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SECTION : A

Q.1 (a) A steeltube (E =200 GPa) with a 32 mm outer diameter and a 4 mm thickness is
placed in a vise that is adjusted so that its jaws just touch the ends of the tube
without exerting any pressure on them. The two forces as shown in figure are
then applied to the tube. After these forces are applied the vise is adjusted to
decrease the distance between its jaws by 0.2 mm. Determine
(i) the forces exerted by the vise on the tube at A and D
(ii) the change in length of the portion BC of the tube

74—80mm—>|<—80mm—>|<—80mmb>

D e ¥ 2] Co———>
— 42 kN 30 kN —
]
[
[12 marks : 2025]
Solution:
R, 42 kN ——>30kN — R,
A B C D
Free body diagram of tube
Internal diameter of tube, d, = 32 - 2 x 4 = 24 mm
Outer diameter of tube, d, = 32 mm
Area of tube, A = E(d§ —o’,-2) - E(322 —242) _ 351.86 mm?
4 4
= 351.86 x 106 m?
RaL Ra (0.08)
For A to B: O, = =
B~ EA  200x10%x351.86x107°

= 1.13682 x 10° R,
For B to C: P=R, + 42 x 103

(Ra+42x10°%)(0.08)

5 =
~ (200x1o9)(351.86x10‘6)
= 113682 x 10° R, + 47.746 x 106
For C to D: P:,‘?A+12><1O3
(Ra+12x10°)(0.08)
8ep =

(200x109)(351.86x10_6)
113682 x 10° R, + 13.6418 x 10

dp = dug+ Bpc+ dcp
= 3.4104 x 10° R, + 61.388 x 10
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Due to Jaw movement, 8, = 2 x 1073 (Compression)
-0.2 x 103 = 34104 x 10° R, + 61.388 x 10©
-0.2 = 34104 x 10° R, + 61.388 x 1073
R, = -76.644 kN Ans. (i)
For overall, ZF = 0
R,+ 42 =230 + R,
Rp,-R,=12
R,=12 + R, = 12 - 76.644 = -64.644 kN Ans. (ii)

SBC = 1.13682 x 1072 (-76.644 x 10°) + 47.746 x 1078
=-39.384 x 10%m
8z, = -0.0394 mm Ans. (iii)
76.644 KN——>| 42kN <——— ——> 30kN |<~— 64.644 kN

A 80 mm B 80 mm C 80mm D
FBD with all the forces

End of Solution

Q.1 (b) The compound beam shown in figure below is pin connected at B. Determine the
components of reaction at its supports. Neglect its weight and thickness.

10 kN
5/|4 4 kN/m
3
B
5 C
A ]
2m 2m 2m
[12 marks : 2025]
Solution:
10 kN
5/|4 4 kN/m
3
0 B
5 C
A 1
2m 2m 2m
Ccos6 3 Sin® 4
= —, | =5 =
B B
10 sin 6 (8 kN) 8 kN
M, B,
10 cos 6 (6 kN) l
| B| c &
A | 2m I 2m |B | 1m I 1m I
RA By C.V
FBD of beam AB FBD of beam BC
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For BC: By + Cy = 8 kN [z Fy = 0]
B, x2=28x1 [EM. = 0]
B, =4 kN
So, C,=4 kN
For whole beam equilibrium,
C,+6=0 [Z F, =0]
C,= -6 kN
For beam AB: R,=8+ B, X F, = 0]

R,=8+ 4 =12 kN
Taking moment about A:
M,=8x2+4x4

M, =16 + 16
i.e., M, = 32kNm (CCW)
Summarizing reaction at all supports:
Moment at A, M, = 32 kNm (CCW) Ans.
Reaction at A, R, = 12 kN (Upward) Ans.
Horizontal reaction at C, C, = 6 kN (Rightward x-direction) Ans.
Vertical reaction at C, Cy = 4 kN (Upward) Ans.

End of Solution

Q.1 (c) Acompound cylinder is formed by shrinking one tube of 100 mm internal diameter
and 25 mm wall thickness on to another tube of 100 mm external diameter and
25 mm wall thickness. Both the tubes are made of steel (with E =210 GPa) and
the shrinkage allowance based on radius is 0.02 mm. Determine the pressure
set up at the junction due to shrinkage.

[12 marks : 2025]
Solution:
The method of solution for compound cylinders constructed from similar materials is
to break the problem down into three separate effects:
(a) shrinkage pressure only on the inside cylinder.
(b) Shrinkage pressure only on the outside cylinder.
(c) Internal pressure only on the complete cylinder, as shown in figure.

R2
z?i 2\ m

(a) Shrikage - internal b) Shrikage - external ) Internal pressure -
Cylinder Cylinder compound cylinder

Method of solution for compound cylinders
For each of the resulting load conditions there are two known values of radial stress
which enable the Lame constants to be determined in each case.

Condition (a) Shrinkage - Internal cylinder

Atr =R, c,=0

Atr =R, o, = —P (Compressive since it tends to reduce the wall
thickness)
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Condition (b) Shrinkage — External cylinder
At r =R, c,=0
Atr=~R, o, =P
Condition (c) Internal pressure — Compound cylinder
Atr =R, c,=0
At r =R, o, = P,

We know that Lame’s equation or thick cylinders is given as

c, = A—g (Radial stress)

Ty = A+r£; (Hoop stress)

The total interference or shrinkage allowance (on radius) for cylinders of the same
material is given as

p
A(Shrinkage allowance) = —[GHO —GH,»]

E
For the given loading, let P be the required shrinkage pressure, then for the inner tube:
At r = 0.025 m, c,=0and
At r = 0.05 m, c,=-P
B .
A-————= =0=A- 16008 ()
(0.025)
B .
-P= A- 5 =A—400B ... (i)
(0.05)
Solving equation (i) and (ii),
P = 12008 or B = P
s °"5 = 200
F tion (i A= 16008 = — x1600——£
or equation (i), = = =7 ===
Therefore, at the common radius the hoop stress is given by
OH = A+ B 2:—£+4OO(—L)
(0.05) 3 1200
= —£—5=—£=—1.67P
3 3 3
Now, for outer tube:
At r = 0.05 m, o, = —F and
At r = 0.075 m, c,=0
B
—P= A- = A-4008B .. (iii)
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, _ 2

Subtracting (iv) — (iii), P=222Bor B = 200

178

i i = = —P
From equation (iv), A= 178B 52
Therefore, at the common radius the hoop stress is given by
OH, = A+—D = A+400B
0.05

178P  Px400 _578P
202 200 222

=2.6P

,
Shrinkage allowance = 0.02 x 103 = —(GHO —GH,-)

E
50x 1073 6
3 22 [26P—(-1.67P)]x 10
0.02 x 10 210><1o9[ ( )]
S ¢ 5 50><10—3><4.27><106P
. X —
210x10°
P = 19.67 MPa Ans.

