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CONCEPT QUTLINE 51

Casting : It: is a process of pouring molten metal into a mould
cavity of desired shape and allowing it to solidify.

Continuous Casting : It consists of pouring the molten metal

into the upper end of a long vertical metal mould (open at both
ends) and cooling rapidly by water,

€O, Casting: In this process, the sand molding mixture is hardened
by biowing gas over the mould. This process iz favoured by hobhy
metal casters because a lot of cost cufting can be done.

Moulding : It is the process of manufacturing by shaping liquid or
pliable raw material using a rigid frame called mould.

5

2

s.-.
A

Steps involved in a casting process are as follows :
Making mould cavity,

Metal is first liquefied by proper heating in a suitable furnace.
Liquid metal is poured into a mould cavity where it is allowed to cool.

After the solidification of liquid metal, product is taken out from the
mould cavity.

Finally, product is trimmed and cleaned.

| Describe the die casting and centrifugal casting.

Die nstingl’meas §
In die casting process, the molten metal is forced into mould cavity
under high pressure.

The mould, called a die is made of two parts one is fixed and other
movable, :
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m Explain the elements of mould in brief with a neg; |
| |
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generally medium carbon or, low a1 stee) 1.1C.(D1E-Sem--ﬂ
4 el
ally used for low melting temporatyre 1 T1s: Chills are metallic objects which are used to K
t cooling and enhance the life of dje Die ia",n“I 4 10- f:e of casting in uniform manner. It is advisable bm’:ﬁﬂ;“?hnz
5 ould cavity k they have iform s e

rnz It is the replica of the part to be cast with some mndiﬁ.m;m.n
1d cavity is made with the help of the pattern, .

Rammed sand

Die materials aré

This process gener
by water for efficien!
The die casting is of two Types

Hot chamber die casting, and

il )
i, Cold chamber die casting.

11. Patte
The mow
Pouring basin

Centrifugal Casting :

[tis the process in which metal is poured into a mould whig,

about its center rapidly. I8 Toteteg
Due to centrifugal force, 8 continuous pressure will he 5 “i"Bﬂnth

metal during solidification.
The impurities are higher than pure metal 50 impurities 44
Rty

towards the center.

This method is generally used for symmetrical cast prodyeg

There are three main types of centrifugal casting :

i True centrifugal casting,

ii Semicentrifugal casting, and

iii. Centrifuging casting, |
|

okt S
brief aceount of its operation.

elting the east iron in foundry the cupola furnace is used A

sketch.
i 1. Form
diagrammatic sketch of this furnace is given in Fig. 14.1,

T

Cape : Upper partion of the moulding flask is known as cope.
Drag : Lower portion ef the moulding flask is known as drag,

Core : It is used for making the hollow casting. Core is placed in the

previously prepared mould cavity to produce hollow portion. W i
Chaplet : Chaplets are used to support the core in mould cavity.

Pouring Basin : It is made for pouring the molten metal because it is
not safe to pour the metal directly into the sprue due to erosion of the
mould.
- ____ Top of charging
Sprue : This is the passage through which the molten metal from the. Blast pipe connection i
mﬁgh&m reaches to the mould eavity, It also controls the flowofthé. | _— Wind box
- metal. il Tap hole m&?‘mt Tuyere box
unner : This is the passage at parting li ich molten T i
ing line through whi v Elog e
metal reaches to mould cavity, 2l Botiom Pl
rever
Whe | Concrete foundation

therai; It is & reservoir of molten metal made in casting- :
Sh areduction of molten metal due to solidification in mould cavith
Clatas ows back from the riser to the cavity. :
mmug'::’];h the entry point (after the runner) to the mould cavitf |
ch molten metal enters into the mould cavity- |

|
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3 the tap hole, 1-6C (ME S
- en the coke g 1L shows the temperature distribution in the mould-liguid-meta]

and gy pro i 5 Fig b )

4 The Ch:-: are fed jp, cu P]irii:ﬁmt]{:d;]t mwifj‘::m the liquid metal iz given off through the mould wall and

B is thep 4)), ugh t 5 Hea g

5, After 5 tq 10 minyge owed to goa) in the surr mperature drop at the air-mould and mould-metal interfaces is
ladles, % molten megq) is coll . Th‘;:i by the presence of boundary layers and imperfect contact at

6. Char o e interfaces

EE€ needed ¢, these inter’ :

Scrap ang steel sc?-aimdm cast iron ggq 5 Thermal properties of the molten metal and the mould govern the shape

Casting Solig

ification : t
of solidification of meta]:o::;s E;fn“damt“dj“!*’fmmmsm

Heat trh;nsfer is an important consideration during the cmp:ete uiy;{:
from pouring to solidification and cooling to room temperature,

s i i depends on many
different locations in the system
;Ie cf;rg ‘i':r]::i::eta the casting material and the mould and process
Al
parameters. . . b otal
exampl _in casting thin sections, o
i htopafraid pwematuredﬁﬂmgandsuhdlﬁcaho:t e 3
enoug he flow rate must not be so fast a8 D'es Ofmm_ :
H°mv§2e tW]:ich has a damaging effecton the properti casting
turbule

flow rates must be high

=

o Temparature —s-

5

of the curve.

e o i B
Melting|
e
;
E &T at metal-mould interface

Solidification of casting are :

Solidification of a Large Casting in an Insulating Mould :

Fig. 1.6.1 shows the heat dissipation rates in different regions when
mould wall is in molten metal contact.

Metal-mould interface Mould wall AMoltm metal

=

T
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;. Directional Solidification :

7
= Rate of heat flow/unit area,
K = Thermal conductivity,
5T
= Thermal gradient,
T = Temperature, and
x = Distance,

When gating system controls the progressive solidification such that ne
portion of the casting is isolated from liquid metal feeding channels
during the process of complete solidification, this is referred to as
directional solidification shown in Fig. 1.6.3,

Directional
solidification

7 Solid metal
a
iquid metal
g Liquid mi Temperature
£4 M . 4
g o
=
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T o) solidification is one whicl:n starts furthest from the
ve d“&;‘;npmeeds‘ through the casting, towards the feeders

4 feeder heads

it supply liquid metal throughout the freezing period,
desig™

—1 With a solidification factor of 0.97 » 10° s/m?, find the
""F‘-f- ;tion time in seconds for a spherical casting of
solidiflcs

200 mm diameter.

2 (4 4y
Volume - T
= eee—— | mK
t=K [Surfaoe a.rea] LS }

4nrt
K [%T - 0.97 x 108 [%]2
= 097 x 105 (“—;T

=

= 1077.78 sec

- 0.97x10
"9

i
g pr

? Explain its types.

Shrinkage is an internal or external change in volume that occurs during
a phase change in a metal’s transition from a liquid state to a solid state
at the exposed surface.

2. This phenomenon occurs in processes like casting solidification. It is
visible during a non-destructive test, and can be used to analyze plastic
shrinkage cracks and void formation in castings.

a.

Metals undergo contraction when solidified and cooled, becanse the

specific volume is larger in the liquid state than in the solid state for

standard casting metals. Therefore, it is a function of the casting material.

4 This phenomenon leads to voids and cavities when there is not enough
molten metal to feed the shrinkage when casting. :

8 Shrinkage results in several casting defects such as porosity and stains

inthe product. This can be avoided by altering the casting geometry and
USIng risers,
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Solubility of a 8as S in the melt i i s !
; t increases with the g uare root
Partial pressure of that Bas over the melt according tquinvE‘e:t‘sl:fv.th

S o, _
Chvorinov’s equation was developed theoretically but corresponds well
with the cast shapes of many varieties from plates to spheres. It is also
used in the design of feeder heads (risers).
Caine’s Method : ) !
This method is based upon experimentally determined hyperbolic

relationship between freezing times and volumes of castings and the

risers. i o8
ine, i i difies infinitely rapidly '
According to Caine, if the casting so]_1 ifies i L e
i Iuntnz should be equal to solidification Shn::atii ;fths cs]mm
m:;li-f‘;;(l)]e feeder and casting solidify at the same rate, eeder
an '

infinitely large. s B
belmf:; ﬂgedng time or freezing ratio Rpis define
et (A1 V) ting

Ro= =77
F™ (A 0

JI
|

e P
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v,
. is gi R, = _fer
Volume ratios R, is givenas :, Venating
. a
Then Caine's formula is givenby Rp= 7=
a = Freezing characteristic constant for the metal,
b = Contraction ratio from liquid to solid, and
¢ = Relative freezing ratio of riser and casting,

+c

‘Where,

bt

Que 1.10. | What are the common casting defects ? What causes
the_m and what are the measures that can be taken to avoid them 7

[imteh =t

Some eommt;n casting defects and their causes are as follows ;

i.  Mould Shift: It resultsin amismatching of the top and bottom parts of
a casting, usually at the parting line,

8. Causes : It occurs due to following reasons ;
1. Misalignment of pattern parts, due to worn or damaged patterns,
2. Misalignment of moulding box or flask equipment.

b.  Remedies: This defect can be prevented by ensuring proper alignment
:ilf tlt:ges pattern, moulding boxes, correct mounting of pattern on pattern
ates ete,

i.  Core Shift : It is an abnormal variation of the dimensions which are
dependent on core position.
4  Causes ; il
1 Misalignment of cores in assembling cored moulds,
2 Undersized o oversized core prints,
i 3. Byusing incorrect size of chaplet. )
Nemedies : This defect can be liminated by providing the core at the
i Proper place and must be gripped properly in the sand.
ﬂw:lajil_= Risan enlargement of the mould cavity by molten metal pressure
resulting in localigeq or general enlargement of the casting.
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|

Man! A
cient ramming of sand. :

& f mguﬂi
toi iohti uld durj; :
1 Due  ficient weighting of the mould during castin, i

g Duetoins ngafmolten metal too rapidly.
e ided by the properr. ;
- 115 are aveided by the prope AMming
me"‘;zﬁﬂiﬂﬂ metal into the mould. f"eﬂdw |
niform flo eually gecurs near the in-gates ag Tough fyp. .
casting, The sand that has been washeq away 5 pl;mu,e
nf:urﬁam of the castings as rough holes or dep"e-‘isiun:ﬁ“
I:h: :if'l‘hrs oceurs due to the following reasons 3
uses:
. soft rammingof sand,
9. Weak sand,
3. Poor pattern, and

4 Insufficient draft.
Remedies : This defect is avoided by the pmperrammmgoﬁud

N W

v. Hot Tear: It isan internal o external ragged discontinuity in eyl 2
ing resulting from hindered contraction occurring Just afiey |

metal has soldified. R

=

] 1

2

. Causes: This defect occurs due to the following reasong : . 4
1. Abrupt changes in section, inadequate filleting of inside |
and improper placement of chills. 45 \
2. Poor collapsibility of mould and core materials which wi]] Dins | \
extra stress on certain details. i
3. Improper pouring temperature, . .

b Rmedies:[andertoeﬁminate this defect, abrupt changes in sectin
should be avoided. The pouring temperature should be correct and
there should be even rate of cooling.

vi. g‘md Blow or Blow Hole ; It i an excessively smooth depression n

e outer surface of a casting, This defect is also called biow holes. [

A f""‘m ¢ This defect ocenrs dye ¢ the following reasons :
i High moisture content in moulding sand,
3 Low permeabiliy of sang,
Hard ramming of sand, and . |
4 Defective gt system y

Proper . Proper sand with required ity
gate ?-“"&N for the flow of molten metal.

vii, Colg
“ompletely ﬁ;:: PErseay occurs when the mould cavityis®%
0 incompleta casting results. |

112C m-sem-ﬂ

8 Caugeg; This
1 Ty small gape %8s due to the following reasons : i ]

:utz ahkj’.’g’ tube drawing with a plug or stationary mandrel and
2 drawing with a moving mandrol.

Conventional Manufacturing Process
——

Too many restrictions in the gating system,
0
:' Pouring head is too low, and

4, Faulty venting of the moulds. X

: og : In order to eliminate these defects, the casting should be
Re’,""d“; -eping in mind the fundamental principles of gating and
designed ahf: sections should be preheated and the molten metal

Te:jdﬂg‘eepiured at the correct temperature, .
shor -\

—71, | Explain residual stresses in casting process.
Que LE1L- |

TAnswer : . L -
i '.[jiffersﬂt sections of a non-uniform cross-section casting solidify at

different rates depending on their cross-sectional areas,

This results in varying amount of contraction in different parts, producing
high internal stresses, which may eause tearing or cracking of casting.
High residual internal stresses can be avoided by placing chills over
large cross-sectional areas so that whole of casting cools at uniform
rate,

Another method of controlling such stresses is to take out casting at an
average temperature of around 750 °C and putting it in an insulated pit
and allowing to cool at 5.5 *C/ hour.

It may be mentioned that any temperature gradient above 540 °C does
not give rise to elastic strain because same is relaxed to plastic strain due
to high rate of creep.

If high residual stresses exist in a casting, it has to be relieved by a
suitable heat treatment process or by other methods of stress relieving,

CONCEPT OUTLINE

Bulk Forming : It includes forging, rolling, extrusion and drawing.

Rolling : It is the process of reducing thickness or changing the

cross-section of a long workpiece by compressive forces applied

through a set of rol1s,

\’otm.; Drawing : It is an eperation to produce wire of various sizes

Within certain specifie techniques,

me Drawing : It normally makes tubes from hollow tube shells
uced by extrusion. The common methods of tube drawing are
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Forging is the process of inducing deformation by localized mmmam_w
o

Conventional Manufacturing Procegs
.

Punching: . : : ,
) of producing holes by forcing a punch through the work.

forces to produce the required shape. 3
. s the process
Forging could be hand forging power forging, and drop forging, 1 Itisthep Punch
Types of Forging Operations :
Upseiting :
It consists of increasing the cross-section of a bar at the eXpense afjt; | =
0 of all the worlkis heated to the —
In this process, first iz heate the required tem o e
and then the heavy blow is given by hand hammer. The Wﬁm | mm.\.ﬁ
work takes place at the heating portion, d. Drawing Down :
The position and nature of upsetting depends upon the heating ang | 1 It is the process to increase the length of workpiece while the'
upon the type of blow delivered. | cross-section area is reduced.
In general, the inerease in lateral swelling will be greatest at parts | 2 For drawing down, the workpiece is heated upto plastic stage and placed
where the metal is hottest. on the anvil and the metal is beaten down of the edge with a hand
Fig, 112.1(a), (B), and (c) shows the effect of heavy blow whet the hammer or sledge hammer.
heating is done at one end, at both ends and at the centré respectively. |
!
' Drawing down
£ .
7 ! L
b ; ettt .
&) () ¥ L Itis forging in which workpiece is placed between the semi-eireular
Swasise s grooved roll, mounted on two paralle] shafts, ¥
In mginsg. ity : % This process is used for reducing the diameter of the rods.
, workpiece s pliced between the specially designed die which | 3. The heateq viorkpiece is placed between the diesin o ition.
the e TePeated impact load on the workpiece by radial movementof | 4. Afier 1y i D
s it athe revolution of the rolls, the workpiece is rolled out. It is then
dm‘;mnsi?alle_ri;m and the operation continued until the desired

Ufth::?hmlsmanymdformdudnstha diameter and tapering !
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Adswer |

A Principle of Rolling : Rolling is based on the principle nfmduci_ng “*;.

eross-section of a long workpiece by applying compressive foreeg
through a set of rolls.
B. Mechanism of Rolling :
The metal is taken into the rolls by friction and subsequently,
compressed to obtain the final shape. J
2. The reduction that could be achieved with a given set of rolls
depending upon the angle of bite.

nd

3. The volume of the metal that enters the rolling stand should be same
as that leaving it.

4. Area of the stock gets decreased after passing through the rolling
stand and metal stock leaving %hem]bngstandwuu!ﬂgethgherwlm
thanit entered.

5. When the stock entered the roll stand, its velocity is less than the

 peripheral velocity of roll stand but after the passes when stock leaving!

Conventional Manufacturing Process

1-16C (ME-Ser i)
T el its velocity is greaterthml the P!‘-'lphm'sl veloeity of roll
stand.

Extrusion is the process of cunﬁniﬂﬁ metal in a closed cavity and then
allowing it to flow from only one opening, so that the metal takes the
shape of the opening,.

The operation is identical to the squeezing of toothpasta out of a
toothpaste tube.

Types of Extrusion :
Hot Extrusion :
It is carried out above the recrystallization temperature.

It consists of pressing a metal inside a chamber to force it out by high
pressure through an orifice which is shaped to provide the desired
form of the finished part.

Due to higher temperature involved, special equipment is needed and
the wear rates are high.

The various methods of hot extrusion are as follows :
Direct extrusion.

Indirect extrusion.

Cold Extrusion :

Itis carried out below the recrystallization temperature of metal being
extruded.
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reverse but extrusion ratio jg low, :
. ;;er than the hot extrusion. ©r anq

old extrusion processes :

Manufacturing Processes

:
3 Following are the various ¢
i Impact extrusion.
i Hydrostatic extrusion.

75| What do you mean by sheet metal forming ?

: i lement;
1. Sheet metal forming consists of many comp ary processes
y:used to form sheet metal parts. the
9 (One or more of these processes is used in whic.!: a flat sheet of ductjl,
metal is taken, and deformation forees are applied to alter the shape o
the sheet.
3 Compared to casting and forging, sheet metal parts offer the advantage,
of light weight and versatile shape.
4 This process involves workpieces with a high ratio of surface areq i
thickness.
5. Sheet forming is also called press working. L
6. The basic mechanisms of all sheet forming processes are stretching
and bending.
7. In sheet metal forming, the metal used may be galvanized iron,
aluminium, tin-brass ete.

CONCEPT OUTLINE ]

UY::]!! Criterion:It isa hypothesis concerning the limit of elasticity

hﬂf:rh;?:m:ﬁz?;;m“?h of stresses. Several yield criteria
out i ;

The most important eriterie cey e relation between yield stresses.

?- Tresca's yield criterion, and

i Von Mises yield criterion,

1-18C ('M;ﬁ‘,ﬂe'm-‘l)
e

Conventional Manuﬁwtul‘iug Process
ke Lol

m Discuss briefly about the plastic deformation,

_ Plastic deformation is the permanent change in the shape of a metallic

X body as a result of forces acting on its surface. Plastic deformation is

jrreversible.
3. For most metallic materials, elastic deformation persists only to strai
ofabout 0.005. As the material is deformed beyond this point, tb:t;tmm

is no longer proportional to strain and plastic deformation occurs,
Elastici Plastic
-

q

Stress

3. From an atomic perspective, plastic deformation corresponds to
breaking of bonds with origi tor i i
o baurn:mala m neighbours and then reforming

4. Pl&sti.i l_iei:li:mation may be either desirable or undesirable, but in either
case, 1t is important to determine it i i
Plo e ot the conditions where elastic behaviour

| State Tresca’s and Von Mises criteria for plastic
eromatinn. Derive a suitable expression for both criteria.

Tresca’s Theory :
N ochm states that failure of a material (or plastic deformation) will
fl-'ur\fhm: the maximum shear stress in a material reaches the value
R Ot maximum shear stress at elastic limit. -
2 i‘ef principal stresses at a point in the material are o, o, and
3"91> 95 > oy). S0 maximum shear stress is given by,
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1;_2___“3. = Vi -
o ocours When T, 18 e = Maximyp,
3. Hﬂﬁc‘:ﬁm?;:m o ehear yield stress). So according t 1, 'ﬂ'ﬂu‘:
al . 5
Sheory for plastic deformatior,
oG- %_.f
i jon condition,
For uniaxial tension (tensile v
0=, ensile yialq %}
Oy =0y = 0 "
5. For uniaxial compression condition,

oy=0;=0

"'ﬂ‘”-ll

0y=-0, t’mmpressiv_eyie[d Stres
6. Foruniaxial tension condition, put the value of o, and o in eq, (1173
we get
. ;I{OJ =K

0'7
- Kz 2 o,
7. For uniaxial compression condition, put the value of o, and gy in
eq. (1.17.1), we get

“_-‘E*;;LK
e
K'z

B. Von Mises Theory :

1. Mises states that failure (plastic deformation) of a material will oceur
when the total shear strain energy per unit volume in strained material
reaches avalue equal to the shear strain energy per unit volume at the

 alngis Tt i
2 Energy of distortion is given as,

1
U= T oy -0, + (5,~ 5% + (oy—a, (L172)

Here U is the shear strain ene. : the
i TEY per unit vol , a,, G, and o, are
pnncrpalmm.ﬂistheshear modulus, - im0

8. 8o, (g, —us)’»r(uras;sﬂca -6,8=19Gx U=C (L173)
ere, Ve =
. 9=0,,06,=0,=0
Putting the value in e LA i
(s, ~ 08 +(0-0p +'(&:,i')§i‘% weget _
o el 1T

Conventional Manufacturing Process

ymoombemt __———
under pure torsion,

A c.msideﬁns:i:}m —K a,=0,0,=—K
hear:  eq (1.17.3), we get

oy
For pure 8 =
valwes in €4 it}
Rl T
(- 6K?

-C — gei +(117.5)
. . (1.17.4) and eq. (1.17.0),
g Equating theed 20 }= 6 K*
Ul‘
K= . I":

o ¢ is meant by cold working and hot working ? Give

i e |
:Ile difference between the two.

