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Q.No

Q.1a(i)

1. (a) i) A 10 m boom AB weighs 1 kN, The distance of centre of gravity is 5m
from A. For the position shown in the figure given below, determine the
tension T in the cable and reaction at A :

6

Source

Test 5 of MADE EASY ESE Mains test series Q. 5(c)

(c) Member BD is hinged to a fixed support with the help of a bolt of diameter 2 cm.
Member BD is 10 cm wide and 5 cm thick. Determine the shear stress in the bolt and
bearing stress at C in member BD.

Q.1 a (ii)

(i) A rope making 11 turns around a stationary horizontal drum is used to
support a weight as shown in the figure given below. If the coefficient of
friction is 0-3, what range of weight can be supported by exerting an 800 N
force at the end of the rope?

800 N

Source

Directly from MADE EASY Class Notes
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Q. 1(b)
(b) A steel tube of 100 mm internal diameter and 10 mm wall thickness in a plant

is lined internally with well-fitted copper sleeve of 2 mm wall thickness. If the
composite tube is initially unstressed, calculate the hoop stress set up
assumed to be uniform throughout the wall thickness, in a unit length of each
part of the tube due to an increase in temperature of 100 °C.

For steel, E =208 GPa, & =11x107°/°C
For copper, E =104 GPa, o.=18x107%/°C

Source MADE EASY ESE MAINS Test Series — Test 5 question 8b
mMRADE ERASYH H

8 | ESE2019: MAINS TEST SERIES ¢
(b) A compound cylinder is formed by shrinking one cylinder onto the other, the final (
dimensions become inner diameter of 12cm, external diameter of 24 cm and junction
diameter of 20 cm. After shrinking of outer cylinder over inner cylinder the radial
pressure at common surface is 20 N /mm?. Calculate the necessary difference in
diameters of the two cylinders at the common surface. Take E = 200 GPa, v = 0.3 for

inner cylinder and E =100 GPa and v =0.32 for outer cylinder. What is the minimum
temperature through which the outer cylinder should be heated before it can be

slipped on?
a=11x10%/°C for outer cylinder,




Q1(c) (i) | (g () What is kinematic pair? How are kinematic pairs classified? Explain.

Source Exact question asked in MADE EASY ESE Mains test series test no 11 Q-1(c)

Q.1(c)(ii) | i) A four-bar mechanism has the following dimensions :

DA =200 mm, CB = AB =300 mm, DC =500 mm
The link DC is fixed and the angle ADC is 60°. The driving link DA rotates
uniformly at a speed of 100 r.p.m. clockwise and constant driving torque
has the magnitude of 50 N-m. Determine the velocity of point B and
angular velocity of the driven link CB. If the efficiency is 70%, calculate

also the resisting torque : B

DL

Source Question 12 of MADE EASY ESE MAINS Workbook

Similar question asked in Test -2 of ESE MAINS test Series




Q.1(d)
(i)

(i) A vibrating system has the following constants :
W =19-62 kg, K =8 kg/em, C=0'08 kg-s/cm
Determine—
(1) damping factor;
(2) natural frequency of damped oscillations:
(3) logarithmic decrement.
Here, W = Weight of mass
K = Spring stiffness
C = Damping coefficient 2x3=

Source

MADE EASY Mains Workbook solved Q 69

Q.1(e)

(e) Differentiate between ‘shaft’ and ‘axle’. A solid shaft of diameter d is used in
power transmission. Due to the modification of existing transmission system,
the solid shaft is required to be replaced by a hollow shaft of the same material
and equally strong in torsion. The weight of the hollow shaft per unit length is

to be half of the solid shaft, Determine the outer diameter of the hollow shaft in
terms of d.

Source

Similar question solved in MADE EASY Class Notes Regular batch
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Similar question in ESE MAINS Workbook
M, = /(810000 + (2500001 = 847703 Nrm

For Shaft diameter,
From equation &P = %,’(kﬂb)2+(lqM,)z
_ 18 Thbe
- —,(35.5)‘}(1‘5"3477“3)2 (1.0x 2250001

o d= 4254mm

Compare the weight, strength and stiffness of a hollow shaft of the same exter-
nal diameter as that of solid shaft. The inside diameter of the hollow shaft being half the external
diameter. Both the shafts have the same material and length.

Q.2 (a)

2. (a) The turbine rotor of a ship has a mass of 3000 kg. It has a radius of gyration of
0'45m and a speed of 2000 r.p.m. clockwise when looking from stern.
Determine the gyroscopic couple and its effect on the ship—

(i) when the ship is steering to the left on a curve of 100 m
of 30 km/hr;

(i) when the ship is pitching in a simple harmonic motion, the bow falling
with its maximum velocity. The period of pitching is 40 seconds and the

total angular displacement between the two extreme positions of pitching
is 12 degrees.

radius at a speed




Source

Pg No 77, Question 56 of MADE EASY MAINS WORKBOOK
Question 22, of Gyroscope Chapter of MADE EASY ESE Prelims Workbook
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Q.2 (b)

(b) A steel cantilever of length 2 m of circular cross-section, 50 mm in diameter,

carries uniformly distributed load of intensity w. What is the maximum value
of w so that deflection at free end is not to exceed 1 mm? Find out the slope at
free end. Take E =200 GPa.

Source

Directly from MADE EASY CLASS Notes — using formula 6




Q.2 (c)

(c) A thick cylinder js subjected to both Internal and external pressure. The
nternal diameter of the cylinder is 200 mm and the external diameter iy
250 mm. If the maximum permissible stresa is 30 N/mm? and the external
pressure is 8 N/mm?, determine the intensity of internal radial pressure,

Source

MADE EASY SOM Class Notes case —3 (Mains Class Notes)
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E ﬁ::«:i_cns

2?x6.9x10" _ 56.25%10°

° ~ 0353547
E

(20007 -3 56.25x10°
n x6.9x10*  0.3535
b = 40.92mm
a = 0.3535 x 40.92 = 14.47 mm

o=

= 2803919

8. Pressure Vessels

g m and 300 mm
L M The internal and external radii of a thick cylinder are 200 m

; ssure that can be
The external pressure on the cylinder is 4 N/mm?, Find the internal pre racf i) AT
,gsP"ctwy' maximum hoop stress is limited to 15 N/mm2. Sketch also the distribution ©
]
jed ifth

stress ACross the wall section.
P

so"::o:‘a;ial pressure and the hoop stress at any radius x be given by,
Letthe

= —-a
' Px xZ
b
| = —+a
;_5 and h=2
| | at x = 300mm, p, =4 N/mm?
b .
= =4
4= 27 0
At x = 200mm, f = 15 Nfmm?
15 = L“‘a =
200° (i)
Solving the above equations, we get,
a = 1.846and b=526153.85
52615385 . e \ T il
S i
526: 53 )
and f= —-T'§§+1_846
X
At - 526153.85
x—ZOOmm,p =—""_9
200 200 846
= 11.31 N/mm?
At

X

—_—

526153.8
300mm, g = Z= 220 41,846 = 7.69 Nimm?

Figu istributi
gure shows the distribution of radial Pressure and hoop

stress across the section of the wall.
Similar Question asked in MADE EASY ESE Mains test Series test 4 question 1b

2 | ESE2019: MAINS TEST SERIES

MADE EASY

ion A : Strength of Materials & Mechanics

Q.1 (1) Two solid cylindrical rods are joined together with help of a disk as shown in the
figure.

B0 cm

30em

@

L L 1
J 3m T am 5|

~anAl "\\3315&%%

Determine the value of force P for which magnitude of tensile stress in rod 1 is equal
to compressive stress inrod 2 if Qis 5 kN.

{12 marks}
(b) A compound cylinder is made by shrinking a cylinder of outer diameter 20 cm over

another cylinder of inner diameter 10 em. If the numerical value of the maximum
hoop stress developed due to shrinkage fitting in both the cylinders is the same,
what will be the junction diameter?

[12 marks)
/). A200Kg cylinder is hang by means of two cables AB and AC that are attached to the
c e

W ol fnwra D nornendicular to the wall holds the cylinder




Q.3 (a)

3. f(a) A horizontal gas engine running at 200 r.p.m. has a bore of 200 mm and a
stroke of 400 mm, The connecting rod is 900 mm long and the reciprocating
parts weigh 20 kg. When the crank has turned through an angle of 30° from
the inner dead centre, the gas pressures on the cover and the crank sides are
500 '.N:I'%U'I‘:l'lrz and 60 kN/m?2 respectively. The diameter of the piston rod is
40 mm. Determine—

(i) turning moment on the crankshaft;
(i) thrust on the bearings; '
(iif) acceleration of the flywheel which has a mass of 8 kg and radius of
gyration of 600 mm while the power of the engine is 22 kW.

Source

Q 33 page 73 similar MADE EASY MAINS WORKBOOK

s e e ST N UHGTHIR SRS,
g 0 210 rpm has & bove of 220 mm and siroke of 440 mm, Thi connecting
of reciprocating Mimh:.mmun tha mmm;mm#.m
1. mu.ﬂugnm;mmmﬂwuﬁmmp.
mectivaly. Diamotor of the piston rod i 40 . Detormine:

Q.3 (b)

(b) An epicyclic gear consists of three gears A, B and C as shown in the figurg
given below. The gear A has 72 internal teeth and gear C has 32 external teeth
The gear B meshes with both A and C and is carried on an arm EF which
rotates about the centre of A at 20 r.p.m. If the gear A is fixed, determine the
speed of gears B and C :

Source

Q24,Pg 71, MADE EASY MAINS WORKBOOK
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MRDE ERASY ins Workbook 71
Publications ESE2019 ® Mains I

be 12. The module pHchcfgearsAand B

DJ il Thespeed ratio of the Ve
d
itable number of teeth for the gears, No

gear infigure isto
13,125 mm and of gears ¢ train ghow n fig

and Dig 2 § . Calculate the sul

gear is to have less than 24 leeth,

gear wheels in to be used for a clock, the minute hand of wthI:l is
hour hand to a driven sleeve rotating freely on the same driving
be kept same for all the wheels and each wheel shuu!d' have least
termine number of teeth on each wheel of the gear train.