End of Solution

Q.1 (d) A pair of 20° full depth involute spur gears are in mesh. The larger gear has
48 teeth whereas the pinion has 12 teeth. The module is 10 mm. Determine
(i) the reduction in addendum of the gear to avoid interference, and
(ii) Contact ratio

[12 marks : 2025]

Solution:
Given data: t = 12, T = 48, ¢ = 20°, m = 10 mm.
Addendum of the larger gear to avoid interference

mT t(t )
7':\/14—?(?—’_2)8”’] q)—1]

~ 10x48 1 1 By
= 5 {\/1+4(4+2)sm 20 1]

240[J1+o.25x2.25xo.1 17 —1]

240 x (1.032382 — 1) = 7.77 mm
Reduction in addendum = 10 — 7.77 = 2.23 mm Ans. (i)
Pitch circle radius of larger gear,

o™ 240 mm
2
mt 10x12
Pitch circle radius of pinion, F= ?= 5 =60 mm

Ry=R + A, =240 + 10 = 250 mm
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rA=r+Ap=60+1O=7Omm

\/(F\’f\) —(Rcoso)’ — Rsing

Length of path of approach

J(250)% - (240c0s20°)? — 240sin20°
107.88 — 82.08 = 25.79 mm

Length of path of recess = (rﬁ)—(rcosq>)2 —rsing

- /(707 - (B0cos20°)? — 60sin20°

= 41.476 — 20.52 = 20.97 mm
Length of path of contact = 25.79 + 20.97 = 46.76 mm

Length of arc of contact = 46.76 =49.76 mm
co0s20°
. Length of arc of contact = 49.76
Clomitze: il = Circular pitch " x10
= 1.584 Ans. (ii)

End of Solution

Q.1 (e) A rotating solid shaft of diameter d is under bending moment M and Torque T
without any axial load. Determine the equivalent bending moment, M, using
Maximum Normal Stress Theory (MNST) and Distortion Energy Theory (DE) and
the equivalent twisting moment, 7, using Maximum Shear Stress Theory (MSST).
Effects due to fatigue and stress concentration are to be neglected.

[12 marks : 2025]

Solution:

Consider a point P on the periphery of the shaft. If d is the diameter, then owing to
the bending moment M, the normal stress ¢ at P on a plane normal to the axis of the
shaft is

My _pp.9, 64 _32M
°% 2 nd* nd®
The shearing stress on a transverse plane at P due to torsion T is
Td Tdx32 16T
2l 2nd nd
Therefore, the principal stresses at P are

Gy, = %Gi%\/62+412,63 =0

Maximum normal stress theory,

c 1 1/2
c =G1=§+§(02+412) =0,

o + (0% + 41912 = 20,
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3a2M 1 1/2
S 32(MP+T? -

nd®  ndl ( ) 26,
32M + 32 (M2 + T3)12 = 2nd,

32[M + (M2 + T2)V2] = 2nd30y

32[%{/\/I+(M2+T2)1/2H _ 0

y

Also, 32M,
From equation (i) and (ii)

nd’, ... (i)

%(M+\/M2+T2)N.m Ans.

Equivalent bending moment, M,

Distortion Energy Theory

1+v
Ud = ( 6E )[((51 —(52) +((52 —(53) +(G3 —(51) ]
(1+V) 2
= “2g 9%
With o, = 0,
6> +0,°~0,0,=07
Substituting for 6, and o,
1/2
1/2
l(52+l(<52+412)+1<5(<52+4*c2) +102+1(02+412) =0
4 4 2 4 4 y

~2o(e? +4r?)"" - 2P 1(o? +a2?)

(62 + 312)12 = S,

Substituting for ¢ and T

16x 2 o\1/2
- (4/\//2+3T ) -0,

M. = %\/4/\42 +372 Ans.

e

Maximum Shear Stress Theory,

1 1/ 5 o\1/2 oy
Ty = 5(61—62)=§(6 +41 ) Y
(62 + 472)12 = o, = 2T,
Substituting for o and t
ﬁ(Mz”—z)m o
nd® IS
E(Mz”—z)vz .
T max
To= M2 + T2 Ans.

End of Solution
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Q.2 (a) A cart Ashown in figure having a mass of 200 kg is held on an incline so as to
just touch the undeformed spring whose constant K is 50 N/mm. If body A is
released very slowly, what distance down the incline must A move to reach an
equilibrium configuration? If body A is released suddenly, what is its speed when
it reaches the aforementioned equilibrium configuration for a slow release?

y

[20 marks : 2025]

Solution:

For slow release:
The gravitational force component down the incline is equal to spring force.

= F,
mg sin30° = kx
_ mgsin30° _ 200 x9.81xsin30°
* kK 50x1000
= 0.01962 m or 19.62 mm Ans.

For sudden release:

When the cat is released suddenly, we need to use the conservation of energy principal.
The potential energy lost (Gravitational + Elastic) is converted into kinetic energy at
the equilibrium position.
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h=xsin0

Let the initial position be the reference point for gravitational potential energy. The height
change down the incline is h = x sin®

Initial energy (Gravitational + Elastic + Kinetic) = 0

At equilibrium position (Distance x down the incline):

(PE)gravitationaI =-mgh = —-mg x sin®
1,2
(PE)elastic = Ekx
1 2
(KE)fina = 5mv

By the principal of energy conservation:

0+0+0= %mvz—mgxsin6+%kx2
1 1
Emv2 = mg xsin® — Ekxz

mv? = 2mg xsin® — kx?

L \/ngxsine—kxz _ \/2><200><9.81><0.019628in30°—5OOOO><(O.O1962)2

m 200
_ \/38.4944—19.2472 _\/19.2472
- 200 200
v = 0.31022 m/s Ans.

End of Solution

Q.2 (b) The torque produced by an engine is given by the expression

T = (5000 + 1500 sin30) N-m

where 0 (theta) is the angle turned by the crank measured from some datum.

The mean engine speed is 300 rpm and the flywheel and other rotating parts attached

to the shaft have a mass of 450 kg with radius of gyration 500 mm. Determine:

(i) the power of the engine

(ii) percentage fluctuation of speed when the resisting torque is constant

(iii) percentage fluctuation of speed when the resisting torque is (5000 + 600 sin@)
[20 marks : 2025]

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




Live-Online s

General Studies &
Engineering Aptitude for
ESE 2026 Prelims (Paper-1)

W,
@ Course duration approx. 3 Months. ‘ = OFFER S
@ 200 Hrs of comprehensive classes. »  EARLYBIR
@ Teaching pedagogy similar to the classroom course. é
@ Study material will be provided.
@ Streams : CE, ME, EE, E&QT . = 2025
Valid till 317 Aug <75=

Total 8 Subjects are covered
(Engineering Maths and Reasoning Aptitude will not be covered)

@ Current Affairs
' Batches commenced from

25 Aug 2025

@ General Principles of Design, Drawing & Safety

@ Standards and Quality Practices in Production,
Construction, Maintenance and Services

@ Basics of Energy and Environment
@ Basics of Project Management

@ Basics of Material Science and Engineering

@ Information and Communication Technologies

@ Ethics and values in Engineering Profession SENED AT

@ www.madeeasy.in © 9021300500




=1 MADE EASY ESE 2025 Main Examination

(S5 Leading Institute for ESE, GATE & PSUs Mechanical Engineering PAPER-II
Solution:
21 x 300
Given: m = 450 kg, N = 300 rpm, kK = 500 mm, ® = ET=31.416rad/s

For the expression for torque being a function of 30, the cycle is repeated after every
120° of the crank rotation as shown in figure.

