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Number of Questions: 65

Total Marks:100.0

Wrong answer for MCQ will result in negative marks, (—1/3) for 1 Mark Questions and (=2/3) for 2 Marks Questions.

GENERAL APTITUDE

Number of Questions: 10

Q.1 to Q.5 carry 1 mark each and Q.6 to Q.10 carry
2 marks each.

Question Number: 1 Question Type: MCQ

A rectangle becomes a square when its length and breadth
are reduced by 10 m and 5 m, respectively. During this
process, the rectangle loses 650 m? of area. What is the
area of the original rectangle in square meters?
(A) 1125 (B) 2250
(C) 2924 (D) 4500
Solution: Consider the side of the final square be x. The
dimensions of the rectangle will be x + 5, x +10.
Reduction in area = 15x + 50 = 650
15 x =600
x =40
The area of the rectangle
=(x+5)(x+10) m?> =45 (50) m?
=2250 m?

Hence, the correct option is (B)

Question Number: 2 Question Type: MCQ

A number consists of two digits. The sum of the digits
is 9. If 45 is subtracted from the number, its digits are
interchanged, What is the number?

(A) 63 (B) 72

(©) 81 (D) 90
Solution: If we assume the number to be ‘ab’, where a is
tens digit and b is unit digit.
The value of the number of 10a + b

atb=9 (1)
and
(10 +b)—45=(10b + a) (2)
= 9(a—b)=45
= a-b=5 3)

Section Marks: 15.0

Solving (1), (3) we get
a=7,b=2.

Thus the two digit number is 72.

Hence, the correct option is (B)

Question Number: 3 Question Type: MCQ

“Going by the that many hands make light work,
the school involved all the students in the task.”

The words that best fill the blanks in the above sentence are
(A) principle, principal
(B) principal, principle
(C) principle, principle
(D) principal, principal

Solution:
The correct option is (A)

Question Number: 4 Question Type: MCQ

“Her should not be confused with miserliness; she is
ever willing to assist those in need.”

(A) cleanliness (B) punctuality

(C) frugality (D) greatness

Solution: (C)

Question Number: 5 Question Type: MCQ

Seven machines take 7 minutes to make 7 identical toys.
At the same rate, how many minutes would it take for 100
machines to make 100 toys?
A) 1
(C) 100

(B) 7

(D) 700

Solution: 100 machines will also take seven minutes to
make 100 identical toys.

Hence, the correct option is (B)

Question Number: 6 Question Type: MCQ

Which of the following functions describe the graph shown
in the below figure?
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(A) y=Ix+1]-2
B) y=Ix-1/-1
©) y=Ix+1-1
D) y=Ix=1]-1
Solution: taking x = 0 in the choices,
we get—1, 0, 0, 0.
From the graph, /(0)=0
Thus option A is not correct.

We know that D can have only non negative values, while
from the graph y can be negative. Therefor option D is also
not correct.

Setting x = 1 in option C,

We get —1, 1. The graph shows that
f(H=-1.

Therefore option C is also incorrect.

Thus we conclude that option B is correct.

Hence, the correct option is (B)

Question Number: 7 Question Type: MCQ
Consider the following three statements:
(1) Some roses are red.
(i1) All red flowers fade quickly
(iii) Some roses fade quickly

Which of the following statements can be logically inferred
from the above statements?

(A) If (i) is true and (ii) is false, then (iii) is false.

(B) If (i) is true and (ii) is false, then (iii) is true.

(C) If (i) and (ii) are true, then (iii) is true.

(D) If (i) and (ii) are false, then (iii) is false.

Solution:

Hence, the correct option is (C)
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Question Number: 8 Question Type: MCQ

For integers a, b and ¢, what would be the minimum and
maximum values respectively of a + b + ¢ if log |a| + log

|b] + log |c| = 0?
(A) -3 and 3 (B) -land 1
(C) —1and 3 (D) 1and 3

Solution: We know that
logl|a| + log |b| + log|c| =0
loglal || |c[ =0
labc| =1
The maximum value of
atb+tc=1+1+1=3
The minimum value of
atb+tce=C-)+(-)+(-1)=-3
Hence, the correct option is (A)

Question Number: 9 Question Type: MCQ

Given that a and b are integers and a + a* b* is odd, which
one of the following statements is correct?

(A) a and b are both odd

(B) a and b are both even

(C) aisevenandb isodd

(D) aisoddand b is even

Solution: As per question a + a*h* is odd. Thus one of the
terms is even and the other is odd. If a is even, both would
be even. Hence, b is even and « is odd.

Hence, the correct option is (D)

Question Number: 10 Question Type: MCQ

From the time the front of a train enters a platform, it takes
25 seconds for the back of the train to leave the platform,
while travelling at a constant speed of 54 km/h. At the same
speed, it takes 14 seconds to pass a man running at 9 km/h
in the same direction as the train. What is the length of the
train and that of the platform in meters, respectively?

(A) 210 and 140 (B) 162.5 and 187.5

(C) 245 and 130 (D) 175 and 200

Solution: Let length of the train be L, and length of the
platform be P. Then we have
Speed = 54 km/hr = 15m/s,
9 km/hr =2.5 m/s
- P+L=1525m=375m
and L=(125)(14)m=175m
P=200m

Hence, the correct option is (D)

Hence
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MEcCHANICAL ENGINEERING

Number of Questions: 55

Q.11 to Q.25 carry 1 mark each and Q.26 to Q.65 carry
2 marks each.

Question Number: 11 Question Type: MCQ

In a linearly hardening plastic material, the true stress
beyond initial yielding
(A) increases linearly with the true strain
(B) decreases linearly with the true strain
(C) firstincreases linearly and then decreases linearly
with the true strain
(D) remains constant

Solution: o

€

In stress strain curve given above for linearly harden-
ing plastic material the true stress above initial yielding
increases linearly with true strain.

Hence, the correct option is (A).

Question Number: 12 Question Type: MCQ

The type of weld represented by the shaded region in the
figure is

(A) groove (B) spot
(C) fillet (D) plug
Solution:

The shaded region shown in above figure represents fillet.

Hence, the correct option is (C)

Section Marks: 85.0
Question Number: 13 Question Type: MCQ

Using the Taylor’s tool life equation with exponent n = 0.5,
if the cutting speed is reduced by 50%, the ration of new
tool life to original tool life is

A) 4 (B) 2
© 1 (D) 0.5
Solution: As we know that
Vl Tln = V2T2”

Here n = 0.5, then we have
V1 Tlo,s — V2T20‘5

Simplifying the above equation we get

Qo.s_ﬁ_ﬁ_z
L noh

2
Q =205 _4
I
Hence, the correct option is (A)
Question Number: 14 Question Type: MCQ

A grinding ratio of 200 implies that the

(A) grinding wheel wears 200 times the volume of the
material removed

(B) grinding wheel wears 0.005 times the volume of
the material removed

(C) aspect ratio of abrasive particles used in the
grinding wheel is 200

(D) ratio of volume of abrasive particle to that of
grinding wheel is 200

Solution: Grinding ratio =

Volume of work material removed (V,,)

Volume of wheel wear (Vy, )

V_m =200
m
v, =2m_0.005,
200

Hence, the correct option is (B)

Question Number: 15 Question Type: MCQ

Interpolator in CNC machine
(A) controls spindle speed
(B) coordinates axes movements
(C) operates tool changer
(D) commands canned cycle



Solution: Interpolar provides coordinates axes movements.

Hence, the correct option is (B).

Question Number: 16 Question Type: MCQ

The time series forecasting method that gives equal
weightage to each of the most recent observations is

(A) Moving average method

(B) Exponential smoothing with linear trend

(C) Triple Exponential smoothing

(D) Kalman Filter

Solution: The time series forecasting method that gives
equal weightage to each of the most recent observations is
Moving average method.

Hence, the correct option is (A)

Question Number: 17 Question Type: MCQ

The number of atoms per unit cell and the number of slip

systems, respectively, for a face centered cubic (FCC)

crystal are
(A) 3,3
(©) 4,12

(B) 3,12
(D) 4,48

Solution: We know that for FCC structure , number of
atoms per unit cell =4
Therefore , number of slip systems = 12.

Hence, the correct option is (C)

Question Number: 18 Question Type: MCQ

A six-faced fair dice is rolled five times. The probability (in
%) of obtaining “ONE” at least four times is

(A) 333 (B) 3.33
(C) 0.33 (D) 0.0033
Solution:

Number of ways of getting “ONE” exactly four times when

a fair dice is rolled five times
=5C,x5=5%x5=25

Number of ways of getting “ONE” exactly five times = 1

Number of ways of getting ‘ONE” at least four times
=25+1=26

Probability (in %) of obtaining ‘ONE’ at least four times
= §—56><100 =0.33

Hence, the correct option is (C)

Question Number: 19 Question Type: NAT

A steel column of rectangular section (15 mm X 10 mm) and
length 1.5 m is simply supported at both ends. Assuming
modulus of elasticity, £ = 200 GPa for steel, the critical
axial load (in kN) is (correct to two decimal places).
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Solution:
Length of steel column L = 1.5 m = 1500 mm
We know that for simply supported at both ends,

2 .
Load P = F Elmin
L2
Substituting the given values in above equation, we get
3
72 x200x103 x 13X10°
P=

15002
P =1096.62 N =1.096 kN

Hence, the correct answer is 1.096.

Question Number: 20 Question Type: NAT

A four bar mechanism is made up of links of length 100,
200, 300 and 350 mm. If the 350 mm link is fixed, the
number of links that can rotate fully is

Solution:

s =100 mm

D 77777 7
£ =350 mm

Length s = 100 mm,
Length p =200 mm
Length £=350 mm,
Length ¢ =300 mm
We know that as per Grashoff’s law
s+tl<p+tgq
100 +450 <200 + 300
450 < 500

Therefore, Grashoff’s law is satisfied. The link adjacent to
fixed link (s = 100 mm) is a crank which can rotate fully.

Hence, the correct answer is 1.

Question Number: 21 Question Type: MCQ

Four red balls, four green balls and four blur balls are put in
a box. Three balls are pulled out of the box at random one
after another without replacement. The probability that all
the three balls are red is
(A) 1/72
(©) 1/36

(B) 1/55
(D) 1/27
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Solution: Probability
4x3x2 1

ed= ——M =
12x11x10 55

Hence, the correct option is (B)

Question Number: 22 Question Type: MCQ

-4 1 -1
The rank of the matrix | -1 -1 -1 1is

A) 1
©) 3

Solution: Let A=|-1 -1 -1
7 =3 1
Det (A)=—4(-1-3)-1(-1+7)-13+7)
=16-6-10
=0
So, p(4) <3
And  Det [_4 11] =5%0

.. The rank of 4 = 2.

Hence, the correct option is (B)

Question Number: 23 Question Type: MCQ

According to the Mean Value Theorem, for a continuous
function f(x) in the interval [a, b], there exists a value & in

b
this interval such that J f(x)dx=?

