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With an aim to provide the best possible material to the students to prepare for the GATE, GATE Masterpiece
is a one of its kind for the preparation of Mechanical Engineering Exams and a result of many years of research.
Another unique feature of this book is that it has Numerical Answer Type Question which are asked in the
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Syllabus for Mechanical Engineering (ME)

SECTION | : GENERAL APTITUDE (GA)

Verbal Ability:

English grammar, sentence completion, verbal analogies,
word groups, instructions, critical reasoning and verbal
deduction.

Numerical Ability:

Numerical computation, numerical estimation,

numerical reasoning and data interpretation.

SECTION Il : ENGINEERING MATHEMATICS

Linear Algebra: Matrix Algebra, Systems of linear
equations, Eigen values and eigen vectors.

Calculus: Mean value theorems, Theorems of integral
calculus, Evaluation of definite and improper integrals,
Partial Derivatives, Maxima and minima, Multiple
integrals, Fourier series. Vector identities, Directional
derivatives, Line, Surface and Volume integrals, Stokes,
Gauss and Green's theorems.

Differential equations: First order equation (linear and
nonlinear), Higher order linear differential equations
with constant coefficients, Method of variation of
parameters, Cauchy's and Euler's equations, Initial and
boundary value problems, Partial Differential Equations
and variable separable method.

Complex variables: Analytic functions, Cauchy's integral
theorem and integral formula, Taylor's and Laurent'
series, Residue theorem, solution integrals.
Probability and Statistics: Sampling theorems,
Conditional probability, Mean, median, mode and
standard deviation, Random variables, Discrete and
continuous distributions, Poisson, Normal and Binomial
distribution, Correlation and regression analysis.
Numerical Methods: Solutions of non-linear algebraic
equations, single and multi-step methods for differential
equations. Transform Theory: Fourier transform, Laplace
transform, Z-transform.

SECTION Il : TECHNICAL SECTION

Applied Mechanics

Engineering Mechanics: Free body diagrams and
equilibrium; trusses and frames; virtual work; kinematics
and dynamics of particles and of rigid bodies in plane
motion, including impulse and momentum (linear and
angular) and energy formulations; impact.

Strength of Materials: Stress and strain, stress-strain
relationship and elastic constants, Mohr's circle for plane
stress and plane strain, thin cylinders; shear force and
bending moment diagrams; bending and shear stresses;
deflection of beams; torsion of circular shafts; Euler's
theory of columns; strain energy methods; thermal
stresses.

Theory of Machines: Displacement, velocity and
acceleration analysis of plane mechanisms; dynamic
analysis of slider-crank mechanism; gear trains;
flywheels.

Vibrations: Free and forced vibration of single degree of
freedom systems; effect of damping; vibration isolation;
resonance, critical speeds of shafts.

Design: Design for static and dynamic loading; failure
theories; fatigue strength and the S-N diagram; principles
of the design of machine elements such as bolted,
riveted and welded joints, shafts, spur gears, rolling and
sliding contact bearings, brakes and clutches.

Fluid Mechanics and Thermal Sciences

Fluid Mechanics: Fluid properties; fluid statics,
manometry, buoyancy; control-volume analysis of mass,
momentum and energy; fluid acceleration; differential
equations of continuity and momentum; Bernoulli's
equation; viscous flow of incompressible fluids;
boundary layer; elementary turbulent flow; flow through
pipes, head losses in pipes, bends etc.

Heat-Transfer: Modes of heat transfer; one dimensional
heat conduction, resistance concept, electrical analogy,
unsteady heat conduction, fins;
parameters in free and forced convective heat transfer,

dimensionless
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various correlations for heat transfer in flow over flat
plates and through pipes; thermal boundary layer; effect
of turbulence; radiative heat transfer, black and grey
surfaces, shape factors, network analysis; heat exchanger
performance, LMTD and NTU methods.
Thermodynamics: Zeroth, First and Second laws of
thermodynamics; thermodynamic system and processes;
Carnot cycle. irreversibility and availability; behaviour
of ideal and real gases, properties of pure substances,
calculation of work and heat in ideal processes; analysis
of thermodynamic cycles related to energy conversion.
Applications: Power Engineering: Steam Tables, Rankine,
Brayton cycles with regeneration and reheat. |.C. Engines:
air-standard Otto, Diesel cycles. Refrigeration and air-
conditioning: Vapour refrigeration cycle, heat pumps, gas
refrigeration, Reverse Brayton cycle; moist air:
psychrometric chart, basic psychrometric processes.
Turbomachinery: Pelton-wheel, Francis and Kaplan
turbines - impulse and reaction principles, velocity
diagrams.

Manufacturing and Industrial Engineering

Engineering Materials: Structure and properties of
engineering materials, heat treatment, stress-strain
diagrams for engineering materials.

Metal Casting: Design of patterns, moulds and cores;
solidification and cooling; riser and gating design, design
considerations.

Forming: Plastic deformation and vyield criteria;
fundamentals of hot and cold working processes; load
estimation for bulk (forging, rolling, extrusion, drawing)
and sheet (shearing, deep drawing, bending) metal
forming processes; principles of powder metallurgy.
Joining: Physics of welding, brazing and soldering;
adhesive bonding; design considerations in welding.
Machining and Machine Tool Operations: Mechanics of
machining, single and multi-point cutting tools, tool
geometry and materials, tool life and wear; economics
of machining; principles of non-traditional machining
processes; principles of work holding, principles of
design of jigs and fixtures.

Metrology and Inspection: Limits, fits and tolerances;
linear and angular measurements; comparators; gauge
design; interferometry; form and finish measurement;
alignment and testing methods; tolerance analysis in
manufacturing and assembly.

Computer Integrated Manufacturing: Basic concepts of
CAD/CAM and their integration tools.

Production Planning and Control: Forecasting models,
aggreGATE production planning, scheduling, materials
requirement planning.

Inventory Control: Deterministic and probabilistic
models; safety stock inventory control systems.
Operations Research: Linear programming, simplex and
duplex method, transportation, assignment, network
flow models, simple queuing models, PERT and CPM.



Mechanical Engineering (2005-2019)

TOPIC WISE NUMBER OF QUESTIONS ANALYSIS

No. of Questions

Subject 2005|2006|2007(2008|2009| 2010 (2011/2012|2013|2014|2015|2016 {2017 |2018|2019
G | Aptitud
B olo|lo|lo|lo]| ofl10|l10|l10]10]10]|10]|10]10]10
No. of Questions
Engg Mathematics 15 12 12 15 10 7 10 10 10 9 10 10 9 9 10
No. of Questions
[TECHNICAL SECTION
Engineering Mechanics
. 6 2 2 3 2 0 4 4 1 6 5 4 2 2 3
No. of Questions
Strength OfMaterials | o | o | o | | 4| 3 | o |7 s|a|lals|o]|s]s
No. of Questions
Theory Of Machines &
Vibrations 8 12 7 4 6 9 4 4 5 3 5 4 4 5 4
No. of Questions
Machine Design
. 3 4 9 7 3 2 0 0 5 4 3 3 1 2 4
No. of Questions
Fluid Mechanics
. 6 10 9 4 4 9 3 3 4 6 8 7 7 5 4
No. of Questions
Heat Transfer
. 6 4 6 5 5 1 3 4 6 5 1 4 2 3 4
No. of Questions
Thermodynamics
. 11 7 7 11 7 6 10 4 6 6 4 4 9 7 7
No. of Questions
lications
App . 3 2 2 2 1 1 1 4 0 1 3 - - - -
No. of Questions
Manufacturing &
Industrial Engg 24 | 25 24 22 18 17 15 15 13 11 12 11 12 17 14
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Duration: 3 hrs

Maximum Marks: 100

” INSTRUCTIONS )

1. There are a total of 65 questions carrying 100 marks.

2.  The subject specific GATE paper section consists of 55 questions. The GA section consists of 10 questions.

3. Questions are of Multiple Choice Question (MCQ) or Numerical Answer type. A multiple choice question will have
four choices for the answer with only one correct choice. For numerical answer type questions, the answer is a
number and no choices will be given.

4.  Questions not attempted will result in zero mark. Wrong answers for multiple choice type questions will result in
NEGATIVE marks. For all 1 mark questions, % mark will be deducted for each wrong answer. For all 2 marks
questions, % mark will be deducted for each wrong answer.

5.  There is NO NEGATIVE MARKING for questions of NUMERICAL ANSWER TYPE.

\S >,

GENERAL APTITUDE TEST

QUESTIONS 1 TO 5§ CARRY ONE MARK EACH

John Thomas, an ...........ccc....... writer, passed away in
2018.

(a) imminent (b) prominent

(c) eminent (d) dominant

........ I permitted him to leave, I wouldn't have had any
problem with him being absent, ......... 1?

(a) Had, wouldn't (b) Have, would

(¢) Had, would (d) Have, wouldn't

A worker noticed that the hour hand on the factory clock
had moved by 225 degrees during her stay at the factory.
For how long did she stay in the factory?

(a) 3.75 hours (b) 4 hours and 15 mins

(c) 8.5 hours (d) 7.5 hours

The sum and product or two integers are 26 and 165
respectively. The difference between these two integers is

(a) 2 (b) 3 (c) 4 (d 6

The minister avoided any mention of the issue of women's
reservation in the private sector. He was accused of .............
the issue.

(a) collaring
(c) tying

(b) skirting
(d) belting

QUESTIONS 6 TO 10 CARRY TWO MARKS EACH

Under a certain legal system, prisoners are allowed to
make one statement. If their statement turns out to be true
then they are hanged. If the statement turns out to be false
then they are shot. One prisoner made a statement and the
judge had no option but to set him free. Which one of the
following could be that statement?

(a) 1did not commit the crime

(b) I committed the crime

(c) T will be shot

(d) You committed the crime

A person divided an amount of Rs. 100,000 into two parts
and invested in two different schemes. In one he got 10%
profit and in the other he got 12%. If the profit percentages
are interchanged with these investments he would have got
Rs. 120 less. Find the ratio between his investments in the
two schemes.

(a) 9:16 (b) 11:14

(c) 37:63 (d) 47:53

Congo was named by Europeans. Congo's dictator Mobuto
later changed the name of the country and the river to Zaire
with the objective of Africanising names of persons and
spaces. However, the name Zaire was Portuguese alteration
of Nzadi o Nzere, a local African term meaning ‘River that
swallows Rivers’. Zaire was the Portuguese name for the
Congo river in the 16th and 17th centuries.
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TECHNICAL SECTION TEST

1.

Which one of the following statements can be inferred

from the paragraph above?

(a) Mobuto was not entirely successful in Africanising the
name of his country

(b) The term Nzadi o Nzere was of Portuguese origin

(c) Mobuto’s desire to Africanise names was prevented by
the Portuguese

(d) As a dictator Mobuto ordered the Portuguese to alter
the name of the river to Zaire

A firm hires employees at five different skill levels P, Q,

R, S, T. The shares of employment at these skill levels

of total employment in 2010 is given in the pie chart as

shown. There were a total of 600 employees in 2010 and

the total employment increased by 15% from 2010 to 2016.

The total employment at skill levels P, Q and R remained

unchanged during this period. If the employment at skill

level S increased by 40% from 2010 to 2016. How many

employees were there at skill level T in 2016?

Percentage share of skills in 2010

(a) 30 (b) 35 (c) 60 (d 72

M and N had four children P, Q, R and S. Of them, only P
and R were married. they had children X and Y respectively.
IfY is a legitimate child of W, which one of the following
statements is necessarily FALSE?

(a) Risthe fatherof Y  (b) M is the grandmother of Y
(c) W is the wife of R (d) W is the wife of P

QUESTIONS 1 TO 25 CARRY ONE MARK EACH

Consider the matrix

1 10
P=10 1 1
0 0 1
The number of distinct eigenvalues of P is
(a) 0 (b 1 (c) 2 (d 3

A parabola x = y2 with 0 < x < 1 is shown in the figure.
The volume of the solid of rotation obtained by rotating the
shaded area by 360° around the x-axis is

YA

=Y

() % b = © = d) 2n

For the equationﬂ+ 7x%y =0, If y(0) = 3/7, then the
value of y(1)is #*

(a) 7 e (b) 7 o7
3

© 3 e () 3 o7
7

The lengths of a large stock of titanium rods follow a
normal distribution with a mean (p) of 440 mm and a
standard deviation (o) of 1 mm. What is the percentage of
rods whose lengths lie between 438 mm and 441 mm?

(a) 81.85% (b) 68.4%

(c) 99.75% (d) 86.64%

A flat-faced follower is driven using a circular eccentric
cam rotating at a constant angular velocity ®. At time
t = 0, the vertical position of the follower is y(0) = 0, and
the system is in the configuration shown below.

y(t)

The vertical position of the follower face, y(¢) is given by
(a) esinwt (b) e(1+ cos2wt)

() e(1-cos art) (d) esin 2wt

The natural frequencies corresponding to the spring-mass

1)
systems I and II are ®, and o, respectively. The ratio —L
. oy
is

System [

W N
k
System 11

@l @ L © 2 d) 4
4 2
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10.

11.

12.

13.

14.