1500 sin36

600 sin6

Turning i

moment i

(N.m) ]

0° 30° 60° 90° 120° 150° 180°
Crank angle ——
1 2n/3 3 2n/3
i T = —— Tdo =— 5000 + 1500sin360)d6
() mean 211:/3 J‘ 2TC .([ ( )
2n/3
= i[50006 - 1990 00336] = 5000 Nm
29 5
P= To = 5000 x 31.416 = 157080 W
(i) At any instant, AT = T-T .., =95000 + 1500 sin36 — 5000 = 1500 sin 30
AT is zero when 1500 sin30 = 0
or when sin30 = 0 or 36 = 0° or 180° or 6 = 0° or 60°
60° 60°
€re = | ATdt= | (1500sin36)d6
0° 0°
60°
_ [150000336] _1000N.m
3 OO
e 1000

mk?0® 450 (0.5)° x(31.416)
= 0.009006 or 0.9006%
(iii) AT = (5000 + 1500 sin36) — (5000 + 600 sin®)
= 1500 sin36 — 600 sin®
AT is zero when 1500 sin36 — 600 sin® = O

or, 1500 sin36 = 600 sin®
1500 (3sin® — 4sin%0) = 600 sind

3 - 4 sin%0 = 600

~ 1500

3 -4 sin’0 =04
4 sin?0 =3 - 04
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3-0.4
4
sin® = +0.806
or, = +53.73° and £126.27°
126.27 126.27
€ = | ATd0= [ (1500sin30-600sin6)do
53.73 53.73

sin2e = = 0.65

126.27°
[_ 1500c0s 36 00 cose:|

53.73°
= -500 cos 378.81° + 600 cos 126.27°

+ 500 cos 161.19 — 600 cos 53.73°
= -1656.502 Nm

e 1656.502
mk?e® 450 (0.5)° x (31.416)
= 1.49% or 0.00149

End of Solution

Q.2 (c) The following data refers to a pair of spur gears with 20° full depth involute teeth:
Number of teeth on pinion = 24, Number of teeth on gear = 56,
Speed of pinion = 1200 rpm, Module = 3 mm,
Face width = 30 mm
Both gears are made of steel with an ultimate tensile strength of 600 N/mm?2.
Using the velocity factor to account for the dynamic load and assuming service
factor as 1.5, determine
(i) beam strength, and
(i) rated power that the gears can transmit without bending failure, if the factor
of safety is 1.5.
3

Take Lewis form factor for 24 teeth equal to 0.337, and velocity factor, C,, = : ,
+v

where v is the pitch line velocity in m/s.
[20 marks : 2025]

Solution:
Given data: n = 1200 rpm, o= 24, = 56, m=3 mm, b =30 mm, S, = 600 N/mm?2,
C, =15, FOS = 15.
Since the same material is used for the pinion and the gear, the pinion is weaker than
the gear.
Lewis form factor for pinion, Y = 0.337 (Given)

o, = %sut = %x 600 = 200 N/mm?
S, = mbo,Y = 3 x 30 x 200 x 0.337

= 6066 N Ans. (i)
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Al _ “X(mzp)”p
60000 60000
Tt x3x24x1200

Pitch line velocity, V

= =4.524m/s
60000
. 3 3
Velocity factor, C,, = 31y 314504 0.3987
G 1.5%xP,
Porie = =P =——L=(3.762P)N
effective CV 03987 (
For bending failure criteria, S, = P_(FOS)
6066 = P x 1.5
P = 4044 N
P, = %: 1074.96 N
t— 3.762

mz
Torque, T = B(Tp)z 1074.96 x 3X224

38698.56 N.mm
2nn,l _ 21 x 1200 x 38698.56

Rated power (kW)

60x10° 60 x10°
= 4.863 kW Ans. (ii)
Q.3 (a) Findthe value of a and draw the bending moment diagram for the beam shown in
figure below.
> N/ 1000 N
| YYvYVYPYyvvyvey
c B D
a 2m 1m—s
Ry=1kN Rg=4kN
[20 marks : 2025]
Solution:
4KkN
7
2 © | B D
a | 1m | 1m 1m |
1 kN 4KN

Taking moment about C: XM, =0
Txa+4x1-4%x2+1x3=0
a+4-8+3=0
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a-1=0ora=1m Ans.
Now, moment equation for each segment by considering a section x-x
Mo = x
2(x -1 > )
Mgc = x—T:x—(x—ﬂ =3x—x“ -1

Mgp=x—-4(x-2)+4(x-23)
x—4dx +8+4x-12=x-4
Moment of A =0 kN.m
Momentat C=(Bx -x*-1) _, =3-1-1=1kNm
Moment at B= (8x —x2 - 1) . =3x3-9-1=-1kNm
Moment at D= (x — 4), _, = 4 -4 = 0 kN.m
For maximum bending moment:
dMpe
Cdx
or, 3-2x=0o0rx=15m
M., =3x15-(152-1=45-225-1=125kNm

=0

For point of contraflexure:
Mge=0o0r3x-x>-1=0

Solving this, we get, x=0.382mor261m
By problem geometry, acceptable value of x is 2.61 m.
NG
eec»
& deg‘
i

1.25 kNm

1Tm
D
4 1m C B o
I 1.5m | ecﬁd
g@
Fi 245 m —1kNm ~ o8

Bending Moment Diagram

End of Solution

Q.3(b)(i) A torsional pendulum has a natural frequency of 200 cycles/min when vibrating
in a vacuum. The mass moment of inertia of the disc is 0.2 kg-m2. It is then
immersed in oil and its natural frequency is found to be 180 cycles/min. Determine
the damping constant.

If the disc, when placed in oil, is given an initial angular displacement of 2°, find
its displacement at the end of first cycle.

[10 marks : 2025]
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Solution:

Given: f, = 200 cycles/min, f, = 180 cycle/min.

= fn\/@

|

smm—»{ k 180 = 200y/1-£2
|
|

&= 0.436
T=T,sinwt C,. = 2lo, = 4nlf_ [Critical damping coefficient]

4 x 0.2 X % =8.3776 N.m.s/rad

9}
Il

;= C, & =0.436 x 83776 = 3.6526 N.-m.s/rad Ans.

o() = &5 (A sinw,t + B cosw,)

2 A .
=2°= —=— d = B
0(0)=2" = g0 " 902"
ao(t
# = w, 5l [A cos ot - B sinw,f
~&w, l75nt) [A sin @t + B cos o]
ale(t
At t =0, [ ()] =0
at
A= glnpg 0430x200, m 435
0y 180 90

Time taken to complete one cycle,

on _ 2nx60 1

IS ge—s=—=o-==6
0y 2nx180 3

[_O.436><2n><200]
0=c¢e g (0.0SSsinZn +%cos.2n)

= O.O4765><9—n0><@20.09512° Ans.

T
End of Solution

Q.3(b)(ii) The natural frequency of vibration of a person standing on a horizontal floor is
found to be 5.2 Hz while standing. Assuming damping to be negligible, determine:
(a) the equivalent stiffness of his body in the vertical direction if the mass of the
person is 70 kg.

(b) the amplitude of vertical displacement of the person if the floor is subjected
to a vertical harmonic vibration of frequency 5.3 Hz and amplitude 0.1 m

due to an unbalanced rotating machine operating on the floor.
[10 marks : 2025]
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Solution:

+ X
m 4|
ty
k || ¢ Y(t)= Y sin ot
<
t
Base \/
Vertical displacement (x) is given by
.
2 R
1+ (28r
xey[ 112
(1-r2)" + (2&r)
® 33.3009 .
= m—n = 326726 1.0192; r* = 1.0388

Above equation reduces to

f,=52Hz, o, =2rf =21 x52
= 32.6726 rad/s

K
@, = 4
k = mw? = (32.6726)2 x 70 = 74.725 kN/m Ans.(a)

o = 5.3 Hz = 33.3009 rad/s

i Base excitation
Amplitude, Y =0.1m

& = 0 (no damping)

1
N_y 1 2 Y
T la-p?] -

0.1
= m = 25752 m Ans.(b)

End of Solution
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Q.3 (c) Awelded connection of steel plates as shown in figure is subjected to an eccentric
force of 10 kN. Assuming static conditions, determine the throat dimension of
the welds if the permissible shear stress is limited to 95 MPa.

_ 10 kN

|30 150

A 4

[20 marks : 2025]
Solution:
Let us assume tis the thread of each weld. There are two welds W, and W, and their
threat area is given by,
A =2(50 t) = (100 t) mm?

