the melting zone and exte
Charging materials are fed in this zone and get preheated.

Stack zone :
It starts from the Char_ging zone and extends up to the top of the cupold The
gases generated within the futurnace are carried to the atmosphere by "

zone.

e
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Cupold Operation
3.3 e s o e
5 brej),ii.l.'-il,tl/'Ln__‘Jl_ (._:!l_[_n_._.nl_‘_t : Clean out the slag and repair the d.
B with the mixture of fire clay and - ne damaged
i n o b ]

thica sand. Aft
Limehy | ! Alter this bottom
400 are raiscd and hnllmp sand s introduced. The surface of 1} o
o o = sloped from all directions toward the tap hole. S) ihbeptol.,
Ll s - ) ‘

4 to remove the slag ag hole 1 also

T.\'_"”ﬂc

ne toyers. Air blast at a slower rate is turened on. After having red spots
- - . - - > " r o ' .
wer the fuel bed. extra coke 15 added to the predetermined lensth

Wg‘_ﬁ;umlu After proper burning alternate layers of pig iron.
coke and flux (limestone) are charged from the charging door until the
cupola 1s full. Steel scrap is also added to control the chemical
:amposition. Flux will be added to prevent the oxidation as well as 0
emove the impurities ( Flux is 2 to 3% of metel charge by weight).

. oaking of Iron : After the furnace is charged fully the charge gets
<Jowly heated up since the air blast is kept. Shut for about 43 minutes,
ihis causes the iron to get soaked.

4
Firinjlll!ﬁ-ﬂ_“ll‘.ﬂi‘- 1 A hire of kindhing wood i ignited on the sand bottomn
, it : _ : - €S Ot omn
. fer proper burning of wood. Coke is added to a level slightly above

< QOpening of Air Blast : At the end of Soaking period. the air blast is
opened. Tape hole is closed to accumulate the Sufficient amount of metel.
The rate of charging should be equal to the rate of melting so that the
furnace remains full.

84. Steel Melting in foundry

E“mn and alloy steels are used extensively for casting components subjegled
;e;f"‘_‘:re working conditions involving high tensile loads corrosion ‘u‘_br'.l?lﬂﬂ‘
I well as impact creep and fatigue SITESSES. Cast steels dltter__tr_om
ngm steels used in rolling forging etc. in their wider ranges of composiuon.
1“:pl‘ff'E’furmeS and higher casting temperature. In addition. dl-lc 1w :h;t\t-]l:;:;
nmc;allmtmn hgndlcd in foundries. Cureiul_ ,,egregauouﬂund L‘omm i
s (comprising foundry - returns) is qeeded. Generally, the S1Z¢

Melting . n .. the

b : | ‘ > 1T ‘ 20 tons, 1

Mosy o nits used for making cast stéels range from 100kg to - h 1
ferred melung untis

Co : . T .
ee] £, Mmon range being 500kg to 5000kg. The pre : _ . GHeN
Core le}undrep‘S are three-phases direct are furnaces and medium hlilh_“e-qltl,btn;
2 . . Rt = 2 A =
‘_ﬂundria 'nduction furnace. Smaller sizes furnaces are more _.\mmb:: e qlcgl
Y Whereac ' ) B y nunt-s
Piamg_ hereas larger furnace (above 10 tons) are Pfet“'ed



Fixed platen

Moving  Di¢
sJlate halves .
) - 1 Hydrucullc clamp
Tie-bar
1 % Casting cavity
= Goose neck Charging door
Piston
”
A
2l8
/4 L] S
e % &
Py
Ejector rod  Core rod V/ /
% / é Molten metal
/ Intel port
Furnace crucible .
cylinder
ber Die Casting Machine.

Fig 7.1 Goose.neck Submerged plunger Type Hot Cham

7.3.2. Cold Chamber Die Casting :-
s the metal is melted separately in a furnace and transferred
10 these by means of small hand ladle. After closing the die. the molten metal

is forced into the die cavity by a hydraulically operated plunger and pressure
| solidification. These machines can either have vertical plunger
for forcing molten metal into die. These machines are

f aluminium alloys and brasses

In these machine

is mainted il

or horizontal plunger

widely used for casting a good number 0
te

Ejector
pin

Fig 7.12 Cold Chamber die casting Machine
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7313 Advantages of Die (.‘astin;j .
| i. I-L‘L]lli['t‘h‘ less floor space
Die casting provides for pre

‘ i CIS100 manufacture with
Juction 1n machining cost.

a subsequent re-

Thin sections of the complex shape are possible
High production rate

Greater surface finish

Inserts can be easily cast in place

- Die castings are less defective than sand casting

The increased soundness and reduction of defects provides increased
yield.

o The labour cast involved is less

r

j0. Threads and other fine surface details can be easily obtained

11. A number of nonferrous alloys can be die cast

12. The di? h"JS a long life. It is possible to produce 1,00.000 castings in
case of zinc base alloys and 75,000 castings in case of copper base

alloys.

7.34. Limitations of Die Casting :-
The cost of die and equipment is high
- The life of die decreases rapidly it metal tempefature is high

Ferrous alloys are not cast and moreover a limited number of nonferrous
alloys can be economically die-cast.

= The size of the casting 1s limited.

T AU . . H 3 1
Hic air in the die cavity gets trapped inside the casting and creates po-
rosity.

S pete 13 1 H 1 18] .
pecial skill is required for maintenance and supervision of die
he minimum economic quantity for die casting is around 20,000

Die cqcr: , - i ' '
,.L “asting technique requires comparatively a longer period of time for
=N o production (Set up time, preparation time)

1
In oppras . ; il fec
. Ui cases, dies may produce an undesirable chilling effect on the

Y€ casting



7.3.5 Applications of Die Casting :

i

Die casting process has been used for many non-ferrous meg

als ang .
: 5 ! ¢ L al.
loys such as zinc, Aluminium, copper, magnesium, lead ang

tin.
Automobile parts

3. Marine uses

4. Domestic appliances

5. Instruments

6. Parts of the refrigerators, washing machines, television, typewriters, Pre, |
jectors, Radio, Binocular, Camera '

7. Lead base alloys are used in radiation shielding, battery parts, light d,_”‘_j
bearings etc.

7.4 Investment Mould Casting : |

7.4.1 Procedural steps in the Investment casting process :-

7.4.1.1 Producing a die for marking wax patterns :- E

.

)

Dies may be made either by machining cavities in two or more matchip, #
blocks of steel or by casting a low melting point alloy around g (metg], |
master pattern. |

For long production runs, steel dies are most satisfactory. They are m; |
chined from the solid blocks by die in sinking and are assembled in the
tool room. The dies thus formed achieve the highest standard of acey- |
racy and have considerable longer life. |

7.4.12 Making of expendable patterns and gating System :-

1

r2

Wax patterns are produced using wax-injection machines wax at 150
I70°F is injected into the die (halves camped in position) at a pressuz
raging from 7 to  70kg/cm? [Shown in Fig 7.13(a)] \

,
Small shallow vents cut in the parting surface of the die provide aéf
equate venting,

Gates and sprues are formed in the same manner as the wax patterns &%
are attached to the pattern assembly. Shown in Fig 7.13(b).

7.4.1.3 Precoating the pattern assembly :-

1.

Thevax pattern assemb]

O . o '[ll_l:
, y 15 dipped into a slurry of a refractory cod"
material a

I3

)
il



7.4.14 Investing the wax pattern asse
| [Shown in Fig, 7.13 (d))]

| I'he percoated wax pattern

mbly for the Production of molds

assembly is then invested in the mold,

o Investment molds may be formed by either solid molding or shell molding.

7.4.1.5Removing wax pattern from the investment mold

[Shown in Fig. 7.13 (e)]

Solid molds are placed upside down in the progressive furnaces

First of all the wax pattern i1s melted and the wax 1s drained from the mold.

As the mold progresses thrnugh the furnace,

it experiences high tempera-
res and gets cured in about 16 hours.

The oven which melts wax is kept at
the curing or burn out oven works at
1900°F.

a temperature of 200 to 400°F whereas
4 temperature of the order of 1300 to

7.4.1.6 Pouring metals into the molds [Shown in Fig. 7.13 ()]

The metal should be poured may be melted

in a careless induction or some
other furnace and brought in small ladles to t

he preheated molds for pouring.

Molds are preheated (before getting poured) to about 1900°F depending upon

the metal to be poured.

7.4.1.7Removal of casting :-

After they are solidified, the castings are removed from the mold.

7.4.1.8 Cleaning,
E

Finishing and Inspection

ach casting s Separated from the assembly and the gates etc. are removed
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Fig : 7.13 Steps involved In Making an Investmeont casting

Wax imnjected mto die to make pattern
Patterns have been pated (o central sprue,
Placing metal flask around the pattern assembly,
Investing the wax pattern assembly,

Removing wax pattern from mvestment mold.
Pouring molten metal into the mold,

Removing casting from the mold by breaking mold material



4.2 Advantages of Investment Cagqjn, .-

Castings made by investment castin

= excellent details

B Process, posses
a)
p) smoother surfaces (rangin

g from |5¢
square), and 0o 2

250 miro MM root-mean

) close tolerance (of £0.03mm per mm)

Castings do not contain any disfiguring parting line

As a resuli._same machining operations ¢an be eliminate
taining considerable saving in cost. h

L)

LY
-

d thereby at-

4. [Intricate shapes can be cast

Tn

[rregular parts which cannot be machined or difficult 1o machine alloys
may be cast be investment casting process. '

¢. Sections as thin as 0.75mm may be cast.

7. Since molten metal is poured in preheated molds. The resultant cooling
rate thus being slow, produces large grain size as well as sounder znd
denser castings.

§. With suitable heat treatment, the investment castings attain physical prop-
erties comparable to those of forged or rolled sections of same metal.

74.3. Disadvantages :-

I. Production of wax patterns and then investment molds etc.. make the
process relatively expensive as compared with other casting processes.

r2

Size limitation of the component part to be cast. Majority of castings
produced weigh less than 0.5kg.
3. Pattern is expendable:; one wax pattern is required to make on invest-
o i L
ment casting™
4.

3,

Process is relatively slow.

The use of cores makes the process more difficult.
to produce intricate shapes

'Thc cconomic value of this process lies in its ability _
d at all by any othercasung

mhn var . e
Yanous alloys that could probably not be produce
prnL‘t‘g‘\_

1, '
| 4. Applications :-

To fabricate difficult - to machine and difficult -
highty complex shapes such as hollow turbine blades.

—
o~

A}

(o - work alloys ntt



Parts for sewing machines, locks, rifles, beer barrels and burner nozzleg -

3. Impellers and other pump.und vai et g
nonferrous alloys, wave guides die-inserts and p

Milling cutters and other types of tools.

ro

Ive components in stainless steel and
arts for gun mechanisig

In dentistry and surgical implants.
For making jewellery and art castings. )

Parts of gas turbine used in locomotive propulsion.

e = B =N

Corrosion resistant and wear resistant alloy parts used in diesel engines
textile cutting machines, motion picture projectors, pulverizing equip.
ments and chemical industry equipments.

9. Jet aircraft engine (Jet) outlet nozzles

10. Buckets for supercharges

fo——

11. Parts produced from stellite, Vitallium etc. for use in automotive and
aircraft industries and for plastic molding dies, extrusion and drawing

dies, refrigerators and power plants.

r—w

7.5 Shell Moulding :-

Shell moulding process is also known as corning process or C-process. Shell
moulding replaces conventionals sand moulds by shell moulds made up of L
relatively thin (only 0.3mm to 0.6mm thick) rigid shells of approximately
uniform wall thickness. Shell moulds are made up of mixture of dry silica F
sand and phenolic resins that are formed into thin half mould shells, which
are held with clamps or adhesives for pouring.

The different steps involved in shell moulding are shown in !

Metal pattern

N /Dumpbux
— .
Ejectdr pins (@) Sand-resin
@ mixure (D) 2
Shyll Riser
I ! Sprue
-
(d) €  Mouldcality (O

Fig. 7.14 : Shell moulding process :




Spectal Casting py,, evey 7 |y

[l\e PrOCENS Consisty of henting o metul pattern o 200-25(/'¢

Ll then the moh‘l_l pattern iy rned down gy clamped over (he
e dump box “"H 7‘]“4“‘” Hlled with vang-resin mixture,
N 18 verted as l" “"“ T'M["”- SO that (he (Il'y sand-resin
(he melal pattern. Flw sand - resin Mixture whe
hcmml pattern, softens an luses 10 lorm
airface of the pattern, Heay, iy causes re
.l““mi heat hardens 1t This Proce
qump box s turned ove

IFig 7,144,
open end of
Then the dumy,
mixture falls o
hcomes in contact with the
4 8ol and uniform shel| on the

8N 1o become sticky; then
S8 Tinished within 30 ye

CEgain ay iy Fig 7.14(d) und the e
minture falls back leaving y ghell adhering cloge|

<hell are then heated in ap oven at 300"

|1‘"““ch from the pattern with the hclp of ejector pins as shown in }-'ig 714

(). A completo mould is mude ip WO or more pieces that are assembled
f ogether as illustrated in Fig 7,14(f) Now the molten meta is poured into the cavity

Using the shell mould casting Process, castings having good surface finish
and dimensional accuracy can be produc

ual investment and is limited (o the g i

add)
conds. Now, the
Xeess sand -resin
y 1o the pattern. Pattern and
“for one minute and then shell is

7.5.1 Advantages :-

& .
. Castings as thin as 1.5mm and of high definition can be cast satisfac-
i’ torily.
1 2. Since shell is an excellent heat insulator, there is o surface chilling or
skin hardening of casting
’ 3 Cooling rate of cast metal being flow castings possess grain sizes larger
than those obtained in green sand moulds,
4. Shell mold made castings possess excellent surface finish.
3. Shell molding faithfully reproduces with sharp clean edges thereby
| machining unnecessary.
i 6. Tolerances of the order of 0.002 to 0.003mm per mm are possible to
» obtain in shell mold castings.
y ;
T Less foundry space is required for shell molding.
8. Semiskilled operators can handle the process
9. Shells can be stored for a long time before use
10. Shen molding can be mechanised
§ 9

Shells possess permeabilities higher than other types of molds.

b



7.5.2 Disadvantages :

rJ

Shell molding is uneconomical on small scale production.

Resin costs are comparatively high.

The maximum size of the casting is limited by the maximum size of the
shell which can be feasiloly produced and poured. Castings weighing

upto 10kg may be cast by shell molding.

The comparatively small amount of break down sand from shell molds
is not normally economically recoverable.

Low carbon steels castings made by shell molding may show depres-

sions on their upper surface,

7.5.3 Applications

1.

ta

Shell molding is ideal for mass production of small castings wher'e the
degree of intricacy causes high rejection rates in green sand molding.

For casting automotive rocker arms and values,
Shell molding is suited to ferrous and nonferrous alloy castings in the

range 0.1 to 10kg
A number of small hydraulic castings in stainless steel and copper alloys

are produced by shell molding.

Other components cast by shell molding are small pipes, camshafts,

bushings, valve bodies, spacers, brackets, manifolds, bearing caps, shafts

and gears.

Vzlu-i‘uus alloys which can be satisfactorily cast by shell molding are alu-
minium alloys, copper alloys [including brasses, phosphor bronze and
gum metal], cag{ irons [gray and especially malleable] stainless steels etc.
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Methads of Melting 8 )

Aromised fuel o) : _

Gas ¢! ato - _l 18 fed thraugh manifold. It enters the furnace
centally where atignites and qwip upward ' s
! Ward«y
orory liming. The metal js oy

Ji
nead Modern ol — and g,
‘.,“'nmlu!, ”'lf‘y produce N

e temperature s algg

(ang between the crucihle and the
arged through the
fired furnae 4
utral flame hy 1

tontrolleg the rmost

et apening in the centre of

ht

PIHP

are equnpped for automatic

cgulating the fuel and air

abically

and gas - hred furnacey 40
R ing type ol furnace i

I hie Illlllll “):l <ride mace g floor level mounted on tWe

X mh‘“l“ll' TR y means of a geareq hand wheel

. { ynanly s designed that the fyn, '

usit R R

‘r life — out furnace is fixed, but. unlike the Pit type,

(* :

H gl opLe g .
o extracting 1]3 molten metal 1he cructble has to be e out of the furnace
i the help of tongs | '
Wi

Renerally

the |l||.|||a;,l or the hale oul
l-“'al"ii I|I"||':\“-

I\«IH-
I'he lilting gear 1s
axis. The bale - out

vinstalled on the loor

e tlts an a central

, 9.1 Advantages of Oil — And pas _ pipeq Furnace -

8

are 18 NO wastage of ' .
There 18 1 af luel © no sooner i the metal ready than the

i sllpl’])' of o1l or gas (.:im he stopped. The fuel supply can also be regulated
while working to suit the requiremnents. .