A spur gear with 20° full depth teeth is transmitting 20 kW

at 200 rad/s. The pitch circle diameter of the gear is 100

mm. The magnitude of the force applied on the gear in the

radial direction is

(a) 0.36 kN (b) 0.73 kN

(¢) 1.39kN (d) 2.78 kN

During a non-flow thermodynamic process (1-2) executed

by a perfect gas, the heat interaction is equal to the work

interaction (Q, , = W, ,) when the process is

(a) Isentropic (b) Polytropic

(c) Isothermal (d) Adiabatic

For a hydrodynamically and thermally fully developed

laminar flow through a circular pipe of constant cross-

section, the Nusselt number at constant wall heat flux (Nuq)

and that at constant wall temperature (Nu,) are related as

(a) Nu, > Nuy (b) Nu, <Nu;

(¢) Nu, = Nuy (d) Nu = (Nup)?

As per common design practice, the three types of hydraulic

turbines, in descending order of flow rate, are

(a) Kaplan, Francis, Pelton

(b) Pelton, Francis, Kaplan

(¢) Francis, Kaplan, Pelton

(d) Pelton, Kaplan, Francis

A slender rod of length L, diameter d (L >> d) and thermal

conductivity k, is joined with another rod of identical

dimensions, but of thermal conductivity k,, to form a

composite cylindrical rod of length 2L. The heat transfer in

radial direction and contact resistance are negligible. The

effective thermal conductivity of the composite rod is

@ k+k ®) Vhik

Kk, 2k ky

ky + K ki + ke

Consider an ideal vapor compression refrigeration cycle. If

the throttling process is replaced by an isentropic expansion

process, keeping all the other processes unchanged, which

one of the following statements is true for the modified

cycle?

(a) Coefficient of performance is higher than that of the
original cycle.

(b) Coefficient of performance is lower than that of the
original cycle.

(c¢) Coefficient of performance is the same as that of the
original cycle.

(d) Refrigerating effect is lower than that of the original
cycle.

In a casting process, a vertical channel through which

molten metal flows downward from pouring basin to

runner for reaching the mold cavity is called

(a) blister (b) sprue

(c) riser (d) pin hole

Which one of the following welding methods provides the

highest heat flux (W/mm?)?

(a) Oxy-acetylene gas welding

(b) Tungsten inert gas welding

(c) Plasma arc welding

(d) Laser beam welding

(©) (d)

15.

16.

17.

18.

19.

SoLvep PAPER - 2019 @

The length, width and thickness of a steel sample are
400 mm, 40 mm and 20 mm, respectively. Its thickness
needs to be uniformly reduced by 2 mm in a single pass by
using horizontal slab milling. The milling cutter (diameter:
100 mm, width: 50 mm) has 20 teeth and rotates at 1200
rpm. The feed per tooth is 0.05 mm. The feed direction is
along the length of the sample. If the over-travel distance
is the same as the approach distance, the approach distance
and time taken to complete the required machining task are
(a) 14 mm, 18.4 s (b) 21 mm, 28.9 s

()21 mm, 394 s (d) 14 mm, 21.4 s

The position vector OP of point P (20, 10) is rotated
anti-clockwise in X-Y plane by an angle 0 = 30° such that
point P occupies position Q, as shown in the figure. The
coordinates (x, y) of Q are

Y

0} X

(a) (13.40, 22.32) (b) (22.32, 8.26)
(c) (12.32, 18.66) (d) (18.66, 12.32)
The table presents the demand of a product. By simple

three-months moving average method, the demand-
forecast of the product for the month of September is

Month Demand
January 450
February 440
March 460
April 510
May 520
June 495
July 475
August 560
(a) 490 (b) 510 (c) 530 (d) 536.67

Evaluation of Jj x>dx using a 2-equal-segment trapezoidal

rule gives a value of ........ .

A block of mass 10 kg rests on a horizontal floor. The
acceleration due to gravity is 9.81 m/s2. The coefficient
of static friction between the floor and the block is 0.2. A
horizontal force of 10 N is applied on the block as shown
in the figure. The magnitude of force of friction (in N) on
the block is ............ .

10N

—

10 kg

EEEEETTTE T T TT T T
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20.

21.

22,

23.

24.

25.

A cylindrical rod of diameter 10 mm and length 1.0 m is
fixed at one end. The other end is twisted by an angle of
10° by applying a torque. If the maximum shear strain in
the rod is px1073, then p is equal to (round off
to two decimal places).

A solid cube of side 1 m is kept at a room temperature
of 32°C. The coefficient of linear thermal expansion of
the cube material is 1x107 / °C and the bulk modulus is
200 GPa. If the cube is constrained all around and heated
uniformly to 42 °C, then the magnitude of volumetric
(mean) stress (in MPa) induced due to heating is........... .

During a high cycle fatigue test, a metallic specimen is
subjected to cyclic loading with a mean stress of +140 MPa,
and a minimum stress of —70 MPa. The R-ratio (minimum
stress to maximum stress) for this cyclic loading is .......... .
(round off to one decimal place)

Water flows through a pipe with a velocity given by

4 ~ " . .
V= (7 +x+ yj Jml/s, where ; is the unit vector in the

y direction, ¢ (> 0) is in seconds, and x and y are in meters.
The magnitude of total acceleration at the point (x, y)
=(l,1)att=2sis......... m/s2.

Air of mass 1 kg, initially at 300 K and 10 bar, is allowed
to expand isothermally till it reaches a pressure of 1 bar.
Assuming air as an ideal gas with gas constant of 0.287 kJ/
kg.K, the change in entropy of air (in kJ/kg.K, round off to
two decimal places) is ......... .

Consider the stress-strain curve for an ideal elastic-plastic
strain hardening metal as shown in the figure. The metal
was loaded in uniaxial tension starting from O. Upon
loading, the stress-strain curve passes through initial yield
point at P, and then strain hardens to point Q, where the
loading was stopped. From point Q, the specimen was
unloaded to point R, where the stress is zero. If the same
specimen is reloaded in tension from point R, the value of

stress at which the material yields again is ........... MPa.
\
Q
210
P

180

e

=S

7

(6] R Strain :

QUESTIONS 26 TO 55 CARRY TWO MARKS EACH

26.

The set of equations
x+y+z=1

ax—ay+3z=5
5x-3y+az=06

27.

28.

29.

has infinite solutions, if a =

(a) 3 (b) 3

(c) 4 (d) —4

A harmonic function is analytic if it satisfies the Laplace
equation.

If uix, y)= 2x2 -2 y2 +4xy is a harmonic function, then
its conjugate harmonic function v(x, y) is

(a) 4xy- 2x% 42 y2 + constant
(b) 4 y2 — 4xy + constant
(c) 2x* -2 y2 + xy + constant

(d) —4xy+2 y2 —2x% + constant

The variable x takes a value between 0 and 10 with uniform
probability distribution. The variable y takes a value
between 0 and 20 with uniform probability distribution.
The probability of the sum of variables (x + y) being greater
than 20 is

(@ 0 (b) 0.25

(c) 0.33 (d) 0.50

A car having weight W is moving in the direction as
shown in the figure. The center of gravity (CG) of the car
is located at height / from the ground, midway between
the front and rear wheels. The distance between the front
and rear wheels is /. The acceleration of the car is a, and
acceleration due to gravity is g. The reactions on the front
wheels (Rf) and rear wheels (R ) are given by

Direction g
of motion
_ CG
h (?W
. 7D\
LITTTTTTIA LTI TR T
R / R
W W{(h
@ Rf"“?‘?(?)
o k=T (Mg (),

30.

In a four bar planar mechanism shown in the figure,
AB = 5 cm, AD = 4 cm and DC = 2 cm. In the
configuration shown, both AB and DC are perpendicular
to AD. The bar AB rotates with an angular velocity of 10
rad/s. The magnitude of angular velocity (in rad/s) of bar
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31.

32.

DC at this instant is
B

~

10 rad/s

];@T ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

(a0 (b) 10

(©) 15 (d) 25

The rotor of a turbojet engine of an aircraft has a mass
180 kg and polar moment of inertia 10 kg.m? about the
rotor axis. The rotor rotates at a constant speed of 1100
rad/s in the clockwise direction when viewed from the
front of the aircraft. The aircraft while flying at a speed of
800 km per hour takes a turn with a radius of 1.5 km to the
left. The gyroscopic moment exerted by the rotor on the
aircraft structure and the direction of motion of the nose
when the aircraft turns, are

(a) 1629.6 N.m and the nose goes up

(b) 1629.6 N.m and the nose goes down

(c) 162.9 N.m and the nose goes up

(d) 162.9 N.m and the nose goes down

The wall of a constant diameter pipe of length 1 m is heated
uniformly with flux ¢” by wrapping a heater coil around
it. The flow at the inlet to the pipe is hydrodynamically
fully developed. The fluid is incompressible and the flow
is assumed to be laminar and steady all through the pipe.
The bulk temperature of the fluid is equal to 0 °C at the inlet
and 50 °C at the exit. The wall temperatures are measured
at three locations, P, Q and R, as shown in the figure. The
flow thermally develops after some distance from the inlet.
The following measurements are made:

Point P Q R
Wall Temp (°C) | 50 80 90
LT ETTELL LT

33.

kiR DEDRRRRR R

Constant wall Flux
Among the locations P, Q and R, the flow is thermally

developed at
(a) P,Qand R (b) P and Q only
(c) Q and R only (d) R only

A gas is heated in a duct as it flows over a resistance heater.
Consider a 101 kW electric heating system. The gas enters
the heating section of the duct at 100 kPa and 27 °C with

34.

35.

36.

37.
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a volume flow rate of 15 m3/s. If heat is lost from the gas
in the duct to the surroundings at a rate of 51 kW, the exit
temperature of the gas is
(Assume constant pressure, ideal gas, negligible change in
kinetic and potential energies and constant specific heat;
C,=1klkgXK; R=0.5kIkgK.)
(a) 32°C (b) 37°C
(c) 53°C (d) 76 °C
A plane-strain compression (forging) of a block is shown
in the figure. The strain in the z-direction is zero. The
yield strength (S)) in uniaxial tension/compression of the
Material of the block is 300 MPa and it follows the Tresca
(maximum shear stress) criterion. Assume that the entire
block has started yielding. At a point whereo,
=40 MPa (compressive) and Ty = 0, the stress component
o, is

y

Moving platen ‘

<\

Fixed platen

N SN
(a) 340 MPa (compressive) (b) 340 MPa (tensile)
(c) 260 MPa (compressive) (d) 260 MPa (tensile)

In orthogonal turning of a cylindrical tube of wall
thickness 5 mm, the axial and the tangential cutting forces
were measured as 1259 N and 1601 N, respectively. The
measured chip thickness after machining was found to be
0.3 mm. The rake angle was 10° and the axial feed was
100 mm/min. The rotational speed of the spindle was 1000
rpm. Assuming the material to be perfectly plastic and
Merchant’s first solution, the shear strength of the material
is closest to

(a) 722 MPa
(c) 200 MPa

(b) 920 MPa
(d) 875 MPa

A circular shaft having diameter 65.00700} mm is

manufactured by turning process. A 50 pm thick coating of
TiN is deposited on the shaft. Allowed variation in TiN film
thickness is = 5 pm. The minimum hole diameter (in mm)
to just provide clearance fit is

(a) 65.01 (b) 65.12

(c) 64.95 (d) 65.10

Match the following sand mold casting defects with their
respective causes.

Defect Cause
P Blow hole 1 Poor collapsibility
Q | Misrun 2 Mold erosion
R | Hot tearing 3 Poor permeability
S Wash 4 Insufficient fluidity

(a) P-4, Q-3,R-1, S-2
(c) P-2, Q-4,R-1, S-3

(b) P-3, Q-4, R-2, S-1
(d) P-3, Q-4, R-1, S-2
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38.

39.

A truss is composed of members AB, BC, CD, AD and BD,
as shown in the figure. A vertical load of 10 kN is applied
at point D. The magnitude of force (in kN) in the member
BCis .......... .

10 kN

D

Consider an elastic straight beam of length L = 10 m,
with square cross-section of side ¢ = 5 mm, and Young’s
modulus £ =200 GPa. This straight beam was bent in such
a way that the two ends meet, to form a circle of mean
radius R. Assuming that Euler-Bernoulli beam theory is
applicable to this bending problem, the maximum tensile
bending stress in the bent beam is .......... MPa.

A

40.

41.

42.

43.

Ends of the beam

Consider a prismatic straight beam of length L = © m,
pinned at the two ends as shown in the figure. The beam
has a square cross-section of side p = 6 mm. The Young’s
modulus £ = 200 GPa, and the coefficient of thermal
expansion oo = 3 x 1070 K™, The minimum temperature
rise required to cause Euler buckling of the beam is ....... K.

N F—

7

—

In a UTM experiment, a sample of length 100 mm, was
loaded in tension until failure. The failure load was 40 kN.
The displacement, measured using the cross-head motion,
at failure, was 15 mm. The compliance of the UTM is
constant and is given by 5 x 1078 m/N. The strain at failure
in the sample is .......... %.

At a critical point in a component, the state of stress
is given asc =100 MPa, o, = 220 MPa :0,=0, = 80
MPa and all other stress components are zero. The yield
strength of the material is 468 MPa. The factor of safety on
the basis of maximum shear stress theory is ............ (round
off to one decimal place).