A Cold Working : L —
It is defined as the process which is done below recrystallization

temperature.
B. Hot Working :

1. It is defined as the process which is done above recrystallization

temperature but below the melting point of the metal.
C. Difference between Hot Working and Cold Working :
: Hot Working . Cola
1. |Working temperature is | Working temperature is below the
above the recrystallization | recrystallization temperature,
temperature,

2. |Hardening due to plastic | No hardening due to low
deformation is completely | temperature.

eliminated by recovery and
new grain formation.

sriod s

3. | Poor surface finish due to | Better surface finish.
oxidation. 4

— |

4. |Density of metalisincreased | No such effect in the density of
due to new grain formation. | metal. f
s st

5. | Lighter equipment is used | Heavier equipment is used due to

because less loading is | large application.
required,

s 'mples ; Hot forging, hot Examples : Cold rolling, cold
rolling, hot spinning, hot | extrusion, press work like bending,

L |extrusion, hot drawing etc.

shearing, drawing ete.
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‘Que 1.19; | Derive the expression for load estimatigy

friction and sticking friction for slab of forging mm"“h ol
gl

1. Fig.1.19.1 shows a typical open die plane strain fare f
plane strain, the specimen is not free to f?;ﬂg ofa flag g,y
perpendicular to the plane of the page. " the g

=

&::;ﬁm‘ ent of friction between the workpiece and the di¥
T 1§ same throughout the process, i [
' ﬁf&ﬁ“ﬁ:ﬁ;’;‘* workpiece is small in comparison to its 03

" R stress variation along y-direction is negligh
Nmmmﬁmmmnamm_ exists during forging i.c., g:e wmhm‘ﬁ'j

1-22C (ME-Sem-4)

3

Conventional M-"Mihctmimgp a

" ize of strip under forgi rati :
orespes abving . the eloment dx of the siip are sryuntle
the Fig. 1.19.1
Considering the equilibrium aof the forces in x-direction, we get
(g, +do hw — o hw— frdew=0

hdo, —dc dx=0 - ; ; (219.3)
xﬁgﬁé;m ﬁs;sg%;::scg:ﬂﬁ:sﬁ:;ff" Sr a0 0wy
6, -0y = a,=2K

o +p= 2K
. do, = -dp
Putdo, =—dp in eq. (1.19.1), we get
;. i
dp = - 2dx (119.2)
For sliding friction, we know, ©_=pp
Hp
= ghP
dp h dx
d 2
or it —?dx
Integrating both sides,
[
P h
2
Mg = gl .{119.3)
b 1
Atx= E,g}:ﬂ(mﬁmsm)
So, p=9K
then, mek= _2b ¢
h2

C=In2K+ ?f- %
On putting value of Cin eq. (1.19.3), we get

Inp= —2—:I+]n2K+EkE%

w (g) -2y

of -2(:-) 2 .{1194)
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. Conditions a4C
For Mixed Friction tre over which sticking o
: Let x, be the distance from the centre @ Btakeqp) : S
then : (Herep=p (...
=pp=K P=p, (stigy .
o angy

2. Fromeq. (1.19.4), we get

m’%(" ';J =Kip ; |

(-2

Which is the distance from the centre of the strip where sgi.,u;,gm {

b. Value of Forging Pressure at x, : o
1 At transition paint x =x,, the pressure p is given hy |

b | Fig: 1
a8 : ) ;
[&J - (Using eq.(1.194) | 5. For maximum draft, ik
T e (s J (M) = By — by
(ﬁ;) - e'T(E'E“(EFJ?] {‘.'x’zé-_é_ (ﬂ] HZRU-COG:!.,,.,\]
=g 2 2y - - oR [1 - ’J (using eq. (1.20.2))
- @2 o
2Ky,
> :.p I || From first principle, derive the formula for the extrusion
Prag = — of wire with friction where o refers to the stress in wire at inlet to
' the die, ), and D, are the inlet and outlet diameters of the wire,
Derive the reluiimformstimﬁmdmﬁubhined in rolling B = p cot o (p is coefficient of friction and o is half die angle) and K
1. o Fig. 1.20.1, draft (tota] reduction) is given as, 1 Following assumptions are made in extrusion operation :
’ A= (h—n ) * i Coefficient of friction p and half (semi) cone angle « are small.
i Yiel ;
% =2R-Reosa)=2R(1-cos) (1201 P s
rizontal component of resyltant force, { i pdo ‘t. © pn-nelp fitasaee.
o E . o doesnot v, ial direction.
3. Forrolling, ;:';;wm“hpm“ 2 InFig 1211, FErl S
Mmsu—pm;aa : D, = Diameter of wire at exit, and
; D, = Diameter of wire at entry.
Mpcos o > . ) ]
:z ::in : Now taking an element dx at a distance x as shown in Fig. 1.21.1(a).
- _- 4 Dis the diameter at one side of element and (D + dD) on the other side

4 For maximyp value of .

of element,
tan Cay = i ] 5.

Various stresses in drawing operation are shown in Fig. 1.21.1(5).
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e
p=2K-0, (1213)

Manufut.ui'iﬂsmaes
e -on in z-direction is written :
6 neeqmlfbﬂumﬂqusholllﬂ 3 as, o B ?'_;_; .(1.21.4)
n e ; i
. ™ 2_g — Di+ppcosa ::D-__‘J in eq.(1.21.2), we get
— (D+dDF-o, nd B in eq ge
o, +do) 7 4 U G ‘ e mg;g;;ﬂ:;;fgt2(2;{,‘,‘)@(“3)-0
L % - =
Psina|ap dey | -4 gj:lwn chm
= : - P il S ey
7 Onwiﬁdngmsglactthslngherorderterms), %«J"[ ; Bo “3K1+B) D
' Ddo,+20,dD +4 ppdzt dptanade=0 | .
s - .,,{1_2!1 12, On integrating,
i 2K(1+B)] =2[lnD+InC]

[ In L jniBo, -
B [In C = Constant of integration]

1).1Bs, - 2K(1+B) =2 1n (DC)
B

Bo,—2K(1+B) = (DC®
(DCP®  2K(1+B)
| b B L B
C,D* 2K(L+B)
|B oy = [ C=C8 _(1215)

28
)

28
o o)
B
Oy W["- o (lg—gﬂ

‘ 14. Substituting the value of C; ineq. (1.21.5), we have

‘ 13. Atthedieexit,o =c and D=D

. o, = E"_'?;:ﬂ{cn_m[ﬁﬁ)]_gﬂpi
3. But dD/2 ! ; . M B/IDF B
ms'?? " S QB (DY o,(D)"
dD/2 | 15. A 55 2 D) |"ak\p,
o ! i di L a i [}
” Pu“intun“l dr _;h_n_a_ | die entry, o, =0, (extrudmg- pressure) and D = D,
ve of dxineq. (1.91.1), e ini o9 Oy _ 1+ B) ™ e (DY
Ddo get | = —_—1- b, g D,
<+ 20,dD + 2pdp(1, 1) _ | X B p,) |"2x\Dp,)
10, Hoplindrica] g mnam =0 (1213 16 Ifback pull is sero (o, =), .
' Ik g is asg 3 s I r q
i o~0,= 2K Umed, then by Tresca’s criterion Jl o o Ss _ A+B)| . (D"
: l'ﬂt_mﬂs=_p | 2K B I_LE)A
Uz"'f‘ﬂ]:?x [ | B '
O tp=2K * |
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% ﬁnﬂunyiﬂhof‘mdedatm.c o "1\
f . i lwmdiaWMmmdh,m . i
without ubrieaton C0C,ress of material a the sbove fe,erug,!
msﬂm]ﬂ'h: tength of billet is 500 mm. Determine ¢h, _'
is 300 MPa. friction is 0.1. |

Conventional Manufacturing Procegs
Sem-4) - -
1-28C (ME-

2K
ula for d.r:ﬁ'iig stress (without back pull),
T m!

% - (459)-(3)"

from eq. (1:23.2) in eq. {1.23.3), we have

-d1.23.2)

4. Thefo
-{(1.28.3)

load if coefficient of Putting the value of o, X
W 5, 2K 1+B] {D ]
. o _ (L23)f, (2
i : [ 2K B D,
| 1+B (D, “
= ()3
; ‘ B D,
el L = | rD -]m
0.1 | B 1%
B =0.5671 ==
1 Weknowthat, B=— =t ! 1+£ (3,)
+ =
2 Em:siunmss,u,=2!(( g )[1‘(5:‘J J (p, . 148 »
(D,) =( 1_] .(123.4)
(p,) “\ivg

1+ 0.5671) ( 5(}]“““’1 |
i PR )
g 20 ( 0.5671 [ 150 | i

a,=11811MPa

Now, degree of drawing operation or maximum reduction is given as,
2
b,
z-1-(3) .
7. Putting the value of (D /D,)? from eq. (1.23.4) in eq. (1.23.5), we have

L
1+B

m“hmw the drawing load required to obtain 30 %
reduction in area on a 14 mm diameter copper wire, The following
datais given a=10°, u=0.1, O =260 N/'mm?®, Also calculate the power
of the electric motor if the drawing speed is 8.0 m/s. Take motor
efficiency as 97 %,

..{1.23.5)

3. Extrusion load = 42 Da, = % x 0.15% x 1181.1 = 20.9 MN

2. | Discuss the analysis of wire drawing, Derive .l| BR=1— [

for maximum reduction in drawing.

A Analysis of Wire Drawing : Analysis of wire drawing is similar ts | -
the analysis of wire extrusion,
FnrDeﬁmio.El:Refer Q.1.21, Page 1-24C, Unit-1.

B. Expression for Maximum Reduction in Drawing :

L For maximum reduction taken per pass in wire drawing, draw strest

:fm be more than the tensile yield stress (a,) of the wark |

'E‘! o . L1231

2. From Tresca's cﬁbe:'ion, |
. o,=2K

8 Putthisvaluein eq {1 93,

L We know that,

B= peot -‘% =0.1cot 5° = 1.143

(maximum tensile yield stres!

2
2 Reduction = 1— [%) =03

b

T
-
g =1
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_ 14x0.7%%=11.71 mm

D,
Y Ja+B l_(&)”
1 We know that, gmsﬁlf B D, y
4 2.143] i
o =212680 [ 2282 107 ) =826.01p,
Dravingload, = 5 (L1 x 32641 =35153.3 y
4.

5. Motor power =

1
wxy m—
= =13 o T000 * 3~ b0y

e T TR T s e

operations.

A Shearing:
L Itis a process which involves cuttin : o
- '] ! tting sheet metal by subjecting it to
Siresses, usually between a punch and a die as shows in

Fig. 1251,

« | What is shearing ? Describe the various types nfshem‘

Conventional Manufacturing Process

1-30C m.selll"‘]
; : b}gsinthesbmringprnoeasamtlhppumﬂifumm,me
2 m:ﬂ‘;}fﬂ:;:“p:mh. Jubrication, the edge condition of the sheet, the
”"“hmddie ma‘gd,}shthemmm:rnduaffthepunchnnddinamiﬂm
s z]‘;:f_ e between the punch and die.

Types of Shearing Operations :

Blanking : ) .
a In this operation, a metal workpiece is removed from the primary metal
x strip or sheet when it is punched,

Material that is removed is the new metal workpiece or blank and the

2 primmyworkpiece (sheet metal) is the scrap.
Parent stock 3
or worll{me ai— Punch
. =1 Clearance
Die
b. Piercing:
1. The operationof eutting inside the contours, i.e., holes and slots is called
piercing.
——<_
.
——Punch

rance

Die Scrap

2. This operation is similar to
out is the scrap.

3. Thep?mhdimmrdmrmmestmmofthehdémate{linthe-
workpiece, *

c. No‘lnhin;: . : .

L Itis aprocess during which metal scrap is side
eﬂgecfametalm‘ me scrap;sremwedfmmﬂw_mp_lnd.'e :

2. Thesize of ing is much i = for
= toﬂ;:lmg - mallert.hantheblankmshltthﬂp@rm

blanking, the difference is that metal punched .
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Manufacturing Processes

|'Fig: 1.95.4: Notching operation.
erforating: 1t is the operation of punchi identical holes ;
ting : It is the operation of punching many i saing
d :agu!a.r pattgm in sheet, Holes are usually round but may be of any

shape.

e. Nibbling: It is the process of cutting out a contour or other shape by
punching & series of overlapping round or square hole along the edgp of
the part.

.6, i ]
f. Trimming : It is an E;:_-m;_atioh used for removing excess material,
irregular outline and waved edge from the walls of drawn shell,

ik,
g Lancing:Lancing consist ing the metal through a smalil
and bending this small cut portion downward, . -

- y‘ LR
.26,/ What is deep drawing ? Discuss deep drawing operation

d explain different defeets in deep drawing

in dmﬂ-“m-io list an
operation,

=

" peep Drawiné :

Conventional Manufacturing Process

eists of plastic deformation of flat sheet into a recessed,

This process wnal parts with a depth several times the thickress of the

three dimension
metal.

Die profile
radius
Die _
{Fig, 1:26.1; Mathod of deep drawing,]

55 starts with a flat sheet metal biank held on the upper surface of
fhr:clfie and center portion of the sheet is pressed by the ?trnke nfth.e
punch intothe die cavity to take the desired shape and design by plastic
deformation of sheet metal without collapsing the corners. This operation
requires double action force.

One force held the blank in its position while other forces punch the
sheet into shape.
Various Deep Drawing Operations :
Ironing :
This operation is used to reduce the thickness of the shell wall and
smoothened the surface,
This operation is similar to the drawing except that clearance between
the die and punch is smaller than that is used in drawing operation.
Redrawing : ’
!.l‘ratin of blank diameter and final cup diameter is too large operation
is performed in more than one stroke of the ram. These successive
operations are known as redrawing.
The amount of reduction that may be effected at each operation depends
upon various factors like quality of material, die edge radius, bottom
radius, material, thickness, thickening allowed ete.
Reverse Drawing :
In this operation, a drawn eup § i ing i i

i 5 p is subjected to bending in the opposite
direction to its originally drawn direction. o
Defects in Deep Drawing Operation :
Earing

1t s the formation of ears or edges around the top of a drawn shell.
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ll,.. IBtis uncontroiled deformation in perpendicular direction of the Suificg ‘I
' of a sheet due to compressive stress. 1
Due to buckling, a bend, kink or other wavy condition may appear,
Bulging : : 3
This defect may appear due to increase in the diameter of cylindrig)
shell at some place of drawn shell. !
Surface Scratch : i
This occurs on the surface of a drawn eup.
m‘ What is bending in sheet metal working ? Also describe
the various types of bending operation.
A Bending:
1 Bending refers to the operation of deforming a flat sheet around &
straight axis where the neutral plane lies.
Due to application of force, the top layer is in tension and bottom layer
+  isin compression. .
The plane with no stress is called neutral axis. The neutral axis should
be at the center when the material is elastically deformed, but when the

material reaches plastic range, the neutral axis moves , since
the material opposes ecompression much better than tension.

2

3.

a mwmﬁmmb@ﬁmmm in which punch touches the
‘Workpiece workpiece does not bottom in the lower cavity

b.

l_Mcgm-Bm-A)

S —— -
e s B e A e R e

Conventional Manufacturing Process

Bottoming : It is bending pmcesé where the punch and workpiece
bottom on the die. This makes for a controlled angle with very little

spmsb@"‘k' x . : .
Coining : Itis a bending process in which the punch and warkp“?ee
hottom on the die and compressive stress is applied to the bending
region to increase the amount of Plasti: deformation. The amount of
springback is very low in this bending.

V-bending : In V-bending the clearance between punch and die is
constant.

U-die Bending : It is performed when two parallel bending axis are
produced in the same operation. Abacking pad is used to force the sheet
contacting with the punch bottom.

Double-die Bending : Tt can be deseribed as two wiping operations
acting on the workpiece one after another. Double bending can enhance
strain hardening to reduce springback. E

Rotary Bending: It is performed by using the rocker instead of punch.
1t is used for bending the sheet metal more than 90°.

2,

-

er Metallurgy :
‘I::Wder metallurgy is a process in which metallic powders are heated
low their melting point temperatures to achieve bonding.

In reality, this process involves metal and alloy powders to be compacted
into the desired shape after blending, and then to be heated in a controlled
ntr;;syhn:e at a temperature below their melting points in order to
achieve bonding of the particles to get the desired properties.
Advantages : ; ;
There is no wastage of material throughout the entire manufacturing
Process, thus material is saved.
E::? parts l’mduce_d have sccurate dimension and surface finish, thus
Inm::eed for mnciumngl ing operations is eliminated.

arge quantity production is relatively economieal to machine parts.
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anufacturing Processes

The skilled workers are not required to operate Presses or o =
equipment, thus the labour cost islow.

Limitations 3 i i .
The production of high purity powders is highly expensive,

It is used only for large scale production due to expensive tog)g o

- equipments such as dies, punches, presses and sintering equipmens | -

1t is not. possible to completely eliminate the porosity in the parts
The size of the part is imited as it depends upon the compression ratiy
the] wders and the capacity of press used,

. | Explain the basie steps of powder metallurgy proces;,

7
Basic steps of powder metallurgy are Hsted below : |
Powder Production :
The fine and high purity metal powders are produced by processes sud,
as atomization, chemical reduction, electrolytic techniques etc.
Particle sizes generally range from 0.1 pm to 1000 pm. J
The following processes are commonly used for producing metal powder;
Atomization. |
Electrolysis.
Crushing. |
Reduction Process. MJ
Blending : )
Blending or mixieg is essential when powders of the different metals
with the same particle size or when powders of the same metal with
different particle size are used. ]
It helps to produce uniformity of particle size and shape throughout
large amount of powder.
Compaction : H
After the blending operation, compacting or briquetting is done. m;..)
It iz a process of converting loose powder particles into a green co
of the desired shape and size. mj
Sintering : B
Sintering is the means by which powder particles are welded togethe
and a strong metal part is produced.
The sintering temperatures are between 60 % and 90 % of the melti
pomlt of I‘:he particular metal or alloys. L
During sintering, recrystallization occurs and the interparticle bound
become grain boundaries. .
Processes :
Many of the praducts can be used as they come out from sintering,
where C_].IISB tolerance and better surface finish are required, L
processing is necessary. These processes are referred as seco
Pprocesses. {
Sﬁmha:‘oman d, aecp' szs:‘: performed to increase density, improve

1, Draw a properly labelled sketch of a cupola and write a
brief account of its operation.
#wE Refer @. 1.4, Unit-1.

Q.2. What is shrinkage in casting process? Explain its types.
A Refer Q. 1.8, Unit-1.

Q

Q.3. What are the casting defects 7 What them
udwhatarethemeasuresthat_nanbetahentnawﬁdthem?

axng Refer . 1.10, Unit-1.
types of forgi

Q. 4. Define forging. Also describe the
operations.
Ang Refer Q. 1.12, Unit-1.

Q. 5. What is extrusion 7 Explain its types. )
s Refer @, 1.14, Unit-1.

Q.6. What is meant by cold working and hot working ? Give the
difference between the two. _
AfE Refer Q. 1.18, Unit-1.

Q.7. From first principle, derive the formula for the extrusion
_of wire with friction where o refers to the stress in wire at

inlet to the die, D, and D, are the inlet and outlet diameters
of the wire, B = p cot o (p is coefficient of friction and a is
half die angle) and K is the critical shear stress.

A Refer Q. 1.21, Unit-1.

Q.8. What is shearing ? Describe the various types of shearing
operations. i : L !

AmE Refer Q. 1.26, Unit-1.

Q.9. Explain the basic steps of powder metallurgy process.
AfE Refer Q. 1.29, Unit-1. .

©00
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ingle and Multi Point
-Gutting, Orthogonal Cutting

~ Chip Formation

Tool Wear and Toal Life, . .ccoco.i.....
 Surface Finish and Integrity

4 Cutting Tool ...
Materials, Cutting Fluids, Coating

 Various Force Components, ............ 2-4C to 53-100-'-':
y
2-10C to 2-14C

2-14C to 2-18C

“I--'- :ﬁ{%&.._@'m : _- i o

Metal Cutting

. CONCEPT ODUTLINE

Machining (Metal cutting) : Metal cutting or machining is the
process of producing a workpiece by removing unwanted material
from a block of metal in the form of chips.

Orthogonal Cutting : In this, the cutting edge of the tool is arranged
perpendicular to the direction of the motion of tool.

Oblique Cutting: In this, cutting edge of the tool is set at some angle
other than to the direction of motion of tool with an inclined angle.

Gu 3‘-; ‘What do you understand by single point cutting tool ?

Briefly explain its various angles.

A. Single Point Cutting Tool :

1. It has only one cutting edge.

2. Itis designed with the sharp edge to minimize rubbing contact between
tool and workpiece,

B. Various Tool Angles of Single Point Cutting Tool ;

a. Rake Angle :
End-cutting Side
edge angle rake angle, +
| {ECEA) Cutting edge
i Back rake angle, +
Flank
i Side relief angle
A Side-cutting edge angle
» (SCEA)

®_ Clearanee or end reliel angle
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angle is the angle made by the £ .:
;
5 em o the base of cutting tool. TR ool angy
back rake ::S: :nl:;‘?“md inthe direction of tool shank, jt 1, ‘
f measured in a direction at right angleg tg%

2.4 A |
" ;:ha: : 15 called side rake angle, .
n i -.

" utting Edge Angle :

It is the
i angle between the end or auxili ti
axis, and it varips between 0 to 30°. RO

2. It provides the i
required clear: ili |
drag that tends e chat:;-‘:‘e to the trailing edge and reduce, tha'__j:

©  Clearance Angle :
L Itis the ang] i I
gle of the end or side surfaces which are below the :
iy £ ‘|
edge when the tool is in a horizontal position as for turning. Hing}
2 Tﬁ“*_?“r?““ of this angle is to avoid any frictional drag of the tgo| o |
the job and prevent the tool from rubbing on the surface already M
d.  Side Clearance Angle :
1. Ttis the angle between the portion of the side flank immediately belgy

the cutting edge and a plane drawn from the cutting edge perpendieulsr
to the base. |

e. Cutting Angle :
1. The true cutting angle is the angle between the face of tool and the iam
tangent to the machined surface at the cutting point.