& line (axes on one line). They are geared together through im‘an'nedi;ala

h mesh with the wheels on A and D respectively. Wheels Aand B
amodule 8 mm. The number of teeth on any wheel is to be not
about, but not greater than 1/12 the speed of A and the ratio of each

In gear S rotates at 500 rpm and the planet carrier Arotates at
h ber of teeth on each gear and the speed of the planet
geth/cm and the diameter of the fixed gear Fisto be as

he pitch circle diameter of the internally
ar . The spinder A, which carries
isense as the sun wheel Sfor
3rmine appropriate number of

Q.3 (c)
fc) A single-cylinder reciprocating engine has a speed of 300 r.p.m., stroke
300 mm, mass of reciprocating parts 50 kg, mass of revolving parts at 150 mm
radius 37 kg. If two-thirds of the reciprocating parts and all the revolving parts
are to be balanced, find—
(i) the balance mass required at a radius of 300 mm;
(ii) the residual unbalanced force when the crank has rotated 60° from top
dead centre. '

Source ESE mains test series test no-11 Question 3(b) -

Wﬂe cylinder uncoupled locomotive with cranks at right angles s to be balanced
-~ for revolving masses and the 2/3rd of the reciprocating masses, The revolving 1‘1:\3:%r
per cylinder is 225 kg and the reciprocating mass per cylinder is 270 kg The cylin
centre lines are 60 cm apart and the wheel centres are 150 cm apart. mel: -
1. The magnitude and position of the balance weights required at a,.ra.ldms.oi 75 R
2. The hammer blow and maximum variation of tractive efforts, when the cranks

tate and stroke length is 64 cm.
_mm AR ' ' [20 marks]
-e 1 1o A Lmvive i tha ficura ice N 75 m lone a.ndhasa mass QE

Q 51 page 77 similar question in MADE EASY ESE MAINS Workbook




Q.3 (d)

(d) Draw the shear force and bending moment diagram for the cantilever beam as
shown in the figure given below :

20kN 40kN 20 KN/m

kS

i
|

SRR,

|

Source

MADE EASY ESE Mains Test Series — Test 11 question 4b

(b) A beam of 20 m span is hinged at each end. It carries aUDLof 2 5 kN/m on left half

of beam, together with a 12 kN point load at 15 m from the left hand end. In addition
to this, it is subjected to couples of 28.25 kNm in anticlockwise direction at left hand
support and 41.75 kNm in the clockwise direction at right hand support. Find the

?@gﬁ?{@&t \glxﬁ]ends and draw BM and SF diagrams.
Ca -

[20 marks]

MADE EASY ESE Mains workbook Unsolved question 22 and Solved Question 5 and
Question 7
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')
Construct shear-force and bending-moment diagrams for yp,q bane 1
overhang shown in given figure (a). The beam ig subjected to a unj

form load of Constap, inm Wity
q = 1.0k/ft on the overhang and a counterclockwise couple

M, = 12,0 ft-k acling midwa, ba:‘:‘lh’
By
the supports. - My = 1201k
A { ; Tls
b=4ft
R.D
Solution :
V() +1.25
DX
-4.0
M(ft-k) +20
0
-80

We can readily calculate the reactions R, and A,

-10.0
and we find that R, is upward ang R, is downwarg,
shown in the figure. Their numerical values are as follows:

R, = 525k

+We now draw the shear-force diagram (Figure (b)). Note that
shear force does not change atthe point of application of the couple M,. The bending-moment diagraml|
the shape shown in Figure (c). At B, the moment is ——

and B for the pe jown | |‘n¢ draw t
shear force diagramg, g h ﬂwm‘
Solution ;

Let the feactiong 4 and Big and Vv,
a

b€Spectively, Taking momey
Wehave

Vel +wi - WL

nts about A,
-——,+Wi’: i
3

P




""--...~:.: F.E!I

: S
A beam of 20 m span is hinged at each end. It carries a ud] of 3/4 kN, o
nd. | N,
N adg;,

left hand half of the beam together with a 12 kN point load at 15 m from the left hand g
this, it is subjected to couples of 28.25 kN-m Is anticlockwise direction on left hand support ap a1y :fon %
Nd dr aw tha B k:ﬂ

in the clockwise direction at the right hand support. Find the reactions at the ends a

and S.F. diagrams inserting principal values.

Solution :
12kN
41.75
28.25 kN
Ci“ A 3/4 kKN/m c 10 B')
! 10m 5m—=f=—25m J
= 20m {
=% = (a) The beam
T 0.45 0.45
?95-'_ (’j ' % T
11.55 =) 11,55
i +
(b) S.F.D.
13.75 16
=y )\
T (=) ) T
28.25 (c) B.MD 41?4
c) B.M.D.

Reactions : Taking moments about B, we get
0=2B.25+(10x§x 15)+ 12x5-R,.20-41.75

M, =
which gives R, = 7.95kN (1)
Ag = 75+12-795=1155kN ({)
S.FD. :For AC, F. = 795-0.75x%,
which is linear variation.
Atx =0, F, = 7.955kN
At x = 10m
fo = 7.95-75=045kN
For CD, F, = 795-75=045kN
which is constant from Cto D
For DB, Fo = 795-75-12=-1155kN
which is constant from Dto B
2
BM.D. : For AC M, = -28.25+7.95¢ - 0'725"
which is a parabolic variation
At x=0
P E ERSY y -
maa’eeasypumca@?@?!gij it Publication
() Describe angular contact bearings and taper roller bearings with 1 el
i e he
ast two advantages and lwo ditadv&ntagr[:

Q.4 (a) (i)

4. f(a)

of each.

Source

Directly from MADE EASY Class Notes
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Q.4 (a)
(ii)

(i} A pair of spur gears with 20° full-de
20 teeth pinion meshing with a 41 teeth Bear. The modul
the face width is 40 mm. The material for both the pinionﬂ d
steel having an ultimate tensile strength of 660 N/mm?2 T

heat-treated to a surface hardness of 400 BHN, The p.* The gears are

1500 r.p.m. and the service factor 'nion rotates at

is 20, Assume that the
accounts for the dynamic load and the factor of safety is 1‘_"?0;’.:{ rac}or
- Determine

the rated power that the gears can tr i
ety g ansmit. Assume a Lewis form factor

pth involute teeth consists of 5

is 3 mm while

Ew

Source

Similar with some value change, from MADE EASY ESE Mains workbook
We know that pitch circle diameter ;)If.t_h:;;:h

i Do=m T,= o
and pitch circle diameter of the gear, g s Ex s oo

DBg = m.T, =8 x 45 = 360 mm

Question-23

A pair of spur gears with 20° full-depth involute eeth consists of a 20 teeth
pinion meshing with a 41 teeth gear. The module is 3 mm while the face width is 40 mm. The material for
pinion as well as gear is steel with an ultimate tensile strength of 600 N/mm?. The gears are heat-
treated to a surface hardness of 400 BHN. The pinion rotates at 1450 rpm and the service factor for

the application is 1.75. Assume that velocity factor accounts for the dynamic load and the factor of
safety is 1.5. Lewis form factor for 20 teeth as 0.32.

Determine the rated power that the gears can transmit,

Solution :
Given : n = 1450rpm z,=20
Z = m= 3mm
g
b=40mm C,= 175
FOS = 1.5 BHN = 400
S, = 600 N/mm?

el inion is weaker than the gear.
| ial i he pinion and the gear, the pinion is
the same material is used for t
3 : i (600) = 200 N/mm?
0, = 5 S = 3

8, = mb, y = 3(40)(200)0.32) = TE8ON

.

Publications




Q.4 (b) (b) What advantages do the welded joints offer
Neatly sketch the basic symbols used to spe

(i) Fillet

in comparison to riveted joints?
cify the following types of weld :
(i) Square butt

(iij) Single V-butt

fiv) Spot

(v} Seam

(vi) Projection

A beam of rectangular cross-section is weld
welds as shown in the figure given below.
permissible shear stress is 80 N/mm? :

ed to a support by means of fillet
Determine the size of the welds if the

30 kN

]

Source

Q.4 (c)

() A shaft is subjected to a maximum torque of 10 kN-m and a maximum bending
moment of 7:5kN-m at a particular section. If the allowable equivalent
stress in simple tension is 160 MN/m?, find the diameter of the shaft
according to (i) maximum shear stress theory, (i} strain energy theory and )
(iii) shear strain energy theory. Take Poisson’s ratio as 0-24. *

Source MADE EASY SOM Class notes




A In M shapt gf Somm din s subjected b
M =f 15 km aud a rque g]'-T.IFm
yield point st steel in tension is 210 MB,
Hawn Find max value 5% forgue
withoud cansing yielding according 4o
i) man. pvi‘ncfpad.nasi?ms ;—u% &

i) Mgn sheaw stress 4.

-

ESE MAINS WORKBOOK Question
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Q.5 (a)

5. fa) Describe the following microconatituents of fron-carbon alloys in relation to
the phases present, arrangement of phases and their relative mechanical
properties ;

(i) Spheroidite
(1) Pearlitc
(i) Bainite
(iv) Martensite

Source

From MADE EASY Theory Book Material Science




MAOE EASY Postal Study Paclage EIiF] Material Science | 93

8.7 Hardening With Self Tempering

il Herzthearticlz is not held inthe quenching rmedium until itis complately cooled but is withdrawn o
certain a certain amountof heating the core which accounts for the self tempering.

(il Themethod is applied for chillers, surgehammers, hand hammers.
(il Centre punches and other tools which require a high surface hardness and tough core.

8.8 TTT Diagram for Hypoeutectoid and Hypereutectoid Steels

¥ e
I THPo- o v +po - R

725°C TIC

T =
e Pmie+PR-u " ﬂrlte+=m— Feo

T ‘hﬁ..____‘_____ i '“--h..h______
s x\_\‘_—_—_
_\_"‘—\—._\_\_\_\_\_ i M .
M. 1 et PR WEITEREEE + 1y
== M. M I
;_-D:n'gm' uR T 1 Marenste
1= tme - L e -
Figure 8.5 TTT diagram of Hypoeutectoid steel Figure 8.6 TTT Diagramfor Hypereutectoid steel

As it can beseen inthediagram thal due tothe presence of hy pereutectoid phase start line shifts towards
leftand nose of TTT diagramappears prior to 1 sec, so hardenabilty of bath hypoand hy per eutectoid steels are
inferior to eutectoid steel. In the microstructures albng with normal pearlite phase there will be pro eutectoid

phase.
1. It can be observed from TTT diagram of hypereutectoid steal that martensite finish line appears

below room termperatura.
2. Topmoduce uniform phasemartensite, such sampleare quenched in liquid nirogen and theprocess

is called cryogenic treatment of matarials.