(B) fib)(&—a)
(D) 0

(A) IS~ a)
(©) fla) b= &)

Solution: We know that as per mean value theorem,

b
[ Feoax=r&xv-a)

Hence, the correct option is (A)

Question Number: 24 Question Type: MCQ
F(z) is a function of the complex variable z =x + iy given by
F(z)=iz+ kRe(z)+Im(z)

For what value of & will F(z) satisfy the Cauchy-Riemann

equations?
(A) 0 B) 1
© -1 (D) y

Solution:

F(z)=iz+ kRe(z) +iIm(z)
=i(x+iy)+kx+iy
=ix—y+hkx+iy

FG) = (he—y) +i (x+)

u=kx—yandv=x+y
Jdu Jdu v av

—=k;—=-1;—=1land — =1
ox dy ox dy
As per Cauchy-Riemann equations,
du _ov
o
= k=1

Hence, the correct option is (B)

Question Number: 25 Question Type: MCQ

A bar of uniform cross section and weighing 100 N is held
horizontally using two massless and inextensible strings |
and S, as shown in the figure.

Rigid support

T,=? Ty=?

St S Bar

L2 L/2

The tensions in the strings are

(A) T,=100Nand 7,=0N

(B) 7,=0Nand 7,=100 N

(C) T,=75Nand 7,=25N

(D) T,=25Nand 7,=75N
Sol. As per the given figure we get

T,+T,=100N (1)

And

2

T x £=100><£
2 2

Solving we get

T,=100N )
Substituting (2) in (1), we get

T,=0N.
Hence, the correct option is (A)

Question Number: 26 Question Type: MCQ

If 0, and o, are the algebraically largest and smallest
principal stresses respectively, the value of the maximum
shear stress is



o) +0; 0| — 04
A — B) ——
(A) > B) >
0, +0; 01 —03
C _ D) ,——
© 3 (D) 3
Solution: Choice (B)
Question Number: 27 Question Type: MCQ

The equation of motion for a spring-mass system excited
by a harmonic force is

Mx+Kx=F cos(wt)

where M is the mass, K is the spring stiffness, F is the force
amplitude and @ is the angular frequency of excitation.
Resonance occurs when @ is equal to

M 1 |K
% ® 3es

T\M
K K
C) 2m,|— D) .[—
©) ,/ v (D) v
Solution:
. K
We know that resonance will occur when o= @ = I
Hence, the correct option is (D)
Question Number: 28 Question Type: MCQ

For an Oldham coupling used between two shafts, which
among the following statements are correct?

I. Torsional load is transferred along shaft axis.
II. A velocity ratio of 1 : 2 between shafts is obtained
without using gears.
III. Bending load is transferred transverse to shaft axis.
IV. Rotation is transferred along shaft axis.
(A) Tand I (B) land IV
(C) I and III (D) Mand IV

Solution: We know that in Oldham coupling, torsional
load and rotation is transferred along shaft axis.

Hence, the correct option is (B)

Question Number: 29 Question Type: MCQ
For a two-dimensional incompressible flow field given by
U= A(xf - y}), where 4 > 0, which one of the following
statements is FALSE?

(A) It satisfies continuity equation.

(B) It is unidirectional when x — 0 and y — oo,

(C) Its streamlines are given by x = y.

(D) Itis irrotational.

GATE 2018 Solved Paper ME: Set — | | xiv-g

Sol. Flow field is given by

ii=Axi—Ayj
Stream line equation is dx = i
U u
& _ Ay
Ax —Ay

Taking log on both sides of above equation, we get
Inx=-Iny+Inc
Inx+Iny=Inc
Inxy=Inc
xy=c

Hence, the correct option is (C)

Question Number: 30 Question Type: MCQ

Which one of the following statements is correct for a
superheated vapour?
(A) Its pressure is less than the saturation pressure at
a given temperature.
(B) Its temperature is less than the saturation
temperature at a given pressure.
(C) Its volume is less than the volume of the saturated
vapour at a given temperature.
(D) Its enthalpy is less than the enthalpy of the
saturated vapour at a given pressure.

Solution: For superheated vapour, the pressure is less than
the saturated pressure at a given temperature.
P<P_ (atagivenT)

Hence, the correct option is (A)

Question Number: 31 Question Type: NAT

If the wire diameter of a compressive helical spring is
increased by 2%, the change in spring stiffness (in %) is
(correct to two decimal places).

Solution: If d is the spring wire diameter, then the stiff-
ness of helical spring can be expressed as

_ Gd*
" 64Rn
From above relation we conclude that
Koc d

K _(d)
K, dy
Since d,=1.02 d and d, = d, then we have

4
K- (1.02d] <K,
d

2
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K,=1.08243 K,
% increase in stiffness

= %XIOO =8.243%

Hence, the correct answer is 8.243.

Question Number: 32 Question Type: NAT

A flat plate of width L = 1 m is pushed down with a velocity
U=0.01 m/s towards a wall resulting in the drainage of the
fluid between the plate and the wall as shown in the figure.
Assume two-dimensional incompressible flow and that the
plate remains parallel to the wall. The average velocity, U

avg

of the fluid (in m/s) draining out at the instant shown in the

figure is (correct to three decimal places).
I L I Plate
Ju
| ]
Uayg <— d=0.1m —> Uayg
( |
Wall

Solution: Width of flat plate L=1m

Velocity of flat plate U= 0.01 m/s

Distance between flat plate and wall
d=0.1m

If we assume the length of plate be Z

Rates of mass through plate = Rate of mass displaced
between plates and wall.

LZxdhzszdVgxdedt

Where U, is the average velocity of the fluid (in m/s)
draining out at the instant

LZdh =2 x Uavg X d X zdt

_ LxU 1x0.01
e 2d 2x0.1

=0.05m/s |: d—h = U:|
d

t

Hence, the correct answer is 0.05 m/s.

Question Number: 33 Question Type: NAT

An ideal gas undergoes a process from state 1 (7, = 300 K,
p, = 100 kPa) to state 2 (7, = 600 K, p, = 500 kPa). The
specific heats of the ideal gas are: C =1 kl/kg-K and C =
0.7 kJ/kg-K. The change in specific entropy of the ideal gas
from state 1 to state 2 (in kJ/kg-K) is (correct to
two decimal places).

Solution: Intial Temperature 7, = 300 K,
Initial pressure P, = 100 kPa

Final temperature 7, = 600 K,
Final pressure P, = 500 kPa

Specific heat at constant pressure C = 1kJ/kg — K,
Specific heat at constant volume C,, = 0.7 kl/kg — K

Change in specific entropy of the ideal gas from state 1 to
state 2
As=S,-8 =C, an—Rln&
T A
S -8 =1x ln@—o._%lnﬂ
300 100
S, —8,=021kl/kg—-K

Hence, the correct answer is 0.21.

Question Number: 34 Question Type: NAT

For a Pelton wheel with a given water jet velocity, the

maximum output power from the Pelton wheel is obtained

when the ratio of the bucket speed to the water jet speed is
(correct to two decimal places).

Solution: For maximum efficiency in pelton wheel, the
ratio of the bucket speed to the water jet speed is 1/2 = 0.5.

Hence, the correct answer is 0.5

Question Number: 35 Question Type: NAT

The height (in mm) fo a 125 mm sine bar to measure a
taper of 27 32" on a flat work piece is (correct to
three decimal places).

Solution: Taper 6=27°32!

=27+ 32 =27.533°
60

Height L = 125 mm
Now we know that

sin@= E
L
sin@= i
125
H=57.782 mm.

Hence, the correct answer is 57.782.

Question Number: 36 Question Type: MCQ

Let X, X, be two independent normal random variables
with means u,, 4, and standard deviations o,, o, respec-
tively, consider Y=X —X,: u =u,=1, 0,=1, 0,=2. Then
(A) Y is normally distributed with mean 0 and vari-
ance 1
(B) Y is normally distributed with mean 0 and vari-
ance 5
(C) Yhasmean 0 and variance 5. but is NOT normally
distributed
(D) Y has mean 0 and variance 1. but is Not normally
distributed



Solution:
Y is normally distributed
Mean of Y = E(Y) = E(X, — X))
= E(X,) ~ E(X) =t~ 1, = 0
And variance of Y = Var(Y)
= Var (X, - X))
= Var (X)) + Var (X))
(* X, and X are independent)
=ol+0?=12+2%2=5

Hence, the correct option is (B)

Question Number: 37
The value of the integral

Cﬁg;-;zds

N

Question Type: MCQ

Over the closed surface S bounding a volume V. where
F=xi+ y}' +zk is the position vector and # is the normal
to the surface S is
A) Vv
© 3V

(B) 2V
(D) 4V

Solution: The given position vector is
F=xi+yj+zk
The divergence of given position vector will be
div ¥ =3

Applying Gauss’ divergence theorem, we have
§p7 -7 ds = [[[divFav
s v
[[J3av =3V
v

Hence, the correct option is (C).

Question Number: 38 Question Type: MCQ
A point mass is shot vertically up from ground level with
a velocity of 4 m/s at time 7 = 0. It loses 20% of its impact
velocity after each collision with the ground. Assuming
that the acceleration due to gravity is 10 m/s? and that air
resistance is negligible, the mass stops bouncing and comes
to complete on the ground after a total time (in seconds) of

(A) 1 B) 2

© 4 (D)

Solution: Initial velocity u =4 m/s,

Acceleration due to gravity g = 10 m/s?

From first equation of motion, we get
V=u+at
0=4-10¢
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= t=04s
We know that after 1% Collision,
u,=0.8x4=32m/s

v, =u + atl
t,= 32 _ 0325
10

We know that after 2" Collision,
u,=0.8x3.2=2.56m/s
v,=u,+at,
t,=0.256s

Total time = 2[t + ¢ +¢,+ ... 0]

=2[04+0.32+0.256+...]
=2X & =4s.
1-0.8

Hence, the correct option is (C)

Question Number: 39 Question Type: MCQ

The state of stress oat a point, for a body in plane stress, is
shown in the figure below. If the minimum principal stress
is 10 kPa, then the normal stress o (in kPa) is

Oy
7,, = 50 kPa
o, = 100 kPa
(A) 9.45 (B) 18.88
(C) 37.78 (D) 75.50
Solution:

Minimum principal stress

2
o, +0 c,—C
=2 Y il a4 +72xy
2 2
2
100+0 100-o
0= 2 2| +502
2 2

2
o 50-o
40 + 7y= ( y] +502

2
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Squaring on both sides of above equation we get

o2 o’
1600 + —=+400, =2500+—--500, +2500
1 4

9000, = 3400
0,=37.78 MPa

Hence, the correct option is (C)

Question Number: 40 Question Type: MCQ

An epicyclic gear train is shown in the figure below. The
number of teeth on the gears 4, B and D are 20, 30 and
20 respectively. Gear C has 80 teeth on the inner surface
and 100 teeth on the outer surface. If the carrier arm 4B is
fixed and the sun gear A4 rotates at 300 rpm in the clockwise
direction then the rpm of D in the clockwise direction is

(A) 240 (B) —240
(C) 375 (D) =375
Solution:

Considering clockwise direction as positive,

N, =+300
N, = —300x20 =-200
30
N.=-200 x 30 =-75
80

100
N,y=+75X — =4375
20
Hence, the correct option is (C).

Question Number: 41 Question Type: MCQ

A carpenter glues a pair of cylindrical wooden logs by
bonding then end faces at an angle of 8= 30° as shown in
the figure.