A uniform thin disk of mass 1 kg and radius 0.1 m is kept
on a surface as shown in the figure. A spring of stiffness
k, =400 N/m is connected to the disk center A and another
spring of stiffness k£, = 100 N/m is connected at point B just
above point A on the circumference of the disk. Initially,
both the springs are unstretched. Assume pure rolling of

44.

45.

46.

47.

the disk. For small disturbance from the equilibrium, the
natural frequency of vibration of the system is
rad/s (round off to one decimal place).

A single block brake with a short shoe and torque capacity
of 250 N.m is shown. The cylindrical brake drum rotates
anticlockwise at 100 rpm and the coefficient of friction
is 0.25. The value of @, in mm (round off to one decimal
place), such that the maximum actuating force P is 2000 N,
1S e .

P

a/4

Two immiscible, incompressible, viscous fluids having
same densities but different viscosities are contained
between two infinite horizontal parallel plates, 2 m apart
as shown below. The bottom plate is fixed and the upper
plate moves to the right with a constant velocity of 3 m/s.
With the assumptions of Newtonian fluid, steady, and fully
developed laminar flow with zero pressure gradient in all
directions, the momentum equations simplify to

du_

=0.
dy2

If the dynamic viscosity of the lower fluid, p,, is twice
that of the upper fluid, p,, then the velocity at the interface
(round off to two decimal places) is ............ m/s.

ol LB
SANRARAARANAY

A cube of side 100 mm is placed at the bottom of an empty
container on one of its faces. The density of the material
of the cube is 800 kg/m3. Liquid of density 1000 kg/m?
is now poured into the container. The minimum height to
which the liquid needs to be poured into the container for
the cube to just lift up is.......... mm.

o= 24,
I m

Three slabs are joined together as shown in the figure. There
is no thermal contact resistance at the interfaces. The center
slab experiences a non-uniform internal heat generation
with an average value equal to 10000 Wm 3, while the left
and right slabs have no internal heat generation. All slabs
have thickness equal to 1 m and thermal conductivity of
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each slab is equal to 5 Wm 'K™!. The two extreme faces
are exposed to fluid with heat transfer coefficient 100
Wm 2 K1 and bulk temperature 30 °C as shown. The heat
transfer in the slabs is assumed to be one dimensional and
steady, and all properties are constant. If the left extreme
face temperature 7, is measured to be 100 °C, the right

extreme face temperature 7, iS ................. °C.
Left extreme | - 1< 1T,
face T,=100°c| !m | 1m | Im
100 W/m® .K 100 W/m™.K
30 °C 30°C
48. If one mole of H, gas occupies a rigid container with a

49.

50.

capacity of 1000 litres and the temperature is raised from
27 °C to 37 °C, the change in pressure of the contained
gas (round off to two decimal places), assuming ideal gas
behaviour, is ............ Pa. (R=8.314J/mol.K)

A steam power cycle with regeneration as shown below on
the 7-s diagram employs a single open feedwater heater for
efficiency improvement. The fluids mix with each other in
an open feedwater heater. The turbine is isentropic and the
input (bleed) to the feedwater heater from the turbine is at
state 2 as shown in the figure. Process 3-4 occurs in the
condenser. The pump work is negligible. The input to the
boiler is at state 5. The following information is available
from the steam tables:

State 1 N E 6
Enthalpy | 3350 | 2800 [ 2300 | 175 | 700 [ 1000
(kl/kg)
1
6
T
5 2
./ AN

N~

/ ;

S

The mass flow rate of steam bled from the turbine as a
percentage of the total mass flow rate at the inlet to the
turbine at state 1 is ........

A gas turbine with air as the working fluid has an isentropic
efficiency of 0.70 when operating at a pressure ratio of
3. Now, the pressure ratio of the turbine is increased to
5, while maintaining the same inlet conditions. Assume

51.

52.

53.

54.

55.

[=———5 1
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air as a perfect gas with specific heat ratio y = 1.4. If the
specific work output remains the same for both the cases,

the isentropic efficiency of the turbine at the pressure ratio
of 51is .......... (round off to two decimal places)

The value of the following definite integral is
(round off to three decimal places)

ji(x Inx)dx
1

In ASA system, the side cutting and end cutting edge angles
of a sharp turning tool are 45° and 10°, respectively. The
feed during cylindrical turning is 0.1 mm/rev. The center
line average surface roughness (in pm, round off to one
decimal place) of the generated surface is ............

Taylor’s tool life equation is given by V7" = C, where V is
in m/min and 7 is in min. In a turning operation, two tools
X and Y are used. For tool X, n = 0.3 and C = 60 and for
tool Y, n = 0.6 and C = 90. Both the tools will have the
same tool life for the cutting speed (in m/min, round off to
one decimal place) of .................. .

Five jobs (J1, J2, J3, J4 and J5) need to be processed in a
factory. Each job can be assigned to any of the five different
machines (M1, M2, M3, M4 and M5). The time durations
taken (in minutes) by the machines for each of the jobs,
are given in the table. However, each job is assigned to a
specific machine in such a way that the total processing
time is minimum. The total processing time is
minutes.

Ml M2 M3 M4 M5
J1 40 30 50 50 58
J2 26 38 60 26 38
I3 40 34 28 24 30
J4 28 40 40 32 48
J5 28 32 38 22 44

A project consists of six activities. The immediate
predecessor of each activity and the estimated duration is
also provided in the table below:

Activity Immediate Estimated duration
predecessor (weeks)
P - 5
Q - 1
R Q 2
S PR 4
T P 6
U S, T 3

If all activities other than S take the estimated amount of
time, the maximum duration (in weeks) of the activity S
without delaying the completion of the project is
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GENERAL APTITUDE TEST

1.

©

©

@

©

b)

©

@

Since the blank is preceded by ‘an’, option (b) and (d)
are ruled out. The blank will take the word ‘eminent’,
meaning (of a person) famous and respected within a
particular sphere’ whilethe word ‘imminent’, meaning
‘about to happen’ gets ruled out.

The second blank will take the question tag “would [?’
becausethe auxiliaryin the sentence iswouldn’t; avoid
talking about, so, options (A) and (D) get eliminated.
Taking into consideration the past tense of the
sentence, the past tense ‘had’ will make the sentence
grammaticallycorrect. Therefore, the correctanswer is
option (C).

Angle related by hour hand in one hour

_360°
12
Angle rotated by hour hand in 1 minute

30° ( 1 )
- 60 2
Time (in minute) required by hour hand to totate 225
degree
=225x2=150minutes=7.5hours.
Let the two integers are x and y, such that x> y.
then, ATQ,
x+y=26
x.y=165
Now, (x—4)2= (x+y)? —4xy
=(26)2—4x 165
=676-660=16
sLx—y=4.
Theword ‘skirting which means’ fills theblank correctly.
Rest of the options are irrelevant in the context of the
sentence.
Ifprisoner madea statement ‘I will be shot’. Then judge
has no option but to set him free.
There are two cases:
Case I: When prisoner statement is true ‘I will be shot’.
Then judge will hang him but according to statement
prisoner should have been shot.
So, this is not valid conclusion.
Case II: When prisoner statement is false. ‘I will be
shot’. Then judge will shothim. Butthis action madehis
statement true. Thus, thisis alsonot a valid conclusion.
Hence, in all cases, judge has to set him free.
Lettheperson have divided theamount in two schemes
inZxand (100000 —x).
then, ATQ,
1.1x+1.12(100000—x)—1.12x—1.1(100000—x)= 120
—0.02x+2000-0.02x=120
0.04x=1880

_ 1880100

=30°

X =47000

10.

@
©

@

Amount spent in another scheme
=100000—-47000=43000
Requiredratio=47000:43000=47:43

Number of employees in 2016

= 600x£ =690
100

Number of employees in 2010

25
t skill level S= 600 X — =150
at skill level 100

Number of Employin 2016

140
t skill level S= 150x—=210
at skill level S 100

. Number of employees at skill level Sin 2016
=690-420-210=60

According tothe question, x and y are the child of Pand
O respectively.

So, yis O’s child and legitimate child of V.

Hence, W is the wife of P is necessarily false.

TECHNICAL ABILITY TEST

1.
4.

b)
@

2. b 3. (o)

Given data : mean (p) =440 mm

Standard deviation (0) = 1 mm

Variation of lengths of rod (dx) =438 mm to 441 mm
using the relation,

dx —u
(o3

7=

Where,Z = standardized normal variable
At dx=438 mm, then

_ 438-440
! 1
Z,=-2
Percentage of rods (P))at Z, = -2
P, =2.28% (Approx.)
At  dx=441 mm, then,

441-440
27

Z,=1
Percentage of rods (P,) atZ, =1,
P, =84.13% (Approx.)
Now, P=P, +P,

=-228+84.13

= 81.85%

where, P = Percentage of rods whose length lie
between 438 mm and 441 mm.
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5.

©

b)

b)

Given data : For a flat-faced follower,
Angular velocity (constant) = ®
Vertical position of followed, at =0

»0)=0
Refer to following figure,
Io
IO 1y(t)
I
I
I
o e cos ¢
I
Y A U 2
I
I
!
Here, OO’ =y=e—ecos ¢
=e(1—cos¢)
=e(1 —cos wt)
Given data :

For a spring-mass systems,
w; = natural frequency for spring-mass system I
wy = natural frequency for spring-mass system I1
For system-I,
2
Equivalent stiffness, K, 0 KK = X =
K+K 2K

_ [Ke. [ K .
\IV—I; -~

For system-1I,
Equivalent stiffness, Keq. =K+K=2K

Keg.  [2K .
Sooowy = l\e/[q = ﬁ (i)

Dividing Eqn. (i) by Eqn. (i), we get

i
el

wo_ [KxM _\ﬁ_i
wy; V2Mx2K V4 2

Given data: For spur gear,
Pressure angle; ¢ =20°

Power transmitted, P =20 kw
angular speed, =200 rad/s

Pitch circle diameter (dp) =100 mm

0| R

100
=——=01M
1000 0
Using the following relation,

P=T.o
where, T = torque applied
o = Angular speed

P 20x10°

T=—=——=100 Nm
] 200

10.

11.

©

@

@

@
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Using the relation,
T=F,xrp

d
100= E, x—2
2

0.1
100= F XT

100= F, x0.05

F=— 100 =2000N
005

Now, we know that,
F

g
o tan ¢

where, Fg = Force applied on the gear in radial
direction
Fg=F;tan¢
=2000 x tan 20°
=2000x%0.3639
=727.8N
Fg = 0.73 kN
In a isothermal process, the temperature remains
constant i.e. change of temperature (dT) is equal to
zero. During a non-flow thermodynamic process
(1-2). According to first law of thermodynamics
AU =0=Q, ,—
Q=W
Here, AU = change of internal energy
Q,_, = Heatinteraction
w,_, =work interaction
Given data:
For a circular pipe of constant cross-section,
Nu = Nusselt number of constant wall heat flux
Nu = Nusselt number at constant wall temperature
Here, Nuq =4.35,and Nu=3.65
< Nu Phs Nup
Let, Qg = flow rate of Kaplan turbine
Qg = flow rate of Francis turbine
Qp = flow rate of Pelton turbine
5 Q> Qp>Qp
Given data:
For Slinder rod ‘1’
L, =L=Length, d = diameter, (L>>d)
K, = thermal conductivity
For Slinder rod 2’
L, = Length = 2L, d = diameter, K, = thermal
conductivity
Refer to figure,

L L
———»

Q< | K, k,
Let, T,, T; = temperature of rods 1 and 2 respectively

T, = temperature at junction
Q = Heat flow through composite

Wi

<Q
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12.

13.

14.

15.

@

b)

@

@

A = cross-sectional area of rod
Considering the following circuit

T.
T, —WW———WW— T
T T
5 & A
KA KA K4
4
T, ————WWWW———— T
Now, heat flow rate, Q
~ L-T, _ T-T T -T,
KiA K)A KA K)A K A

eq.
2L L, L
KA KA KA

L( 2 L(L+Lj
A K- ALK K,

Here,

2 L, 1
Keq. K, K,
2 K, +K;
Keg- KK,
_ 2K|K,
‘- K;+K,

For an ideal vapour compression refrigeration cycle
Let, (CoP), = Coefficient of performance of original
cycle (CoP), = Coefficient of performance of cycle after
replacing throttling process by isentropic expansion
process (CoP), > (CoP),

In a casting process, a vertical channel through which
molten metal flows downward from pouring basin to
runner for reaching the mold cavity is called a sprue. A
sprueis a hole in the mold where molten metal enters. It
holds the wax pattern for the purpose of avoiding
distortion.

Laser Beam Welding (LBW) is a fusion welding
process in which two metal parts (Plates or pieces) are
joined together by utilizing laser. The laser beams have
high amount of energy (highest heat flux) and when it
striker the metal parts devolops heat that melts the
material from the two metal parts and fills the cavity.
Given data :

For milling cutter,

Diameter (D) 100mm
thickness (7) = 2mm
width (b) = 50mm
Number ofteeth (Z) = 20
Rotational speed (N) =  1200rpm
feed rate (f) = 005mm

JH(D—1) = [2(100-2)
= J2x98 = /196 =14mm

Approach distance

16.

17.

18.
19.

