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SECTION-A

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

OHOHONGO;

[6 Marks]

1
(i) A rope making 1Z turns around a stationary horizontal drum is used to

support a 4 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

[6 Marks]

Solution:
(i)
Given AB=10m
Weight of AB =1 kN
Distance of center of gravity of AB from A = 5 m
Tension = 7
Reaction at A =7
Drawing FBD of AB
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Taking moment about A,

1 xcos 30° x5+ 3 xcos30°x%x 10— T x sin 15° x 10 = 0

= T=11.71 kN

Balancing forces in x direction
A

X

T cos (30° — 15°)
11.312 kN

Balancing forces in y direction

Ay= 1+ 3+ T sin (30° - 15°)
= 7.031 kN
Reaction at A, R, = |JAZ+AZ
= 13.319 kN

A
R, makes an angle 8 with horizontal,8 = tan™ {A—VJ

X

= 31.863°
(if)
y
Given, Turns rope making around the drum = 1Zturns

Coefficient of friction, p = 0.3
Angle made by rope around the drum,

B
0 = Zx2n
51
-2
800 N

v ]
We can get maximum and minimum value of W by consider W > 800 N and W < 800 N

respectively.
For maximum value

Wmax — gho
800
O.Sx@
= W . =e 2 x800

= 8440.579 N
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For minimum value

800 _ o
|/Vmin
= W, = —22 = 75.824 N
0.3x21
e 2

So range of Wis from 75.824N to 8440.579N
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End of Solution

1. (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, oo = 11 x 10°%/°C
For copper, E = 104 GPa, oo = 18 x 10°¢°C [12 Marks]

Solution:
Given, internal diameter of steel tube, d = 100 mm
Steel tube wall thickness, t= 10 mm
Copper sleeve wall thickens, t, = 2 mm
Increase in temperature, AT = 100°C
Hoop stress is uniform throughout the thickness

E, = 208 GPa
og =11 x 106°C
E.= 104 GPa
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o, = 18 x 109°C
As o > oy, sleeve will try to expand more then tube hence pressure (P) will be acted
between them.

—@—BOmm
=5 =

The change in radius at interface will be same for both copper sleeve and steel tube.
For copper tube

aR
Q — (XCAT— PR (1)
R t.Ec
For steel tube
(dR). PR
—— = AT+ — 2
R s tEg @
From (1) and (2)
o, AT- aal = ocSA7'+ﬁ
t.Eq tEg
PR+ L
= P = 2.647 MPa

PR
Hoop stress in steel tube, og = 7:13.235 MPa

PR
Hoop stress in copper sleeve, 6, = ——" 66.175 MPa
@
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1. (c) (i) What is kinematic pair? How are kinematic pairs classified? Explain.
[6 Marks]

(ii) 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

60°

[6 Marks]

Solution:

(i)

Kinematic pair: The connection between the two link is a joint or pair and this pair will

be a kinematic pair if the relative motion between the links is a constrained motion

(completely constrained motion or successfully constrained motion)

Kinematic pair can be classified according to

1. Nature of contact

2. Nature of mechanical constraint

3. Nature of relative motion

1. According to the nature of contact.

(a) Lower pair : When pair/joint having surface or area contact between the members.
Example: Nut turning on a screw, shaft rotation in a bearing, all pairs of slider crank
mechanism and universal joint.

(b) Higher pair: When pair/joint having line or point contact between members.
Example: Wheel rolling on a surface, cam and follower pair, ball and roller bearings.

(c) Wrapping pair: When one link is wrapped over other link.

Example: Belt and pulley, rope and pulley.

2. According to the nature of mechanical constraint.

(a) Closed pair/self closed pair: When the elements of pair are held mechanically.
Generally all the lower pair and some of the higher pair are closed pairs.

(b) Force closed pair/ unclosed pair/forcefully closed pair: When the elements of a pair
form contact either due to force of gravity or by some spring action, then it is known
as force closed pair.

Example: cam and follower pair.

3. According to the nature of relative motion:

(a) Sliding pair: If the two links having a translatory/sliding motion to each other.
Example: A rectangular rod in a rectangular hole in a prism is a sliding pair.
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(b) Turning pair: If the two links having rotary/turning motion relative to each other then
they form turning pair.
Example: Circular shaft inside a bearing forms turning pair pin joint.
() Rolling pair: When the links of pair have pure rolling motion.
Example: A rolling wheel on a flat surface in a ball bearing, the ball and the shaft
constitute one rolling pair.
(d) Screw pair (helical pair): When links of pair having a turning as well as sliding motion
between them.
Example: Lead screw and the nut of a lathe form screw pair.
(e) Spherical pair: When one link in the form of sphere turns inside a fixed link then
it forms spherical pair.
Example: The ball inside the socket forms spherical pair.
(i)
As per given information :—
Configuration diagram :—
Assuming scale is
50 mm =1 cm
DA = 200 mm after scaling = 4 cm
CB = 300 mm after scaling = 6 cm
DC = 500 mm after scaling = 10 cm

Configuration diagram:

B
6 cm
A
6 cm
4 cm
/80 c
10 cm
Far velocity polygon
V= 2 ap = 22X490 65 5 094 mys
60 60
Assuming scale: 1m/s=1cm

da = 2.094 m/s after scaling da = 2.094 cm = 2.1 cm
Velocity polygon :
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From velocity polygon
db = 1.45 cm after descaling
db=145 x 1 m/s = 1.45 m/s
Vg=1.45m/s
Ve = 0go x BC
1.45 = 0y, x 0.3 = wg, = 4.833 rad/s

Point | With respect to Procedure

A D Line I to DA link

B A Line L to AB link

B c Line I to BC link
input torque = 50 Nm.

2nx100
o = ————=10.4719 rad/s
Input 60

x o =50 x 10.4719 Watt

Power input, P= T nput

input

Prput = 523.5987 watt
_ Power output
Neficiency = Wlnpout
TOUtpUl X Opyput = 0.7 x 523.5987
D 0.7 x523.5987
Touput OF resisting torque = e
Toutput = 75.836 Nm

MADE EASY Source
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1. (d) (i) The tension T in the spring as shown in the figure given below can be
assumed to be constant for small displacements. Determine the natural
frequency of the vertical vibrations of the spring and also show that the period
of vibration is greatest when a = b:

[6 Marks]

(ii) A vibrating system has the following constants:

W = 19.62 kg, K = 8 kg/cm, C = 0.08 kg-s/cm

Determine—

(1) damping factor;

(2) natural frequency of damped oscillations;

(8) logarithmic decrement.

Here, W = Weight of mass K = Spring stiffness C = Damping coefficient

[2 x 3 = 6 Marks]

Solution:
(i)

As per given data
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Thus the equation of motion will be

Tsin@, + TsinB, + mx =0

mx+ T (sin®, + sing,)=0 (1)
From above configuration diagram for small 6
We can write

X
sinf, = tanB, = — =06
1 1 b 1
5 X
sin6, = tan6, = P 0,
From equation (1)
mi+ T(0, +06,)=0
X X
mi+ T |—+—|=0
5c'+1 1+1
mbta=° (@)
equation (2) is the equation of a simple harmonic motion and is analogous to
F+elx =0 3)

From equation (2) & (3)

Z b
. . . 21
Period of vibration, T, = —
O)N
21
T —
. T(a+b)
m\ ab
m(ab)
=2
o= “YT(a+b)

- m_ | (ab) _ ab
s = 27:\/; X @b constant 2 b

-~ {a+b = constant}
{a+b =1
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. costantja(l - a)
T
For maximum
y = a (I — a) should be maximum

ay

—— =]-2a=

da a=>0
_ !
a=5
_a+b
a="

2a = a+b = a = b (proved)

(if)
As per given data
For the vibrating system,
W = 19.62 kg = 19.62 x 9.81 = 192.4722 N

_ 8kg_8x98IN __o\0 N
cn 102 m m
0.08x9.81
c = 0.08 kg-s/cm = “ 102 - 78.48 N-s/m
. c
(i) Xy, = -
c
&= 2mw,
c_ _ 78.48
5= oJkm  oJ7eaexioez - O
£=0.1

k /7848
(i) Natural frequency o, = \/%= To62 - 20 rad/s

Natural frequency of damped vibration = w, = ‘/1—232 (0,)

0y = \1-0.% x20

o, = 19.899 rad/s
(i) logarithmic decrement (9)
21E, 21nx0.1
§= = = = = 0.6314
J1-82  J1-0.1
0= 06314
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Logoethmi'e deevement ( §)

62 Jhk;i_{‘?)

= dn [ﬂ EUJand

g = Emnﬂ e ﬁwﬁﬂf—r = BAE

alz - Actual Pamping ﬂuqﬁi’%ﬁfﬂ_}—

_———

C¥lircal Bampin 9 coeH {rren

End of Solution

1. (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.

[12 Marks]

Solution:

Shaft Axle

Shafts are rotating members which | Axles are rotating or non rotating
are subjected to bending moments, | members which are subjected to
twisting moments and axial loads. |only bending moments and axial
load due to members supported by it

It does transmit torque or power. It does not transmit torque or power.

It does bend and twist. It does not twist, it only bends.

For equally strong in torsion polar modulus should be equal so

(ZP)soIid shaft = (ZP)hoIIow shaft
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® m(dh-d})
= W = W

(Here, d, and d, are outer and inner diameter respectively)

at-ad
3 — o i 1
= d e (1)
As given weight of the hollow shaft is half of the solid shaft for a unit length, So

1&%} _ (s -df)

2 4 p 4

2
= % =d-o¢ @)

From eq” (1) and (2) we get

o2 Y
d%d, = d? —(dg ——J

2
d3d, = dg-dg-§+d§d2
d§d2—d3do—§ =0

P VP +d°

o 2d2
1442
(2
d, = (%]d (not possible)

So outer diameter of hollow shaft will be 1.207 d.
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. ESE 2019 Mains Workbook: Q.29 of SOM (Solved Que.) discussed in Class
. MADE EASY Classnotes
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2. (a) The turbine rotor of a ship has a mass of 3000 kg. It has a radius of gyration of
0.45 m 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 radius at a speed
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.
[20 Marks]
Solution:
As per given data
mass, m = 3000 kg
Radius of gyration, k = 0.45 m
Speed, N = 2000 rpom
_2nN _2nx2000 209.439 rad)/
= 0= "= 50 = : rad/s
I=mk? = 3000 x (0.45)?
o = 209.439 rad/s
! b b’
>
View i
Sternl; : OE :T o O K
:L _______________ i_______________j Bow
(i) Radius of curve, R = 100 m
Speed, V = 30 km/hr = V=w m/s
3600
V' =8.3383 m/s
VvV 8.333
= —=——+—=0.08333
=100 rad/s

Gyroscopic couple = Tox,
= 607.5 x 209.439 x 0.0833
Gyroscopic couple = 10602.425 Nm
The effect is to lower the stern and raise the bow
(ii) The pitching motion is simple harmonic
The period of pitching = 40 seconds
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Total angular displacement between two extreme

Position = 12°
So, 0= total angular displacment
2
12°
= — 60
¢ 2

The ship pitches 6° above and 6° below the normal position.