8.2 Hardenability Curves
As shown in figure, austenite sampleis quenched onone side and diferentcooling rates willbeexperienced
by the samrpleas wa go away from the tip.

Coarse pexrite
!

= Finz pearlie
10% M + 305 M

L5000 P+ 50. M

Hardness —
Hardness —

+ 80% M
WP+ B0 M
0.E%
W artensite “I_'] Jominy dsEnoe

Diistance from tip —

’_/i\i‘—w‘atarjat

( wwrwamadeeasypub lications.org

Figure 8.7 Jominyand Quench test

MAOE EASY Theory with Solved Examples m
|

Q.5 (b) (b} In an orthogonal cutting operation, the cutting speed is 2:5 m/s, rake angle is
6° and the width of cut is 10 mm. The undeformed chip thickness is 0-2 mm,
13:36 grams of steel chips with total length of 50 cm are obtained. The tool
post dynamometer gives cutting and thrust forces as 1134 N and 4536 N
respectively. Find—

(i) shear plane angle;

(i) friction energy at tool-chip interface as percentage of total energy;

(i) specific cutting energy.

Assume density of steel = 78 grams/cm®.

Source From S.K. Mondal Sir Class Notes




An orthogonal machining operation is being carried out
under the following conditions :

depth of cut = 0.1 mm,

chip thickness = 0.2 mm,

width of cut = 5 mm,

rake angle = 10°

The force components along and normal to the direction

of cutting velocity are 500 N and 200 N respectively.
Determine

(i) The coefficient of friction between the tool and chip.
(i1) Ultimate shear stress of the workpiece material. [10]

In an orthogonal machining operation:

Uncut thickness = 0.5 mm

Cutting speed = 20 m/min ~ Rake angle = 15°

Width of cut = 5 mm Chip thickness = 0.7 mm
Thrust force = 200 N Cutting force = 1200 N
Assume Merchant's theory.

The percentage of total energy dissipated due to
friction at the tool-chip interface is

(a) 30% (b) 42%
(c) 58% (d) 70%
Page 22 of 213 -
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An orthogonal cutting operations is being
carried out in which uncut thickness is o0.010
mm, cutting speed is 130 m/min, rake angle is
15° and width of cut is 6 mm. It is observed
that the chip thickness is o0.015 mm, the
cutting force is 60 N and the thrust force is 25
N. The ratio of friction energy to total energy
is (correct to two decimal
places)




Specific Energy Consumption

Power(W) = F

e=

 MRR(mm’/s) 1000 fd

Sometimes it is also known as specific power

consumption.

For 2020 (IES, GATE, PSUs)
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Q.5 (c)

(c) Describe four tests of flexibility that an automated manufacturing system
should satisfy to qualify as being flexible. Also list the application areas where
FMS technology is successfully employed.

Source Frorﬁ S.K. Mondal Sir Class Notes

= Can change the design of the product or even change the

Automation Application

Froces

—

! " What is an FMS?

A flexible manufacturing system (FMS) is a

Cellutar 3 2 " 5
product by changing the program, e PR manufacturing system in which there is some
i i amount of flexibility that allows the system to
= Used for the low guantity production of large number of = Jer ¥ Y S react in the case of changes.
A i
different components. S reainie \ *» Two categories of flexibility
% & i = ¥ = Machine flexibility, covers the system's ability to be
« Equipment are designed to be flexible or programmable. Z . P fristineiis s et it b e
High investment in general purpose equipment = ined change the order of operations executed on a part.
Manual Production = Routing flexibility, which consists of the ability to
* Most suitable for batch production - use multiple machines to perform the same operation
& Tiieroeod Vateavhon fived ' 0 10.000 1.008.000 on a part, as well as the system's ability to absorb
large-scale changes, such as in volume, capacity, or
- Production Cuantaty ~ 1 capability. -
— ———— PSS
FMS Components FMS Goals Advantages of FMS
« Most FMS systems comprise of three main e m..m_ufa_c_mrmg coet bylowering duv:cl « Faster, lower- cost changes from ene part to another
systems labor cost and minimizing scrap, re-work, and material which will improve capital utilization

* Work machines (typically automated CNC
machines) that perform a series of operations;

An integrated material transport system and a
computer that controls the flow of materials,
tools, and information (e.g, machining data
and machine malfunctions) throughout the
system;
Auxiliary work stations for loading and
unloading, cleaning, inspection, etc.

For ESE 2019 Main i

Disadvantages of FMS

« Limited ability to adapt to changes in product or product
mix (eg., machines are of limited capacity and the
tooling necessary for products, even of the same family,
is not always feasible in a given FMS)

« Substantial pre-planning activity

« Expensive, costing millions of dollars

» Technological probl of exact p
and precise timing necessary to process a component

« Sophisticated manufacturing systems

wastage.

* Less skilled labor required.

* Reduction in work-in-process inventory by eliminating
the need for barch processing,

* Reduction in production lead time permitting
manufacturers to respond more quickly to the variability
of market demand.

* Berter process control resulting in consistent quality,

Page 127 of 130 s
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What are the important ingredients
(elements) of an FMS ? In what kind of
manufacturing scenario, is it best to be
employed ? For the same case, or in general,

enlist its four major advantages.

[12 Marks]

« Lower direct labor cost, due to the reduction in number
of worl

* Reduced inventory, due to the planning and
programming precision

= Consistent and better quality, due to the automated
control

= Lower costfunit of output, due to the greater
productivity using the same number of workers.

* Savings from the indirect labor, from reduced errors,
rework, repairs and rejects

by S K Mondal
e ———e
IFS 2018
‘What do you und d by Flexible Manufa
System (FMS) ? [ 3 Marks]

‘Which conditions are suitable for its application?

[7 Marks]

Similar Theroy in MADE EASY Theory Book — Manufacturing Engg
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6.12 Flexible Manufacturing System (FMS)
A flexible manufacturing systams integrates all major elerments of manufacturing into a highly auto
mated system. FMS consistof manufacturing cells, each containing an industrial robat and an autonrated rateria
handing systems, all interfaced with a central computer.

FIS can beregarded as a system which combinethe benafitaf twa other sy stem (a)the highly produdion
but inflexibla transfer line (b) job shop production which can produce large product variety on stand -akong
machines but is inefficient.

£.12.1 Elements of FM5S
Thebasic demeants of a flexible manufacturing system are (a) workstatons, (b) avtomrated handling and
ransportof materials and parts, () control systems and (d) Avlomated storageand retrival system.

6.12 Just-In-Time (JIT) Production

Thejustin-

* Receive supplies justin time to be used.

* Produce parts just in time o be madeinto subassemblies.

* Produce subassemblies just in time to beassembled intafinished products.
* Produce and deliver finished products just in tirme 1o be sald.

o Postal Study Package EUIY] Production Enainesring | 257

Machining

6.12 Aflexible manufacturng cell showing two machine tools, an automated part
inspection system, and a central robot servingthese machines

m is highlty aulomated and is capable of optimizing each step of the total manufacturing
ops may invokveone ormore proces ses and operations (suchas machining grinding, cutting,
anufacturing, heattreating and finishing) as well as handling of raw materials inspection and

ity of FMS is such that it can handle a variety of part configuration and produce them in any

time production conceptwas implementedin Japan to eiminatewaste of materials, machines,
and inventory throughout the manufacturing systen. The JIT concept has the following goals:

(wwmdm:ypublk:tie_.elg MROE ERSY Theory with Solved Examples m

Q.5 (d)

(d) Describe at least five main functions carried out by coating on electrode in
¢ arc welding process. Also, list the constituents of coating and their

electri

purpose.

Source

Same questio

n in Test -7 of MADE EASY MAINS TEST SERIES

Q.5.(c) Solution:

Functions of flux coating:

1.  Flux coating material may act as deoxidizers.

2. Flux coating material by forming the slag, protect liquid metal from the
atmospheric gases.

3. Flux coating material increases the strength of the joint by adding alloying
element.

4. Flux coating material control the viscosity of liquid metal and heat transfer rate
in the weld pool.

5. Flux coating material by reducing the arc blow increases the stability of the arc.

6. Flux coating material by reducing the heat transfer losses increases the heat
concentration on the workpiece.

Flux coating materials:

i De-oxidizing material: Graphite, Alumina, Ferro silicon and Ferro manganese.

ii. Slag formation compounds: Iron oxide, Silicon dioxide, Titanium oxide, Silica
flour and Calcium fluoride.

iii. Arc stabilizer: Sodium oxide, Calcium oxide, Potassium silicate.

iv. Alloying elements: Chromium, Nickel, Cobalt and Vanadium.




Q.5 (e)

(e) Explain the distinction between the following using block diagrams and
examples :
i) Measurement systems and Control systems
(ii) Open-loop systems and Closed-loop systems

61

Source

Similar question in MADE EASY MAINS Workbook

UP W @ vunaaig e e

coefficient of sliding friction as 0.15and cylinder bore diameter as 50 mm. Calculate the surge pressure \
3. Control Systems

“Control System”, And State the difference between “Openloop Control

nin detail about the word
s stem” with proper examples for each.

System” and Closed Loop Control Sy
MENN ... _ ... ..athomatical model of ‘Automobile suspension system of one wheel H}M

From MADE EASY THEORY BOOK

MADE EASY Control Systems | 349

156.2Close Loop System

Achssdbopcontml system usssa measursment of the output and lesedbac k of this signal io
compars it with the dasire doutput. The syslemcan bs easily spoitad by ssaingits blockelation, it doss
ot akways maintain anly ilation fomone block head io anothar block tail, it als=o has elation from|
differant blocks as shown in Fig. 154 of chssd bop fesdback control system. Since the increasing
complexity of the systeamis undsrcantmoland the optimum psdormance of fes dback systam has growr
it in past tew decadss.

Dresired Qwiper
T mpar ko Frooess [
‘—| H ‘Cormolisr |——| O gt
l Memmure et

Fg 15.4 Close loop ¥ (feadback =y=tem)

Advantages:

1. Ches bopcontralis moms accurate, svan in the cass of non-linsarity.
2. Highly accurate becauss the emorof output can be moditis d by fesdbac k signal.
3. Rangs of Bandwidth is largs.

