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MECHANICAL ENGINEERING MOCK-A - Solutions

01. Ans: (B) On simplification,
Sol: a2, = P, =150 kN/m?
. 02. Ans: (B)
@ om Sol: For ‘n’ radiation shields inserted,
! increase in space resistances = n
@ 9 - Total no. of space resistances=n + 1
=11+1=12
1 and increase in surface resistances = 2n
S~ Total number of surface resistances
F d L =2n+2
By continuity equation: =2x11+2
Q=A\V, =AY, =24
Zacv =E(ﬂj2.v
4- "t 4l2) P 03. Ans:0 (Range: 0 to 0)

V, =4V, =4x2=8m/s Sol: Since there is no external force acting on

B " . the block so the value of frictional force
y Bernoulli’s equation:

will be O N.
P \VA V2
Lz vt =247 + 2
Pg 29 pg 29
(By neglecting the losses), 04. Ans: ?A) o _ _
V, = 4V, from continuity equation. Sol: The given function is odd function since
f(—x) = - f(x) .
200 x10° 2° () )
: +0+ 1
1000 x9.81 2x9.81 For odd function If(x) =0
2 -1
I TN 8
1000 x9.81 2x9.81
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05.
Sol:

06.
Sol:

07.
Sol:

. ACE . . .
";‘EnglneenngAmdemy Mechanical Engineering _Solutions
Ans: (C) 08. Ans: (A)
For a state of pure shear, Sol:

Maximum
Ox = . yrference
Oy = - - _ [

Y 0.06 5 0.05
Ty =T 0.03 '
A 4

Principal stresses for given state are, ¢ 0.02

c1=1 and oy=-—
For these principal stresses, Mohr’s Circle

can be drawn as shown in the figure below.

A

— (1N -
(02,0)?\%(01,0)
l—»

—T "T

Ans: (B)

If the clearance provided is greater than the
optimum clearance, no shearing action takes
place and the sheet is simply pulled into the
die.

Ans: (C)

Shear strain, y = tan(¢ — o) + coto
Y = Ymin »

when 2¢—a = 90°

Now, if a =0, then ¢ = 45°

. Ymin = tan45 + cot45 = 2

09.

Sol:

10.

Sol:

11.

Sol:

Maximum interference

= (U-I—)shaft - (I—-I—)hole
=0.05-0.03 =0.02mm

Ans: (C)
In a gas turbine engines combustion is

carried out isobarically.

Ans: (D)

P(x=1)=05P(x=2)

re 1™

r o2 2

=>A=4
4, -\ 4 -4

P(x:4):7”e :4e =§e‘4
41 24 3

Ans: (B)
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12.

Sol:

13.

Sol:

14.

Sol:

. ACE
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In project management, float or slack is the
amount of time that a task in a project
network can be delayed to:

e Subsequent tasks (“free float™)

e Project completion date (“total float™)
Here,

Slack for activity ‘b’ in months = Total float
=Lj-E-1t=9-0-3=6

Ans: (A)

Area of cross-section of threaded portion is
less than that of the shank, so stress induced
in threaded portion is higher. We know that
strain energy is,
U o 6°

Hence, threaded portion has higher energy
absorbing capacity.

Tensile, shear and compressive stresses are

induced on the bolt without preloading.

Ans: (A)
The overdamped system under free

vibration condition is non-oscillatory.

Ans: (C)
If runner blades of propeller turbine are

adjustable then it is called Kaplan turbine.

15. Ans: (C)
Sol:
e Alligatoring — Rolling
e Lap — Forging
e Bamboo defect — Extrusion

e Blister —» Casting

16. Ans: (A)
T
T,-Ty

Sol: (COP)g =

T1=-3+273=270K
T,=27+273=300 K.
270

COP)y=——= =9
(COP)k (300 - 270)
= E =9
P
= P=055kwW
17. Ans: (B)

Sol: The given differential equation
4y"'+4y"+y' =0
= 4D*+4D*°+D =0
= D(@2D+1)°=0
0=0.33

SoVe = Cl + (C2 + C3X) eiX/Z

| ACE Engineering Academ: >Hydembad|Delhi|Bhopal|Pune|Bhuba.neswa.r| Lucknow | Patma | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally| Kolkata




s~

[
PN ACE
v ']
~ [ 1
v v

Mechanical Engineering _Solutions

| Engineering Academy
18. Ans: (D)
nr® El
Sol: Pbucklingz?
Pbuckling ocn
For both ends fixed, ng=4
For one end free, n, =0.25
P, _ny
Pl nl
P, =Px 025 = P
4 16
19. Ans: 12.56 [Range: 12 to 13]
Sol: Given: ¢ =150°, h=20mm
0= 27N = 2100 =10.47 rad/sec
60
h
Voo =—X—
max 2 (I)a
vV - 0.02 5 ntx10.47
2 150 x T
180