; The output in a given times is greater due to higher efficiency

l-: Better temperature control can be maintained

fl{l' Less contamination of metal takes place.

|T' gaving in floor space is achieved

:I As stoking is not required labour cost is reduced.

g.2.3 Open- Hearth Furnace :-

Open ~ hearth furnace, in small sizes in the heigh bourhood of 25 tons. have

peen used in the casting industry for mellingﬁ_tggl_mip&(i‘ucing steel from pig
iron direct for casting. Lately however, these have been s perseded by electric

e

——furnaces. The furnace may have basic or acid lining, depending on the

arc - ic or acid | ' _
type of pig tron used. The charge consists of pig iron in varying amounts
long with steel scrap and limestone.

a

The open — hearth process is based on the regene rative principle of heating
and involves obtaining very high temperatures, as required for steel, by
prehcating the gaseous fuel and air by the outgoing products of combustion.
The hearth of the furnace. (Fig 8.3) 8.4. shallow — about 13m long, Sm wide
and 0.5m deep and made of suitable refactory material. It has gas and airports
at each end, and two pairs of regenerators one for gas and the other for air,
with the necessary flues and the chimney.
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elded Joints

T

’/,‘—’—‘—'_’_‘_—_—- __-__-_“__‘ - -."_-__'__-___'"‘_-

I;l, Types of Welding Joints .

The type of joint defines the rel
{wo pieces. The basic typcs q{'
T - joint that are shown in Fi
cross (X) in each case.

X KL |l
C Ji | X
X
(a) Butt joint

—— E—
(e) T- joint

e relative positions ¢
Joints are : bhutt joint, |
& 10.1. The position of

of joining and welding of
ap joint, corner joint, and
welding is marked with a

-

(c) Corner joﬁt (d) Corner joint

Fig : 10.1 Different types of joints :
10.2. Types of Welds :-

Fig 10.2 shows the various types of welds used in making a joint. A
‘bead” weld is one in which the filler metal is deposited at a joint where the
o surfaces adjoining the joint are in the same plane. A ‘bead’ is defined as
4 single run of weld metal. A “fillet” weld is one in which the filled metal is
deposited at the corner of two intersecting surfaces, such as a T or Lap joint.
A “groove” weld is one in which the filler material is deposited in a groove
formed by edge preparation of one member or of the both the members. A
“Plug” or “sjor” weld is one in which a hole is formed through one of the

Pleces 1o be welded and the filler material is then deposited into this hole and
fused with the mating part.
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T EADWELD

f_t‘UN(.-\\’l‘ I I
niFT E
CONVEX

i -TWE )
() FILLET W LI FILLET

L

ROOVE WELD

S —

POT OR SEAM WELD

)G

(d) S

(¢) PLUG WELD

Fig:10.2:Types of Welds

10.3. Welding Positions :-
Welding may be done under various positions as depicted in Fig. 103

4 4

(a) FLAT POSITION (b) HORIZONTAL POSITION

(c) VERTICAL POSITION (¢c) OVERHEAD POSITION

Fig 10.3 Different welding positions



['1. 2 Production Technology

11.1.2 Oxy-Acetylene Welding(Gas Welding)Equipment and ACCess
Or

The equipment of an oxy-acelylene welding set is shown ip Fig |
consists of oxygen cylinder, acetylene cylinder, cylinder valves, pr]‘ 0
regulators, hoses and welding torch. The accessories for OXY‘acefssuI&
welding consists of goggles gloves and welding sleeves, spark lighter, €ne

Sa

1
(

g

tip cleaners etc.

11.1.2.1 Oxygen Cylinder :-

Oxygen (O,) is produced by separating the various constituents of ajr
liguefaction process. It is a supporter of combustion. ¥

Oxygen cylinder is made of steel and is painted black for identificatiq,
It contains oxygen at a pressure of 17.5 N/mm?’ (175 bar). Oxygen cylinger
can store 7m’ of gas and its mass i$ about 80kg when it is full.

11.1.2.2 Acetylene Cylinder :-
Acetylene (C,H,) is a fuel gas composed of 92.3% carbon and 7.7,
hydrogen. It is the product of chemical reaction between calcium carbide ang
water.
Acytelene is produced by two 1aethods

1. Water - to - carbide method [high - pressure system] - water falls on
carbide to produce acetylene at high pressure.

2. Carbide - to - water method [low - pressure systém] - calcium carbide
grains fall on water to produce acytelene at low and medium

pressures.
)

Acetylene cylinder is made of steel and is painted maroon. High pressure
acetylene cylinders contain acytelene at a pressure of 1.5N/mm? (15 bar)
The lower storage pressure of acetylenes is due to the instability of the gas
a pressure above 0.2N/mm* (2bar). Therefore the acytelene is safely Stomdla‘
lower pressure in a dissolved from inside the cylinder. The normal capacitf

of acytelene in dissolved state is 6m’.

: : . sure
s Low pressure acetylene gas is stored in acetylene cylinder at a presst
of 0.07 bar.

. . - as
These cylinders are called low - pressure acetylene cylinders. It the bgar
is produced and stored is cylinders at pressure from .07 bar to aboul !
then they are referred as medium pressure acetylene cylinders.

il
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Wf'fdmy_ "r’ﬂe%grw 11.3
(2.3 Cylinder Valves ;.
 § _ . .

The function of cylinder valves g to lock com
ves for oXygen cylinder are Made of b,
Va means of right - handed coupling nyg.
- ecl and connected to regulator by
u]f ;cd with a spcciul socket wrench.
clo:

pressed gae
ass and Connected
Acytelene cylinder
a chip,

» In the cylinder
0 the regujan,,
valves is made
and the yylye 15 opened and

The shanks of cylinder valves gre threaded 1 SUit @ particyl. lass of
Cv]indcr‘ The cy“nd?r_comaining C()ml? L e left - Ea‘:d(‘l;:rzazi
ﬂhd Cylindﬁrs containing noncombust;j ighl-handcd threads
In this way the use of a valve on a wrong lype of cyl; ' .
ety feature is also applicable for all connectors and regulators.

11.1.2.4 Pressure Regulators :-

reduce the pressure of the gas in the cylinde
Regulators used for acetylene and oxygen ar
different pressures. Pressure regulators are
Two gauges are provided on the regulato
the cylinder and the other for pressure b

e different construction 1o maintain
mounted on the top of the cylinders.
rs, one for showing the pressure in
eing supplied to the torch.

fety Val
SAtElyvalvE Cylinder Contents Gauge

Pressure

Outlet Pressure Gauge :-C:
Regulating Screw

: e
Main Valve X | 3
q\
<

'
A
r—
"
'
/
L]

‘elding Torch

Acetylene Hose
Coloured Moroon)

Oxygen Hose
(Coloured Black)

Oxyzen Cylinder Acetylene Cylnder
(Painted Black) (Painted Maroon)

Fig: 11.2: Oxy - Acetylene Set
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11.3.  ArcWelding :-

11.3.1 Principle of Arc Welding :-

The source of heat in this process is an electric arc. The electric gy
develops when current flows across the air gap between the end of meyy|
clectrode and the work surfacee Thus are 18 strong stable electric djSCharge
occuring in the air gap between the end of metal electrode and the work
wurface. This arc is strong stable electric discharge occuring in the air gap
hetween an clectrode and the work. The temperature of this arc is about 3600°C
which can hielt and fuse the metal very quickly to proﬁ..uge__join't.\’l'ﬁe
temperature of the arc at the centre is around 6500°C only 60 to 70 percent of
the heat is utilised in arc welding to heatup and melt the metal. The remaining

40 1o 30 percent 1s dissipated mto surroundings.

The principle of arc welding is based upon the formation of an electric
arc between a consumable electrode (bare or coated) and the base metal. The
heat of the arc is concentrated at the point of welding; as a result, it melts the
clectrode and base metal. When the weld metal solidifies, the slag gets
deposited on its surface as it is lighter than metal and weld metal is allowed (©
cool gradually and slowly. After cooling (Solidification) a sound joint 13



Wr'frh'll'g Pres exves 1) ¢
J
ane slag 18 removed by chippi
[he shaf Y ¢hipping hamme, The pri
“principle of 4
L | ([ ""‘!l’ll“fr

( ul;-d
pare Electrode g Electroge ™

Weld pool

() ARC WELDING

(a) SHIELD ARC WELDING

Fig : 11.5: Principle of arc welding

11.3.2 The sequences of steps involved in arc welding operation :-

| Preparation of edges

|

Holding the workpiece in a fixture

Stricking the arc, and

Tad

.

Welding the joint.

11.3.3 Arc welding Equipment and Accessories :-

In arc welding process, the source of heat is electricity. The required

tectrical energy (high ampere-low voltage) is obtained by an arc welding
“quipment. The functions of such equipment are.

I To provide AC or D.C. welding supply for arc welding.

2. To change the high voltage of the main supply (Ac) to low voltage

and heavy current (Ac or Dc) suitable for arc welding.

: ine arc welding
3. To control and adjust the required welding current during arc welding

—1 tric arc welding
U The equipment and accessories (Fig 11.6) required for electric &€ E
Yally consigtg of
Equipment 1o provide the welding current
4 Transformer (for a.c)
b. “Generator or rectifier (for d.c)
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11. 10 Production Technology

r2

Accessories
a) Electrodes b) Electrode holder
¢) Cables d) Safety devics and

e) Tools

Power Supply Cable

Electrode Holder

Electrode

A.C. Transformer
or D.C. Generator

Work Earth Clamp Earth Return Cable
Fig : 11.6 : Manual Metal Arc Welding Equipment °

11.3.3.1 Equipment :-

(a) Transformer : The purpose of transformer is to change the high
input voltage and low amperage to a low voltage (20 - 80v) and high average
(80-500 amps). Its cost is low, and a.c. gives a smoother arc when using high
currents. However its use is confined mostly to ferrous metals. It is not suitable
for bare electrods and welding special jobs where fine setting of current is

required.

(b) Generator : It is driven by a motor or an engine. It generates and
supply d.c. for electric arc welding.

(¢) Rectifier : The purpose of rectifier is to change the output
transformer into d.c. which is required for electric arc welding. The
stepdown transformer is connected to the rectifier unit which converts
D.C. output is connected to positive and negative terminals from whe
tapped for welding purpose.

ac.of 2
outpu[ of
Ac. 10
re it 15

11.3.3.2 Ac Plant and D.C. Plant :-

A.C. and D.C. plants are used in manual metal arc welding. Both plafll>
are suitable for the welding of all metals for some non-ferrous metals whic?
es O

require a d.c. plant. The following are the advantages and disadvantag
alternate and direct currents.

g
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Welding Processes ] 13

11.3.4 Advantages of Ar¢ Welding

| Metal arc welding is faster and“Tower in cost than gas welding

2 The process is a quite versatile ang welds can be made in any

posiion.

3. Suitable for wide range of i

- g metals [f ; :
their alloys. [ferrous .E.u ‘non - ferrous| and

.“_wr..,_,_é?___.,_a_c;_w_a5%2:2?2»&2.
11.3.5 Disadvantages of arc welding : \
I The process is not suitable for thin sections.
2. The process 1s not suitable for ?nnrnn_.mm:cn.
3. Electrode replacement 1s necessary for long joints

4. Not suitable for heavy fabrications because less metal is deposited
per hour.

5. Failure to remove the slag when run is interrupted. This will result in
slag mclusions in the weld

11.3.6 Applications of arc welding :

The Manual Metal Arc welding (MMAW ) has a wider field of application.
IUis employed for Fabrication of pressure vessels. ships, structural steel work,
joints in pipe work, construction and repair ol machine parts

and repairs of the broken parts,

This process can also be used hard fac

14, Forge Welding :-

Forge welding is smith welding which is the oldest known welding process
and its use has been reported from about 1400B.C. By this process the pieces
10 be welded are heated 10 above 1000°C and then placed together and given
mpact blows by hammering. In the more recent form of welding of large
camponents the pressure is applied by rolling, drawing and squeezing to
schieve the forging action. The oxides are exclude by virtue of design of the
workpieces and or by the use of appropriate temperature as well as fluxes.

Fluxes commonly used for forge welding low r..u_m.v.c: .,.:....__. are sand, fluorspar,
d borax. They help in melting the oxides, 11 formed.”
A —

Jlll.l.luf i \ ) /% x » -
Proper heating of the workpieces is the major welding variable that

¢ joint quality. In sufficient heating may not affect u .E.S_w;,”_._m
results 1n a brittle joint of low strength. Also. the cf.mw.n.,ﬂw
I 10 be ovidised which shows itself by spongy appearance. ¢
employed are scart. cleft and lap types. as shown in

mtrols

JIv used in under - g?a_..._ﬁr_ countnes for

15 NOw 1
s and chains, e

tare implen
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Scard
Butt

] Tump
D

Lap Cleft

Fig: 11.7 Types of joints used in forge or smith welding

11.4.1 Advantages :-

If made correctly. a forge - welded joint has every quality of the origing|
metal and is as good in strength as an arc or oxy-acetylene welded joint,
11.4.2 Disadvantages :-

1. It s usually limited to the joining together of pieces of solid steel
stock.

There 1s the danger of sulphur pick - up by the metal from the coke
of the furnace

[

11.4.3 Applications :-
1. Forge welding finds use in blacksmith shops, rail - road shops and
repair shops of general character.

2. It is also used for making pipes from plates by rolling the plate ©
cylindrical form and making the longitudinal junction by forge welding. StnP
plate is pulled through dies to form a rolled cylinder, the long edges beiné
UE_Hn_ together in the dies at the high temperature required to form a for&
weld.

11.5. Resistance Welding :-

All of us know that when electric current flows through a wire. it generale®
heat due to the resistance offered by the metal of the wire to the flo¥ of
electrons. In resistance welding, the heat required for w elding is Ecazn& b}
means of the electrical resistance between the two members to be Jo!
This process is also known as electric welding,

3«2_

IL



[he heat generated in resistance welding is given by
H= 1R ( K
where H = heat generated, in joules
| = current in amperes
R = resistance in ohms
T = time of current flow in seconds
K = constant to account for losses due to radiation and conduction
The value of K 1s normally less than one |
There are five basic methods of resistance welding, viz.
. Spot welding
> Seam welding
3. Projection welding
4 Flash Butt welding

5. Upset Butt welding

11.5.1 Advantages of Resistance Welding :-

]. Fast rate of production

2. No filler rod is needed

3. Semi - automatic equipments

4 Less - skilled workers can do the job.

5. Both sjmilar and dissimilar metals can be welded.

6. High reliability and reproducibility are obtained

7. More general elimination of warping or d_istortion of parts.

11.5.2 Disadvantages of Resistance Welding :-

l. The initial cost of equipment is high.

eded for the maintenance of equipment and

2. Skilled persons are ne
its controls.

In some materials, special surface pre
t be welded.

paration 18 required

(S

Bigger job thickness canno
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11,54 Applications of Reskstance Welding @/

[esistance weldhing s TREAR

[ Jommimg heets, bars rods and tihes
3 Making tubet and metal furmtore
L Welding areraft and automobile parts

A4 Making cutting tools
5 Making fucl tanks of curs, tractor ele

6 Making wire fabric grids, prills, mmesh weld, containers ete
] AR [

11.6. Spot Welding

‘ - used method of overlap we
It Ax the simplest and mosl commonly ap weldin,
of strips, sheets of plates of metal at small arcas.