Pri h t . — M — (@) N/ 2
rmary snear SIiress: ‘C1 = 100t = t mm
G1
I
25 r

| G !
T

25 r\

|~—25—=<—25—+]

The two welds are symmetrical and G is the centre of gravity of the two welds.
e=150 + 25 = 175 mm

M= P x e = 10000 x 175 = 1750000 N.mm
From the above figure, the distance r of the farthest point in the weld from the centre

of gravity is given by
r=\(25)° + (25¢ = 35.36 mm

The polar moment of inertia J, of weld W, about G is given by

W,

J, = A[£+r2] = 50t[ﬁ+252] = (41667 1) mm*
L 12 12
The welds are symmetrical. Therefore, the polar moment of inertia of two welds is given
by
J=J, +J, = 2J, = 2 x 41667 t = (83334 ) mm*
The secondary shear stress is given by

M,  1750000x35.36 (742.55
="y = 83334t  \ ¢t

) N/mm?
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The following figure shows the primary and secondary shear stresses. The vertical and
horizontal components of these shear stresses are added and the resultant shear stress
is determined.

Prptte N
T2
_____,1
. + = G g
Gl P G 5 i
AAEEE /| |
I T ] |
A A A
T
(816.325/t)
(625.06/1)
T, = (100/t (742.55/1)
(525.06/1)
+ =
A A
(525.06/t) (525.06/1)
From the above figure, = (%) N/mm?
816.325
: =
816.325
= —— =859 mm = 8.6 mm Ans.
95

Q.4 (a) Find the position of the centroid of a T-section shown in figure below. The flange
is 100 x 15 mm and the web is 135 x 15 mm. A cantilever of length 3000 mm and
of section shown, with flange at the top, carries load W at the free end. What is
the maximum value of Wif the stress in the section is not to exceed 50 N/mm2.

| 100 | i

15

f

e
All dimensions in mm

[20 marks : 2025]
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Solution:
Y
100 —; :
@ 15
. @ 135
o 15— T x
By symmetry,
x =50 mm

Distance of centroids of two rectangles (1) and (2) from OX axis:

15
Yy =135+ - = 1425 mm

2
135
Yo = T = 67.5 mm
_ayitay,  100x15x142.5+135x15x67.5
Y= Tata, 100% 15 + 135 x 15
_ 100x142.5+135x67.5
y = 535 = 99.415 mm

The centroid lies at 50 mm from OY axis and 99.415 mm from OX axis. Distance of
CG from the upper extreme fibre,
y, = 150 — 99.415 = 50.585 mm
Distance of CG from the bottom most fibre, y, = 99.415 mm
Since, y, > y,, maximum stress will occur at bottom.
My,

max [xx

b,a? b,d3
L=l +1,, = [ ;21 +a1h12]+[ izz +32h§}

3 2 3 2
— = M+100x15x(5o.585-E) +m+135x15x(99.415—@)
x 12 2 12 2
= I = 28126 x 10° + 5138 x 10° mm¢

I = 79506 x 103 mm*
Omaxlwe  50x 7950.6x 10°
Yo oo 99.415

_3998692.35
- 3000

M = =3998692.35 N.mm

= 1332.89 N = 1.332 kN Ans.

End of Solution
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Q.4(b)(i) What is the controlling force of a governor? Draw a typical controlling force
diagram for spring controlled governors and explain how it helps in establishing
the stability or instability of a governor.

[8 marks : 2025]

Solution:

Controlling force: When a body rotates in a circular path, there is an inward radial
force or centripetal force acting on it. In case of a governor running at a steady speed,
the inward force acting on the rotating balls is known as controlling force. It is equal
and opposite to the centrifugal reaction.

!

Controlling force (Fc)

o Radius of rotation (r) ———

Controlling force diagram
Controlling force, F. = muw?r
The controlling force is provided by the weight of the sleeve and balls as in Porter
governor and by the spring and weight as in Hartnell governor (or spring controlled
governor).
When the graph between the controlling force (F) as ordinate and radius of rotation
of the balls (r) as abscissa is drawn, then the graph obtained is known as controlling
force diagram. This diagram enables the stability and sensitiveness of the governor
to be examined and also shows clearly the effect of friction.
Controlling force diagram for spring-controlled governors:
The controlling force diagram for the spring controlled governors is a straight line, as
shown in figure. We know that controlling force,
Fo = mo?ror FTC = mo?
The following points, for the stability of spring-controlled governors, may be noted:
1. For the governor to be stable, the controlling force (F ) must increase as the radius
. . . . . .
of rotation (r) increases, i.e. S must increase as rincreases. Hence the controlling

force line AB when produced must intersect the controlling force axis below the
origin, as shown in figure.
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F
D
B

3 <
S S
8 < S
= o
K] ‘3@ \);ﬁ /‘0
(o)) X0 O <
£ \50“' L7
s $ /&5
: S
(@] )

[E

@ =

0 Radius of rotation (r) ——

The relation between the controlling force (F) and the radius of rotation (r) for the
stability of spring controlled governors is given by the following equation
Fo=ar-b ()
where a and b are constants.
2. The value of b in equation (i) may be made either zero or positive by increasing
the initial tension of the spring. If b is zero, the controlling force line CD passes

F
through the origin and the governor becomes isochronous because TC will remain

constant for all radii of rotation.
The relation between the controlling force and the radius of rotation, for an isochronous
governor is, therefore,

Fo=ar ... (i)

F
3. If bis greater than zero or positive, then TC decreases as r increases, so that

the equilibrium speed of the governor decreases with an increase of the radius of
rotation of balls, which is impracticable.
Such a governor is said to be unstable and the relation between the controlling force
and the radius of rotation is, therefore,

Fo=ar+ b

End of Solution

Q.4(b)(ii) In case of a Porter governor each arm is 250 mm long and the arms are pivoted
on the governor axis. The weight of the sleeve is 30 N and the weight of each
ball is 50 N. The radii of rotation of the balls corresponding to minimum and
maximum speeds are 130 mm and 170 mm respectively. Determine the range of
speed. If the friction at the sleeve is taken equivalent to 25 N of load at the
sleeve, determine how the speed range is modified.

[12 marks : 2025]
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Solution:
250 I 250 I
130 | i 170 | l
mg i mg i
250 i 250 |
Mg/2 Mg/2
Given: mg =50 N, Mg = 300 N, f=25N
At minimum speed, h = \250% -130% = 213.54 mm
At maximum speed, h= 2502 -170° = 183.3 mm
General formula for range of speed is given as
895( 2mg + (Mg % f)(1+ k)
W= ——
h 2mg
Case 1 (k =1, f = 0):
895( M+ m
v 2
h m
895 (50+ 300
o = 1000 = 29338.76
N 213.54( 50 ) -
N, = 171.286 rom

- 895 (50+ 300
max- 0.1833 50
N, o = 184.87 rpm
Range of speed without friction = 184.87 — 171.286 = 13.584 rom Ans. (Part 1)
Case 2 (k =1, f#0):

When friction at the sleeve is 25 N

) = 34178.94

At minimum speed, N = @[mgﬂlwg—f)] _ o0 (50+300_25)

h mg ~ 0.21354 50
N, = 165.05 rpm

, 895 (50+ 300+ 25
At maximum speed, N = 0.1833( 20 )
N_ . = 191.36 rom
Range of speed with friction = 191.36 — 165.05
= 26.31 rpm Ans. (Part 2)

End of Solution
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Q.4 (c) The horizontal shaft ABCD is mounted in bearings at Band D as shown in figure.
A belt passes around the 250 mm diameter pulley fixed to the shaft at A and a
gear pinion of 150 mm pitch diameter is mounted on the shaft at C. Shaft diameters
and axial disposition of the components are as sketched. The belt strand tensions

are horizontal and in the ratio A = 4, while the vertical reaction on the pinion, P,
2

acts tangentially to the pinion’s pitch circle. Ascertain the shaft's safety factor

when transferring 20 kW from belt to pinion at a steady 450 rpm, taking the yield

strength of the ductile shaft material to be 500 MPa. Fatigue and stress

concentrations are to be neglected. All dimensions are in mm. Use Maximum

Shear Stress Theory.