4. Lessarsansitive to disturbance and noiss.

5. Lessarsansitive 1o tha characteristic eand paramstsrvariations.
Disadvantage s

1. The cost is high.

2. Dss=ign iz complicalad.

3. Mo maintenance Bquisd, whith futhar ncreasas thecost.

4. Owarall gain educss dus o fesdback.

15.7 CONTROLLABILITY

It can ks definedas the ability of taking input from any extemal sounce to maks changssin the
ntarmal state of any davica fromone state fo anotherstats ina given time intarval. A systamis at a slats
pfwsctor Xcan be called ascontmllabls if the stats of sysfem ischangsd whan input ischangsd.

15.7.1 Contrellability Matrix

Far linsar tims-invariant system, C has full ow rankof g
[Fi= tha dimension of the matrix aleo calbdordsrof the systam)

C=[8-A8- A8 .. AR Ble A=W
Asystlamecanbs caledas controllablewhen a state X can bs transfamsdio the zem stats X=0
ina given numbsr of sleaps.
A systemcan be called ascontmllabb whan the rank of the system matrix A is @ andihe rankof
tha contmllabilty matrix is,

Rank (2] = Rank (4=

lftha sscondequation iz not satistied, the systemcan't ba treatad ascontmlliabls.
In MATLAB controllability matrx can bs easily create dwith the ctrbcommand. Forcontrallabilit
matre: () simply typs.

C=cib (4 8)
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Tha phass charactarnistics ars necessary forcompansation systam, espacially if the magnituds
responss isto mmain consiant. Oocasionally, it is nscsssanyto alter the phass charactaristic=of a given
syelem, wihout alterngthe magniluds ¢ haracteristics. To do thig we reedioalarthe e gquency responss
n such awaythat tha phass respones isaltersd but the magnituds responss is notalersd. To do this
wa impEmant a specialvanatyol controllersknown as phass compensatos. They ae callbdocompsnsators
bscauss they help to improwve the phass responss of the system Thers ars two genamal typss of
compsnzators: Lead Compansalorsand Lag Compsnstors. 1 ws combine the two types, we can geta
epecial LeadLag Compansator systam.

156 CONTROL SYSTEM CONFIGURATION

Thar ars two typasof contiol systemeonfigurations:

1.  Opsn bop contnl systems ar non-fsedbac k contol systsms.
2. Chsadkbopocontiol systems ar feedbac kocontl syslams.

156.1 0Open loop Systems

An opsn bop contolsystem utilizes an actuating device to contolthe pocsss disctly without
usinglesdbackchannsl A component orprocess fobs controlledcan bs represanied bya block diagam)
a= shown in Fig. 15.2. The blbckoan bs investigatedons at a time, the output of one bloc kwill Bs inpui
o anotharblock andws can uss causs andseflect reasoning. This will become complizated whan it ig
connectedin ackhss bop system becaussof interaction between diferant bloc ks,

1:‘“-..3 G

Rg 152 Process @ be controlled

Doz ireacd om:.—l Achuacing Daylice ‘ - Frocans l—\-j U
PESDon e
Fg 153 Open koop control system (Non feedback)

Example: Elscimnic fan switch.
Relerance inpul: Whan the fan switches on, a 230 V iz applied. So eferncs input is 230

mignal.

Controler: The skcotonic voltags controllerwhan tuming the knob to the dasired position, the
mltags will increass or decreass to an approprate valus. It can have a valus liks 230 WV which is ai
maximumspsadand 115 W at half speedand @ on. Onces we sst the spssd nothingeedto bs dons, B
ham arms thes fans and you tum the knob at sams amount but the spsed i= slightly difersnt for aveny
an. Thizhappens becauss of happropriate ssttings, inconsisiency in ballbsaring pardormancs, imps fect
blads designwhich caussas diferentamount of dragforces. S0, an opsn bop system is one wharns we
cannotcormect the ermorof desed output and the actualoutput.

Advantages:

1. Simpk construction 2. Lowcost

3. Mainknance issasy 4. Stability i= good
Disadvaniages

1  LessAccuracy
2. Raliability iz kbss

3. Thachangs in outputcannot be mo diied

Q.6 (a)

6.

(a)

Source

Similar from S.K. Mondal Sir Class Notes of Mains Batch

(i) In an open die forging, a strip 150 mm wide, 400 mm long and 10 mm
thick is compressed in plane strain such that the dimension 400 remains
same. The yield strength of material in uniaxial compression is equal to
200 N{mmg. Find the minimum, average and maximum die pressures at
the beginning of plastic deformation if the coefficient of friction on the
interface between the die and the material is equal to 0'1.




. »
€ E QA <
.
EONATEIn Will noeur,

IES — 2005 Conventional

A strip of lend with initial dimensions 24 mm x 24 mm x 150 mm is forged between two flnt
dies to a finsl size of 6 mm x 86 mm x 150 mm. If the eoefficient of friction is 025,
determing the maximum forging fores. The aversge yield stress of lead in tension is 7

Nimm?

Solution: = 6 mm. 2L = ¥ mm, p=0.25

r =L l|,,-l'-4u LIS | | = 38,68 mm
b o L) 22025 | 2x0.25)

F =2 Jll 5l J\IIH.:FJ\ 2 ,'L-hl B, dx

Applying Von-Mises theory K- " = 404 N T oman
s 25

P = L2 = 16,16 N ¥ sriim®
M

or
o 2025 . NI
| | or Fa2x [ 1616+ 2222 (30,68 - x) | 160 dx + 2x [ (224040 © 160 dx
= 510 kN + 20,10 kN = 591N [Von — Mines)
g, o R K 45 :
Applying Tresea's Theory, K= = 85N lnm®; P = —=- 1_ =14 N mimi®
2 p 025
i 2w A5 > m,
F2x | !|.| 2222 30,68 - x| 160 cix+2 [ (2x3Ee 150 - dx
(] | in i

442 RN + Z6EN = ABTEN (Tresca's)

Praclice Problem-1

A strip of metal with initin] dimensions 24 mm x 24 mm x 150 mm is forged botween two
flat dies to a finol size of 6 mm x 96 mm x 150 mm. I7 the coofficient of friction is 0,05,
determine the maximum forging force. Take the average yield strength in tension 18 7

Nimm?
Given: 2L =96 mm; L = 48 mm; & = 6 mm; B = 150 mm; p=0.06

E = 4.04 N'mm?
x, == 90,156 mm

Since x, came negative so there will be no sticking only sliding will tuke place

by § K Mondal

Q.6 (a)
(ii)

fiij For a product, the purchase prices are given below :
SI No. Order Quantity (Q;) Unit Prices (¥)
1 Q, <500 10-00
2 500 £ Qy <750 9-25
3 Q5 2750 875
Determine the optimum purchase quantity if the annual demand of the
duct is 2400 units. The cost of ordering is ¥ 100 and the inventory
g charge is 24% of the purchase price per year.

pro
carryin

Source

Question asked in TEST SERIES — Test No. 15
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Q.5 (¢} Svlution:
I, C = 1250, &, = 10% of C

|20, 12 % 15000 5 2500

ROl = 'I,' e 1"| TS0 =01 = 1732151 unils

I'his calculated A0 do ot fall under offered Inl size of 1-149Y, a0 we have (0 gao o nest
unit price,
It C =125 C, -01=233-1235
120, 12 15000 = 2500

[ ||I| = \l EER] = 178071 unils

TIC(ECQ) = (OG0, - 2% 15000% 2500« 235 - 14196214
Total cost, (TC) = TIC+ D= O = 198214 + 15000 = 235
2356606214
2]

7

Total cost, C{Q = 2500) - D¢+ 2w, |_L_:xu.
L
250N
" (mwuzajn[ E

15000
o) o5
K_5>C|J.1] | [ =00 K-.UIJ]

= 3375000 + 28125 + 15000
73418125

T
I

' ’
Terlal cast, T = 50400 =Dx1‘+%x-:'.l.| —5:::('1,

1 =
(13000 220] | '_::_::' £ 250 | .:r:m w11

= 3300000 + 7300 + 35000 = T3362500
As evident from total inventory cost which is minimuon for Q= 5000, buest Lok siac for

ordering is SO0 and abave,

Q.6 (b) (b) What is a eutcctoid reaclion? Explain the development of microstructure in
iron-carbon alloys of hypocutectoid, eutectoid and hypereutectoid
compositions when they are cooled from high temperature with the help of
ncatly labelled diagrams indicating the phases present,

Source From MADE EASY Theory Book
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Figure 57 FeFe.C phasediagam

58.1 Eutecti Reaction

On such phase diagram, there appears a point atwhich there is no mushy zone and liquid directly
converts into two different solids. At Eutectic point 3 phases exist in equilibrium simultaneoushy.

% nsc
L——1 Fa,C

582 Eutectoil Reaction (phase mixtureofiron)

. TI5C
DT

v+ FeyC o (poarlits)

* When one solid upon cooling conwverts into tvo different solids, thesereacton k called Eutecioid reaction.

( leeasypublications.org MRADE ERSY Theory with Solved Examples 113
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* Austeniteis not stable below T25°C so carbon diffuses from oneinterstitial sidetoanother and forms
alternate plata like structure of o and Fe,C callad Pearlite(rasult of diffusion process)

*  Similarly eutectic decomposition produces alternate layers of austenite and cementite and these
microstructures are called Ledeburite.

* Thereare Stypes of inon:
o.- Ferrite
- Austenite
&- Iron
Feq C- cemantite

58.3 Peritectic Reaction

54l 1490 o
* =E o 1a% ?
‘When there is a large difference in the melting paint of two materials, solid and liquid phases changes o
come io solid phase or cooling and vice-versa of heating, the state of the system is peritectic point.

58.4 Definitionof ImportantPhases
o - Ferrite. It is define as an interstitial. Solid solution of carbon in @ iron which is of bec structure
having Nﬂu = 2and magnetic in characlteronly upto 768°C during heating.
(i} ¥-Auslenile: Itis defineas an interstitial solid solution of carbon in 7-iron which is of FCC structure
with ."Jm alom = 4 and non magnetic in characteristic.
{8} &-Farile:is define as an interstitial: solid solution of carbon in ironwhich is of BCC structu rewith
""'mg =2 and non magneticin character.