..... Mavable Armn
— a [ [
e > T
e A
o () : :
- ]
4 : + -
i Current Fixed Arm
ri”z:.. | o= Regulator
e — Foot Operated Lever

L ]

Fig 11.8 : Spot welding machine

Iding are held between coppef

In this method sheets of a metal to be we
foot pedal lever A

clectrode (water cooled) by applying pressure through
current of low voltage and sufficient amperage is passed betw
causing the parts to be brought to welding temperature. The

" . - * ¥, ﬁ
clectrode pressure is squeczed and welded. After this the current 15 urned "!
d till the weld €007

the work " |

een electr
metal undef

while the pressure is stull acting. The pressure 1s applic
and produce a solid bond. Now the pressure is released and

removed from the machine.
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flow into the mould and fuse Wi

) No edge
0 edge preparation i need
S needed.,

ii) Low cost.

i) High speed of welding

11.6.2 Applications :-

i) This technique i
' ue 1S use i
metal boxes. ¢ : d mostly in thin shee
S. containers such as re sheet work like making sh
as ceptacles sheet

i) Thicker metals
S u
p to 12.5mm have been successfull
ssfully spot welded.

iii) It finds application i
pplication in automobile and air craft ind
industries.

|17. Thermit Welding .~

offected by pouring

cess ng.fh'~—~——9f””""‘ EU @E@S&"h‘drﬂ‘ﬁme parts to be welded. In thi

P ither arc is produced to the parts nor flame is useg f ' Ihn this
. In this an

exothermi I ion is utili
rmic _g:bemlcal reaction is utilized for developing high temperature

) A mix re f)f finely divided aluminium and iron oxide called Thermit

mixture is kept in crucible hanging over the mould. The thermit mixture is

egnesium ribbon or highly inflammable poweder having
— o

ignited using a m
—______—-——-—-—'-'_'_-'—_— ——

barium peroxide.
The reaction takes about 30 seconds only and heat is liberated which 18
Iting point of steel. The following reaction takes

twice the temperature of mel

place as per equation. /

. 4AL0,+ OFe + heat. J H[ T Ft"«l 3
T J

SAl + 311"10 2
ten iron. The molten iron 18 made 10

per heated mol
jointed.

The resultant is su
- :h the parts 10 be
mould. The tWO pieces

The Fig. 11.9 shows the .
to be joinedgar::lc?ezzgd and €ap is left bctwct;n them. Then wax :s‘ po:::;d((t)ll;
the joint and a wax patter is formed. _‘#_';;_gl S‘d_[lfj_;ls r;}::n:z( ::oﬂame ¢
wax_patterns and pouring: heating an¢ risering £ drepteh.e“”%_;‘ﬁ;m
used which melts the WaX

atierns an ¢ )
be ; s ]:)._,l'  oate 1S P : h sand.
welded Then the preheatmg gawe =

—~ A

+Fe
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Ty PR T

iy

Wax
Partern

Preheating Gate
Fig 11.9 : Thermit Welding i

11.7.1 Advantages : :
i) The welds are sound and ﬁ[ee_J'rl\tejpglﬂsidual stresses.
ii) Broken parts can be welded on the site itself. f"'u‘? .

and thus no costly power - supply is required.

|

iti) The heat necessary for welding is obtained from a chemical reaction ’*

11.7.2 Limitations :

Thermit welding applicable only to ferrous metal parts of heavy sections.

11.7.3 Applications : ’.

| ‘It is applicable in the repair of heavy parts such as rail tracks, spokes of |
driving wheels, broken motor casting, connecting rod etc. ?

————

11.8. Plasma Arc Welding :-

-

| Plasma is a flow of ionised gas that is obtained by passing a gas through
a high tempgralure arc which results in spitting the gas molecules to atoms
and then to ions and electrons.

In plasmq arc we!ding the arc is created between 2 tungsten electrode
fand the workpiece, as in gas tungsten arc welding. However, the plasma
is constructed by an outer nozzle through which the sheilding gas flows.




> o

i Welding Processes | 1. 19
power source used for plasm

: : a-arc welding is in variably of constant
( de type With an open circyig

curren voltage of 70 to 80 volts and a duty cycle

of 60%-

There are tWo variants of the pl

I,-mln‘!"f”""'*l type and transferred type. I?l the non-transferred type the
: g]ccl"”d" is the cathode and the lmph tip .ﬂw anode such
| nx\--;iccwlcnc lnrcl] as regards its main v
::c cicaricul circutt, However, such g pl

asma arc welding process called non-

tungstone
a torch is very similar
ariability as workpiece is outside
asma arc is less intense compared
with the transferred arc whcrcm.lhc work piece is the anode. The main
sariabilities of the tmn:s:fcrred arc 1s, however, restricted. But such an arc is
very intense anq lhgreiorc the process results in higher thermal efficiency
with consequential higher deposition rates as compared with Gtaw Fig 11.10,
Fig 11.11 shows the setups for two modes of (he plasma welding arc.

2.5
P
P4
/
20 - ,/
.". 7 ,’
I, ’,
s A ,”  Plasmaarc
‘ = 4
& welding
£ 7/ ,z
2 // ’
g 10
R 7’
g /
£ 7/ 7
& Gas tungsten
A / 3
Bosp arc welding
rd
Fd
& 1 L 1 | | |
0 100 200 300 400 500 600

Welding Current, Amps ——_,

Fig - .
9:1 '!.1{)Welding current versus deposition rate of GTAW and plasma arc welding.
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Plasma gas

1/

pjt— Cooling
water
-

L High frequency — (Cathode

Pcm‘cr. d() ? pilot arc
supply starter A Plasma arc
h

+
[T

F il

Work piece
* Anode
(a) Transferred arc
¢
Cathode / Plasma gas
. Cooling
Power (. (= __, water
supply
¥ W-electrode
Insulator
\ Plasma
; Jet
Anode ::;/
\
:l“l
2 Work piece
(b) Non-Transferred arc

Fig : 11.11 Two modes of plasma arc welding

Any gas that does not attack the tungsten electrode or the copper nozzle
tip can be used for plasma welding. However, argon, and argon-hydrogen
mixture are more commonly employed.

11.8.1 Advantages :
Some of the advantages of plasma arc welding in addition to those
mentioned under section are listed below :

I. Stability of arc
2. Uniform penetration

3. Simplified fixtures
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11.8.3

Welding Processes |1 21

Rewelding of the roq, of the join saved
It is possible 1o Produce fy))

Oduc Y Penetrated keyhe _ ieces
upto about 6mm thick With Square by Joint hoe e b e
Excellent weld Quality,

Plasma arc welding ¢ap produg i i
Ice radiographic quality wejds .
! W
st p | Y welds at high
an weld steel piece i [
It can weld steel piecey Up 1o about ope half inch thie
jomnt mn single run wigh no fj

k. square but
€r metal additjop,

Disadvantages ;

Infra - red and ultray

1olet radiations necessitate special protection
devices.

Welders need ear plugs becauy

se of unpleasa
damaging noise.

nt, disturbing and

More chances of electrical hazards are associated with this process.

The process is limited to metal thic

kness of 25mm and lower for
butt welds.

Plasma arc welding process and e
and require greater
to TIG welding.

quipment are more complicated
knowledge on the part of the welder as compared

Incert gas consumption is high.

Applications :

Plasma arc welding finds applications as follows:

I

2.

Single run autogenous and multi-run circumferential pipe welding.
In tbe mill applications.

Welding cryogenic, aeroscope and high temperature corrosion
resistant alloys,

3 e sectl 5, .m.r——._
Nuclear submarine pipe system (non - nuclear sections
assemblies)

Welding steel rocket motor cases

Welding of stainless steel tubes (thickness 2.6 to 6.3mm)
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Rewelding of the root of the joint saved
It is possible to produce f |
ully penetrated ke
b i . il Squl:lrc hm:L;l ::)'hnlc welds on pieces
int.
Excellent weld quality.

Plasma arc welding can produce radi . A
e ! ce radiographic quality welds at high

FI can we.ld steel pieces up to about one half inch thick, square butt
joint in single run with no filler metal addition |

{1.8.2 Disadvantages :

2

6.

lnfr'ta - red and ultraviolet radiations necessitate special protection
devices.

Welders need ear plugs because of unpleasant, disturbing and
damaging noise.

More chances of electrical hazards are associated with this process.

The process is limited to metal thickness of 25mm and lower for
butt welds.

Plasma arc welding process and equipment are more complicated

and require greater knowledge on the part of the welder as compared
to TIG welding.

Incert gas consumption is high.

11.8.3 Applications : -~

Plasma arc welding finds applications as follows:

I

2.

3.

-y

Single run autogenous and multi-run circumferential pipe welding.
In tube mill applications.

Welding cryogenic, aeroscope and high temperaturce corrosion
resistant alloys.

Nuclear submarine pipe system (non - nuclear sections, sub
assemblies)

Welding steel rocket motor cases

. " 3mm)
Welding of stainless steel tubes (thickness 26106
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'[\mgsten-lnert Gas (T1G) Welding :

131
4 Tungsten inert gas welding is shown in Fig 13.1. Thi

 ogs tungsten arc welding (GTAW). It uses a n.()l.]co B pro;ess is also

nsumable tungste

it n

kvh’\\\ n dd &
ounted at the centre of the tor -
ch. The 1nert :
gas is supplied to th
€

Lelding 20N ‘hrough operation is done by stricking the arc b
Lork piece and tungsten electrode in the atmosphere of inertr; etween the
as.

Tungsten Electrode

o .

/\\ Gas Nozzle ¢ Gas
Suppl
N (/SR e
Z 77 7 l _,weldingpbwer
7 Source
]

Workpiece (a) Tig Welding Equipment

Workpiece %Y /
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1. No flux is used so no danger of flux entrapment.
2. Clear visibility of the arc, so better control.
3. It can weld in all positions.

4. High quality welding of thin materials (as thin as 0.125mm;

Lh

Heat affected zone is very less.

6. Unlike metals can be welded to each other like mild stee] to staipe-
steel. bross to copper etc.

13.1.2: Disadvantages :
1. Tungsten. if transfers can contaminate the weld pool.

2. Filler rod eng if be chance comes out of the inert gas shield can
cause weld metal contamination.

3. Equipment costs are higher than flux shielded metal arc welding,

4. Electrode is non-consumble, so seperate filler rod is needed. so ther:
is decrease in welding speed. ;

13.1.3: Applications:

I Welding of carbon steel, stainless steel. nicked, aluminium
. . . . [
magnesium.’Brass, copper, bronze, titanium etc.

(g

Welding of sheet metal and thinner sections.

3. Used in aircrafts, rocket motor chambers, transistor cases 0
instrument industries.

13.2: Metal Inert Gas (MIG) Welding: [See Fig 13.2]

MIG welding stands for Metal Inert Gas Welding. In this proces® lhi
tungsten electrode is replaced with a consumble electrode. The t‘lf‘-‘trodin;
continuously fed to the arc at which it is consumed and transferred [L:;d‘c-'
base metal. Arc is shielded by an inert gas, which flows trom (he h;rﬁed
nozzle through which the electrode also process. It 1s similar 10 Slibn‘}roﬁx'
arc welding-in feeding the arc welding in feeding the bare electrode 1ht’ an
reel, it ditfers in the fact that the shielding is done by an inert gas and !
is visible during the welding process.
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Drive Rolls

Pressure
Regulator

_Guide Tube

~Job to Be Welded

Inert Gas -~
Cylinder Welding Gun

Wire and Gag Control

W'/

e .

Reel Welding Power Source
(a) MIG Welding set up

’\ Current Conductor
SLor Shielding Gas

Velding Direction
Gas Shield

Wire Guide - _Electrode
and Contact—<gRY 4 ‘KExtension

i Weld

Gas Metal

Fig: 13.2 MIG Welding Operation

13.2.1: Advantages: »
GMAW does not require the high degree of operator skill.

| .
' iti er
Continuous welding at higher speeds and in all positions with deep

smotrabion i ssible.
penetration 1S poOSSl d effectively.
3 Thick and thin, both types of workpieces can be: welde

~q schi Cd.
4. The process can be easily mechaniz N
ibility, neatness, cleanliness,

n

2 . . . 1S
Since no flux is used so more Vi

free weld.

l 1 L] .

322, l)asadvantnges: N
‘ and mo : |

Welding equipment is more complex - )

and mechanical pro

ate.

Aty 2 S ()f lht’.‘
o pollL

[he metallurgical :

o : . VT

{

| i small corners.
Itis difficult to weld in small €

Process variables are more.



/3. 4 Production Technology

12.2.3: Applications:

l.

5

13.3:

13.3.1
L

J

13.3.2

L.
2,

4. Pressure

It is suitable for welding variety of ferrous and nonferrous Metals,
is suité

Metal fabrication industries, ship building. automobileg, Pressyr,

.

vessel industries etc.

Welding tool steels and dies.

Friction weldingo

: Definition:

Friction welding 1s a solid-state welding process Wher'ein coalescence
is produced by the heat obtained from mechanically induced sliding
motion between rubbing surfaces. The work parts are held together
under pressure.

Inertia welding 1s similar to friction welding because both use friction r
to develop heat. The temperature developed arc below the melting point E
i
L
;

of the metals being welded but high enough to create plastic flow and
intermolecular bonding. \

: Operational Steps in Friction Welding: [Fig 13.3]

The two components to be friction welded are held in axial alignment

One component that s
IS rotated and accelerat

and rotation are m
I makes the com
sutficient metal behing the
the Components
slowly €xtruded

dintained until the resulting h'.gh
ponents metals plastic for welding “""{'
Interface becoming softened to F""rm.i .
d together. During this period metdl !
weld region (o form an upset.

Lo be forge
from the

ST L oupled:
S taken place the power drive is uncou Al
s ) ‘ : g1 HAES
P rotation yapd the axial force 1s usill'f‘
£l - lL |

WO components together. This pro¢
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13.3.

1.

Modern Welding Processes | 3.5

Chuck
anling Part
Movable Part

Head Stock

Controls

(@) Friction (incrtia) welding machine

‘@G-— Part Rotated
% « One Part Advances

And Contacts Other

__,@ . Slight Pressure

Applied
Break

Applied -—- «—Forging Pressure

Friction Welding
Fig: 13.3 Operational Steps in Friction Welding

3: Advantages:

Itis easier process. Any unskilled operator can work on a friction welding
machine.

The heat generated being small, weld below the melting temperature,
s0 there will be no distortion and warping.

Since the joining takes place by diffusion rather than by actual melting,
50 even dissimilar metals can be joined.

The edge cleaning is not a problem, since the_ o.x.ides anq contaminants
present would easily be removed during the initial rubbing.

13.3.4: Disadvantages :

1

33z, 4
38 Applications :

y

The use of this process is restricted to flat and angular butt welds where
one part is normal to the other part. o ‘ o
S0 far the process has been applied o"'nly to the joining of small pieces
in the form of bar stock. | .
Sometimes, quite a heavy flash is forced out in all inertic

welds. ‘ .‘ »
Thrust pressures in inertia welding will rilnge from 700 to 2800 kg
‘Mm%, which requires a heavy rigid machine.

g ile industries.
Itis used in aerospace industries, automobile ind .
Production of cutting tools etc.
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13.4: High Frequency Induction Welding :

High frequency induction welding of tubes is \lII;I'd;(t::kh;%:{”.(:quent. I[
resistance welding except that the heat gcngralcd ln.t. ¢ rviston _':ﬂd! ishy |
the current induced into it. Because there is no c.lt,(..tnu: l(: J. aCt with the
work this process can be used only where lhgrc 15 a L(.Jmp.cth(]'uncnt Path ¢, ;
closed loop wholly within the work. The mducgd c.urff(,ir: UVLS not only
through the weld area but also through other portions of the work,

A Water - cooled induction coil or inductor made Uf COpper encircles g
tube at the open end of the vee as shown in Fig 13.4. High trequeqcy Curren
flown through the coil induces a circulating current around the outside ¢,

rface
of the tube and along the edges of the vee, heating them to we|

ding ;

temperature. Pressure is applied to accomplish the weld. I

Point of {

!