=0.1256 m/s = 12.56 cm/sec

20. Ans: (A)
Sol: Fe is face centered cubic structure at 1000°C
. 4R =+2a
4R
a=—""=2J2R =2x+/2x0.15nm
V2
=0.42 nm

21. Ans: 0.9 [Range: 0.88 to 0.92]
Sol: kzl
4
_2
H=3
1
W, = A = 4 = 0.9 minutes
Tonlp-n) 2(2_ 1
33 4
22. Ans: (B)
Sol:

conductive resistance inside the solid body

Biotnumber(Bi) =
convective resistance on the solid surface

[-Bi —> 0]
Conductive resistance inside the solid

body ~ 0 (Uniform temperature inside
solid body)

Lumped capacity analysis can be used.

23. Ans: (C)

Sol: ﬂ=4x3 eV
dx

Using variable separable method

d=x*+c
atx=1,y=0,
=c=0
= e'=x
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24. Ans: 16 (Range: 16 to 16) Thus, at (2,-2, 1) and t = 2s, we get
Sol: Given:

v =2y + (3+ 1)y

The flow rate per unit width across the face
AB is = yg—ya

=y(0,2)-y(3,0)

= 2(0)%(2) + (3 + 1)(2)* — 2(3)°(0) — (3 + t)x0
=0+(3+1)2°-0-0 (t=1s)
=16 units

25. Ans: (D)
Sol: Z2+9=0=z=+3i

Zo = 3i lies inside the circle.

(z-3i)

s 1=2qm Lim ————
M Ea (2+30) (z-31)
zzﬂi,i_zﬁ
61 3
26. Ans: (D)
Sol: Given:

T=xy +z +3tand V =Xxyi +zj + 5tk
u= Xy,
v=z,w=>5t
Rate of change of temperature of a particle
at time t is given by
DT oT oT oT oT
E:EJFUG_XJFV@JFWE
=3+ (xyy)+(2)x)+ (5t)1)

=3+ xy’ +xz +5t

27.

Sol:

28.

Sol:

%I =3+ (2)(-2F +(2(1)+5(2) = 23 K/s

Ans: (B)
Given data:
Uncut chip thickness, t; =0.25 mm
Feed rate, f=0.50 mm
Inclination angle, 1=15°
Side rake, os = 10°
= sink:h:%:O.S
f 050

A =30°
Now, tani = sinA tanoy, — COSA tanos
= tan15=0.5tan o, —gtanlo

= Op = 40°

Ans: 14.28 [Range 14 to 15]
LW(1+m)
fv

c

Shaping time, T =

Where, L = length of stroke
W = width of workpiece
m = quick return ratio
f = feed in mm/double stroke
V¢ = cutting velocity
= Toc 1 + m [under similar conditions]

Tp _1+m, :£:1_14
T 1+m, 14
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Percentage increase

_ L1141 00 -14.28%

29. Ans: 20.4 [Range 20.0 to 21.0]
Sol: Maintaining volume constancy:
Volume before cutting = volume after cutting
= boxhyxVo=byxhyxvy
= by x hyx15 = (1.05b,)x(0.7ho) x V1
= 15=1.05x0.7v4
=

vy = 20.4 m/min

30. Ans: 43.17 [Range: 42 to 44]

_ , ,
Sol: m h1+V71}+Q:m2{h2+V72}_p

[y

V2 V2
my| C,Ty +—=—|=m,|C T, +—2—|-P
Pl 2000} 2{“ }

[y

m; = 1 kg/s, T1 =300 K, Vi=50m/s,
V, =100 m/s, P =20kW
2 2
1.005 x 300 + S0° _ 100 +20=1.005T,
2000 2000
T,=316.17 K
T,=43.17°C
31. Ans: (D)
Sol: The Characteristic equation is
|A-All=0

32.

Sol:

4-) 1
=

1 2-
=AM _6L+9=0
=A1=3,3

The eigen vectors for A = 3 are given by the
. X
equation [A — 3I]X =0 where X = { }
y

=>x+y=0

2 (X, y) =(2,-2) is an eigen vector

Ans: (A)

Given data:
AT =50 °C,
o =17.5x10"°/°C,
E =120 GPa

Stress due to temperature increase is given
by,
ox = Ea(AT)

=120 x 10° x 17.5 x 10°° x 50

= 105 MPa (compression)
As the temperature of the bar increases, the
bar tries to expand. Due to rigid supports at
the ends, expansion of the bar is restricted.
Thus, compressive stress is induced in the
bar.
State of stress of an element Q, which is in
the direction of longitudinal axis, is shown

below.
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R 5 /<450
g, S

——
105 MPa Q

T b R R R R h

L T

105 MPa

o Mohr’s circle for an element Q is shown in

the figure below.