()

(63)
(10) Given: Mass of block, m=10kg

[+14+14
fzN }

where, / =length of steel sample =400 mm (given)
400 +14+14

0.05x20x1200

Machining time = {

Maching time =

428

1200
Refer to the figure given below:

=0.356 min. =21.4 sec.

);J h

Q (x*l‘ y*:]

-~
~
L]
\
\

P (20, 10)

i
0 2 4

Given data 6 =30°, co-ordinates of point P = (20, 10)
Let (x*, y*) be the co-ordinates of 6 after transformation
by 6. Then,

[x*]  [cos® —sin6][20

y*| " [sin@ cos@ || 10
x*]  [cos30° —sin30°|[20
y*| T [sin30° cos30° || 10

x*]  [20c0s30° —10sin30°][20
= + cos30°

y* | 20sin30° 10

x*]  [20x0.866 —10x0.5
y* 20x0.5 + 10x0.866

x*] [1732 -5
y*| T 10 +8.66

x*

(1232
y*| T118.66

(x*,y*)=(12.32, 18.66)

Given data :

Demands: For month:

D, (August) =560

D, (July) =475

D5 (June) =495

By using simple three months moving average method,
demand forecast for September

Dy +Dy+D;  560+475+495
3 3

1830 _ o
3

Acceleration due to gravity, g =9.81 m/s2
Coefficient of friction, p=0.2
horizontal force, F=10N
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20.

21.

22.

Let, Ff: Force of friction

Maximum frictional force, Ff (max.) — uR
=0.2xmg=0.2x10%x9.81=19.62N

Here, F < Ff(max.)

hence, Ff= F=10N

(0.87)

(60)

(-0.2)

Now, ratio :

Given data: diameter of cylindrical rod, D = 10 mm
Length of cylindrical rod, L=1m

Angle of twist, 6 =10°

Maximum shear strain, ¢(max.) =Px103

Using the torsion Equation, we get

X
R L
GO

P =0.872

P ~087

MPa Given: Side of solid cube, a=1m
Room temperature, ¢, = 32°C

Coefficient of linear expansion, o= 1 x 107/°C

Both Modular, K=200GPa

t,=42°C

As we know that the cube is constrained all around
hence the state of hydrostatic stress is being developed.
then,

(&
Volumetric strain (e,)) = fv =30At¢

Where, o, = volumetric stress
At =t,—1t,=42-32=10°C
o, =3 Atk

=3x1x107x10x200x 10°

=60 x 106 N/m? or 60 x 10 pa= 60 MPa

Given data:

During a high cycle fatigue test,

Mean stress, 6., = +140 MPa

Minimum stress, 6, =—70 MPa

Let, 6,,,, =maximum stress

using the relation
Omax. 1O

mean 2

min.
O

c =70
14 _ _max. -~
0 2

2x140=c, —70
6,y =280+ 70 =350 MPa

o =70

G =350 =-0.2

min.

23.

24.

&)
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m/s2, Given data :
. 4 ,:
Velocity, y = ?+X+J’ J m/s

where, j = unit vector in y-direction

t >0 (seconds)

Here, u=0and w=0

Ou Ou Ou Ou
—tu—+v—+w—

then, a.= 5 " " T a

LI
and a,= 5 e TV ST,

ov ov  0Ov ov
a = —tu—+v—+
y ot Ox Oy oz

Now, ayat(l, l)ie.,x=1,y=1and¢=2s, hence
4 4

a ="—5+tot+1+]

Yoo 2

=—1+2+1+1

ay:3m/s2

2
y

=0 +@)° +(07 =9 =3m)s?

. _ |2 2
Total acceleration, a = /ay +a;, +a;

(0.66) KJ/kg—k

Given data :

Mass of air, m =1 kg

Initial condition

T,=300K

P,=10bar

Final conditions:

P, =1bar

Ideal gas constant, R =0.287 kJ/kg-k
Let, ds=S,~-S, = Change in entropy

P
dQ = mRT lnP—2 = change in internal energy

dQ mRTln(Pl]
ds=— = _ \R)
T

— mRIn i
P,

then,
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=1x0.287xIn (?j
= 0.287xIn(10) =0.287%x2.3026
ds=0.66 kl/kg-k

25. (210) MPa
Refer to figure given below:

M
210 Q
180 )
°
n
S
0 R i
Strain (g) —>»

After reloading of the material in tension from point R,
the yield strength again increases upto 210 MPa be-
cause of strain hardening.

26. (¢) 27. (a 28. (b

29. (¢) Refertofigure showing free body diagram of car given
below:

e &
7~ Ac A S
F F

=
A 4
=

Given data: w= weight of car
| =distance between front and rear wheels
a =acceleration of a car
g = acceleration due to gravity
= Reaction on front wheel
= Reaction on rear wheel
h =height from the ground

Let, Ffl = frictional force acting on front wheel

F f, = frictional force acting on rear wheel
2,=0,R.+R—w=0

R, +R=w (1)
M =0,

c

/ a
——R — X— |xh =
w><2 fxl (w g] 0

wl | wa l
Rixi=%77%

K_K(ﬁja
Re=5"4%\1

Substituting the value of Rfin eqn. (i), we have

w w(h
R,+———|—l|a =
) g(lj W

30.

31.

32.

@

()

©

w.ow h
R =5747)"
Refers to figure given below:

B

T 10 rad/s

I

Given data: AB=5cm,AD=4cmDC=2cm
Angular velocity of bar AB, w5 = 10 rad/s

From the figure, we can write the following relation,
wag X AB=wpxDC

where, wp- = Angular velocity of bar DC

10x5 =wpx2

50
Wpc= 7 =25rad/s

Given data: mass of rotor, m = 180 kg
Polar moment of inertia, I = 10 kg—m?
Rotational speed of rotor, = 1100 rad/s
Speed of aircraft, v= 800 km/h

turning radius, R=1.5km

800x1000

_ Y __ 3600 _
Now,o)pfR 1 5x1000 0.148 rad/s

Now, Gyroscopic moment at point (c)
=Iww,=10x1100x0.148

C=1628 =1629.6Nm

Hence, nose goes down and fail goes up.
Given data :

Bulk temperature of fluid at inlet, Tbi =0°C

Bulk temperature of fluid at outlet, Tbo =50°C

Let, T|, T,, and T, are the wall temperature at location
P, QandR.

= T,'=50°C, T,"=80°C, T;'=90°C

Length of pipe having constant diameter,

[=1m

B 0.2m P 0.2 m_| 02m ; 0.2 m\IO,Z m

<

/
N
4

[ R -]
| Al e
=

i 50°C

Ty, Ty,

T
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Bal £ T, T 33. (@ Givendata: Atentry:
' alance o .energy between 1p and 1p Pressure, P, - 100kPa
gxmdl = mC, (T, T, ) temperature, T, =27+273=300K
- 3
ixmxd xl = n'1Cp(50—0) Volume flow rate, V; = 15m°/s
d
. 50mC, heat lost to surrounging, EQ =51 kw
7= mid Considering the SFEE (Steady Flow Energy Equation)
Balance of energy between Tj, and T, are givel:
2 2
mC,(Ty =T, )= gxmxdx(02+0.2) i oy + 29l 2 |
' 2000 | dt 2000 | dt
or, mC,(T,=0) =04xgxmxd
045507 C i PV, 100x15
Ax 11 _ 7P
or, 11C, XT, = #xnd Where, ™~ R~ 0.5%300
T. =20°C T H,, H, = initial and final enthalpies
2 V,,V, = flow velocities at inlet and outlet
Energy balance between Tp, and T, H,=Cp- T,;=1x300=300
mC,(T3-T, ) = gxnxdx(0.2+0.2+0.2) Szfgp T=1xT,=T,
=
or, mC,(T3-0) = gx7xdx0.6 V,=0
, 501iC, v _,
mC,xTy = y x7d x 0.6 dt
- T Now, 10[300+ 0]+ (101 —51)=10 x (T,)
T3=50%0.6=30°C 3000+50 = 10T,
Energy balance between sz' and T, T,=300+5=305°K
or, 1,=T,—273
mC,(T, =T, )= gxmxdx(0.2+0.2+0.2+0.2) =305-273
t,=32°C
—0)= 2
" CP(T” 0)=gxmxdx0.38 34. (a) Givendata: Strain in z-direction, Z,=0
50imC yield strength of block, &, . =300 MPa
m Cp xT, = o P wnxdx08 Ata point, 6 =40 MPa &:ompressive)
[
T, =50%0.8=40°C 4 0. ) o
Using the following relation, According to Trisca’s criterion,
hd
Nusselt number, (Nu)= — .= w
nd K 1 B
4.36 = X where, 6, = Principal stress
K Here, o, = maximum stress
= h=4.36 % l [Here, K and d are constant] 6. = minimum stress
Now, uniform heat flux, ¢"" =h - dT then, o, — 6,=0Cy
Where, & = constants dT = constant —40—Gy =300
Now, (dT)p =T/-T,=50-20=30°C —40-300=0,
, o, =-340MPa
(dh)y = T) -T; =80-30=50°C =340 MPa (Compressive)

35. (@ Givendata: wallthickness of cylindrical tube, =5 mm
Axial cutting force (or feed force) =F = 1259N
tangential force, F,= 1601 N
chip thickness, £, = 0.3 mm
rake angle (o) = 10°
axial feed, (f)= 100 mm/min
Rotational speed (N) = 1000 rpm
uncut chip thickness, £, =0.1 mm
f 01 1

chip thickness ratio, r= E - ﬁ B 5

dT)p, =T;-T4; =90-40=50°C
from the above data, (dT )Q = (dT)g hence the flow is
thermally developed at Q and R only.

I/\

v

om (.8m
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Assuming, y; =0, then
F,=Fy

a
where, F,, = thrust force
F,=F,=1259N

Now, using the relation,

1><cos10°
tan ¢=
1—=sin10°
3

0.33x0.9848 0.3249 0.3249
©1-0.33%0.1736  1-0.05728  0.9427
tan $=0.3446
¢= tan! (0.3446)
¢ =19.01°
Refer to figure given below:

Now, considering AOAA’, we get

Ein. 1259
e AT

tan (B —a)=0.786

(B-a) =tan!(0.786)

B-a =38.16°

Again, considering AOCA', we get

Shear force, F,=Rcos (B + ¢—a)

Where,R = \JE2 +F2 = [(1601)% + (1259)2

= 1/2563201+1585081 =2036.73N
F;=2036.73 cos (19.01 + 38.16)

F, =2036.73 cos(37.17)
=1104.20N

Now, width to be cut = tube thickness =5 mm

F

N
Now, T, = A

N

where, T, = shear strength

wxt  5x01 0.5
Ay T sino  sin19.01 0326
1.533N/mm?

36. ()
37. @
38. (5

1104.20

= =720.28N/mm?
Tg 1533 720.28N/mm
or 720.28 MPa
Ty =722 MPa
Given data :
diameter of circular shaft, = 65.00+0'01 mm

-0.05
thickness of coating = 50 um
variation in thickness =+5um
coating thickness for circular shaft,
t; =50+ 5um =55 um = 0.055 mm
t,=50—5um =45 pm = 0.045mm
minimum hole diameter to just provide clearance fit,
Upper control limit before coating,
UCL=65.00+0.01=65.01 mm
Now, upper control limit after coating, UCL
=65.01+2x0.055=65.01+0.11=65.12mm

Sand molding casting Respective causes
defects
Blow hole = Poor permeability
Misrun = Insufficient fludity
Hot fearing = Poor collapsibility
Wash = Mold erosion
kN
considering the following truss or shown figure:
10 kN
D

= 4N
A T 0 Tc

R, Re
From the geometry of figure, AABD and ADBC are
identical

~Ry=R¢
Ry+R-=10
2R, or2R-=10
R,=R =5KN

Considering joint ‘C’,

Bl L TN

R.=5kN

Let us consider, F[,- = tensile force

EBD 7744



Fpc = tensile force
Applying Lami’s theorem, we get,

Re e _ Fc
sin45°  sin(150+90) sin(45+90+90)
Fgc Fpc 5

OF §in(225°) ~ sin(240°)  sin 45°

(100) MPa

= xsin 225°
FBC sin 45°
= > x—0.707
0.707
Fgc =—5KN
Given data:

Length of elastic beam, L =10t m

side of square cross-section, a =5 mm
Young’s modulur, E =200 GPa

mean radius of circle, =R

Using the following relation,

op= E X Ymax.
where, 6, = maximum bending stress (tensile)
a

ymmL: 54:54:251nm

considering also, L =27nR
10r =27R
R= 10—ﬂ=5rn:5><l()3mm
2n
200x10° x107°
Lo,E
b 5%10°
200 ) 6 )
= TX 2.5 =100 N/mm? =100 x 10 N/m

Soop= 100 MPa

x2.5

(I’K)

Given data : Length of beam, L=nm
Side of beam, x =6 mm
Young’s Modulus, E =200 GPa
Coefficient of thermal empansion, oo =3 x 1076 °K
Considering the following relation,
n’ET
5
x4
where, | = Moment of inertia = E

Euler’s buckling load, P, =

Le = effective length

= L (for both ends hinged)
X
n°E x E TczEx4
Pe=__ 12 = N{
e 2 1212 ©)

Thermal stress, oy, =Eat
Thermal Load, P, =c,*x A

Py =(EanA (i)
Equating (i) and (ii), we have,
Pth. = Pe

41.