P
F, T
I
A 5150
100 |,
[20 marks : 2025]
Solution:
B 2nN _ 2nx 450 _ 47124 rad/
=60 60 = flenrads
P 20x10°
T T=— =" - 4244 N.
ClEHe © = 47124 m

Tight side tension on pulley = F,
Slack side tension on pulley = F,

b
Torque on pulley = (F, - F2)?
4244 x 103 = (4 F, - F,) x 20
F,=1131.73N
F, =4 x 1131.73 = 4526.92 N
Torque transmitted by gear = P x ?g
150
424.4 x 108 = P x >

J P =5658.67 N
L]
C

| ° °
A T B TD
Ry, = 2570 N R,y =3088.67 N

FBD of shaft for vertical load
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‘ Fi+F,
|. L] [ ] L] |
A TB c D

Rgy = 7700 N Rpy=—2041.35N
FBD of shaft for horizontal load
Bending moment at A, M, = 0
Bending moment at B, Mg = (F, + F,) AB
= (1131.73 + 4526.92) x 80 x 1072
= 452.69 N.m

Bending moment at C, M, = \/(F?DV)Z +(RDH)2 x CD

= (3088.67)° + (2041.35)° x 100x 103
= 370.23 N.m
Bending moment at D, M, = 0
Now, we have to find out critical section

32 x 452.69 x 10°

Bending stress at B, 65 = 3 = 21.35 MPa
1 x 60
32x%370.23%x10°
Bending stress at C, 6, = 3 = 22.67 MPa
Tt x 55
As o, > op, section C is critical
O 500
Toox = L;d =5 = 250 N/mm?2

Equivalent twisting moment, T, = /p2 4+ 72

T, = (370.23) +(424.4)

T =563.2 N.m
16T, 16x563.2x10°
T= —2 = 3 = 17.24 N/mm?
nd T x55
250
Factor of safety, N = = 14.5 Ans.

End of Solution
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SECTION : B

Q.5 (a) A manufacturing unit has to supply 4200 units of a product per year to the
customer. The set-up cost per run is 75. Inventory carrying cost is 1.5 per unit
per annum. Shortages are not permitted.

Determine the following:
(i) Economic order quantity
(ii) Optimum number of order per annum
(iii) Average annual inventory cost (minimum)
(iv) Optimum period of supply per optimum order
[12 marks : 2025]

Solution:
D = 4200 units/year, A = Rs.75 per run, H = Rs.1.5/unit/year
2AD 2x75x%x4200
EOQ = \/ o= \/ 15 = 648 units per procurement (rounded off)

Ans.(i)

Number of orders per annum = % = 6.48 orders per year = 7 order per year

Ans. (ii)

Total minimum annual inventory cost = /.2 ADH = /2 x4200x75x1.5
= Rs.972.11 Ans. (iii)
Optimum period of supply per optimum order

! 1 0.143 years Ans. (iv)

N~ 7
End of Solution

Q.5 (b) Around specimen of wrought iron of diameter 12.5 mm and gauge length of 100
mm was tested in tension up to fracture. Following observations were obtained:
Load up to yield point = 29.5 kN, Maximum load = 44 kN,
Load at time of fracture = 37 kN, Diameter at neck = 9.2 mm,
Total extension of specimen = 28.5 mm
Calculate:
(i) yield strength (ii) ultimate strength
(iii) actual breaking stress (iv) percentage elongation
(v) modulus of resilience at yield point stress
Take Young's modulus E=200 kN/mm?2,

[12 marks : 2025]

Solution:
Original diameter, d = 12.5 mm
Gauge length, L = 100 mm
Diameter at neck, d’ = 9.2 mm
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Original cross-sectional area, A = %dz = %x 12.5°

= 122.72 mm?2

Ta? = Ex92% _ 66.476 mm?
4 4

Load upto yield point
Criginal ¢/s area

29.5x10° ) :
= o575 = 240385 N/mm Ans (i)

44 x10°
122.72
fracture load

%k = Tneck area

c/s area at neck, A’

Yield strength, o,

UTS, o, = = 358.54 N/mm? Ans (ii)

Actual breaking strength,

37x10°

= ———— = 556.6 N/mm? Ans. (iii
66.476 / (i)
28.5

Percentage elongation = ——x 100
= 28.5% Ans. (iv)
62
Modulus of resilience at yield point stress = Z—VE
(240.385)° x10° N
Up = 2

2x200%10° m
144.46 x 103 J/m3 = 0.1445 MJ/m3 Ans. (V)

End of Solution

Q.5 (c) Two systems are represented by its system matrix as given below. Determine the
characteristic equation, its roots and establish the stability of each of the system.

-1 0 O 0 10
(i) A=|{0 -2 O (i) A=|0 0 1
0O 0 -3 1 -3 3

[12 marks : 2025]
Solution:
(i)
We have to find out eigenvalues A,, A, and A, using characteristic equation of the matrix
A,
det (A—Al) =0
-1 0 O 100

det[{0 -2 O [-A|0 1 Of| =0
0O 0 -3 0 0 1
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1= 0 0
detdet 0 -2-A 0 =0
0 0 -3-A
A+1)A+2)A+3) =0
Roots are A =-1,A,=-2 Ay =3

All given values are negative real parts, so the system is asymptotically stable.

(i)

0 1 0 100
det|{0 0 1|-x[0 1 0Of|=0
1 -33 |00 1]

A 1 0]
det|]l] 0 -~ 1 || =0
1 -3 3-1]

N I
-3 3-A |1 3-2

“M-AM3-A)+3]-1x-1=0
A[BA+A2+3]+1=0
+ 32 - -3 +1=0=-(A-1)
Ay Ay Ay =1
The roots are positive real parts so unstable system. Ans.

End of Solution

Q.5 (d) A machine component performing a harmonic motion and a vibrometer having a
natural frequency of 5 rad/sec and damping ratio = 0.3 is attached to this machine
component. If the difference between the maximum and the minimum recorded
values is 6 mm, find the amplitude of motion of the vibrating component, when its
frequency is 30 rad/sec.

[12 marks : 2025]

Solution:

x(t)

¥

T

The vibrating body is assumed to have a harmonic motion:
y(t) = Y sin ot

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



ESE 2026
PRELIM EXAM

O%[me Test Series

W, An early start gives
AN you an extra edge!!
TOTAL
34 Teslls Test series is live.
Newly Designed
220 Quality
Questions

Scan to enroll

Key Features:

Newly designed quality questions as per standard of ESE

Including tests of Paper-l (General Studies & Engineering Aptitude)
and Paper-Il (Technical syllabus)

3 Streams Offered : CE, ME, EE, E&T

@ www.madeeasy.in © 9021300500



Il MADE ERSY ESE 2025 Main Examination
(=557 Leading Institute for ESE, GATE & PSUs Mechanical Engineering

The equation of motion of the mass m can be written as

0

mi+c(x—y)+Kk(x-y)

mi+cz+kz = mylz=x-y]

mz +cz+kz = mo? Y sin o,
Steady state solution

Yo? rey
2 > 2 >
[(k—mmz) +(cm)2]2 [(1—r2) +(22_,r)2]2
Where r=2 and = ©
o, 2mm,

Peak to peak value
2

2
(%)
Z= 1

[(1-62F +(2x0.3x6)

Amplitude of recorded motion, Z = =3 mm

36Y  36Y
352 +3.62 85.185

35185 _ 35.185
36 12

Y=3 = 2.932 mm Ans.