0=6°= ¢ = 6X——=0.1047 rad

180
T =40 sec.
2t 2%;
= —=—=0.1570rad/s
®= T a0 /

0, = 0. ®, =0.1047 x 0.1570 = 0.01644 rad/s
Gyroscopic couple = Iow, = 607.5 x 209.439 x 0.01644
Gyroscopic couple = 2091.730 Nm

b

b _ Port
I /’/
I ’
.
Stern o o a
View ! - QI lbow
. — ——
| A U
| , |
- 1
SRR ol B ]
RS
O !
S ]
v %\ i
|
I

As the bow falling during pitching the ship would turn towards left or port side.

MADE EASY Source

. ESE Mains 2019 Workbook: Q.56 (Page no. 77) of TOM discussed in Class

o ESE Prelims 2019 Workbook: Q.22 (Gyroscope chapter) of TOM discussed in Class
. MADE EASY Classnotes

—— _ -
N
7 Giprescopic_effects en_shrp
T"“I oA avboard aide

) Porrside
(‘Evr) view of qu.iP)

Bow: It is M end El% e ship.

Stern : It 3s vear end o due swip

noo s
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Portside : 1+ 3s le‘.r band side G'L- 5“? wheu l“h‘ha I stern.

Starbeard side : py 3. Tigut haud eide of alp wheu Docking

’g’lm Shevn.

- Steering = s +°"‘"“<‘] Tum hweds rHUE or Qe wlew
Mosing  Jeoard. '

?I-:hma 2 I e up and c{m mokiew o} bow rs%— slip about
transverce axie .

‘_@E"‘? =2 oo Onau.jc.w are D—'-‘ﬂuﬂl'kbunl 0&- slip Clhbul’ 'lmanhdm
oxis.

o o .
=  Rotor s Spiming in (W sense  as  wiewed From . stern
>

. Ql‘ee.ﬁna S—
a). tewavds legt

B). dowards vr@u-

Preckseion

Akcv

'Ei_i:,e:_g* I Bow will be taised

precession
Skevn 4, . £ -
' depresied .'—-ﬁ:l}!—it Bow i he dsz.sseé
) i $+efh —u — ~radsed.
) e Pt D)
: o). B is anina = b). Bow s au?na up
RV ’ Anev
’ Precession
) spin spn
!
' Peeeecsion e, Aty
] E%be"t ! Bow ia‘-ll turn  towards gk‘.qd' : Bow il durn towards
) — portside — starbodyd side-

Stern Wil Yurn dewsard s . Shern  whill durn  towavds Pgmfde,
Starboard  side. -

‘or’ SWip Wil Tolnke in AcW sense
ae wewed i‘\m +\>P
(i, R“oLUna

a@. SWp s volling in Acw sense As  Spin vector and precessitn
as  vieiced from  stern. vector ave mhﬂ oul pavaliel,
SO Gotuatby ik e pet precession

Vettor | dhar T wiluy tuere ave
spin tecoesion nn‘ G“‘fm'g"’f’k ejjests om e
] ship  ander Tolling .
End of Solution

2. (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

= 200 GPa.

haaoan@aoambomomaoooen 5N

[20 Marks]
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Solution:
Given length, L =2 m
Diameter, d = 50 mm
= r=25mm
Deflection, 6 < 1 mm
E = 200 GPa
&
| | w
1A . B
x!
X
2
Moment at x, M = Vgx
According to double integration
Eld?y
dx> ~
Eld?y  —wx?
x> =~ 2
Eldy — -wx® e
= ax 3
ay
=] == O
At x = L, dx
—wl®
So we get 0= 6 +Cs
Eldy  -wx® wi®
= — = — (1)
dx 6 6
4 3
-wx"  wl’x
= —+ +C
- Ely= 5 ""6 ™%
At x=1L y=0
S t 0o MWL,
0 we ge =2 6 4
—wl?
C, = 8
4 3 4
-wx"  wlx wl
- V=24 6 8
At free end,
_—w
Y= T8E
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So for maximum value of w,

wlt
gg — MM
4
w(2) _ g
<<3><200><109><§(0.025)4
= w = 30.6796 N/m
Using eq. (1)
Eldy B —wx® W_L3
ax 6 6
Slope at free end,
wi® 30.6796x 23 ,
8= Ea = - . = 6.667 x 10 rad
6><200><109><Z(O.025)

MADE EASY Source
. MADE EASY Classnotes
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End of Solution
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2. (c) A thick cylinder is subjected to both internal and external pressure. The internal
diameter of the cylinder is 200 mm and the external diameter is 250 mm. If the
maximum permissible stress is 30 N/mm? and the external pressure is 8 N/mm?,
determine the intensity of internal radial pressure.

[20 Marks]

Solution:
Given a thick cylinder is subjected to both internal, P, and external pressure P,
Internal diameter, d, = 200 mm
r, = 100 mm
External diameter, d, = 250 mm
r, =125 mm
Maximum permissible stress, o, = 30 N/mm?
P, = 8 N/mm?
For internal pressure, hoop stress can be written as

PR, RFRRE
2 2 2 2),2

(B-rf) (F~r)r

For external pressure, hoop stress can be written as

2 2 2
—Fr5 Rorirs

T F-R) #-R)P

(Negative sign as hoop stress for external pressure is compressive in nature).
For combined external and internal pressure, hoop stress can be written as,

(o), =

Rr =R, (R-F)rirs

W ) E-)R

P.x100% -8x125% (P, -8)100° x125°

+
- O (1252 —1002) (1252 —1002 )x r2
R-125) (P.-8)
= % =1 05625 | 36x10°x/r?

If 6, is equal to Cper then
(R-125) _ (R-8)
0.5625  3.6x107°x(100)°

(maximum hoop stress at r = r,)
P, = 16.341 N/mm?
So, maximum value of P, can be 16.341 N/mm?

30:

MADE EASY Source
o ESE 2019 Mains Test Series: Q.1(b) of Test-4
o ESE 2019 Mains Workbook: Q.34 of SOM (Solved Que.) discussed in Class
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End of Solution End of Solution

3. (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 kN/m? and
60 kN/m?2 respectively. The diameter of the piston rod is 40 mm. Determine—
(i)  Turning moment on the crankshaft;
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(ii) Thrust on the bearings;
(iii) 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.

[20 Marks]

Solution:
As per given data
Reciprocating mass, m = 20 kg.

Engine speed, N = 200 rpm = o = %=% = 20.943 rad/s
Bore diameter, D = 200 mm = 0.2 m
Stroke length, 2r = 400 mm = 0.4 m

Crank radius, r = % =02m

Connecting rod length, / = 900 mm = 0.9 m
6 = 30° from I.D.C

193 45
r 0.2

Gas pressure, p, = 500 kN/m?2
Gas pressure, p, = 60 kN/m?

diameter of piston rod, d = 40 mm

o = 20.943 rad/s

sin B = smezsm30 — 01111
n
B =6.379°

Net pressure force Fp = (P, A, - P, A,)

F, = 500x10° xngz ~60x10° ><%(D2 - c?)

F, = 500><1o3><f><o.22—60><1o3x3(o.22—o.o42)
P 4 4

Fp = 1389 6.4059 N
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Inertia force,, F, = mrwz(cose+ 00829)
, €0s60°
F =20 x 0.2 x 20.9432 (00830 +—J
! 45
F,=1714.324N
Piston effort, F= F, - F,
F = 13898.4059 — 1714.324
F=12184.0814 N
[ i - ——sin(0+B)xr
(i) Turning moment, T = o (6+B)
12184.0814 .
T= ———————sin(30°+6.379°) x0.2
C0Ss 6.379° ( )

Turning moment, T = 1454.338 Nm
(ii) Thrust on the bearings, F,

F, = LCos(e +B)

cosf
= wcos(30°+6.379°)
C0s6.379°
F. = 9870.653 N
(iii) Power, P = 22 kW

Radius of gyration, k = 600 mm = 0.6 m
mass of flywheel = 8 kg.
acceleration torque = (Turning moment torque — Resisting torque)
P=Tx o
22000 = T x 20.943
T = 1050.470 Nm
Acceleration torque = 1454.338 — 1050.470 Nm
1.d = 403.867 Nm
M.K?.0. = 403.867
8 x 0.6%.0. = 403.867
acceleration of flywheel, oo = 140.231 rad/s?

MADE EASY Source
o ESE 2019 Mains Workbook: Q.33 of TOM(Page no 73) discussed in Class
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3. (b) An epicyclic gear consists of three gears A, B and C as shown in the figure 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:

[20 Marks]

Solution:
As per given information
teeth on gear, A, Z, = 72, arm rotate = 20 rpm
teeth on gear C, Z, = 32 assuming direction of arm +ve

from configuration diagram,
ro+2rg=r,

mZC mZB _ mZA ””””””””
2
Zo+ 27y = Z,
32 + 27, =72 A
Zy=20
Action arm(EF) | Gear (C) | GearB | Gear A
—1x32 —1><32X@
arm EF is fixed+1 0 +1 20 20 72
arm EF is fixed +x rev 0 +x 20 72
32 32
add y y y+x |Vt YT 7"
arm speed, y = 20 rpm
Gear A is fixed = y—%x:O
=72
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32 32
——x = 20——x45
Speed of gear, B= Y 20x 50

Speed of gear, B= - 52 rpm
Speed of gear, C=y + x = 20 + 45 = 65 rpm

MADE EASY Source
o ESE 2019 Mains Workbook: Q.24 of TOM (Page no 71) discussed in Class

. MADE EASY Classnotes

12 288 S T =4a
3-8

S
T L‘{rr_d[\-‘-_]

End of Solution

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in www.madeeasy.in




MARADE EASY ESE 2019| Main Examination

India’s Best Institute for IES, GATE & PSUs Mechanical Engineering I Paper_"

3. (c) Asingle-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.