A
o
o
)
wni _TI]
ﬁ
@)
Qw

) In above diagram, it is shown that a plane
ST which is at 45° to the longitudinal axis
(Plane RV) is at 90° to the plane RV in

Mohr’s circle.

525 9525 525

525 525 525

At plane ST, o, :%05 =-52.5MPa
oy =-52.5 MPa
Ty = -52.5 MPa

33. Ans: 780.16
Sol: We know that

P — Tmax — Tl
™ RxW RxW

T1 = RxWxPmax, W =60 mm
T1=250x60x0.25 = 3750 N
-

[Range: 775 to 785]

=0.25

2L =e¢", n=04,
T, H
0= %225

180

0 = 3.925 radian

L — e(0.4><3.925)
Tz
T,=780.16 N

34. Ans: 261.66 [Range 258 to 264]
Sol: Trean = coOnstant

W = [ Td6 = [ (10000 + 20005in 26 —1800 cos 20)d0
0 0

W = 100007 J
7 =W _10000N-m
T

Power = Tean X®

P =10000 x an@
60

P =261.66 kW
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35.

Sol:

36.
Sol:

37.
Sol:
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Ans: (B)
(X

MX%=;%%

g(x) in continuous and differentiable in [0,

5].

By Lagrange’s theorem, there exists a value

¢ € (0, 5), such that

g'(c)= 9(5)-g(0)

5-0
1y
6 -5
5 6
Ans: (B)
Primary direct Secondary direct

mmm
2 22
123

D5

From the secondary direct diagram and
resolving the force along x and y direction
(Fret)x =0

(Fre)y =0

Free=0N

Ans: (D)

Given data:

t

A x
L

t(x) = Intensity of distributed torque =

ta = Maximum intensity of torque
d = Diameter

G = Shear modulus

Maximum torque which occurs at end A is

given by,
1
Ta==tAL
A 2 A
Torque at distance x from end B is given by,
1 NG
T(X) = =xt(x)xx=-2
() = Sxtlpex==0"

Angle of twist for a small strip of length dx
is given by,
T(x)dx _ 16t,x%dx
do= = 2
Gl nGLd
Now, total tist between ends is given by,

L L
16t
= [dp = —"A_[x%dx
¢ { ’ nGLd4£
_16t,L2
3nGd*
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38. Ans: 87 [Range: 85 to 88]

Sol: Forecast for Feb = Fyan + o (Dyan — Fian)
=90 + 0.3 (100 — 90) = 93
Forecast for March = Fgep + o (Dreb — Fren)
=93 +0.3 (70 - 93)
=86.1

39. Ans: 1.44 mm [Range: 1.4 to 1.5]

Sol:
_6°C —6°C
? ffff% 1 \—Z.ZW/m.K
Solid x
- Liuid_ ———  [x QLowimi

Heat Transfer rate =

3
X

12 —x
0.6 2.20

)

0.6(12—x) = 2x2.2x

12—x:ﬂx
6

8.33x =12

12
X=——
8.33

X =1.44 mm

12 mm

40.
Sol:

Ans: (A)
The common point defects are

Vacancy - a missing atom in the lattice
structure;

lon-pair vacancy (Schottky defect) - a
missing pair of ions of opposite charge
in a compound;

Interstitialcy - a distortion in the lattice
caused by an extra atom present

Frenkel defect - an ion is removed from
a regular position in the lattice and
inserted into an interstitial position not

normally occupied by such an ion.

41. Ans: (D)
Sol:
1 2 3 14 1 2 3 14
[A/B]=|1 4 7 30|~|0 2 4 16
11 1 x 0 0 0 2r-12

To be consistent Rank of augmented matrix
(p(A/B) ) and Rank of A matrix should be
equal.

p(A/IB) =p(A)=2AL-12=0=L1=6

42. Ans: 31.82 (Range: 31 to 32.5°C)

Sol:

Thi =80°C
Wr
The = 50°C
0,=60°C Te = 14.25°C
/6”/' *T.. =35.75°C
T4 = 20°C
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(m)v\ater =P X Vyater
(where, vyqter = Volume flow rate of hot water)
=1000 x 0.01 = 10 kg/min
(M)oit =PVoi
(where, v; = volume flow rate of oil)
=800 x 0.05 =40 kg/min
Crwater) = 4.2 kilkgK
Cr(oily = 2 ki/kgK
Energy balance:

Energy released by hot water = Energy

received by cold oil
(1) water X Coaer X (T = T )= (M) xC,p . x (T, = T,)
10 x 4.2 x (80 — 50) = 40 x 2 x (Tee — 20)
Tee = 35.75°C
0,-0, _ 60-14.25

/n & fn(mj
0, 14.25

LMTD = 31. 82°C

LMTD =

43. Ans: 0 [Range: 0 to 0]
Sol: N f

mgsine,

30° M3 * mgcoso

For motion along the incline

Maximum Frictional Force,

max = UN = mgcoso

3

= O.2><2><10><7 =3.464 N

Net force down the incline = mgsin6

= 2x10xsin30 =10 N
Since, net force down the incline is greater
than fnax, SO no force is needed to move the

block down i.e. it will move by itself.

44. Ans: 254 [Range 25.00 to 26.00]
Sol: 1 5
; 6
73,071

T, W
- [ﬂ

(0)- (1200 f(ﬂ] e

300

Derivation for the above result

v-1

W, =C,[T,-T,]+C,[T,-T,]=2C, xT{(rp)Zv —1}

Because T1=Tz and T, =T, & Ip = Mp1XxIp2
W; = Cp[TS _TG]

v-1

rpv

1 -1
Wnet:CpTS 1-— _ZCPTlli(rp 21 _1j|

Taking y-1 =X;
Y

Ts = Tmax, T1 = Tmin
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45. Ans: 0.917 (Range: 0.914 to 0.920)
Sol: Upward deflection of the tip due to
uniformly distributed load ‘qo’ is given by,

4
5, = 0o
8EI

_ 10W/3
8EI

(" Given that go.1 = 10 W)

Downward deflection of the tip due to tip
mass of weight ‘W’ is given by,
_we
3El
Net upward deflection of the tip is given by,
d=01—-0,

2

WeE 10w Wi
El  8EI  3EI
L we _(Ej W
Bl \12) El

S K

. K=0.917

46. Ans: 1.84 (Range 1.75 to 1.95)

Sol: D; =100 mm, D, =50 mm,
p=0.15, P=3kw
Pmax = P2 = 0.3 MPa, n=5 n,=4

Number of pairs of contact surfaces,
n=n+n,—-1=8
Maximum torque it can transmit,

W
“T(D1+D2)

Tmax =

W= 7'CC(D1—D2)

C=PiRy = PR, = Pmaxx%

= 0.3x% = 7.5 N/mm

W = 1t x 7.5(100 -50)
W =11775N

0.15x1177.5(50 +100)x8
4x1000

Tmax = 52.96 N-m
Torque transmitted by clutch
T 60P  60x3000

Tmax =

- = = 28.66 N-m
2N 27x1000
Factor of safety is,
FOS= Tmax _ 5296 _ 1.84
T 28.66

47. Ans: (C)
Sol: Number of ways we can distribute 5 red
balls into 3 numbered boxes
=C(3-1+5,5)=21
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48.
Sol:

49.
Sol:
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Similarly we can distribute 5 white balls in

21 ways and 5 blue balls in 21 ways.

By product rule, required number of ways
=(21) (21) (21) =9261

Ans: 26.69 (range 25.5 to 27.5)

S=305mm, d=2mm

Best wire size, d = Esec(gJ
2 2

:3—255ec30O =2.02mm~2mm

.. The wire used is the best wire.

Ry = 14.5642 mm,

R, =13.7683 mm
Micrometer reading, M=S+(R, —R,)

=30.5 + (13.7683 — 14.5642)
=29.7041 mm

Effective diameter = M —(d +§tan(%D

= 29.7041—(2+3—é5tan 30°J

=26.69 mm

Ans: 1000 (Range 1000 to 1000)

Clapeyron equation is
()
dT ) Telv, —vq

_ (d_Pj _ 0.1bar /K = 10kPa /K
a7

50.