42.
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71;2Ex4
1212

(EaHA=

71;2x4
1212

atA=

2.4

71«'2)64 mx

TR xa A 1202 xaxx
Tszz

- 1212 x o

B X 6°

T X (M x10° x3x10°0

= 1%

(13.1)

(1.8)

Given data: In a universal Testing Machine (UTM),
Length of sample (or specimen) L =100 mm

Load at failure, P=40kN

displacement (or deformation) at failure,

oL =15mm

Compliance of UTM(K') =5 x 108 m/N

Using the following relation,

K=— ()

(i)
where, L = original length of specimen
E =Young’s Modulur
A = Area of cross-section
Now, using eqn. (ii),
PL oL
L=— = AE x—
1) AE 1 L
SL oL

OrP:TZK,

AE
3 L
40x10°= 5%10°8

SL=40x103x5x108=2x103m

L 2x107°
Strain, eza—=—>< 0 3 =0.02=2%
L 100x10™

L 10 77

.. Strain at failure in sample = 15-2=13%

Total strain, e =

Given data : Ata critical point in a component, state of

stress

6, = 100 MPa, 0= 220 MPa, Oy = Oy = 80 MPa
Yield strength of material, Oy = 468 MPa

Let, 6, and o, = Maximum and minimum principal

stresses then, according to maximum shear stress

theory;

. Oy {01-02 o1 0_2}

max T SE | 2 272
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43.

Using the following relation for 5, and 5,,

2
_ 100;220i\/(1002220) + (80’

= zfix/3600+6400

6, ,=160+100
o, =160+100=260 MPa

o, =160-100=60MPa

oyt _Max.{260—60’@’@}
2xSF 2 272
= Max.[100, 130, 30]

Oyt 468 _
T 2x130 260

SF

(23.1) rad/s

Given data: For a uniform think disk,

mass (m)=1kg

radius (#)=0.1 m

(By refer to Fig.) spring stiffnesses; K; =400 N/m
K, =100N/m

Considering the following relation,

ZMO = 0
16 + F,(rcos 0) +F, (2rcos 0)=0
Where,
- F; = K;rSin0

F, = K,2rSin0
Assume
Sin6=0
Cos0=1
or, 10 +(K;?+4K,2)0=0
quuivalent = Imean +mr?

mr? 2 mr® +2mr* 3mr?
=—-+mr- = =

2 2 2

.. Natural frequency of vibration of the system,

44.

45.

(ky + 4ky )2 (400 +4x100)
- - 3
%mr2 2 x (1)

[2(800) 1600
= 3 T:\/533~33 =23.09

o, ~23.1rad/s

(212.5 mm)

@

Given data, torque capacity of brake,
T=25aNm

Rotational speed of brake drum, N =100 rpm
Coefficient of friction; p=0.25

maximum actuating force, (P)=2000N

Refer to Free Body diagram;

Ple 1.5a \l/ a S

r a/4
pF T
F

Now, considering the equilibrium, taking moment about

fulecrum, XM =0
Fxa+ qu%—px(l.5a+a) =0

F
or Fa+%—px2.5a =0

u
Fa |1+—=|-2.5pa = ;
( 4j pa =0 ..(1)

Using the relation,
Torque, T= (uF) X a
250=0.25%xFxa

250
Fa= 221000
47025

Substituting the value of Fa in eqn. (i), we get

1000(1+%j—2.5x2000xa —0

1000(1.0625)—5000a =0
5000a =1062.5

10625
5000
a=02125m

a =212.5mm

m/s, Given data:
Velocity of upper moving plat (v, ) =3 m/s

a =0.2125

d*u
Momentum equation: —, , =0
dy

dynamic viscosity of lower fluid = p,
dynamic viscosity of upper fluid =
Sy =20

EBD 7744



Refer to figure given below:

S TTTR 7
IRACRRRNE

Let, v, = velocity of fluid at interface
using the following relation,

YV, — Vi V2~V
Ml(m ZJ —Mz[ fj
y y

(Shear stress will be equal for both fixed and moving plates)
where, V= velocity of fixed plate
y=1m

3_Vi VZ—O
. =2
..“1( 1 ] M1( 1 J

or, Wy (3-v) = 2w (v)

N
i ;

3-v;=3v;
3v;=3

3
V= g =1m/s

(80 mm)

Given data: Side of cube (a)=100mm =0.1m

density of cube material, P, = 800 kg/m3

density of liquid (or water), P,,,= 1000 kg/m3

Let, y,;, = minimum height to which the liquid needs
to be poured into container

Volume of cube (V) =@ = (0.1 =1 x 103 m?

Now, weight of cube, (W,.)=P.x V. xg

=800x1x103x10 [+ g =10m/s’]
=8N (1)

weight ofliquid displaced, (w; )
=P XV xg

where, V| = Volume of liquid
=axaX Yo
=0.1x0.Ixy .
=0.01y,;, m

oo Wy =1000%0.01y, . *10

WL = 1Ooymin.

Equating eqn. (i) and (ii), we get

8=100y .

(i)

YVinin, = 100 =0.08m

Yimin, = 80 mm

(60°C)

Given data: Internal heat generation,

Q, = 10000 w/m3

thickness of slabs, 7, =15 = 1= 1m
thermal conductivities for each slab,
K, =Kz =K =5w/mk

heat transfer coefficient, 2 =100 w/m?k
Left slab temperature, T, =30°C

Refer to fig. given below

48.
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(A) (B) (C)

T, =30°C

A

(30°C) ~ P (30°C)

ky =5 wimk| kg =5 wimk| ke =5 wimk
h= 100 u--m"'kT < it (F, bm . 1 Th = 100 wim'k

T,-30| Ti-30
N

hA hA
= (T| -30)x hA

T,-30 T,-30
Heat last by slab (C), Qc = =7 ==

hA  hA

Heat lost by slab (A), Q, =

=(T,-30) x hA

where, A = cross-sectional area
Now, heat developed in the slab (B), Qg =Q o X A%
where, V = volume

=Ax[=Ax1

. Qg =10000 x A

Now, using the following relation, we have
QB = QA+ QC
10000A= (T; —30)x hA + (T, —30) x hA

or, 10000 = (T, =30)xh+ (T, =30)xh
or, A[T; —30+T, —30] =10000

or, 100[T; +T, —60] =10000

o, (100+T,—-60)=100

o, T,+40=100

or, T,=100-40

s T,=60°C

(83.14) pa.

Given data : capacity of rigid container (V)
=1000 litres=1000 x 103 m3=1m?
Initial temperature, T,=27°C
=27+273=300K
Final temperature, T, =37°C
=37+273=310K
Let, AP = change in pressure of contained gas
R=28.314 J/mol K (Given)
Using the following relation,
V- Ap =nRAT (differentiating Ideal gas equation)
where, AT=T,-T,;=310-300=10K

I xAp=1x%x8314x10
Ap =83.14Pa
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49.

50.

(20) %
Given data : Refer to figure given below:

M
1

Temperature (T)

Entropy (S)

Let, M, = mass flow rate of steam bled from turbine
M, = mass flow rate of steam going to condenser
M, + M, = total mass flow rate at inlet to turbine

Here, enthalpies at various states,

H, = 3350 kl/kg, H, =2800 kJ/kg, H, =2300 ki/kg
H, = 175 kJ/kg, Hs =700 kJ/kg, H, = 1000 k/kg

using the following relation,
M, H, + M,H, =M, +M,) x Hy

or, 175M, +2800 M,=(M, +M,)x 700

175M +2800M, = 700 M, + 700M,
(700 175)M, = (2800 — 700)M,
525M, =2100M,

M; 2100
or, =—=

M, 525

My
or, M, =4+1

M; +M,
or M2 =

(51.23) %

Given data: Refer to figure (T-S) graph:
Isentropic efficiency (0, ) =0.70

P
A _
Pressure ratio (7, ) = E =3

pA
(rpz):zzs

Specific heat ratio (y) = 1.4

M

A

Temperature (T)

v

Entropy (S5) —>

51.
52.

53.

Using the following relation,
W, _g=mC,(Ty —Tp)

= me X Migen. ™ (TA - TB)

mC , XxNpa_g X| Tp —
Wap = P

Na-B X l-

()

1
070)({1_(3)0W}_ nA—C X{I—T

On solving above, we have
NA—C =0.51230r51.23%
(2.10)
(3.74) pm
Given data :
Side cutting edge angle, 0,=45°
End cutting edge angle, 6,=10°
feed rate, /= 0.1 mm/rev.

() T

As we know that, W, 5 =W,

|

- centre line average surface roughness (Rg)

f

~ 4(tan @, +cotB,)
- 0.1
4 (tan45°+cot10°)

0.1 0.1
R = 4(1+5.672)~ 4x6.672

R ~ 3.747x 1073 pm
RS ~ 3.74mm

(40.3 m/min.)
Given data :
Taylor’s Tool life Equation,
Vr''=C
where, V = velocity (m/min.)
T=time (min.)
Fortool X,n=0.3,C =60
For toolY,n=0.6,C =90

For tool X, V,T,%3 =60

Rg
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For tool Y, V2T20'6 =90 (i)
Dividing Eqn. (ii) by Eqn. (i), we have,
W 9

V1T10'3 “ %0 1.5
For same tool life, V, =V, =V, T =T,=T
VT

V103 =15

10603 =1.5=T03=15

T=(1.5)103=3386
Substituting the value of T in eqn. (i), we have
V % (3.86)03 =60

60 | 60
V = 40.3 m/min.

54. (146 min.)

10

16

Given data :

M, M, M; M, M;
I, [40 30 50 50 58
202 38 60 26 38
13|40 34 28 24 30
Jo |28 40 40 32 48
Js| 28 32 38 22 44

Rowminimization matrix,

0 20 20 28
12 34 0 12
10 4 0 6
12 12 4 20
10 16 0 22

5S.

SoLvep PAPER - 2019 @

Column minimization matrix:

14 0 22 28 28
0 8 32 4 8
14 4 0 2 0
2 10 12 10 18
2 2 10 0 14

After covering zeros in rows and columns

optimum values for assignment

\A \A \A \A \A
30 38 28 28 22

Minimum value of time= 30+ 38 + 28 + 28 + 22
=146 mins.
(6) weeks: The network flow diagram is given as :

Total duration of project completion (T ) = 14 weeks
Total float (T,) = 11 — 5 —4 = 2 weeks

Maximum duration of activity 5 without delaying the
completion of project =2 + 4 = 6 weeks



Duration: 3 hrs

Maximum Marks: 100

” INSTRUCTIONS )

1. There are a total of 65 questions carrying 100 marks.

2.  The subject specific GATE paper section consists of 55 questions. The GA section consists of 10 questions.

3. Questions are of Multiple Choice Question (MCQ) or Numerical Answer type. A multiple choice question will have
four choices for the answer with only one correct choice. For numerical answer type questions, the answer is a
number and no choices will be given.

4.  Questions not attempted will result in zero mark. Wrong answers for multiple choice type questions will result in
NEGATIVE marks. For all 1 mark questions, % mark will be deducted for each wrong answer. For all 2 marks
questions, % mark will be deducted for each wrong answer.

5. There is NO NEGATIVE MARKING for questions of NUMERICAL ANSWER TYPE.

\S >,

GENERAL APTITUDE TEST

QUESTIONS 1 TO 5 CARRY ONE MARK EACH

Once the team of analysts identify the problem, we

in a better position to comment on the issue.

Which one of the following choices CANNOT fill the
given blank?
(a) will be (b) were to be

(c) are going to be (d) might be

A final examination is the of a series of evaluations
that a student has to go through.

(a) culmination (b) consultation

(c) desperation (d) insinuation

If IMHO = JNIP; IDK = JEL; and SO = TP, then IDC
(a) JDE (b) JED

(c) JDC (d) JCD

The product of three integers X, Y and Z is 192. Z is equal
to 4 and P is equal to the average of X and Y. What is the
minimum possible value of P?

(a) 6 (b) 7

(c) 8 (d) 9.5

Are there enough seats here? There are
here than I expected.
(a) many

(c) least

people

(b) most
(d) more

6.

QUESTIONS 6 TO 10 CARRY TWO MARKS EACH

Fiscal deficit was 4% of the GDP in 2015 and that increased
to 5% in 2016. If the GDP increased by 10% from 2015 to
2016, the percentage increase in the actual fiscal deficit is

(a) 37.50 (b) 35.70
(c) 25.00 (d) 10.00

Two pipes P and Q can fill a tank in 6 hours and 9 hours
respectively, while a third pipe R can empty the tank in
12 hours. Initially, P and R are open for 4 hours. Then P
is closed and Q is opened. After 6 more hours R is closed.
The total time taken to fill the tank (in hours) is

(a) 13.50 (b) 14.50

(c) 1550 (d) 16.50

While teaching a creative writing class in India, I was
surprised at receiving stories from the students that were all
set in distant places; in the American West with cowboys
and in Manhattan penthouses with clinking ice cubes. This
was, till an eminent Caribbean writer gave the writers in
the once-colonised countries the confidence to see the
shabby lives around them as worthy of being “told”.