/?*' | axis
1
4MPa=—f------------ ONCTRL AL S— —=4 MPa
)
) I
4

The glue used at the interface fails if
Criterion 1: the maximum normal stress exceeds 2.5 MPa
Criterion 2: the maximum shear stress exceeds 1.5 MPa.

Assume that the interface fails before the logs fail. When a
uniform tensile stress of 4 MPa is applied, the interface
(A) fails only because of criterion 1
(B) fails only because of criterion 2
(C) fails because of both criterion 1 and 2
(D) does not fail

Solution: Normal stress o= (X cos’60

o=4 x cos?> 30 =3 MPa
o, .
Shear stress 7= 751n 20

T=2 X sin 60° = 1.73 MPa
Hence, the correct option is (C)

Question Number: 42 Question Type: MCQ

A Self-aligning ball bearing has a basic dynamic load
rating (C, . For 10° revolutions) of 35 kN. If the equivalent
radial load on the bearing is 45 kN, the expected life (in 10°
revolutions) is
(A) below 0.5
(C) 0.8t01.0

(B) 0.5t00.8

(D) above 1.0
Solution: Basic dynamic load rating of ball C =35 kN
Equivalent radial load on the bearing P, =45 kN

Now we know that

cY (35Y
Loy={—|=| 1=

P, 45
L,,=0.4705

Hence, the correct option is (A)

Question Number: 43 Question Type: MCQ

A tank open at the top with a water level of 1 cm, as shown
in the figure, has a hole at a height of 0.5 m. A free jet
leaves horizontally from the smooth hole. The distance X
(in m) where the jet strikes the floor is

Free jet
Tm T —
0.5m
- —



(A) 0.5 (B) 1.0
(C) 2.0 (D) 4.0
Solution:

Height 2 =0.5m
Acceleration due to gravity g =9.81 m/s?
velocity of free jet can be calculated using

V=42gh
V=+2x9.81x05
V=3.3132m/s
h
Free jet
im +
0.5m y
- —

If ¢ is the time taken for the liquid to travel from the open-
ing to the ground , then we have

y= %gtz
y=05= lgt2
2
,  2x0.5
9.81
t=0.319 m/s

Distance travelled in time ¢ will be
x=Vt=3.3132x%x0.319
x=1.05m/s

Hence, the correct option is (B)

Question Number: 44 Question Type: MCQ

In a Lagrangian system, the position of a fluid particle in
a flow is described as x =x_e*and y = y " where ¢ is the
time while x , y_and k are constants. The flow is

(A) unsteady and one-dimensional

(B) steady and two-dimensional

(C) steady and one-dimensional

(D) unsteady and two-dimensional
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. . d.
Solution: Initial velocity u = d_x =—hkxje ™
t

Final velocity V = % =—ky,el
t

Now we know that in vector form
V=ui+v
= —hx e ™ i +kyoedj
dx dy
dx

Since x,, y,, k are constants continuity equation is satisfied.

d _ d
_(_kxoe kt)_i_;(kyoekt)zo

Hence, flowis 2 — D

% =k*xpe ™ £0
% =k%xpedt #0

Hence, flow is unsteady.

Hence, the correct option is (D)

Question Number: 45 Question Type: MCQ

The maximum reduction in cross-sectional area per pass
(R) of a cold wire drawing process is
R=1-¢e™D
Where n represents the strain hardening coefficient. For the
case of a perfectly plastic material. R is
(A) 0.865 (B) 0.826
(©) 0.777 (D) 0.632

Solution: For perfectly plastic material strain hardening
coefficient n =0

R=1-¢®D
- 1
R=1-e¢'=1-—
e
R=0.632

Hence, the correct option is (D)

Question Number: 46 Question Type: NAT

The percentage scrap in a sheet metal blanking operation
of a continuous strip of sheet metal as shown in the figure
is (correct to two decimal places.)
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Solution:
A B
D/5 D/5
D/2 D/5
D/2 D/2
D/5 D/5
C D

Consider rectangle ABCD which repeats again on the strip
of sheet,

A= Total area

D D D DYD D D
==+t —=t+= [ =+ =+—
5 2 2 5)K2 2 2
ATzszﬁD:ﬂD2
5 5 25

A, = Blanking area = T pe
4

% of scrap = MXIOO%
Ay

3
=|1- 4 x100

42

25

=53.25%

Hence, the correct answer is 53.25.

Question Number: 47 Question Type: NAT
An explicit forward Euler method is used to numerically
integrated the differential equation
dy _
e

Using a time step of 0.1. with the initial condition »(0)=1.
The value of Y(1) denoted by this method is
(correct to two decimal places).

y

Solution: Given differential equation is

ax

h=0.1,0)=1
R fx, v)=y; 0=0;y0=1
By forward Ealer method,

»0.1)=y,
=y, +hf(x,,¥,)
=y, +h )
=1+(0.1)1
=1.1

0.2)=y,=y, +hf(x,)
=1.14(0.1)(1.1)
=121

W0.3)=y, =y, +hf(x,,»,)
=1.21+(0.1) (1.21)
=1.331

W0.4) =y, =y, +hf (x,,y,)
=1.331+(0.1) (1.331)
=1.4641

W0.5) =y, =y, +hf(x,,»,)
=1.4641 +(0.1) (1.4641)
=1.61051

10.6) =y, =y, + hf (x, )
=1.6105+(0.1) (1.6105)
=1.77155

0.7 =y, =y +hf (x;, )
=1.7715 4+ (0.1) (1.7715)
=1.94865

W0.8) =y, =y, +hf (x,,y,)
=1.9486 + (0.1) (1.9486)
=2.14346

W0.9) =y, =y, + hf (xs ¥
=2.1437 4+ (0.1) (2.1437)
=2.35807



Y1) =y, =y, + hf (x5 ¥,)
=2.3581+(0.1) (2.3581)
=2.59391

(1) =2.594.

Hence, the correct answer is 2.594.

Question Number: 48 Question Type: NAT
F(s) is the Laplace transform of the function f(z)=2t?e™

F(1)is (correct to two decimal places).

Solution: The given function is

) =28
Laplace transform of the function will be
L[] = F(s)
=L[2F e

d? _
= 2@@[6 ‘D
2
P
ds? | s+1

2
B 2((s+1)3]

4
o= Gar
4 4 1
SO, F(l)— (1+1)3 —g—E—O.S

Hence, the correct answer is 0.5.

Question Number: 49 Question Type: NAT

A simple supported beam of width 100 mm. height 200 mm
and length 4 m is carrying a uniformly distributed load of
intensity 10 kN/m. The maximum bending stress (in MPa)
in the beam is (correct to one decimal place).

10 KN/m

2 o)

4m
Solution: Maximum bending moment,

_WI*_10x16
8 8

M =20kNm

GATE 2018 Solved Paper ME: Set — | | xiv-m

Maximum bending stress,
m 20x103

Omax =— Vmax = 7———————
max =7 Fma (0.1x0.23J

12
o, =30 10° N/m? = 30 MPa

mq

Hence, the correct answer is 30.

Question Number: 50 Question Type: NAT

A machine of mass m =200 kg is supported on two mounts,

each of stiffness &£ = 10 kN/m. The machine is subjected to

an external force (in N) F(z) = 50 cos 5¢. Assuming only

vertical translator motion, the magnitude of the dynamic

force (in N) transmitted from each mount to the ground is
(correct to two decimal places).

F@)

Solution: Mass m =200 kg,
stiffness K = 10 kN/m
= 10000 N/m
Equivalent stiffness
K., =K+ K=10000+ 10000
=20000 N/m
Now we have
F(f) = 50cos5¢

F,=50N
=5 rad/s
Ko (20000
= =, |—
" m 200
@ = ~100 =10 rad/s

=0 [ No damping]
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Transmissibility

r= 1 2: 11
1—1) -7
4
r=12
3
roh
FO

F =50 §=66.666N

Force from each mount

- 500080 5333w
2 2

Hence, the correct answer is 33.33.

Question Number: 51 Question Type: NAT

A slider crank mechanism is shown in the figure. At some
instant, the crank angle is 45° and a force of 40 N is acting
towards the left on the slider. The length of the crank is
30 mm and the connecting rod is 70 mm. Ignoring the effect
of gravity, friction and inertial forces, the magnitude of the
crankshaft torque (in Nm) needed to keep the mechanism
in equilibrium is (correct to two decimal places).

~o 40N

Solution: Consider the figure given below

40N=F

Length of connecting rod ,/ = 70 mm
length of the crank, » = 30 mm
crank angle 6= 45°
We know that
rsin@= (sinf
sin45°x30
70
tanf=0.303, B=16.8°
F . cosfp=F,F =F_sin(0+f)
Torque = F X r

= F sin(@ + B)xr
os
= sin(45+16.85)><i
cos16.85 1000
0.8817x30x40
Torque = ——
0.957x1000
T=1.10 Nm.

Hence, the correct answer is 1.10.

Question Number: 52 Question Type: NAT

A sprinkler shown in the figure rotates about its hinge point
in a horizontal plane due to water flow discharged through
its two exit nozzles

! !

| | Q2 Q2 | ‘
- 1 ] ——
14
i 10 cm i 20cm i

The total flow rate QO through the sprinkle is 1 litre/sec
and the cross-sectional area of each exit nozzle is 1 cm?
Assuming equal flow rate through both arms and a friction-
less hinge, the steady state angular speed of rotation (in

rad/s) of the sprinkler is (correct to two decimal
places).
Solution: Consider the figure given below
} ¥
Q2 © Q2
O]
o
| 10 cm | 20 cm |
rq rp

Total flow rate through the sprinkle is
0O = llit/sec = 10° m*/sec
Area of each nozzle A = A,

A,=4,=1cm’=10"*m’



o Q/2 107
"i=r= A 2x1074

Let @ = angular speed in rad/sec

=5m/s

absolute velocity
V.=V, +ro=5+01o
V,=V,-r,o=5-02 o
Torque = pQ (V,, 7,) ~ pQ (V) 7,)
T=pQ[(v,—r,on,—(V, +rwy]=0
5-020)02-(5+0.1w)0.1=0
1-0.040=0.5+0.0lw
0.5=0.05w
=10 rad/sec

Hence, the correct answer is 10.

Question Number: 53 Question Type: NAT

A solid block of 2.0 kg mass slides steadily at a velocity V'
along a vertical wall as shown in the figure below. A thin oil
film of thickness 4 = 0.15 mm provides lubrication between
the block and the wall. The surface area of the face of the
block in contact with the oil film is 0.04 m? The velocity
distribution within the oil film gap is linear as shown in
the figure. Take dynamic viscosity of oil as 7.10°* Pa-s and
acceleration due to gravity as 10 ms®. Neglect weight of the
oil. The terminal velocity /(in m s) of the block is
(correct to one decimal place).

{ Fh=0.15mm

K_ m =2.0 kg
A=0.04m?
Impermeable
wall
Solution:
Mass m =2 kg

Acceleration g = 10 m/s?
Height 2 =15 mm
Terminal velocity V' =?

We know that terminal velocity is constant velocity,
therefore net acceleration is zero.

Shear force due to oil film = weight of block
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A =mg

ﬂ><A=mg

h

mgh 2x10x0.15x1073
1A 7x107%0.04

V'=10.714 m/s

Hence, the correct answer is 10.714.