Name Type Temp erature Structure C-content
Ferrite ) below 725 bee 0.05%
&-lron & 1410 - 15838°C beo 0.1%
Austenite 910° — 1410°C hi=] 2%
Cementite Fel below 1175°C Orthorhombic 8.67%

5.9 Peritectoid Reaction

‘When two solids combine together o form a single solid

a . _Coming o
A
MNOTE : This reaction appears in aloys when there is large difference in the melting point.

The phase diagram on which this reaction appears are caled periectic phase diagrams. Thera is anather
fourth invariant reaction which dossn't appear on Fe- G diagram is callad peritectoid reaction.

m Theory withSolved Examples MAOE ERSY wwnwmadesasypublications.org )

Similar question asked in ESE MAINS Test Series Test No 15, Question 6c(ii)

MADE EASY Test No : 15 MECHANICAL ENGINEERING | 39

Q.6 (c) Solution:
(i)

1535°C—
G-ferrite__
(BCC)
1410°C:
Austenite=— ¥ : 1 @;nsavc
L (Fco) H . H H
= VoA H !
: 810°C b v+ FeC
¥ oag P H
g G 1 | |
@ ferite (BCC)——=* - - —
[ == - b 1 725°C
H ees} 1(3) | Casl-rons
] e i
1y 1 Hyper +Fe,C |
! @ | eutectoid * A H
H ) stesls Hypo |
Hypo . eutectic | Hyper eutectic cast iron
¥ i
eutectoid steels E besk:lron |
i . i (Fe,C)
100%Fe  0.02% 0.8% 21% 4.3% B6.67%C

Percentage of Carbon
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Q.6 (c) Solotion:
Annealing : Annealing s the heating of steel to austenizing temperature and then coeling
slowly in the furmace.
The purpase ol annealing, is :
. To reduce hardness
. To improve machinability
. Toinereaae or to restore duclility
. To relieve internal stresses
. To reduce or eliminate structural imhomogenity
fs. T refine grain mize
7. To prepare steel (or subsequent heal trealment,
Slow cooling resulls in the formation of sphercidal carbide and (coarse) lamellar
pearlite. These products are very soft. 'The cooling rate during annealing varies

=

LRI ST

depending upon the alloving elements in the atesl and lower rate of cooling is used
tor alloy steels as compared to plain C-steels. Annealing results in the formation of
ferrite, spheroidal elementand coarse pearlite. All these phases and micro - constibuents
are relatively soft and therefore this is known as softening treatment and produces
relatively lower hardness values will ductility increases. There are 4 types of annealing
proess,

1 Full Anncaling : Primary objective of this process is to reduce hardness and
increase ductility,

The process invalves

{a)  heating the steel to about 50° to 753°C above the upper critical temperatuce for
hypoeutectoid steels and about 50° to 75°C above the lower critical temperature
for hyper eutectoid ateel.

(b} Holding at this lemperature for a suflicient lime depending upon the thickness
of object the holding time is 3 - 4 ming mm of thickness of the largest sections,

(e Followed by slow cooling in the furnace. The rate of cooling vares from 30°C -
AKIC per hour depending upon the composition and stability of austanile.

2. Process Annealing : [Uis usually carried oul to remove the effects of cold working
and to soften it to make it suitable for further plastic deformation as in the case of
sheet and mill industries. Itis the recrystallization of cold worked steel by heating
below the [ower critical temperature. The exact temperature depends upon the
extent of cold working, grain stze, composition and holding timae.

3 Sphercidize Annealing : This process is applivd to medium and high carbon
steels which are difficult to machine. These stecls are heat treated (annealed) to
develop spheroidite structure of FeC embedded in @ matrix of e-phase of iron - 20

et MRADE ERSY [ E—
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These steels wre heated below lower eritical temperature at about 600°C, soaked
at this temperature for about 18-24 houwrs and then slowly cooled.

4. Diffusion Amncaling : Diffusion annealing o homogenizing 1s applied to allow
steel ingols and heavy complex casting for eliminating the chemical
inhomogeneily is applied to alloy within the separate crystals by dj
Homagenizing is carried aut at lemperature TIXIE - 2007,

1.7.(a) Solubion:
Side riser:

For side tiser, volume, V = rlh

Surface area, A = 2nr + 2nrh

[ ] O 2 |

Q.6 (c)(i) (c) (i} Describe, with neat sketches, the working principle of—
(1) linear variable differential transformer (LVDT);
(2) Hall effect sensor.

Source Direct from S.K. Mondal Class Notes




LVDT

* Acronym for Linear Variable Differential Transformer,
a common type of electromechanical transducer that
can convert the rectilinear motion of an object to
which it is coupled mechanically into a corresponding
electrical signal.

» LVDT linear position sensors are readily available that
can measure movements as small as a few millionths of
an inch up to several inches, but are also capable of
measuring positions up to +20 inches (+o0.5 m).

* A rotary variable differential transformer (RVDT)
is a type of electrical transformer used for measuring
angular displacement. by S K Mondal "

LVDT

T 3ginkess Sted Hewsing and Bnd Cops

I'i|'| High Mermackility  Migh Denaty Closs Flisd
|1 Mamnorc Shol Potymer Coll Ferm
\ \"\ Coil Assombly /7

f ] | II
! Frigary Wirding —% r

Secomdary Windingy —— k;arp—i
Encopeviaton

Core
Threaded Hzle

-
(o snchh _.__° |

High Parreability MNiCk! Inom Cong

Source

MADE EASY Theory Book — Mechatronics Pg 327




142 HALLEFFECT SENSOR

QuEntRy
Hall Effect isan idsal ssnsing technokbgy. A hallelkement is to besensad

mads by using a thin conducting shest wham ite output tarminals

am kapl parpandicularto the dirsction of curant. l
The blbck diagamot a Hall Effect sansing device is shown h:ﬁdazae

n Figurs 14.14. 4 Hall Effect bassd sansingskemeant is oftancalled S21803

Davice
B Hall davica. A Hall Effect seneor sanses the magnstic field and |

maasuns s the physical quantity (like cumant, tempeatus, position Eystem

Mamematk
Bnd prassurs, sfc. jthrough the changs in the magnatic fisldamund
ha medium inwhizh the phystal quanfity is o bs measursdthiough |
ha input intedace. The skctrical signaltrom the Hall EHect ssn=or Hall i =all
Is convared into a desirsd signal according 1o the applization Element . ;Er
rmequismentzofthe output inledace.

14.2.1 Theory of Hall Effect |

The Hall EHact was discovensd by the physicist Edwin H. EIECH
Hall in the year 1879, The Hall EHact was named attar him. The |
haory of Hall EHect slates that a vollags potantial is develbpad

Electizal
pocmssa conductorwhan a magneit field isappliedat rightangkes Signal
o the dirsction of an elecinic cumant in the conducior. Fig: 1414 General Sensor

based on Hall Effect

Q.6 (c)(ii)

() A measurement system consists of a cylindrical load cell of diameter
2:5 mm. The material of the cell is steel with modulus of elasticity,
E =210 GPa and Poisson’s ratio, y =0'3. This carries four strain gauges
each with gauge factor 2'1. Two of them are mounted longitudinal and
other two are transverse. The resistances of the gauges are 120 Q. This
load cell is required to yield a voltage through the bridge of strain gauges
with bias 10 V. If the maximum load sustained by the cell is -2500 N, what
is the corresponding voltage across the bridge?

Source

Similar question in ESE MAINS Test Series — test 15
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Q.7 (b) Solution:

(@

Load cells are elastic devices that can be used for measurement of force through indirect

methods i.e., through use of secondary transducers.

Load cells utilize an elastic member as the primary transducer and strain gauges as

secondary transducer. When the combination of the strain gauge-elastic member is used

for weighing, it is called a “load cell”.

While designing load cells using strain gauges the following factors should be

considered:

i. Stiffness of the elastic element.

ii. Optimum positioning of gauges on the element.

iii. Provision for compensation of the temperature.

When large loads are to be measured, the direct tensile -compressive member may be

used, whereas, in case of small loads, strain amplification provided by bending may be

used with advantage.

Strain-gauge load cells: These cells convert weight or force into electrical outputs which

are provided by the strain gauges; these outputs can be connected to various measuring

instruments for indicating, recording and controlling the weight or force.

Usually the strain gauges are directly applied to the force developing device and the

device is calibrated against strain-gauge output.

* These are excellent force measuring devices, particularly for transient and non-steady
forces.

* These are used in conjuction with CRO (for display purposes) for measurement of
rapidly changing loads.

Construction and working of the load cell:

It consists of a steel cylinder, on which four identical strain gauges are mounted. The

gauges Ry and R, are along the direction of applied load and the gauges Ry and R

are attached circumferentially to gauges Ry and Roy All the four gauges are connected

electrically to the four limbs of a Wheatstone bridge circuit.
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Load (force)

Steel cylinder

Strain gauge

Lid cell Wheatstone bridge circuit

When there is no load on the cell, all the four gauges have the same resistance
= Rg2 = Rg3 = Rg4). Obviously the terminals B and D are at the same
potential, the bridge is balanced and the output voltage is zero.

ie, Vg™ Vip =0
and, Vig=Vap = V,=0
On the application of a compressive load to the unit, the vertical gauges (Rﬁl and Rg4)
undergo compression (i.e., negative strain) and, therefore, there is decrease in resistance.
The circumferential gauges Rgz and ng simultaneously, undergo tension (i.e., positive
strain) leading to increase in resistance. The two strains are not equal; these are related
to each other by a factor, i, the Poisson’s ratio.
Voltage due to applied load will be given as:

dR _V )

= (1+p)| —x—=
B~ 1L u)(R d

Obviously, this voltage is a measure of the applied load.

The use of four identical strain gauges in each arm of the bridge provides full temperature
compensation and also increases the sensitivity of the bridge 2(1 + p)times.

Uses: The strain gauge load cells find extensive use in the following:

i. Road vehicle weighing devices.

ii. Draw bar and tool force dynamometers.

iii. Crane load monitoring etc.
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(ii)
We know that, output voltage is:

vV = (1+p)(G.F)xe x%
G.F = Gauge factor
= Poission’s ratio
€ = Strain
V, = Supply voltage
o 1x10°
We know that Rl —— =5x10°
E  200x10
So, output voltage,
vV, = (1+0.3)><2x5x10"“><% =3.9x 105
V, =39V

Sensitivity of load cell wheat stone bridge,

5= Lo Ml 2 13 x10° V/N
= ———————— = » B
P 3x10°

Q.7 (c) Solution:
)

1. Size of abrasive: By increasing size of abrasive MRR increases because impact
will be on more area, so MRR increases. Because standoff distance is large so
MRR will never decrease.