Lip Angle :
1. Tt is the angle between the tool face and the ground end surface of
flank.

2. Itisusually between 60° to 80°,
Qu | What is multi point cutting tool ? Also give advantages
and disadvantages of it.

he woy

A Multi Point Cutting Tool :

1. A multi point cutting tool contains more than two main cutting edges
that simultaneously engage in cutting action in a pass.

2. Sometime, cutters with two cutting edges (more than one) are alst
considered multi point cutting tools. ) =

3. The number of cutting edges present in a multi point cutter may vary
from three to few hundreds. ;

B. Advantages of Multi Point Cutting Tool :

L Since total feed rate or depth of cut is equally distributed among &,
cutting edges, so chip load on each cutting edge reduces greatly. Th# |

;

240 (ME-Sem-4)

Metal Cutting

higher feed rate or depf:h of cut can bg utilized to improve material

removal rate for enhancing productivity,

Due to lesser period of engagement and lesser heat aceumulation
ithin the tool body, tool wear rate also reduces. Consequently, life of
the cutter increases.

Disadvantages of Multi Point Cutting Tool :

Due to intermittent cutting, cutting edges or teeth are subjected to
fluctuating load. This creates noise, vibration and endurance failure of
the cutter. )

Design and fabrication of the cutter is comparatively difficult. This
makes such cutter costlier.

T Gbligas Cutting L
1. |The culting edge of the tool | The cutting edge ig inclined at an

is perpendicular to the| angle with the normal to the
direction of tool travel. direction of tool travel.

2. The cutting edge clears the | The cutting edge may or may not
width of the workpiece on | clear the width of the workpiece.

either ends.

S.No.| Orthogonal Cutting

3. |Chip flows nermal to the | Chipflows sideways in a long carl.
cutting edge in a flat spiral. !

4. Only two components of| Three components of force are
cutting force are acting on | acting on the took

the tool.
5. |Maximum chip thickness| Maximum chip thickness may not
oceurs at its middle. oceur at middle.

6. Tool lifeis less. l Tool life is more.

T.  |Less heat generation.

l More heat generation.
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machining with neat sketch.

N‘”"‘“‘Ic“mmnent:g; Tt cos (- o)
P sin ¢ cos (¢ - g
, N=H 008 o — P ogin

v's Shear Angle Relaﬁ'ons;ip : l

2$+p-a= T

2
Chip Thickness Ratio : r= L
3

e
3 & process of cutting materials
al means, using taols such ag saws, lathes and milling eutte:l-::

S:::p Formation : It is 5 part of th,

m Discuss the various types of chips produced during metal

Following are the various types of chips produced during metal
machining ;

Continuous Chips :

In continuous chip formation, the pressure of the worlkpiece builds
until the material fails by slip along the slip plane.

The inside of the chip displays steps produced by the intermittent slip
but outside of the chip is burnished smooth by chip rubbing on tool
surface.

It has its elements bonded together in the form of long coils and is
formed by the continuous plastic deformation of metal without fracture

26C m.sm-&]'

ol

Metal Cutting

ahead of the cutting edge of tool and is followed by the smooth flow of
chip up the tool face.

The chips 50 obtained have same thickness throughout.

Built-up Edge Chips : )

A Built-up edge (BUE), consisting of layers of material from the
workpiece that are gradually depesited on the tool, may form at the tip

of the tool during cutting.
As it becomes larger, the BUE becomes unstable and eventually breaks

"P- .
Part of the BUE material is carried away by the tool side of the chip,
the rest is deposited randomly on the workpiece surface,

mm“ of BUE formation and destruction is repeated continuously
during the cutti T ion, unless es are taken to eliminate

it

Discontinuous Chips :

These consist of segments that may be firmly or loosely attached to
each other. .

These are formed when the amount of deformation which the chips
undergo is limit d by repeated fracturing

Workpiece
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T M sy

bl on the chy, o
Merchant force diagram. State the assumptions, " dray |

| Consider the various forces acting

) OR
Explain “Merchant force cirele” along with assumptiong,

A Merchant’s Force Circle Diagram :
1. Inorthogonal cutting, the tool approaches the workpi i
! f piece i :

edge pa.raTJ:lel to the uncut surface and at right angles to ;‘gﬂ; . Pt
cutting, Thus tool ; el
i g. Thus tool approach angle and cutting edge inclinatipy an

2. The study of forces acting on a tool during the
1 t process of meta]
iz necessary, though the relationship among the all forces h;iu ;tun
found by the Merchant force cirele diagram.

3. Merchant's force cirele diagram is shown in Fig, 2.5.1.

+ = Bhear angle,
a = Helix angle,

F, = Normal shear force,

F, = Shear foree, ) i
F = Friction force,
B = Friction angle,

F, = Thrust force, and

N = Normal force, L |

P RNe e

Metal Cutting

2.8C {M:E-Sem“n

I Asgumptions
1 Tttt perfectly sharp and there is no contact along the clearance

face. R ., .
The primary deformation takes place in a very thin zone adjacent to

the ghear plane.
4 i i ine, ding perpendicular to the
cutting edge is & straight line, exten :
3 git;iciion of motion and generates a plane surface as the work moves

past it.

There is no side flow of the chip,

The depth of cut is constant.

Width of the tool is greater than that of workpiece.
Work moves with 2 uniform velocity.

A continuous chip is produced with no built-up edge.

. Uncut chip thickness is constant.

10. Stresses on the shear plane are uniformly distributed. |

Que 2.6, | Draw Merchant's force cirele diagram and develop
e:pre.s;i.on for power required in metal cutting and derive Merchant’s

[ARTU 2015-16, Marks 10|
OR ;

shear angle relationship.

Merchant's Foree Cirele Diagram : Refer Q. 2.5, Page 2-7C,
Unit-2.

A
B. Cutting Power :
1 S;J;.tmg power (P,)is the product of cutting speed (v) and eutting force

5 P =F nv
2. Ifwe take F, in Newton's and vinm/s
F oxv
Then, P = =—— kW
£ 1000

C. Shear Angle Relationship :

L According to Merchant’s hypothesis to determine ¢, we assumed that
the minimum energy principle applied in metal cutting is so that the
deformation process adjusted itself to a minimum energy condition.

2 We know that, cutting force

_ twteosif-a)
“ singcos{d+p-al

L2610
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Manufacturing Processes 290
. Hence, on differentiating eq. (2.6.1) wrt ¢, we get,_-_-\&'l
dF, _ mwicos(B-a) cos 26+ B-a) iy
dd sin® ¢ cos® (p+P-a) =0 |
or  cos(2p+P-a)=0
or 2¢+p-—a=n2
4 ig'lotou o
+ P! against (p — «) is shown in Fig. 2.6.1, having | |
/4 and a slope of -1/2, * AVINg intereep;
st |
5. Leeand Shaffer's shear angle relationship is, |
h=46"+a-p

...{a,gm"

| During an orthogonal cutting the following data is|

obtained : Rake angle = 15°, chip thickness ratio = (.39, uncut chip|
thickness, { = 0.6 mm, width of cut, b = 3.3 mm, yield shear stressof
material in shear = 280 N/mm?, average coefficient of friction on the
tool face = 0.7, calculate normal and tangential forces on the tool

3 Bl
1 st angle, tang= reosa 0.39 cos 15°
l1-rsing 1-0.39sin15° e
$=22.73° et
2. We know that, p = tan p
P = tan-40.7)
= 34.99 = 35°
3. Cuttingforce, F = _tWtcos(p-a)

[

sin$cos(p+p—a)
- _280x3.3x0.6 cos (35°- 15°)
8in 22.73°  co5(22,73° + 35° - 15°)

=1saﬁﬁf‘

4

Metal Catting

2.10C (ME-Sem-4)
e il

1wt sin (B -a)
sing cos(p-+f— o)

280 = 3.3 = 0.6 5in (36° — 15%)
t7 5in22.73° x cos (22.73° 4+ 35° — 15%)
= 668.1N
FN= F coso—Fsina
= 1835.5 cos 15° - 668.1 5in 15°
= 1600 N

‘Que The following data relate to orthogonal cutting of mild

;W;:I part: Cutting speed = 195 m/min, tool rake angle = 12°, width of
cut = 1.76 mm, uncut thickness = 0.25 mm, coefficient of friction
between chip and tool = 0.52, shear stress of the work material =
985 N/mm¥, ealeulate :
i. Shear angle, and
ji. Cutting and thrust

4 Thrust comp t,Fy =

5. Normal force,

We know that,

L
2+ p-o= 80
2¢ 4 27.47°-12°= 80°
) $=37265° [ P=tan-'u=tan-10.52=27471]
2° Cuttingforce, F = 2tcos@-al
8in § cos (h+ - a)
_ _ 385x1.75 x 0.25 cos (27.47° - 12°)
sin 37.265° cos (37.265° + 27.47° - 12°)
= 278178 N
3.

Alzo thrust component,
- _twtsin(B-a)
sin ¢ cos (¢ + P —a)

385 % 1.75 = .25 5in (27.47° - 127

B

~ 'sin 37.265° cos (37.265" + 27.47°-127)
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f = Cnr:st-an:t. and
= Exponent which depends on cutting condition

What do you understand by tool wear ? Exp].nj_ln{ .

i
types.

basic

A, Tool Wear :

1. Tool wear is generally a gradual process, much like the wear of the ¢
of an ordinary pencil. ol

2. It adversely affects tool life, the quality of the machined surface, and

; of cutting

its dimensional accuracy, and , the
operations.
3. The rate of tool wear depends on following factors :
i. Tool and workpiece material,
Tool shape, ’
Cutting fluid,
" ]
Process parameters such as cutting speed, feed and depth of cul,
and
.. Machine tool characteristics.
Types of Wear :
Crater Wear : .
1. * Crater wear oceurs on the rake face of the tools and by changing th?
_chip-tool interface geometry, it affects the cutting process.
2. The most significant factors influencing crater wear are temperaturt
at the tool-chip interface and the chemical affinity between the 1
and workpiece materials,

TR

-

e

. uu;iif.%{:r;‘ e E‘Ltﬁfﬁh{:ﬁt}:{fﬁw ;

2-1

3
:;,e—:;r wear described in terms of a diffusion mechanism is the
¥ movement of atoms across the tool-chip interface. Since diffusion rate
iner with & ing temperature, crater wear increases as
temperature increases.
Possible
fracture line
f.
d, = Crater depth
Fi R
Fig 2y
b Flank Wear:

1 Ittakes place on the flanks of the cutting edge. Abrasion and adhesion

9. The worn area called wear land is

3. It extends from the top to a distance on the flank surface which is

4. Flank wear is caused by friction between the newly machined surface of

2 € (ME-Sem-4)
additionally, the factors influencing flank wear also influence crater

are primarily responsible for the flank wear.
1ly taken as a re of the

amount of wear and can be readily determined by means of a tool
maker’s microscope.

abraded away as cutting continues,

the workpiece and the contact area on the tool flank, This is usually the
most common type of wear.

land

4 /| How do you define tool life ? What are the factors upon
tool life depends 7

1 E‘lzi :Bngt.h of the period for which a tool can be used is defined as the
ool life,
2 Itis also defined as the actual cutting time between two successive
grinds,
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Fnl.‘:tors Affect
Cutting

The offect i
tiepth i of varioys cutting conditions ie., cutting speed, fagy

ing Tool Life ;
onditions ;

1
cut is given by tool life equation. When any of these c:::].l“ﬂ!-' .

Inereases, the tool

life decreases. o

Tool Geumatry t |
Increasin

£ the rake angle decreases the cutting f i

g forces g o

produced at the too] tip, thereby increasing tool life. 4 by

However, increasi H
i B ng the rake angle to a large value reduces 4
Pmaterm!i available at the tool tip for conducting heat ganeratet{:eth-
increasing the tool tip temperature. This decreases the tool life,
Work Material :
It also greatly affects tool life. .
The physifal microstructure, constituent phases and the hardnegs
the material makes a large difference in the actual tool life values,
Rigidity of Workpiece : )
Lower the rigidity of the system, higher is the chance of tool f&ilu[g.c‘
because it means that the job will have some vibration, even the hodi
might vibrate which induces chipping of the tool, |
This is due to impact loading on the tool because of intermittent cutting
Effect of Lubricant : |

Lubricant decreases the cutting forces, The effect of cutting fluid bl
more predominant over the lower range of cutting speed rather tha
at higher cutting speeds. ’ [ ’|

At lower speeds, the cutting fluid reduces the friction at tool-chip
interface. L

1. | Discuss about the surface finish process in metal!

h;nbility is often assessed by surface finish after the machining

operation. A good surface finish is affected by many variables in single, -

or multiple point machining.

The factors improving surface finish are light cuts, small feeds, high
cutting speeds, cutting fluids, round nose tools and increased rake anglés
on well ground tools. !
}\[m of these features, while highly desirable, may shorten tool lift:
increase forces and may not be economical overall.

The outermost boundary of a body adjacent to the air is called a surfacé:

When this surface is deformed by a sh tting ed surfart
ﬁzlﬁshdeacribestheboundary.by il tciaes shaey’

L

5.

When arotating eylindrical body in contact with a tool has an existing

surface removed, the substrate surface provides the new boundary,

If the surface was magnified many times, it would have the appearance

o{guu::esaivejﬂgged mountain ranges.

Despite the seemingly random natural appearance of a mountainous
le, there is mathematical form and geometry to the topography.

This analogy extends to the mieroseopic texture of grooves turned by a

tool on a lathe. »

_' Write short note on surface integrity.

__:‘iurface integrity is the surface condition of a workpiece after being
modified by a manufacturing process. The surface integrity of a
workpiece or item changes the material's properties.

It consists of a wider spectrum of surface characteristics that also inchades
surface roughness.

Apart from basic topographic information about the surface, several
metallurgical, mechanical and physical properties, which may be altered
during manufacturing processes, also come under the preview of surface
integrity.

Thus it can be concluded that surface integrity encompasses wider
characteristics of a solid surface that are required to clearly display
overall surface quality, while the surface h is one such t
that come under integrity. .

Infact, surface finish is the most common and widely used parameter to

characterize the solid surface.

" TR e

CONCEPT OUTLINE

Cutting Fluids : Cutting fluids play a significant role in machining
operations and impact shop productivity, tool life and quality of work.
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M:clﬁ;ﬁbiﬁty is the .

, property of a metal that how easi ]

machined and give a satisfactory finish. e metal i

2. The machinahili )
factors :

ty of a material is usually defined in termg of fy

w
T. . Surface finish and integrity of the machined part, I |
ii.  Tool life obtained, 'I
iii. Force and power requirements, and 1
iv.  Chip control. i

3. l?vond machinability indicates good surface finish and integrity, longtsg
life, and low force and power requirements. 1

4. Becauf!e of the complex nature of cutting operations, it is difﬁculth
establish relationships that quantitatively define the machinability gfy 1
material. i

5. Inmanufacturing plants, tool life and surface roughness are generally I
considered to be the most important factors in machinability, |

A

What are the desirable characteristics of cutting tool

. materials ? Describe them briefly.

Deairagle characteristics of cutting tool material are as follows :
Hot Hardness : It is the ability of the cutting tool to withstand high
temperature without losing its cutting edge.

Bending Strength : It is defined as the stress in a material just before.
it yields in a flexure test. High bending strength is the desirable qualify
of a cutting tool.

Toughness : It is the ability of a material to absorb energy and deforn

plastically without fracturing. High toughness is also the desirable quality |

of a cutting tool.
Wear Resistance ; Wear is the removal and deformation of materia!
from a surface as a result of mechanical action on the surface. Wear &
an undesirable effect. The cutting tool should have a high weir
resistance. ;
High Thermal Shock Resistant and Fatigue Resistant : Thel.
must withstand rapidly alternating temperature cycle during the cuftioe
process.

High Impact Strength : They must resist the impact force due *"
vibrations or any other interrupted cutting.

2-16C (ME-Sem-4)

emical Stability Chemical stability or inertness with respect to

T g]t workpiece material, 50 that any adverse reactions contributing to

tool weaT were avoided.

Metal Cutting

various

What are the fluids ? Di:
ed during machining.

ties

J“mgﬂuids us

Cutting Fluids :
Cutting fluids are also called as lobricant in the form of zolid, liquid or
gas, which is applied to a tool during a cutting operation for removal of
Ch‘il;ﬁ and to reduce the heat generation.
9. Itis very effective for improving the overall machirability.
It also prevents the formation of built-up edge (BUE).
4. It permits the use of higher cutting speeds and larger metal removal
rates.
Properties of Cutting Fluids :
1. They have alarge specific heat and thermal conductivity.

2. They have a low viscosity and small molecular size (to help Tapid
penetration to the chip-tool interface).

3. These contain suitable reactive constituent (for forming alow strength
compound after reacting with the work material). :

4. These non-poisonous and non-corrosive.
5. These inexpensive and eagily available.

What are the purpose of cutting fluids ? What are their

oL
Purpose of Cutting Fluids :

L Cooling down of the chip-tool-work zone by carrying away some of the
generated heat.

Z Raducc: the coefficient of friction at the chip-tool interface due to the
formation of a weaker compound at the interface.

3. Reduce the thermal distortion caused by temperature gradients .
generated during machining.

4 Wash away the chips and clearing the machining zone.

o

Protecting the finished surface from corrosion.
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Manufacturing Processes

2-17C (ME
Soa
B. Types of Cutting Fluids ; ~

a.

b.

two of th-em.

Que 2.17.

Aqu ids : |

ar‘lg ;:::rﬂrlds : These are mainly emulsion or soluble o)

el y_:heapest and have maximum use where g

S 1es are important factor i.e., conventional cutting of
il- . i

whicmzlsuml‘ls ¢ These fluids are referred to petroleum Prod 5

—" ually known as sharp eutting oils or mineral oils, 2

aI’Ir:; etic Fluids : These fluids are transparent in nature o
. d? operator to observe the cutting clearly and mainly "‘h;;h-‘-._

grinding machines. These are mainly used in diluted form, feed o

Gaseous Fluids : Theze flui i ioxi

" ds: ids are mainly carbon dioxide, co o

;mill';h ar.'rog:ni:hf]ttm, nitrogen ete and have limited applicati;‘:::ﬂ'-
st, but theze are used where liguids i i i

b e where liquids are avoided i.e., cutting 4

choig_:i

What are the various methods of coating ? Explain any

Various Methods of Coating : Various methods of coating are as
follows :.

Hot dipping. 2. Galvanising.

Tin plating. 4.  Lead coating. |

Metal cladding. 6. Anodising. |
‘Parkerising. 8. Diffusion. |

Galvanising : |
It is the name given to the coating of zine by hot dipping. |
The quality of the coating is directly related to its thickness whichis
measured in gms/m? of surface for all products except sheet whereitis
measured in gms/m? of sheet (2 sides).
Heavy coatings of zine are more easily applied by hot dipping thal
electrolytically.
The purity of zine affects its bonding property and the appearance of the
coating, and besides that it has no effect. So where bonding does not |
matter, low grades of zine can be used.
It is mainly used in roofing, wire fencing for gardens, etc., buckets and
water cans, steel pipes and for structure purposes exposed to
Tin Plating : e |
Tin plating has a pleasing appearance, good corrosion resistance andit |
solders well. Copper wire is very often tin plated to increase its sul!
for soldering. . |
This coating is usually applied by hot dipping before the wire has b“;_
drawn down to final di er and the subsequent operations drd
down the copper and tin coating together.

Metal Cutting

2.18C (;\-[E-Sem-'ﬂ

The various applications of tin plating include tin cans for food, biscuit
3 tins gmr_henut,gnsils. copper wire, copper tube used in refrigeration ete.

Milling : The process of rémoving metal from a workpiece to obtain
the required ghape, dimensions n.nd surface, by a rluta.tmg multiple
tooth cutters (called milling cutter) is known as milling.

Finishing Pr : These pr are used to ensure a sm_nnth

gurface, to improve appearance or to provide a protective coating.

Tque 2.18, | What do you understand by plain turning, step turning

and taper turning ?

{Answer

A Plain Turning :

1. It is an operation of removing excess amount of material from the
surfaes of the eylindrical workpiece. '

2. In this operation, the work is held either in the chuck or between
centres and the longitudinal feed is given to the tool either by hand ar
PoOwWET.