End of Solution

Q.5 (e) Determine the inverse of the following transformation matrix:
0.527 -0.574 0.628 2
0.369 0.819 0.439 5
-0.766 0 0.643 3
0 0 0 1

[12 marks : 2025]

Solution:
For 4 x 4 homogeneous matrix,

n. o, a P 0527 -0574 0.628 2
n, o, a F 0.369 0.819 0439 5
T=|n o a P |=|-0766 0 0643 3
0 0 0 1 0 0 0 1
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Inverse of T will be

n. n, n, =P-n
T - o, o, o, -P-0
a, a a, -P-a
0O 0 O 1
-(P-n)=-(P.n +P,n, + P, n)
=-(2x0.527 + 5 x 0.369 + 3 x (-) 0.766)
= - 0.601
-(P-0)=-(P, o +P,0,+F,o0,)
=—-(2x(-) 0574 + 5x 0819 + 3 x 0)
= - 2.947
-(P-a)=-(P,a +Pa +F, a)

- (2 x 0628 + 5 x 0439 + 3 x 0.643)
- 5.38

0.527 0.369 -0.766 -0.601

-0.574 0.819 0 —2.947

0.628 0.439 0.643 -5.38
0 0 0 1

End of Solution

Q.6 (a) In an organisation, manufacturing of a component is composed of 7 activities
whose time estimates are listed in the table below. Activities are identified by
their beginning (i) and ending (j) node numbers.

Activity Estimated duration (weeks)
(i-J) Optimistic | Most likely | Pessimistic
1-2 2 2 8
1-3 2 5 8
1-4 3 3 9
2-5 2 2 2
3-5 3 6 15
4-6 3 6 9
5-6 4 7 16

(i) Draw the network diagram of activities.
(ii) Find the expected duration and variance for each activity. What is the
expected project length.
(iii) Determine the critical path.
(iv) Calculate the variance and standard deviation of the project length.
(v) The earliest and latest expected completion time of each event.
[20 marks : 2025]
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Solution:
Time duration (weeks) 2
Activity fo+4t, + 1, ,_ [
Sequence t.= 6 S
& t, t, 6
2+4x2+8
1-2 2 2 8 — =3 1
6
2+5%x4+8
1-3 2 5 8 — =5 1
6
3+4x3+9
1-4 3 3 g | 2E2X9¥9 _, 1
6
2+4x2+2
2-5 2 2 R i e 0
6
+ +
3_5 3 6 15 |B2*4x6+15 4
6
+ +
4-6 3 6 9 3¥4x6+9 1
6
5—-6 4 7 16 LG?*-'IG =8 4

E,=4
L,=14

Network Diagram

Various path Length of the path
1-2-5-6 3 +2+8=13 Weeks
1-3-5-6 5+ 7+ 8 =20 Weeks

1-4-6 4 + 6 =10 Weeks

Expected project length = 20 weeks
Critical path=1-3-5-6
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2
Activity | Variance (c ) | Standard deviation
1-3 1 1

3-5 4
5-6 4
2

Yo =9

Variance of project length = 9
Standard deviation of project length = /9 = 3 Weeks

End of Solution

Q.6 (b) In a machining operation, under orthogonal cutting condition with a cutting tool
of rake angle 12°, the following data were observed:
Vertical component of cutting force = 1600 N
Horizontal component of cutting force = 1250 N
Chip thickness ratio = 0.25, Cutting speed = 200 m/min
Calculate the following:
(i) Friction force along the rake face, (ii) Normal force on the rake face
(iii) Resultant cutting force
(iv) Shear force along the shear plane
(v) Normal force on the shear plane
(vi) Work done in shear
(vii) Work done in friction

[20 marks : 2025]
Solution:
Given: F, = 1600 N, F; = 1250 N, r = 0.25, V = 200 m/min.
rcoso.  0.25cos12°
1-rsino 1-0.25sin12°
¢ = tan™'(0.258) = 14.46°
F = F,sina + Fcosa
1600 sin12° + 1250 cos12°
1555.34 N Ans. (i)
N = F coso — Fisina.
1600 cos12° — 1250 sin12°
1305.15 N Ans. (ii)

=0.258

tang =

By}
|

= JF8 +F2 =\[16002 + 12502 = 2030.4N Ans. (i)

Fg = F,cosd — Fisino

1600 cos14.46° — 1250 sin14.46°

1237.19 N Ans. (iv)
= F,sind + f;coso

1600 sin14.46° + 1250 cos14.46°

= 1609.93 N Ans. (v)

=
|
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FsVcosa
Wenear = FsVs = sl —c]
~ 1237.19(00312°)x200xi
~ cos(14.46°-12°) " 60
= 4037.57 Watt Ans. (vi)
1555.34 x 0.25 x 200
|/Vfriction = FVC =Frv= 60
= 1296.12 Watt Ans. (vii)

Q.6 (c) Generate the forward kinematic model of the 3 DOF (RRP) Spherical Manipulator
Arm, shown in the figure, by

(i) generating and drawing the frames using DH rules

(ii) generating the DH parameters table from the assigned frame

(iii) generating the individual transformation matrices, °T,, 'T, and 27,
(iv) generating the overall transformation matrix °T,

Note: {O}t" frame will be at the base of the manipulator.

The homogeneous transformation matrix 1T is given as
Ce,' —SG;COC,' S@,‘SOC,‘ l a;CG,-

89,' CG,‘C(X,‘ —CG,‘SO{,,‘ : 8/89

[20 marks : 2025]
Solution:
Generating and drawing frames using D-H rules:
(i) We have 3DOF:
e Joint 1: Revolute (0,) - Base rotation about t-axis.
e Joint 2: Revolute (8,) - Arm elevation about x-axis.
e Joint 3: Prismatic (d,) - Linear extension (along z-axis of frame 2)
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DH rules:
e Place z-axis along the joint axis.
* Place x-axis along the common normal between z , and z
e Place origin at intersection or along common normal.
So frames:
e Frame {0} at base, z, is axis of joint 1.
e Frame (1} rotates with 0,
e Frame {2} rotates with 6,
e Frame {3} translates with d,
(ii) DH parameter table
Standard DH parameters:

Linki | g | o; | d; |6
s

1 0 +§ 0 91

2 |0 —g 0|6,

3 [0] 0|0

Explanation:
* a, = 0 (all axes intersect)
* o, = +90° (between z, and z,)
* o, =-90° (between z, and z,)
* o, = 0 (Prismatic along z,)
(iii) Individual transformation matrices:

cos®; O sinBy O
sindy 0 -cosby O
o7, = 1 1
0 1 0 0
0O O 0 1
Frame 0 — Frame 1 (°T,)
a,=0,d =0, a, = +90°
ce,; -S6; 0 0|1 O O O ce; 0 S8y O
0 S6; Co; 0 0J|0 O -1 0 S6; 0 -Ce8; O
T = —
! 0 0O 1 00 1 0 O 0O 1 0 O
0 O 0 1]J]0 0 O 1 O 0 0 1
ce, 0 -S6, O
17 = S6, 0 C6, O
2
O -1 0 O
0 O 0o 1

a,=0,d,=0, a,=-90°
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100 O
1

o7, - 010 0
0 0 1 dy
0O 00 1

a,=06,=0, d, = d,

Overall transformation, 0T, =0T, x T, x 2T,

CCy -3 @6 G5k

op _ |SC2 Ci SiS2 $1520s

371-S, 0 G Cuds
0O 0 0 1

End of Solution

Q.7 (a) Explain the meaning of Miller indices in a unit crystal cell. Determine the Miller
indices of directions A, Band Cin figure below.