[10 Marks]

Solution:
As per given data
speed of engine, N = 300 rpm

~ 2mx300
= 0= "5

Stroke length, 2r = 300 mm = 0.3 m
Crank radius, r=0.15m

mass of reciprocating part, m = 50 kg
Mass of revolving part, m, = 37 kg at 150 mm radius

= 107 rad/s

2
€= gfd of the reciprocating parts

r,=300 mm =03 m
(i) mass to be balanced at the crank pin, m = cm + m,

2
§x50+37 = 70.333 kg

myt, = mr
m, x 0.3 = 70.333 x 0.15
m, = 35.166 kg
The balance mass required at a radius of 300 mm
m, = 35.166 kg

(i) Residual unbalanced force (at 60° = 6) from top dead centre,

2 2
= \/[(1 —c)mre’ cose] +(emre? sing)

2 2
- \/[(1—%)50 x0.15x (101 cosGO°:| +[§><50><0-15><(1075)2 Si”60°}

= 1522017.047 +18264204.57
= 4448170 N

MADE EASY Source
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End of Solution

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

[10 Marks]
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Sign convection for shear
20 kN 40 kN 20 kN vy
A B 2 +ve
I 2 (i { For moment
|
3m | < >
* +ve
For shear force diagram,
For section AB
V=-20- 20x
V, = - 20 kN

Vg=-20-20 x 1 =~ 40 kN
For section BC,
V=-60 - 20x

SFD:

-120
Now for bending moment diagram

For section AB

2
X
—-20x - 20x —

X—20x5

MX

— 20x — 10x2
M,=0
MB = — 30 kNm

For section BC,

X

2
M. = —20><%—40(x—1)

= 40 - 60x — 10x2
Mg = — 30 kNm
M, = — 230 kNm
BMD:

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in www.madeeasy.in




MARADE EASY ESE 2019| Main Examination

India’s Best Institute for IES, GATE & PSUs Mechanical Engineering I Paper_"

-230

MADE EASY Source
. ESE 2019 Mains Test Series: Q.4 (b) of Test-11
o ESE 2019 Mains Workbook: Q.22 Unsolved, Q.5 and Q.7 Solved Question of SOM
. MADE EASY Classnotes

® Onawo He SF.p and B-MD Cohen a. ConHIerl
bearn k fooded Ut AN ODL
b

l-n-vfha an -""‘mﬂg

o :

2 el nstty > ve)
o

8] PC‘-’%HZ = &VEJ

W(x=0 _*OIL)

R a3

—®

& ) BA
oA ,_o“‘)

o =
O =%

j-ed

L - po:rd.bbl

p ol O U’.(“" ."'i decﬂu‘rﬂ £|Dpe

slop€ - *

% Ciher Jhe slope b 4 e ol
] n

End of Solution

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in www.madeeasy.in




MARADE EASY ESE 2019| Main Examination

India’s Best Institute for IES, GATE & PSUs Mechanical Engineering I Paper_"

4. (a) (i) Describe angular contact bearings and taper roller bearings with the help
of neat sketches. Also, cite at least two advantages and two disadvantages
of each.

[8 Marks]

(ii) A pair of spur gears with 20° full-depth involute teeth 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 both the pinion and the gear is steel having an
ultimate tensile strength of 660 N/mm?. The gears are heat-treated to a
surface hardness of 400 BHN. The pinion rotates at 1500 r.p.m. and the
service factor is 2.0. Assume that the velocity factor accounts for the dynamic
load and the factor of safety is 1.5. Determine the rated power that the gears
can transmit. Assume a Lewis form factor of 0.32.

[12 Marks]

Solution:

()
Angular contact bearing: In angular contact bearing, the grooves in inner and outer
races are so shaped, that the line of reaction at the contact between balls and races
makes an angle with the axis of the bearing. This reaction has two components-radial
and axial. Therefore, angular contact bearing can take radial and thrust loads. Angular
contact bearings are often used in pairs, either side by side or at the opposite ends
of the shaft, in order to take the thrust load in both directions. These bearings are
assembled with a specific magnitude of pre-load.

Angular contact bearings offer following advantages:

e Angular contact bearing can take both, radial and thrust loads.

e In angular contact bearing, one side of the groove in the outer race is cut away
to permit the insertion of more number of balls than that of deep groove ball bearing.
This permits the bearing to carry relatively large axial and radial loads. Therefore,
the load carrying capacity of angular contact bearing is more than that of deep
groove ball bearing.

The disadvantages of angular contact bearings are as follows:

e Two bearings are required to take thrust load in both directions.

e Angular contact bearing must be mounted without axial play.

e Angular ‘contact bearing requires initial pre-loading

Angular contact bearing
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Taper roller bearing:The taper roller bearing consists of rolling elements in the form
of a frustum of cone. They are arranged in such a way that the axes of individual rolling
elements intersect in a common apex point on the axis of the bearing. In kinematics'
analysis, this is the essential requirement for pure rolling motion between conical
surfaces. In taper roller bearing, the line of resultant reaction through the rolling elements
makes an angle with the axis of the bearing. Therefore, taper roller bearing can carry
both radial and axial loads. In fact, the presence of either component results in the
other, acting on the bearing. In other words, a taper roller bearing subjected to pure
radial load induces thrust component and vice versa. Therefore, taper roller bearings
are always used in pair to balance the thrust component.

Taper roller bearing has separable construction. The outer ring is called 'cup' and the

inner ring called 'cone’. The cup is separable from the remainder assembly of the bearing

elements including the rollers, cage, and the cone.

Taper roller bearing offers following advantages:

e Taper roller bearing can take heavy radial and thrust loads.

e Taper roller bearing has more rigidity.

e Taper roller bearing can be easily assembled and disassembled due to separable
parts.

The disadvantages of taper roller bearing are as follows:

e |t is necessary to use two taper roller bearings on the shaft to balance the axial
force.

e |t is necessary to adjust the axial position of the bearing with pre-load. This is
essential to coincide the apex of the cone with the common apex of the rolling
elements.

e Taper roller bearing cannot tolerate misalignment between the axes of the shaft and
the housing bore.

e Taper roller bearings are costly.

Taper roller bearing
(ii)
Given: ¢ = 20°, z, = 20, z, = 41, m = 3 mm, b = 40 mm, 6, = 660 N/mm?
BHN = 400, Np = 1500 rpm, C, = 2, Ks) = 1.5, [Lewis form factor] y = 0.32
Beam strength:
Since the same material is used for the pinion and the gear, the pinion is weaker than
the gear.
According to Earle Buckingham, Endurance limit stress [bending stress] of gear tooth
is approximately one-third of the ultimate tensile strength of the material.
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S)
So, Cp=S,= &5
660
O,= 5 = 220 N/mm?
Beam strength,
S,=06,XxmxbxY
=220 x 3 x 40 x 0.32 = 8448 N
Wear strength:
S, = dp x kx Qx b
dp=mxzp=3x20=60mm
22g _ 2x41
Q= Z,72z, 41+20
Q= 1344
where k= 0.16 % i
’ ~ 100

This equation is applicable only when both gears are made of steel with a 20° pressure
angle.

2
400
k=016 — | = 2.56
(100)

S, =60 x 2.56 x 1.344 x 40 = 8257.536 N

Effective load:
R xCs
Peff = C

%

ndy,xN,  1x60x1500

Speed of gear, V= 60 60x1000 - 4.7123 m/s
As, speed, V< 10 m/s
C, = 33y 0.3889 = 0.39
CoxF  2xFR
Pet="C, ~ 039
Py = 5142 P,
As wear strength is lower than beam strength, the wear strength is the criterion of design
So, S, = Py x Hs)
S,= Py x15

8057536 = 5142 x P, x 1.5
P, = 1070.683 N
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Rated power,

a
Torque, M, = F’,X?p = 1070.683 x 30 = 32120.49 Nmm

2nx N, x M,

Power, P =
owen 60 10°

= 5.045 kW
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4. (b) What advantages do the welded joints offer in comparison to riveted joints? Neatly
sketch the basic symbols used to specify the following types of weld:

(i) Fillet

(i) Square butt

(iii) Single V-butt

(iv) Spot

(v) Seam

(vi) Projection

A beam of rectangular cross-section is welded to a support by means of fillet welds
as shown in the figure given below. Determine the size of the welds if the permissible
shear stress is 80 N/mm?:

30 kN
] 4
=
e T - T I S [ -
i s

[20 Marks]
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Solution:

Welded joints offer following advantages compared with riveted joints:

e Riveted joints require additional cover plates, gusset plates, straps, clip angles, and
alarge number of rivets, which increase the weight. Since there are no such additional
parts, welded assembly results in light weight construction.

e Due to the elimination of these components, the cost of welded assembly is lower
than that of riveted joints.

e The design of welded assemblies can be easily and economically modified to meet
the changing product requirements. Alterations and additions can be easily made
in the existing structure by welding.

e Welded assemblies are tight and leak proof as compared with riveted assemblies.

e The production time is less for welded assemblies.

e When two parts are joined by the riveting method, holes are drilled in the parts
to accommodate the rivets. The holes reduce the cross-sectional area of the
members and result in stress concentration. There is no such problem in welded
connections.

e Welded structure has smooth and pleasant appearance. The projection of rivet head
adversely affects the appearance of the riveted.

e The strengths of the welded joint is high. Very often, the strength of the weld is
more than the strength of the plates that are joined together.

Type of weld Symbol

Fillet

Square Butt
Single V-Butt
Spot

Seam

D%%{)@V

Projection

Given: P = 30 kN, t = 80 N/mm?

perm

Due to force P = 30 kN, there will be primary shear stress and bending stress. Assume
tis the throat of the weld.
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1. Primary shear stress:

A = Total area of the horizontal and vertical weld

= 2[100t + 150¢1]

A = 500t mm?

So, primary shear stress is,
P 30x10°® 60

TS AT sooxt ¢ Nmm’
2. Bending stress:
= moment of inertia of horizontal welds about x-x axis

3 2
= 2><[b—t+ ﬂ xbxt:|
12 2

2 2
= 2x%xbxt=%xbxt mm?

x1

Neglecting 3 term

I, = moment of inertia of vertical welds about y-y axis

S
- |55
txd® P
IX2= 6 mm
d? txd®
I=1 +1,= ?xbxt+
1502 tx(150)°
== x100xt+¥ [where, b= 100 mm, d = 150 mm]

I = 1687500t mm*
Bending moment, M, = 30 x 103 x 500 Nmm
M, = 15 x 10° Nmm

oo Moxy _15x10°xd _ 15x10°x150 _ 666.66

= = N 2
I 2x1 2% 1687500t t fmm
According to maximum shear stress theory,
Tmax = Tperm
s¥ 666.66 Y (60Y
where, Toox = B +7° = 5 + -
338.687 5
Toex = N/mm
So, Trox < Toer
338.687
—F =80
t
t=4.233 mm
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We know that,

t=0.707 x h (where his the leg of weld)
h = 5.988
h=6 mm

MADE EASY Source
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End of Solution

4. (c) A shaftis subjected to a maximum torque of 10 kN-m and a maximum bending
moment of 7.5 kN-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, (ii) strain energy theory and (iii) shear strain
energy theory. Take Poisson’s ratio as 0.24.

[20 Marks]
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Solution:
Given: Tax = 10 KNm
M, = 7.5 kNm
6allowable = 160 MN/m2
n=0.24
Let d is the diameter of shaft,
T 3
So, T = %Txd
T__1675M _16x10x10°
T ond® nd®
50.929x10° ,
T = — 3 N/m
.- 32Mpay _ 32x7.5x10°
T ond® nd®
76.394x10° ,
= d—3 N/m
1
Principal stresses, 6, , = E[Gi\lﬁz +47 |
8 3\ 3\
11 76.394x10 76.394x10 50.929x10
012 5 3 t 3 HAX | ——————
’ 2 a a d
1] 76.394x10° +127.3228x 10°
) a®
101.858x10° ,
61 = - ds N/m
—25.464x10° ,
02 = T N/m
(i) Maximum shear stress theory
61—0p = Sallowable
2 B 2
(101.858+25.464)><1O3
= 160 x 106

o

d = 0.092667 m = 92.667 mm

(i)

Strain energy theory,
o 2

(101.858><103

2
-25.464%x10°
d° i

dS

2
] —-2x0.24 %

2 _ 2
1 + 62 2M01G2 S (Gallowable)

101.858x (—25.464)x 10°

= - (160x10°)°
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1.2268x10'°

— 5 = (160 x 106)2
d = 0.08846 m
d = 88.46 mm

(iii) Shear strain energy theory:
(0,-0,)% + (0, -0,)? + (06,-0,)°<2x (0

)2
allowable

2 2
101.858%10° +25.464x 10° 101.858x10° _05.464x10° ¥
9° N e + —d3 = 160 x
108
d = 0.09001 m = 90.013 mm
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End of Solution

SECTION-B

5. (a) Describe the following microconstituents of iron-carbon alloys in relation to the
phases present, arrangement of phases and their relative mechanical properties:
(i) Spheroidite
(ii) Pearlite
(iii) Bainite
(iv) Martensite
[12 Marks]

Solution:

i. Spheroidite: If pearlite is heated just below the eutectoid temperature (say 700°C)
and held at this temperature for a day or so, the cementite lamelle in pearlite get
transformed to spherical shape. The structure is called "spheroidite".