Pressure rol)

li

;

Fig 13.4 : HFIW Process of tube Manufacturing
134.1: Advantages :
, S ing

The process can as well be advantageously used for manufacturing Wwbing %
from coated material. '

. . y e act
small or thin-walled tubing; and it eliminates sur!
marking by electrical contacts

13.4.2: Disadvantages

This process

¥, however, not suitable for welding high conductivity 7 o
or those which form refractory oxides

m 10
as there 15 no effective mechanis”
oxide disposal
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X 1.3 : Applications ;

HETW process is suitable for whipe

4 , made of

e ol 12 0 150 mm with a walj lhiiknt(lt "

| y ¥ » LYY ¢
od TangIng between S and 300 m/miy,

W

N

any metal withip

$s of a di
ss of 0.15 o Tog imeter

at a wciding

[]]-]\\ [1rt‘Cl‘55 IS ot lil]]ilCll 1o tub
L\

ailed A . mi :
\In\u‘«l (o make circumferential we o

. dacture b "
lll'\ 1(\|‘ we ul Lan ui\l’l hl_'

cmi |
Iding cap to tube

REE Explosive welding :

Ip this process  the weld joint is made

: . with high relat; .
© > UsIng h e L lative velocity
hieh lma.\un using high explosives. As the elnu[y at a

‘ plate moves at hi '
0y 1 D » ' AURTVE 1 | - | l h " | :
neels the other | lqlu with massive impact, high stress waves frc t il():[ywdnd
» T . . \" e » 1 eIN N ‘ . .a e
he plate. Which clears all the oxides and scales present in the interf . eeg
ace an

make @ clean joint, Explosive welding eliminates the problems associated
Lth fusion \.\cldmg mlt‘thuds such as the heat affected zone etc G.e(:)firatﬁ
yw detonation velocity explosives are used in explosive we.ldincre ;hi
Jetonation velocity is depends on the thickness of the plate being weT&ed
Fig 13.5 illustrates the two common setups used in expiosive welding. It
contains four basic components. 1) Target plate 2) flyer plate 3) Buffer plate
41 Explosive and a detonator

The target plate is fixed is an anvil of large mass. When the explosive is
seonated. 1t thrusts the flyer plate towards the target plate. To protect the
surface damage due to impact, a thin layer of rubber or PVC
and the explosive. The explosive may
ch is spread uniformly over the buffer

Mver plate from
deel 1« placed between the flyer plate
% in sheet form or granular form whi
plate. Welding is completed in microseconds.

[35.1: Advantages :

1) Simplicity of the process.
can be bonded.

i1 Extremely large surface
ated metals without affecting

il Welds can be produced on heat - tre

their microstructures.
¢ explosively clad together.

V) Wide range of thicknesses cin b
olid state joint that is free from heat effected

Vi Explosive bonds have a3

FOne
4] changes act better
- » changes and structural changes 1mpa
Lack of porosity, phasc Llln.lll'l__'lj.\ anc
mechanical properties 10 the jomnts.

4__=--Il.l..lll"'
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ly processed b
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prove 10
i)
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1v)
casily and requ!

Materials such tu
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are not normal

13.5.3: Applications :

It is used in lap joints.

steel. aluminium (0 nickel
of the major commercial ap

Detonator

Aluminium an

plates 1s one
Explosive

|'0'~0'00'0'l'0'
S e

he use of explos
und yibratio

(o !
q falling into
o the

alloys, tungsten O ste

s will be severely resr,
. b C{eq

jve
sed by explosion.

ns cau

unauthorized hands may
use of explosive and Weldw
![]gl

are extremely difficult to welq

mm of each alloy cannot be joj,
&

ngsten, boron, glass and cerap;
ICy

y explosive welding.

d Copper can be welded to stainles;
el to nickel. Cladding ¢

plications.

Buffer Plate

Target Piaxeﬂ\\\\\\ﬁ\ SOOI AN
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he i
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l a f

radiation.
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ternally, whije one end has g
gh which the laser be;
d an electronic flash ¢
25 xenon and when this 1S subjected to ap electric discharge from a
o, the gas transforms a high

Proposition of the electrical energy into
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" aally . _ ;
‘ NllT‘ht‘ ends are silvered to form mirrors n
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aside of the crystal 1s place
e QU

jnert

capac

white g

The intense light flash excites the chromium

sem to high energy level. Some of the o
n: ight photons are reflected repeate MIrTor (o the other mirror

7 i the two ends of the ruby crystal, ‘ereasing the exitation of the chromium
goms stll further, Gl they all lose their eiry energy simultaneously, 1o form _

gnarrow beam of coherent red light, whc leaves the crystal through the
small hole 1n the mirror at one end of the cryst
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NETRy out of this is Jost
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Fig.13.6 : Laser Beam Welding
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13.6.1 : Advantages :

) Deeper penetration welding can be done even with dissimilar metg);
Heat affected zon
This process reduces the rou
required as in electron bea
transparent glass of plastic housings,

e is very less.

1)
ghness of the welded surface.

1)
iv) No vacuum is m welding.

Welds cam be made inside

V)
is light, it can be focussed to microscopic dimensions

vi) Because it
and directed with great accuracy.

13.6.2 : Disadvantages :
i) Slow welding-speed.
Laser is dangerous for the operators eyes.

i)
Laser welding is limited to depth or approximately 1.5mm only.

11)

13.6.3 : Applications :

i) It can be used for joini ! : .
joining multi layer m: C Wi Frarent (her

properties. y aterials with ditfere
f

mal

—

I Y sad § :
) It can be used for cutting as well as welding.
1) It can join wi :
iv) 1 join wire to wire, sheet to sheet, wire to sheet etc.
1v) It 1s used for th : it
e welding of ¢ - . aniv™
_ _ copper, nickel, um, O
fungstes, Zlreoniiin et PP kel, alumin

R T
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Welding Defects & Testing of Welds

il Defects In Welding

Many types of defects can be produced in welding. The following defects

gre more Common ) (fig : 14.1)

14.1.1 Lack of Penetration : Lack of weld metal actually entering the parent

metal
;) Caused by too long an arc length

i) Prevented by use of proper welding current for electrode use of
large size nozzle in gas welding and slower welding speeds

14.1.2 Under Cut : Groove formed along the edges of welding bead there by
reducing the thickness of base metal

1) Caused due (o excessive Current, excessive speed and wrong

electrode position

i) To prevent this defect, reduce welding current or arc length, alter
the angle of electrode. In gas welding use a smaller size nozzle with
improved techniques i.e. better control over nozzle and filter rod

14.1.3 : Slag Inclusion : An entrapment of slag or other foreign matter actually
mide the weld metal

Caused due to inadequate slag removal between runs or electrode
replacement.

To prevent slag inclusion, use undamaged coated electrodes. For
gas welding keep tip of inner flame cone out of weld pool. Clean
base metal and improve welding techniques.




Testing a ; :
2 and Inspection i ¢

yith @ view to arried out after g
L ‘r I‘L\

Jobs h;
1) Access the pr lave bee
ODETH €n weldec
pProperties and quality of et
yu []{\ W
ve

7y  Access the s
Z ' ¢ o o y
suttability of (he lded joints
. \Nl"{\

. ISC

All forms of test
. - esting and i
| g and ins '
. ! i l. ' C . ;
::Iopc’d into two basic categories pection of welds afye f
g S namely atter tabricat;
| | | y thion ¢ ;
i Destructive Testing e

v Non- destructive Testing

14.3 : Destructive Testing of Welds :

Destructive tests are appli

oint under review. often ma‘;l];p;IEd'to samples representative of th
he test piece Or specimen is dPeCIally for_ test purpose. In a destruzt'welded
jestructive testing the SPeCin;e es{m).,ed‘ in most cases by fract e
n remains no longer useful for fml;:rnig:fter

The most Commonly used mechanical tests are
|) Tensile Test

2) Compression Test

3, Shear Strength test

4) Bend Test

5) Hardness test

6) lIzard impact test

14.3.1 :Testing test :
a This is the most Commonly used
d ctility of a metal. Ductility 15 the property of
rf "l. - . » : 1 g
awn into wires . involving the Use of tensile force.
IJ‘J“ 4 ¢ » i T 1 .
on a tensile testing machine. [he tensile testng

met
ain parts

test for indicating the strength and
4 material that enables it to be
The tensile tesl is carried
machine consists of tWo

4) The S[I’tii[lil]g (Jt,’.\-’jg,'c ;md
device is either electrically

the straining
y oil pressure.

h) Load measurement device
subjected U

operated or a plunger may be




14.4.2: Magnetic particle inspection :
ed to check surface flows in materials which can be magnetized.
The surface O be mspected is coated with a liquid (fine oil) solution containing
«ery tiny coloured magnetic particles, and is then subjected to magnetic field

created by either passing a current through 1t or containing at or near the
wrface on magnetization creates d local north south and magnetic pole, and
atracts the metallic field, the flaws in the solution. On removal of magnetic

feld. the flaws are detected by concentrations of magnetic particles.

[t 1S uS

Since best results are obtained when magnetic hgld flux lines arc
crack the object is tested by magnetiZzin
all flaws.

g twice, creating

perpendicular to the
- magnetic fields at 900 to check
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Metal Forming

[

T —————
—

16.1 Introduction :

A component can be produced either
process of by the appiication of external fo
he dpphgatmn of external forces js known as the metal forming process.
Metal forming can be described as a process in which the desired size and
hape are obtained through the deformation of metals plastically under the
.ction of externally applied forces.

Owing to the larger magnitudes of the
forces involved. these processes, are also known as bulk deformation pro-
cesses. Few authors call these processes as plastic working because it in-
.olves the deforming of materials in the plastic state.

by using machining and casting
rces. Shaping of a component by

Tyvpical example of the metal forming process. which is familiar to ev-
enyone. Is forging operation. You must have seen a blacksmith hammering a
ieated piece of iron to give it a required shape. In this case, blacksmith 1S
Pp i\ ng compressive forces for shaping the material, which is heated to make

L The process of metal forming is carried out on machines called metal

orming machimes. Metal forming process can be carried out in hot or cold
LA ul'i[)[]

16.2 Types of Mechanical Working of Metals : »

There are two types (1) cold working (i1) hot working. If the mechanical w orking
“T Metals is carried out above the recrystallisation temperature it is known as
ol “orking and if it is carried out below the recrystallisation temperature it is

I : : = . . S ahs [ .
Mown as cold working of metals. There crystallisation temperature for steel
5 8009 )

16.3 Hol Working :

- ”}\ 'ng of metals the shaping operations are conducted above the
'\\
~ation temperature. An increase in temperature of metal leads to an



16.3.1 Advantages :

tad

Hot working of metals has the following advantages:

At high temperature the metal is soft, plastic and is easily formeg ang
power required for shaping process is less as compared to cold Working
of metal

A refinement i grain structure is achieved. The grain structure of (he
metal ingot when it is cast is not uniform. Hot working of metal cauges ,
replacement of original grain structure by one of a more uniform Nature,
Recrystallisation takes place and strain hardened grains are refined

It welds up cracks and removes porosity in metals.
Properties like toughness, ductility, elongation percentage are improve,

Thick section can be easily brought into shape. without damaging the
structure.

The ultimate tensile strength, yield point. hardness and resistance to cor-
rosion is not affected in hot working whereas ultimate tensile strength,

yield point. and hardness are increased and resistance to corrosion is
decreased by cold working.

16.3.2 Disadvantages :

l

AP

It gives poor surface finish and close tolerances cannot be maintained.
Expensive tools are needed to work with metal at high temperature.
Handling of heated metals is expensive and difficult.

It requires a heating device.

16.4  Cold Working r/

on the metal below its recrystallis

It is defined as any form of mechanical deformation process carried o

: ; sorking
ation temperature. Most of the cold worki™

Processes are carnied out at room temperature. During cold working the g

structure changes. The metal gets deforme
the metal 1s brought about only
stresses known

working. Such stresses are quite

. . od 1N
d and the deformation prOdULed

¥ . . . .\-'eri-'
after stress exceeds the elastic limit. 5¢ "
‘ -y ke p : . ) 3 +(
as residual stresses are developed in the metal durmg Lb"
; - ;g tabt
harmful and can be removed by st!
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. uch as a2 ks -
ent such as annealing. Cold workine

and alloys. can be performed only on a

: Ir{_’in m

s A
\ I]lL‘l"]"‘

ry

fc

" i1 Advantages :

~ ‘.1161\.[0--' i ;

LUM \mrkm: | pt attain better d .
¢ C IIHC]][]()"-” accur

al accuracy.

I pmduces smooth surface finish

<14 working increases
Cold working reases the strength, elasticity and hardness of
parts worked. J e ardness of metal

. d « ;.ll. d IO ) ¢

16.4.2 pisadvantages :
The various disadvantages of cold working are as follows:

| Some parts cannot be cold working because they are too brittle

[t requires to much energy to cold work large sections of most of the

metals.

Propagation of cracks has greater changes in comparison (o hot working.

165 Differences between Hot Working and Cold Working :

|
L
|
\

Hot Working Cold Working
| Hot working is done at a tem- 1. Cold Working is done at tem-
perature above recrystllisation perature below recrystllisation
but below its melting point. It can temperature. SO no appreciable
therefore be regarded as a simul- recovery can take place during
taneous process of deformation deformation.
and recovery . : o
IR IERRVELY: 2. Hardening IS not eliminated
i) x ; . ‘ %o at e
1 Hardening due to plastic defor- cince working is done at a tem-
' mation is completely eliminated perature below recrystallisation.
I h"_\l A " T i P atl .
| fecovery and recrystallisation | 3 Cold working decreases elonga-
! - Mechanical properties such as tion. reduction of area. lnue:ils(!:;
| ¢longation, reduction of area and ultimate tensile strength, yie
limate tensile strength. yield | 4 Good surface finish is obtained.
point fat S ardness
. oue strength. hardness L s
are - -5 - 5 Crystallisanon does not oceur.
not affected by hot working. | 7 7. il
! Grains are only elongated.

TS ’//——"
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I
’ Hot Working Cold Working
| —
{ 4. Surface finish of hot worked | 6. Possibility ol crack l-(‘ll‘lll.lljnn
metal is not nearly as good as and propagation is great, |
[ with cold working because of

Internal and residual stresses are
ontdation and scaling. = S Hialrg
= developed in the metal,

Refinement of crystals occurs 3
%33 by 8. Cold parts posses less ductility,
9. Higher forces are required for

detormation.

|
|
|
| 6. Cracks and blowholes are
'p welded up

|

!

Internal or residual stresses are

10. Mode powerful and heavie
not developed 1 the metal. ofe P i

equipment's are required for cold
Oxide torms rapidly on metal working.
surface

o

I1. Easier to handle cold parts.

u o 7 -~ . 1 =1
. Less force 1s requm,d. 12. Cold Working processes:

10. Equipment used in hot working
| 1s light.

| b) Cold extrusion
I'l. Handling and maintenance of

hot metal is difficult and trouble- ¢) Press work
some.

a) Cold rolling

1) Drawing
12, Hot working processes: i) Squeezing
a) Hot forging i) Bending

| b) Hot rolling iv) Shearing

¢) Hot spinning
d) Hot extrusion

¢) 'Velded pipe and tube manu
facturing

) Roll piercing
g) Hot drawing

16.6 Recovery :x/

It is the initial stage in which internal stresses are eliminated and there 18
not appreciable reduction in strength and hardness. Further, it will not effect
the structure.
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(6.7 Recrystallisation, -
A cold worked metal is in a state of considerable stress because

jd working the grains are distorted and broke
WL -~ " :
mogeneous structure which cont

during
‘ : 0 up thus resulting in an
i us Struc amns high residual stresses. For this rea-
son the material 15 L_men heated to a sufficiently high tem :
e grains. The sol‘}cn&fd material so obtained will have
gl structure and will be capable of further deformation.

perature to get strain
approximately origi-

Formation of new grains is called recrystallisation. The crystallisation
joes not produce new structures but produces new crystals of the same structure

16.8 Recrystallisation Temperature :

When a metal is heated to high temperature after being cold worked,
new equiaxed, unstrained crystals will be formed. This temperature is called
o recrystallisation temperature. Recrystallisation temperature greatly depends
on the degree of cold work which the material has undergone and severe
cold work results in a lower crystallisation temperature. Recrystallisation tem-
perature is lowest of pure metals and is generally raised by the presence of
other elements. Recrystallisation temperature is different for different condi-
tons i same metal. Recrystallisation temperature for some of the metals is
shown in table.

Metal Recrystallisation Temperature

Lead 0°C

Tin 0°C

Gold 200°C

Copper 200°C

Aluminium 150°C

Iron 450°C

Nickel 620°C

Platinum 450°C

Magnesium 150°C

| Tungsten 1200°C
Vrm'. Room Temperature




16. 6 Production Technolog)
-~

16.9 Grain Growth:

th results due to further increasing the temperature or keep.

Gr._; n TOMW E
ine the structure at high temperature for longer duration. Large grain gj,,
INY LUIC >tiUusiuib - = --. 2wl
metals are highly ductile but of low strength and hardness. Therefore cogp,

jesirable in the final structure.