Question Number: 54 Question Type: NAT

A tank of volume 0.05 M? contains a mixture of saturated

water and saturated steam at 200°C. The mass of the liquid

present is 8 kg. The entropy (in kJ/kg K) of the mixture is
(correct to two decimal places).

Property data for saturated steam and water are:
At200°C. P_ =1.5538 MPa
V,=0.001157 m* /kg, V,= 0.12736 m/kg
S, =4.1014kl/kg K, § = 2.33.9 kl/kg K
Solution:
Volume of tank V= 0.05 m®
At 200°C.
P_ =1.5538 MPa
V,=0.001157 m* kg,
V. =0.12736 m’/kg
S, =4.1014kJ/kg K.
S,=233.9kl/kgK

mass of specific entropy of mixture

S:Sf+Xng
m
=M
V=V +V
A4

V:mV Xﬁv +mL ><19L

0.05=8x0.001157 +m_x 0,

m, = 0.04074
0.12736
m,=0.3198 kg
x= 03198
0.3198+38
x=0.0384

5 =2.3309 + 0.0384 x 4.1054
s =2.488 kl/kg K.

Hence, the correct answer is 2.488.
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Question Number: 55 Question Type: NAT

Steam flows through a nozzle at a mass flow rate of in =
0.1 kg/s with a heat loss of 5 kW. The enthalpies at inlet and
exit are 2500 kJ/kg and 2350 kJ/kg respectively. Assuming
negligible velocity at inlet (C, = 0), the velocity (C,) of
steam (in m/s) at the nozzle exit is (correct to two
decimal places).

Q=5kW

hy = 2500 kd/kg H = 0.4 ka/s 112 =2350 kJ/kg
C,=0 I:>m 0.1 kg/s c,

Solution:

Mass m = 0.1 kg/s

Heat loss O =5 kW

enthalpies at inlet 2, = 2500 kl/kg
velocity at inlet ¢, = 0 m/s
enthalpies at outlet 2, = 2350 kJ/kg
According to SFEE, we get

mh+c12 +Q—mh+c§
"7 2000 272000

0.1 x2500+0-5

2
)

=0.1 x2350+ x0.1
2000

c,=447.21 m/s.
Hence, the correct answer is 447.2.

Question Number: 56 Question Type: NAT
An engine working on air standard Otto cycle is supplied
with air at 0.1 MPa and 35°C. The compression ratio is 8.
The heat supplied is 500 kJ/kg. The maximum temperature
(in K) of the cycle is (correct to one decimal place).
Solution: For air standard Otto cycle,
Pressure P, = 0.1 MPa,
Temperature 7, =35° C =308 K

r=3,
heat supplied ¢ = 500 kJ/kg
specific heat at constant pressure C =1.005 kJ/kg. K,
specific heat at constant volume C,, = 0.718 kJ/kg.K
Gas constant R = 0.287 kJ/kg.K

S
From the above curve we get
L_(n)
L\
L_(nYy
o\l
-1
T
= L_(H
T, V,
Q = Q(r)y—l
L T
C
y= E}--—14
T,=(8)"*"'x308
T,=707.598 K

Heat supplied ¢ = C (T, -T,)

500 =0.718 (T, — 707.598)
0.718 T, = 1008.055
T, = 1403.97°C

Hence, the correct answer is 1403.97.

Question Number: 57 Question Type: NAT

A plane slab of thickness L and thermal conductivity & is
heated with a fluid on one side (P), and the other side (Q)
is maintained at a constant temperature. 7, of 25°C, as
shown in the figure. The fluid is at 45°C and the surface
heat transfer coefficient, 4, is 10 W/m? K. The steady state
temperature. 7, (in °C) of the side which is exposed to the
fluid is (correct to two decimal places).

M

Tp

h =10 W/m2K

T, = 45°C Tq=25°C

k =2.5W/mK

—L =20 cm—»|




Solution:
T.=45°C
h=10W/mPK| k=25W/mK |Tq=25C
L=20cm
Tp

— VW MWW
1 1
‘hA KA

Let heat transfer area is constant

_ T, -Ty _ 45-25

1 1.L 1, 20x102

h k10 2.5
q= 2—Ozlll.llw/m2

0.14+0.06

T.-T;
q= " =h(T,~Tp)

h
Q=qu=%—ELE
h 10

T,=33.88°C

Hence, the correct answer is 33.88°.

Question Number: 58 Question Type: NAT

The true stress (0)-true strain (€) diagram of a strain hard-
ening material is shown in figure. First, there is loading
up to point 4, i.e., up to stress of 500 MPa and strain of
0.5. Then from point 4, there is unloading up to point B,
i.e., to stress of 100 MPa. Given that the Young’s modulus
E =200 GPa, the natural strain at point b (&,) is
(correct to three decimal places).

o (MPa)

500

100
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Solution:
o (MPa)
500 - -------------4
i
i
1
E ! 500 -100
i
0 |
100} f------- ) “C
i
£ 0.5 €
o
E=—=tan0O
E

The slope of the stress — strain curve is £

tan 0= wztan@zE
S-ep
400 =2x10°
0.5-€3
400
05-€, =
B2x10°
€,=0.498

Hence, the correct answer is 0.498.

Question Number: 59 Question Type: NAT

An orthogonal cutting operation is being carried out
in which uncut thickness is 0.010 mm. cutting speed is
130 m min. rake angle is 15° and width of cut is 6 mm. It
is observed that the chip thickness is 0.015 mm. the cutting
force is 60 N and the thrust force is 25 N. The ratio of fric-
tion energy to total energy is (correct to two
decimal places).

Solution: uncut thickness #=0.01 mm

cutting speed V' = 130 m/min

minimum rake angle o= 150°

width of cut B =6 mm

chip thickness ¢, = 0.015 mm

cutting force F/,=60 N

thrust force /7, =25 N

Now using the relation given below
F=F_sin o+ F.cos &

=60 sin 15 + 25 cos 15

F=39.672
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Ration of frictional energy to total energy,

3400, 3)
F V, F _t
Fe Voot
39.672  0.01
= X — 2
60 0.015
=0.4408

0.1)
(0.02, 0.88)

Hence, the correct answer is 0.44.

Question Number: 60 Question Type: NAT
A bar is compressed to half of its original length. The

magnitude of true strain produced in the deformed bar is 6.0
(correct to two decimal places). 0@M13,001 2 3 4 5
Solution: If L, and L, are initial and final lengths respec- Consider:
tively (i) 4x+9y<8
L =h Ax+9y=8
2 2 8
I x=0,y=—
True strain = €7 =In—- 9
2 x=2,y=0
L Consider:
er =In| 2 =1n% (i) 13x +2y <2
L 13x+2y=2
x=0,y=1
er =-0.693 2
x=—,y=0
Magnitude of strain is 0.693. 13
Hence, the correct answer is 0.693. Comparing (ii) & (iii),
. . 4x+9y=28
Question Number: 61 Question Type: NAT 13y +2y=2
The minimum value of 3x + 5y such that: 8—9y
3x+5y<15 Ty
4x+9y <8 -
x+ 9y 13(8 9y)+2y=2
13x+2y<2 4
X20,y>0 104 - 117y + 8y =28
is 109y =96
. = y=0.88,x=0.02
Solution: Consider g g
(1) 3x+5y<15 2(0,5]:3(0)+5(§]:4.44
3x+5y=15
Ty 2 (0.02, 0.88) = 3(0.02) + 5(0.88) = 4.46
At,x=0,y=3

2 2
— — —.,0 |=3] = |[+5(0)=0.46
x=5,y=0 2(13 ) (13) (0)



2(0,0)=0
-. z=0 is minimum value

Hence, the correct answer is 0.

Question Number: 62 Question Type: NAT

Processing times (including setup times) and due dates for
six jobs waiting to be processed at a work centre are given
in the table. The average tardiness (in days) using shortest
processing time rule is (correct to two decimal

places).
Job Processing Time (Days) Due Date (Days)
A 3 8
B 7 16
C 4 4
D 9 18
E 5 17
F 13 19
Solution: By SPT rule
Job Processing Due Flow Tardiness
Time Date Time
A 3 8 0+3=3 0
c 4 8 3+4=7 3
E 5 17 7+5=12 0
B 7 16 12+7=19 3
D 9 18 19+9=28 10
F 13 19 28 +13=41 22
38

Total Tardiness = 38

. . Total tardiness
Average tardiness per job= ————
Number of jobs

= %8 =6.33 days

Hence, the correct answer is 6.33.

Question Number: 63 Question Type: NAT

The schematic of an external drum rotating clockwise
engaging with a short shoe is shown in the figure. The
shoe is mounted at point Y on a rigid lever XYZ hinged
at point X. A force F' = 100 N is applied at the free end
of the lever shown. Given that the coefficient of friction
between the shoe and the drum is 0.3 the braking torque (in
Nm) applied on the drum is (correct to two decimal
places).
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300

(All dimensions are in mm)

Solution: Taking moments over point “X ”
Fx300+fx300=Rx200
100 x 300 + 1R % 300 = R x 200
100 x 300 + 0.3 X R x 300 = R x 200
1.1R =300
R=272.72N
Braking torque = R X r
=0.3x272.72x0.1
T=8.18 Nm

Hence, the correct answer is 8.18.

Question Number: 64 Question Type: NAT
Block P of mass 2 kg slides down the surface and has a
speed 20 m/s at the lowest point. O, where the local radius
of curvature is 2 m as shown in the figure. Assuming
g =10 m/s. The normal force (in N) at Q is

(correct to two decimal places).

Q

Q
Solution: Mass of block P, m =2 kg,

Acceleration g = 10 m/s?

Now using the relation

2
N—-mg= %

N=mg+ ——



xiv-t | GATE 2018 Solved Paper ME: Set — |

2x20x%x20
+—

N=2x10 =420 N.
Hence, the correct answer is 420 N.
Question Number: 65 Question Type: NAT

An electrochemical machining (ECM) is to be used to cut a
through hole into a 12 mm thick aluminum plate. The hole
has rectangular cross-section 10 mm x 30 mm. The ECM
operation will be accomplished in 2 minute, with efficiency
of 90%. Assuming specific removal rate for aluminum as
3.44 x 102 mm® (As), the current (in A) required is
(correct to two decimal places).

Solution: Volume of metal to be removed
=10x30x12
=3600 mm?

Energy Required

Volume of metal

Specify removal rate X efficiency
3600
3.44x1072%0.9

104651.162
0.9

Energy required = 116279.07 As
Given time =2 min =120 s

Current required

;. 116279.07
120
1=968.992

Hence, the correct answer is 968.99.
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Number of Questions: 65

Total Marks:100.0

Wrong answer for MCQ will result in negative marks, (—1/3) for 1 Mark Questions and (=2/3) for 2 Marks Questions.

GENERAL APTITUDE

Number of Questions: 10

Q.1 to Q.5 carry 1 mark each and Q.6 to Q.10 carry
2 marks each.

Question Type: MCQ

The perimeters of a circle, a square and an equilateral
triangle are equal. Which one of the following statements
is true?

(A) The circle has the largest area.

(B) The square has the largest area.

(C) The equilateral triangle has the largest area.

(D) All the three shapes have same area.

Question Number: 1

Solution: The area would increase with the number of
sides, if the perimeter of a regular polygon is constant. It
would attain its maximum value when the polygon becomes
a circle.