This structure is less conducive to stress concentration because of spherical grains,
as compared to cementite (lamelle structure). This, spheroidite is more tough but
less hard as compared to pearlite.

ii. Pearlite: Pearlite is phase mixture of a-iron and Fe,C. Pearlite is having plate like
structure of a-iron and Fe,C.

725°C
0.8%C

v—Iron

o —lron+Fe;C
o

Pearlite
Pearlite formation takes place primarily by process of diffusion. Pearlite is having

good thoughness and ductility. Pearlite has less brittleness and hardness in comparison
of bainite and martensite.
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iii. Bainite: Austenite sample is quenced at a rate greater than or equal to critical cooling
rate to a temperature below the nose of TTT but above the martensite start line. This
temperature is maintained for substantial period of time so that transformation line
enters into TTT curve, this produces bainite. The microstructure of bainite consists
of ferrite and cementite phase, and this diffusional processes are involved in its
formation. Bainite forms as needles or plates, depending on the temperature of the
transformation. Bainite is having high hardness but less ductility and thoughness.

iv. Martensite: Any cooling rate greater than or equal to critical cooling rate will freeze
carbon at its location and the microstructure will appear like mechanical mixture
of ferrite and cementite or colloidal solution of cementite into ferrite or submicroscopic
cementite spread in the microstructure of ferrite. Martensite is having body centered
tetragonal structure (BCT). It is a non-equilibrium single -phase structure that results
from a diffusionless transformation of austenite. Since the martensite transformation
does not involve diffusion, it occurs almost instantaneously. Martensite is hardest
and most brittle phase of iron.

MADE EASY Source
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5. (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 453.6 N respectively.
Find—

(i) shear plane angle;

(ii) friction energy at tool-chip interface as percentage of total energy;
(iii) specific cutting energy.

Assume density of steel = 7.8 grams/cm?.

[12 Marks]

Solution:
Given: Cutting speed, V= 2.5 m/s
Rake angle, a = €
Width of cut, b= 10 mm = 1 cm
Uncut chip thickness, t = 0.2 mm
Length, /= 50 cm
Mass of chips, m = 13.36 gram
Cutting force, F, = 1134 N
Thrust force, F, = 453.6 N
Density, p = 7.8 gram/cm3
Actual chip thickness in this question should be calculated by the mass of chips
produced.
Now, m=px(bxIxt)
13.36 = 7.8 x (1 x 60 x t)) [where t, is chip thickness]
Chip thickness, t = 0.034256 cm
t, = 0.34256 mm

- o, Lo_02
Chip thickness ratio, r = L = 034256 0.58383
r~ 0.584
(i) If shear plane angle is ¢.
rcoso 0.584cos6°

B0 = (1_rsino)  1-(0.584sin6°)

tand = 0.61856

o= 31.74°

(ii) Total energy = F_ - V
= 1134 x 2.5 = 2835 Watt
Friction force, F = F_sina. + Fcoso

1134 sin6° + 453.6 x Ccos6°
569.65 N
Frictional power = f- V,
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- F Vsing  _ 569.65x2.5xsin31.74° _ 831710 Watt
cos(p—a) cos(31.74-6)°
FV, 831.71
Frictional power% = —><100=(—)X100 = 29.337%
P FV 2835

Power (in Watt)
Material removal rate (in mm?/s)
_ FoV _ Fe _ %

" (fd)v ~ (1000)fd ~ (1000)bt
1134

€= (1000)x10x0.2
Specific cutting energy, e = 0.567 J/mm3

(ii)Specific cutting energy, e =

MADE EASY Source
o MADE EASY Classnotes

An orthogonal machining operation is being carried out GATE-2018

under the following conditions : An orthogonal cutting operations is being
depth of cut = 0.1 mm, carried out in which uncut thickness is o.010
chip thickness = 0.2 mm, mm, cutting speed is 130 m/min, rake angle is
width of cut = 5 mm, 15° and width of cut is 6 mm. It is observed
rake angle = 10° that the chip thickness is ©.015 mm, the
The force components along and normal to the direction cutting ﬁ“_te H 6? N and the thrust force is 25
of cutting velocity are 500 N and zo0 N respectively. N. The ratio of friction energy to total energy
Determine is, (correct to two decimal
(i) The coefficient of friction between the tool and chip. places)

(i) Ultimate shear stress of the workpiece material. [10]

06 Co s(2) o

Specific Energy Consumption

In an orthogonal machining operation:
Uncut thickness = 0.5 mm

Cutting speed = 20 m/min  Rake angle = 15° e= Power(W) = F“
Width of cut = 5 mm Chip thickness = 0.7 mm MRR( mm’ [ S) 1000 fd
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% Sometimes it is also known as specific power
(c) 58% (d) 70% consumption.
Page 22 of 213 - For 2020 (IES, GATE, PSUs)

End of Solution

5. (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.

[12 Marks]
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Solution:
Tests of flexibility: For a manufacturing system for becoming flexible there are
several criteria. Four important test of flexibility in an automated manufacturing
system are as follows:

1. Part variety test: It is to check the ability of a system to process different part
styles in a non-batch mode. It is done for checking machine flexibility or production
flexibility.

2. Schedule change test: It shows the ability of a system to accept to the changes
in production schedule readily, these changes may be either part mix or in production
quantity. It is used for mix flexibility, volume flexibility and expansion flexibility.

3. Error recovery test: It shows the ability of a system that how well it recover from
equipment malfunctions and breakdowns, so that the production system is less
disrupted. It is used for check routing flexibility.

4. New part test: It tells us that how easily a new part design can be introduced into
the existing product mix. It tells us about product flexibility.

Application of FMS:

Metal cutting machining
Metal forming
Assembly

Joining -welding, gluing
Surface treatment

6. Inspection and testing

o & i =
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5. (d) Describe at least five main functions carried out by coating on electrode in electric
arc welding process. Also, list the constituents of coating and their purpose.

[12 Marks]

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.

MADE EASY Source
o ESE 2019 Mains Test Series: Q.5 (c) of Test-7

End of Solution

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

[12 Marks]

Solution:

(i) Measurement systems: Measurement systems have wide applications such as
measurement of electrical and physical quantities like current, voltage, power,
temperature, pressure, displacement etc.

The reason or measurement arises when one wants to generate data for design or
when one wants to propose a theory based on a set of measurement and instrumentation
for commerce.
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(- Measurement system ,

Measured
quantity

Controller

Detector and Signal Computer
transducer conditioner
Calibration

of reference SETE] Output

signal power
Control system: A control system is a system, which provides the desired response
by controlling the output. A control system is a system, which provides the desired
response by controlling the output. The following figure shows the simple block
diagram of a control system.

Input Control Output
system

Here, the control system is represented by a single block. The output is controlled
by varying input, this input is varied with some mechanism.

Error

Detector Act'uating
| S'gna | Output
Controller Plant
+ | |
signal
Feedback
Feedback Eleenty
signal

(ii) Open loop Systems:

An open loop control system utilizes an actuating device to control the process directly
without using feedback channel. A component or process to be controlled can be
represented by a block diagram as shown in figure. The block can be investigated one
at a time, the output of one block will be input to another block and we can use cause
and effect reasoning. This will become complicated when it is connected in a closed
loop system because of interaction between different blocks.

Input——| Process |— Output

Process to be controlled

Desired output—— Actuating Device Process —Output
response

Open loop control system (Non feedback)
Advantages:
1. Simple construction
2. Low cost
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3. Maintenance is easy

4. Stability is good

Disadvantages

1 Less Accuracy

2. Reliability is less

3. The change in output cannot be modified

Closed Loop Systems:

A closed loop control system uses a measurement of the output and feedback of this
signal to compare it with the desired output. The system can be easily spotted by seeing
its block relation, it does not always maintain only relation from one block head to another
block tail, it also has relation from different blocks as shown in figure of closed loop
feedback control system. Since the increasing complexity of the system is under control
and the optimum performance of feedback system has grown it in past few decades.

Desired Output
response

Comparison Controller Process Output

Measurement

Closed loop control system (feedback system)
Advantages:
1. Closed loop control is more accurate, even in the case of non-linearity.
2. Highly accurate because the error of output can be modified by feedback signal.
3. Range of Bandwidth is large.
4. Lesser sensitive to disturbance and noise.
5. Lesser sensitive to the characteristics and parameter variations.
Disadvantages:
1. The cost is high.
2. Design is complicated.
3. More maintenance required, which further increases the cost.
4. Qverall gain reduces due to feedback.

MADE EASY Source
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End of Solution

6. (a) (i) In an open die forging, a strip 150 mm wide, 4 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/mm2.
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.

[10 Marks]

(i) For a product, the purchase prices are given below:

SI. No. Order Quantity (Q)) Unit Prices (Rs.)
1 Q, <500 10.00
2 500 <Q, <750 9.25
3 Q32750 8.75
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Determine the optimum purchase quantity if the annual demand of the product
is 2400 units. The cost of ordering is 100 and the inventory carrying charge is
24% of the purchase price per year.

[10 Marks]

Solution:
()
As given in question that this is plain strain condition. In plane strain condition width
remains same. So width of rectangular bar is 400 mm.
In forging length increases and height decreases.