The writer of this passage is surprised by the creative

writing assignments of his students, because

(a) Some of the students had written stories set in foreign
places
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(b) None of the students had written stories set in India

(c) None of the students had written about ice cubes and
cowboys

(d) Some of the students had written about ice cubes and
cowboys

Mola is a digital platform for taxis in a city. It offers three
types of rides -Pool, Mini and Prime. The Table below
presents the number of rides for the past four months.
The platform earns one US dollar per ride. What is the
percentage share of revenue contributed by Prime to the
total revenues of Mola, for the entire duration?

Type Month

January | February [ March | April
Pool 170 320 215 190
Mini 110 220 180 70
Prime |75 180 120 90
(a) 16.24 (b) 23.97
(c) 25.86 (d) 38.74

X is an online media provider. By offering unlimited and
exclusive online content at attractive price for a loyalty
membership, X is almost forcing its customers towards its
loyalty membership. If its loyalty membership continues
to grow at its current rate, within the next eight years more
households will be watching X than cable television.

Which one of the following statements can be inferred

from the above paragraph?

(a) Most households that subscribe to X's loyalty
membership discontinue watching cable television

(b) Non-members prefer to watch cable television

(c) Cable television operators don't subscribe to X's
loyalty membership

(d) The X is cancelling accounts of non-members

QUESTIONS 1 TO 25 CARRY ONE MARK EACH

In matrix equation [A]{X} = {R},

4 8 4 2 32
[4]=|8 16 —4|,{X}=<1tand{R}<16
4 -4 15 4 64
One of the eigenvalues of matrix [4] is
(a) 4 (b) 8
(c) 15 (d) 16

The directional derivative of the function f{x,y) = x + 2
along a line directed from (0,0) to (1,1), evaluated at the
pointx=1,y=11s
(@) V2

© 242

(b) 2
(d) 42
. : . dy : o
The differential equation d—+4y=5 is valid in the
x

domain 0 < x < 1 with »(0) = 2.25. The solution of the
differential equation is

SoLvep PAPER - 2019

£

(@) y=e®+5 (b) y=e®+1.25
(c) y=e*+5 (d) y=e*+125
An analytic function f{z) of complex variable z =x + i y
may be written as f{(z) = u(x, y) + i v(x, y). Then u(x, y) and

v(x,y) must satisfy
Ou 0Ov Ou _0Ov

—=—and —=—
@) ox Oy oy Ox
ou_ov, ou_ v

®) ox 0Oy oy ox

Oou ov ou Ov
() m =—-and——=—

ox oy oy Ox

Ou ov Oou ov
(d =—=——7and—=-—

ox oy oy ox
A rigid triangular body, POR, with sides of equal length
of 1 unit moves on a flat plane. At the instant shown, edge
OR is parallel to the x-axis, and the body moves such that
velocities of points P and R are ¥, and ¥}, in the x and
y directions, respectively. The magnitude of the angular
velocity of the body is

(@) 2V (b) 27,
© Vi/\B3 @ Vp /3

Consider a linear elastic rectangular thin sheet of metal,
subjected to uniform uniaxal tensile stress if 100 MPa
along the length direction. Assume plane stress conditions
in the plane normal to the thickness. The Young's modulus
E =200 MPa and Poisson's ratio v = 0.3 are given. The
principal strains in the plane of the sheet are

(a) (0.35,-0.15) (b) (0.5,0.0)

(¢) (0.5,-0.15) (d) (0.5,-0.5)

A spur gear has pitch circle diameter D and number of teeth
T, The circular pitch of the gear is

=D T

@ - )
D 2nD

© - @ 7=

Endurance limit of a beam subjected to pure bending

decreases with

(a) decrease in the surface roughness and decrease in the
size of the beam

(b) increase in the surface roughness and decrease in the
size of the beam

(c) increase in the surface roughness and increase in the
size of the beam

(d) decrease in the surface roughness and increase in the
size of the beam



@ SoLvep PaPer - 2019

9.

10.

11.

12.

13.

14.

15.

16.

A two-dimensional incompressible frictionless flow field
is given by i = xi — y} If p is the density of the fluid, the
expression for pressure gradient vector at any point in the
flow field is given as

@ p(xi+) (b) —p(xi + )

(©) p(xf - y}) (d) _p(x2f + yzj‘)

Sphere 1 with a diameter of 0.1 m is completely by another
sphere 2 of diameter 0.4 m. The view factor F, is

(a) 0.0625 (b) 0.25

(c) 0.5 (d) 1.0

One-dimensional steady state heat conduction takes place
through a solid whose cross-sectional area varies linearly
in the direction of heat transfer. Assume there is no heat
generation in the solid and the thermal conductivity of the
material is constant and independent of temperature. The
temperature distribution in the solid is

(a) Linear (b) Quadratic

(c) Logarithmic (d) Exponential

For a simple compressible system, v, s, p and T are specific
volume, specific entropy, pressure and temperature,

respectively. As per Maxwell's relations, (@) is equal to
P

os
0. 0,
o (&) o (Z)
P

orT oT
o5, 0[5

Which one of the following modifications of the simple
ideal Rankine cycle increases the thermal efficiency and
reduces the moisture content of the steam at the turbine
outlet?

(a) Increasing the boiler pressure

(b) Decreasing the boiler pressure

(c) Increasing the turbine inlet temperature

(d) Decreasing the condenser pressure

Harden ability of steel is a measure of

(a) the ability to harden when it is cold worked

(b) the maximum hardness that can be obtained when it is
austenitized and then quenched

(c) the depth to which required hardening is obtained
when it is austenitized and then quenched

(d) the ability to retain its hardness when it is heated to
elevated temperatures

The fluidity of molten metal of cast alloys (without any
addition of fluxes) increases with increase in

(a) viscosity (b) surface tension

(c) freezing range (d) degree of superheat

The cold forming process in which a hardened tool
is pressed against a workpiece (when there is relative
motion between the tool and the workpiece) to produce a
roughened surface with a regular pattern is

(a) Roll forming (b) Strip rolling

(c) Knurling (d) Cham fering

17.

18.

19.
20.

21.

22.

23.

24.

The most common limit gage used for inspecting the hole
diameter is

(a) Snap gage
(c) Plug gage
The transformation matrix for mirroring a point in x — y
plane about the line y = x is given by

10 10
@ 1o -1 ® 1o 1
01 0 -1
© 1y @1

If x is the mean of data 3, x, 2 and 4, then the mode is

(b) Ring gage
(d) Master gage

The figure shows an idealized plane truss. If a horizontal
force of 300 N is applied at point A, then the magnitude of
the force produced in member CD is N.

A

300N

The state of stress at a point in a component is represented
by a Mohr's circle of radius 100 MPa centered at 200 MPa
on the normal stress axis. On a plane passing through the
same point the normal stress is 260 MPa. The magnitude of
the shear stress on the same plane at the same pointis
MPa.

A wire of circular cross-section of diameter 1.0 mm is bent
into a circular arc of radius 1.0 m by application of pure
bending moments at its ends. The Young's modulus of the
material of the wire is 100 GPa. The maximum tensile
stress developed in the wireis _ MPa.

Water enters a circular pipe of length L = 5.0 m and
diameter D = 0.20 m with Reynolds number R, = 500.
The velocity profile at the inlet of the pipe is uniform while
it is parabolic at the exit. The Reynolds number at the exit
of the pipeis

A thin vertical flat plate of height L, and infinite width
perpendicular to the plane of the figure, is losing heat to
the surroundings by natural convection. The temperatures
of the plate and the surroundings, and the properties of the
surrounding fluid, are constant. The relationship between
the average Nusselt and Rayleigh numbers is given as
Nu = KRa'"4, where K is a constant. The length scales for
Nusselt and Rayleigh numbers are the height of the plate.
The height of the plate is increased to 16L keeping all other
factors constant.
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25.

>

/ Vertical Plate

g=9.8 m/s’

If the average heat transfer coefficient for the first plate is
h, and that for the second plate is /,, the value of the ratio
hy/h, is

In an electrical discharge machining process, the break
down voltage across inter electrode gap (IEG) is 200 V and
the capacitance of the RC circuit is SOuF. The energy (in J)
released per spark across the IEG is

QUESTIONS 26 TO 55 CARRY TWO MARKS EACH

26.

27.

28.

29.

S&) =

Given a vector ﬁ:l(—y3e +x°s +z3n) and n as the
3 i J k
unit normal vector to the surface of the hemisphere
(x2 +y?% + 22 =1; z>0) the value of integral I(V xii)en dS
evaluated on the curved surface of the hemisphere S is
T T
= b) —
@ 3 () 3
© 5 @ =
2
A differential equation is given as

24y b +2y=4
dx? dx

The solution of the differential equation in terms of
arbitrary constants C, and C, is

C
() y=C,x2+Cyx+2 (b) y=—3+Cyx+2
X

¢
© y=C 2+ Cx+d (&) y=5+Cx+d

The derivative of f{x) = cos(x) can be estimated using the
approximation
f(x=h)

f(x+h)—
2h

. The percentage error is

calculated as

Exact value — Approximate value <100
Exact value

The percentage error in the derivative of f{x) at x = m/6
radian choosing /4 = 0.1 radian is

(a) <0.1% (b) >0.1% and <1%

(¢) >1% and >5% (d) >5%

A ball of mass 3 kg moving with a velocity of 4m/s
undergoes a perfectly-elastic direct-central impact with

30.

31.

32.
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a stationary ball of mass m. After the impact is over, the
kinetic energy of the 3 kg ball is 6J. The possible value (s)
of m is/are

(a) 1kgonly (b) 6 kg only

(c) 1kg, 6kg (d) 1kg9kg

Consider two concentric circular cylinders of different
materials M and N in contact with each other at » = b,
as shown below. The interface at » = b is frictionless.
The composite cylinder system is subjected to internal

pressure P. Let (uﬁ”,ugl ) and (G%,G%) denote the
radial and tangential displacement and stress components,

respectively, in material M. Similarly, (ufv ,uév ) and
(GZ,G(%) denote the radial and tangential displacement

and stress components, respectively, in material N.
The boundary conditions that need to be satisfied at the
frictionless interface between the two cylinders are:

(@) u™ =u"and 6 = cNonly
M _ N M _ N M _ N M _ N
(b) u, =u, and c,. =0c,. and uy =ug and Gy = Ggg

(¢) uy' =ujand oy = Gy only

(d) o =2 and o = opy only

A prismatic,straight elastic, cantilever beam is subjected to
a linearly distributed transverse load as shown below. If the
beam length is L Young's modulus £, and area moment of

inertia /, the magnitude of the maximum deflection is

o y
! m
- L -
X
4
qL gL
gL b
@ Tszr ® 30Er
4 4
qL qL
© Togr ) G0z

A slender uniform rigid bar of mass m is hinged at O and
supported by two springs with stiffnesses 3k and &, and a
damper with damping coefficient C, as shown in the figure.

For the system to be critically damped, the ratio C/+/km
should be
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33.

34.

35.

2L/
2]
3k ¢
k
) L/2 -~
> L/4 © L -
(a) 2 (b) 4
) 247 (d) 47

The figure shows a heat engine (HE) working between
two reservoirs. The amount of heat (Q,) rejected by the
heat engine is drawn by a heat pump (HP). The heat pump
receives the entire work output (/) of the heat engine.
If temperatures, T}, > T, > T,, then the relation between
the efficiency (1) of the heat engine and the coefficient of

performance (COP) of the heat pump is

(a) COP=n (b) COP=1+n

(c) COP=n"! (d) COP=n""-1

The binary phase diagram of metals P and Q is shown in
the figure. An alloy X containing 60% P and 40% Q (by
weight) is cooled from liquid to solid state. The fractions of
solid and liquid (in weight percent) at 1250°C, respectively,
will be

1500} «  Liquidus
1500 --------=> Foomoos ;
! I Solidus
Temperature ! i
¢ 0 P !
P ! Solid
1000 b :
~ o :
100% P 20 32 40 6068 80 100% Q
—_—

Concentration of Q
(in weight %)
(a) 77.8% and 22.2% (b) 22.2% and 77.8%
(c) 68.0% and 32.0%  (d) 32.0% and 68.0%

The activities of a project their duration and the precedence
relationships are given in the table. For example in a
precedence relationship “X < Y, Z” means that X is
predecessor of activities Y and Z. The time to complete the
activities along the critical path is weeks.

36.

37.

38.

Activity | Duration(Weeks) | Precedence Relationship

A 5 A<B,C,D
B 7 B>E,F,G
C 10 Cc<1
D 6 D<G
E 3 E<H
F 9 F<I
G 7 G<lI
H 4 H<1
I 2 -

(a) 17 (b) 21

(c) 23 (d) 25

The crank of a slider-crank mechanism rotates counter-
clockwise (CCW) with a constant angular velocity o as
shown Assume the length of the crank to be

Using exact analysis, the acceleration of the slider in the
y-direction, at the instant shown, where the crank is parallel
to x-axis is given by

(a) —o?r (b) 20%r

(c) w?r (d) —20%r

A horizontal cantilever beam of circular cross-section,
length 1.0 m and flexural rigidity £/ = 200 N.m? is
subjected to an applied moment M, = 1.0N.m at the free
end as shown in the figure. The magnitude of the vertical
deflection of the free end is mm (round off to one
decimal place).

1.0m

| > M,

= .