Hence, the correct option is (A)

Question Number: 2 Question Type: MCQ
The value of the expression
1 1 1 .
+ + 1S
I+log, vw l+log wu 1+log, uv
A) -1 (B) 0
© 1 (D) 3
Solution:
1 1

1+ log, vw - log, u + log, vw
1

= = loguvw u
log, uvw

. The given expression is log u + log V + log, =
log uvw=1.

Hence, the correct option is (C)

Question Type: MCQ

“The dress her so well that they all immediately
her on her appearance.”
(A) complemented, complemented
(B) complimented, complemented

Question Number: 3

Section Marks: 15.0

(C) complimented, complimented
(D) complemented, complimented

Solution:

Hence, the correct option is (D)

Question Number: 4 Question Type: MCQ

“The judge’s standing in the legal community, though

shaken by false allegations of wrongdoing, remained
(A) undiminished
(C) illegal

(B) damaged
(D) uncertain
Solution:

Hence, the correct option is (A)

Question Number: 5 Question Type: MCQ

Find the missing group of letters in the following series:
BC, FGH, LMNO,

(A) UVWXY

(C) STUVW

(B) TUVWX
(D) RSTUV

Solution: Two letters B and C are written and after that
D is omitted. In the next past three letters F, G and H are
written and after that I, J and K are omitted. In the next part
four letter are written. Following the same pattern, we have
to skip four letters (P, Q, R and S). Hence T, U, V, W and X
should be written.

Hence, the correct option is (B)

Question Number: 6 Question Type: MCQ

A contract is to be completed in 52 days and 125 identical
robots were employed, each operational for 7 hours a day.
After 39 days, five-sevenths of the work was completed.
How many additional robots would be required to complete
the work on time, if each robot is now operational for 8§
hours a day?

(A) 50 (B) 89
(C) 146 (D) 175
Solution:

work done = 125(39) (7) robot-hours (rh)
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The work is 5/7 of the total work.
.. Number of robots needed
_50(39)(7) _ 25(21) 525

— =131.25
13(8) 4 4
. 11.25 additional robots are needed.
Question Number: 7 Question Type: MCQ

A house has a number which needs to be identified. The
following three statements are given that can help in
identifying the house number.

i. Ifthe house number is a multiple of 3, then it is a num-
ber from 50 to 59.

ii. If the house number is NOT a multiple of 4, then it is
a number from 60 to 69.

iii. If the house number is NOT a multiple of 6, then it is
a number from 70 to 79.

What is the house number?

(A) 54 (B) 65
(C) 66 (D) 76
Solution:

Option (A) is not possible because this is not a multiple of
4, (from ii) it must be a number from 60 to 69. It is not.

Option (B) is not possible because this is not a multiple of
6, (from iii) it must be a number from 70 to 79. It is not.
The number cannot be 65.

Option (C) is not possible because this is a multiple of 3,
(from 1) it must be a number from 50 to 59. It is not. The
number cannot be 66.

Option (D) is not possible because this is not a multiple
of 3.

Hence, the correct option is (D)

Question Number: 8 Question Type: MCQ

An unbiased coin is tossed six times in a row and four
different such trials are conducted. One trial implies six
tosses of the coin. If H stands for head and T stands for the
tail, the following are the observations from the four trials:

(1) HTHTHT (2)  TTHHHT
(3) HTTHHT (4 ~ HHHT__.

Which statement describing the last two coin tosses of the
fourth trial has the highest probability of being correct?
(A) Two T will occur.
(B) One H and one 7 will occur.
(C) Two H will occur.
(D) One H will be followed by one T.

Solution: Observations in the 4 trials are when coin is
tossed 6 times in each trail is given below

(1) HTHTHT () TTHHHT
(3) HTTHHT (4) HHHT__

The last two tosses in the fourth trial are independent of all
preceding events. To decide which of the event (described
in the 4 statements) in most likely, we can simply ignore all
the given data.

Choice B in clearly the most likely. (D is only half as
probable as B. Also, each of A. C is half as probable as
B. Also A, B, C are mutually exclusive and collectively
exhaustive. Their probabilities are

only half of B.)
Hence, the correct option is (B)

I 11
—, — —. D represents
4 2 4

Question Number: 9 Question Type: MCQ

Forty students watched films A, B and C over a week. Each
student watched either only one film or all three. Thirteen
students watched film A, sixteen students watched film B
and nineteen students watched film C. How many students
watched all three films?
(A) 0
©) 4

(B) 2
(D) 8

Solution: Consider the venn diagram given below

A B

A
(SN

As all of them are watching one or three movies, then b =
d=f=0

Now, ate=13
cte=16
gt+te=19
Hence,
atct+tg+3e=48 )
and atctgte=40 2)

So, subtracting (1) and (2) we get 2e = 8

= e=4

Therefore, the values of a =9, c =12, g=15.
So, 4 students watched all the three movies.

Hence, the correct option is (C)



Question Number: 10 Question Type: MCQ

A wire would enclose an area of 1936 m?, if it is bent into
a square. The wire is cut into two pieces. The longer piece
is thrice as long as the shorter piece. The long and the short
pieces are bent into a square and a circle, respectively.
Which of the following choices is closest to the sum of the
areas enclosed by the two pieces in square meters?

(A) 1096 (B) 1111

(C) 1243 (D) 2486
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Solution: Area of the square is 1089 m?.

The smaller one is lent into a circle of radium, say r.
2ar=4=r="7.

The area = 772 = 22/7(7?) m*> = 154 m?,

The sum of the areas = (1089 + 154) m? = 1243 m?

Hence, the correct option is (C).

MEcCHANICAL ENGINEERING

Number of Questions: 55

Q.11 to Q.25 carry 1 mark each and Q.26 to Q.65 carry
2 marks each.

Question Number: 11 Question Type: MCQ

Select the correct statement for 50% reaction stage in a
steam turbine.
(A) The rotor blade is symmetric.
(B) The stator blade is symmetric.
(C) The absolute inlet flow angle is equal to absolute
exit flow angle.
(D) The absolute exit flow angle is equal to inlet angle
of rotor blade.

Solution:

Hence, the correct option is (D)

Question Number: 12 Question Type: MCQ

Denoting L as liquid and M as solid in a phase-diagram
with the subscripts representing different phases, a eutec-
toid reaction is described by
(A) M, — M, + M,
(C) L,+M, — M,

(B) L, — M, +M,
(D) M, + M, — M,

Solution: We know that Eutectoid reaction is expressed as
M, — M, + M,
Hence, the correct option is (A)

Question Number: 13 Question Type: MCQ

During solidification of pure molten metal, the grains in
the casting near the mould wall are

(A) coarse and randomly oriented

(B) fine and randomly oriented

(C) fine and ordered

(D) coarse and ordered

Solution: During solidification of pure molten metal, the
grains in the casting near the mould wall are fine and ran-
domly oriented because rate of solidification is high at sur-
face of mould during solidification of pure molten metal.

Hence, the correct option is (B)

Section marks: 85.0
Question Number: 14 Question Type: MCQ

Match the following products with the suitable manufac-
turing process

Product Manufacturing process
P.  Toothpaste tube 1 Centrifugal casting
Q. Metallic pipes 2 Blow moulding
R. Plastic bottles 3. Rolling
S. Threaded bottles 4 Impact extrusion

(A) P-4,Q-3,R-1,S-2
(C) P-4,Q-1,R-2,S-3

(B) P-2,Q-1,R-3, S-4
(D) P-1,Q-3, R4, S-2

Solution:

Hence, the correct option is (C)

Question Number: 15 Question Type: MCQ

Feed rate in slab milling operation is equal to
(A) rotation per minute (rpm)
(B) product of rpm and number of teeth in the cutter
(C) product of rpm, feed per tooth and number of
teeth in the cutter
(D) product of rpm, feed per tooth and number of
teeth in contact

Solution: If £ is the feed per tooth, z is the number of
teeth in cutter and N is the revolution per minute then feed
rate can be expressed as

f=[XNxZ

Hence, the correct option is (C)

Question Number: 16 Question Type: MCQ

Metal removal in electric discharge machining takes place
through

(A) ion displacement

(B) melting and vaporization

(C) corrosive reaction

(D) plastic shear
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Solution:

Hence, the correct option is (B)

Question Number: 17 Question Type: MCQ

The preferred option for holding an odd-shaped workpiece
in a centre lathe is
(A) live and dead centres
(C) lathe dog

(B) three jaw chuck
(D) four jaw chuck
Solution:

Hence, the correct option is (D)

Question Number: 18 Question Type: MCQ
A local tyre distributor expects to sell approximately 9600
steel belted radial tyres next year. Annual carrying cost is
%16 per tyre and ordering cost is ¥ 75. The economic order
quantity of the tyres is

(A) 64 (B) 212

(C) 300 (D) 1200
Solution: Number of tyres sold D = 9600
Annual carrying cost C, = 16/year
Annual ordering cost C;=X75/order
We know that economic order quantity can be expressed as

E0Q = 2DC =\/2><9600><75
C, 16

= +/1200%x75 =300

Hence, the correct option is (C)

Question Number: 19 Question Type: NAT

1 23
IfA4=10 4 5|thendet(4")is_______ (correct to two
0 0 1
decimal places).
1 2 3
Solution: Given4=[0 4 5
0 0 1
1 1 1

det(4) = ~=025

det(4) 1x4x1 4

Hence, the correct answer is 0.25.

Question Number: 20 Question Type: NAT

A hollow circular shaft inner radius 10 mm, outer radius
20 mm and length 1 m is to be used as a torsional spring. If
the shear modulus of the material of the shaft is 150 GPa,
the torsional stiffness of the shaft (in kN-m/rad) is
(correct to two decimal places).

Solution: We know that torsional stiffness of the shaft
(in kN-m/rad) can be expressed as

Torsional stiffness = %

150%10° ><£[o.o44 ~0.02*]
32

1
=35.342 kNm/rad

Hence, the correct answer is 35.342.