Sol:

Vg—Vs = (0.251-0.001)m%kg = 0.250m*/kg
Tgat = 400 K

dP
hfg = Tsat (Vg — V¢ (ﬁ)

=400 x 0.250 x 0.1x100 =1000kJ / kg

Ans: 75 (Range: 75 to 75)
The F.B.D of the timber block is shown as
under:
Fs
O
| -
' 5m
W YF

For the timber block to float horizontally,
we consider, XM, =0, i.e.,

F><5+W><§: FB><E
2 2

where W is the weight of the timber block
and Fg is the buoyancy force on the timber
block.
Thus,

F= (FB _W)% = (Voil x 0.1% X 5=y} X 0.17 X5)X%

:(900><10><0.12><5—600><10><O.12><5)><%

=75N
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51.
Sol:

Ans: (B)

Given data:

Welding Process: |
V=60V ; I =50 A

N; =150 mm/min = ; m2=90% =0.9

Welding Process: Il
V=60V ;

; M2=288% =0.88

(Heat input per unit length); = (Heat input

|2:?

N> =120 mm/min

per unit length),

Mh, =Vl

N, N,

60x50 1g_80xL: 1 eg
150 120

= 1,=40.9 Amp

52. Ans: (A)
Sol:

. L A A A ) r
|\ /

Let the mass moves by a distance x
Elongation in spring, & = xco0s45
Force on the mass along x direction = — 2
kxcos45xcos45

= —2kxc0s°45

53.

Sol:

_ —2kx
2
= —kx

) —kx
. Acceleration = —op? X =

m
\/? \/?
Q)n:a_:_
m m
a=1

Ans: 3028 (Range: 3020 to 3050)
Given:

Q =0.02r m%s, di=0.2m,

do =0.21 m, H=20m.

Velocity of sound,

Cz\/E for pipe material as rigid.
p

9
:1/2;)130 =10°v/2 = 1414 m/s

P =pVC =10’ x 2 x 1414 = 2828 kPa

The maximum pressure near the inlet would

be equal to =P + pgH
10° x10x 20

10°

= 2828(kPa)+ (kPa)

= 3028 kPa
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54.
Sol:

o A . o .
";‘EngineegnEAmdemy 114 Mechanical Engineering _Solutions
Ans: 1.25 (Range: 1.2 to 1.30) Similarly solving equation (2) & (3), we get

Taking its dual we get

minimize t=x'+2z'
10x' +2z' > 11
x'—-22'">0

X' +72'>-1 =>x'-72'<1

! !

or X + z >1......00
11/10 11/2
X'=2Z"....... (2)
x" 7
—+—<1.......
Tt &)

Plotting these three equations we get the
following graph

’
4 Z

©)

@

v

Solving equation (1) & (2) we get, point
A1, 1/2)

55.

Sol:

56.

Sol:

S7.

58.

point B (2, 1)
And solving equation (1) & (3) we get point
C(13/12,1/12)
Putting these values in new objective
function, i.e minimize t = x'+22’
The values for point
A(1,1/2) =1+ 2x1/2 =2
B(21)=2+2x1=4
C(13/12,1/12) = 13/12 + 2x1/12 = 1.25
The minimum value of dual is 1.25.
Therefore, the maximum value of w i.e.

primal objective function is 1.25.

Ans: (B)
Total marbles=10+30+20+15=75
P[both are white]

= P[first is white and second is white]

5. H_4
75 75 25
Ans: (A)
Vulgarity (n.) means offensive speech or
conduct.
Ans: (A)
Ans: (B)
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4 "EEngin‘}egnE'Amdemy 15 GATE _ Full Length Mock Test
59. Ans: (A) _ 11-3_8 2
Sol: Cylinder volume = nir’h 60 60 15
_ 22 _ : The tank will be full in = hrs
= — x10x10x% 14 =4400 m 5
=7 hrs.30 min.
60. Ans: (D)
Sol: Speed = 10 kmph 64. Ans: (A)
5 50 Sol: Share of wealth that C gets (in Rs lakhs)
=10x—m/sec = —m/sec
18 18 =20
Man walks 50 m in 18 sec. Tax = 40%
= Wealth tax (in Rs lakhs) that C has to pay
61. Ans: (D
() = 4—0><20 =8
Sol: Rate downstream = (24/2) kmph = 12 kmph. 100
Rate upstream = (24/4) kmph = 6 kmph.
Therefore, speed in still water 65. Ans: (A)
=1/2* (12 + 6) = 9 kmph. Sol: Note that an assumption is like a premise in

62.

Sol:

63.

Sol:

Ans: (B)
Let principle be 4. Then amount = 4><£ =7

Interest=7-4=3

Rate of interest = 3x100 :18§%
4x4 4
Ans: (C)
Net part filled in 1 hour
_i+i_i_6+5—3
10 12 20 60

that if it is wrong the argument is invalid,
and if it is right it supports the conclusion. If
the statement in (A) is correct, it supports
the idea that point and shoot is not art, but if
it is wrong, and choosing what to point the
camera at involves art, then the argument is

invalid. Hence, (A) is an assumption.
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