B

ny |
f— 2 —
So, total length, (2L) = 150 mm
L=75mm
Given: u = 0.1, 6, = 200 MPa, h = 10 mm
Sticking zone length,

x
)
I
—
|
N
3:|3
=3
—
Pl
N——

10 1
Xs 2x0.1 (2x0.1) o472 mm

Hence there is no sticking. Only sliding is there in this question.
Pressure distribution in sliding region is given by,

P = kM) (1)
Where x is distance from centre and pressure variation is symmetric about centerline.
Maximum value of pressure will be at centre and minimum will be at corner points.
For maximum pressure, x = 0
P = 2ke(2u/h)xL ..(2)
(I) Using Von-Mises theory:
6, 200

Where, k = J§ J§ MPa

2x0.1x75
. 5,201 (*% ")
From eq. (2) for maximum pressure, P = [&£X N&

P . = 1035 MPa
For minimum pressure putting, x = L in eq. (1),

Pmin = 2ke(27u)(L_L)
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ok 2x200
I ]

P20 o004 wp
= J3 = 23094 MPa
L

[2/(92’:l ) de]

For mean pressure, P = -2
Bx(2L)

75 2x0.1
P (4_ij9 0 0% g o X200 474 04s

oL 2x75x%~/3
2 = 536.04 MPa

mean
Using Tresca theory:

6, 200
k=—2==— =100 MP
> > 00 a
For maximum pressure, from equation (2)
2x0.1x75

P = okgl@hxL = 2><100><e( 10 ) = 896.34 MPa

L[ 2u ]
2j oke ) Bax
0

For minimum pressure, P

mean = (2L)
75 2x0.1.,.
P — 4k J‘e 10 X).dx - 4><1OO><174 0844
mean 2/ 2% 75
P = 464.225 MPa

mean
(if)
Given: D = 2400 units, C, = Rs. 100/order, C, = 24% of unit cost
Let, C = unit price
Case 1:Q < 500, C = Rs. 10/unit

- |2DC, _\/2><2400><1oo ,
EOQ, Q* = C, 0.24%10 = 447.21 units
Q@ <Q [So, EOQ is in feasible region]
Total cost per year, (TC),= /2DC,C,, +DxC =+/2x2400x100x0.24x10 +2400x10
= Rs. 25073.31

Case 2: 500 £ Q < 750, C = Rs. 9.25/unit

. [2DG, _\/2><2400><1oo .
. EOQ is not in feasible region.
So, Q = 500 units

D Q
So, minimum total cost per year, (TC), = (Q)XC +—xCy+DxC
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_ (@)x100+(5—20)x0.24x9.25+(9.25><2400)

500
= Rs. 23235
Case 3: Q > 750 units, C = Rs. 8.75
. [2DC, _\/2><2400><1oo .

Q* is not in feasible region.

D Q
Minimum total cost per year, (TC); = [C_D)X Co +(§)X Ch+DxC

2400 750
_ (ﬁ)x1OO+(T)><O.24><8.75+(24OO><8.75)
= Rs. 22107.5

(TC); < (TC), < (TC),. Hence minimum cost is for case 3.
Result: Hence total cost per year is minimum for order size of 750 units.
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o ESE 2019 Mains Test Series: Q.5(c) of Test-15 (Source for Q.6 (a) (ii))
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IES = 2005 Conventional

A sirip of bowd with inbtial dimensions 24 mm 1 24 men 1 150 smm is fosged botwesn two flat
dlog o a FAnsl siee of & me x 96 mm x 1560 mm, If the confficient of friction @ DUZ5,
ditermane Lhe manmam apiag foree The aversge yield streds of lead o eneon = 7
Al mam?

Balation: k ® & mm, 2L = 0 mm, g =03
r o= ﬁ |"'..|.. |= 4% " — | — .:I__. = iHmm
- 3 Lo ) TulBE | FwillES)
. b 1K ; "y,
Foman o2y il deoge foker™ B e
i L] -
Applving Von. Mises theory K = ",'_: = 404 N ¥
L
P s — = 1L IEN T mm"
= -
B o 230,28 | = e T T
or Feis | {1816+ = (388 - x}| 180, dr s 2= [ (2= 40Hbe ® 180, da

510 kN « F 00 EN = ALY (Von - A}
K a5

TN o’
u D35

Applving Tresca's Theary, K ﬂi: AN mw'; T

| 2nl5 1 = Bl i
F=1Is ! AL i (3968 = 1) |- 150 alx + 3 Jl.l‘.-:lflla- = 150 -l
| =

MEEN & FAEN = #i TN (Treson s

Practics Problem-1

A strip of metal with initial dimenssens 24 mm v 24 mes x 150 men i forgod botween wo
Nat dies 1o & Gnal moe of & mm % 8 mm & V60 mme 7 the cocfficent of (mcisn = 005,
determine the maximem foging foree, Take the sverage vield stresgth in Lensjon s 7

X/mm?

Given: 2L = B mm; L. = 48 mm; h = B mm; B = 1560 mm; @ =008

A
=l |n'I |
2 il

N, == B 13hmm

K =44 X'mm®

Since &, came negntive so Chere will be no sticking only shidmg will take place

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in




MADE ERASYH

India’s Best Institute for IES, GATE & PSUs

Main Examination

ESE 2019 |

Mechanical Engineering | Paper-II

Anz

DpLr i
L T
:.'-!_ Aol -'f'

Foagrsy

(f) Rechunguls e

Wans e E))
ik S 2. vl
o [Fon Toark s, Mt
1__ im

T 7]

@

- -
Frgn, M (P 1T
Ty 2

=

Afe , 4F . 5
i da

{4

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in

P )

g, it
! H-Ii L"r “:_;r._.:r L
Lol Buse, s "7
TR MI‘T i qaldh
TrEpAs l\.‘l'.l'.lf‘l"\-lf

R w von-waeg (65
ol = . "
.l_.j

Aol
[

-

, SR

LT

o Melhad 4f LY

- ban A8 Y
Tormniriiat, FendpoY

bbby WL Ciga

T L Erad Love iy

il g

[ i e
|

b |
L4
]

el
gamil s Bt B

(54 Ty

'-_‘._ |.'_|-"'

Recannesl by UamSannes




MARADE EASY ESE 2019| Main Examination

India's Best Institute for IES, GATE & PSUs Mechanical Engineering I Paper-ll

o i Pl iy Frsad i i L
PRE i Lol s Sl -4 Fesdabiwn, mll powi Tha e

[hl*'-l".‘l-' i M* s R 0 iy
- i b= =2 = ‘I"l:-l— %
if 5 =28 i 7 % )
" A, L e *'I'_ < g
X w0 | Btre Mo bamEmM, T MEL D I
[T TN FOR, BECH, VA ) (F=an]
il 2z ?t'n.|.-' oy L3 P {30 & 'i-..-‘_ - :"."Mj‘h’;"-'i ta ¥alis
ke )2 -;:-_ = b ik T
3 -

Fruiiamna i b hathiiin, 15
‘;-T_hnml..‘.: -u,.l.-.i-'ul

& | gk . =
| i |
e ] | Merfbpms ang aibiel wlll vand
= - L T Jily A t
IF: r'l"'E'i' E{ 'J-l I el Thewy 'r-.u.l-|1
. S [ 1 Ty ol
L—— - ol
I_l:l'r-.-_'|.¢.l1i"'-'| g lm':rlhu...'l. ‘1':""“-'% Fratibe AL ey brer ..-'.n.'..'q:|u_ !'T'r-' l"..__‘:- g"
Fotin .I-n,‘i_lau.jﬁ'.,_ 4 Fy N R R L T A -
iw ';. A [ ﬂ"_
I " B Qi ' P_-_ = 1_"' . . E 1'"_\‘
||’_ e !jL - LK | L n
N

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in




MARADE EASY ESE 2019| Main Examination

India’s Best Institute for IES, GATE & PSUs

Mechanical Engineering | Paper-II

? nH-
’ cllvation  disceent 1 ebbored encentt L

in some v P PR e
f"ﬂ.ﬂ' OE. Ll'r‘VEfﬂ(“‘d il J“&:@:‘r:‘ﬂg fh!lf,{‘. breape - a :zr\
i ‘“stm";{:: Ef:;,-fﬂffbs.cm.«a price. A0 €0 mcoy ". :
Tc- ;(E\’r:ﬁli-‘c‘:,eﬂrhe begy- orcles Sige « (o0 considen f?L(U.(‘.hq_“
S morﬂcm‘fh aud - ordesing anc *ﬂ'ﬂ‘“a:-‘ff:ojn4+heg 5
! prlers “hhsi e fird Jeasible FOR an A .mdcgn__,
cesi I8 compoded of EOR and the nexd -highex ‘(
2190 having  price brealg , cohPagvea Jhe 1ofal eosd s
reinimen 8|ves Jhe best ovclea Sige
E$-c5
_‘_E‘M demand 18 Boan onlis ard mderlng cosd- s Rs (200
pev aovdes. - Holding coast- s 10+ o} aniy rrice. e tmven-
fewpand Hems can be pPoichased dn dhe lof alvgn

l?(“’{'cd - Delermine he bext order S‘Ié‘l &

Lot Siap > pnit_price (Rsfenlt)
S 2920
=9 .
RE 2 260 -
lenn - 1439 B Jao -
1500~ 1999 L 2T

20004 abeve

. D= Ro00 unik , = 251800 Yoo

€= 1ot o ¢

Eeoq = \]Ena
Ch

S1ant Jvom -Hhe loweat Lnlt Price, seanching go,
Jeasible EOR -

¢ = Ra farlontt

qF = 2% Zoo0 %1800 = 124% '}Uh;}lfb?dh_
J [scx0-i

g+ 1 oy Jeasible -
For ¢ =ps 18 Blunit *
8 > 9600

L

End of Solution

6. (b) What is a eutectoid reaction? Explain the development of microstructure in iron-
carbon alloys of hypoeutectoid, eutectoid and hypereutectoid compositions when

they are cooled from high temperature with the help of neatly labelled diagrams
indicating the phases present.

[20 Marks]
Solution:
Eutectoid reaction is:

. Cool : : o
Solid Tat'i?]% Solidy + Solid, (eutectoid mixture)

The eutectoid reaction for (0.8% C, 727°C)

727°C
0.8%C

y—Iron o —lron+Fe;C
- 3

Pearlite
Development Of Microstructures In Iron-Carbon Alloys:
1. Eutectoid composition (0.8% C): An alloy of eutectoid composition (0.8 wt% C) as

it is cooled from a temperature within the phase region (Point a), say, 800°C, and
moving down the vertical line xx”. At point a, the alloy is entirely in the austenite
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phase. After cooling through the eutectoid temperature, the microstructure for this
eutectoid steel (Point b) consists of alternating layers or lamellae of the two phases
(o and Fe,C) also known as pearlite.

1100 T T T
1000 — v .
Y+ FesC
X
900 f— -
YA\
O 800 al Y[y —
[ o+
] [
s 700+ b o4
[} i
o
£
© 600 H -
500 [f-
o+ FesC FeC
400 Ly ! !
0 1.0 2.0

Composition (wt% C)

2. Hypoeutectoid Alloys (<0.8%C): A steel sample in hypo eutectoid steel range is
cooled along yy’. At point c, the alloy is entirely in the austenite phase. The moment
temperature decreases to point d, ferrite start appearing in the microstructure. This
ferrite that appears before eutectoid temperature is called pro- eutectoid ferrite (pro
o). As temperature decreases mass fraction of pro o will increase and at point e
there will be canals of pro a at the grain boundary. As the temperature is lowered
just below the eutectoid, to point f, all the y phase that was present at temperature
T (and having the eutectoid composition) will transform to pearlite. There will be
virtually no change in the a phase that existed at point e in crossing the eutectoid
temperature. It will normally be present as a continuous matrix phase surrounding
the isolated pearlite colonies. It should also be noted that two micro constituents
are present, i.e., proeutectoid ferrite and pearlite which will appear in all hypoeutectoid
iron—carbon alloys that are slowly cooled to a temperature below the eutectoid.