16.10 Stages of Recovery, Recrystallisation and Grain Grm;-ﬁ. :

Recrystallisation follows recovery:

The grain size after recrystallisation depends on the amount of cold worg
prior to recrystallisation. The greater the amount of cold work the finer the
resulting grain size. However, smaller (but greater than minimum) deforma.
tion results in large grain size. The effect of these of these stages are illus-

trated in Fig 16.1

Strength /

Hardness

n,
(4
'S""e‘;
Ses o =/
QC\'\ § ~
o o/ &
/<

/ &)

| —] o e o 8le =t
” 'l
0%, 0L re® ¢

Recovery Recrystallisation Grain
Growth

 J

V/- Fig.16.1
6.11 Work Hardening or Strain Hardening :

(1) Slrz_xin hardening or work hardening is a phenomenon which results if
an increase in hardness and strength of metal (specimen) subjected ©

plaslic_deformation (cold working) at temperatures lower than the
crystallisation range.

(1) An important characteristic of plastic deformation of metals is that thé
shear stress required to produce slip continuously increases with shear st
This increased in the stress required to cause slip because of pﬂ?"iouS

plusqc dctormguon or the increase of strength of material due 10 me*
chanical working is known as strain hardening or work hardening

(i11) Strain hardening is very commonly employed both on pure metals Lﬂd
on alloys, as a means of improving the useful mechanical prope™

such as strength and hardness.
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.1 hardening, however, reduce; i -
v strat o es ductility (formability) and plasticity.
he principle © Tk hardening can be i T
(¥ :.r[ress . strain diagram of Fig.16-2 © Himatratcd by considring the

52
S1

Stress

0 Strain

Fig.16-2 Work Hardening

(vi) When loaded, the strain increases with stress and the curve reaches point
A in the plastic range. If at this stage, the specimen is unloaded, the
strain.does not recover along the original path Ao, but moves along AB.
If the specimen is reloaded immediately, the curve again rises from B to
A. but via another path and reaches, the point C, after which it will fol-

low the curvature, if loading is continued.

If the specimen would not have been unloaded, after point A, the stress
- strain curve would have followed the dotted path AD'

ACD and AD! show that the cold working (plastic

A comparison of paths
rength and ultimate strength.

| deformation) has increased the yield st
(82 > S1) of the metal.

Theory of Work Hardening :

;:“rau% the stress (T) necessary

wher dislocations surrounding it, will have to

l Y the curve ACD (Fig.16-2) is above that AD,
0 that of S.. ;

to move a dislocation in the stress field of
have a higher value; that 1s
and the value of S, greater




Rolling Operation :
In this process, the ingot (piece of metal to be rolled) is passed through
wo rolls rotating in the opposite directions at a uniform peripheral speed.
The space between the rolls is adjusted to confirm to the desired thickness of
the rolled section. The rolls squeeze the ingot and it comes out of the rolls, its
thickness or cross-section is reduced and its width and length are increased.

The structural changes that occur in the material during the rolling pro-
cess are illusésated in Fig.17-1. Because of squeezing, the grains are elon-
gited in the direction of rolling and the velocity of material at exit is higher
than that at the entry. After crossing the stress zone, grains start refining in the
case of hot rolling. In the cold rolling, grains retain the shape acquired by

17.2

them during rolling. Upper roll

Direction of travel
_————+

.I.I .
4 Drawn material

Raw material
pulled in pushed out
:J)I " 4 Refined grains
. i ;
Original Elongated grains
unworked

Lower roll

grains

Fi9.17.1 Rolling process and deformation of grains in rolling
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17 3 4 Sheet

A sheet is a thin portion of plate i 4 maximum thickness of 6.35mm
17 3 6 Strip

tl .
:s;%ﬂing facilities.

It is a thin strip with a maximum width of

: . 300mm and 1 ick-
sess of 1.5mm. It 1s a available in coj] form. e

17.3.8 Bar :

It is a long, straight, symmetrical

piece of uniform cross-section. It may
he round, square or of another confi

guration. A circular bar is called a rod.
17.3.9 Wire :

A wire is a thin variety of bar, available in coil for
dentified over 9.5mm cross-section.

‘ 174 Types of Rolling Mills : ~ "
&

m and not normally so

The arrangement of rolls at a rolling station is called a rolling mill. Roll-
ng mills are commonly of the following types :

[. Two high rolling mill
2 Three high rolling mill
% Four high rolling mill
4 Continuous mills

3. Planetary rolling mills
6 Universg] rolling mills
14,1 Two-high Rolling Mill :

U consists of two heavy horizontal rolls, place
2% The rolls are supported on bearings housed in stu
:‘er o 1 The spgue betwesn he rol's S > ﬂﬁ)‘_‘ fixed. Both the rolls
ing 1ha e : is fixed.
nJ.g the upper roll. The position of the lower ro

. in Fig.17-2. Their di-
0 OB st A satiscne another, as shown in Fig.
o Pposite directions to orsed. Thus, the work can be

d exactly one over the
dy upright side frames,
sted by raising or low-

.v"-_‘ 5)“ . s . ) - c\’
Mg }U! rotation is fixed and cannot be r

¥ feeling from one direction only.
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| -+ otl of two-high mil'l whigh imiorp.orale‘s‘ a dnve ech,

There 15 another m‘ fiestioni of Fotation ot thc‘tolls- This facilitjeq N Wiy,
that can 1-L‘I\'tt!"hb‘ :I::“:mms]v through h:ick-aml-f(_?rt|1 passes. b01WQen eu:g i
the Wm,m‘,:'k,-:ltllinu mill is known as 2 “f’r” h_]gh reversing mi], 'rhc;J.]]""
:11}:;1:1;‘1;1|\‘L c;lpln}'cdkt‘ur the initial rolling of an ingot, iy

er Roll
/UPP

Work Piece

/////////////,

Direction of feed

"\ Lower Roll

Fig.17.2 : ATwo High Mill
17.4.2 Three High Rolling Mills :

It consists of three horizontal rolls, positioned directly one oy

shown in Fig.17-3. The directions of rotation of the upper an
the same, but the intermediate rol]

these. All the three rolls reversed.
between the upper and middle rolls
middle and Jower rojls, Many piece
taneously. This results in 5 higher r
This mill may be yseq for bloomin

er the other, y

d lower rojjg re
rotates in a direction Opposite to both of

The work piece is fed in one directiop
and in the reverse direction between
$ may be passed through the rolls simy!
ate of production than the two-high'mil.
& billet rolling or finjsh rolling.

«Upper roll N

Work” Middle
piece,  ole

First Puss
Reverse pass
SC pass

?/t/f/f/ﬂffz/m

\Lower rol|

Fi9.17.3 : Ry Positions in 5 three-high rolling mill
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¥ 13 Four High Rolling Mills:
; |7‘ i

It consists four horizontay tolls, twe of SMaller ;.
qly one aver the other :mh slw\.\:n in ]‘"i}:.l"i-'l_ The l'|:- :-fl‘nclcr
iﬂllc.ti back-up w,”s ””,ll Ihm.r i r“”“““” 1S (o plL‘v{" o
t.T.ﬂ.l“cl' rolls, “'h'df ‘.’I]w“mcvw“‘,"d result iy,

‘eels at the centte/ The smaljer rolls yy,
'[\M rolls which concentrage

Arangeq
diameqer rolls are
‘ ne the (lcl'h:crinn of the
lllckcmng oF 1olleq pl

4 Workine rolle
”u\ l()lill ”J”i“l (L ”\
lIs are generally used for subge
]:]l b JRL S %

dles or

ang they are
qQuent ropjiyo o e Over the metal’] Thege
e . Olfing ¢ Slabs. The comiy

(s of these mills are hot o cold r _ 100 prog.
uek:

Working ro||

Lower
—
| Back-Up rof]

Fig.17.4 Arrangement rolls in a four-high rolling mi|
174.4 Cluster Mil -

It consists of (wo working rolls of g nd four or more
back-up rolls or larger diameter. The arrang
in Fig.17-5. The number of byck- :
depending upon the amount of support needed for the worki g
the operation. This type of mil is

Working
Rolls

Back - Up rolls

Fig.17.5 : Arrangement of rolls in a cluster mill
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17.4.5 Continuous Rolling Mill :

This is also known as tandem mill. Continuous mill is common]y s
for the high ])l'udurlitm..([i:lch set of rolls is called as stand or rolling mil|
at;nuZ’I‘hv continuous mill is shown in Fig.17-6

since a different reduction takes place at each stand, the strip wij] Move
at different velocities at cach stage in the mill. Thus, the rolls at stand 2 shoulg
run at exit velocity of material at stand 1 and rolls at stand 3 should run 4 exit
velocity of material at stand 2 and so on. The speed of each set of rolls must
be synchronized so that each successive stand takes the strip at a speed. equal
to the delivery speed of the preceding stand. The uncoiler and the windup
reel accomplish the functions of feeding the stock of the rolls and coiling up

the final product.
Unrolled matenal H ° o
i,
< ( ; (+)

™ e 5| Rolledmateria
—_ R—
’f‘“—‘\" o e e

Stand | Stand 2

&ndup reel

Uncoiler

Fig.17.6 : Continuous rolling mill with four rolling mill stands
17.4.6 Planetary Rolling Mill :

| LPlunclury 'rulling mill is used to reduce slabs to coiled hot rolled strips in
a single pass. The work piece material is passed through the planetary mill

equispaced on its periphery. The smaller rolls revolve about the axis of the

having multiple rollers of small diameter backed up by a larger roll and
larger roll as planets revolve around the sun. The mill is shown in Fig.17-7.

Direction
of leed

Fig.17.7 : Planetary rolling mill



Rolling 17 .7

17.4.7 Universal Rolling Mill ;

Universal mill consists of two pairs of rolls, axes of one pair are horizon-

(al and the axes of other pair urc'\}cnicf’sl, mounted on a common roll stand,
1:|1e horizontal rc)ll:s‘ roll .lht.: material a5 m-a two-high rolling mill and vertical
mill does thg fu.ncuon of giving a l‘mriecﬁ edge to the rolled product. This type
of rolling mill is USP:CI 'for the rolling of beams, I-section, and plate products
that require rolled (finished) edges. This type of rolling mill is illustrated in

Fig.17-8.
Horizontal rolls
~—
= R
=t =
Vertical rolls
A

Fig.17.48 : Universal rolling mill

17.5 Forces In Rolling :

17.5.1 Frictional Forces:

The rolls pull the material into the roll gap through a net frictional force
on the material. It can be seen that this net frictional force must be to the right

n Fig.17-9; consequently, the frictional force to the left of the neutral point
Must be higher than the friction force to the right.

! Although friction is neces

'l Overcoming friction; thus,
Power re

of the ro
Coefficie

sary for rolling materials, energy is dissipated
increasing friction means increasing forces and
quirements. Further more, higher friction could damage the surface

lled product. A compromise has to be made, one which induces low
nts of friction by using effective lubricants.

_ The maximum possible draft, defined as the difference between the ini-
flﬂl and final thickness, (h, - h) is a function of the coefficient of friction, m,
nd the roll radius, R:

h,-h = 2R _ _(1)

A
- . J
: ;i'j'

-
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Thus. the higher the friction unq 1I1¢ Iarg.clth.c‘ l)():::j::?c: lf}iﬁrzitc,r _lh[,-
maximum possible draft (and 1'c‘n|uc11.un n llmI n.t..s.s T [h.i.gh ,J _(i Uatigy
is similar to the use of large tires (.ngh R? anc IoughiCh ‘ermil ‘tﬁc }i‘h_f“fm
factors and on off-road carth-moving equipment, w p Vehic]e,

to travel over rough terrain without skidding.

VO—| o o R Ty VF

G Friction forces
Entry__,| Roll Xit
zone gap. LI zone

Fig.17.9 : Friction forces acting on strip surfaces
17.5.2 Roll Force :

Because the rolls apply pressure on the material in order to reduce its
thickness, a force perpendicular to the arc of contact (Fig.17-10) is needed.
Note, in Fig 17.10 that this roll force, F, is shown as perpendicular to the
plane of the strip rather than as at an angle. This alignment is used because
the arc of contact is generally very smaller compared to the rol] radius, so we

can assume the roll force to be perpendicular without causing significant
error.

The roll force in flat rolling can be estimated from the formula
F=LWYavg, ............ (1I)

Where L is the roll-strip contact length, W is the width of the strip, and
Yavg is the average true stress of the strip in the rol gap. Equation (1I), ide-
ally, 1s for a frictionless situatiop. The higher the coefficient of friction is
between the rolls and (he strip, the greater becomes and divergence, and the
formula predicts a lower roll force than the actual force,

|

Torque

Fig.17.10 : The ro|| force, F, and the torque acting on the rolls
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17.5.3 Roll Power :

The power r‘cqui(ed per roll can be estimated by assuming that the force
F acts in the m:d‘dle of the arc of contact: In Fig 17.10 a = L/2. Torque per roll
« the product of F and a. Therefore, the power per roll in S.I. Units is

 _27lFN
Power = 60 000KW

Where F is in Newtons, L is in meters, and N is the rpm of the roll.

Summary



19 2 Production Technology

: o : s obtaned of a diame
In a single stage drawing operation. t.lllp may be ol l(”['i a (hameye
from 1.8 to 2 umes less than that of the itial that blank. Upon more defq,
ases 1o such an extent that the inegy)

mation. the drawng force required mere .
ter 1s possible only by subge.

is ruptured. A further reduction m cup diame

guent ."m‘mmg operation called redrawing.

19.2 Wire Drawing :
Wire 1s made by cold-drawing hot rolled wire rod through one or more
dies 45 shown m fig 192 1 docraase it size and increase the physical properties

om a single billet and cleaned in an acid 1

The wire rod s rolled fron :
remove scale. rust and immersed in a lime solution to neutralize the acid.

N .
|~ Casting

— Die

Hot Rolled Rod

e 7
W1

Fig 19.2 wire drawing process

Both single draft or continuous drawing processes may be used. In the
first method. a coil is placed on the rod or frame and the end of the rod is
pointed so that 1t will enter the die. The end is grasped by tongs on a draw
bench and pulled out and wound around the reel. After the enter coil has
passed through one die. the process of drawing wire through holes of small
size s repeated until the desired diameter of the wire is obtained. A typical
draw bench of this type with three sets of dies in shown in Fit 19.3. After the
wire has passed through several dies, it becomes brittle due to strain harden-
ing. It should therefore be annealed.

Draw Plates (Dies)

N

S E.
@ Q %

Receiving Cotl
NS Onginal Wire Coil

Capstan Drum

Fig : 19.3 A multi die draw Bench
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ner and outer surfaces are controlled

eduction. the drawing loads will be less
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W
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S required and also on the Kind of m

0.3 Tube Drawing :

--C

Drawing 19 . 3

|¢ continuous drawing, the wire 1s fed through several dies and draw
i, which are arranged in series. The number of dies depends upon the
. aterial being drawn.

o F \ N
WAl WAoo L X

The three common methods of drawing are - Tube sinking. Tube draw-
with a plug and tube drawing with g Moving mandrel, the last two meth-
2 more widely used because in tube sinking (Fig 19.4(a) the inside
wibe 18 not supported and so during drawing operation, the inner sur-
> becomes uneven and there will be tendency for the wall thickness to
able mandrel drawing, both the

and we get tubes of better dimen-
ASCUTICY ds compared to tube sinking, In plug drawing, the plug (which

ase shightly In plug drawing and mov

R

sther evhindrical or conical) can eitherfggﬁfihied. (Fig 19.4(b)(i)). or
(Fig 19.4(b)1iNThe friction with g fixed plug will be more than with
plug. so the reduction in areas seldom exceeds 30% in this method
» floating plug. this figure can be approximately 45% or with the same
than floating plug than with a fixed

j
1y

T

picg. The friction is minimized in tube drawing with a movable mandrel (Fig

=ic1). However, after tube drawing, the mandrel has to be removed. by

¢ which results in slightly increased tube diameter and reduced dimen-
nal tolerances. R

uDe sirI

E 1_k_1__r_1‘g 1S used to only reduce the outsu.le dmﬂetg_rgf tube. If the
<l thickness of the tube is also to be reduced, an internal die is also needed,
ay be in the form of a plug or a mandrel. Mandrels are used for tubes

b

100Ut 12.7mm to 250 mm in diameter. Heavy walled tubes and those
t less than 12.7mm dia are drawn without a mandrel. This is the proce-
used for drawing hypodermic needles (starting from a S50 mm dia tube)

1 outside diameter leSs than U.02 mm and with inside diameter half of the

=g ~ Die
N
Pull

/,'" .,

(a) Tube Sinking (1) Fixed Plug

Utside diameter

] Plug
y Pull

(i Pl g
o ine andrel

(c) M‘t“ ing Man e (b) Plug Drawing
Fig : 19.4: Tube drawing

-
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21.4 : Cold Extrusion

Cold extrusion process is classified as follows,
I Forward cold extrusion
4) Hvdrostatic extrusion
Backward cold extrusion
by cold extrusion forgiving

a) Impact extrusion

21.4.1 : Forward cold extrusion

Ihe forward cold extrusion is similar to that of forward hot extrusion
process except for the fact that the extrugion ratios possible are lower ang
extrusion pressures higher (table 21.1) than that of hot extrusion. It is nor.
mally used for simple shapes requiring better surface finish and to Improve
technical properties. Examples of the applicatm_g_glnﬁz various aluminium
brackets. shock absorber cylinders, rocket motors and heads, etc.