z

\ 1,1,1

0,0,0 Y
,0,0

N=

X

[20 marks : 2025]
[Starting point of direction C is given wrong, it is (1/2, 1, 0) instead of (1/2, 0, 0)]
Solution:
Miller’s indices are a notation system in crystallography used to describe the orientation
of crystal planes and directions in a crystal lattice. They are expressed as a set of
three integers (h, k, /) that correspond to the intercepts of the crystal plane with the
axes of the crystal lattice.
Definition and Calculation
1. Intercepts: Identify where the plane intersects the axes of the unit cell in terms of
the unit cell dimensions (a, b, ¢).
2. Reciprocal: Take the reciprocal of the intercepts.
3. Clearing fractions: Multiply by the least common multiple (LCM) to convert the
numbers to the smallest integers.
Direction A
1. Two points are 1, 0, 0 and 0, 0, O
2. (1,0,0)-(,0,0)=1,00
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3. No fractions to clear or integers to reduce
4. [100]
Direction B

1. Two points are 1, 1, 1 and 0, 0, O

2. (1,1, 1)-(,0,0) =1,1,1

3. No fractions to clear or integers to reduce
4. [111]

Direction C

1. Two points are 1/2, 1, 0 and O, O, 1

2. (0,0, 1)-(1/2,1,0) =-1/2, -1, 1

3. 212 -1,1)=-1,-22
4

. [122] Ans.

Q.7(b)(i) A shaper machine is used to machine a medium carbon steel workpiece of 225
mm in length and 125 mm in width. The shaper machine is operated at 125
cutting strokes per minute, feed of 0.5 mm per stroke and a depth of cut of 5 mm.
The forward stroke is completed in 220°.
Calculate the percentage of time when the tool is not contacting the workpiece
also calculate the total machining time for machining the component. Assume
that approach distance = 30 mm.

[10 marks : 2025]
Solution:

Number of strokes per min, S = 125 strokes/min
Length of workpiece, I = 225 mm
Width of workpiece, W = 125 mm
Feed, f= 0.5 mm per stroke
Depth of cut, d =5 mm
Forward stroke angle, 6, = 220°
Approach distance, A = 30 mm
Total stroke length, L =/ + 30 = 225 + 30 = 255 mm

Width of workpiece 125

ing = =—=250
Number of strokes for cutting Feod 05
L 255 .
Time for completing one stroke, T= ST 15" 2.04 min

The percentage of time when the tool is not contacting the workpiece is given by

_360°-6; _360°-220°
©360°  360°
Total machining time = T x S, = 2.04 x 250 = 510 minutes Ans.

End of Solution

= 0.389 or 38.9% Ans.
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Q.7(b)(ii) A milling operation is carried out on low carbon steel workpiece. A milling cutter
of 125 mm diameter having 10 teeth is operated at 2.5 m/min to perform the
milling operation. The table feed rate is 120 mm/min and depth of cut is 5 mm.
Calculate the following:
(i) Length of the chip in up and down milling operation.
(ii) Change in path length from up to down milling.
[10 marks : 2025]

Solution:
1000 x 25 .
i = —————— =63.662rev/min
Spindle speed X125 v/mi
Feed rate of cutter = 120 =1.885 mm/rev
Wer = B3662 '
_1[D-2d _1[125-10
Tooth le, = cos™'|=—==|=cos
ooth contact angle, ¢, [ D } [ 195 }
= 23.074° or 0.4027 radian
Up-milling path length is
f\Jd(D-d
UL — Dq)C + ( )
2 nD
~ 125><o,4027+ 1.885,/5(125-5)
2 nx125
=25.17 + 0.1176 = 25.2876 mm Ans.
f\Jd(D-d
Down-milling path lengthis D, = Do _ ( )
2 TtxD
=25.17 - 0.1176 = 25.0524 mm Ans.
Change in path length from up to down milling is
AL=U, - D, =2 x0.1176 = 0.2352 mm Ans.

End of Solution

Q.7(c)(i) For the given DH parameters table of a manipulation arm; generate the frames
as per DH rules. Also give reasons for selection of origins of the frames and the
corresponding coordinate axes (X, Y, Z), frame wise, i.e. from frame {0} to {3}.

a|e;|a | a
T, {0 |e;| 0 |90
T, 106, |L,| O
2Ty |0 o5 |L5| O

[10 marks : 2025]
Solution:
From D-H parameter Table:
Frame: 0-1

[From transformation frame (0) to frame (1) there is rotation of 8, about z-axis (CCW)
& rotation of 90° about x-axis (CCW)]
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cosB; -sin6y O Off1 O O O cos®; O sinB; O
o7 sin6; cosBy O 0|0 1 -1 0 _ sin6; 0 -cosBy O
T 0 0 1 0|0 1 0 O 0 1 0 0
0 0 0O 10 0 0O 1 0 0 0 1
Frame: 1-2

Rotation about z-axis by 6, [CCW] and translation (Link length) along x-axis
cosf, -—sinB, 0 L,cos6,
7, - sinB, cosb, 0O Losind,
0 0 1 0
0 0 0 1
Frame: 2-3
Rotation about z-axis by 6, (CCW) and link 3 translation along x-axis
cosf3 —sinB3 0 Lgcos63
sinB3 cosby 0O LgsinBs

2T =
< 0 0 1 0
0 0 0 1
Y1
6,
z !
Y2 :
X4 i -
0, /,/ L, i Same origin
22 - : ZO
Y3
X. o
A9
7 Ls Yo
z, \/
X0

End of Solution

Q.7(c)(ii) The overall transformation matrix of a 3 DOF manipulator arm is given below:
cosBy O -—sinby —dzsinBy
sin@; 0 cos64 d3cos6;4
0 -1 0 ds
0 0 0 1
(i) Use inverse kinematic modelling to generate the expressions for the joint
parameters 6,, d, and d,.
(if) Determine all possible values of 8,, d, and d, for the above manipulator from
the following overall transformation matrix.
0866 0 -05 -5
0.5 0 0.866 8.66
0 -1 0 15
0 0 0 1

or, -

[10 marks : 2025]
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Solution:
(i) Given: Transformation matrix

ESE 2025 Main Examination

MechanicalEngineering [§:¥\:13:8]

[cos®; 0 —sinBy —dssin6y
0 sin@y 0 cos6y d3CcosH,
=1 0 4 o ds
| O 0 0 1
Let denote this
[r1 ro ng P
o1 o Ry R
OT3 — y
31 I3z 13z P
|0 0 0 1
From the rotation matrix, ry, = cos,
Iy, = sind,
91 = tan_1,2—1
R
iy . . P
From the position matrix, P.=-d; sinb, = d; = ——
Sin®,
P, = d, cosf, = d o’
= d, cosf, = d, =
yo 3 ! 3 cosé;
P,=d,
B K
9= "Sine, * cose, and > =F;
086 0 -05 -5
05 0 0.866 8.66
(i) Given: Numerical matrix, °T, =
o -1 ©0 15
0 0 0 1
Now comparing elements from the first column (rotation matrix)
cos6, = 0.866
sin@, = 0.5
0, = tan”' 0'56 =tan™'(0.577) ~ 30°
P, —(-5)
Now, d,= ———=——=-=10
3 sing; 05
and d,=P,=15
: 6, =230°d, =15, d, = 10

End of Solution
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Q.8(a)(i) Explain the ‘laws of corrosion’. Give examples of two metals following the law in
each case. Oxidation loss on copper surface is 0.05 mm in 15 hours. How much
will be the loss in 225 hours?