B. Step Turning:

1 It isan operation of producing various steps of different diameters in the
workpiece. -

3. This operation is carried out in the similar way as plain turning.

C. Taper Turning :

1. Itisanoperation of producing an external conical surface on aworkpiece.

2. A small taper may be produced with the help of a forming tool or

chamfering tool, but the larger tapers are produced by swivelling the

compound rest at the required angle or by offsetting the tailstock ar by

taper turning attachment. L

d
Taper = T

i
.
[

y

e
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- | Describe twist drin .

e using sketcl

ARTU 2014-15, Marks 15

£
a. s Itd 5
.l;‘:::; Itis that part which carries flutes and extends from the dead

Sh?m.k : It is that part which fits into the holding device.
:;ianmt ¢ It is the entire cone-shaped surface at the cutting end of the

P

Cutting Edge : It is that part of the point which is sharp like a knig,
and cuts the metal during drilling. g
; l\‘lnr.gin : The cylindrical portion of the land which is not cut away ty
provide clearance,

Web : It is the central portion of the body that joins the lands, The
extreme end of the web forms the chisel edge on a two flute drifl,
l:-ip Relief Angle : It is the axial relief angle at the outer corner of the
lip. It is measured by projection into a plane tangent to the periphery,
at the outér corner of the lip.

Helix Angle : It determines the rake angle of the cutting edge-of the
drill. Smaller helix angles 10 to 13° are wsed for drilling harder and 35
to 45° for softer materials.

Chisel Edge Angle : It is the angle between the chisel edge and the
cutting lip. It varies from 130 to 145°, larger values for smaller drills.
Neck : It is the smaller diameter cylindrical portion which separates
the body and the drill shank.
Straight or Lip relief angle Web
edshank  Helix angle .1

D Margin
l— Fiute length Flate = V' Chisel
dy ——»| Lip edge

(or cutting angle
edge)

Explain various drilling operation with neat sketch.

Metal Cutting

drilling operation are as follows :
Al : The operation of making round l_m}es mwor_kmeeea is
Eﬁ;ﬁﬁm It is done with the help of a drilling machine.
i i i i bore of a pre-
s It is an operation of enlarging the Iiuulncter or
> dB;FeTighule using a larger size drill. It produces circular internal profiles
in hollow workpieces, . .
Reaming : It is the operation of sizing, enlarging, and finishing the
E drilled boles to accurate dimension with the help of a reamer which is
a rotary cutting tool of cylindrical shape.
i i i th of adrilled
ter Boring : It is an operation of enlarging the mouw
* f.::?o <ot bolt heads and nuts below the surface so that they may not
project out from the surface level.
i i g tion of rough
ot Facing : It is an operation to i.'l.n:,ah off a small por
¢ :l:rface around a drifled hele to provide smooth seat for bolt head.
Counter Sinking: Itis an operation to bevel the top of a drilled hole for
making a conical seat for a flat head serew.

REERE

{a) Reamer  (b) Counter boring  {c) Spot facing (d} Counter
ri drill sunk drill

drill

A Up Milling :

L In an up milling process, the direction of cutter rotation is opposite to
that of feed motion.

2. Chip thickness is zero in the beginning of operation and increases to
maximum at the end of cut.

3. The cutting forces vary from zero to maximum.

4. Inup milling, the cutter force is higher at the end of the cut and the
direction is such as to tend to lift the work from the fixture, thus

proper fixing arrangement is desired.
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5.

B. Down Milling :
1

Advantage of up milling i
g is that th
forces and vibrations. ChER

Direction
of cutter

rotation

T is no

t subjecteg
to hegy,

Table feed
[Fig. 221.1. Up milling.

In this method, the direction of cutter rotation is same as that

motion. of feeg

Direction

of cutter
rotation

— — wlp

‘Table feed

The resulting cutting forces in down milling act in downward direction
and try to drag the workpiece into the cutter. This is the reason why
workpiete is securely held in the table.

Advantage of down milling lies in the fact that cutting forces tends to
held workpiece against the work table and therefore lower clamping
forces are required.

Down milling produces better surface finish and improved dimensional
aceuracy. *

CONCEPT OUTLINE

CNC: Computer numerical contral (CNC}is a NC system that utilize
a dedicated, stored program computer to perform some or all of the
basic numerical contrel functions.

2-21C Mg, : 1
'Bm_l

229C (ME-Sem-4) Metal Cutting
Features of CNC System : CNC system has:
1 Control system features, '
5 Demory features,
3 Programming features,
3 Pro able logic control features, and
5 Diagnostic features. .

o i nsAvewers 5 enoE iR
Que 2:22. at is computer numerical control (CNC) system ?
Explain.

L ACNC machineis essentially aNC machine with a dedicated computer

asitsintegral part working as MCU.

It has more flexibility compared to an NC machine.

A bare minimum of electronic hardware is used for control.
Software is used for obtaining the basic functions.

ERES S

The change in trend from hardware to software has increased

productivity and flexibility in manufacturing.

6. When compared to NC machines, CNC machines have the added
advantage of reading, storing and editing the part programs.

7. RAM contains the part programs and ROM contains control programs
for slide movement, interpolation ete.

8. CNC machines also provide graphical mpaﬁ\iﬁes,die@uaﬂcpwmedw@!
and system trouble shooting.

9. The schematic diagram of CNC system is shown in Fig. 2.22.1.

Computer | 1
1
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2-23C m.&,w

10. The monitor continuously displays the machine status to enah

11. CNC lathe (turning centre) and CNC milling (horizontal and v,

e. Equipment/Machine: il }
1. Thisis anotherimportant component of CNC equipment, because t |
the component that performs useful work. :

LR

Y
n
Answer |

machine operator to communicate with the machine, le the

machining centres) are very commonly used CNC machines, b

Explain various elemei:ts of a CNC system.

Various elements of a CNC system are as follows :

Part Program :

The part program is a program of instructions that defines cutting tog]
path, spindle speed, feed rate, tool changes, coolant on/off and severs]
other functions of machine tool that can be automatically controlled

The commands also define the position of machine tool spindle or the
cutting tool with respect to the work table on which the workpiece is.
fixtured. ; i
Computer : ) i

The computers used with NC are either mini or micro computers, both
are classified as digital type computers.

Their operations are to move information from one unit of the computer
to another, e.g., to and from the memory and the central processing unit
{CPU).

Other operations involve arithmetical and logical functions, such as
adding two numbers together.

The computer is ordered to execute a particular operation by givingitan

instruetion.
|Cani_r_9l| {

) » CPU ¢ | Memory

— 1

9-24C (ME-Sem-4)

g For example, in a {:NC lathe, the processing equipment is the usoal
|athe machine (excluding MCU) which performs the actual machining

operation.

Fart, proeam fed to

Q —2.24, | What is additive manufacturing ? Write its advantages

e e

and disadvantages.

Machine | Tuns
control unit

Machine

A Additive Manufacturing :

1. Itis the process of jpining materials to make objects from 3D model data,
usually layer upon layer, as opposed to subtractive manufacturing
methodologies. B

2 Additive manufacturing uses computer, 3D modeling software
(Computer Aided Design or CAD), machine equipment and layering
mal :

3. Once aCAD sketch is produced, the additive manufacturing equipment
reads in data from the CAD file and lays down or adds successive layers
of liquid, powder, sheet material or other, in a layer-upon-layer fashion
to fabricate a 3D object. d

4, The term additive fi ing e p many e
including subsets like 3D printing, rapid prototyping (RP), direct digil
manufacturing (DDM), layered manufacturing and additive fabrication.

of Additive Manufacturing :

Reduced lead times.

Elimination of design constraints.

O T e

B

1

2

3. Dimensional accuracy.

C. Disadvantages of Additive Manufacturing :

L Highinitial investment.

2. Ttis notsuitable for mass production.

3. Non weldable cannot be processed by additive manufacturing.
T . e

T ¥
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CONCEPT DUTLINE
Rapid Protot.

Need i 3
eed of Rapid Prototyping : It is needed for :
1. Product customizations.

=

A Advantages of Rapid Prototyping :

2-26C m.sem--ﬂ

" yping : Itisa : | : : the uses of rapid tooli d also di its
fabricate a s §roup of techniques used i \ 026, Write down ng and also discuss
by side model of a physical part or assembly uaingua‘gjhuj 1 S..T:E—:“‘:‘

2. Higher accaracy level in designing. L ‘“-sg ivi
3 e ng the productivity.
- Quick changes or modification. 2 | & dimensional accuracy
3. Increas '

4; Decrease total time.
B. Typesof Rapid Tooling:

a.

b Indirect

Metal Cutting

Direct Rapid Tooling : It allow injection moulding and die casting
smserte to build directly from 3D CAD models.

Rapid Tooling : Indirect tooling methods are intended as
ng or pre-production tooling processes and not production

totypi
Lo prototyping process can yield patterns for

methods, Most any rapid

CONCEPT OUTLINE

Joining : When two or more components are joined together to
produce the required product by any suitable process, the process is
known as joining. It includes welding processes, brazing, soldering,
diffusion bonding, adhesive bonding etc.
Fastening : The act of joining the components with the help of
iz called fz Fastening may be per t or 7.
Soldering: In this process, the melting point temperature of filler
material is less than 430 °C and it is also less than melting point
temperature of base material.
Brazing : In this process, the melting point temperature of filler
‘material is more than 430°C but less than the melting point temperature

Fract

1. Product development time and cost will be greatly reduced comparedty
the conventional prototyping techniques used.

9. Communications between marketing, engineering, manufacturing, aud
purchasing are enhanced due to the availability of physical prototypes. |

3. Itis possible tohave the physical model at critical design reviews, thereby
the decision making process becomes more accurate. _

4 In some cases, it is possible to perform functional prototype testing |
before committing to the actual tooling.

B. Limitations of Rapid Prototyping :

1. The initial cost of the equipment is relatively high. :

9. The material choices for different processes are limited in terms of thel®
properties. In some cases, only plastic materials could be used.

C. Applications of Rapid Prototyping :

1. Checking the feasibility of new design concepts. ol

9. Making functional models with the limitation of the material to 0 55
testing. |

3. Conducting market testa/evaluation. i

4 Fabricating a master pattern for silicon and epoxy moulds. I

5. Manufacture many exact copies of models simultaneously. |

of base material.
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7. | Describe physics of welding in detail.

The physics of wal

by ding deals with complex physical phenomena assoejy

: w.'elding including heat, electricity, magnetism, light ete, !
Majority of welding processes require
obtained through :

i.  Flame
i.  Are,
iii, Contact resistance, I

iv. Electron beam,

v. Laser, and

vi. Exothermic reactions, etc.

AC/DC electric power supply is used to generate heat for many welding
processes.

the application of heat whig, =

4

Magnetic fields set up due to the flow of current through the electrode
and the arc generate pinch effect and influence the welding arcs. Are
blow, plasma streaming and metal transfer are some of the welding are
features strongly influenced by the presence of magnetic fields.

[ PART-9 |

Design Consideration in Welding,

T

@ ’

FoHa;{:'Jg are the main design considerations in welding :

Use the minimum possible number of welds.

Select the same thickness for the parts to be welded together.

Locate the welds at the areas in the design where stresses and
deflections are not critieal.

Effect of shrinkage and distortion should be minimized by post welding
annealing and stress relief operations.

2.28C ﬂ\.[E-Sem--i}
Decide proper welding sequence.
5 Design welding in the flat or horizontal position and not in the overhead
& pog‘t,i.or', ) )
Uee only the amount of weld metal that is absolutely required.
7. a g Tt b a1

PART-10 (t

CONCEPT OUTLINE ' \

Adhesive Bonding : It is the process of joining two surfaces \
together, usually with the creation of a smooth bond. It 13 most

commonly used in the aircraft and automobile industries.

e
I e _Quuﬁtionplm_:gﬁm

Lﬂng-ﬁnsw& Type and M"d‘“ﬂ Answer Type

Que 2,29, l Write short note solid and ligquid state joining processes.

{Answer

'1. .Gn solid and liquid joining process, the bulk material is not welded. A
molten filler material is used for joint making.

2, Itincludes various pr which are di d below :

i Soldering : Refer Concept Outline, Part &, Page 2-26C, Unit-2.

ii. Brazing:Refer Concept Outline, Part 8, Page 2-26C, Unit-2.

ili. Adhesive Bonding : Refer Concept Outline, Part 10, Page 2-28C,
Unit-2.

Q.1 What do you understand by single point cutting tool 7
Briefly explain its various angles.
AHE Refer Q. 2.1, Unit-2.
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Q.2. Discuss the various types of chips produced during mehl‘;'

A& Refer Q. 2.4, Unit-2. :

machining with neat sketch. ;

Q.3. Draw Merchant’s force circle diagram angd deVelni,ﬁ

AiiE: Refer Q. 2.6, Unit-2.
Q.4. What do you understand by tool wear ? Explain its bﬂsie: :!

expression for power required in metal cutting ang deriy,
Merchant’s shear angle relationship. “‘3?

1

types ?

AN Refer Q. 2.9, Unit-2,

Q.5. What are the Purpose of cutting fluids ? What are thejr

types ?

Ang Refer Q. 2.16, Unit-2,

Q6. Describe twist dril]
Ans Refer Q. 2,19, Unit.g,

Q.7. Explain up milling

nomenclature using sketches,

|
|
. 1
|

and i :
R Refer Q. 2.21, Unitg - 0" Milling with a neat sketch,

©oe |
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2
3.
val process by the abrasive action of a revg
i erial remo B
joce surface. B} &
wheel on the wt;::‘:":;a material is removed in the form of 3
all chips. finishing operation because a very
& gﬂrﬂiy-itﬁﬁilmdﬁw the surface during this oper, A;
amount of 2 . rosl fhas 3
B. g“dj::; ‘:::;df“ p;rfomﬁng the grinding operation is I :
1 Thew _ :
grqwdx_nezhh::-mi s of sharperystals which are called as ab
2 Grinding wheel cons

held together with bonding material or bond.

!
Write down the factors to be considered in selectiong

The fnlors to be considered in selection of a grinding wheel are
follows :
1. Type of the bond preseat.
2 Grade of the grinding wheel. : j
3, Structure of the grinding wheel. 1
4
5.

]

Area of contact between the wheel and work. .
Wheel speed. |

Define abrasive. What are its different types ?

Rewe

._useof natural abrasiy

An abrasive is a very hard matgr;,
when fractured, hag the ﬁ“;l:;i:‘h
COrners, I
It consists of small particles known a i

" ek s abrasive graing,
Natural Abrasives :

sdequate toughness, which
*n sharp cutting edges and

These abrasives are sand stone, corundum ang quartz,
Due to the presence of impurities in the natural abrasives which hi
the cutting action and ereate non-uniformity in the abrasive ‘:::2:;
1 esis largely discontinued,
Artificial Abrasives ; TR R
The guality and composition of these particles
and their efficiency is far better than natural
The artificial abrasives break with shar
present new cutting edge to the work.
Now-a-days, the commonly used artific
Silicon Carbide :

The various ingredients of silicon carbide are silicon sand (52 ),
petroleum colee (34 %), common salt (2 %) and sand dust (12 %),

can be easily controlleq
abrasives,

P clear fracture and therehy

ial abrasives are :

Itis an efficient abrasive for grinding tungsten carbide tipped tools.
Aluminium Oxide : :

It is produced by heating the mixture of mineral bauxite, hydrated
aluminium oxide, clay containing silica, iron oxide, titaninm oxide ete.,
in an arc type electric furnace. After cooling, the mass is crushed and
graded by passing through screens.

It is slightly softer than silicon carbide but it is much tougher.

Due toits exceptionally fast and cool cutting properties, it is especially
suitable for grinding materials of high tensile strength, such as most
steels, carbon steel, high speed steel, annealed maleable ir?n._m:ght

iron ete.

Define bond. What are its different types ?
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Grinding and Super Fyp,
¢ (ME-Sem-9)
1——//——__\ Manufacturing Processeg
iﬁ‘m R r‘_\_\_ Corresponding gringing g -3 CME Sem.g)
ﬂwd’mmrgmnm\'&ym inthe &"‘“uﬁ Silicate : "‘h"ﬂ-\ﬁmﬁedwm
. Inthis, wheels made by iy,
or water glass, TiXing sbragiye Brains with silicate or sgda
or

puﬂswd by the bond iz called the mpf‘héf
3 Corresponding grind; -
Resinotds o Sliate b e

In :Hx.abrasivepma
AT mixed with v
Zyothetic resing and oy

her

ol ‘ua::Bnnﬂ-': chlike pottery fired j
? :;Iltriﬁﬂd is basically @ ﬁtfe?“:gdhf;:iufm‘ M@i@ﬂiﬂgl:}‘a : compounds by moulding ang
2 Vitrified tools are very %om bench Corresponding grinding whee “ating at 200 °C,
" sarface and tool room apP! Shellac: 1 Resinoid wheels,
b Silicate Bond : tem which use silicate and magpeg; . In this, abragive, shella
1 These a:d: the bond system Slum pressed andhak:;?: haatad are mixpq in,h“‘“wmundhm
Jow strengih of bond which keeps heat generation minjp, i Sk
2 m:::;:k the life and durability of resin nded wheels,
¢, RubberBond: ) ith a rubb + Inthis, chrasive graing are mixed with
bonded abrasive pmdm_:t wi ___Er;tg_aﬁs_tq_ms mixture is rolled i Pure rubber and
L, Thees m: ;ezween the abrasive grains. | later vuleanized, Fato sheets from which wheels are m“bhm ::f :::
Shellac Bond : i 2. Corresponding grind ing !
f- These are the bonded abrasive product with a shellag hond syspeq, Gucab ] *heel : Rubber bonded wheels.
- potrean the abrasive grains: 3 [Que 36| What is meant by grit, grade and structure —
e Resinoid Bond : i . . I . wheel ? i
L It s made from synthetic organic materials and is strong and fairly  Marks 1t
exible. What is meant o .
" ‘Iﬂt—;‘;ﬁm making very strong wheels and for surface speeds upty o by grit, grade and atm ; ding I
q What is the function of bonds in grinding wheel 7
bonding materials and name their corresponding grinding :
AKTI 2014-1F i Ingrinding, the cutti . - e
it ss;ri‘n:?mg Ry e sbrasive material known
- This applies to products using abrasive grains held )
5 A Function of Bonds : to a surface sumumnfmfv::. e i
E L Itactsasa binder to hold the abrasive grains together. g";g‘;’ﬁg&";ﬁgﬂ.';“ from coarse (12-30 grit), medium (36-70 grit)
2. Bonds increase the strength of the wheel, increasing the life of grinding ) :
!' el ! el, asing ife o - Superfine grits run from 160 and from higher. Grinding wheels are
| B. Bonding Material with Corresponding Grinding Wheels : i usually between 24 and 100 grit.
a  Vitrified: & & 3 4 A coarse grit is used for fast, aggressive stock removal and finer grits
% Tuthis boaddi ) . for less stock removal but better surface finish.
: 5, MWMabmﬂvegrninsmmjxedtugetherﬁﬂlw__ T Grade :
moulds ;
The grade of the wheel is a measure of the ability to retain grit.

and the uniform mixture, thus produced, is poured into moulds for
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Grinding and Super gy,
sterislf0 i s-n;un,dalw affects the chmueﬂf

2I 'rhebmﬂn mﬁ" e -
ol grade 0T ﬁandbe cedon soft easily sel]:]exztawteﬁala -
A harder grade ﬁﬁ-‘;}ﬁ;h aturally tend to du wheel fagtqy, i
ard materials wheel releases the du]led. £raing mare
pwever: the Emhnrp grains lying un‘der it to do the wor_ ‘ﬁﬂﬂtb_ 2
ensrll:nﬂﬂ “'m:sr,e:i from A-7 with ‘A" being the weakest bong o,y
5. Hardness s & :
S —
6. hAu::d s desized for softer materials. :
smdn;:s amnit\,; of grains and vaids for collection of chips
It Il'eprﬁ emall voids (8 0), chips stay in wheel, blocking th,
: fiﬁ:ht::msinefﬁciemcuﬂins- .
3 Toolarge voids (9—16) offer less cutting edges and inefficient Cutting
action. jals, larger chips are produced ang .
grinding ctile materia ; .
® :‘o :n strnctu.r: ; preferred to a:mid loading of wheel, thus II
5 F:rrha_rd and brittle materials, closed structure is preferred, W
6. For rough cut, upen structure is more suitable. .
7 Surface grinding needs more open structure than eylindrical or foo

and cutter grinding.
Ques.7. | What do you understand by cutting action of gring

S

wheel ?