Two masses 4 and B having mass m_ and m,, respectively,
lying in the plane of the figure shown are rigidly attached
to a shaft which revolves about an axis through O
perpendicular to the plane of the figure. The radii of
rotation of the masses m_and m, are r, and r,, respectively.
The angle between lines OA4 and OB is 90°. If m = 10 kg,
m, =20 kg, 7, =200 mm and r, = 400 mm, then the balance
mass to be placed at a radius of 200 mmis kg (round
off to two decimal places).
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39.

40.

41.

42.

A four bar mechanism is shown in the figure. The link
numbers are mentioned near the links. Input link 2 is
rotating anticlockwise with a constant angular speed w,.
Length of different links are:

0,0,=0,A=L

AB=0,B= V2L .
The magnitude of the angular speed of the output link 4 is
®, at the instant when link 2 makes an angle of 90° with

.0, .
0,0, as shown. The ratio —% is (round off to two

decimal places).

The probability that a part manufactured by a company will
be defective is 0.05. If 15 such parts are selected randomly
and inspected, then the probability that at least two parts
will be defective is (round off to two decimal
places).

A uniform disc with radius 7 and a mass of m kg is mounted
centrally on a horizontal axle of negligible mass and length
of 1.57. The disc spins counter-clockwise about the axle
with angular speed ®, when viewed from the right-hand
side bearing, Q. The axle precesses about a vertical axis
at ® = /10 in the clockwise direction when viewed from
above. Let R, and RQ (positive upwards) be the resultant
reaction forces due to the mass and the gyroscopic effect, at
bearings P and Q, respectively. Assuming w% = 300 m/s2
and g = 10 m/s? the ratio of the larger to the smaller bearing
reaction force (considering appropriate signs) is

CE_CO/P

A short shoe external drum brake is shown in the figure.
The diameter of the brake drum is 500 mm, The dimensions
a=1000 mm, b= 500 mm and ¢ =200 mm. The coefficient
of friction between the drum and the shoe is 0.35. The force

43.

44.

45.
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applied on the lever /=100 N as shown in the figure. The
drum is rotating anti-clockwise. The braking torque on the
drum is N. m. (round of to two decimal places).

Water flows through two different pipes A and B of the
same circular cross-section but at different flow rates. The
length of pipe A is 1.0 m and that of pipe B is 2.0 m. The
flow in both the pipes is laminar and fully developed. If the
frictional head loss across the length of the pipes is same,
the ratio of volume flow rates Q,/Q,is ____ (round off to
two decimal places).

The aerodynamic drag on a sports car depends on its shape.
The car has a drag coefficient of 0.1 with the windows and
the roof closed. With the windows and the roof open, the
drag coefficient becomes 0.8. The car travels at 44 km/h
with the windows and roof closed. For the same amount
of power needed to overcome the aecrodynamic drag, the
speed of the car with the windows and roof open (round off
to two decimal places), is km/h (The density of air
and the frontal area may be assumed to be constant).

Three sets of parallel plates LM, NR and PQ are given in
figures 1, 2 and 3. The view factor F; is defined as the
fraction of radiation leaving plate / that is intercepted by
plate J. Assume that the values of F,, and F; are 0.8
and 0.4, respectively. The value of F,, (round off to one
decimal places) is

1im E

3

|

Figure 2
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46.

47.

48.

49.

50.

m

|

Tm

{

Tm Tm

Figure 3

Hot and cold fluids enter a parallel flow double tube heat
exchanger at 100°C and 15°C, respectively. The heat
capacity rates of hot and cold fluids are C, = 2000 W/K and
C, = 1200 WI/K, respectively. If the outlet temperature of
the cold fluid is 45°C, the log mean temperature difference
(LMTD) of the heat exchanger is K (round off to
two decimal places).

Water flowing at the rate of 1 kg/s through a system is heated
using an electric heater such that the specific enthalpy of
the water increases by 2.50 kJ/kg and the specific entropy
increases by 0.007 kJ/kg. K. The power input to the electric
heater is 2.50 kW. There is no other work or heat interaction
between the system and the surroundings. Assuming an
ambient temperature of 300 K, the irreversibility rate of
the systemis kW (round off to two decimal places)

An idealized centrifugal pump (blade outer radius of 50 m
m) consumes 2 kW power while running at 3000 rpm. The
entry of the liquid into the pump is axial and exit from the
pump is radial with respect to impeller. If the losses are
neglected, then the mass flow rate of the liquid through the
pump is kg/s (round off to two decimal places).

An air standard Otto cycle has thermal efficiency of 0.5
and the mean effective pressure of the cycle is 1000 kPa.
For air, assume specific heat ratio y = 1.4 and specific gas
constant R =0.287 kl/kg. K. If the pressure and temperature
at the beginning of the compression stroke are 100 kPa and
300K, respectively, then the specific net work output of the
cycle is kJ/kg (round off to two decimal places).

The figure shows a pouring arrangement for casting
of a metal block. Frictional losses are negligible. The
acceleration due to gravity is 9.81 m/s2. The time (in s,
round off to two decimal places) to fill up the mold cavity
(of size 40 cm x 30 cm X 15 cm) is

iAtmospherlc pressure

Filling he|ght
—<—Diameter 2 cm

51.

52.

53.

54.

SS.

1

3 ! 30 em

Open to atmosphere |

15 cm
Volume to be casted
(mold cavity)

40 cm |

A gas tungsten arc welding operation is performed using
a current of 250 A and an arc voltage of 20V at a welding
speed of 5 m m/s. Assuming that the arc efficiency is 70%,
the net heat input per unit length of the weld will be

kJ/mm (round off to one decimal place).

The thickness of a sheet is reduced by rolling (without any
change in width) using 600 mm diameter rolls. Neglect
elastic deflection of the rolls and assume that the coefficient
of friction at the roll-workpiece interface is 0.05. The
sheet enters the rotating rolls unaided. If the initial sheet
thickness is 2 mm, the minimum possible final thickness
that can be produced by this process in a single passis
mm (round off two decimal places).

A through hole is drilled in an aluminum alloy plate of
15 mm thickness with a drill bit of diameter 10 mm, at
a feed of 0.25 mm/rev and a spindle speed of 1200 rpm.
If the specific energy required for cutting this material is
0.7 N.m/mm3, the power required for drilling is W
(round off to two decimal places)

In an orthogonal machining with a single point cutting tool
of rake angle 10°, the uncut chip thickness and the chip
thickness are 0.125 mm and 0.22 mm, respectively. Using
Merchant's first solution for the condition of minimum
cutting force, the coefficient of friction at the chip-tool
interface is (round off to two decimal places).

The annual demand of valves per year in a company is
10.000 units. The current order quantity is 400 valves per
order. The holding cost is Rs. 24 per valve per year and
the ordering cost is Rs. 400 per order. If the current order
quantity is changed to Economic Order Quantity, then the
saving in the total cost of inventory per year will be Rs.
____ (round off to two decimal places).
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GENERAL APTITUDE TEST

1.

b)

(a) ‘Culmination’ which means °‘the highest point of

b)

b)

@

@

b)

Since the sentence is in present tense, ‘were to be’
won’t make the sentence grammatically correct because
it is in past tense. Hence, the correct answer is option

(b).

something, especially as attained aftera long time”’ fits
correctly in the context of the sentence. Rest of the
words are irrelevant. Therefore, the correct answer is
option (a).

IMHO — JNI1 P
| ,+n|
'+1

'+1

I SO — TP
| L] +1
+1
Similarly, IDC — E D
P oen])
» 1
+1
XYZ=192
XY(4)=192 | x4=48.
X+Y
Now, P=
We know that A.M. >G.M.
X+4
B 2 XY
P2 i
. P=7

In the sentence, there is a companion between the
reality and expectation. Therefore, the sentence will
take the comparative degree of adjective; ‘more’ is
used when two things are compared.

Letthe G.D.P.in2015is 3100

4
then Fiscal deficitin 2015 = 100 Xm =34,
110

G.D.P.in2016 =100 Xl_ =110.
Fiscal deficitin2016

= 110><i =5.5.
100

Percentage increase in fiscal deficit

5-4
- (5 54 )x100:37.5%

Portion of the tank filled by P and R in 4 hours

_4(1_L):l
6 12) 3

[
SoLvep PAPER - 2019 2019-27
|

10. (@)

Portion of the tank filled by O and R in 6 hours
1 1 1
=6l ———|=—
(9 12) 6
1 1
Timetakentofill | 3+~ |tank=4+6=10hours

3.6

So, in 10 hours, portion of the tank filled

:l+l:ltank.
36 2

1
Time required to fill B tank by pipe O

1
=9 XE = 4.5 hours.

Revenue collected by prime for the entire duration
=75+180+120+90=465.

Total revenue collected by Mola for the entire duration
=1940

465
Hence, required percent = 1940 %100 =23.97%

1. @
5. (a

TECHNICAL ABILITY TEST

2 (903 b 4 O
Given data:

|
1
|
1
|
|
|
|
|
|
4

Q g R
In APQR,PQ=QR :LPR: 1 Unit (Given)
.. APQRis an equilateral triangle
Now, using the following relation,
Vp=r-w
where, V = linear velocity at point ‘R’
r=radius = 2 unit
w= angular velocity

Vo= Sxw
2

w=2V,

Given data : Tensile stress (o) = 100 MPa
Young’s Modulur (E) =200 MPa
Poisson’sratio (v)=0.3

Using the following relation

oy 1
s =0 Oy 100 455 0
= E " E 200 200
s - 100_5
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10.

11.

@

©

b)

@

©

o
s = {—y—va—x} = {L—O.Sxﬁ}
vy E E 200 200
= _03 =-0.15
2
. Principal strainer in the plane of sheet are
(0.5,-0.15).
A circular pitch is defined or the width of a tooth and a
space, determined on the pitch circle.
p 7D
T
where, P = circular pitch
D =Pitch circle diameter
T = Number of teeth.
Endurance limit of a beam subjected to pure binding
decreases with increase in the surface roughness and
increase in the size of the beam.
Given data : For a two dimensional incompressible
frictionless flow field.
u=xi—yj
Components of velocities
In x-direction = u=x
In y-direction => v=—y
using Navier-Stokes Equation,
pdv dv -
ar NP
The above relation holds good for incompressible,
frictionless fluid flow having no components of body
forcess,

.". Here, NP = Pressue gradient vector

ou  Ou ov  ov
and, x= ua+v8 y= ax+v§
NP = —PKua—u+v8—ujf+(u@+v—VJ A}
ox Oy Ox y
ou B 5_M:O
Now o =1 %
0¥y
ox "oy
VP = —P[{x(1) — y(0)}i + {x(0) + (-y)(-1)/]
= —P[xf+yf]
Given data :

Diameter of sphere I, D, =0.1m
Diameter of sphere II, D, = 0.4m
Using the following relation,

F, ,+F ,=1
0+F ,=1=F =1 [“F=0]
For one dimensional steady state heat conduction,
dT
— _KAZ~
Q= dx

For no heat generation

d dT
—0=—| -K4A—
aQ dx( dx]

12.

13.

14.

@

©

©

dT = | d
" kA
Integrating on both sides,
-C
j dT — j 1 ax j :

! K(Dx + E)

__—Clj‘;dx
" K 1 (Dx+E)

_Cl 1 DX2 +E
_ = (0]
(T,-T) ="Kk %\ Dx,+E

Hence, temperature distribution in the solid in logarithimic
Given data :

For a simple compressible system

V = Specific volumes

S = Specific entropy

P =Pressure

T =Temperature

Manwell’s equations are a set of equations derived by
the application of Euler’s relations to thermodynamic
properties functions, Maxwell’s relations are given are:

oT JoP
du=Tds—PdV=>(WJS_ (BS)
dS oP
ine-sr-rav= (2] (2]

5, (5)
dH=TdS+VdP= | 5p 3s

=5, =[50
dG=-SdT+VdP= | "7p oT )y

Where, U = Internal energy
A = Helmotz free energy
H = enthalpy

G = Gibbs free energy
In care of a simple ideal Rankins cycle, when the turbine
inlet temperature is increased, the thermal efficiency is
increased and moisture content of steam is reduced at
the turbine outlet. The T-S diagram for an ideal Rankins
cycle is given below:
Ta

7S

Process: A = B: Isentropic compression in a pump
Process: B-C: Heat added at constant pressure in a boiler
Process C—D: Isentropic expansion in a turbine
Process D—A: Heat rejected at constant pressure in a

condenser.
Hardenability of steel is a measure of the depth to which
required hardening is obtained when it is austenitized
and then quenched. It represents how deep the steel
may be hardened upon quenching from high value tem-
perature.
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15.

16.

17.

18.
19.

20.

@

©

©

©
3)

©

The fluidity of molten metal of cast alloys (without any
addition of fluxes) increases with increase in degree of
super heat. Degree of super heat is defined or the
amount by which the temperature of a superheated
vapour exceeds the temperature of the saturated vapour
at the same pressure.

The cold forming process in which a hardened tool is
pressed against a workpiece (when there is relative
motion between the tool and the workpiece) to produce
aroughened surface with a regular pattern is knurling.
Knurling is done on the lathe machine, Cylindrical parts
such as screw heads, round nuts, measurement tools,
all types of handles etc.

The most common limit gage used for inspecting the
hole diameter is known as plug gage. These are usually
assembled from standard parts, where the gage portion
is interchangeable with other gage parts.