Question Number: 21 Question Type: MCQ

The Fourier cosine series for an even function f{x) is given
by

f(x)=ay +ian cos(nx) .

n=1

The value of the coefficient a, for the function f{x) = cos*(x)

in [0, 7] is
(A) -0.5
(©) 0.5

(B) 0.0
(D) 1.0

Solution: The given function is f(x) = cos?(x)

Fourier cosine series for an even function f{x) will be

2 V4
ay = —If(x) cos 2xdx
o
2 T
= —JAcos2 (x)-cos 2xdx
T
0
2 [ 1+cos2x
=—J ———— |cos 2xdx
Ty 2
1 A
= —J[cos 2x+cosZ(2x)]dx
T
0

f 1+cos4x ]
J cos2x+| ———
0 2 ]

1”[ 11
=—J cos2x+—+—cos4dx
Ty 2 2

X

X

N | =

I
[

X

1|sin2x x 1(sindx 8
T 2 2 2 4

1 © 1
=—X—=—
T 2 2

Hence, the correct option is (C)

=0.5



Question Number: 22 Question Type: MCQ

The divergence of the vector field U=e (cos yf +sin y})
is

(A) 0

(C) 2e*cosy

(B) e"cosy+e‘siny
(D) 2e*siny

Solution: The divergence of the vector field is given as
u=e (cos y;+ siny}')
=e"* cos y;+ e sin y}
.~ 0 d .
div(u) = —(e* cos y)+ —(e* sin y)
ox dy

=e'cosy+e‘cosy
=2e“cosy
Hence, the correct option is (C)
Question Number: 23 Question Type: MCQ

Consider a function u# which depends on position x and

: o : . u 9’u
time ¢. The partial differential equation —=

ot dx’

known as the
(A) Wave equation
(C) Laplace’s equation

(B) Heat equation
(D) Elasticity equation
Solution:

Hence, the correct option is (B)

Question Number: 24 Question Type: MCQ

. . . . . d
If y is the solution of the differential equation y3d—y+
x

x> =0, (0) = 1, the value of y(-1) is

(A) -2 (B) -1
© o D) 1
Solution: Given differential equation is
3 ﬂ +x3=0 )
dx
and
n0)=1 )
dy
34+ x3=0
4 dx
= s
dx
= V3idy =—x3dx
= '[y3dy ——'[x3dx
4 4
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= x*+yt=4C 3)
From (2), 0*+ 1*=4C
= 4C=1
.. (3) becomes,
xX*+yi=1
Atx=-1, ) +y'=1=1+y'=1
R y=0=y(1)=0

Hence, the correct option is (C)

Question Number: 25 Question Type: MCQ

The minimum axial compressive load, P, required to
initiate buckling for a pinned-pinned slender column with
bending stiffness EI and length L is

2 2
n” El n” El
A) P= B) P=
( ) 4L2 ( ) L2
3n’ EI an’ EI
C) P=—— D) P=
( ) 4L2 ( ) LZ
Solution:
Hence, the correct option is (B).
Question Number: 26 Question Type: MCQ

A frictionless gear train is shown in the figure. The leftmost
12-teeth gear is given a torque of 100 N-m. The output
torque from the 60-teeth gear on the right in N-m is

12 Teeth

48 Teeth
T =100 N-m !
= L
ﬁ@mmmg |
; i T T
i T
! 60 Teeth
12 Teeth
(A) 5 (B) 20
(C) 500 (D) 2000

Solution: Torque of 12-teeth gear 7=100 N m

Let the output torque from the 60-teeth gear on the right
be 7,=?
4

Now we know that

T 12
N,=N,x -L =N/ x = = N
T, 48 4
N, and N, rotates at same speed.
JUSVAVE R TR S
T, 4 60 20
T XN =T,XN,
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T = XN,
M
20

T,=20T,=2000 N-m
Hence, the correct option is (D)

Question Number: 27 Question Type: MCQ

In a single degree of freedom underdamped spring-mass-
damper system as shown in the figure, an additional damper
is added in parallel such that the system still remains
underdamped. Which one of the following statements is
ALWAYS true?

il

777

(A) Transmissibility will increase
(B) Transmissibility will decrease
(C) Time period of free oscillations will increase.
(D) Time period of free oscillations will decrease.

Solution: We know that transmissibility, can be expressed

as
) J{ 2w )
.
e=

2P 2
T
wﬂ a)n
When the additional damper is added parallelly, then the

damping will increase and hence the transmissibility & will
increase.

o= 1-&* xa,

o, will decrease because &? will increase.
2r
T=—
Wy
.. Time period will increase.

Hence, the correct option is (C)

Question Number: 28 Question Type: MCQ
Pre-tensioning of a bolted joint is used to

(A) strain harden the bolt head

(B) decrease stiffness of the bolted joint

(C) increase stiffness of the bolted joint

(D) prevent yielding of the thread root

Solution: Pre-tensioning of bolt increases stiffness of the
bolted joint.

Hence, the correct option is (C)

Question Number: 29 Question Type: MCQ

The peak wavelength of radiation emitted by a black body
at a temperature of 2000 K is 1.45 um. If the peak wave-
length of emitted radiation changes to 2.90 um, then the
temperature (in K) of the black body is

(A) 500 (B) 1000
(C) 4000 (D) 8000
Solution:

Initial peak Wavelength A, =1.45 um
Initial Temperature 7', = 2000 K
Final peak wavelength 4, = 2.90 um
Let the final temperature be 7, = ?
Now using the relation given below
AT =AT,
1.45x2000 =T, x 2.90

7= 2000

2

=1000 K

Hence, the correct option is (B)

Question Number: 30 Question Type: MCQ

For an ideal gas with constant properties undergoing a
quasi-static process, which one of the following represents
the change of entropy (As) from state 1 to 27

T. P,
(A) As=C In| =% |-RIn| =
R B

v
—Cpln(—z]

4
-C, In il

A
+Rln(

Hence, the correct option is (A)

T,
(B) As=C, In

~—
NS

(C) As=C,In

—
N
L ~—

(D) As=C, In

R
R
N——
[S] |»—‘
N——

Solution:

Question Number: 31 Question Type: NAT

Fatigue life of a material for a fully reversed loading

condition is estimated from ¢, = 1100 N-*'*, where o, is the

stress amplitude in MPa and N is the failure life in cycles.

The maximum allowable stress amplitude (in MPa) for a

life of 1 x 10° cycles under the same loading condition is
(correct to two decimal places).



Solution:

The maximum allowable stress amplitude (in MPa) can be
expressed as

o =1100 NI
= 1100 x (10%) 015
1100
T 562
=195.61 MPa

Hence, the correct answer is 195.61.

Question Number: 32 Question Type: NAT

The viscous laminar flow of air over a flat plate results
in the formation of a boundary layer. The boundary layer
thickness at the end of the plate of length L is 6. When
the plate length is increased to twice its original length, the
percentage change in laminar boundary layer thickness at
the end of the plate (with respect to &,) is (correct
to two decimal places).

Solution: Consider the figure given below

~

As per problem L,=2L
We know that for laminar flow,

S= Sx
JRe,
51 o 172
O _ %
\/g X2
5,= [2x8
X
2L
52= T X 61
o,= V2 x )
6—2 =1.414
]
% change = #Xloo
=41.4%

Hence, the correct answer is 41.4.
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Question Number: 33 Question Type: NAT

An engine operates on the reversible cycle as shown in
figure. The work output from the engine (in kJ/cycle) is
(correct to two decimal places)

650 | -----

Pkpa)

400} -----

Nf----
g
&)

Solution: Consider the figure given below

650} -----

!

Ppa)

400} -----

From the above given figure required work can be calcu-
lated as

Work output = % X AB x AC

= % X (650 — 400) x (2.5 - 2)

=62.5kJ

Hence, the correct answer is 62.5.

Question Number: 34 Question Type: NAT

The arrival of customers over fixed time intervals in a bank
follow a Poisson distribution with an average of 30 cus-
tomers/hour. The probability that the time between succes-
sive customer arrival is between 1 and 3 minutes is
(correct to two decimal places).

Solution: Arrival rate,
A =30/hour

A= 1 min
2
The probability can be expressed as
P=1-¢*



xiv-ab | GATE 2018 Solved Paper ME: Set — ||

probability for time # = 1 minute will be
1
P(l)=1-¢ 2 =0.393
probability for time # = 3 minute will be
3

P3)=1-¢ 2 =0.7768
The probability that the time between successive customer
arrival is between 1 and 3 minutes will be
P(1 £T<3min)=0.7768 — 0.393
=0.383

Hence, the correct answer is 0.383.

Question Number: 35 Question Type: NAT

A ball is dropped from rest from a height of 1 m in a

frictionless tube as shown in the figure. If the tube profile

is approximated by two straight lines (ignoring the curved

position), the total distance travelled (in m) by the ball is
(correct to two decimal places).

i

1.0m

\_ 45

Solution: Consider the figure given below

D B

45°
A C

From the above figure we conclude that
E =sin 45°
AB
B= 'BC = — ! =1.4142m
sin45°  sin45°
Total distance travelled by ball will be
D=0A4+ 4B
=1+14142=2.414m

Hence, the correct answer is 2.414.

Question Number: 36 Question Type: MCQ

Let z be a complex variable. For a counter-clockwise
integration around a unit circle C, centered at origin.

g@ U o= ani
p 5z—4
the value of 4 is
(A) 2/5 (B) 12
(©) 2 (D) 4/5
Solution: Let Cﬁ ! dz
c 5z—4

and it lies inside C.

z—i is a singularity of
5 & Y 5z-4

1
=— dz=—X2rmi
C5z—— 3
5

(By Cauchy’s integral formula)
= Cﬁ !
cdz- 4

Given @
C

dz =%m'
5

dz=Ari

5z—-4
2

= —ri = Ari
5

= A=g
5

Hence, the correct option is (A)

Question Number: 37 Question Type: MCQ

Let X, and X, be two independent exponentially distributed
random variables with means 0.5 and 0.25, respectively.
Then Y =min (X, X)) is



(A) exponentially distributed with mean 1/6
(B) exponentially distributed with mean 2
(C) normally distributed with means 3/4
(D) normally distributed with mean 1/6

Solution: As X and X, are two independent exponentially
distributed random variables, ¥ = min(X|, X)) is also expo-
nentially distributed

If 6, and 0, be the parameters of X, and X respectively
We know that mean of X, = E(X)) = 0.5
1

1e., —=0.5
6
= 91 = L = 2
0.5
Similarly mean of X, = E(X)) = 0.25
ie., 1 0.25
6,
1
= 0, =——=4
0.25

-. The parameter of ¥'=min (X, X))
isf +6,=2+4=6
1

Mean of ¥ = =l
6,+6, 6

Hence, the correct option is (A)
Question Number: 38 Question Type: MCQ

For a position vector r=xit y}'+z% the norm of the

vector can be defined as || = y/x? + y? + z2. Given a func-
tion ¢=1In |?

, its gradient ¢ is:

A) 7 ®) -

|7l

© L o L

7T |r|
Solution:

The position vector is 7 = xi +yj + zk

The given function is expressed as
¢ =In|F|= ln(\/x2 +y2+22 )

=In(x2 + y? +22)2

=%ln(x2 +yr+2%)
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Vo =;%|:%ln(x2 +y?+2? )]

+7%(%ln(x2 +? +zz))

Z

+;ai(%ln(x2+y2+zz)) (1)
x

Consider ai[% In(x? +y? + 22))

2x X

1
27 x2+yr 422 xP4yiaz?