I "G' S
Lﬁ; grnmhng wheel consists of abrasive particles which are bonded
bond materials and these abrasive material act as cutting tool tip.
2. Incutting process, the abrasive particles at cutting edge become dul
and these become cracked along the cleavage planes due to resista
offered by workpiece material which resist the cutting.action.
Thus new cutting points are produced which carry out further cutti
This process continuestill the abrasive grains get come down
level of bond. 3
4. Fig. 37.1 showing edge of abrasive grains projecting from the face
the grinding wheel, Each abrasive particle projecting acts as separaté

cutting tool. i

e

Manufacturing Processes
Abrasive particag ; .
Face of wheol

Bonding materia) M

A grinding wheg! is specified by the following parametera :
Fr:ix Abrasive Grainsize Geade  Structure Besd type Buffix
A 46 K 17

\

Manufactures
abrasive code

A—Aluminiom oxidel
C—Silicon Carbide
Z—Rirconia
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Grinding and Super Pm%
M

s pasberial

1. Thetype of gri as whee]

2 Thegritsize. of the wheel: .:m'ﬂl“"‘“’_yt koows hardum
prength ) rosity. 1

: 11“: b:nﬂms,,,s of wheel denoting (PP

4| &l 3

terial. ufacture m;

5. The type of bond 2 ters the wheel mar o 20d they,

6 Other thﬁcﬁiﬁ f:;:m;eﬁﬂ‘nsnrm sastadixdioge,

own ident: i of bonds for bonded ahmh’tum

g " wheel wear in detail,

A Types of Bonds : Refer Q. 34, Page 3-3C, Unft-3.
i Wear: ; ;

?- gf:;‘;l:gsh?::]ﬂw agrinding wheel wears with more and more

" tremaval of work material). grinding

> terial removed
i Volume of work ma 2 Fuin

g 3.0,
2 It will be noted that initially with new wheel, wear is more (initia]
breakdown period), but once the loose particles are out, wheel gets
stabilised and wear takes place at uniform rate.
3. After the uniform wear period ends, the wheel needs to be reconditioned
otherwise wear will be heavy. )

4. The usable perind depends on wheel wear (gradual wear of sharp adges
known as attrition wear and by fracture of portion of abrasive) and also
on the loading and glazing of the wheel.

8 Whileloagh’ngandghziugmaynoe be problem if proper wheel is selected,
but wear is natural phenomenon as abrasive grains have finite life. -
6. Reconditioning s done by dressingi e, holding a hard tipped tool (dresser)
against the rotating grinding wheel and giving some feed motion to the
dresser to cover the whole width of the wheel,
7. Duringdressing, the dull and used Ja. i iclesi
. yer of abrasive particles is crushed
and fresh surface of abrasive Pparticles is exposed,

i Prevention : Softer bonds are recommended for harder materials

Manufacturing Processeg
3-9C ME-Sem.4
5 The ;:Iarformgme of a gring haracterige 4 )
grinding ratio which is \‘.hei:ga::::lv:c work byth!m
and the volume of wheel wopy away. i mete

Explain three gigy,
erent wayg in which
the
.}1 1 takes place, What uuhedmhmwxu:f
: m

grindi

2
ng

L L
Different ways of wear of grinding
below :
a. Attritious Wear :
1. In attritious wear, the eutt; - .
by attrition which is uimﬂarz&ﬁiﬁl:::fe:ﬁnmf?‘mnwm eame ol
2. Inthis, the wear iscaused by interaction of the lTngt:mls‘
material, involving both physical ang mmmnm:ﬂaﬂmm
i. Prevention: Attritioys i materials ;
inert with respect to eac‘;e::h:rl_owwhnhu #re chemically
b. Grain Fracture or Wear ;
1. Ifthe flat wear caused by attritions is excessi grain
dull and grinding becomes imfﬁcile:rmd pmdu:'at::de irahl;
temperatures which directly causes to grain fractyre o
2. The grain should fracture or fr. t
short cutting edges are produced conts.. km?dﬁ&::?n;m' e
i. Prevention : This can be Prevent by using differant. mbing ah:
the materials such as alurminium ox; ili i it
Nk e n!mh,sﬂm:nurbhz,dmmnd,mm :
e. Bond Fracture :
1. The strength of the hand(nnﬂ.e]isasimiﬁcmtpmme«minsmding
2. Iithe bond is too strong, dull grains cannot be diﬂodgsiﬂispl‘ﬂem;
;:)}:r !l?rp'gﬂ:i};s along the circumference of the grinding wheel
contacting the workpiece to remove chi and the grinding
becomes inefficient. - S
3. On the other hand if the bond is too weak, the grai
) . grains are easi]
d]siudg'_ed_ and the wear rate of the wheel i;nreasss. In this msE,,
maintaining dimensional accuracy becomes difficult,

heel and their provention g explaineq

&nt?for reducing residual stresses and thermal damage to the workpiece
while hard grade wheels are used for softer material and for removing
large amounts of materiale at high rates.
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Grinding and Super i

turing Process
Porosity Manufic i

1€ ME Sem.q)

AT 1. Wheeldrekaingi{dEﬁned S he art cpie
(.4, Grindpg wheel WS Y canslsobe described a5 =hﬂ=min;1mng the eutting action. 1t
5 =g t becomes necessary from 1 .
) P,-,g;pgwheeiupwﬂ tied ? Clearly differen;,, = {o correct uneven zwiﬂ‘mx!?adumg the course of working
o .11, [Howar® of a grinding wheel 7 s obtain efficient, cutting conditiere™ P % 155 of the wheel so ag i
bs't'weé;a grade and structure - | 3. It may be accomplished by using metq :

abrasive wheels, single poing d; A Eu“nahgrg, abrasive sticks,

B. niﬂemncehetwﬂﬂ

| B. Truing:

| 1. Wheel truing is defined as agy, of .
B LS 1o Specifieation 1 Refer Q.3.8, Page 3-7C, Unitg wheel by removing the mmv’emm:ﬂlﬁ;]h;;mggm?ra grinding
A Grinding Whe Grade and Structure : : sides of the wheel, 50 that it will ran tre iy o U8 face and

rotation and produce perfect round or Aat ith respect to the axis of

T — " 1 el
Grade . SamBtruetire ST 2. Tealso includes the altering of the cutting face Tl :
; centation of the | It represents density of grainsang | | contours, shape uce epecial
g:lrsail:lh of the bonding | voids for collection of chips. i 3. It also produces concentricity or parallelism of faces,

mete e GReB0] Explain three different wayn in which fhe o

i i B b it Tl s

ted by numbers: rent ways 1

It is denoted by Buglsh | [tisdene ; ~ grinding wheel takes place. What can be done 1

he : Differentiate dressing and truing, done to prevent them 7
e, Afor softest Le, 1 to 8 for dense

" Zfor hardest | 8to 15 or higher for open

The selection of particular | The selection of particular
grade of wheel depends on | structure depends on following

TR AR

‘Answer .

ittt

A Types of Grinding Wheel Wear

i SOOI |- OV Q.3.10, Page 3-5C, Unit 3, P
a  Nature of worl S Ay 8 eren: i i
b Composition of b. Type of grinding operation, o - .Dil! 0% betmeom Iremsing i Truing :
workpiece, e. Quality of surface finish |  Truing V -l
c. Size and hardness of required on the workpiece! e i
. . . Truing is the act of regenerating
recover proper cutting action | the required geometry on the
of wheel face. grinding wheel.
2. Dre._saing removes the | Truing is done to make the
loading of wheel, periphery of the wheel
concentric with its axis.

L.l"mw'r'.

3"“.—5 Ga L
&%—“ L -C‘.'ﬁ:‘.;ié-r-- Cha e L Can
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Show that the
grinding whee! 2y, [d

Where v, is
unit ared e

surface

g," Cylindrical

L
2.

3

Geni] B P

surface grinding

Orinding and Snpar“m )

working mechanism of Wllnd.ﬂw _
[AKTU 2016-17, M3;
i surface grinding
osium chip thickess £ 11 *Using
2 pis given by
diameterl’ F
D

ber of abrasive grajy

i num 1
the table feed €18 K00 0 Ce 'V, is the grinding wire,

mhbl."'m‘“‘,ﬁ! th and d is the depth of cut. *

i
i
T
0
i

o OO ve grinding operation is shown in Fig 8141
i¢is assumed that the cuting grainsof the £inding whee’ ore arrangy
onitspm'iphel'!“itheq“dmufp pe .

ing grinding, an abrasive grain engages m.ththe workpiece at
poiat C. This grain cuts into the workpiece, till the point A shifis
point B. This result in the formation of chip ‘CEAB' shown

Fig. 3.14.1 by the shaded portion. _ 4
from the Fig. .14.1, that the maximum chip thiuknm{gﬁ. |

It can be seen
‘EE". !
The time of engagement of an abrasive grain is given as

1
T v
T = Time of engagement of an abrasive, and
V = Grinding wheel speed,

Where,
Now, AB=vT= _;;. .(3.141)
Where, v = Peripheral speed of workpiece. : '\

shape EAB

Since the chip produced in grinding is very small, hence the .
can be approximated as a triangle with the angle EAB equal to(a+ Pk
L

Maximum chip thickness: EB = 2, = AB sin (a + )

mufacturlnsl’mama
- T icmsay
v
In= ysin ey

or "
find the value of (o + y ~A3.14.2)
g To ), we refer to triang], 004

Where, C = Grains per unit square of the surface of the wheel.

5, We know that )
(0,0% = (040 4 (0AY - 20 ANO,A) cos [(180° — (a + p)]

(5+3-] - (3] (5] ) g)omeen

Simplifying, we get

1.1
cos (a+ )= l—?L‘[E+—-] (Neglecting C? term which is very small)

D

10. Also, sin (o + ) = ,}1-m’ (o + )

Substituting value of cos (o + i) in eq. (3.14.3), we get

i 2 J 1.1}
sin (4 P = 2 c[d_+D}

11. Substitutingeq, (3.14.4)in eq.(3.14.2), we get maximum chi

L [Li)
T d D

B. Surface Grinding :

L Fig. 3.14.2 shows the metal removal by a single abrasive grit in a

surface grinding operation.

2. This metal removal process is similar to a milling machine.
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T R >

3 FromFig 3142, oC-FC Since miavenm.mmwisnmm
Y oF_L=l% | o,

= ] Where, ty = Maximum
“’"’ﬁ oA ] 9. AB is the distance § adh?th&tah'::n:::r!‘h
p/2-d w314 rul gﬁnﬁmgwheelmakeu VK revolut; 0E the time when the
= —-—?‘5" % ~l¢0€.= |
» ! So, AB= Yt
d= —-tl —cos8) d KN
L Y Where, ¥, = Table speed,
Zsin - = Grinding wheel rpm, ang
4 Also, AF= 2anm . K= Number of abractes | s G
D e
e (aun{&uﬁ | 10. Hence, rn'% %
i d‘msfmmaq (3.14.8) in eq. weget, |
Substituting the value 5 11, Ifthere are C grain per cutting unit square of the Tihewtisa
e B 1__'f_] and if the average width of each cut it b, than
M_ 2 Dz 3 3 E=nDbC
G . Ak )
D na . . ”
g i : 3 ¢ fus bcv,, (
5 Let Aulenstho&'AC schordl.eﬂxth-dc

. p Where, V.= Grinding wheel surface

sz L -.13:.{' (AF? +d* =/Dd (3.14.8) a:' B "dbemmi . speed,

~it . Eq, (3,14.8) is valid when v << V,,-, where v is the workpiece velocity ek riefly desc n features of surface grinding,
and Vi is the velocity of grinding wheel. ; L

6 When both workpiece and grinding wheel speeds are taken ints )
consideration, then the chip length (I, is given as, 5 |

v ) /5 Various features of surface grinding are as follows :
L= [H WJ Dd 1 Flat surfaces are ground on surface grinding machines,
7. Tﬁeshapeuflheahlpean be approximated as a triangle asabomi“ . 2. The precision achieved by surface grinding is upto + 0.002mm.
Fig. 3.14.3 1 3. Angular or firmed surfaces can a]aohemmdbyumgspenalﬁm

and from dressing devices.

3
K
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Grinding and Supar By,

gern-4! ble by means of =
16C IME- on the table Pads, | >
= warkpieees 47 ::frpf:sy are held in fixtures. Smalj Manufacturing Processes -
vy vl - s ae (ME.
" g:;,,mdnéh:r :ag,suechuok- i wirssoonal pieciruig b Cylindrical Grinding ; Sem.4)
ually hel vailable %1 g The principle of cylindricat ey 3.
o i are jprocating table or rots b table. % the centers, itis rotated b,; i:d'“llsﬂm the o]
o table grinder, grindingis dog, i 2dagand a fage m‘:‘*‘m isheld betwoen

5.
i : ting
recip ;des its rotary mation, the g g P L
: % ], beside: g Cylindrical grinding is useq £
6 ¢ whee! 1 full stroke of the ta) 2 f o for grinding i
ﬁ:eslﬂl” 'z"z:wsr”d motion #4457 - :?mo!rtli.nt:mmd' b :'"h‘“'l?:ir:mdul;::rmd Sl
w 5 e ; ' :
and forth o nfeed of the wheel in Which itis fed g 3. Inthe cylindrical grinding, rotating griog: s
7, The other motion cylindrical grinder may haye tultiply gy m;‘"h‘]“‘“aﬂ.aonmth.,
depth of cut: table grinders also use the Periphery ., g whoels,
b Tl s g
:’:.,k, on a revolving bable-

b’l’*“’ categories of grinding machines

Gaesie.| E"‘l’i:_h;wm {hecylindrical grinding and cen
- :

(RS,

& I“w.‘_-nal Grinding : ]nte'rnal grinding iz =i forms
rotational grinding except that as the pagtmht;:h::hr ]
are around by a smaller wheel, e

achine are as follows :

..‘_.Jﬁu;ic;l cmriesnfgrindinsm
ding ! I
ln' ;:f:mqﬂ;ms;md{orﬂﬂorp}ﬁnsmfws and done with the k dp.

ooy 82 d surfaces by usi B
2. Wecan alsogive finiching to angular or formed surfaces by using special

fixtures and form dressing devices.
4 Types of surface grinding are as follows :

Part

Grinding wheel

i  Horizontal spindle withreciprocating table,

i Horizontal spindle with rotary table, d. Centre Grinding :

{i  Vertical spindle with rotary table, and : 1 2:;msﬁnﬁns,themnhmdmmummmw

iv. Vertical spindle with reciprocating table. - R 2. Itisusedto grind multi-diameter shafts and control their concenteici N

Centre grindinginvolvesthnﬁnudngpm‘tma!pinﬂemaaitﬁ
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Grinding and Super Fln% 3
ufacturing Processeg

g_:scaﬂ-sﬂr‘-' ' Moz 180
Grinding 1 and regulating whae), The processincludes re ME-Som. g
o (G of griodig b Thuy -: 8 pyetal from the surface of o goe, n%ka’hﬂ&amn

= z holes and fixtures fop .-

1 Tt is the cOMBERT ot require eAIT holdiy performed by rapidly ; oo or sy
contreless#Ti ) : pressing it againat a revolying o e ETit stang yy D% Method iq
the workpieee: - Regulating wheel tome quickly weass o * 2 " Workpiaeg. - 850 bond ng

Giabbec bend) . + m :vnrkpiece andw::::! 0 conform tg gy, cmhm-
| heat and parue.lasorfme;?m”"“ ith & cutting n:rid‘h"; Workpiece,
J B Advantages of Super mh; “170= 3 CAITY away
l Produces exﬂelb&nl..mrfaeeﬂnieh in 8 Minimyg, 4
¥ 2 meofswﬁ?eﬁmahmnybeph et U time,
1 3. Processiseasily adaptedhhghwlm
¢. Disadvantages of Super : Production,
1L supert“mia_l‘dng cannot be used 8
[Fig. .165 concentricity or Mofaqum: Sereh featury Incation, auch a5
TR lication of Super Fini,
inding is popular a5 D. App per Finishing :
2 Controlate milar to centred grinding except that there gy 1. Automebile components such as Eodgian pin
2. Textile and paper mill calendars, '

3. Aircraft components,

@ue318:] Discuss the honing process in deta with neat sketch,

1. Horingis an operation used primari]
: ¥ to give hole: surface finish
2. The honing tool consists of a get of a}uminmux:;emﬁ]jm“ i
bonded abrasives, called stones (Fig, 3.18.1). '’ a

W@ What is super finishing ? Mention its advantages,

i
d

Non-abrading bronze guide

ges and applications.
m 3. They are mounted on a mandrel that rotates in the i
s 3 £ ! . hole, applying a
& (e mﬂfﬁzﬂﬂhammmﬂmm n, this action produces a
1. Super finishing is a micro finishing pracess that produces a controlled . patt'em_'
surface condition on parts which is not obtainable by any other method. 3 mumsmhmrm for different hole sizes. Honing is
2. Super finishing also called ‘microstoning’ consists of scrubbing 2 stone edptiin c::tiengxmmm]s zlsndmai or flat surfaces and to remove sharp

against a surface to produce a fine quality metal finish.
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. controlled by the type oy
finish ean e d. Surface
e L
x;&:ﬁmbﬂ:;“dwmpmpmumm_
[ A fluid s used toTemove mpwdmhniesthatwnﬁum
7. 1fuotdene properl BTy are wany, barrel chaped. or
nor cylindrical, process. State its advay

' GEeaan ] Explain the lapping e,
Limitation and uses.
[An 7]
A Lapping :
1 mp@gilaﬂniﬁiﬂsm
is msuai
2 gelww e ey

ysed’ om fat or eylind:‘lcn.l'xm-_rm.

pedded in e lap, or they may be o

3 Dependingon the har dness of the workpiece, lapping pressures rung,
from TkPato 140 kPa.
4 Material removal in lapping usually ranges from 0.003 to l).amm-“ff
may reach 0.08 to 0.1 mm in certain cases. /
5. Lappingis alse doneon curved surfaces, suchas spherical objectsand
glass lenses, using specially shaped laps. i
B. Advantages of Lapping: _
1. Extreme accuracpin both tolerance and geomatry.
2. Faststock removal.
3. Noclamping or heat distortion.
4. Noexpensive teoling required.
C. Limitations of Lapping :
x Smm isa ﬁ""ﬂi"s"ﬁaﬁﬁmwﬂs should not be !'trﬁ'mlli
expected size and geometry before lapping.

2 bR:sidm of compound left on the surface of the part after lappingmust

ily made of cast irori, copper, leather, on clpth, o :

W“{“um'.nll’mnetsm

1. Uses of Lapping: 3200 ME-gory )
Aireraft piston pins,

9 Automotive wrist pins.

3, Dieselengine injector pumpg pere,

.| Write short note on Mh'hg
t

: . pd.iﬂl:l;?’. hani
Chem mee cal palighin,
:‘ Electropolishing. € and
?_ "~ Polishing :
1 Polishing is a process that produces asmpath
7 Two basic meel_:mism are involved hmpﬁ;“:‘mmﬁﬂ i
. Finescale abrasive removal, and st
Softening and smearing of surface | .
" polishing. #yeraby frictional hesting duriag

hi
5 e pposxance ol polished surfaces results rom e smearing

4 Parta with irregular shapes, sharp
G Sl ol corners, deep recesses, and sharp

b. Chemical Mechanical Polishing ;

1. Chemical mechanical polishing is a Process in which a chemi
reactive surface is polished with ceramic shurryi i iy
i . in 4 sodium hydroxide

2. Amajor application of this process is the polishing of silicon wafers,

¢. Electropolishing :

1 Ttisan electrochemical process that removes materi ‘metallic
workpiece. Bk

2 gei:;onwke_ fiflishes can be obtained on metal surfaces by
3 Because there is no wmechanical contact with the workpiece, this process
is particularly suitable for polishing irregular shapes.
4. The electrolyte attacks projections and peaks on the warkpiece surface
mhighnretethmthnmnﬂmmﬁw.pmdndngamh
ace.

5. Electropalishing is also used for deburring operations.
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Q.1 What i8 meant by grit, grade and structure of g

wheel 7
anw Refer @ 36, Unit-3.
Q.2 Explain pfndingwheel specifiention.
o Refor Q. 3.8, Unit-3.
three different ways in which the wear of
Q.5 -f;]:':aku place. What oan be done to prevent thep 5
Auw Refer @ 5.10, Unit-3.
t the chip thick £ fiie
Q4 :I;-::'::-,‘wins grinding wheel diameter D i‘msiwn :r;“ﬂt.
2v, |d
L
= 3 cv,
s fand. C“.‘_ . -“:;‘ .

Where h
per I.III]‘ area of the grinding wheel surface, V_ Is m
grinding w wheel surface speed, b is tllewidﬂlnndlfhthe
depth of cut,

amE Refer Q. 3.14, Unit-3.

Q.5. Enlist the typical categories of and
briefly explain them. What are the cylmdncalgrmdmgmi
centerless grinding 7

ARE Refer Q. 3.16, Unit-3.

o P

Q.6. Discuss the honing process in detnil with neat sketch.
xmw Refer Q. 3,18, Unit-3,

©ee

v

part-l :

pPart-2 ! Arc Welding, Power Sourcs b 1 1
ST Conumabler, TiG and MiG 460 to d-tze
il and their Py -3
p..-g,s iV Ramrmt Weldlng spn ch'
i Senm. Pm,a:twn Weld.ml " At
Part4 : Other Welding Processes ........ .......:..: 4-16C to 4-lllc

Burvey of Welding and 3 o
Processes, Gos Wi&wﬁd"““'“‘ -4-2C 10 4-8C
Cutting, Process and Equipment i e

Such as Atomic Hydrogen,
S“"mel'lﬂd ﬁmyeldu:g

. 4-1C (ME-Sem-4)
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M What is welding ? Explain the importance of yp,.
4. .

A xﬁ;lm“mﬂwcwnwﬂermeofbwm!m& i
e isdefined as'alocaized coalescerice of metals, wherein o
i itable temperature or Wi 3

e et ad withor without use ofiller mtal.Toe 0%

&um.ﬁﬁwwimmwmwmmmmmm
i ‘;gmdm:dedjainlisﬂ“m‘“h’mm“‘me“l'_mepmluuﬁ
known as weldment.

B. Importance of Welding:

1 mwwmumi,mnysdsptmg&osh‘eamﬁnutmmm
the welded joints are very tight.