Table : 21.1. Cold extrusion pressures

Material ~ Extrusion pressure MPa
“pure aluminium 600 to 1100

soft brass ‘ 450 to 800

soft copper 400 to 1100

C10 steel 1800 to 2500
|
C20 steel 1900 to 3100

21.4.1.1 : Hydrostatic Extrusion :

Another extrusion process that 1s be
the hydrostatic extrusion. In this the
by a liquid rather than the ram.
elimiates the need for

ing used for special applications is
metal billet i compressed from all sides
The presence of liquid inside the container
any lubricant and also the material is more uniformly
des throughout the deformation zone. Because of this.
highly brittle materials such a5 BrCy castiron can also be extruded. A typical
hydrostatic extrusion operation Is shown in Fig 21.6. Some of the pressure

are castor oil with 10% alcohol, SAE 30 mineral

compressed from all s

transmitting fluids used

/

Ve s
. \«é.s'\- (e ™
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e oil, glycerine, ethyl glycol and iso pentane. The hydrostatic pres

b noe 18 from 1110 to 3150 MPa. The commercial apphications ol the
s (il . . - T _ g

G e limited to the extrusion of reactor fuel rods, ¢l

- T B

adding of metals
" king wires of less ductile materials, .
1 o

Pressure ansnttinyg
1T

T,

----------------
----------------
- e o e o s o o o

Uxtruded
metal

p——————

IEEEEREERER RN

e
B R L
-----------------

Metal billet

Fig:21.6 : Hydrostatic Extrusion

21.4.2 : Backward Cold Extrusion :

g h_-.

Backward cold extrusion divided into two types.
1) Cold extrusion forging
2) impact extrusion

14.2.1 : Cold extrusion forging :

The cold extrusion forging is similar to impact extrusion but with the
main difference that the side walls are much thicker and their height is smaller.
This ulso contains a die and punch set as shown in Fig 21.7. The punch
slowly descends over the slug kept on the die, thus forging some metal be-
Ween the punch and the die and the rest being extruded through the clear-
dnce between the punch and die side walls. The side wall thus generated are
Short and thick with any profile in the end unlike the impact extrusion. Alter-

d_dldh, the component is ejected by means of the ¢jector pin provided in the
Ie,

sion '”"IL‘ hl?:‘xckwurd cold extrusion processes are different I'I'ull.I other extru-
singlfulrussus in lhul. cach stroke of the l?uncll prepares a directly lIllil!ﬂt."
e ili“j“ptmcnl which may not nccc.‘xsu‘rlly have a lllllll“.ll‘ﬂl cross-section

S entire length. Also, these are limited to smaller sizes and for non-

fer
oy alloys only.

Lr. Y 'il ]

o
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l -«]——Punch

Nt Dic

Ejector
Fig:21.7 : Cold extrusion forging

01.4.2.2 : Impact extrusion :

This 1s a cold extrusion process, similar to backward extrusion process,
but carried out at higher speeds. The punch strikes a single blow with consid-
erable force causing the metal to squirt up around the punch as shown in Fig
21.8. A small amount of unheated slug of metal is placed in the die cavity, the
punch is driven rapidly into the die cavity and because of high pressure,
metal immediately fills the cavity

Stnpper plate i l
<“— Punch | I
|
! Blank ' Extruded
Y .p o :
Die |

Fig :21.8: Impact extrusion process

As there 1s no more space for the metal deformation in the cavity, the metal
deformation in the cavity. the metal 1s forced upwards through the gap be-
tween the punch and the die, forming a tube- shaped part.

Apphcations of impact extrusion process are in the manutacture of gollaps-.
ible twbes for toothp: ISt omtments, shell cases, soft drink cans, ete. Fit 21 9
Hlustrates impact extrusion ot a collapsible tube wWith a nozzle.



Extrusion 21 .7

Workpiece

<—|'unch e
(tube)

Blank

U U«—l_«:jccmr

Fig 21.9 : Impact extrusion of collapsible tube with a nozzle.

['or producing toothpaste tubes, a shall hole is punched in the centre of
the blank and the die cavity is shaped to form the neck of the tube. Upon the
completion of the stroke, the tube is blown from the ram with compressed air.
The tubes are then threaded, trimmed, enamelled and printed.

Impact extrusions are low in cost, have excellent surface quality, and
can pive production rates of the order 100,000 to 20 million parts per year.
21.5 : Tube extrusion :

The usual method for extruding tubes is shown in fig 21.10. It is a form
of direct extrusion, but uses a mandrel to shape the inside of the tube. After
the billet is placed inside, the die containing the mandrel is pushed through
the ingot. The press stem then advances, extrudes the metal through the die
and around the mandrel, as shown in Fig.

Picrcing

f//}w/{ﬁ///fé’//iéé m;mdrcl)

—— j;
Billet T —
7 e,

IINL e o AR
TR

’ 7 A o e
::,r'-;f.;’- J LA _:4’;’
o

e

Fig:21.10 -Tube extrusion process
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22.5 : Types of forging operations : — *
The different types of forging operations are
‘(I ) Smith forging
2) Drop forging
3) Press forging

4) Machine or upset forgin@._

22.5.1 : Smith Forging :

The term hand forging reminds us of a muscular blacksmith. The pro.
cess consists of forming the desired shape of a heated metal by applying
repeated blow of a hand held hammer. A flat die or an anvil is used. The
desired shape of the metal piece is maintained by the smith during the fory-
ing process as the desired length and cross-section are adjusted manually by
positioning and turning the part on the flat surface of the anvil. While ham-
mering, the red-hot metal is held with a pair of tongs and a well-rounded
chisel - shaped edge, called fuller is used to draw out the metal. Fuller is held
on the metal by a helper while the smith strikes the metal with a hammer.

The quality of the forging is wholly dependent on the skill of the smith.
Only relatively simple shapes can he forged by this technique and this method
of metal working will continue to be used In its present form for many years

to come. Fig22.17 illustrates a hand forging operation.

C: Hamme:

Fuller
Piece of heated metal

Tongs

Flatsurtace

Fig22.17 : Hand forging operation
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22.5.2 : Drop forging :

Drop forging is a process of forming parts by hamme
billet into die cavities. In its simplest form.
werght and allows 1t to fall.

ring a heated bar or
a drop forge raises a massive
[t is essentially a mechanized form of the
made in sets or halves; one half of the die is
attached to ram and the other to a stationary anvil. The drop hammer uses
compressed air 1o lift the ram and then falls under gravity. The ram is a lifted
by a steel rod connected to a piston, a Separate air circuit operates the ram to
move 1t up and then the ram falls down under gravity on to the red-hot billet.
Thus. the required shape on the billet is achieved.

hlacksmith's hammer. Dies are

Drop hammers are the choice for work pieces made of ¢

opper alloys,
steel. titanium and refractory alloys. Fig 22.18 illustrates a drop forging op-
eration using a hydraulic hammer.

_ Upperdie
P Workpiece

Lower die

Leriirn

Fig 22.18 : Drop forging operation
22.5.3: Press Forging :

In press forging steady high pressure is ilP_P]i‘:q on hot ‘_“‘-’liq work piece.
In this case the action is relatively slow squeezing 1“-““3“1_1 of dC|l‘Vt‘rmg heavy
blows and penetrates deeply because it gives l.htf l]lelill llII]]C to 1If\\"v. Uhll)m-\“-}l-
only one stroke is needed to complete a Durpcu!ur forging L){)L“Id‘ll(ljll;l ress
lorgings are generally more accurate dimensionally than drop forgings.

The manner in which the metal dcinrmuliu!l takes pl;u.‘clm lpric'fsl t‘urgm}:‘
substantially differs from that of hammer 1“01‘&1‘"5 one bl%}_“ (?t lilfi' 1::1[1“1][111:;
works the :;n':lill only in the surface layers of l.he. forging sz ,ﬂm-;‘t,:gql;eczc
does not effectively penetrate into the \'ulurl}c of the 111e1u|l. | L.li:.l::c.,- dc-ep e
"l press applied to the stock gmdu:lll—)f ?m;lrcusci all;_‘ I-Ji:"tl:r’i.nu is taken
e metal. involving its whole volume. This feature ol pres: ging

Mo consideration in designing die equipment,
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128 Defects in forgings :
¢ oceur due o mand reasons like poor quality of the

Detects mn Il\I':_‘_III:.l
ons. uneven cooling of stock

maproper forging conditi
Some common defects in forgings

SO

L improper heatng.
poor die design wrong torging methods ete.

are scussed be low

22.8.1 pitting :

urface of a forging that is caused by scales
which 18 not he die cavities 1s worked into the surface of
the forging. Sometimes the scales stick with the upper die and when the forg-
i out it forms a depression on the work piece. pitting

can be avoided by prorer control of forging temperature and frequent clean-

This defects occur on the

rully removed from t
g operauon 1 carred
'.”g_ \‘:. \.hL‘\.

13, 8.2 Cold shuts or laps

at the corners of the surface that are at
d due to the in ward folding of
hould be avoided 1..e

These are short cracks that occur
nght angles to each other. Cold shuts are cause
metal surface to minimise these defects. Sharp corners s

by rounding them off.

22.8.2 : Die shift :

This defect is caused due to misalignment between two halves of forg:
ing dies. The die shift many also occur due to loose wedger. To avoid it the
alignment of dies should be proper and wedges rigidly fixed.

22.8.4 Dents :

These are caused due to careless working

22.8.5 Fins and rags
al driven 1nto the surface

Fins and rags are small projections or loose met
and workman ship.

of the forging. It can be controlled by proper die design

22.8.6 : Incomplete filling of dies

och.
low

rong amount of st

This defect is caused due 1o many reasons like W
design or oo

[nsufficient number of blows durng forging. In correct die
WOrking temperature n:xulling in poor p!‘.l:-,lit.‘ flow of metul‘




Explosive Forming

v Explosive forming, 1s distinguished from conventional
forming i that the punch or diaphragm is replaced by an
explosive charge.

v Explosives used are generally high - explosive chemicals,
gascous mixtures, or propellants.

There are two techniques of high - explosive fornung:

= Stand - off technique
= (Contact techmque

Standoff Technique

» Sheet metal work piece blank is clamped over a die and the assembly
1s lowered into a tank filled with water.

» Air in the die 1s pumped out.

» LExplosive charge is placed at some predetermined distance from the
work piece.

» On detonation of the explosive, a pressure pulse of very high intensity
1s produced.

» Gas bubble is also produced which expands spherically and then
collapses.

» When the pressure pulse impinges against the work piece, the metal is
deformed mto the die with as high velocity as 120 ny/s.

(i)

venting of bubbles

Sequeuce of underwater explosive forming operations.(i) explosive charge is set in position (ii) pressure pulse
and gas bubble are formed as the detonation of charge occurs, (iii) workpiece is deformed, and (iv) gas
bubbles vent at the surface of water.




Use of water as the energyv transfer medium ensures a uniform
transmission of energy and mullles the sound of the explosive blast.

Process is versatile — a large variety of shapes can be formed, there is
virtually no limit to the size of the work piece, and it is suitable for low -

quantty production as well.

LProcess has been successfully used to form steel plates 25 mn thuck
x £ m driameter and to bilge steel tubes as thiuck as 25 nin.

Contact Tecluuqgue

v~ Explosive charge in the form ol cartridge is held in direct contact with
the work piece while the detonation is initiated.

v~ Detonation builds up extremely high pressures (upto 30,000MPa) on
the surface of the work piece resulting in metal deformation, and

possible fracture.

v~ Process is used olten for bulging tubes

\d Schematic illustration ol contact technigue of

explosive forming.

Process is generallyv vused for bulging of tubes

- Die

Workpiece
{tube)

e—— Enclosure

Applicatons

= Fxplosive forming is mainly used in the aerospace industries
but has also found successiul applhications 1 the production
ol automouve related components.

= Process has the greatest potential in limited - production
prototype forming and for forming large size components for
which conventonal tooling costs are prohibitively high.



Ixplosives used can be:

e IHigh energy chemicals like 'I'NT, RDX, and Dynamite.
e Gascous mixtures

* Propellants.

“actors to be considered while selecting an I HERF process:

Size of work piece

Geometry of deformation

Behavior of work material under high strain rates
Energy requirements/ source

Cost of tooling / die

Cyvcle ime

Overall capital investment

Safety considerations.

Role of water:

Y

Acts as energy transfer mmedium
Ensures uniform transmission of energy

Muflles the sound of explosion

vV VvV V

Cushioning’/ smooth application of energy on the work without
direct contact.

Process Variables

Type and amount of explosive: wide range of explosive is
available.

Stand ofT distance — SOD- (Distance between work piece and
explosive): Optumum SOD must be maintained.

The medium used to transmit energy: water is most widely
used.

Work size

Work material properties

Vacuum in the die

Cco 0 0 O



FElectro Magnetic Forming

v" Process is also called magnctic pulse formng and is mainly used for

swaging type operations, such as fastening [ittings on the ends ol tubes
and crimping terminal ends ol cables.

v~ Other applications are blanking, forming, embossing, and drawing.

Before forming After forming

Coil around tube is

compressed into
grooves of fitting

@)

Various applications ol miagnetic forming process. (1) Swaging

Process details/ Steps:

The electrical energy is stored in the capacitor bank

The tubular work piece is mmounted on a mandrel having the die cavity
to produce shape on the tube.

A primary coil is placed around the tube and mandrel assembly.

When the switch is closed, the energy is discharged through the coil
The coil produces a varving miagnetic hield around it.

In the tube a sccondary current is mduced, which coreates its own
magnetic field in the opposite direction.

The directions ol these two magnetic hields oppose one another and
hence the nigmdly held coil repels the work into the die cavity.

The work tube collapses into the die, assuming its shape.

v" A high charging voltage is supplied for a short ume to a bank of

capacitors connected in parallel. (The amount of electrical energy
stored in the bank can be increased either by adding capacitors 1o the
bank or by increasing the voltage).

v When the charging is complete, which takes very little tme, a high

voltage switch triggers the stored electrical energy through the coil.

v~ A high — mtensity magnetic field is established which induces eddy

currents into the conductive work picce, resulting in the establishment
of another miasnmetice field.



v A high charging voltage is supplied for a short time to a bank of
apacitors connected in parallel. (The amount of electrical energy
stored in the bank can be mcreased either by adding capacitors to the
bank or by increasing the voltage).

v When the charging is complete, which takes very little time, a high
voltage switch triggers the stored electrical energy through the coil.

v~ A high - intensity magnetic field is established which induces eddy
currents into the conductive work picce, resulting in the establishment
ol another magnetic hield.

v" The forces produced by the two magnetic ficlds oppose each other with
the consequence that there is a repelling force between the coil and the
tubular work piece that causes permanent deformation ol the work
picce.

Tube is expanded
into die to form beading

Coil inserted inside
tube surrounded
by die and insert

Various applications of magnetic forming process. (1) Expanding, and
(111) Embossing or blanking.

Magnetuc forming can be accomplished in anv of the following three wavs,
depending upon the requirements.

Q Coil surrounding work piece:- When a tube - like part x is to fit over
another part v, coil is designed to surround x so that when energized,
would force the material of x tightly around v to obtain necessary fit.

Q Coil mside work picce:- Consider lixing of a collar on a tube - like part.
The magneuc coil is placed mside the tube - hike part, so that when
energized would expand the matenal of the part into the collar.

O Coil on flat surface:- Flat coil having spiral shaped winding can also be
designed to be placed either above or below a flat work piece. These
coils are used i conjuncuon with a die to form, emboss, blank. or
dimiple the work piece.

Q Either permanent or expandable coils may be used.
Since the repelling lforce acts on the coil as well the
work, the coil itsell and the msulatton on it must be
capable of withstanding the force, or else they will be
destroyed.

O Expandable coils are less costly and are also preferred
when high energy level 1s needed.