[10 marks : 2025]

Solution:

Faraday's Law: It states that the rate of corrosion (mass loss of metal) is directly
proportional to the corrosion current the amount of electric charge flowing due to
electrochemical reactions at the metal's surface. Faraday's law is fundamental to
understanding and quantifying corrosion. It establishes a direct relationship between
the amount of material corroded and the electrical charge passed during the
electrochemical process of corrosion. Corrosion involves the flow of electric current
between anodic and cathodic areas on a metal surface.
Faraday's First Law: The mass of a substance (metal in this case) transformed during
electrolysis (corrosion) is directly proportional to the quantity of electricity passed
through the system.
Faraday's Second Law: The masses of different substances transformed by the same
amount of electricity are proportional to their equivalent weights.
Time-dependent power law: A time-dependent power law is a mathematical model
used to describe how the severity or extent of corrosion changes over time, typically
following an equation where the amount of material loss or gain is proportional to time
raised to a specific exponent. This model is applied to various corrosion scenarios, such
as the atmospheric corrosion of copper, high-temperature oxidation of alloys, and the
pitting corrosion of aluminum in seawater, to analyze the processes involved, which often
involve both diffusion and chemical reactions.

Example of Metals following Faraday’s Law:

Iron (Fe): The rusting of iron (formation of iron oxide) follows Faraday’s Law, where the

amount of iron corroded is proportional to the measured corrosion current in the environment.

Zinc (Zn): In galvanic cells or as a sacrificial anode, the dissolution of zinc also strictly

follows Faraday’s Law, with mass loss accurately calculated from the anodic current.

Example of metals following time-dependent power laws:

e Copper (Cu): The atmospheric corrosion of copper, such as the development of
a green patina, adheres to a time-dependent power law, where the weight loss over
time is predictable by such mathematical forms.

e Austenitic Stainless Steel: Oxidation at elevated temperatures leads to weight gain
due to oxide formation, and the rate follows a similar time-dependent power law
involving both diffusion and surface reaction kinetics.

The rate of oxidation loss is calculated by dividing the given loss by the corresponding

time.

The rate of oxidation loss, R, is calculated as:

Oxidation loss _ 0.05

Time 15
The total oxidation loss for the new time period is calculated by multiplying the
determined rate of oxidation loss by the new time.

R = = 0.00333 mm/hour
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The total oxidation loss, L is calculated as:
L = R x New time
= 0.00333 mm/hour x 225 hours
= 0.74925 mm
Final answer:
The oxidation loss in 225 hours will be approximately 0.75 mm.

End of Solution

Q.8(a)(ii) What are the different ‘top-down’ and ‘bottom-up’ methods for the synthesis of
nano structured materials. With a sketch briefly explain the mechanical high
energy ball milling for the synthesis of nano materials.

[10 marks : 2025]

Solution:

There are plenty of methods to synthesis nano materials. These methods are grouped
into two categories namely Top-Down and Bottom-Up techniques. The techniques are
classified based on the phase of the starting material. In the Top-down class of
techniques, the starting material is in solid state, whereas in Bottom-Up techniques the
starting material is either in gaseous state or in liquid state.

Top-down approach refers to a subtractive process in which a bulk starting material
is divided into smaller ones of nanosize. Bottom-up approach refers to an additive
process that starts with precursor atoms (or) molecules which combine to form nanosized
structure. In bottom-up approach, nanostructures are built atom-by-atom or molecule-
by-molecule. Depending on the requirement we have to select an appropriate method
for preparation of nano materials.

S.No. | Top-down techniques S.No.| Bottom-up techniques
1 Mechanical grinding (Ball milling) 1 Sol gel method
2 Lithography 2 Chemical Vapour Deposition
3 Etching 3 Physical Vapour Deposition
4 Erosion 4 Electrochemical Deposition
) Hydrothermal method
6 Atomic layer deposition

Horizontal section

Movement of the
sporting disc

||

Centrifugal
force

Rotation of the milling bowl

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




Il MADE ERSY ESE 2025 Main Examination
(=557 Leading Institute for ESE, GATE & PSUs Mechanical Engineering

High-energy ball milling (HEBM) synthesizes nanomaterials by subjecting a powder

and milling balls to intense, high-energy mechanical collisions within a rotating container.

This high-energy process repeatedly fractures, deforms, and welds the powder particles,

breaking them down into nanometer-sized crystallites. The key factors are the high

speed of the rotating mill and the balls, generating kinetic energy that induces mechanical

and chemical changes to produce fine powders.

Ball milling is a mechanical process and thus all the structural and chemical changes

are produced by mechanical energy.

1. Nano powders of 2 to 20 nm in size can be produced. The size of nano powder
also depends upon the speed of the rotation of the balls.

2. It is an inexpensive and easy process.

3. This method produces crystal defects.

End of Solution

Q.8 (b) Calculate the power required to draw hot-drawn steel wire from 15 mm to
12.5 mm in diameter at 120 m/min. The coefficient of friction between the die and
wire is 0.15 and die angle is 5°. Average flow stress for hot-drawn steel is 30 kgf/mn?.
Also calculate the maximum reduction possible. Assume that back pull = 0.

[20 marks : 2025]

Solution:

Given: d, = 15 mm, u = 0.15, d; = 12.5 mm, o = 5°, v = 120 m/min, o,,, = 30 kgf/mm?,
0, = 30 x 9.807 N/mm? or MPa
294.21 MPa

e ol (2]

B = pcota = 0.15 x cots® = 1.7145

2x1.7145
o, = 294'21(1“.7145) 1_(12.5)
1.7145 15

= 216.51 MPa

Fi=o0,%xA = 216.5><%(12.5)2 = 26.5696 kN

120
P = F,u = 26.5696 x 50
P =53.14 kW
At maximum reduction, Oy = O;= O,

Sy

] e

141.7145 AT
= (W)HTJ
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1.7145
Atmi
. min
0.6316 = ( A, J
1.7145
Afmin
( Ay = 0.3684

’
Afmin 1.7145
A, ) = (0.3684) =0.5585

%Reduction = (W}NOO = (1—%Jx100

) )
= (1 -0.5585) x 100 = 44.143%

End of Solution

Q.8 (c) A 3element rectangular rosette is used at a certain point on a steel machine part as
shown in the figure. Determine the principal strains and principal stresses using
analytical expressions, if the measured strains are € ;. = —220 pm/m, € 4. = 120 um/m
and €45 = 220 pum/m assuming E = 200 GPa and v = 0.3.

y

45°
s X
[20 marks : 2025]
Solution:
€, = €y = —220 um/m
€, = €gp = 220 um/m
E =200 GPa, v =0.3
Yoy = 2€45 — €, €,
=2 x 120 + 220 — 220 = 240 um/m
L . 1 + 1 2 5
Principal strain, €, €, = E(ex +ey)_E (Gx —Gy) +Y5y,
-6
= . .= 15 |(-220+ 22002 (4407 + (2407 |
-6
= €y ,= %[Oi501.198]
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Major principal strain, €, = 250.59 x 1076
Minor principal strain, €, = —250.59 x 10°° Ans.
. - E
Major principal stress, %=1 [ver + ]
3
o, = M[0.3 x —250.59 + 250.59] x 1076
1-0.09
o, = 38.55 MPa (Tensile) Ans.
E
(52: ] 2[VE1+62]
3
_ 200x70%r5 3_ 4] 250.50 x 108
1-0.09
= -38.55 MPa = 38.55 MPa (Compressive) Ans.
EEEE
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