2, Welding provides adequate strength to the partsas per the requirementy,

3. Welding done in an organised way will provide leak-proof joints,

4. Welding is most rapid and easiest way of fabrication and assembly of
metal parts,

5. Wehingismensimhrumdinmefnllawﬁzgﬁslds:aubmohﬂeahmﬁ
simaﬂmadﬂnefmmas,sh-uctmﬂwwk,tukx,machherepai:wk'
ship building, refineries, and fabrication of metal structures.

BT sty weding proceses.

1
2.

5.

agr-acetylen® 4 g
g. Oy

Resistance welding l

oxy-acetylene

2. Spot
3.Seam  4.Gas metal are
4. Projection 5 Gus tungsten ar,

%‘;ﬁ@ Briefly describe the gag welding p
L %

Gas welding is aprocess that uses fuel gas and ox — '
In gas welding, a welding toreh is used to weld metals, et

Welding metal results when two pieces are heated to perature
that preduces a sharp pool of molten meta]. e

mtemimnmﬂheemrﬂlymmuaawuhammmmm
metal 1 i
Filler material depends upon the metals to be welded.

m Describe gas cutiing process,

s cutting is the most commonly and convenient method in use
now-a-days for cutting of metals.

The principle on which it is based is that oxygen has a strong affinity
for iron and steel at elevated temperatures (760-870 (), the action
being less at low temperatures. i

At high temperature oxygen forms iron oxide (rust) with iron which
has low melting temperature and at high temperatures it melts out
and the metal is cut.

Thus if steel is first heated to a red colour and then a jet of pure oxygen
is blown on the surface, instantaneously the steel is burned in an iron
oxide slag-like appearance which under pressure falls down and steel
iscut.
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Metal Joining (vy,.. .. -

)
thickmess of 7.5 L
. id and metals 2PL0 Moy
e A o v 0 S

cut by this pro e welding equipmengg . .
o escrbe the o sceiviene wOIRE P Omente vy
o ihe different types 0L LT e O, T BAS weldin,
wﬁeﬁ&ﬂﬂwﬁ.“mdgmﬁﬂrm"“ z
What are pe

]

A nqnipmmtmlems Gas Welding ¢

e witing torchisatool or Mixing the 0xYEeh 4n¢ Acetyleng
- clron e ;ﬁsht::ning the mixture at the end of a tip, w‘fﬂ'
s flame.
high temperature _ .
2 ';’;emwidiw” Ww" « have s handle at one end with two inlet connegie,

MSMM Tip
iy S rozzle) is that portion of torch -+
which mﬁaﬁﬁﬁm@@m and burning, "

2 "I'heﬂpsmmadeu(hiﬂl h 1] ,,ulm.unu,mu%
alloy.
::::Zul:mm : The pressure regulators perform the following

functions : 0

1 It reduces the source pressure (from generator, cylinder manifold
pipe line) to & workable pressure.

It maintains the constant delivery pressure an

regardless of pressure variations at the source.

Tt permits adjustment to defiver gasat acertain desired pressure within

its rated pressure range. -

d  Hose and Hose Fittings : . -

The hose for welding torches should be strong, durable, non-porous,

light and flexible.

d gas volumettic raty

to connect the regulator and the torch.

The standard colour for oxygen hose is black and for acetylene hose is

Ted.

4. The special hose fittings or connections are
to the torch and pressure regulators.

e Gas Cylinders : .

The oxygen and acetylene are usually obtained from strong steel

eylinders, which are filled by commercial suppliers of these gases.

provided for attachments

Two lengths of hose (one for oxygen and one for acetylene) are required

M Bnufuun‘ins Processes
. [N TS
oxygen cylinders are s m.m
3 The and haw it Znally filleg
4 MMN/m’ e CApacits ed ap
o ¥ OT6.23 cubie gy PRI of 19 4,

S

e

L ST
T

acetylene is stored in cylinde

The s
e i b e cp S e

Regulator

Oygen

1

PR

e

1t provides a convenient and instan
torch. * means for lighting the welding

Types of Flame :
Neutral Flame :

mn:;:ro:eﬂa:me, s shown in Fig. 4.5.2 has the following two sharply
i Aninner luminous cone, and

i. An outer cone or envelope of bluish colour,
Uses : The - i

it Iom, copper, Sk o et e
Outer )
m;lm

b Oxidizing Flame :
L This type of flame is obtained where, there is an excess of oxygen.
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+6C i mhuuhemsrmmisles,,i o
I:issimilarw in Fig. 453, .
* ‘h“'ml::,ssmdmwﬂcﬁnsbtmnndhrmu_ .
v O “are welding is a weldisg _
‘1 g with an electrie, oo Wherein o ) )
anv;;lop* gt Ly . N

t of the electric are we .
et o e
Blectric ar 18 frmed when an eleptyie gy P thickness, ©

electrodes separated by ‘!hﬂdiﬂmm 8 between two
4. Inarewelding, one electrode is tne each g

mm&&ﬁa the metal to :B wemlded(wkpim}w 70d 0 wirs while other is
ke Arc connected to supply onety .
P Redudngnrcarbnﬂxlngﬂame: the negative tarminal. ) the Phsitive o .

is obtained by supplying an excess of agetyle,

i of flame i
1, Thistype in Fig. 4.5.4 has the following three zopg, y

2, This flame, gz shown
i  An inner cone,

;. An intermediate coné of whitish colour, and

fii Anouter cone of bluish colour. ..

:IL -msﬂwi&mﬂwﬁmiti!mﬂmﬁwkegpm - b

m;:'mm 1t is used for welding ofmu]tan met.a_!, certain aihnti'm g

mwyoﬁhem—renvns.hudswfaaugmmm Steelg

to flow across the gap.

B. Different types of Arc in Are Weld; ;

a ShortArc: ‘-

1, With small current, the droplet does
poo],thiamodeofmis”mnedsm‘:":l&tm

b. Globular Are :

2. Theare mode changes to a globul . ) )
that a small electromagneti fm:fwm ‘; is

2. hmmtbﬁmﬂfmwh !

end the droplet is formed by the grasi oy 110, (a0 the dlectrode

Spray Arc : : ; :

Byﬁmmnumﬂnmmmgwofmmh s

Sptﬂym,thenashwmingmmdﬁmnysmmﬁ“m a projected

Aspray arc is categorized in following three types :

Projected spray,

Rotating spray, and

Streamingspray. - )

What are various types of arc welding power sources ?

a
!

until it touches the weld

| I 4

B

Is arc welding ? Discuss different types of arc in
are welding,
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re Welding Power Sources :

Types of

Polarity eannot be changed.,

6 Non-corrasiva and ductile joints.

T The minimum amo
small heat zone,

Various .

A wwwsﬂuma']‘hmm

a

1 DCgenenstor set.md W

: o elding :
5 AC-DE rectifiers, ; ﬂ_G‘W :
& -~ S ettty
: . -
b AC Power I the jobi ¢ ) sty o e
s 4 shielding gas (argon, helium, Ditrogen )
1 ACgeners £ mospheric cuntaminltnnoflhemollnwlzhl}]:‘ used to avaig
Gas valve and pool

2 ::' tages snd Disadvantages of DC Power Sources ; ! o viira i

B. van i 'l

s Advantages of DC: g

i skdghtmdmmpolaﬂl!taﬂbﬂmﬂmﬁll
9 Welding at all positions.
3 Nearlyall ferrous and nbn-fsrmuxa"uysul.n weld, g
4 Generator output is not affected by power line. ok
b, Limitations of DC : | et ot : | |

loss. Py job contamination and

1. Highinitial eost,
2 Higher maintenance cost. 4 m“ldmgkﬂwkmwnasmmﬁnm“mmn‘w)
3. Noisymachine operation. ’ 5 mmmﬁﬂmﬂhﬂmwmmﬁnhuﬂm(ﬂ‘\w 5
e Disadvantage of AC Pos : 6 Blectrodes employed varies in diamet :
C-M U :::c o8 o Romrosz: current from 5. A £o.6.5 A, from 0.5 0 6.5 mm carrying
a. Advaniages : . GTAW is an all position welding i
1. Least expensive and small welding machine, mwtmwmmwmgxmhmm“m
2 Freeduuof magnet are blow, L Advantages of TIG Welding :
Fkmi g L No flux is required because inert shie! :
: Wo _ am.mm. d i3 g talom pr gas shields molten metal. 80 no slag
Operation is noiseless and wearless. 2 High quality and strong weldi achieved by TIG,
b. Limitations of AC : .~ | & HKcanproduce joint with deep penetration,

i ﬂﬂmmﬂuhhﬁurmldingnfmytlﬁnseﬁiw.
5 TIG can work with and without filler metal,

unt of flames and spark, Less distortion due to
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Welding in coalescence is
B MIG : wherein Produceg
2 : w:l:-:fm netablished between :
the job with and the job.
L arc and molten metal are shiglg,

8as

rrent conductor

used jum, carbon dioxide ar en Tearh
be argon, belium, a Tungsten Inert Gag
s*"r""“’ﬂvJ""";:'Miﬂ__“,,‘,.,.‘,;.sg:asmmf-ai]st.l'v:\m!ld.iug({;;Mm.ilré | Welding (TIG)
MGl anafer takes place from electrode to., — | 1n TIG welding, a non- e L YRR
n m';nuﬂi:;”xthi!h“““‘m*' ; kﬂ * | consumable electrode is ygeq v —
the fore {mmldmehamuWM_\
the purpase of producing the ae | (0 Welding

only, filler rod needed ifany, | mnrm bath,

fr——— " ]
|— =
TIG welding process is not as M 5
% 1G j
faster as MIG welding proses, cnmP.I:dfl o
as separate filler rod is added. filler ““‘“d tag n:
M“‘Mnue 4

Eter

oo e e
"':' TIG welding requires g gijy) Mot .
operator. 50 much gy -
nesded, Uperator iy

e ey
5 | TIG welding torch may he E‘"‘““-——-—-..._______
water cooled. . | coap ';.‘ldmﬁmh s not wagar

= ¥ ==
. | Penetration is not so mych
deeper as compared to MIG, mmﬁ‘iﬁﬂn tan be
7. | TIG welding is mat .
rewmmeudad for greater than
6 mm thickness of sheet,

i Advantages of MIG Welding :

1. High quality welds can be produced much faster.
2 mmmm&mem&wntofslasmmemnmw
in high quality welds. ;
A, meguashiddmmthemsnthatthmiswryame]mﬂm o
4 w{?wgﬂhgisverutﬂemdhemadwithauddemigt“fm-
and alloys, i
8. The MIG process can be operated in several ways, including semjaz.
fully automatic. ﬂ

No such eongjy ;
mw?;::m“mtn

Differentiate TIG welding and MIG welding.
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-4)
4180 MESE

S
V= 65{1"{35J
e ti
g,bkupﬁﬂimmmmﬂm SUPPlY chg,
AL 821 _5941.5L
130

3

62 1
fds‘]ju‘ a2l A
1= B0 az-150) it
= .

4.

130

8.
1o B0 gn 15 x4)=75484
V=20+16x4=26V

Yoltags » Current ] 8
[ Welding speed | 10

25::75,43] P
frtatbcaliollt el . .08
[ 150 Jmn

7.
3 ‘b’nllﬂs‘ﬂ”" 4 mm,

inpat =
4 Heat inp!

a

tance welding is a group of- 5
is produced by the hﬂl;t om
;mm resistance of the work to the flow of electric curr
cireuit of which the work is a part and by the applications ,f
pressure. No filler metal is needed. :

Resistance Welding : Resis
T ecad i

In resistance welding, a heavy elactric current is passed thronghtz:
metals to be joined over a limited area causing them to be locdl
heated to plastic state and the weld is completed by the applicatin®

pressure for a prescribed period of time. No additional filter metdl®
required,

”mummﬂnsl‘fmus

10. However, heavy current can

[E0 SRS

L, Mmatinly fop

1t is easily adapted to thog, a5 produe;

machine and are light, W‘Hﬁhcmu

T}pnperaiionia&ttumg],mﬁamw Moved to the
2.

This is the only process w]
& pressure action at the :E_hm‘mhmmummmh )
This pml.‘ijﬂs_‘.isiuiteﬂtone”}ym boisic
which exhibit many Problams, Mptaly except tin, Yead, gine i
Resistance welding is alsg gy ofthet,
during which the prossure is gy ¥Pes of pressure welding
Basic working principle of “!tutama.

H= ppy Weelding depends upqp,

Where, H=

T'= Time in ua::mddumg
; which
The voltage can be low, typically 6,51 10V, but mﬂmx?::;m
Ve e
through transformers, and ‘hﬁeie?: ?:i rastos aiy S

Pry
Workpiece| . *
b

AC supply
Gopper eld
alloy 4
electrode Pressure|

Types of Resistance Welding :
Spot welding,

Seam welding,

Projection welding,
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4 Percussion welding:
5 [Flashbutt welding: )
6  Resistancé {upset) butt welding.

B. Advantages of Resistance Welding ¢
1. Nofiller rod or eletm
g Highrate of productiof.
3 Semiskilled gperator can
4. Nopart warping or

5 Nopneedofedgep s .
Disadvantages of Resistance Welding :

metal cannot be welded.
pes and higger jobs eannot be joined.

de is required.

perform welding very easily,
jom.

1. Alltypesof
9. Complex sha
3, Weldingjoint is not 5@
4, Initial cost of equipment is high.

D. Applications of Resistance Welding :
L This is used for joining sheets, tubes, aircraft and automohile
fael tank, wire fabrics, grillsand containers. i)

713, | Write a short note on the following types of resis

strong.

A Spot Welding :

1. Inresistance spot welding, the overlapping metal
4 parts

two bﬂr{:ype metal electrodes which apply pressure fxﬁﬁeﬁ I’Etw‘;‘!-vIl

current is passed through them. d an electric

¥4 Couling water
Upper electrode
Transformer
Nugget 0
m AC

Workpiece line

},,,mnw

2

s

B
L

Z

C.
L

2

turing Processes
the current is switched d-1Ec
o0 and gy

When
cycles, the la; H
PRed pietes of ey

::;bel‘ of etal mfﬁ;“ Predetorns
The ggnerated heat melts the sy ted in Thineqd
Acy
e i et are ooy conkact with xh oF imctal 1
|ayers 0f T _’“ d to & plastj electrode; m‘:“'etmu_
spnen the current 15 switched off ang u:m e adjacong
i pressure 8 el ased only after i o700 are
[t i fast and efficient process, UgEet has gl  Presend png
Welding : fied.
Seam welding is the process ofjoini,
4t the seam by the use ufermn,m:gm:lmhrmﬁ .
A series of spot welds along a line :n“: and pressure S
and r?]ﬂdl}f‘ln seam welding where the ‘]mm more comy,
rotating disc electrodes, with th electrades are i yh
continuously by the electrades. e work being welgeq ::Im of
Rollers may vary in diameter from 40 1o = oving
ing curren mm,
::13:::! may ;nggmﬁ&mamemma :
3.5 m/min. mwemuwhﬁxb:;:
In most cases of seam welding '
e lectrodes except the joint intet, oroam of water is directed aver the

Projection Welding :
In thiz welding, the currentise
. oncentrated welded
;’}:: small projections are embossed on. en::ft:;emh
n the current is applied, the projecti ; pushed
: J projections soften and
back in place by the electrode pressure as the weld m:g:ga::Em
:::;. because larger diameter electrodes can be used with a greater
capacity, the need for water cooling is often eliminated.
E‘:‘B{erectiws tend tolocalize the heat, permitting thicker materials
welded resulting in a stronger weld strocture.
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S AT T

wﬂ‘—% | Electrodes )
/ f .
Lo

Tungsten n C(ME-gqy, "
electrode

5. Thisis used in automobile industry for joining nuts, bolts -
s&e:fplmsi.near bodies. . m‘%ﬁ 4“‘3'.!.:

1 Atomichydrogen welding

process and gas welding m;m aw“ﬁnﬂhndelmﬁ;mwﬂdﬁn‘

2. In this process electrode holde i
which are arranged in an im]i;m:;: x“mﬂﬁen elestrode
placed in between the tips of these e a Wm Tezzle is
3, Thus hydrogen molecules break inty ; bydrogen,

strikes and when this atomic hydrogen touhes 1 ) o1 0E
= . recombines into molecular hydrogen due to which hsumgenmw a
m{ﬁd Explain the pdm:iph and working of atomie hydrogey ﬂ”? han; rpeltathelmetnl -
welding process. What is resistance welding ? Write its ﬂﬂmhms, * m&:iﬁlm;:?h?; mﬁf“dmﬂl'; e bydrgen
limitati il ; AR 201718 7 " -
e appli [AKTU 2017-18, Mar 1 H, === 21 - 4319 kimal
s 5. This atomic hydrogen recombines to lecular hydrogen outside
o : the arcinvolving reaction as, e :
A Atomic Hydrogen Welding ; g ZH =" H, + 4212 kJ/imol -
a i1 + 3 . : 3 ’ y
:"rmcimmbp::c :‘l; ;ﬁ?ﬁhﬁ"}iﬁ w:vlodl:ﬁc:;?e:: }bramed from an B. Resistance Welding : Refor Q. 4.11, Page 4-19C, Unit-4.
atmosphere of shielding gas ) of tungsten in an .- C. Advantages, Limitation and Application : Refer Q. 412,

Page 4-13C, Unit-4.

: ue 415 rq E:phi_nthewwlﬁngn{wbmmgudmweldingwilh&e
help of suitable diagram, also write down their specific application
and advantages and limitations. Marks 07
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Y . Metal Joining (Waygz
camsms i g
i’ Flux and slag residue can pry .h‘m‘"h‘wmwm
quires iNbEr-Rasa and pogt oy Sty gy,
& r;pﬁcaﬁom of BAW; e remoyy ‘

'm] "

e begins for depositing on the

:‘ In this kind arwddig-gu':iil:;:ld. then it acts a8 an m,ﬂmi““‘r‘ Nt oy, l:' i wT:d i
welded. u:;dwmmmmlbythew?rkm,ﬁmmm

2 Mearccan b Ao ernain balow a wide comin of i, ag Benstack
;!"Jlﬁ:;umlb; the arc softens the grenular

highly eonductive, 8 Welding: ,
4 The flow of current begins to flow the electrode through the melteq 1 Blectroslag weldingis a type of are Sl

produced by mnbenﬂsgwmmaum“mﬂh‘_m w“m::km;

I electroslag welding is quite similar to veryis

& Onee the flux is malt

flux that can be in contact by the atmosphere.
5 Ata fixed speed, the electrode from the roll is constantly fed toward the work to be
submerged arc
hm-ﬂmﬂwﬂuhp}mmhm

the joint to be linked,

6. With the help of the self-adjusting arc principle, the length of the arc is i
kept stable. When the arc length reduces, the arc voltages will increase beine“eﬁedm“msmmiumm.wdﬂiu
and this will increase the are, ] watermledwppershnuthnhid@athmanh

7. This result in the welding of the workpisce, j Taclts, aslag blanket from 254 t038.1 umthickness s

B. Advantages of SAW ; ' : remainder of the weld th:-ft:l:::t:wlsqmlding‘ Progressive process

' 15a

L Deepweld penetration, : of melting and solidification fmmthebeﬂmnbﬁuwml. £

2 Wmﬂﬁmﬂibmeﬁeﬁﬂlawdmoe_asdssisnmﬂmhql.l The maximum thickness that can be weld by this process is upta

8. High speed welding of thin sheet steels at over 2.5 m/min is possible. 100 mm. '

4 Minimal welding fume or arc light is emitted, T '
C. Limitations of SAW ;
L Limited to fE_mus (steel or stainlesg steels) and some nickel based
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Molten slag
Wald poal

are retained in the joint by means of
4 mnmmﬂﬁﬁi par i thoweld i le.‘Mcopl,,,,‘_

o emperaturesitve mechanism.

B. Advaniages of Electroslag Welding :

1 Joint preparation is quite simple 45 compared huﬂ:ﬁwuldinsmm

2 vﬂmu‘mﬁ.mmhwwuﬂibwlded in a single pgs,
more economically.

8 It gives extremely high deposition rate. '

4 Distortion and thermal stresses are in very low percentage,

5 Flux m;umpﬁﬂnis“ﬂ'ﬂ“"

C. Disadvantages of Electroslag Welding :

1 Processisonly limited to vertical position.

2 Electroslag welding tends to produce rather large grain size.

4. Complex shape joint cannot be welded by this process.

4 ; More chanees of hot cracking and notch sensitivity in the heat affected
Zone.

[QueL17.] What do you understand by friction welding process ?

Also give its advantages and disadvant

A Friction Welding :
L Friction welding is defined as a solid '
state welding process wherein
m; {;pmxd b{hbeatoh_taiuedﬁum mechanicaliy induced
s e 7 the rubbing surfaces. The parts are held

ucing Processes

it
u.;.;wldinswmm-mmhmw“

:;dBr pressure egainst the secong par

m{mﬁqnaiwork at lhennmmms fias

he mt‘g:ﬂng surfaces are “‘"'Mmihahid,

e ‘melting temperature, .hwp&mm belom
Atthis point, the relative Wb"t‘“nlhlm
mwﬂdisihmmpletﬁliuebnmmM .l" Sopped.
peditionsl PressUTe IaY bo necassary g e thieh okl S

stats welg,

is method is most suitable for cireular parts i
r;:;dbnra or tubes. »thatic, butt welding f
Advantages of Friction Welding ;

Low initial capital cost and power requirement.