Advantages:

1) Suitable for small tubes

11)  Operations like collapsing, bending and crimping can be
casily done.

1) Electrical energy applied can be precisely controlled and
hence the process is accurately controlled.

iv) The process is saler compared to explosive forming.

v)  Wide range of applications.

[inuatations:

i)  Applicable only for electrically conducting materials.
11)  Not suitable for large work pieces.

1)  Rigid clamping of primary coil is critical.

1v)  Shorter life of the coil due to large forces acting on 1it.

Applications

» It has lound extensive applications mm the fabrication of hollow, non -
circular, or asymimetrical shapes from tubular stock.

» Compression applications mvolve swaging to produce compression,
tensile, and torque jomts or scaled pressure joints, and swaging to apply
compression bands or shrink rings lor lastening components together.

» Flat coils have been used on flat sheets to produce stretch (internal) and
shrink (external) flanges on ring and disc - shaped work pieces.

> Electromagnetic forming has also been used to perform shearing,
piercing, and rivettting.



Electro Hyvdraulic Forming

Q Electro hydraulic forming (EHF), also known as electro spark forming,
1s a process m which electrical energy i1s converted imto mechanical
energy for the forming ol metallic parts.

L A bank of capacitors is lirst charged to a high voltage and then
discharged across a gap between two electrodes, causing explosions
mside the hollow work piece, which i1s filled with some sutable
medium, generally water.

** These explosions produce shock waves that travel
rachally m all direcions at high velocity until they meet
some obstruction.

> II' the discharge energy 1s sulliciently high, the hollow
work piece is deformed.

*¢* The deformation can be controlled by applying external

restramts i the form of die or by varying the amount of
energy released.

ELECTRO HYDRAULIC FORMING

parking}slcclrodcs

W,

Switch \S

N =
N d--N-Work
T N st - el
Charging circuit [N 5
S Die
J‘ . | \‘ A TR R R hRhRhRRhRTRa.
. s ™ Capacitor bank

Fig. Electro Hydraulic Forming



Unrestrained and
restrained electro-
hydraulic forming
process.

=

Shick
Tube
Unres! rraim:d
expansion expansion
Principle

A sudden electrical discharge in the form of sparks is produced
between electrodes and this discharge produces a shock wave in
the water mmedium.

This shock wave deforms the work plate and collapses it mto the
die.

Characteristics ol this process are similar to those ol explosive
forming.

Major difference, however, is that a chemical explosive is replaced
by a capacitor bank, which stores the electrical energy.

Capacitor 1s charged through a charging circuit.

When the switch is closed, a spark is produced between
clectrodes and a shock wave or pressure pulse is created.

Energy released 1s much lesser than that released in
explosive forming.

Process Characteristics:

Stand ol distance: It must be optimum.

Capacitor used: The energy of the pressure pulse depends on
the size ol capacitor.

Transfer medium: Usually water 1s used.

Vacuuni: the die cavity miust be evacuated to prevent adiabatic
heating of the work due to a sudden compression of air.
Materal properties with regard to the applicaton ol high rates
of strain.

YV YV VY



Advantages

v EHF can form hollow shapes with much ease and at less cost
compared to other forming techmques.

v" EHF is more adaptable to automatic production compared to
other high energy rate forming techniques.

v" EHF can produce small - to intermediate sized parts that
don't have excessive energy requirements.

v" Better control of the pressure pulse as source of energy is
clectrical- which can be easily controlled.

v" Safer in handling than the explosive materials.
v" More suitable if the work size is small to mediun.
v" Thin plates can be formed with smaller amounts of energy.

v" The process does not depend on the electrical properties of
the work material.

[inutattons:

=  Suitable only for smaller works
= Need for vacaum makes the equipment more complicated.
= Proper SOD is necessary for effective process.

Applications:

* They mmclude smaller radar dish, cone and other shapes in
thinner and small works.



UNITV

Introduction

Manufacturing is a process in which raw materials are transformed into
finished goods.

Additive Manufacturing

» Technology that can make anything.

 Eliminates many constraints imposed by conventional manufacturing

 Leads to more market opportunities.

* Increased applications such as 3D faxing sender scans a 3D object in cross
sections and sends out the digital image in layers, and then the recipient
receives the layered image and uses an AM machine to fabricate the 3D object



Additive Manufacturing Process chain

1 CAD

2 STL convert

3 File transfer to machine
4 Machine setup

5 Build

6 Remove

7 Post-process

8 Application

Additive Manufacturing Process chain

The Eight Steps in Additive Manufacture

1. Conceptualization and CAD

2. Conversion to STL

3. Transfer and manipulation of STL file on AM machine
4. Machine setup

5. Build

6. Part removal and clean-up

7. Post-processing of part

8. Application



Conceptualization and CAD

» The generic AM process starts with 3D CAD information.

e There may be a many of ways as to how the 3D source data can be created.
* The model description could be generated by a computer.

» Most 3D CAD systems are solid modeling systems with some surface
modeling components.

Conversion to STL

e The term STL was derived from STereoLithograhy.

e STL is a simple way of describing a CAD model in terms of its geometry
alone.

e It works by removing any construction data, modeling history, etc., and
approximating the surfaces of the model with a series of triangular facets.

e The minimum size of these triangles can be set within most CAD software
and the objective is to ensure the models created do not show any obvious
triangles on the surface.

The process of converting to STL is automatic within most CAD systems.

e STL file repair software is used when there are problems with the file
generated by the CAD system that may prevent the part from being built
correctly.

e With complex geometries, it may be difficult to detect such problems while
inspecting the CAD or the subsequently generated STL data.

e [f the errors are small then they may even go unnoticed until after the part
has been built.

STL is essentially a surface description, the corresponding triangles in the files
must be pointing in the correct direction; (in other words, the surface normal
vector associated with the triangle must indicate which side of the triangle is
outside vs. inside the part).

e While most errors can be detected and rectified automatically, there may
also be a requirement for manual intervention.

Transfer to AM Machine and STL File Manipulation

* Once the STL file has been created, it can be sent directly to the target AM
machine.

e Ideally, it should be possible to press a “print” button and the machine
should build

e The part straight away.



* However there may be a number of actions required prior to building the
part.

* The first task would be to verify that the part is correct.

* AM system software normally has a visualization tool that allows the user to
view and manipulate the part.

e The user may wish to reposition the part or even change the orientation to
allow it to be built at a specific location within the machine.

e [t is quite common to build more than one part in an AM machine at a time.

e This may be multiples of the same part (thus requiring a copy function) or
completely different STL files.

Machine Setup

e All AM machines will have at least some setup parameters that are specific
to that machine or process.

e Some machines are only designed to run perhaps one or two different
materials and with no variation in layer thickness or other build parameters.

e In the more complex cases to have default settings or save files from
previously defined setups to help speed up the machine setup process and to
prevent mistakes.

e Normally, an incorrect setup procedure will still result in a part being built.

Build Setup

» The first few stages of the AM process are semi-automated tasks that may
require considerable manual control, interaction, and decision making.

* Once these steps are completed, the process switches to the computer
controlled building phase.

 All AM machines will have a similar sequence of layer control, using a height
adjustable platform, material deposition, and layer cross-section formation.

e All machines will repeat the process until either the build is complete or
there is no source material remaining.

Removal and Cleanup
e The output from the AM machine should be ready for use.

» More often the parts still require a significant amount of manual finishing
before they are ready for use.



e The part must be either separated from a build platform on which the part
was produced or removed from excess build material surrounding the part.

* Some AM processes use additional material other than that used to make the
part itself (secondary support materials).

Post Process

e Post-processing refers to the (usually manual) stages of finishing the parts
for application purposes.

e This may involve abrasive finishing, like polishing and sandpapering, or
application of coatings.

Application

 Following post-processing, parts are ready for use.
e Although parts may be made from similar materials to those available from
other manufacturing processes (like molding and casting), parts may not
behave according to standard material specifications.
» Some AM processes create parts with small voids or bubbles trapped inside
them, which could be the source for part failure under mechanical stress.
e Some processes may cause the material to degrade during build or for
materials not to bond, link, or crystallize in an optimum way.
ADVANTAGES
I.  Freedom of design

II. Complexity for free
III. Potential elimination of tooling

IV. Lightweight design

V.  Elimination of production steps
DISADVANTAGES

I.  Slow build rates

II. High production costs
III. Considerable effort required for application design

IV.  Discontinuous production process

V.  Limited

Applications

AM has been used across a diverse array of industries, including;
v' Automotive
v Aerospace
v" Biomedical
v Consumer goods and many others



AM processes are classifying:
Major Seven types

1) Vat Photopolymerisation/Steriolithography
2) Material Jetting

3) Binder jetting

4) Material extrusion
5) Powder bed fusion
6) Sheet lamination

7) Directed energy deposition
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1) Vat Photopolymerisation/Steriolithography

Stereolithography Apparatus (SLA) Process



e 3D Systems was founded in 1986 by inventor Charles W. Hull and
entrepreneur Raymond S. Freed and its first commercial system
marketed in 1988.

e It has been awarded more than 40 United States patents and 20
international patents, with additional patents filed or pending
internationally.

Principle

The SLA process is based on the following principles

e Parts are built from a photo-curable liquid resin that cures when exposed to
a laser beam (photopolymerization process) which scans across the surface of
the resin.

e The building is done layer by layer, each layer being scanned by the optical
scanning system and controlled by an elevation mechanism which lowers at
the completion of each layer.

Stereolithography Apparatus (SLA) Process
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Stereolithography process creates 3D plastic objects directly from CAD data.



e The process begins with the vat filled with the photo-curable liquid resin
and the elevator table set just below the surface of the liquid resin.

» 3D CAD solid model file is loaded into the system by the operator.

 Supports are designed to stabilize the part during building.

 The translator converts the CAD data into a STL file.

e The control unit slices the model and support into a series of cross sections
from 0.025 to 0.5 mm thick.

» The optical scanning system directs and focuses the laser beam to solidify a
2D cross section corresponding to the slice on the surface of the photo-curable
liquid resin.

e The elevator table drops enough to cover the solid polymer with another
layer of the liquid resin.

* A leveling wiper or vacuum blade moves across the surfaces to recoat the
next layer of resin on the surface.

e The laser then draws the next layer.

e The process continues building the part from bottom up, until the system
completes the part.

e The part is then raised out of the vat and cleaned of excess polymer.
Applications

» Models for conceptualization, packaging and presentation.

 Prototypes for design, analysis, verification and functional testing.

« Parts for prototype tooling and low volume production tooling.

« Patterns for investment casting, sand casting and molding.

* Tools for fixture and tooling design, and production tooling.

Extrusion-Based AM Processes: Fused Deposition Modelling (FDM),
Principles, Materials, Plotting and path control, Bio-Extrusion, Process

Benefits and Drawbacks, Applications of Extrusion-Based Processes

Whatis it

» Obtaining the desired model or prototype from a semi solid material,
when this material is extruded from a selected nozzle.

» These technologies can be visualized as similar to cake icing, in that
material contained in a reservoir is forced out through a nozzle when



pressure is applied.

If the pressure remains constant, then the resulting extruded material
(commonly referred to as “roads”) will flow at a constant rate and will
remain a constant cross-sectional diameter.

The material that is being extruded must be in a semi-solid state when it
comes out of the nozzle.

This material must fully solidify while remaining in that shape.
Furthermore, the material must bond to material that has already been
extruded so that a solid structure can result.

Once a layer is completed, the machine must index upwards, or move
the part downwards, so that a further layer can be produce.

There are two primary approaches when using an extrusion process.

The most commonly used approach is to use temperature as a way of
controlling the material state.

Molten material is liquefied inside a reservoir so that it can flow out
through the nozzle and bond with adjacent material before solidifying.
An alternative approach is to use a chemical change to cause
solidification.
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In such cases, a curing agent, residual solvent, reaction with air, or
simply drying of a “wet” material permits bonding to occur.

Parts may therefore cure or dry out to become fully stable.

This approach may be more applicable to biochemical applications
where materials must have biocompatibility with living cells and so
choice of material is very restricted.

Fused Deposition Modeling (FDM)

Basic principles

There are a number of key features that are common to any extrusion-based

system:

>
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Loading of material

Liquification of the material

Application of pressure to move the material through the nozzle
Extrusion

Plotting according to a predefined path and in a controlled manner
Bonding of the material to itself or secondary build materials to form a
coherent

Solid structure

Inclusion of support structures to enable complex geometrical features
FDM is the second most widely used rapid prototyping technology,
after stereolithography.

A plastic filament is unwound from a coil and supplies material to an
extrusion nozzle. The nozzle is heated to melt the plastic and has a
mechanism which allows the flow of the melted plastic to be turned on
and off.

The nozzle is mounted to a mechanical stage which can be moved in

both horizontal and vertical directions.



» As the nozzle is moved over the table in the required geometry, it
deposits a thin bead of extruded plastic to form each layer.

» The plastic hardens immediately after being squirted from the nozzle
and bonds to the layer below. The entire system is contained within a
chamber which is held at a temperature just below the melting point of
the plastic.
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Drive wheeis
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Extrusion nozzles
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Part supports
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Support material SPOO| =—— ——\
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The FDMs can be equipped to build with investment casting wax, acrylonitrile
butadiene styrene (ABS) plastic, medical grade ABS thermoplastic, and/or
Elastomer. Currently ABS is used in most of the cases ABS is an opaque
engineering thermoplastic widely used in electronic housings, auto parts,

consumer products, pipe fittings, lego toys and many more.



Acrylonitrile: It is a synthetic monomer produced from propylene and
ammonia. This component contributes to ABS chemical resistance & heat
stability

Butadiene: It is produced as a by-product of ethylene production from steam
crackers. This component delivers toughness & impact strength to ABS
polymer

Styrene: It is manufactured by dehydrogenation of ethyl benzene. It provides
rigidity & processability to ABS plastic

How ABS is Made?

ABS is produced by emulsion or continuous mass technique. The chemical
formula of Acrylonitrile Butadiene Styrene is (C8H8:C4H6-C3H3N)n. The
natural material is an opaque ivory color and is readily colored with pigments
or dyes.

ABS is a strong & durable, chemically resistant resin but gets easily attacked
by polar solvents. It offers greater impact properties and slightly higher heat

distortion temperature than HIPS.

Acrylonitrile Butadiene Styrene has a broad processing window and can be
processed on most standard machinery. It can be injection-molded, blow-
molded, or extruded. It has a low melting temperature making it particularly

suitable for processing by 3D printingon an FDM machine.

ABS falls between standard resins (PVC, polyethylene, polystyrene, and so on)
and engineering resins (acrylic, nylon acetal...) and often meets the property

requirements at a reasonable price-cost effectiveness.



Benefits of FDM

» FDM is the most cost-effective way of producing custom thermoplastic

parts and prototypes.

» The lead times of FDM are short (as fast as next-day-delivery), due to
the high availability of the technology.(A dimensional accuracy of *
0.5% with a lower limit of + 0.5 mm (*+ 0.020"))

» A wide range of thermoplastic materials is available, suitable for both

prototyping and some non-commercial functional applications.

» All support material is removed such that the supported surface has a

consistent finish.

» All parts are printed with 3 outline / perimeter shells or a wall thickness

of 1.2 mm.
Limitations of FDM

» FDM has the lowest dimensional accuracy and resolution compared to
other 3D printing technologies, so it is not suitable for parts with
intricate details. they have a layer thickness option of 0.078 mm, but
this is only available with the highest-cost machine and use of this level

of precision will lead to longer build times.



» FDM parts are likely to have visible layer lines, so post processing is
required for a smooth finish. it is impossible to draw sharp external
corners; there will be a radius equivalent to that of the nozzle at any
corner or edge. Internal corners and edges will also exhibit rounding.
The actual shape produced is dependent on the nozzle, acceleration, and
deceleration characteristics, and the visco elastic behavior of the

material as it solidifies.

» Feed rate is also dependent on the ability to supply the material and the
rate at which the liquefier can melt the material and feed it through the

nozzle.
» The layer adhesion mechanism makes FDM parts inherently anisotropic.

» the anisotropic nature of a part’s properties. Additionally, different

layering strategies result in different strengths
Applications of Extrusion-Based Processes

» Low-volume production of complex end-use parts



Prototypes for form, fit and function testing
» Prototypes directly constructed in production materials
» Extrusion is widely used in production of tubes and hollow pipes.
» Aluminum extrusion is used in structure work in many industries.

» This process is used to produce frames, doors, window etc. in

automotive industries.