MRR

Size of abrasive

ocopyight MMADE ERASY www.madaeasy.in
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Q.7 (a)(i) 7. (a) (i) On the basis of microstructure, briefly explain why gray iron is brittle and
weak in tension. Compare gray and malleable cast irons with respect to
(1) composition and heat treatment, (2) microstructure and (3) mechanical
properties.

Source Question asked in-Te-st Series — test No. 15




QL5 (d) Selution:
Cast lenn: Cast iron are defined as the iron-carhon alloys thal contain carbon between
1% and 467, However commercial rasl irona normally contain lesa than 4.5% of
virbore, They can b castly melted because of the high pereent of carbon and can be
vistable o reguired shape bocause of their floidity.

=noeenh [MRDE ERSY R MATRARRY. N
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Cray vt non microstructure consists of graphite fakes dispersed throogbuoot the metal
malriv.’ I he lips al the graphile akes are sharp and pointed, and mav acl as the sites (or
rrack initialion, when an external tensile stress is applied,

Laray caskinmn Kladisahle casl tim
[} i -71a-1% (R
arpastan and w-1-10%
bl ~eaiment kin - = 00%%
Neqrires inlial =apiE cocling e Aormeadion nbwhie
saxiiron. laber. whitecas Imn e e ab 1074811

I mam graphiis fermatan, whics bads b boenban
o mallaahic -anf iron
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— ey gned damping craracterisc s e praphie
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Alalankal
vhara knalics

¢ Goand nmrdava b allisases i,

o se damper marhize hyve malerae, eopine iemes snginasnng Epermen and ather
appitaine | hierks ok sutrabies e lnding canneTo rrde. ransmisinn

Fram and miser fewey dinhe nereines

Q.7(a)(ii) | i) Cite three sources of internal residual stresses in metal components. What
are two possible adverse consequences of these stresses? Describe the
following heat treatment procedures for steels and for each, the intended
final microstructure :

Full annealing, Normalizing, Tempering and Quenching

Source Theory in MADE EASY Theory Book — Material Science
Also in Class Notes
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813

Slow cooling results in theformation of sphemidal carbideand (coarse)lamellar pearite. These products
areveary soft. The cooling rate during annealing varies fromm depending upon the allying element in the
steeland lower raleof cooling is used for alioy steds as compared toplain C-steels. Annealing results in
theformation of ferrite, spheroidal element and coarse pearlie. All these phases and micro - conslituents
araralativety soft and therefiore this & known as softening treatrment and produces refatively owerhardness
walues will ductility increases. There are 41ypes of annealing process.
1. Full Annealing : Primary objective of this process is loreduce hardness and increase ductility.
The process invahyes :
(@) heating the steelto about 50 to 75°C above the upper critical termperatura for hy posutecioid
steels and abovethe kower criticaltemperature for hyper eutecioid stesl.

(b) Holding at this temperature for a sufficient time depending upon the thickness of object the
holding time is 3- 4 min/mm of thickness of the largest sections.
() Foliowed by siow cooling inthe furnace. Therate of cooling varies from 30°C - 200°C per hour

depending upon the composition and stability of austenita.

2. Process Annealing - It is usualy carried outto removethe effects of cold warking and o soften itto
make it suitable for further plastic deformation as in the case of sheet and mill industries. It is the
recrystallization of cold worked steel by heating below the lower critical temperature. The exact
tarmparatura depends upon the extentof cold wiorking grain size, compaosition and halding time.

3. Spheroidize Annealing : This process is applied o medium and high carbon steels which are
difficult to machine. These steels are heat treated (annealed) to develop sphemidite structure of
FeqZ embedded in armatrix of -phaseof ion. These steals are heated batw bwer criicaltemparatire
(4] at about B00°C, soaked atthis temperaturefor about 18-24 hours and then siowly cooled.

4. Dillusion Annealing : Diffusion annealing or homogenizing is applied o aliow steel ingots and
heavy complex casting for elirinating the chemical in homogeneousty is applied 1o alkky within the
separale crystals by diffusion. Homogenizingis carried out at temperature 1000 - 1200°C.

Normalizing

It is the heat treatment process which is given to a product, which are subjecied to relatively high
stresses, the process consistof heating steel toatemperature 40 - 50°C abovethe linewhere austenite
is stablke, halding at thattermperaturedor 2 short period and subsequently cooling in air atroomtemperature.
This & known as air quenching , normalizing produces microstructure consisting of ferrite and pearlie for
hy po-eutectic steel and pearlite and cementite for hy pereutectoid steel. Mormalizing increase impact
strength in steels. Mormalized steelare harder and stronger butless ductilethan anneakd steels wih the
same composition.

Comparison between Mormalizing and Annealing :

1. Mormalizing require a heating rangewhich is about 40° C abovethat of annealing.

2. Mechanical properties of sieels are belter than thos e produced by annealing.

3. Heat treatment process is of short duration due toincreased rate of cooling of the metalin air,

4. If mechanical properties is nol the main concern of the heat treatment, better machinability and
removal of internal stresses is possible in annealing than obtained by normalizing.

Hardening

1. Hardening is a process in which steelheated to austenite temperature held at this termperatureand
then quenched in water il or molten salt bath.

(uﬂmmdeensypubli:ntions.mg MADE ERSY Theory with Solved Examples m
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2. Hypoeutectod sted areheated from 30 - S0°C abore theupper criticalterrp eratur e, while hy pereutectoid
steels are heated abovethelower criticaltemperature.

3. Cooling at arate higher then the critical value enables the austenite o be supercooled to martensite
point. Due to rapid cooling carbon freezes atits bbcations and the micro structure appears like
coloidal solution of cementite in ferrite.

] After hardening, steel must be tempered to reduce brittleness, relievethe internal,
stress caused by hardeningand toobtan thedesiremechanicalproperties of steds.

] Hardening followed by tempering is to increasethe mechanical properties of stesl.

4. Incaseoftool steels, it increases the hardness and wear retaining thetoughness atthe sametime.
5. In caseof structure steel, it improves strength, activity and toughness.

The process is carried outin three stages :

(il Heating the object o a temperature above the critical point.

{iij Haolding theaobject at this temperature for a definite period.

{ii) Quenching in a suitable medium.
Wehavediscussed only one method so far. Howev er, severalmethods used in hardening can be listed

as follows:

1. Quenching in single medium 2. (Quenchingin double medium
3. Hardening with self-tempering 4. Martempering
5. Austempering
Tempering
The martensitewhich is formed during guenching is oo britleand hence cannot bz used in many cases,
theresidual stresses arealsodeveloped durng martensiteformation hence hardening should be folbewed
by temrpering. Tempering consists of heating the hardened sted o a terrperature below the lower critical
temperature holding it for sometime and then cooling skowly. It is the final operation of heat treatment.
Some advanlages -
1. Residual Stresses ararelieved.
2. Ductility is improve
3. Toughnessis incoeased
{al Thehigher thelemperingtermperature, the morewill be theresidual stresses in which hardness
is reduced and toughness is increased at high temperature. The work is cooled skowly after
termpering . The cooling rate considerably affectthe residual strass.
{b) The slower the cooling the lesser will be the stresses. Rapid cooling in water develops naw
thermalstress.
Tempering can beclassified into :
1. High Temperalure Tempering (Sorbite) - It is employed at 500 - 650°C. The resulting structure
consistof solubility which gives good strength and toughness.
2. Medium Temperalure Tempearing (Trooslite) - This typeof terrpering is employed at 350 - 500°C
the resulting steel structure consists of tempered troostite.

After termpering the work is cooled inwater, This increases the endurance lireit in caseof spring.

Theory withSolved Examples MADE ERSY wwwamadesasy publications.org :]

Q.7 (b) (i)

m @)

- == - el e
Why is unilateral tolerance preferred over bilateral tolerance? Find the
limits of tolerance and allowance for a 25 mm Hgdg shaft and hole pair.
The 25 mm shaft lies in the 18-30 diameter step. The fundamental
tolerance can be computed using i =045 ¥D + 0-001D pm. For Hg hole,
the fundamental tolerance is 25i and for dg shaft, the fundamental
tolerance is 40i. The fundamental deviation for the shaft can be
computed using ~16D% % pm. What type of fit is given by Hgdg?

List the causes of getting primary texture and secondary texture in
machined components. Further, list the three main methods of]
assessment of surface texture.

Source

From S.K.Mondal Sir Class Notes




P/ﬂl_ :
|IES-2015 Conventional
Determine the fundamental deviation and tolerances and the
limits of size for hole and shaft pair in the fit: 25 mm H8dg.
The diameter steps are 18 mm and 30 mm. The fundamental

deviation for d shaft is given as -16D°44. The tolerance unit is,

- 3
i 0.45¥D +0.001D 56

The tolerance grade for number 8 quality is 25i and for 9
quality is 4oi.
[10 Marks]

69
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Q.1 (¢) Solution:
We know that,
Fundamental tolerance, i= 0.45(D)"/? + 0.001D
Now, D = J18%30 = 23.238 mm

Putting value of ‘D’ in equation (1).