1100

1000

900

800

T, —=

700

I~ Pearlite

Temperature (°C)

600

500

0 T 10 2.0
C, Composition (wt% C)
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3. Hypereutectoid Alloys (0.8% to 2.14% C): Analogous transformations and
microstructures result for hypereutectoid alloys, those containing between 0.8 and
2.14 wt% C, which are cooled from temperatures within the y phase field. Before
eutectoid temperature proeutectoid cementite is formed . In the final structure
(Point i) proeutectoid cementite and pearlite will appear.

1100

1000

900

800 [

Temperature (°C)
~
o
S

600 ]

Proeutectoid .
Fe,C Eutectoid

Fe;C

500 = o+ Fe,C

400 ! '

Composition (Wwt% C)
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End of Solution

6. (c) (i) Describe, with neat sketches, the working principle of—
(1) linear variable differential transformer (LVDT);
(2) Hall effect sensor
[5 + 5 Marks]

(i) 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 120Q. This load cell is required to yield a
voltage through the bridge of strain gauges with bias 10V. If the maximum
load sustained by the cell is — 2500 N, what is the corresponding voltage
across the bridge?

[10 Marks]

Solution:

(i)

1. Linear variable differential transformer (LVDT):

e 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.

e |VDT 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 (£0.5 m).

e A rotary variable differential transformer (RVDT) is a type of electrical transformer
used for measuring angular displacement.

e Working principal of LVDT is based on mutual induction. The dislocation is a
nonelectrical energy that is changed into an electrical energy.
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A.C. Excitation A.C. Excitation

i Primary
Primary e
winding winding

Arm Core |
Displacement

Core

rw

Z Secondary wmdmgs
(a) (b)

2. Hall Effect Sensor: Principle: When a beam of charged particles passes through
a magnetic field, forces act on the particles and the beam is deflected from the
straight line path.

If a current (1) Carrying conductor of thickness (‘') is placed inside a magnetic field
of (B); Then voltage will be developed across the crystal, which is given as hall

voltage (VH).

Dlsplacement

Differential output E, = Eg, — Eg,

o

+
: \::\\ + §\>
S~ - \\\ :\-;
\\\ \;\ ?\—V
O
+ x| \
+ \ E
e §\>\ a
(Magnetic
field)
Current ()
+ v, -

I-B
= Hall voltage V,, = KHT

‘K, is the Half-coefficient.

t — Thickness of object (m)

I — Current through conductor (A)

B — Magnetic flux density Wb/m?
Applications:
e Used to measure position, displacement
e Used in proximity sensor
e Used in Brushless DC-motor
(ii)
Given: Poisson’s ratio, u = 0.3, V, = (supplied voltage) = 10V
E = 210 GPa, Gauge factor, G = 2.1
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Resistance, R = 120 Q, Load, P = 2500 N (compressive)
Cylindrical diameter = 2.5 mm
Stress due to load P,

o= E= 2500 > = 509.295 MPa
A (25x10) x10°
Strai g_sloisy 2.425 x 108
rain, €= = 510105 = 2 X
G factor, G = AR
auge factor, G =
AR
= - Gxe=21x 2425 x 10° = 5.0929 x 103
Output voltage across bridge is given by
ar 'V, 310
= (1+p)—/—-= = (1+0.3)x5.0929%x 1073 x —
V., =0.0331V

MADE EASY Source
. ESE 2019 Mains Test Series: Q.7(b) of Test-15 (Source for Q.6 (a) (ii))
o Theory Book (2019 Edition): Mechatronics (Page No. 327)
. MADE EASY Classnotes

LVDT  Serten Sl Belang end End Con
» Acronym for Linear Variable Differential Transformer, \‘,' Iigh Pereectibty  High Danaty Ccas Fiked
a common type of electromechanical transducer that el ety
can convert the rectilinear motion of an object to \ '\.\ ol Seavenbly /-‘/

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 (0.5 m).

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

High Permeanibry Micked lioe Cove

End of Solution

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. [10 Marks]

(ii) 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 [10 Marks]
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Solution:

(i) Gray cast iron is brittle and weak in tension as a consequence of its microstructure
for most of the cast iron, the graphite exists in the form of flakes(similiar to corn
flakes) which are normally surrounded by an o-ferrite or pearlite matrix. Because of
these graphic flakes a fractured surfaces takes on a gray appearance hence its
name. The tips of the graphite flakes are sharp and pointed and may serve as points
of stress concentration when an external tensile stress is applied.

Cast Iron: Cast iron are defined as the iron-carbon alloys that contain carbon between
2.1% and 6.67%. However commercial cast irons normally contain less than 4.5%
of carbon. They can be easily melted because of the high percent of carbon and
can be castable to required shape because of their fluidity.

Gray cast iron microstructure consists of graphite flakes dispersed throughout the
metal matrix. The tips of the graphite flakes are sharp and pointed, and may act
as the sites for crack initiation, when an external tensile stress is applied.

Gray cast iron Malleable cast iron
() C-25-4% C-23-27%
Composition and | Si-1.3% Si-1-1.7%
heat treatment | Mn-0.7 - 0.8% Mn - <0.55%
No special heat treatment required. Requires initial rapid cooling for formation of white

cast iron, later, white cast iron is held at 800-900°C
for more graphite formation, which leads to formation
of malleable cast iron.

(i)

Graphite flakes Graphite clusters
(iii) — Weak in tension, but excellent — Increased ductility
Mechanical compressive strength. — Higher corrosion resistance
characteristics | —Good machinability as graphite flakes — Excellent impact strength
offer lubrication and chip breaking. — Higher tensile strength
— Very good damping characteristics as graphite
flakes absorb energy.
— Good resistance to adhesive wear.
(iv) As damper machine base materials, engine General engineering equipments and others
Application blocks of automobiles including. connecting rods, transmission

gears and other heavy duty services.

(i)

The main reason of internal residual stresses can be:

1. Mechanical load: Plastic deformation process such as machining and grinding.

2. Thermal load: Non-uniform cooling of a component that was processed or fabricated
at an elevated temperature. Such as weld or a casting.

3. Phase change: A phase transformation that is induced upon cooling where in parent
and product phases have different densities such as austenite to martensite.

Two possible adverse consequences of residual stresses are:

e The residual stresses whether tensile or compressive predominantly affect the
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soundness, dimensional stability and mechanical performance of the weld joint.

e Effects of residual stresses are mostly observed either near the last stage of weld
thermal cycle or after sometime of welding in form of :
Cracks : hot cracking, lamellar tearing, cold cracking
Distortion : longitudinal , angular and transverse
Reduction in mechanical performance of weld joint.

e Full Annealing:Metal is heated above the upper critical temperature and held there
until the temperature of the workpiece is uniform throughout, and finally cooling the
workpiece at a slowly controlled rate in furnace so that the temperature of the surface
and that of the centre of the workpiece is approximately the same. Resulting
microstructure is coarse pearlite.

e Normalising: Heat the steel from 30°C to 50°C above its upper critical temperature
held about fifteen minutes and then allowed to cool down in still air. Homogeneous
structure provides a higher yield point, ultimate tensile strength and impact strength
with lower ductility to steels. Resulting microstructure is fine pearlite. It produces
hard surface and tough core.

e Tempering: Tempering is the process of heating martensitic steel at a temperature
below the eutectoid transformation temperature to make it softer and more ductile.
During the tempering process, Martensite transforms to a structure containing iron
carbide particles in a matrix of ferrite. Resulting microstructure is tempered martensite.

e Quenching : Quenching is heat treatment process where material is cooled at a
rapid rate from elevated temperature to produce Martensite phase.

Comparative cooling rates of quenching media:

Brine 1.20 t0 1.30
Water 1
Water + NaOH
or KOH <1
Qil 0.40 to 0.50
Forced air 0.03
Still air 0.02

MADE EASY Source
o ESE 2019 Mains Test Series: Q.5(d) of Test-15 (Source for Q.7 (a)(i))
o Theory Book (2019 Edition): Material Science (Page No. 85) (Source for Q.7 (a)(ii))
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i Grey castiron

®Carbon =3 to 3.5%;

®The grey colour is due to the fact that the carbon is
present in the form of free graphite.

@It has a low tensile strength, high compressive
strength and no ductility.

#It can be easily machined.

® A very good property of grey cast iron is that the free
graphite in its structure acts as a lubricant. Due to
this reason, it is very suitable for those parts where
sliding action is desired.

m Contd...
s D S e S e B R i

®The grey iron castings are widely used for machine
tool bodies, automotive cylinder blocks, heads,
housings, fly-wheels, pipes and pipe fittings and
agricultural implements.

®The grey cast iron is designated by the alphabets ‘FG'
followed by a figure indicating the minimum tensile
strength in MPa or N/mm?2, For example, 'FG 150’
means grey cast iron with 150 MPa or N/mm? as
minimum tensile strength.

~ 5. Malleable cast iron

#The malleable iron is a cast iron-carbon alloy which
solidifies in the as-cast condition in a graphite free
structure, i.e. total carbon content is present in its
combined form as cementite (Fe,C).

@It is ductile and may be bent without breaking or
fracturing the section.

©The tensile strength of the malleable castiron is
usually higher than that of grey cast iron and has
excellent machining qualities.

Contd...

e ,/

#It is used for machine parts for which the steel
forgings would be too expensive and in which the
metal should have a fair degree of accuracy, e.g. hubs
of wagon wheels, small fittings for railway rolling stock,
brake supports, parts of agricultural machinery, pipe
fittings, door hinges, locks etc.

#In order to obtain malleable iron castings, it is first
cast into moulds of white cast iron. Then by a suitable
heat treatment (i.e. annealing), the combined carbon of
the white cast iron is separated into nodules of
graphite.

# There are two process:

1. Black-heart process,

2. White-heart process
Contd..
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End of Solution

7. (b) (i) Why is unilateral tolerance preferred over bilateral tolerance? Find the limits
of tolerance and allowance for a 25 mm Hgd, 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 +0.001p pm. For Hy hole, the fundamental
tolerance is 40i. The fundamental deviation for the shaft can be computed
using -16D%44 um. What type of fit is given by Hgdy?

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

[10 Marks]
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(ii) 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
B Y N 8
M| 8 10 6 7 11
Machines | g, 5 6 2 3 4

Ms| 4 9 8 6 5

[10 Marks]

Solution:

(i)

Unilateral tolerance are preferred over bilateral tolerance due to following reasons:

1. Unilateral tolerance system is preferred when precision fits are required. Unilateral
system is easy and simpler in comparison of bilateral system for determining
deviations.

2. In unilateral tolerance system, go gauge ends can be standardized as the holes
of different grades have the same lower limit and all the shafts have same upper
limit.

Given shaft and hole pair dimension = 25 mm Hgd,.