» Extrusion is widely used to produce plastic objects.

Powder Bed Fusion AM Processes: Selective laser Sintering (SLS), Materials,
Powder fusion mechanism, SLS Metal and ceramic part creation, Electron
Beam melting (EBM), Process Benefits and Drawbacks, Applications of
Powder Bed Fusion Processes.

Directed Energy Deposition AM Processes: Process Description, Laser
Engineered Net Shaping (LENS), Direct Metal Deposition (DMD), Electron
Beam Based Metal Deposition, Benefits and drawbacks, Applications of
Directed Energy Deposition Processes.

Wire arc based additive manufacturing methods, Advantages and

disadvantages, comparison with conventional AM and WAAM.

» SLS is a rapid prototyping (RP) process that builds models from a wide
variety of materials using an additive fabrication method

» The build media for SLS comes in powder form, which is fused together
by a powerful carbon dioxide laser to form the final product

HISTORY

» The Selective Laser Sintering (SLS) process was developed by The
University of Texas in Austin, and was commercialized by DTM,
Corporation out of Austin, TX in 1987 with support from B.F. Goodrich

» The first SLS system was shipped in 1992, and there are currently
several systems in use worldwide.

» The build media for SLS comes in powder form, which is fused together
by a powerful carbon dioxide laser to form the final product.



» SLS currently has 10 different build materials that can be used within
the same machine for a wide variety of applications.

» The SLS process begins, like most other RP processes, with the standard
.STL CAD file format, which is exported now by most 3D CAD package.

SLS — MECHANISM

» Moving laser beam sinters heat-fusible powders in areas corresponding
to the CAD geometry model one layer at a time to build the solid part.



» After each layer is completed, a new layer of loose powders is spread
across the surface.

» Layer by layer, the powders are gradually bonded by the laser beam
into a solid mass that forms the 3-D part geometry.

» In areas not sintered, the powders are loose and can be poured out of
completed part
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MATERIALS THAT CAN BE USED

Plastic powders
Metal powders (direct metal laser sintering),
Ceramic powders

Glass powders

Patented in 1989.

Considerably stronger than SLA; sometimes structurally
functional parts are possible.

Advantage over SLA: Variety of materials and ability to
approximate common engineering plastic materials.

Process is simple: Thereis no milling or masking
steps required

Living hinges are possible  with the thermoplastic-
like materials

Powdery, porous surface unless sealant is used
Sealant also strengthens part

Uncured material is easilyremoved after a build by
brushing or blowing it off.



PROCESS PARAMETERS

1. Partbed temperature

N

Layer thickness

3. Laser power The longer the laser dwells in a particular location, the
deeper the fusion depth and the larger the melt pool diameter. Typical
layer thicknesses range from 0.1 to 0.15 mm

4. Laser scan speed
5. Energy density
6. Powder shape

Process parameters can be lumped into four categories:



(1) laser-related parameters (laser power, spot size, pulse duration,
pulse frequency, etc.),

(2) scan-related parameters (scan speed, scan  spacing, and scan
pattern),

(3) powder-related parameters (particle shape, size and distribution,
powder bed density, layer thickness, material properties, etc.), and

(4) temperature-related parameters (powder bed temperature, powder
feeder temperature, temperature uniformity, etc.)

Part bed temperature:

The part bed is the central region of the SLS machine (DTM
Sinterstation 2000) where the part is built

The part bed temperature is controlled primarily by the heater
underneath the build area

the temperature should be lower than melting  temperature of the
powder

The higher the temperature is set, the less the incident energy is
required during the SLS process

Layer thickness: is a measure of the thickness of each layer during the SLS
process

It is also the depth by which the part piston is lowered after the laser
scanning of each layer

A thicker layer requires greater incident energy

Thicker layers will not give us very good surface finish because of ‘stair stepping’

Energy density is defined as the amount of energy input per unit area

It is dependent upon laser power, scan speed and scan spacing and is
determined by the following equation

ED =LP / (BSx SS)

where ED is the energy density, LP is the laser power, BS is the beam



scan speed and SS is the scan spacing. The laser power, scan speed and
scan spacing need to be optimized according to the amount of input
energy required to fuse the particles in the layer

» Selective Laser Sintering Applications Rapid Manufacturing
* Aerospace Hardware
 UAS, UAV, UUV, UGV Hardware
* Medical and Healthcare
* Electronics; Packaging, Connectors
* Homeland Security
* Military Hardware
* Rapid Prototypes:
* Functional Proof of Concept Prototypes

* Design Evaluation Models



* (Form, Fit & Function)
* Product Performance & Testing
* Engineering Design Verification
*  Wind-Tunnel Test Models

* Tooling and Patterns:

* RapidTooling (concept  development & bridge
tools)

* Injection Mould Inserts
* Tooling and Manufacturing Estimating Visual Aid
* Investment Casting Patterns
* Jigs and Fixtures
* Foundry Patterns - Sand Casting
ADVANTAGES

= Stereolithography offers a lot of advantage to a variety of business
situations.

= SLA parts have probably the best surface quality of all other RP systems,
and are also highly competitive in dimensional accuracy.

= Also, the latest SLA systems have significantly increased the speed at
which parts can be produced, which is ultimately the goal of RP.

* Finely detailed features, like thin vertical walls, sharp corners, and tall
columns can be fabricated with ease even on older SLA systems, and the
growing list of available resins are pushing the envelope on temperature
and strength characteristics as well

DISADVANTAGES



* The main disadvantage of the SLA process is most likely the Post
processing requirements.

= Although significant advances have been made to make working
materials safer and easier to work with, procedures to handle raw
materials for the SLA still require careful and aware practices.

* Another disadvantage, which may decrease as resin competition
increases, is the relatively high cost of photocurable resins, weighing in
at around $600 to $800 per gallon.

Electron Beam melting (EBM)

Process description

EBM is a powder metallurgical process which includes the following main
steps:

e Design of part  CAD drawing



* Positioning of part(s) within build space, addition of support structures (if
needed)

e Slicing of 3D part into 2D layers
¢ Building the part layer-by-layer
e Removal of part from the machine, blow off surplus powder

v" A thin layer of metal powder is selectively melted by an electron beam.
The parts are built up layer by layer the in the powder bed.

v" Electron beam melting is similar to laser melting, but working with an
electron beam instead of a laser. The machine distributes a layer of
metal powder onto a build platform, which is melted by the electron
beam. The build platform is then lowered and the next layer of metal
powder will be coated on top. The process of coating powder and
melting where needed is repeated and the parts are built up layer by
layer in the powder bed.

v" Electron beam melting requires support structures, which anchor parts
and overhanging structures to the build platform. This enables the heat
transfer away from where the powder is melted. Therefore, it reduces
thermal stresses and prevents wrapping. The build envelope can be
filled by several parts which are built in parallel as long as they are all
attached to the build platform. Parts are built under vacuum.

Advantages / disadvantages

v' Parts can be manufactured in some standard metals with high density
by electron beam melting. However, the availability of materials is
limited and the process is rather slow and expensive.

v' The technology manufactures parts in standard metals with high
density (above 99%) and good mechanical properties (comparable to
traditional production technologies). Compared to laser melting, EBM
produces less thermal stress in parts and therefore requires less
support structure. Further, it builds parts faster.



v" Electron beam melting is still a slow and expensive process that only
works with a limited set of metals. Parts usually require quite a lot of
post-processing. Compared to laser melting, the technology does not
achieve equally good surface finishes.

Material Systems

v' In principle all metal powders can be used as long as they can be
adapted to the process in terms of particle size distribution and shape.
The following materials have been qualified for EBM:

e Grade 2 Titanium
e Ti-6Al-4V

e CoCr

AR N NN

Other possible materials which can be developed for EBM within the
frame of further R&D work :

e Aluminium and its alloys
* Steels

e Superalloys

AN NN

e Intermetallics
v' e Refractory metals and alloys
Application areas

* Small series parts down to one of a kind are produced directly by
electron beam melting (post-processing to achieve better tolerances
and surface finish might be required).

* Prototypes are produced for form / fit and functional testing.
* Support parts (jigs, fixtures, helps) are produced directly by EBM

Process chain



When planning an EBM build, critical tolerances, surface finishes and
overhangs need to be taken into consideration. After the build, parts often
need to be thermally processed and support structure needs to be
mechanically removed. Electron beam melting parts can be further post-
processed as any welding part.

Pre-build planning

The production of parts is planned in a build preparation software. One or
several parts are placed in the build using the digital 3D files (typically in the
STL file format). Important decision during the set-up phase is the orientation
of the part in the build envelope and what support structures are required.
This depends on:

v Geometry, overhangs and inclination
v" Location of most critical tolerances and surface finishes

v' Areas where post-processing is required and additional material needs
to be added

v’ Post-processing

v" Removal of build envelope: The build cylinder is removed from the
machine

v" Remove powder: Build platform with the parts attached is taken out of
the loose powder. Excess loose powder is removed by sand balsting.
This is usually straight forward, however might require some extra
effort for parts with complex geometric features (e.g. trapped powder)

v' Thermal processing: After the build parts, are often thermally
processed to release residual stresses and improve part characteristics
and metallurgical structure. Which regime is best depends on the
application, desired part characteristics and the material used. Typical
processes include vacuum heat treatment, heat treatment under inert
gas or hot isostatic pressing (HIP).



v Removal of supports and post-machining: Afterwards, parts are
taken off the build platform, typically through wire cutting EDM or
machining. Further, support structures are mechanically removed. Parts
might be partially post-machined in order to fulfil critical tolerances.

v' Surface finish: Often parts need to be further processed to improve
surface finish - either mechanically (e.g. polishing, grinding, peening) or
chemically (e.g. plating, electro polishing).

Directed Energy Deposition AM Processes

Comparison of Metal AM Technologies
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Directed Energy Deposition (DED): is a category of metal additive
manufacturing (AM) that utilizes robotic welding processes to print at high
deposition rates but with relatively low resolution. DED systems use an
electric arc, plasma, laser or electron beam to melt metal feedstock (wire or
powder) into a molten deposit pool. The DED process is typically used for
prototyping, low volume production of large, simple parts, and feature

addition and repair

Directed Energy Deposition (DED)
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* Four key elements of DED systems influence design, part quality, and
economics:

1) The Core Printing Process



There are four different heat sources utilized in DED: electric arc, plasma,
laser and electron beam. It is called “directed energy deposition” because
the heat source is directed at the feedstock, at or near the point of
deposition. The feedstock, either wire or powder, is then fed into the path
of the heat source which melts it, causing the feedstock to drip or spray
into a comparatively large melt pool. By controlling the motion of the heat
source and material feed, the melt pool is directed around a toolpath where
it eventually freezes into a solid metal bead. In wire-based DED, this bead is
much wider than the input feedstock. The melting mechanisms are the
same as conventional welding processes and require a large amount of
energy to maintain the melt pool and successfully bond the deposited
material to the part.

* The high energy input has important design and metallurgical
implications. To borrow a welding term, there is a “heat affected zone”
around the melt pool which is subjected to large thermal gradients that
cause residual stresses which can lead to part distortion. These stresses,
coupled with the cyclical nature of the thermal process, can adversely
affect the grain structure and strength of the printed metal. The residual
stresses in DED can be so severe that sometimes the print must be
interrupted and stress relieved. This involves monitoring the print,
stopping it when distortion surpasses an acceptable limit, allowing it to
cool, and then moving the build (which can be very large and heavy) to a
furnace to perform a lengthy heat treatment. All of these steps need to
be completed before the part can be returned and realigned in the
printer to continue the build.

* The speed of the printing process directly affects the throughput and
economics. In DED processes, the print speed is correlated to the
resolution, measured by the width of the deposition. Powder DED
processes tend to be higher resolution and thus have lower print speeds
than wire-based DED. Below is a chart representing various DED
processes and their approximate print speed vs resolution

2) Geometric Capability



* Pushing a large liquid melt pool to produce a part layer does not allow
much ability to do overhangs or complex internal geometries. Some
DED processes can achieve overhang angles by tilting the print bed, but
this approach requires advanced hardware and software, and produces
only simple shapes of uniform wall thickness (e.g. a hollow sphere or
curved tube).

* Design of DED parts must also consider the residual stresses induced by
the process. A large XY footprint or lack of part symmetry can
exacerbate this issue. Toolpaths can be optimized to reduce thermal
gradients and residual stresses, but this requires advanced software and
simulation expertise.

3) Environment and Power Handling

DED processes create molten pools of metal that require special
environments to prevent oxidation and fire. This is especially important for
reactive metals like Titanium. DED systems print in a vacuum or inert gas
chamber, or locally shield the molten metal with inert gas. There are many
pros and cons to each of these solutions. To highlight a few:

Vacuum - This provides the highest quality environment but requires a heavy,
expensive, reinforced chamber to withstand vacuum forces (see system



pictured above). Also, the chemical composition of the metal can be
compromised if the low-pressure environment causes elements in the melt
pool to evaporate (as an example, aluminum evaporates when printing
Ti6Al4V in a vacuum).

Inert Chamber -Purging the print environment with an inert gas creates a
high-quality environment, but requires an enclosed system (chamber). This is

the most common approach. Purging a large chamber with inert gas (usually
Argon) can be cost and time prohibitive.

Local Shielding - This method directs inert gas directly at the melt pool

through fluidic equipment attached to the print head. Local shielding provides
less atmosphere purity and consistency but may eliminate the need for an
expensive enclosed environment. Local shielding is typically used for very
large parts where quality compromises may be acceptable and enclosed
environments are prohibitively expensive

Most DED processes use high heat loads which require large, expensive power
supplies. The heat source usually requires active cooling, further increasing
power requirements. The large power supplies used in DED systems
contribute significantly to machine cost, and expensive electrical
infrastructure is often needed to run them.

4) Build Size



DED build envelopes range in size from a 150 mm cube to multiple meters
on each dimension. Some DED printer OEMs custom-build extra-large
printers for specific applications. The print envelope is related to the
resolution and speed of the equipment - the largest printers produce
simple, very low-resolution parts. It is also important to note that larger
parts and systems are more susceptible to issues with the residual stresses
referenced earlier

Materials

DED systems utilize either wire or powder as the feedstock. Most systems use
commercial off the shelf (COTS) materials developed for welding or powder
metallurgy. This has advantages in material selection as well as availability,
quality and price. The wire typically ranges from 1-3 mm in diameter (the
deposition width is usually many multiples of the wire diameter). Powder
particle sizes are similar to those used in powder metallurgy processes, 50-
150 micron.
Industries & Applications

* These fall into three high-level categories: near-net-shape parts, feature
addition, and repair:

Improved

DED’s limitations result in it being employed for applications like brackets,
enclosures, ribs, tanks, etc. These geometries tend to be low-complexity,
but are slow and expensive to machine from billet, cast, or forge at low
volumes. An example is the part below - the first FAA-certified DED part
flying on a commercial plane (Boeing 787). product designs, time savings,
and production cost reduction.

Using DED for Near-net-shape parts has mostly been confined to the
aerospace and defense, energy, marine, and industrial industries. DED’s
fixed cost structure, post-processing requirements, and low resolution
haven’t made sense for the smaller, higher volume applications that are
typical in other industries.

What are the Advantages of DED

» The ability to control the grain structure.
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It allows the process to be used for the repair of high quality
functional parts.

It can balance between accuracy and speed.

It allows for the production of relatively large parts with minimal
tooling.

The creation of components with composition gradients or hybrid
structures using multiple materials with differing compositions.

Fast builds with rapid material deposition
Fully dense parts
No need for supports

Best process for part repair

What are the Disadvantages of DED?

The finish created will vary depending on the material.
It may require some post processing to achieve the desired effect.

The material use for DED is still relatively limited and fusion-based
processes still require further research to move them into mainstream
use.

Poor surface finish

Wire process is less accurate

Directed Energy Deposition vs Powder Bed Fusion

Directed Energy Deposition is ten times faster and five times less
expensive than Powder Bed Fusion (PBF) when creating mid-size metal
parts. The study tested the two methods in building a 150mm diameter,



200mm tall metal part from Inconel. The geometry of the part was
designed to be built without support structures in order to ensure
comparable parameters.

* The advantages of DED are evident in that material use as well as
cooling and build times are greatly reduced compared to PBF.

Applications
* Directed Energy Deposition can be used to fabricate parts,

* Generally used for repair or to add material to existing
components.

» the applications for DED fall into three categories;
1) near-net-shape parts.
2) feature additions

3) repair.
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