1]

i = 045 % (23.238)!/3 + 0.001 x 23.238
1.3074 pm

251 = 25 % 1.3074 = 32.685 um

For IT8 grade tolerance

atoprgst [MIADE ERSY WWW.madaeasy.in
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For IT9 grade tolerance = 40i = 40 x 1.3074 = 52.296 um
Fundamental deviation of ‘f’ type of shaft = - 5.5D"4!
= 5,5 x (23.238)041 = 219,976 um = - 20 pm
Tolerance of hole = 251 = 32.685 um = 0.032685 mm
Tolerance of plug gauge = 10% of 32.685 um = 3.2685 um
= 0.0032685 mm == 0.00327 mm
Tolerance of shaft = 40i = 52.296 um = 0.052296 mm = 0.0523 mm
Tolerance on ring gauges = 10% of 52.296 pm = 5.2296 um
= 0.0052296 mm = 0.00523 mm

Maximum = 2500327 mm
co <
Minimum = 25.00 mm
Maximum = 25032685 + 0.0032685

NO GO < = 25.03595 ~ 25036 mm

Minimum = 25.032685 ~ 25.0327 mm

Maximum = 25 = 0.020 = 2498 mm

GO <
Minimum = 25 - (.02 - 0.00523 = 24.9748 mm
Maximum = 25 - 0.020 - 0.0523

NO GO < — A
Minimum = 25 - (.02 - (.0523 - 0.00523

=24.9225 mm

For plug gauge

For ring gauge

General purpose gauge:
J 00032685 mm

Fug Hols IT8 = 0.032685 1

Gauge ;
B i 00A2685 sl zero line = 25 mm

£,= fundamental deviation = (.02 mm

"""""""" [ 0.00523 mm

Ring

gauge Shaft IT9 = 0.0523 mm

[NOGO | | 0.00523 mm




Q.7 (b)(ii

ESSCOSIIVIIL VI oWl ldacts LCALUIT,

(i) Five jobs are to be processed on three machines. The processing time

(in hours) is given in the following table. Find the optimal schedule so that
the total elapsed time is minimized. Also, find the idle time on each machine :

Jobs

o Il dy oy

Js

M | 8 10 © T
Machines | My | 5 6 2 3
My | 4 9 8 6

11
4

Source

Similar question asked in Test No. 7
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C-20
2427

=100 or C = 22427 weeks

The project will be completed in 22,427 weeks (approximately 23 weeks) if (he probahility
of completing the project is .84,
Q.6 () Solution:

This is the case of f-jobs on 3-machines. So to apply Johnson's rule, it must be converted
into n-jobs on 2-machine problem by creating two artificial machines X and Y. For
equivalent two-machine conversion, any of the following cases must be salisfied,
Minimum processing time on M = Maximuwm processing time on M,
Minimum processing Hme on M, = Maximum processing Hme on M)
Minimum processing time on A,= 2
Maximum pracessing lime on M, =7
Minimwm processing tioe on A= 7
2.2 condition is satisfied. TTence, Johnson's rule can be applied.

Jobal = eM, | XM M,
8 12 %
o a 1] ORI SRR
a 7 12 | o oala = | B | H | a F |
= 9 ™
¥ 12 1
a 2 5
H 13 15
! » W W
In it L Ot In
oo E] E] T 7 15
A 3 i ) 12 16 23
g| & £ 12 12 2 a
E w0 &) E] 24 au 21
B 1+ an Fad el 1 Bl
H | m | m £l 33 6| &
e 31 | 4 48 | =2 A4 | 73
5 | oo a5 | sa 71| A

Mk span time = 81 howrs,

Tdle time = MST - PT
Idle time for M, =51 - 37 = 44 houra.
lctle timne for 41, = 81 - 74 =7 hours,

{where, PT is processing tima.)

el timme for M, = 81 - 55 = 26 hours. 28
suoir. MADE ERSY [rmmr—
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% wtlization for M, = S-X110=4568%

74 ;
S utilization for A, = ﬁxll)ﬂ =36

55 ; ;
% utihzation for M, = ﬁ)dou 67.90%

Q.7 (a) Solution:

(i) When a solar P-V system is deployed for practical applicatio
characteristics keeps on changing with insolation and temperature. In
receive maximum power, the load must adjust itself accordingly 1o tracl
mimwn power point, The I-Y characteristics of P-Y system along with some

[ ] @ e
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7 (c 5 unila in
(Qii) () (i) A vector 25{+10j+20k is translated by 8 units in }fﬁs(;r:db b Z-axljg
Y directions. Subsequent to this the vector i8 ik ta :
and 30° about X-axis. Determine the final form of the vector.
Source From S.K.Mondal Sir Class Notes

In this case, assume the same point p(7, 3, 1)T, attached
to f is subjected to the same
transformations, but the transformations are performed
in a different order. Find the coordinates of the point
relative to the reference frame at the conclusion of
transformations.

1. Arotation of 9go° about the z-axis,
2. Followed by a translation of [4, -3, 7],
3. Followed by a rotation of 9o° about the y-axis.

Similar question asked in MADE EASY ESE MAINS test series — test 8 and test 9
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|‘P, J St

C=a075,18 N

Q.1 {e) Solution:
(1]

Q

<

P is the puint with respect e moving frame (2], 'T is the point with respect to fxed
frame and 1R1 is rotation of frame with respect to fixed frame {1].

S, =12

B -58 0
'R, =R,i0) = 58 Ce 0

0 0

1

(1)

et [MRADE ERSY

WHAITITSERE). (N
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[0 -1 0]
ath=090¢ R=[1 0 0
L u J._
equation (1)
n =1 oflz
ip=|1 0 0Of3 given IP = [23 5]
m 01
g ”
ipo|2|or]-325]
5
or p=[-3251f

i)

As,each rotabion is dome about an axis of fixed reference frame {x v =}. S0 this is called

fixed angle rotatiens,

Su, the final frame ecientation s obtadied by composition of rotations with respect to
fixed frame and the overall rotation matrix 1R2 is computed by pre multiplication of

matrices of elementary rotatbions.

Hml[ﬂ" B, 8)=1R,= Rx[B_JH__.{Elz}R;fﬁﬂ

where, 0, =&0°
@, =120°
H 3 = e
[1 0 a Cp 0 5|5 -5 0
]'I".j =l Cﬁ —53 = (1 T 1l | 5] (ST
_ﬂ 53 Ca_ —52 0 C: o D1
10 10 05 0 0BG 0.5  —Bén
7, = a0 A= 0 1 0 |=|Bas 05
2 o1 o 0B8s6 0 05 a o]
[-0.25 0433 0866
'R, = 0433 075 05
{LR6G 05 1
syt MRRADE ERSY L

B @

il
a
1
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A5 & S m?

S _ . (B,
fisr - BT T4
SUG35E 1_,;,7,.”[3"
flsl 36.6
#5) = 1522

L1 {e) Solution:

I this case, molions alternate relative 1o 1he relerence lrame and current frame. Fre 6
rultiplication will ke done far ransformation relative to lived frame e, [or those which

ire dome with respect to fised frame (reference friome) Goyz), Post muoltiplication will be

dane far lransiormalion telalive o tolaling (rame,

':T_ = Iod iz, 90) Rot{x, 90) Trans(0, 0, 3) Transi0, 5, 0)

1
p - 3
4
Si} |'-p_1]— w 17
o -1 00 1 0 0 a1 000 100 1
tononf o <l oo g foo1 o0 s)s
T ) W TR B 1 S L nono1 a4
oo o 1|foo o 1/jooo1|fonoo 1
T MADE EASY [E—
MmMADE ERSY Tes! Na @ o MECHANICAL ENGINEERING | 17
7
||
m
1

(2.2 (a) Solution:
Ciiven: =300 kN 5,,= Al ™S mm*
There are twio verlical welds (147 and 1) and one harizantal weld {14

Cantre of Gravity (G) of the weld;

3 = S0mm

Take moment sbout B weld wnd treating weld ws o line,

(IE0 130410007 = 151 = 75+ 150 % 75 + 10 = |}

¥ = 5625 mm (from kY, weld)
A, = 150f mm”
A- = 150f mm”

A, = 100f mm*

o @® =




Q.8 (a) (i) , ;
8. (a) (i) Explain briefly the following :

(1) Four configurations of Robot
(2) Work volume

(3) Spatial resolution

(4) Accuracy

(S) Repeatability

Source From S.K.Mondal Sir Class Notes
o Types of Robot (Based on Coordinate axis)
teal Joint : fgggﬁ??;;: or Ganiry Cartesian /Bobol
Irismatic o It's a robot whose arm
has three prismatic
-, joints, whose axes are
é—, coincident with a
& Cartesian coordinator. 4
L " * Used for pick and place |
work, application of
sealant, assembly
operations, handling
machine tools and arc
welding.
rm




CIIU-CIIcCior

————

Gantry Configuration

Work envelope
e showing volume
generated

Work en/velope

showing volume
genarated

PUM

precis

prefer
manif
* Gantr
must |
® The

volumr

Work envelope
(profile of
generated volume)

* Despi
precis
prefer
manif

* Gantr

must |

*The (

volumr

» Its mechanical stiffness is lower than Cartesian

and Cylindrical configurations

\

Articula

e It's arc
has a




sealant, assembly
operations, handling
machine tools and arc

welding.

Types of Robot

=

* Cylindrical
robot(R2P):

¢ It's a robot whose axes
form a cylindrical
coordinate system.

* Used for assembly
operations, handling at
machine tools, spot
welding, and handling
at die casting
machines.

Cylinderical Robot F

e,

" ,F/'.'—-""‘ T —— —_——

Types of Robot

* Spherical or Polar [ Polor Rebot =
robot(2RP):

*It's a robot whose > .
axes form a polar ‘ #’
coordinate system. L

» Used for machining,
welding, spray
painting etc.

W, PN
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V""A.-?Eu racy g%

* Accuracy - The ability of a measurement to match the actual
(true) value of the quantity being measured. The expected
ability for a system to discriminate between two settings.
Smaller the bias more accurate the data. ‘

® Precision - The precision of an instrument indicates its
ability to reproduce a certain reading with a given accuracy
‘OR’ it is the degree of agreement between repeated results. 5

* Precision data have small dispersion ( spread or scatter ) but
may be far from the true value.

¢ A measurement can be accurate but not precise, precise but
not accurate, neither, or both.

* A measurement system is called valid if it is both accurate
and precise. a8

A

. Repeatability

. =5 2 It is a

ment is e [t is the ability of a measuring system to reproduce Cont aie
output readings when the same input is applied to it swhethos

consecutively, under the same conditions, and in the characteris

same direction. of the cor

» Imperfections in mechanical systems can mean that probability

during a Mechanical cycle, a process does not stop at the
same location, or move through the same spot each
time. The variation range is referred to as repeatability.

;\ /
a5
:
XA
Y
Score: 10
‘Which of these t

accurate shoc
shooting? Reliabld

— =

5o

Q.8 (a)(ii)

e is shown in the figure given

iy ; d-o-f ¥ t { Maker Robot typ
(i) A 4 d-o-f manipulator o this configuration. Define the

below. Prepare a D-H parameter table for :
position of end wrist P in terms of joint lengths and angles :
J.q, P, 4[;‘6! Yay 24]

P(x, y, 2)
‘_..--"") d:!