As per symmetry,

d(1 y
—| =In(x*>+y*+2?) |z ——— 2
ay[Z ( 4 ) x2+y*+22 @
d(1 z
and —| =In(x*+y*+2%) |=—F"—— 3
82(2 ( 4 ) x2+y?+22 ©)
Substituting (2) and (3) in equation (1), we get
T = y
Vo =i
¢ 2 +y?+z2 T xP 4yt 4z?
- z
th———
x2+y?2 +22
_xityitzk _ F _F
x2+y? + 22 |,7|2 7T
Hence, the correct option is (C)
Question Number: 39 Question Type: MCQ

In a rigid body in plane motion the point R is acclerating
with respect to point P at 10 £180° m/s%. If the instanta-
neous acceleration of point Q is zero, the acceleration (in
m/s?) of point R is

(A) 8£233°
(B) 10£225°
(C) 10£217°
(D) 8£217°
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Solution: Consider the figure given below

We know that

tan@ = Ezi
12 3
0=53.13°,

Therefore o= 90 + 0=36.86°
centripetal acceleration can be expressed as

O = rar
10 =20’
= =05
a,=(QR) @=16x0.5
a, =8 m/s?
angle = 180 + =180 + 36.86
=217°
a, =8£217°

Hence, the correct option is (D)

Question Number: 40 Question Type: MCQ

A rigid rod of lengh 1 m is resting at an angle 0 = 45° as
shown in the figure. The end P is dragged with a velocity
of U= 5 m/s to the right. At the instant shown, the magni-
tude of the velocity V (in m/s) of point Q as it moves along
the wall without losing contact is

(A) 5
©) 8

Solution: Consider the figure given below

In the above figure / is Instantaneous centre, therefore
V=I0xX w
U=IPxw
Dividing (1) and (2) we get
Vo 10 Lcos45°
U IP  Lsinds5°
V=U=5m/s
Hence, the correct option is (A)
Question Number: 41 Question Type: MCQ

A bar of circular cross section is clamped ends P and QO
as shown in the figure. A torsional moment 7= 150 Nm is
applied at a distance of 100 mm from end P. The torsional
reactions (7, T;,) in Nm at the ends P and Q respectively
are

P
P i\

E B

——t

200

%E

(All dimensions are in mm)
(A) (50, 100) (B) (75,75)
(C) (100, 50) (D) (120, 30)
Solution:
torsional moment 7= 150 Nm
Distance = 100 mm

Angular twist ¢ is equal in both sections.

0,=20,
GL T,
GJ GJ

T,x 100 = T, x 200
T, =2T,



Torques in both sections, 7, + T, =T

T +T,=150
37,=150
T,=50 Nm

T,=2x50 Nm=100 Nm
Hence, the correct option is (C)

Question Number: 42 Question Type: MCQ

In a cam-follower, the follower rises by / as the cam rotates
by O (radians) at constant angular velocity w (radians). The
follower is uniformly accelerating during the first half of
the rise period and it is uniformly decelerating in the latter
half of the rise period. Assuming that the magnitude of
the acceleration and deceleration are same, the maximum
velocity of the follower is
4how

(A) 5 (B) ho
©) ZhTw (D) 2hw

Solution: For constant acceleration motion, according to
second equation of motion

S=ut+ lat2
2
S= lat2
2
28
a= t—z
where S = ﬁ,
2
also
0= ot
1)
—=wt
2
1)
t= —
20

4hw?
52
we know that when the acceleration is constant, then veloc-
ity is linear

a=

U= ds

= —=aqt
dt
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2
U= 4hw xg
8
U= 4hw6
52
0=0,U=0
9= U= 4ho &
2 X522
U = 2hw
1)

Hence, the correct option is (C)

Question Number: 43 Question Type: MCQ

A bimetallic cylindrical bar of cross sectional area 1 m?
is made by bonding Steel (Young’s modulus = 210 GPa)
and Aluminium (Young’s modulus = 70 GPa) as shown in
the figure. To maintain axial strain of magnitude 10 in
Steel bar and compressive axial strain of magnitude 10 in
Aluminium bar, the magnitude of the required force P (in
kN) along the indicated direction is

e L/2 L/2 °
C C
[0} [0}
3 kS
aQ —P Q
E Steel Aluminium g
© Perfectly bonded interface ©
(A) 70 (B) 140
(C) 210 (D) 280
Solution:
| L/2 | L/2 |
I I I
— Steel =P Aluminium  fe——o
Ps P

Young’s modulus of steel =210 GPa
Young’s modulus of alunimium =70 GPa

The magnitude of required force will be

PS+PA1=P
A+A, =0
RxE (n-p)t
2, 2 _
AE,  AE,
P R-P_,
210 70
po

!
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pxk
2

N
P 3P
€ s = =
AE, 4AE,

s =

AE

_ Ex4xXAXe;
3

1070 x4x1x2.10x10°
3

P

P =280 kN

Hence, the correct option is (D)

Question Number: 44 Question Type: MCQ

Air flows at the rate of 1.5 m?/s through a horizontal pipe
with a gradually reducing cross-section as shown in the fig-
ure. The two cross-sections of the pipe have diameters of
400 mm and 200 mm. Take the air density as 1.2 kg/m? and
assume inviscid incompressible flow. The change in pres-
sure (p, — p,) (in kPa) between section 1 and 2 is

200 mm

(A) —1.28 (B) 2.56
(C) —2.13 (D) 1.28
Solution: We know that
i+VL+ _i_{_Vz +ZZ
pg 2g pg 2g
Zl :Zz

pg 2g pg 2g
4 2 2
A1:Zx0.4 =0.1256 m

4,= %x 022 =0.0314 m?

P2 _Pl _’_Vl2 _V22
pg 2g

Q=A4V =AV, (continuity equation)

oYy (oY
h-A_ 4 4

P 2

2 2
P,-P,= 12 1.5 (L5
2 1 0.1256 0.0314

P,~P,=-128kPa

Hence, the correct option is (A)

Question Number: 45 Question Type: MCQ

The problem of maximizing z = x, — x, subject to con-
straints x, +x, <10, x, 20, x, > 0 and x, < 5 has

(A) no solution

(B) one solution

(C) two solutions

(D) more than two solutions

Solution: As per problem,

Z=X -X,
Consider, the conditions

X +X,=<10

X +X,=10
X=0,X,=10
X =10,X,=0
X =5X=5

0, 10)

2.5 5 7.5

(10, 0)

7(0,5)=0-5=-5

Z(5,5=5-5=0

Z(10,0)=10-0=10
Z__=10at(10, 10)

Hence, the correct option is (B)

Question Number: 46 Question Type: NAT

d’y dy
+——-6y=0
d  dx 4

with 1(0) = 0 and % (0) = 1, the value of ¥(1) is
X

Given the ordinary differential equation

(correct to two decimal places).

Solution: The ordinary differential equation is given as

C24+ P 6y=0 (1)



where  y(0) =0 and @(0) =1 2)
dx
Applying Laplace transform on both sides of Equation (1),
we get
d’y dy
Ll —+—-6y|=L[0
[a’x2 dx y:| 101
dy dy
= L| —|+L|—=—|-6L[y]=0
[ dx? :| [dx L]

- [s@—sy<0)—%(m]{s}—ym)]—é}=0

where ; =L[y]

= §2y—sx0—1+sy—0—6y=0
= (s2+5-6)y=1
N -1 1

T =6 (s43)(s—2)

BRI
5| (s=2) (s+3)

=[5
(e[ T5)

¥ =§[62x —673)(]

1
5
1

Now y(1) =y

atx =1

= é[ez —e-3] =1.4679

Hence, the correct answer is 1.468.
Question Number: 47 Question Type: NAT

A thin-walled cylindrical can with rigid end caps has a
mean radius R = 100 mm and a wall thickness of 7 = 5
mm. The can is pressurized and an additional tensile stress
of 50 MPa is imposed along the axial direction as shown
in the figure. Assume that the state of stress in the wall is
uniform along its length. If the magnitudes of axial and
circumferential components of stress in the can are equal,
the pressure (in MPa) inside the can is (correct to
two decimal places).

End cap End cap

t
AN bt

! —
50 MP2 <]l - -~ Pressurizedcan _____l , 50 Mpa

"##I’”#####"
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Solution:

mean radius R = 100 mm

wall thickness of =5 mm
Additional tensile stress = 50 MPa
Now we know that

_ PR
vy
PR+50
O'l:
2t
6, =6
PR _ PR+50 MPa
t 2t
PR
2 =50
2t
p=20X2X5 5\ ipa
100

Hence, the correct answer is 5.

Question Number: 48 Question Type: NAT

A bar is subjected to a combination of a steady of 60 kN
and a load fluctuating between —10 kN and 90 kN. The
corrected endurance limit of the bar is 150 MPa, the
yield strength of the material is 480 MPa and the ultimate
strength of the material is 600 MPa. the bar cross-section is
square with side a. If the factor of safety is 2, the value of
a (in mm), according to the modification Goodman’s crite-
rion, is (correct to two decimal places).

Solution: yield strength of the material o, = 480 MPa
the ultimate strength of the material ¢, = 600 MPa
The corrected endurance limit of the bar o, = 150 MPa

We know that
90-10

P =60+ =100KN
P,= N=C19 _ 508
2
We know that as Good man’s criterion,
GHI O-V 1
My Y -
Gllt Ge 2
100x10%  50x103 _1
a’?x600 a?x150 2
5 100x10°  50x10°
a=12 +
600 150
a*=1000 mm
a=31.62 mm

Hence, the correct answer is 31.62.
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Question Number: 49 Question Type: NAT

A force of 100 N is applied to the centre of a circular disc,

of mass 10 kg and radius 1 m, resting on a floor as shown

in figure. If the disc rolls without slipping on the floor, the

linear acceleration (in m/s?) of the centre of the disc is
(correct to two decimal places)

100N

Solution: Force /=100 N,
Mass m = 10 kg
Radiusr=1m

Let the linear acceleration (in m/s?) of the centre of the
discbea=7?

100 N
fs

From the above figure we get
100 —f=mxa
100—f,=10xa @)
Since disk is rolling,
T=Io

mr2

Xr= ——xx
s 2

substituting in (i),
100 — % =10xa

10a

100 — — =10a
2
15a=100
a=06.6m/s?

Hence, the correct answer is 6.66.

Question Number: 50 Question Type: NAT

A frictionless circular piston of area 102 m? and mass
100 kg sinks into a cylindrical container of the same area
filled with water of density 1000 kg/m* as shown in the

figure. The container has a hole of area 10 m? at the
bottom that is open to the atmosphere. Assuming there is
no leakage from the edges of the piston and considering
water to be incompressible, the magnitude of the piston
velocity (in m/s) at the instant shown is (correct to
two decimal places).

Paim lg =10 m/s?

Solution:
According ton equation of contuinity

A1V1:A2V2
A
4
VZ VZ
A +L 4z :£+—2+z2
pg 2g pg 2g
. 100x10 )
am 02 [+ 21405
- - | Z2g
pg

A> 1?2
— Bitm +—12><L
pg A4 2g

_ 1000 o (4|2
102x100x10 | 42 2g
2
2
?(102—1) =105
g

_10.5%2x10

V]2
99

=2.12

V. =1.456 m/s

Hence, the correct answer is 1.456.

Question Number: 51 Question Type: NAT

A 0.2 m thick black plate having a thermal conductivity
of 3.96 W/m-K is exposed to two infinite black surfaces at
300 K and 400 K as shown in the figure. At steady state,
the surface temperature of the plate facing the cold side is
350 K. The value of Stefan-Boltzmann constant, o, is 5.67
x 107 W/m? K*. Assuming 1-D heat conduction, the mag-
nitude of heat flux through the plate (in W/m?) is
(correct to two decimal places).



0.2m

300 K Vacuum R 400 K

T
i
|
i
|
Vacuum I
|
i
i
i
1

Solution: Consider the figure given below
0.2 m

300 KY Vacuum Vacuum R 400 K

=(I}-T)o
4 4
567 {(L) (L) }
100 100
4 4
_s67x [(@) (2] ]
100 100

=391.58 W/m?

Hence, the correct answer is 391.58.