Annenting of weid zone is Not necessary.

Very little loss of material ‘hmlg'hemlusigns,

The process welds the whole surface of contaet,

No flux, gas filler metal or slag present to cause imperfectioni

no smoke too. - b inweld,

Heat affected zone is very narriw.

Disadvantages of Friction Welding :

Process is limited to only butt welding, i )

canmt e walded. i

Processis limited only for joining of small pieces in the form of bar
Oceasionally heavy flash is formed. J
Process is not suitable for short run production.
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i Mgmd brazing process.

] v AT ET

J|.. Soldering ¢ g )

. of joining twe or more pleces of metal mm

* .f}l’ fzw:lgor o,:mmgm called solder, applied in the mha:, QE:“'
The melting point of the filler metal is above 427 °C, ]

z
ldering eperation is p Jluyln*h:::nsmnlbenmin |
m}pawdau:ﬂ:mmdhahng' joint areato g 0Ntz
mmmmsstoaoﬂcmmmmmmgﬁmﬁmmh
4 Solder is then left to cool and freeze as quickly as possible 4, , .
development of internal cracks in the joint. g
6. Due tomolecul tion surf: lecules of solder enter g
tb:pamt metal molecules and form a strong bond. T Withiy

B. Brazing :

1. Brazing is used for joining the two mmlsror dissimilar metal piece;
together by heating the surface and b&*t&mgamﬁeﬂmﬁ]}“mu'
having its melting point above 427 °C but below the melting poig of
metal to be brazed. ‘ =

2. The molten filler metalis distributed between the joint surfaces by b,
capillary action which on cooling results in a sound joint. ”

3. The main advantage of brazing process is joining of dissimilar metals

and thin sections. ! : %

4 Inaddition toit, it is a quick process and the joint requires minimum

finishing operations. %

" emperature of the molten flux bath can pe

“mptﬂrm Processes
jp Brazing
tojoin relatively smal] g

R by Semblieg
188 not oxidise at the brag; Madea
! eitb“ﬁption with a flux, mg%mtnra?:?

\nsum-silicon alloys, silver hag,

AP e filler metals with prope:

‘szsphurus alloys are also used,

# rance Brazing : -
pe used ifthe partsto be joineqd

peant can be pre.

1 g and the filler metal can be plae Assembled

anl:S;n survive uniform heating, ed in contag withhm-mm“::‘t’;i

X, The gap n:,'_'ming are

brazing can be done in an a3, =
Al i Furnace wi i
| mosphere depending upon the materials hein;:lﬂux,aw“

:,Emls used is usually necessary, “azed and the fijje,

Dip PBrazing :
1¢ is frequently used to braze alumining, sstemblies becasy g,
olted bath serves as the heating medium an pafy a;{;:nm!uea_ The
Parts are cleaned and assembleq together in fixtures duyi agent,
parts are normally preheated before immersioy, ring brazing,
Resistance Brazing :

It is used when small areas are to be

conductivity of the joint members iahjgb,hw and the electrieal
Brazing ie done by the eonventional resistance welding maching,
Infrared Brazing : e %
The heat source in infrared brazingis a high intensity quarts lamp,
This process is particularly suitable for brag :

wsually less than 1 mm thick, 2 brasing very thin components,

%35% Write down the advantages, disadvantages and

23]

applications of brazing.

frbresch .
Advantages of Bt‘ami.ns,'r :
Cast and wrought material can be jeined casily.

 Metallurgical properties of the base material are not seriously
istribuated,

Assemblies can be brazed in a stress free condition.
Material of different thickness can be joined easily.
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Metal Joining (y,, .
mﬂm—seﬂl—‘} - EId'nm
8. utﬂcnrnnﬁn{.ﬂiinglsreqtﬁrulhvl.he azed j ' —

g of Brazing !
. Disadvantages ey
f 1t voquires tightlymtingparts a0d proper clearing

. Joints are oot suceesaful at elevated tﬂﬂ]ﬂ:l::; .
BI Colour of the filler metal may not match th o base metg)
4: H.ighdegrseofslriﬂisrequired.

C. Applications of Brazing :
1. Parts of bicyele such a8 frames and rims.

2 Pipejﬂinﬁsulgjectedeihatim.
3 Exhaust pipein motor engine.
4  Bandsaws and tipped tool.

— — : ldering. Al
%. 'v’ Explain various methods of so B Also wrjy,
,%;5* ges, disad and applications of soldering,

TET N

A Methods of Soldering :
a Torch Soldering Method :
L A torch soldering is used to provide heat and is the fast and versatils
process of heating.
2 Soldering torches are available in different design for example gasoline
blow torch, oxy-acetylene soldering torch ete,
3. ‘These types of torches ensure a clean flame to heat the surfaces tobe
soldered, heat of flame is easily adjustable.
4. This process of soldering finds extensive use in refrigeration and air
conditioning plants, building up of irregular surfaces to get a finished
o thonadad PR ) - !
n plumbing eing replaced by soldering.

b. ' Dip Bath Method :
1. Inthistype of soldering method, solder is melted in a pot and protected
agninutatmuspheﬁcmtamhwtimbyusingnhmdwmvermﬂmpﬂ
or by providing a chemical coverage by powdered charcoal.
2. Theworkpiece i first dipped in the flux bath and later in the solder bath.

3. The object soldered with this method are required to be cleaned before
m:;embed:;h flux and soldered as the moisture present on the
may uce instant high tem; ing to the

i o igh temperature steam leading

»

“[sch‘fi“‘ Processes
e eldering Methaa; . B0 Mk
o Wave s m automatic process of soldoris

This :
7 ;nted circuit boards whereir, ¢ B Used gy 4 0
:gg:;mn solder. he COmponenyy u:?p:;:‘:h““ﬂng
ts of the cirey; er
B
f“rmilﬂ a steady wave, ¥ upwarg ghm‘:'“mm&
s way, the dynamic movement of gy,
mproves melting, minimize hegt distorting IO the gl
pright gurface of solder, %hm“ﬁ:ﬁ“
Advantages of Soldering : free
B. Low jnvestment cost.,
gimplicity ‘“‘f‘i cheapness of the equipmggy
rties of parent metal are nop
3 mamm. affected duy 1 1yg operating

Good and effective seah:nginfnbﬁuﬁ compareg
Jike riveting, spot welding and bolts, fmm “%M
¢ Dis advantages of Soldering ;
i " Large sections cannot be joined,
" Fluxes may contain toxic compenents,
5 Low strength of joints.
D. Applications of Soldering :
Connections in wireless set, TV sets, and wiring joints i lectrical
X connections, battery ete. e
2 Drain water gutters and pipes,
3. Radiator brass tube for motor car,
4 Whenhnlvedbenﬁngsmtnbeﬁnewﬂhmhhﬂtmtal.
5 Cgppermhingcmliqmdhd,gmwﬁmdunm

[Que 422 | Write short note on adhesive bonding,

1 Tlmndh&sivehwﬂingprmhmnsteummlyumdinthemm' and
automobile industries where sheet metals are joined in various
configurations. |

2 In adhesive bonding, unlike in brazing and soldering, there is no
uncertainty about the flow of the adhesive in the joint. This is 50 because
the adhesive is first applied on the surfaces and the joint is made with
subsequent application of heat and pressure, )

8 Two types of bonding forces take part inan adhesive joint. Of these, one
isthe Van der Waals force due to the constant movement of the positive
and the negative charges of molecules. The other is the polar force
between the adhesive and the relatively brittle ozide film due to the

dipole adhesive molecules.
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Metal Joining (W,

Elding
-4}

jent of thermal €x £ the metals to by 5. e
" The coefficient 08 LhE ;dely from those of th be]bd.n
adhesive nzhm;;)' d’“:::l‘;mmm of an adhesive joint nead a““:i
Therefore, the mechaai
examination:
5 Thefactors thataffect

o joint are . ) .
:im'ms nature and dimension of the joint,

i The contact angle at the salid-liquid interface, and
;i The residual stress and the stress eoncentration.

Weld Decay in HAZ

\he strengthand the other mechaniea] Propertiy,

Long Answer Type and Medium Answer Type Questions

Que .24, | What is HAZ in welding ? Why weld usually fails' in

HAZ?
‘Answer

A Heat Affocted Zone (HAZ):

1. HAZ is the portion near the weld metal zone which is composed of
pavent metal and did not melt but heat to a enough high temperatury
for a sufficient period. Due to this heating, mechanical properties and
microstructure of this zone have been changed.

2, The HAZ in low carbon steel of normal structure welded in one run with
coated el fes ar by sub 1 arc welding p comprises of
following three metallurgical different regions :

a. Grain Growth Region :
i Thisregion is immediately adjacent to the weld metal zone.

In this zone, base metal is heated to a temperature well above the
upper critical temperature. This results in grain growth and
coarsening of the structure,

i

! Time —s
Heati"® g cion boundary
i Grain Refined Region :
i This region is adjacent to the graip 5

" pasemetal is heated justabove the upper eyt 2 5 e,
grain refined is completed “ﬂﬁnwmmm‘m
Transition Zone : ;

i This region exists in a temperatyre
Jower eritical transformation mmﬂzm‘”‘hﬁ upger and
recrystallization takes place, partial allotropic

5 Reasons for the Failure of Weld in HAZ : The Failure of weld is due
following reasons .

to weld decay. The weld decay caused by
1 The time and the temperature of exposure.
2, The position and prior t of the weld.

Q.1 Describe the oxy-ncetylene welding equipments with neat
sketch. Draw the different types of flames used in gas
welding. What are the specific usesof each of these flames

A Refer Q. 4.5, Unit-4. :
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MetalJoining (yy,

smposeit L A
wofmwelﬂ :ﬁmm,%

Q. "‘"‘"‘mdumihﬁ“’ e

s :;,rq, 4.7, Unit-4-
3 716 and MIG welding process and enumarg, it
L advantages.
ang Refer Q. 4.5 Unit-d.

;be the main features of resistance weld
Q4. Briefly dest 00 b sketch. ing
s Refer @ 4.11, Unit-4:

rinciple and working of atomie h

Q5 e ing process. What f5 amlatzace mekiina't Wl

AnE Refer @ 4.14, Unit-4.
lai rking of sul ged arc welding with .

Q.fi. Exp e . the

table diagram, also write down their

:.e]p_of ;“j and advantages and limitations, fie

AmE Refer Q. 4.15, Unit-4.

Q7. Di 1t und brasi

Ang Refer @, 4.18, Unit-4.

Q.8 What is HAZ in welding ? Why weld usually fails in HAZ 7

ang Refer Q. 4,23, Unit-4.

[slle)

Abrasive Jet Mach
Water det Machining,
Abrasive Water Jot Muchinio.

_Uitrasonlc’-lﬁam

i e 5_“(:"-':_ ;
i e wene

Craa S g

- Parameters, m and Surface Finish"-

My
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- 'WA.-L _fﬂ"‘

e
g

'] Explain abrasive machining process. Algy ;I“.
grinding m-“% 1 . 3

aterless Grinding :

thy c. Ce HQM&’P"ELWQU.,&Q.

help of neat sketeh. —— 1%, —=2, | Explain how the
operat
T m 10 0f ATM s arried out, Wat

e =

e, o

A Abrasive Machining Process :

L Abrosive machist gi“mmpmmthm&taﬁa_l_hmm " A

" Iroma workpiece using a multitude of small abrasive particles, A Operation of Abrasive Jet Machin ting (AJM)

2 Commen examples include grinding, honing, and polishing, Abrag,, 1, The principle of abrasive jet machining s the o igh |
pracesses are usually expensive, but capable of tighter tolerances g stream of abrasive particles "a“i‘edm‘?:ﬂ“h:: oAt e
better surface finish than other processes. - workpiece through a nozale. e

" ive machining works by forcing the abrasive particles or grain : mn_m‘.ari,nlremwal will take place due to erpsi
iu‘lhmmthel s'nmﬁmemmmm that each particle cuts away a sy sbrasive particles imparting the warkpiece m;h::;e&h
bit of material . When abrasive particles axe propelled by inert gus at j

on the workpiece, the erosion will mmh&ﬁh&‘m

P

' are the limitations of AJM 7

" . e Tining, such as mil;
or turning, because each of the abrasive particles acts like a miniatur, Filters
cutting tool. Power supply

4 and mixer

5. Abrasive machining is less power efficient and generates more heat. —

6. The grain size may be different based on the machining. For rough
murh‘ﬁ.mmabmimmumdmdrwﬁmgﬁndjng,ﬁmsbrwm
are used. :

-
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Uneonventional Machining Proces, :
By

.« through a chipping action w;
E;::;:l:d prittle materials. ich gy
al damage because the Shragy

54 C (ME-Sem-4)
The material remev
especially effective on

5 In this process, there is na therim
propellant gas carrias heat away.

B. Limitation of AJM
1. ‘There is a possibility, that particles can be embedded into worl, Pioee,
2 It have low metal removal rate.

3. Requirement of dust removal system.

4. Possibility of stray abrasive action,

"] What is abrasive jet machining {AJM) 7 Describe i
g Also explain the effect of stang,
size on material removalrate in the A

= "-..,‘;'“h itabl
distance and abrasive grit

A Abrasive Jet Machining and Working of AJM : Refer . 55
Page 5-3C, Unit-5. -
B. Effect of Stand-off Distance On MRR : B
L The MRR increases as the stand-off distance increases but when j;
reaches to i value, it d
2 ::a‘L tand-off distance i  all the particles are effectively utiliseq
us increasing the MRR, so the kinetic energy of the particles touchin g
the surface decre: 3 o o

C. Effeet of Abrasive Grain Size'oh MRR :

mﬂbeafm&?egraingiveshighermateﬁa[remwa!rabeforany
'w rate of the abrasive, but the bi size particles are limited becanse
of internal diameter of the nozele,

Tue! | i
j?:;;‘;s of water jet machining OVIM), Aty
applicationg,

-

|

oo

With neat sketch briefly ,
*plain thy
Prineigle and

Lages disadvantages and Write down i

thewater jet machining process watgy
e et et
sy hke.mimar,m
Working *
Water is pumped at ahigh pressure (9 _ i
technology. PN it
An intensifier works on the simple Principle of pressure ification
using hydraulic cylinders of differant tmu‘-:::t‘.m: iia
When water at such pressure is issued through a suitable arifice generslly
of 0.2 — 0.4 mm diameter), the potential em:mr ofwahrh:mwm
into kinetic energy. '
Thie high velocity water jet can machine thin i
Thix il il sheets of aluminium,
_ Accumulator Controls
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advantages : ;
Ir.'i::ite;nmber of material can cut economically.
This process is costly:
It cannot machine thick sheets-
Applications !
Used in paint removal.
Usod in cutting soft materials
Used in drilling and tu.nling.
Used in textile and leather industry.
Explain the working principle of abrasive wate, ol

process.

2 htbispmm,themeehanicﬂmmﬂf?imm abrasive phages i,
used to achieve material removal or machining.

3. The cutter is commonly connected to a high pressure water pump wher,
the water is then gjected from the nozzle, cutting through the materig)
by spraying it with the jet of high epeed\_mber.

4. Additives in the form of suspended grit or other abrasives, such ag
garnet and aluminum oxide can assist in this process,

5. Anabrasive jet starts out the same as a pure water jet.

6. As the thin stream of water leaves the nozzle, abrasive is added to the

stream and mixed.

H a"wrjet abrasive water j
perent 1eT jet thay
e °:,inusmam181: Such a8 muetals, g 00 Rosaly

B

—] what is ultrasonic .,m'hm.
o 5.6- Ing Process USMy 2 Giving

B o,

ﬁaus:g,% hagthgah-m,
Eni, to
. e T

""‘lllsmalsn giveity ‘d‘lnim

asonic Machining :
D e,
conductive NON-Co e} having hardness usnally
mﬂe :hlﬂ&m:ﬁ#mﬂﬁﬁﬁgmu,mmiﬂq:::? ‘h.mi
signal is converted into the high frequency mochanical matizn,
Feed force ;

p
:\‘,\\\\'\\\\'\\m&
¢, Working: i
1. Inultrasonic machine, the abrasive sharry (contain water and b
particles) is filled between the vibrating tool and workpiece. .
% Material removal take planewhendwnhnsive_pnmdsmpwﬂedm
the slurry is struck by the vibrating tool. ;
3. This struck cause the cutting aetion in the workpiece, hence e

workpiece is machined.
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uﬁ‘hn-ing Processes
Unconventional Machining py,, M "
_____________——-—--—‘__-“‘-‘\“h ﬁ&] Write down the h““mae.“,
=25, Procegg ;.
£ son MRE. *1ers ot gy

| = ey

) u— Mamnetastructive sa.y
yarious DrOCess Paraleters of ), e

The
F,.,quenv:y : increageg
- titude : When the ampji; * linearly iy,
b ,Isop m“‘“’“’"&m m f“““%.
mdingtFeeanm,,w eresed, the g
), the MRR tendy gy 1 &0 Meregse a
& ﬂw reed force s inatagiy
Refrigeration system 1 n S;m.MRRmmm;whh loading
& Concentration of Abrasive hmmm““‘-‘mmm
& flecton MRR, °mmn°fahm.mmm 1t dogg
the M—RB ey sightly i

Coil lead from
osciflator

; 3 < Ceil lead to amplifier

D. Advantages:
1. Thereare no thermal effects on machinina.
2. It gives good surface finish.
3. There isless distortion.
4, There is no change in physical properties of workpiece,
6. This free of inpleasant sound. T - .
s process is l-llIPI éﬁie%%l Explain the principle and working of electzo
machining (EDM) process with suitable sketch, What
parameters that mtrnlthaw“‘ .mmmﬁ;&e

i

6 Ttecan
E Dludﬂmag‘es H
L High tool wear. i
2 It haslow material removal rate. ) :

3. It has high power consumption. A Principle of EDM :
4. Itis not economical for soft materials. ' mﬂﬁiﬁm’mﬁm“mwmﬁ ito

5. Difficulty in tool designing, Servocon
F. Applications: ' i = i
1. It can be used for coining, lapping, deburring and broaching.
2 ava . . - . ’
all;r;iﬁ.ia;z .ﬁnishu:g of wire drawing dies made of tungsten carbide
3 rid , ;
Madnnmgocfmu]ﬂ' and non-circular holes with straight or curved

4 Thmds can be * cut in a drilled hole,
5.
Dentistry work to drill fine holes of desired shape in teeth.
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Unmﬂ{oml Maﬂhtn!ngﬁmaﬂ

mmmme’%hqi
‘bmdmmmﬂ“mwhth:

510 C (ME-Sem-4}

o be
\hen a discharge tales PLa®
B e ear the sane which 3
sparking zone-
B. Working of EDM: ok
1 Inelectrical discharge of very small pa
melting a large number OB Do) orkpiece. _
of sparks from electrode to Wmdm&f“’]“m“im“it“t“iﬂng

_ achining
A b T

trode ivce are d

. E‘C‘esl‘:\:sga u:nh:;‘sm\??ro:iscmmvmmg&om 5Ato 6D A op

ol

depending upen area of electrode. ore
kpiece

3. When elecirode and wor
nerate which have temperature Up
o " the metal

come close to cach other, the

to 5500 °C. This sparl melts gy
D iatin mdﬂ,gmpmueeuwlllgmaaﬂnjshtﬂ
vapo

workpiece metal,

Fig: 582/ Camponents of n EDM system.
C. Parameters Controlling the Material Removal Rate :
1. Tool material,
2. Properties of electrode,
3. Dielectric fluid used, and
4. Effect of resistance and capacitance,

Derive the expression for the material removal rate of
electro discharge machining,

ing

circuit mw"'

. atﬁmat,ﬂlecm'ren_tﬁm:,inf::ﬂharﬁngnmm‘ i
lc-_ﬂ___
- R
i dv

3 M ‘::wc?f_ .

Te, n"‘wh!d‘wha!efn :
wE condenser, Shasging the
V-Chargedvulmd-mm'

C = Capacitance of the condenser,
4 Omequating eq. (5.9.1} and eq. (5.8.2), we have

V,__-"’ = cﬂ
R dt
v
o V-V, re®
0On integrating both sides, we have
Y oav

P
vy, = -l
log, (V-Vy= —Lik
RC
Where, K = Constant.
4 Taking antilog on both side,

.
V-V,= i)