Jy =
8, (about x-axis) 8, (about x-axis)

9, (about z-axis)

J > x

10

Source
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Q.8 (b) (i)

(b) (i) Draw the “ba.t‘ntub curve’ and indicate various failure regions. List the
major causes of failure in mechanical components/system. Draw the
flowchart for failure modes and effects analysis (FMEA).

Source
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Q.8 (b)(ii)

(i) Explain the mechanism of metal removal in die-sinking EDM. State the
three main advantages of electron-beam machining (EBM).

Source
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Figure 7.6 ({a} Variation of MRR with mspect o stand off distance
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Figure 7.6 (b} Varation of MRR with espect to grain size, % of grains and stand off distance

7.5 Electric Discharge Machining (EDM)

The principlect eledricaldis charge machning (EDM) alsocalled electro discharge spark eroson machining,
5 basedon the erosionof metals by sparks discharges. We know that when two current conducting wires arei
aliowed totouch eachother, an arc is produced. [Fwe ook closely atthe pointof contact between twowires, we
hnte that a srmall portion of the metalhas been eroded away, leaving a small crater,
| Although this phenomenon has been known sincethe discovery of electricity itwas until the 19405 tha
a machining process based on this principle was develbped. This EDM process has become one of the mos
mportant and widely accepted production technologies in manufacturing.

Principle of Operation

Thebasic EOM system consisls of a shaped ool {electrod ) and workpiece (as shownin Figure 1.98 (3)),
connected toa Jo power supply and placed in a digkectric (dectricaly non conducting) fluid. When the potentia
difference betwveen thetool and the workpiece is sufficiently high, a transient spark discharges through the fluid,
emoving a very small armount of metalfrom the workpiece suface thecapacitor dischargeis repeated at rate o
batween 50 kHz and S00kHz with woltageusually ranging between 50 and 380V and current from 0.1 Ato 5004

fay
Current
Recfifier control Senve contral
1‘ Monable slectrode
Power supphy =

Tank

Electrods

Figure 7.7 (a} The electrical-discharge machining proces (b} Examples of cavities produced
by the electrical-discharge machining process, using shaped electmdes (e} Aspiral cavity
produced by EDM using aslowly rotating electrode, similar to a screw thread
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Theworkpieca is fecturad within the tank containing the diglectric fluid, and its movements are controlled|
by numericaly control system. Thegap between thetooland theworkpieceis coritical thus the doswrerard feed of|
Ihe tool is contralied by 2 servomechanism, which automaticalty maintains a constant gap.

Thamost common dielectricfluids are minarals oils, although keroseneand distiled and deonized watar
are alsoused in specialized applications.

Recenttrends involyethe useofl clear kow vis cosity Tluids ; although more expansive, these fluids makel
cleaning easiar. The maching are equipped with a pump and fitering sy stem for the dislactric fluid.

The EDM process doesn't involve mechanical enargy, the hardness, strength and toughness of the
workpiece matarial don't nacessarity influancethe ramoved rate. Thafrequancy of discharge orthe enargy par
dischargaeis usually varied to cantralthe remaoval rates as are thevoltagerateand surfaceroughness increases
with increasing currant density and decreasing frequency of sparks.

TheEDMW process can beused on any matarialthat is an electrical conductor. The melting paint and the|
Jatent heatof melting are impaortant physical prop arties that determine the volumaof metalremaoved per discharge.
s thesequantiies increase, the rate of material removal decreases. Thevolume of materal remaoved perdischarge|
is typically in the rangeaf 1080 10" mma.

Toolwear is an important factor because it affects dimensionalaccuracy and theshape produced. Tool
\wear is related tothe melting points of the materials involyad ; the lwer the melting point the higher thewear rate.

Consequently, graphite electrode have the highest wear resistance. Toolwear can be minimized by
‘fe’wersing the polarity and using copper toals, a process called Mo - wear

7.6 Process Capabilities

| Electrical discharge machining has numrerous applications, such as the production of die cavities for|
largeautomraotive body components (diesinking machining cantres ) deap smalldiameater holes with tungsten wirs
as the electrode, narrow slots in parts, turbine blades and various intricate shapes.

7.6.1 Usesof Dielectric Fluid

* ltacts as avehiclelo driveaway the clips and L}
thus prewenting them from sticking to the
surface of tool.

* |t helps in increasing the MBR by promoting
spark between ool and work. Votage

+ ltalsoactas a coolant medium.

+ EDMW process is also called spark erosion
machining where the material is removed by
erosonor repeated sparks.

# |tis high voltageand kow current process.

—_— =

Current (7

7.6.2 ToolMatenal

.ﬁ

Figure 7.8 Variation of Cumrent and Volege

* In EDM tool also erodes due o spark hence
the selaction of ool depends upon wear ratio,
easa of ool fabrication and cost of matarial.

*  The mostcommonly used electrode materialare : Cu, Tungsten alloy s, Cast iron, Steal ete.

time

m Theory withSolved Examples MRAOE EASY wwwmadeeasypublications.org )




284 | Mechanical Engineering Postal Study Package ERIE] MADE EASY

7.12 Electron Beam Machining

The sourca of enargy in electron beam rrachining (EBM) is high-velbocity electrons, which strike the
urfaceof theworkpioce utiiz e voltage in the rangeof 50 kV-220kV to acceleratethe electrons o spoad of 50%

lo 80% aof the speed aof light. Its application are similar 1o those of laser beam machining except that EEM
equires avaccum. Consaquently, it is used rmuch less than laser beam machining

High voltage cabie (30 KV, DC)
2 <

Cathode grid
Optical T | — Elzctron strasm
e ng . Magneticlens
sysEm
‘Viewing . Deflection coils
port [
Vacusm chamber, k- Workpiece —
; e High
T TT T T T VT
pump

Figure 7.13 The electron-beam madhining process. Unlike LBM, this processrequires a
vacuum, 5o workpiece size is limited to the sizeof the vacuumchamber

Electron beam machining can beused far very accurate cutting of awidavariety of metals. Surfacafinish

s better and Kerf width is narrower than that for other thermal cotting process theinteraction of the electron beam

vith theworkpiece surface produces hazardous X-rays ; equipment should therefora, beused only by highly
rained parsonnel.

NOTE Elactron beam machining is the process of machining material with the use of very high

vaocity beam of electrons. Thework pieceis held n wacuum chamber and the electron beam
focused on it. When it strikes the surface of material it result into generation of wery high

tempearature. Leading to metalremaval dueto melting and evaporation. Used bor drilling v ery

fine hales, cutting, contours and very narrow shats. Itis alsoused for producing metering hale
in injector nozzle of diesel engines.

MAR : ECM =EDM = USM
Tool Wear USM = EDM = ECM

Q.8 (c)

(c) A manufacturer of patient medicines is proposed to prepare a production plan
for medicines A and B. There are sufficient ingredients available to make
20000 bottles of medicine A and 40000 bottles of medicine B. However, there
are only 45000 bottles into which either of the medicines can be filled. Further,
it takes three hours to prepare enough material to fill 1000 bottles of
medicine A and one hour to prepare enough material to fill 1000 bottles of
medicine B, and there are 66 hours available for this operation. The profit is
¥ 8 per bottle for medicine A and ¥ 7 per bottle for medicine B.

(i) Formulate this problem as linear programming problem.

(i) How does the manufacturer schedule his production in order to maximize
profit? Use graphical methed.

Source
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Q.5 (e) Solution:
a=-3r + 4,

I'he feasible region is (FABCD,
O, 0, AQ0,3)

ST

—x +2n =6
i
o+, =5 A
i T 3
i A
Omn adding we pot, 1, = TE e
& |:{;/ gt
4
411
Bl==
3
e -3, =3
L+x =15
" 2
om solving n=73
z
H=3

£

Now, the co-ordinates of verticos are:

4 11) (87 5
O, 0, AL, 3), 3(3, 3 ] ('[S‘EJ' rJ(E,iI]

‘alue of abjective function at these vertices,
2p=-Axl+4x) =0
z, =-3xl+4x3 =12

11 32
g=-3% T Hdn T =
= MADE ERSY [Er———
MADE ERSY Test Mo 0 7 MECHANICAL ENGINEERING | 33
=-3= 5 + = z = 4
RS g AR Ry
v ] 4
= -3 = 3 + 4w =

-
Hence minimum value of objective funclion = Ex

Maximum value of abjective function =12
Nifference between maximum and minimum value of ebjective function,

= 12+E=?

Q.6 (a) Solution:
The unintentional deterioration of a material by an electrochemical process is knowi

[ ] @® ]

Similar Problem in NEXT IAS Theory Book
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Exampla 66

150 Mechanical Enginesring =  Industrial Engineering NEXT IS
1° . 1=, =it - dall i |

A manufacluring company produces two producis P, and F,. Each pruduci:

undergoes two operalions on machine M, and M, The lime required to periorm these operation on a
given machine in a given quarler is given in table. The markel survey has predicied thal not more tha

i-'I]:Ipiu;-c::t;-e; of product P, and alleast 100 pieces of P, and nol more than 300 pieces of product P, can b

s0ld in the given quarler. The per unil profil for produdt P, and P, are 30 and T 40 respeciively.
Product 5 .
Machine | Time required per unit Awailable capacity
P[P =)
M, 16| 1.2 T2
M, 2|20 00
Profit 230 | 40
‘Whal will be the value of Maximum prolit?
Solution:
Cibjecti e funclion, Z = Tx + 40¢
Constraints, 1Bx+ 1.2y 2720
1.2x + 3y =900,
x %400
100 =y =300
Z ¥
o e e o R A
1B +1.2y =70 = 30 BOO 1
X ¥
oo —_—— =
122+ 3y €000 = 50 0 1
— On solving, x= 321428 y=171.428
'-’\'\.
4 -
{-:-.E»:’:-;-:.:y
{0, 300)
| ezazm a7 42e l
i
: .. {375, 100)
10, 100} / ////a/,/’/,//._v—"'" - [
"':.':'} 3 X
i : goo, o4y T 720.0) 7
-
P D, 300) = 30 =0 +40 » 300 = 312000
P(375,100) = 375 » 30 + 40 » 100 = 15250
P321.428,171.428) = 30 =321.428 + 40 = 171.428 = T16500
P 0, 100) = 30 =0 + 40 x 100 = F4000
Hence, Maxirmum profit = F16500