Question Number: 52 Question Type: NAT

Air is held inside a non-insulated cylinder using a piston
(mass M =25 kg and area 4 = 100 cm?) and stoppers (of neg-
ligible area), as shown in the figure. The initial pressure P,
and temperature 7' of air inside the cylinder are 200 kPa and
400°C, respectively. The ambient pressure P_ and tempera-
ture 7°_are 100 kPa and 27°C, respectively. The temperature
of the air inside the cylinder (°C) at which the piston will
begin to move is (correct to two decimal places).

qplate — cold surface

P =100 kPa
T.=27°C

Piston M =25 kg
A =100 cm?
Air
g =10 m/s?
P; =200 kPa
T; = 400°C
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Solution: Pressure of air inside the cylinder when piston
will begin to move is equal to

P = P_+ Pressure due to piston weight
25x%10

100x1074 %103

=100 425 = 125 kPa

If we assume 7 to be the corresponding temperature and
the process should be constant volume,

P, =100+

h_A

Iy T
P

T, :F?XTi
125

T = ——x673 =420.625 K
200

0

T, = 147.625°C

Hence, the correct answer is 147.62.

Question Number: 53 Question Type: NAT

A standard vapor compression refirgeration cycle operat-
ing with a condensing temperature of 35°C and an evapo-
rating temperature of —10°C develops 15 kW of cooling.
The p-h diagram shows the enthalpies of various states. If
the isentropic efficiency of the compressor is 0.75 the mag-
nitude of compressor power (in kW) is (correct to
two decimal places).

- 350\

Ppa)
400

2é0 400 475
h(kd/kg) —
Solution: Refrigerating capacity = 15 kW
m(h, —h,)=15kW
m(400 —250) = 15

m=0.1 kg/sec
isentropic, compressor h,—h,
W e comp= 4 +5—40 =75 kl/kg
n _ Wisentropic,comp
75

= — =100kl/kg

actual 075
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W =mxXW

actual actual

=0.1x100
Compressor power P = 10 kw
Hence, the correct answer is 10.

Question Number: 54 Question Type: NAT

Ambient air is at a pressure of 100 kPa, dry bulb temper-
ature of 30°C and 60% relative humidity. The saturation
pressure of water at 30°C is 4.24 kPa. The specific humid-
ity of air (in g/kg of dry air) is (correct to two deci-
mal places).

Solution:
dry bulb temperature DBT = 30°C
saturation pressure of water at 30°C

P =424kPa
Now we know that
PV
=%,
P =0.6x4.24
P =2.544 kPa

Specific humidity can be calculated as
w=0.622 X _h
atm v
2.544
100—2.544
w=16.236 gram/kg of dry air

0w=0.622 X

Hence, the correct answer is 16.23.

Question Number: 55 Question Type: NAT

A test is conducted on a one-fifth scale model of a Francis
turbine under a head of 2 m and volumetric flow rate of
1 m?/s at 450 rpm. Take the water density and the accelera-
tion due to gravity as 10° kg/m?® and 10 m/s?, respectively.
Assume no losses both in model and prototype turbines.
The power (in MW) of a full sized turbine while work-
ing under a head of 30 m is (correct to two decimal
places).

Solution: Scale ratio can be expressed as
1 D

C:—:—m

5 D,

Head of Francis turbine H =2 m

Discharge O = 1 m*/sec

Speed N_ =450 rpm

We know that the Power of model can be expressed as
P =pgOH=10°x10x1x2=0.02 MW

H
—— = Constant
ND

(7 ]

2
H
N?= L x[—Dm J XNp2
P H

2
= ﬂx(l) X (450)?
2715

Speed of Prototype = 348.56 rpm

P
Also, ——— = Constant
D’N?

DN’ ). \D°N° |
5 2
D, N
P = P X _r me
’ Dm Nm

3
P =5x (%) x0.02

p
P =29.047 MW
Hence, the correct answer is 29.05.

Question Number: 56 Question Type: NAT

The true stress (in MPa) versus true strain relationship for
a metal is given by
o=1020 &4

The cross-sectional area at the start of a test (when the

stress and strain values are equal to zero) is 100 mm?. The

cross-sectional area at the time of necking (in mm?) is
(correct to two decimal places).

Solution:

True stress (in MPa) versus true strain relationship is given
as
o=1020 %

We know that necking begins when true strain is equal to
strain hardening exponent.

e=n=04
lnﬁ—e
Ap
1 @ =04
Ap
100
Afz eo—4 =67.03 m?

Hence, the correct answer is 67.03.



Question Number: 57 Question Type: NAT

A steel wire is drawn from an initial diameter (d,) of 10 mm
to a final diameter (d,) of 7.5 mm. The half cone angle ()
of the die is 5° and the coefficient of friction (1) between
the die and the wire is 0.1. The average of the initial and
final yield stress [(T,),) is 350 MPa. The equation for
drawing stress o, (in MPa) is given as

1 . ﬁ 2 cotor
Ucoto d;

The drawing stress (in MPa) required to carry out this
equation is (correct to two decimal places).

0,=(0,),,, {l+

Solution: initial diameter of steel wire d,= 10 mm

Final diameter of steel wire d = 7.5 mm

Half cone angle () of the die a = 5°

Average of the initial and final yield stress is (0'y )avg =350 mPa

The equation for drawing stress 6,, (in MPa) is given as

2coter |
Cf (4
Hcoto d;

2x0.1cot5 ]
0,=350| 1+ ! 1- E
0.1cot5 10

0,.= (oy)avg {1+

=316.28 MPa
Hence, the correct answer is 316.28 MPa.

Question Number: 58 Question Type: NAT
Following data correspond to an orthogonal turning of a
100 mm diameter rod on a lathe. Rake angle: +15°; Uncut
chip thickness: 0.5 mm; nominal chip thickness after the
cut: 1.25 mm. The shear angle (in degrees) for this process
is (correct to two decimal places).

Solution: Diameter of rod D =100 mm

Rake angle a = 15°

Uncut chip thickness ¢#=0.5 mm

nominal chip thickness after the cut z, = 1.25 mm

Now using the relation given below

7Ccoso
tang= ———
I-rsino
r=L_04
tC
0.4cos15°
tang= ——
1-0.4sin15°

= tan-! 0.4cosl5
1-0.4sin15
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¢=2331°
Hence, the correct answer is 23.31°.

Question Number: 59 Question Type: NAT

Taylor’s tool life equation is used to estimate the life of
a batch of identical HSS twist drills by drilling through
holes at constant feed in 20 mm thick mild steel plates, In
test 1, a drill lasted 300 holes at 150 rpm while in test 2,
another drill lasted 200 holes at 300 rpm. The maximum
number of holes that can be made by another drill from the
above batch at 200 rpm is (correct to two decimal
places).

Solution: We know that Taylors tool life equation is V7"
= constant

Revolution per minute ¥, = 150 rpm,

Number of holes 7, = 300 holes

Revolution per minute ¥, =300 rpm,

Number of holes T, = 200 holes

Revolution per minute V, = 200 rpm

Number of holes T}, = ?

Now using the relation

VlTln = VZTZn
150 x 300" = 300 x 200"
157=2
pe "2 15
Inl.5

Now using relation
virr=vrr
200 x 7" =150 x 300"

Y _150 3
300 200 4
1

T, =300 x (3)”
4

T,=253.29 holes
Hence, the correct answer is 253.29.

Question Number: 60 Question Type: NAT

For sand-casting a steel rectangular plate with dimensions
80 mm X 120 mm X 20 mm, a cylindrical riser has to be
designed. The height of the riser is equal to its diameter.
The total solidification time for the casting is 2 minutes. In
Chvorinov’s law for the estimation of the total solidifica-
tion time, exponent is to be taken as 2. For a solidification
time of 3 minutes in the riser, the diameter (in mm) of the
riser is (correct to two decimal places).
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Solution: We know that

2
TR _ | MR
Tc mc

_— 80x120x20
€ 2[(80x120)+(120x20)+(80x20)]
=7.05 (1)
We know that for side riser,
d
m —_ — 2
= g @

From (1) and (2), we get

" _ 5

mc
L:xh,s

6x7.05
d=51.8

Hence, the correct answer is 51.8.

Question Number: 61 Question Type: NAT

The arc lengths of a directed graph of a project are as
shown in the figure. The shortest path length from node 1
to node is

Solution: From the given figure shortest path is
1-2-5-4-6
and shortest path length is 7.

Hence, the correct answer is 7.

Question Number: 62 Question Type: NAT

A circular hole of 25 mm diameter and depth of 20 mm is
machined by EDM process. The material removal rate (in
mm?/mm) is expressed as 4 x 10* IT '

where /=300 A and the melting point of the material, 7=
1600° C. The time (in minutes) for machining this hole is
(correct to two decimal places)
Solution: MRR =4 x 10* x IT %
MRR =4 x 10* x 300 (1600) '
= 1374.40 mm>*/min

Volume required to remove = %DZL
=T x252%20
4
=9817.477 mm®
Time required = 9817477 =7.1431 min
1374.4

Hence, the correct answer is 7.1431.

Question Number: 63 Question Type: NAT

A welding opreation is being performed with voltage =
30 V and current = 100 A. The cross-sectional area of the
weld bead is 20 mm?. The work-piece and filler are of tita-
nium for which the specific energy of melting is 14 J/mm?®.
Assuming a thermal efficiency of the welding process 70%,
the welding speed (in mm/s) is (correct to two deci-
mal places).
Solution: Give values are
Voltage =30V
Current = 100 A
Cross-sectional area 4 = 20 mm?
Specific energy of melting = 14 J/mm?®

nthermal = 70%
We know that

Power = ng, xVI

=0.7 %30 x 100
=21001J/S
Power
AXV
The welding speed (V) will be

Specific energy =

Power

- Specific energyx A4
_ 2100
14x20
V=175 mm/s

Hence, the correct answer is 7.5 V.

Question Number: 64 Question Type: NAT

Steam in the condenser of a thermal power plant is to be
condensed at a temperature of 30° C with cooling water
which enters the tubes of the condenser at 14° C and exits
at 22° C. The total surface area of the tubes is 50 m?, and
the overall heat transfer coefficient is 2000 W/m? K. The



heat transfer (in MW) to the condenser is (correct to
two decimal places).

Solution:

Steam

Thi The
0>

91 Tce

Tci

T.=30°C, T, = 14°
T, =30°C, T, =22°
6,=T,~T, =16°C
0,=T, T, =8C

IMIp. Bi=6 _ 168

In ﬁ In E
0, 8
LMTD =11.54°C
Heat transfer 6= U4 LMTD
60=2000x 50x 11.54

=1.154 MW
Hence, the correct answer is 1.154.

Question Number: 65 Question Type: NAT

A vehicle powered by a spark ignition engine follows air
standard Otto cycle (¥ = 1.4). The engine generates 70 kW
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while consuming 10.3 kg/hr of fuel. The calorific value of
fuel is 44.000 kJ/kg. the compression ratio is (cor-
rect to two decimal places).

Solution: y=1.4
Power P =70 kW

Fuel consumption m = 10.3 kg/hr

Calorific value C = 44000 kl/kg
Now using the relation

o =10
cycle —
103 44000
3600
ncycle =0.55
1- L =0.55
prl
1
——=0.44556
rr!
r}'*l = 1
0.44556
1
1 \l.4-1
= —_—
0.44556
r=7.6

Hence, the correct answer is 7.6.