D= J18x30 = 23.238 mm

i= 045D +0.001D = 0.45(23.238)"3 + 0.001 x 23.238

i=1.307 um
Fundamental tolerance for Hg hole = 25/
=25 x 1.307 = 32.675 um
~ 0.0327 mm
Fundamental tolerance for dg shaft = 40i
=40 x 1.307 = 52.28 um
~ (0.0523 mm
Fundamental deviation for the shaft = -16D%44 = — 63.86 um ~ -0.0639 mm
Lower limit of hole = 25 mm
Upper limit of hole = 25 + 0.0327 = 25.0327 mm
Upper limit of shaft = 25 — 0.0639 = 24.9361 mm
Lower limit of shaft = 25 — 0.0639 — 0.0327 = 24.9034 mm
Type of fit: Lower limit of hole is more than upper limit of shaft, so this is a case of
clearance fit.
Allowance = Lower limit of hole — Upper limit of shaft
=25 - 249361 = 0.0639 mm
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Hole < [ T25i Zero-line or basic
} Fundamental deviation ~ Size line =25 mm
{a0i

Shaft

Primary Texture (Roughness):

e Roughness height: is the parameter with which generally the surface finish is
indicated. It is specified either as arithmetic average value or the root mean square
value.

¢ Roughness width: is the distance parallel to the nominal part surface within which
the peaks and valleys, which constitutes the predominant pattern of the roughness.

e Roughness width cut-off: is the maximum width of the surface that is included in
the calculation of the roughness height.

e Secondary Texture (Waviness): refers to those surface irregularities that have a
greater spacing than that of roughness width.

e Determined by the height of the waviness and its width.

e The greater the width, the smoother is the surface and thus is more desirable.

e Methods of measuring surface Texture : There are a number of useful techniques
for measuring surface texture (roughness).

e Observation and touch

e Stylus based equipment

e |Interferometry

(if)

Minimum of machine, M, = 6

Maximum of machine, M, = 6

Minimum of machine, M, = 4

For converting n jobs on 3 machines to n jobs on 2 machines one of the following

condition must be satisfied.

0 (Minimum of M) = (Maximum of M,)

(I (Minimum of M;) = (Maximum of M,)

Here I8t condition is satisfied. Hence it can be converted into n jobs on 2 machines.

Jobs
3 195 15 T3, s
X=M;+M, |13 16| 8 |10 15
Y=M,+M3 | 9 [15{10]| 9 | 9

Machine

Hence optimum sequence of job as per Johnson’s algorithm:
Jy = dy = ds = J; = U,
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Machine M, | Machine M,

In Out In Out

6 8 8 16

16 22 22 31

27 31 31 36

35 40 40 44

«» | Machine M,
S

= In Out
J| 0 6
bl 6 16
Js | 16 27
Ji| 27 35
Jy| 35 | 42

42 45 45 51

Hence make span time = 51 hours

ldle time on machine M, = 51 - (8 + 10 + 6 + 7 + 11)
=51 - 42 = 9 hours

Idle time on machine M,
ldle time on machine M,

MADE EASY Source

51 -(5+6 +2+ 3 + 4)
51 - (4 +9+8+6 +5)

31 hours
19 hours

51 - 20
51 — 32

o ESE 2019 Mains Test Series: Q.1 (c) of Test-5(Source for Q.7 (b) (i))
. ESE 2019 Mains Test Series: Q.6 (c) of Test-7 (Source for Q.7 (b) (ii))
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Roughness

/

"o Waviness: refers to those surface irregularities that
have a greater spacing than that of roughness width.
e Determined by the height of the waviness and its
width.
e The greater the width, the smoother is the surface
and thus is more desirable.

» Lay direction: is the direction of the predominant
surface pattern produced on the workpiece by the tool
marks.

o Flaw: are surface irregularities that are present which
are random and therefore will not be considered.

_ e e

Methods of measuring Surface Roughness
There are a number of useful techniques for
measuring surface roughness:

@ Observation and touch - the human finger is very
perceptive to surface roughness

» stylus based equipment - very common

o Interferometry - uses light wave interference patterns
(discussed later)

[=—= e — e |
—— /
~  Observation Methods
®Human perception is highly relative.
#To give the human tester a reference for what they are
touching, commercial sets of standards are available.
® Comparison should be made against matched
identical processes.
@ 0ne method of note is the finger nail assessment of
roughness and touch method.
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Determine the fundamental deviation and tolerances and the
limits of size for hole and shaft pair in the fit: 25 mm H8do.
The diameter steps are 18 mm and 30 mm. The fundamental
deviation for d shaft is given as -16D°44. The tolerance unit is,

i- 0.45YD +0.001D 56

The tolerance grade for number 8 quality is 25i and for g

quality is 40i.
[10 Marks]
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End of Solution

7. (¢) (i) What are natural and forced responses of a dynamic system? Derive the
expression for dynamic natural response of a spring-mass system.

[10 Marks]

(ii) A vector 25/ + 10j + 20k is translated by 8 units in X and 5 units in Y directions.
Subsequent to this the vector is rotated by 60° about Z-axis and 30° about
X-axis. Determine the final form of the vector.

[10 Marks]

Solution:
(i)
Natural responses: The natural response is the response or output of the system when
the input are zero it is due to initial conditions only.
Forced responses: The forced response is the response or output of the system when
the input are present.
Consider a spring mass system on which the force F acts. Displacement x is positive
in the direction shown and zero position is taken to be at the point where the spring
and mass are in static equilibrium.

k
.
F

Free body diagram,

kx
b M
\F
From equation of motion
F= Mx+kx
a?x
F= M—-+kx A
dtz ( )

Applying Laplace transformation both sides in equation (1)
As) = Ms? X(s) + kX(s)

X(s) M 1 M

F(s) 2,k \/7 2 [k
ST+ M|~ |5+~
i ()
By taking inverse Laplace transformation
we get natural response of the system as

H(s) =
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1 .
MO = Jagi

1 .
h(t) = WSII’]

(i)
Given position vector, P = 25] +10; + 20k .

As mention in question there are three transformation. So, we need to find three
transformation matrix to get final form of the position vector.
For 8 units translation in x and 5 units translation in y, we will get

10 0 8
010 5
=10 0 10
[0 0 0 1
For rotation by 60° about z-axis
[cos60° —sin60° 0 O
sin60° cos60° 0 O
L=| o 0 10
| O 0 0 1
For rotation by 30° about x-axis
[ 1 0 0 0
0 cos30° —sin30° O
5= 10 sin30° cos30® 0
10 0 0 1
If P is final form of vector then we can write,
Pe=T;x T, x T, xP
1 0 0 O 1 ﬁ 9 @
V3 -1 2 2
0O — — O
P = 2 2 ﬁ 1 00
o 1 B 4|2 2
2) 3 0 0 10
0 0 0 f1j/O 0O 0 1]
(1 0 0 8][25]
10 1.0 5|10
“lo 0o 1 0fl20
(0 0 O 1 1]
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Multiplying T, and P first we get

10 0 Ol[1 -3 0 o
J3 1 2 2 33
2 2 Pl 15
= Fr= XX _ 00
o | V3 oll 2 2 20
o 2 0 0 1 0Of 1
0o o 0 1o o o0 1]
Now multiplying last two matrices
(1 0 0 O]
N 3.5096
., 0 = 75 Ol36.0788
F= 20
o 1 ¥
2 2 1
0 0 0 1]
[ 3.5096
21.2451
= Fr=|35.3509
1

Final form of vector = 35096/ +21.2451; + 35.3599k

MADE EASY Source
. ESE 2019 Mains Test Series: Q.1(e) of Test-8 and Q.2 (a) of Test-9
o MADE EASY Classnotes

F T Exam%- _

In this case, assume the same point p(7, 3, 1)7, attached
to B 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. A rotation of go° about the z-axis,
2. Followed by a translation of [4, -3, 7],
3. Followed by a rotation of 9o° about the y-axis.
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8. (a) (i) Explain briefly the following:
(1) Four configurations of Robot
(2) Work volume
(8) Spatial resolution
(4) Accuracy
(5) Repeatability
[10 Marks]

(ii) A 4 d-o-f manipulator of Maker Robot type is shown in the figure given below.
Prepare a D-H parameter table for this configuration. Define the position of
end wrist P in terms of joint lengths and angles:

Ja Py(xX4, Va5 24)

(x, ¥, 2)

6,(about x-axis) 6,(about x-axis)

0,(about z-axis)

[10 Marks]

Solution:
(i)
1. Four configurations of Robot
e (Cartesian co-ordinates Robots : It's a robot whose arm has three prismatic joints,
whose axes are coincident with a Cartesian coordinator. It is used for pick and place
work, assembly operations, handling machine tools and arc welding.
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X

<

e Cylindrical Coordinate Robots: It's a robot whose axes form a cylindrical coordinate
system. It is used for assembly operations, handling at machine tools, spot welding,
and handling at die casting machines. It has two prismatic and one revolute joint.

>
%:j
H@

e Spherical or Polar Coordinate Robots: It's a robot whose axes form a polar
coordinate system. Used for machining, welding, spray painting etc. It has two
revolute and one prismatic joint.

e Jointed Arm Robot: It's a robot whose arm, has at least three, rotary joints. It is
used for assembly operations, die casting, fettling machines, gas welding, arc
welding and spray painting. It needs smaller workspace.
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2. Work volume: Depending on the configuration and the size of the links and wrist
joints, robots can reach a collection of points that constitute a work volume. The
shape of the work volume for each robot is uniquely related to its design.

o HO®

Cartesian Cylindrical Spherical Articulated
or jointed arm

work volume for common robot configurations

3. Spatial resolution: Spatial resolution is defined as the smallest increment of motion
achieved by robotics manipulator at its tool or end effector. The spatial resolution
of a robot is the smallest increment of movement into which the robot can divide
its work volume.

Spatial resolution depends on two factors: The system's control resolution and
the robot's mechanical inaccuracies.

4. Accuracy:

Robot Accuracy : A measure of difference between the actually attained position/
path of a robot end effector the input position/path commanded by the robot
controller.

Absolute Accuracy: A measure of difference between the actually attained position/
path of a robot end effector and the input position/path (in absolute world coordinate
frame) commanded by the robot controller.

Relative Accuracy : A measure of difference between the actually attained position/
path of a robot end effector and the input position/path (relative to an intermediate
reference frame) commanded by the robot controller.

5. Repeatability: Repeatability is the ability of the robot to reposition itself to a position
to which it was previously commanded or trained. Repeatability describes the
positional error of the tool tip when it is automatically returned to a position previously
taught. Repeatability and accuracy are similar. But repeatability and accuracy refer
to two different aspects of the robot's precision. Accuracy relates to the robot's
capacity to be programmed to achieve a given target point. The actual programmed
point will probably be different from the target point due to limitations of control
resolution. Repeatability refers to the robot's ability to return to programmed point
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when commanded to do so. Repeatability will generally always be better than
accuracy exclusive of drift.
(i)
We need to assign frames to each joint first to prepare the D-H parameter table:
Xy X5
Zy 25
6,
o 5]4 Ve %
d, i
D-H parameter table
0 d o |a
Jo | 90°+6, | 0 |-90° |0
JS 0 d3 +90° 0
s 6, 0] o |o
Please note that the D-H parameters may vary according to the frame you decide.
[c6 —sbco s@sa  ach
. . s6 cbco —cBsO aso
Transformation matrix =
0 so co d
| 0 0 0 1
o7 s6;, 0O cH, O
®)=1o0 1 0 o
|0 0 0
[c(6,-90) O -s(6,-90) O
17,0,) = s(6,-90) 0 ¢(6,-90) O
0 -1 0 0
| 0 0 0 1
[1 0 0 O
2T () = 00 -1 0
al%) = 0 1 0 ds
|0 0 0 1
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37(0) = 4 4
40 0 0 10
0 0 0 1

Overall transformation matrix °7, = °T, x 1T, x 2T, x 3T,
Position of end wrist P can be found using OT4.