. =t
V-V,=e® e
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N e
Procssie! L
R mwﬂuﬂnﬂlmdﬂﬂnghwes fﬂ—"’ . 1o
W MER = X%ﬂcw . m‘ﬁu..‘}
= - Ey=ef) o _ Gonstant of Proportiongy
pRgplie e G ,ﬂaﬂx Q:; vaiue of f, from eq, (ﬂg:ﬁ)i‘laq,m ABs g
= L. % A
W;’;ﬁz;ﬁﬁ&wﬂmm (5.9.3), we get ﬁm‘ MRR= -KCV?y 1 ey
5 Ona £=0,V=0 Rcl"s.LﬂlL
K==l ; ey
& On substituting the valus of K, in eq (6.9.3) vee g MRE = .
= 2Rlog,| —ta__
VeV = ef (=V,) Vov
V= ir;[!-aif] ~A5.9.4) ’/‘j;‘“]ﬁﬂ”m sbout the metal reg S
v = (8 Surface finiap
— =1-& ypad
A .1-¥ ﬁmwﬂratewolumeotmm“mmmm.
R M%) depends upon current density and it { 3m¢:mmm
7. Taking log on both side, we get :u:; gemﬂ’\'“] rates pmduoe POoT finish, Carvent
3 v fore, the usual practice in EDM is a roqgh;
i —ins.[l'f] ! T‘l“rfnmupwadbyaﬁmhmgmm\m crren Vit a hegey
1
removal rates are usually low, approx; )
= ROIes| k ﬁl':leincreasedmmm“hﬂ"ins more efiie mwm
v erances of the order of £ 0.05 10 0.13 mm are commony stz
L i with extracare, ‘toleram:ea of the order 0F £0.00340 0,015 e
t= HCM&[ Vs J posﬂil"e' Surface finish of the order of 0.2 jun Ra ts possi i T are
VoV 218 poesib

o addition to current density or the electric e

8 Now, the frequency is given as, ; i spork, the MER per spark also depends mmmm
. ‘L = A5.95) isexpended.
gy S o o
RO k’!’.i -V - :
Where, ¢ = Charging time, and e»éf_']i
[, = Sparking frequency.
9. The energy released per spark is given as,
E= Loy
2 Tool Wear : Tool wear s given in terms of wear ratio which iz
10. Total energy / second = Ef, = %ﬁmﬂ defined as, .
11 Now metal removal rate is directly proportional to the ehergy, W v Volume of metal removed (work)
MRR = Loy P40 = Y olume of metal removed (tosD
%
2 Diclectric : A dielectric is an electrical insulator that tan be
melarised by an applied electric field. Ceramics, mica, glass, plestics,
| |_fere the some examples of dielectric. :
l =
|
K :
z A
TR Y )
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. o Processes

tal advanta, Mg
Nndam;;s mess, e
tive PMEss, simplipy, Bxay,,
p::a range of distharge, yﬁ%“&f;:mh are gy
: pulse Generators ; "‘nﬂmﬁ“‘g
Bo to increase the mety)
: n nfd;:ndevslopod to supply er:;.:lt&”"' o .
b TS Y g g e
_ uce B utput, yy, Totarg g,
Que 511, | Discuss the different types of spark EeNCrator useq i, - f-"d‘:;’:nt of a DC power supply caq pe at the m: oy
. et
‘Answer 1 s HanE ﬁm’_"?"s-.ﬁ.n.z
" Following are the different types of spark generator used in EDN .
Relaxation G tors : .
;.' The mln:‘:mz:eu:mc circnit was the first to be used in EDM. l e
circuit (Fig. 5.11.1] comprises & DO power source that tharge, x
capacitor ‘(" across A resistance ‘R
2. Ifthe condenser is initially uncharged and the DC supply is switcheq
o, a heavy current will flow into the circuit with the condenser voltag, m& =
rising dantinuougly. . During operation, the capacitor 'C ig chap,, i :
4. The condenser voltage at the instant ¢ can be described by the " halfeyele- 0n the fdhwmgh?““?‘h.‘hamniﬁvmmwm
relationship, v -U " i E Boas erator anTlchBrgé\: l‘-&;::;;r ]:QWHEG tothegap, fromm the
in = Usll=e 4811 e circuit allows a stan igh frequency AC
4 Eq (5.11.1) predicts that the condenser voltage will approach the supply & ?oﬂ uee unidirectional pulses. Beneratar tabe useq
voltage (/) with & time constast equal to RC and after £ = RC, the This circuit permits high metal re e )
condenser voltage will be 63 per cent of the supply voltage (I), rough surfaces. Produces exceedingly
5. A discharge, across the working gap will oceur if Uy, equals the Ualltﬂ‘-'“e‘l Pulse Circuit :

breakdown voltage (I7;) of the dielectric within the gap.

After the Eis.c.h&ge, the dielectric deumiws; the capacitor is recharged
and the cycle repeats itself.
In a relaxation generator, the spark repetition rate, for a given supply
voltgge and capacitance, cannot be increased beyond a eritical value
and is determined by the speed at which the spark gap is deionized,

| The need for a faster method of stopping the current in the event of
short circuits resulted in the development of cireuits with elestronic
tubes and transistors. E

2 These circuits are known as controlled pulse cirouits (static plse
generator) and offer the advantage of faster rate of metal removal and
low tool electrode wear.

3. The use of controlled pulse generators enables wide variations in pulss
duration frequency and in the intensity of spark discharges, and employs
power transistor triodes as switching devices. e

4 These are switched by low power square wave generators !
independent ‘on’ and ‘off’ controls, and the whale system provides
unidirectional square-wave pulses to the electrodes.

5 Tig 5.11.3illustrates a transistor circuit. . )
8 Ingthis cireuit, switehing is done by memdllam_atumm!mmﬂ
frequency and does not require the use of capacitors. C it
T The oscillator is also controlled by the gap "mum i
transistors can be turned off in case of a shord crei:
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Uneonventional Machining p,u!“q

5-16 C (ME-Sem-4)

Quc 5.12. | Explain wire electrical discharge machining (WEpy,

with neat sketch.’

1. Wire alactrical discharg hining (WEDM) i . ‘. by & pagy
prq;rammdmcufdwwwkpieeemhnrbyatrwehngmdw_

2 The kinematics of WEDM is comparable to that of a band saw, _

3 Thew-i.melemmieisradfwmupmlandmtsthewarkpiecea]m%
programmed contour.

4. Either the workpiece or the wire is moved relatively to each other in g,
x and y directions, For this reason, only mn—dimemsimalshapeseanbe
machined. Conical shapes can be manufactured by a sloping position of
the wire. :

6. Here, the upper guide of the nunwinding wire tool electrode is re
adjustable in the u and v directions (Fig. 5.12.1) to the lower guide,

6. Due to wear and an iated d of the wire di. , the wire
electrode can only be used once. A reuse causes an increas ing risk of
tearing the wire electrode and of deviations in contour,

v
Wire electrode u

h "

Workpiece
Wire run-off speed u,,‘ ¥
x

Define dielectric fluid, Write function of dielectric fluid
used in EDM.

uf,gtﬂfmﬁnwsm .
= .
u%«n
@ o Fluid : !
b electric fluidis amediom g, ]
adi does ngy
1 monly used dielagtyi, g ., - Olugy
L gl:;nefnﬂmdﬁﬁmnﬂ_ ﬂ““"an%::’"'ﬁb.
rar £Di . : ; O, Pty
tions o °‘°“h‘°mmduadh e,
B “’ct”sg,ninsulatingmm Eby,
1 1s the spark Tegion and help, ;
cod Pain ;
b ool k&m‘“‘"ﬂ\mw.
It maintains 8 constant resistance arToss the
s“igsawaytha emdedmgmm Bap.

1te

Etchants : These ate the chemical sybs
bathing the ULt Areas. Thes reackwiy (sl 2l
area to be cut and cause the salid materig) b ﬂisaohea_mh
Maskant : Masking material which is eall i
protect workpiece surface from ch 15 called maskant is yaeq 1,

|- Explain the principle and working of electrochemical
machining (ECM). Also give its advantages, disadvantages and
applications. '

A Principle : The principle of ECM is based on the Faraday's sw of
electrolysis, These are:

i Faraday’s First Law: [t states that the mass of ssubstane iersed
atan electrode i directly proportonal o hechargepessng BTugh o<
eleetrolyte.
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) "
u{gc‘“m Processes i
B
Unconventionsl Machining Procesag B e st Bnish oo’
g T geantages : : i U )
gll’a should be electrig, iy,
[ ™ o i " Bﬂy.:%.
|+ Toal b e enersY consumption is high, <
electrode 5 [th” high set up cost.
3 ications ECM is used for )
APPHCE cels, alloys, small holg, o ctiing y
F wrbune Mh‘dm ?mﬁ‘!jm
o & bl gy, ! fings,

ing]
i ' bstance liberated
ii. Faraday'sSecond Law It states thot the massofasu t
at an electrode by a given amount of charge is directly proportional to
their chemical equivalent weights of the substance.
B. Working :
1. In this process, 4 high current and low voltage DC P“"i;_ﬂ"pply is

P S, Sehematc aesingeantof lectrochemicl Foch

eonnected between an electrically conductive tool and workpiece. " panics of Metal Remoyyg] p hu‘,u
L hining process that rgl L
M is 8 MAC e relies oy
o Blectralyte 1 ;’Bﬁ urface of the worlepiece. Ehe Pompg o -

< an electrolytic process in which the
& LL::I-:ctmchemical dissolution of the wm]! tal remgug i Prformads,
ECM process, 2 higher MRR iz
5 },ri‘gher electrolyte flow rate, eded to perfyer, wadhining
When & pots_ntizl diff?m is applied i . I
b everal possible reactions may oceur at the anoq f:l\ih'hnw
mdsram‘:tion:ﬁ—»l"‘e%+w Cathinde.
Cathode reaction : 2H 0 + 2e-— H, +20H-
The result of the clectrochemical reactis 6 the ;
§ hydroxide .., production of irey

2 The tool is connected to the negative polarity and workpiece is connected Fe+2H,0 - ?Emmz*'ng
to the positive and a conductive electrolyte flows through a small gap

Splashed
electrolyte

that is maintained between the tool and workpiece. B Relation for Volumetric Removal Rate:
3. Thedirection of current that flow from workpiece to the tool and material 1 According to the laws of Faraday,
iz removed from the workpiece. At the same time the electrolyte flows m o Ite
through the gap at a high velocity and remove the workpiece material . .
before it has a chance to collect on the tool surface. Where, m = Weight of metal dissolved ar deposited,
C. Advantages: I = Current, '
1. Ithas long tool life. t = Time, and
2. Itcan domachining of complicated shapes, ' . : otal
3. It canalso do machining of hard materials, E= Pl e

On removing the proportionality sign, we get
e L5151
F

4. It has low tool wear.

ra

m
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ventional Machining
i &) Tneor PI%‘EQ

PaF raday’s constant (= 96,500 Coulonibs),

; metal i5,.
ta m;—meqﬁivﬂleﬂ‘mmufm

e % ,..{5.15_2}
i A = Atomic weight of the metal (in grams), ang
ere, '
7= Valency of the cation.
4 On putting the value of & from e2- (6.15.2) to eq. (5.15.1), we get

me= %i"ﬁ -{6.15,3)
5 Now, the total weight of metal removal is,
m o ahp
Where, a = Machined area,

# = Depth of metal removed, and
p = Density of metal.
8 Metal removal rate in terms of depth of metal removed per unit time 1

given as,
.MRR= " {B.15.4)
apt
7.  Substituting the value of m from eq. (5.15.3) to eq. (5.15.4), we get
Alt Al
= m/sec
ZFapt ™ ZFap £

8 Now, volumetric removal rate is,
Al s
= —— cm/sec
Qumn ZFp

'Que 5.16. | Derive the expression for the material removal rate of
electro discharge machining. Also differentiate between EDM and
ECM process. T .

A Expression for Material R 1 Rate of EDM : Refer Q. 5.9,
Page 5-10C, Unit-5.

_—1gtructural changes oeeyy

&, - in
work material, The progey,
leaves residual compressiye
stresses.

Tool wear Will be more tp,
material removal, ifm.m: N"'—“‘ﬂmm
machining conditions are ngy

1 ECM can produce surface finish of the crder
tocl/work. Any defect on the tool fae prodpe mxmd
Tool surface should therefore be poli i

3. The finishis better mhardarmateﬁils.cmmwgﬁwmm
finigh and copper and aluminium give a matt fivish, -

3. For optimum surface finish, careful electrode design, meaimum tsed
rate and surface improving additives in electrolyte are selected.

4 Low voltage decreases the equilibrium machining gap and remlts in
better surface finish and tolerance contrel,

5. Low electrolytic concentration decreases the equilibrium mahiniog

gap and thus better surface finish and tolersnee. Law electralyte

temperature also promotes better surface finish.

) ECM is performed to remove material fnm an iron
surface of 20 mm x 20 mm under the following condition.
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e
plybw-_--—a -

ol it o o materin
iron = 2, Faraday's constant = RETO

removal rate in gfsec.

BEWeEr. ——
1202 mm, V=12V, p=2ohm

Gim:ma.zoxzom’,

A = 55.85, F = 96540 Coulﬂmb,z_= i’sﬂ

To Find : Material removal rate in .

20202 _o0m0
1. We know that, R=§=m

2. Also, from Chm's law
. ¥=IR
12 = =001
7= 12 2004
0.01
Al 55.85=1200

=(0.347 gfsec
8. MRRE= —= =5 55540

PART-6

chining {

] What does LASER stands for ? Explain its working with
neat sketch, How metal removal takes place by LBM ?

[AKTU 2017-18, Marks 10 |
f&.‘“l‘-\i-'l-i‘ -
A LASER: Laser stands for “Light Amplification by Stimulated Emission
of Radiation”, !

B. Working of Laser : x

1. The basic requirement to the Laser action is that there must be more
atoms in metastable state than the ground state, £.¢., population inversion

of metastable state should be greater than population of ground state.

ring PTOCEEEES

e ing 5teps take place i — e

: ﬂ“‘";l.o :umplns‘:ﬂ;. 519, L""‘::mn-_ Lotengy
Mbam of Laser ium. Hery, p & %“hh
n 8775, is the metastable energy [0 {1 groug BB, g
‘h:; " u pnmpetdmt.rouxm ‘M‘h h“'ﬂ&x‘h‘t

are ;

ff;w {fj‘ﬁmia irradiated by w{hf:&hgh omng g

paset o)_mnmmamumby ; M‘M G

2 Population Inversion : The atoms
;.:::wmmetastahlelelveixlbymm e
astable state, the excited aloms stay comparativelyfor g lnger
time, As aresult, soon the number of stoms i energy level  pegqrans
much larger than in energy level E,. In this way Wwaﬁmlimm
qceurs between energy levels B, and E,

3: Stimulated Emission : A photon of ho=(E. -
mitted due to spontanesus emission. Tmmﬂ p;BEQW
laser medium. Now this photon produces stimulated m‘h“&m‘@
energy level E, to Eq. The resulting beam ishighly monothromatic and
coherent.

. Metal Removal by LEM : In LBM, a narrow beam of eoherent light
(monochromatic light) is focused on the workpiece by lens to give
extremely high energy density to melt and vaporise any meterial.

et £
suitable sketch. Give advantages, disadvantages and its

et
A Working of LBM :

L. Inthelaser beam machining ﬂwmhmm
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falls on the ruby rod for the pumping operation.

Ty

nachinmng’!

and the internal

surface of the body is highly reflective through which maximum Tight

3. First of all, the capacitor is charged, by which voltage is passed to the

electrode for the flash.

rod which is focused by the lens system ie., focu
workpiece for the machining.

B. Advantages of LBM :

4. Due to the flash pumping operation, laser beam is emitted by the ruby

sing lens on the

There is no direct contact between tool and workpiece. So there is no

problem of tool wear.

It is useful for both metals and non-metals.

It is useful for machining extremely small holes.

It is a smooth process and gives good surface finish.
It is a fastest process for machining.

6. Laser machining can be done in any environment,

C.

Disadvantages of LBM :

1. Overall efficiency of laser is extremely low.

2.

a
4,

D.

Laser beam machining requires safety procedures.
Cost is high.

Life of flash lamp is too short.

Applications of LBM :

1. Automobile industry.

5

g Here
pC po

o Aswe BV

[ 3

mastly vS

plectr

petween

s the gas comes in contact with the plasma, there is a collision between
the atoms of gas and electrons of an electric are
qn ionised gas which is known as plasma.

Explain in detail ahout Plasma are

5lly, plasma &TC machining (PAM) is . .
f !?,;-:nut with plasma m,tmm;msrmg
metal ed for the metals that cannot be eut by s

sema ATe .
ade made up of tungsten situated in the chamber,

{his tungsten el
wer supply. Thus, the tungsten acts as a cathode.

il the positive terminal of DC power supply is connocted 1y
i ?‘mﬂ;’i'e_mug,tha nozzle ofthevlasmammmanm_ ™

machining (b,

Wherg
;;::;w!tis
machining consists of ‘Pmmmam}m h

an

s d ta the negative tormina) of
e the power B“Piﬂ)‘hﬂnsy&tem,melectﬁcmdqghw
the cathodic tungsten electrode and an anodic nogale,

amlnnrgsuh.wega

—— Water coaled nozale
power sources te— Bhielding gas nozzle
+—— Shielding gas
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any

Now, this plasma is targeted towards the workpiece with 5y,
and the machining process starts. high
8. Inthe whole high temp ditions are requs ity
gases come out of nozzle there are chanees of overhe 'Em]_r:i‘\‘hng
ating, Ory
ta
ages and """“ﬂath...
of

7.

prevent this overheating, a water jacket is used.

GEERERT] Wite advantages, dinnd
PAM.
T

J\E:AYP: ﬁmwrm:

1 :ﬁz]hnt::: are machining, hard as well as brittle metals cay be il
2, It can be applied to almost all types of metals, ;-

3. It has high cutting rate.

4. Ithas better dimensional ing small cayitiey
B. Disadvantages of PAM : ¢
1. Cost of equipment is very high, '
2. Process consumes a high amount of inert gases.
3. Production of narrower surfaces takes place which Is unnecessary,
47 'The most harmful part of PAM is that metallurgical changestakes

on the surface. ¥

C. Applications of PAM:
1. It is mostly used for cryogenic, high temperature corrosion resistant

1.

'y in case of

2. Itis also used in case of titanium plate upto 8 mm thickness.
4. PAMis used in nucl bmarine pipe syst

4. PAM is prominent for the applications related to stainless tube and tube

_turing Processes '
ﬂaﬂ“‘r ) Sag ME.80r,
/ﬁ'_l Explain the Principle i i
orlking g

5
@ee”" L (EBM). Also give ji,
- ‘“2:,‘.:9. ““'“"Uu, mn::m“"bm
ﬂ,pli"” “0tages g
AR ri!l‘-;“l'w : Electron beam maghy,

Hining ha,
prn’ of the electr e om th
A gneticenerByf U1 I8 tonwerteq ; Pringip,

kine® Iting and vaj e the hat thy

the rapid me l:ﬂn!!.unnofm }tfatn,,m o
E= —my*

2
E = Kinetic ehergy,
m = Mass of electrong, ang
v = Velacity nfeleutmgaﬁ-qm‘he
Slettron

)

=)

=20
Where:

AR e e [ R e e
¥ nalie view of slectron besin machine,
B. Working :

i TInelectron beam machi
emits electrons.

2. The emitted electron from the heated filament carries negative charge,
which repelled by the cathode electrode and these elecitons are pass
through the central hole of the anode.  ~

3 Both the electrodes concentrate and propel the electrons and this

electron beam is then focused by a lens to the workpiese. Hence
machining is done in EBM. )

C. Advantages : .

1. This machining process is very accurate and fast.
2 Ithashigh drilling rates.
3. It can machine many materials.

uing, when tungsten filament is heated up, it
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ey

4. There isno distortion.
D, Disadvantages :
It has high energy consumption.
It neads skifled lahour,
It is an expensive process.
Applications :
It is used in drilling small hole with securacy,
It is used to produce wire drawing dies.

It is used in nuclear reactors, rotors and aircraft engines tod
orifices. rill gag

UR M ow

pﬁ’ﬁ‘ﬂ:gﬂ Differentiate between non-conventj onal 44
conventional machining. Also give advantages of EBM over gy

o ]

A Difference between Non-conventional l'lnellining a
Conventional Machining : ad

1. |It ecan machine hard | Itcannot machine hard materials
! J materials. ’ -
I 2. It has high material removal I It has low material removal rate.
rate,

2| It gives good surface finish. | It doesn't give good surfice finish,

distortion. distortion.
[ 5. | Tool wearis less.
L& ’ High power consumption. ‘ Low power consum ption.

/ 4 [Jn this process, there isless | In this process, there is high

J Tool wear is large,

B. Advantages of EBM over USM:
1. EBMis a faster than USM.
2. It has more accuracy than USM,
3. Thereisno distortion.
4. It hashigh drilling rate.

xplain abrasive machining -
@1 o eRining Process. Exgla roee™: Alsocas
Ip of neat sketcl, “enterlegg Erinding
:f:, Q. 5.1, Unit-5. ith the

Wi lo hcsitvint
R
distance Erit
the AJM. . "“"“"‘“""Nmm
s Refer Q. 5.3, Unit-5. ;
What is ultrasonic maching
Qs ,,..i?.m sketch, dem.'{::', ‘“'""", : "‘L‘im * Giving
advantages, disadvantages ang also give its
e n,gfexq. 5.6, Unit-5,
4. Explain the principle and working of eleotes g
Q mmgmbmmmmmw :
the p 17 _._thns 1 the mates: m::
EDM? -
ass Refer Q. 5.8, Unit-5. )
Q.5. WWMWﬂWMHMhm
Alsod ‘!“ cirochemi ry behind ECM process and
zux Refer Q. 5.15, Unit-5.
Q.6. Derive the expression for the material removal rate of

EDM and ECM process.

g - Refor Q 5_,16, Unit-5. Teakas

Q.7. Explain in detail about plasma are machining (PAM) with
suitablé sketch. -

%88 Refer Q. 5.21, Unit-5.
Q.8. Explain the principle and working of electron beam
- machining (EBM). Also give its advantages, disadvantages

. and applications. .
s Refer Q- 5.23, Unit:5.
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