¢ 0 -5 O s, 0 ¢ O
0O -1 0 O 0O -1 0 O
0O 0 0 1 0O 0 0 1
CiS, Sy ¢, O
58, —¢; S, O
0 0 0 1
CS, S ¢, Of (1 0 0 O
R c;, 0 =-s, 0|0 1 0 ds
0 0 0O 1/]10 0 0 1
o - $iS, Sy Gy 38y
S C, =S, 0 —S,d
0 0 0 1
CiS, CiS, —S; diciCy | [cy -S4 O
0 0 0 1 0O 0 O

CiS5Cs +C1CSy €155 (=54 )+ C1CsSs =Sy 361G
0T, = S1S,C4 +51CoSs  S155(=84)+81CoSs G4  da81C
C1Cy — 555, —54Cp —S5Cy 0 —s,d;

0 0 0 1
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ypes of Robot (Based on Coordinate axis) Standard Configuration Gantry Configuration

* Cartesian or Gantry . Work srvelope
robot(sP): Cartesian _Rof;m o showeg v
ts, . genen
*y
i
i
i

* It's a robot whose arm
has  three  prismatic
joints, whose axes are
coincident with a
Cartesian coordinator.

* Used for pick and place
work, application of

sealant, assembly

operations, handling |

machine tools and arc - | e

welding. St
I!!!!!!!lllllii===!!lllllll'

Types of Robot

¢ Cylindrical

robot(RzP):

\ Cvlinderical Robot F
* It's a robot whose axes .
form a cylindrical
coordinate system.
*Used for assembly
operations, handling at
machine tools, spot
welding, and handling

Work armvelope
(profile of
L genaraled volume)

at die casting : \
machines. |
};
..... — 1
Types of Robot .
* Spherical or Polar Polar Robor =
robot(2RP):
*It's a robot whose E—p .,
axes form a polar \%—"
LU NE SR = Its mechanical stiffness is lower than Cartesian
* Used for machining,
welding, spray and Cylindrical configurations
painting etc.

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in www.madeeasy.in




MADE ERASYH

India’s Best Institute for IES, GATE & PSUs

ESE 2019 |

Main Examination
Mechanical Engineering | Paper-II

TARGET
FOSITION
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008 i1 152 man]
[ACCURACY) [
013 1M 305 men)
IRESQLUTION) |

FIAST JGINT
POSITION —-J -

ADJACENT JOINT
POSITION

- —
————

Robot Repeatability

* Repeatability is the ability of the robot to reposition
itself to a position to which it was previously
commanded or trained. Repeatability describes the
positional error of the tool tip when it is automatically
returned to a position previously taught.

* Repeatability and accuracy are similar. But repeatability
and accuracy refer to two different aspects of the robot's
precision. Accuracy relates to the robot's capacity to be
programmed to achieve a given target point. The actual
programmed point will probably be different from the
target point due to limitations of control resolution,
Repeatability refers ni}éla% ga)g* gghnllq.r Lo returnto

Return Programmed
position Target
point
o |
|R P ] T One
Accuracy error axis
Repeatability
error
Repeatability
=2xr

!f'ﬁccurm Precision”

= Accuracy - The ability of a measurement to match the actual
{true) value of the quantity being measured, The expected
ability for a system 1o discriminate between two seitings
Smaller the bias more accarae 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.

= Precision data have small dispersion [ spread or scatter | but
iy bt e From the true valae.

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

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

Resolution

¢ Control resolution is the smallest increment that

the robot arm can move by means of digital to

analog converter commands for position feedback
control.

¢ If a linear robot arm is to move a distance ‘d’ by ‘n’
bit digital to analog converter through the
controller then the linear resolution will be d/2".

* For the rotary motion one has to divide the angular
range by 2" to obtain the angular resolution.
Angular resolution multiplied by the arm length
gives the control resolution.

= ﬁ;;ﬁhiglitvl

# It is the ability of a measuring system to reproduce
output readings when the same input is applied o it
consecutively, under the same conditions, and in the
same direction.

= Imperfections in mechanical systems can mean that
during a Mechanical cycle, a process does not stop at the
same location, or move through the same spot cach
time. The variation range is referred o as repeatability.
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End of Solution

8. (b) (i) Draw the “bathtub 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).
[10 Marks]

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

[10 Marks]
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Solution:
(iy Phase of failure/Bathtub curve:

I

I

Useful life :

I

Failure :

rate '
Earl ' Wear-out
failure Catastrophic :_fanlu_re»

failure |

Time ——

Early failure: These failure occur at the beginning due to deflective design, manufacturing,
or assembly work warranty is based on the concept of early failure.

Catastrophic failure: These failure occur during actual working of product, they occur
randomly and suddenly. These are caused due to sudden stress accumulation beyond
the designed limit.

Wearout failure: It is a typical aging problem and product is more likely to fail due
to wear and tear. Proper care and maintenance can delay the failure.

Major causes of failure in mechanical systems component:

1. Excessive. deflection (e.g. in beam), angular misalignment (e.g. in shaft), excessive
elongation (e.g. belt)

Creep failure.

Corrosion or deterioration of material

Fatigue failure

Wear

Thermal shock

Brittle and ductile failure

Buckling of component

. Impact load

10. Material bond failure.

Flow chart for failure modes and effects analysis (FMEA):

© ® N Ok N
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( Initiate FMEA of an item )

—>| Select a component of the item for analysis |

Y

Identify the all possible failure modes of
the selected component

!

_>| Select the failure mode for analysis |

'

| Identify the effect of the failure mode |

!

| Determine the severity of the final effect |

| Identify potential causes of that failure mode |

i

| Determine the severity of the final effect |

| Identify potential causes of that failure mode |

I

Check the probability of failure occurrence for the
failure mode during the predetermined time period

Yes

Are there more failure
modes to analyze?

Are there other
components
for analysis?

No

( FMEA Complete )

(ii)) Mechanism of metal removal in die-sinking EDM:

e Mechanics of material removal - melting and evaporation aided by cavitation.

e The process is based on melting temperature, not hardness, so some very hard
materials can be machined this way.

e The arc that jumps heats the metal, and about 1 to 10% of the molten metal goes
into the fluid. The melted metal then recast layer is about 1 to 30 um thick, and
is generally hard and rough.

e The electrode workpiece gap is in the range of 10 um to 100 pum.

e Uses Voltage of 60 to 300 V to give a transient arc lasting from 0.1 us to 8 ms.

e Typical cycle time is 20 ms or less, up to millions of cycles may be required for
completion of the part.

e Rotating the wire in an orbital direction will,

e |Increase accuracy in form and surface finish

e Decrease electrode wear

e Surface finish obtained 0.25 um
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Advantages of electron-beam machining:

1. EBM can be used for very accurate cutting of a wide variety of metals. It can also
be used for producing very small hole in any shape.

2. Surface finish is better and kerf width is narrower than that for other thermal processes.

3. Highly reactive material can be machined easily because machining is done under
vacuum.

4. It can machine any material irrespective of its hardness and other mechanical
properties.

MADE EASY Source
o Theory Book (2019 Edition): Production Engg. (Page No. 273) (Source for Q.8 (b) (ii))
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— B . ii"i—_
— Electron Beam Machinin
@ Workpiece placed in vacuum chamber to minimize
electron collision with air molecules.

# High-voltage (150 KV) electron beam directed toward
workpiece upto velocity 200,000 Km/s

#Beam can be focused using an electromagnetic lens to
10 to 200 pm and a density of 6500 GW/mm?

@ Energy of electron beam melts/ vaporizes selected
region of workpiece

@ Good for narrow holes and slots, a hole in a sheet 1.25
mm thick up to 125 micro m diameter can be cut
almost instantly with a taper of 2 to 4 degrees

#Similar process to EB welding

|
~ Electron Beam Machining

High voltage cable (30 kV, de)

Cathode grid ——
Optical - - Electron stream
iy ~ Magnetic lens
system

Viewing | Deflection coils

port,

Vacuum chamber

~ Characteristics of EDM

©Mechanics of material removal - melting and
evaporation aided by cavitation.

#The process is based on melting temperature, not
hardness, so some very hard materials can be
machined this way.

#The arc that jumps heats the metal, and about 1 to 10%
of the molten metal goes into the fluid. The melted
metal then recast layer is about 1 to 30 pm thick, and is
generally hard and rough.

@ The electrode workpiece gap is in the range of 10 pm
t0 100 pm.

~  Characteristics of EDM
@ Uses Voltage of 60 to 300 V to give a transient arc
lasting from 0.1 p s to 8 ms.
#Typical cycle time is 20 ms or less, up to millions of
cycles may be required for completion of the part.

@ Rotating the wire in an orbital direction will,
- Increase accuracy in form and surface finish
- Decrease electrode wear

eSurface finish obtained 0.25 pm

End of Solution

8. (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 Rs. 8 per bottle for medicine A and Rs.

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 method.

Solution:

[20 Marks]

Let x, bottle of medicine A and x, bottles of medicine B are produced.

Given constraints:

x, < 20000

x, < 40000
Number of bottle constraint, x,+ x, < 45000

3x; X,

i i — L+
Time constraint, 1000

1000 < ©6

3x, + x, < 66000
Objective function, Maximize, Z = 8x, + 7x,
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X2
3x, + x, 66000
(0, 66000)‘/\

/\< x, £20000

(0, 45000) % x, <40000

‘E c 7,

x;+ x, <45000

(45000, 0)
L

ol 0,00 A gooo,O)P o

Hence feasible region is OABCDE.
Feasible region corner points are O(0, 0), A(20000, 0), E(0, 40000)

For point D, x, = 40000
x, + x, = 45000
x, = 5000
D(5000, 40000)
For point C, x, + x, = 45000 (1)
3x, + x, = 66000 -(2)
Solving eqg. (1) and (2)
x, = 10500
x, = 34500
C(10500, 34500)
For point B, x, = 20000
3x, + x, = 66000
x, = 6000
B(20000, 6000)
Feasible region co-ordinates (x;,x,) Zrax = 8x1+7x, (inRs.)
0(0,0) Zrae =0
A(20000, 0) Z e = 160000
B(ZOOOO,GOOO) Zax = 8x20000 + 7x 6000 = 202000
C(10500,34500) Zax = 10500x 8 +7x 34500 = 325500
D(5000, 40000) Zax = 5000x 8 + 7 x 40000 = 320000
E (0, 40000) Zax =0x8+40000x 7 = 280000

Hence maximum profit is Rs. 325500.
Optimum quantity of medicine A = 10500 bottles
Optimum quantity of medicine B = 34500 bottles

MADE EASY Source
o ESE 2019 Mains Test Series: Q.5(e) of Test-7

End of Solution

Q000
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