Givendata:3,x,2,4
3+x+2+4

then, Mean (x) = 7
4x=9+x

4x-x=9

3x=9

9
x=—=3
3

Now, the data values are : 3, 3,2, 4

then, Mode =3

‘ON’ Given data : Refer to figure showing an idealized
truss,

300 kN

considering a joint ‘A’

255°

300N

Let, F, and F, . = tensile forces in members AB and
AC respectively.
Applying Lami’s theorem,
Fac 300
sin255°  sin30°

Fap
sin75°

_ 300 xsin75°=579.6 N (Tensil
AB = G300 .6 N (Tensile)

SoLvep PAPER - 2019 @

0
xsin 225 =-579.6N (Compressive
AC T 5in30° (Comp )

As the members AB and BD are connected collinearly,
hence Fy= 0, Similarly members AC and CE are
collinearly connected, hence F ., =0.

21. (80) MPa, Given data: Mohr’s circle radius, R =100 MPa

22.

23.

Normal stress, 6, =260 MPa
Refer to Figure showing Mohr’s stress circle,

u

Let, t =shear stress on the same plane at same point.
00’ =200, 0'L=100, OM=260;

From the geometry,

(O'LY =(0O'M)*+(LM)

(O'LY =(OM-00")*+(LM)

(100 =(260-200)*+(LM)?

100y = (60)>+(LM)?

(LM)? =10000-3600

(LM)?> =6400

IM = /6400 =80MPa
.7 =80MPa

(50)MPa

Given data: diameter of wire, d=1 mm
after bending of wire, radius of circular are,
R =Im
Young’s modulur (E) = 100 GPa
Considering the Bending Equation,

M c E

I y R

where, M = bending Moment

I=Moment of inertia

0 =maximum tensile stress
y =distance of extreme fibre from matral axis

o 100 x10°
1x103

0=—7—x05=5x10"Pa
0 ~ 50 MPa

(500)

Given data:

Length of pipe; L=5m

diameter of pipe, D=0.20 m

Reynold’s number, R, = 500

At inlet of pipe, velocity of profile = uniform
At outlet of pipe, velocity of profile = parabolic
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24.

25.

@

J

e
gl |—2 —>
= e —_—
= _; Circular Pipe _;
| — —_—
al|l— —>
—>
L=5m ,|
Reynold’s number is given as:
PVD
u
R. aD

As pipe diameter is uniform the velocity is same for
same discharge. Hence R, will also be the same

Given data:

height of plate =L, = L (for plate 1)

Nu =KR '

Where, Nu = Nusselt number = %

R, = Rayleigh number

K = a (constant)

h, = average heat transfer coefficient of first plate

h, = average heat transfer coefficient of second plate
Refer to Fig.
w

[.-— Vertical plate

g=98 m/s’

v
height of plate =L, = 16L (for plate 2)
we know that, R, =GrxP,

where, G, = Grashoff’s number

Pr =Prandtl number

Nu «(Gr)"

hL [ gBdT-1? v
_O{g_]

K v?2

KL (L34 = hL o L34
3/4

ho—=hal¥!
L

3-4
ha 5 =hol™

hy ;4 hy 4
Now, h, ~ L—21/4 > h, ~ L11/4

4
ﬂ ﬁl/ —(EJM
h, () L

1
—_— 4

Given data:

In EDM process,

break down voltage, V, =200V

capacitance of R, circuit, C, =50puF
=50x10°F

26.
29.

30.

©
@

@

Energyreleased per spark across IEG

1 1 B
- E><CRC><V§ = 5 X50x10 %% (200> =1J

27. (@ 28. (b
Given data: Mass of ball (m,) =3 kg
Velocity, u, =4 m/s
mg =m=man of Stationary ball, and u; =0
After impact, kinetic energy, (K.E), =6J
coefficient of restitution, e =1
Considering conservation of momentum,
MU, +mgly =m,v, +mgvy
Bx4)+(myx0) =Bxv,)+mvy
12+0 =3y, +tmy,
v, tmvg=12 (1)
Now, using the following relation,
VB TVA
Up —Up
VBTVA
4-0
vp—Vv,=4 (i)
Substituting the value of v, from eqn. (ii) into eqn. (i)
we get,
3(vg—4) +mvy=12
Jvg—12+mvy=12
vp(m+3)=12+12=24

24
Y8 T, 3 . ...(iif)
Now, considering conservation of energy,
Initial kinetic energier = Final kinetic energier
1 1 |
—Xmp XUux +=Xmp X(0) = 6+—mv
5 XA XUR +- XM 0) 5 VB
1 2 1 -
—X3x(4)"+0 = 6+—mv
5 4 5 VB
1
24=06 +—msz
2
1 2
EmVB:24—6: 18
mv3=18%2=36 -(iv)

Substituting the value of v, from eqn. (iii) into eqn. (iv)
we get,

( o )2
m =36
m+3

mx576
(m+3)?

=36

(2 +9+6m) — mx576 _
36

m?+6m—16m+9=0

m?>—10m+9=0

m?>—m—-9m+9=0

m(m—1)—9(m—1) =0

(m—-9)(m—-1) =0

m=1kg, 9kg

Given data :

Interface at » = b is frictionless. At the above location

in radial direction, the radial displacement remained

same.

16m
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32. () Given data: Refer to figures given below:

s
|L]c
IK K
¢ L4 ;r (9]
‘. u.l}/[: uPIEI and GII\_;[ :(jrl;I L

31. () Given data: Refer to figure given below:
mass of slinder bar =m

Stiffness; K, =K, K, =3K
q 4 damping coefficient = C

i Let, moment of Inertia about ‘O’ =1,
v 2
P = Q Moment of Inertia about ‘C* =1.= mL”
< 12
<—
! L
Let us consider a section (x —x) at a distance x from the R =Radius= 4
free end ‘B’ ofthe beam, then, I, =I.+ mR2
Moment about (x —x), 12 L
1 dx |, * S L =——r+ m(—}
Mx = — EX x X T X E 0 12 4
a3 ml? ml?  4mL? +3ml?
_ gx = + =
! 6L 12 16 48
As we know that, 7 mI2
_pldy g . © T4
T 4x? 6L () Now, take moments of all about the pivot point ‘0, we get,
Integrating the eqn. (i), we have I,6+K, [L 3 ij QX[L _Lj LK, (Lj %O L
0 Eldy _qX4 ‘A () 4 4 4 4
=—= .1 .
x dx  6x4L +C(£—£jx0x(£—£)=0
Again integrating, we get, 2 4 2 4
2
5 7mL” .. 3L 5 3L L L
—plp= X , O+Kx—=x OX—+3KX—x OX—+
Y. *EI.}/*mﬁ‘AlXﬁ‘Az Or. 48 4 4 4 4
..(iii) C L P L
Now, at fixedend, x =L, 6,= 0, y, =0, we get XZX XZ =0
4 .
_—qab _ 2 2
Slope (6,) = L +A;=0 or, 7mL 9+2KL26+1KL26+ COL _o
3 48 16 16 16
_tab . 2. . 2
Y ~(1v) or, Tl 9+2KL26+%:0
s 3 48 16 '
- or, rearranging equation,
deflection () = —9= + 95 (1) 4 A, =0 S neme el ,
120L 24 7mL” ... COL" 12KL
4 4 00 + + 0=0
9t _ab 48 16 16
2 7m; CO 12K
R B+ —+=0=0 (i)
qL* —=5qL —4qL 48 16 16 . .
= 120 = 120 Equation (i) is equivalent to quadratic equation,
, ax*>+bx+C =0 (i)
- S Im e 1K
0 . T T 60C e
Magnitude of maximum deflection b2 =dac=0

4 4
e (g) —4(7—“‘](%}0
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33. (0

34. (b)

¢ _4x7m 12K
16x16 3x16 16

C2=112mk

C = Jl12mK

C = 47 xImK
C

Jmk 47

Refer to figure given below:

Given data: T, >T,>T,
CoP,,, = Coefficient of performance of heat pump
Ny, = efficiency of heat engine

(CoP)yp = %
where, Q3:Q2+Wand’W:Q1_Q2:Q3_Q2 ..(1)
Q2 +w
-~ (CoP)yp=
w Q Q .
My~ Q_1 ot l_Q_l = Q_?: L—nyp (i)

Now, (CoP),, = Refrigeration effect Qs

w B Ql _QZ
Q
Q _ 1
:1—& g
Q3
S|
(CoP)p =Myp
or CoP=pn"!

Refer to figure given below:
Let us consider liver rule for binary phase diagram
given. The liver line is represented by OLM.

Liquidus

15001
Liquid

| 1250 [=mmmms Eo ot
2 I 1 | Solidus
= | ] i
= ! 1
L | I i
& ! |
& o ! Solid
|
10001 | ! !
P —i—t 4+ o
100% 20 32 40 60 68 80 100%
Q

Concentration of
(in weight %)

35.

36.

37.

©

(©)

From the figure,

OL 40-32
0 id= ——x100 = x100
7o Solid =5 6832

8
= —x100 = 0
36 22.22%

% liquid =100%—22.22%
=77.78% =T77.8%

PathA-D->G—=>1=5+6+7+2=20weeks
PathA->B—-E->H-=>1=5+7+3+4+2=21 weeks
PathA-B—>F—>1=5+7+9+2=23weeks
PathA—=C—>1=5+10+2=17weeks
Hence, time to complete the activities along the critical
path is 23 weeks.
Given data: w= constant angular velocity
r=length of crank
Considering the free body diagram:
w
. P I lo

<) |

From the geometry of figure:
1

sin ¢ :E
. 1
o (e

Let, a,= acceleration of point ‘P’

ag = acceleration of point ‘Q’
a,, =acceleration of link ‘PQ’

PQ

. aq :aP+aPQ

aq =—a.rsin45°—qa.r.cos45°

or a+wr =0=>a=—wHr

then, a, =—a=—(-w’r)=wr
(2.5)mm

Refer to figure given below:

B A
1 m ._.5 M,

el

Given data: Length of beam (/)=1m

flexural rigidity (EI) = 200 N.m?

applied moment (M,) =1N.M

Let, y = magnitude of vertical deflection of free end

_MP ixl?
2EI  2%200
y=2.5%x10"m

y = 2.5mm
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38. (41.23) kg
Given data: Refer to figure given below
m,=mass of ball A=10kg
m, =mass of ball B=20kg
r,=radius of rotation for ball ‘A’=200 mm
r, = radius of rotation for ball ‘B’ =400 mm

Let, m, , = balanced mass of ‘r,’ 41.

B
m, P

-0
0O SA

NOVV) (mbaL V) = \/(mara )2 + (marb )2

= J10%0.2)% +(20%0.4)2

My 7= \(2) +(8)% = V4 +64

m,, r=38246

8.246
my, = ——— =41.23kg

39. (0.79)  Refer to figure given below:

From the geometry of figures,

04 Ijplyy
= .1
0y Lzl

Considering A O,Al,, we have

sin 75° 0.966
X =1. X
sin15° 0.259
1,1,,=3.72x10°L+1x10°L
=472 x107L
Now, substituting the values I ,1,, and I, 1, in Enq. (i)

24

=3.72x107°L

I.I

1224 =

42.

Wy 3.72x107°L
0 = Ao a3y —0.79
2 472x10°L
0.17)
Probability of defective parts P, =P =0.05
Probability of non defective parts, P’ ,=q=1-0.05=0.95
Number of parts selected randomly,n =15
Now, probability that at least two parts will be defective,
PX=2)=1-P(X<2) (-- xisnumber of defective
parts)
=1—-{P(X=0)+P (X=1)} using Binomial distribution.

40.

SoLvep PAPER - 2019 @

-1 _{ISCOPan + ISCIP’q”)
- 1—{(0.95)15 +15(o.05)(o.95)14}

=1-{0.4633+0.3658} =1-0.8291

=0.1709 = 0.17
(-3) Given data : Radius of uniform disc =r
mass of disc =m
Length of axle,/=1.5r
angular speed = ®

angular velocity, w,= 10
Resultant reaction forces= Rp and RQ
o’ =300m/s?, g= 10 m/s?
using the following relation,
C=low,
where, C = Gyroscopic couple
.. omr?

I=moment of inertia = -

2
c=mr 0w

2 10

_ 1’1’11'2(1)2

20

mr-ro> _m-rx300
20 20

Reactions due to weight (w)

R, + RQ =W=mg

R, = RQ

15mr

mg _
2
Reactions due to gyroscopic couple

then, R;, :RQ: Sm

— 10 _lSmr_lSmr_lO
pm 10 Rem T s, Tl
Now, Total reaction acting on the axle,
(Rp) =—10m+5m=-5m

(RQ)T =5m+10m=15m

 Ro),
Ratio of (RP)T =

I5m _

-5m
(20.35) N
Given data :
diameter of brake drum, d=500 mm
dimension, ¢ = 1000 mm, 5= 500 mm, ¢ =200 mm
Coefficient of friction, p=0.35
Force applied on lever, F = 100N
Refer to figure given below:

E

M
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Taking moments about point ‘D’, ZMp =0 1 )
FxAE+uRxC=Rxb =5 X (Cp)ear, ¥ V3 xV; xey
an+}lRXC:RXb 1 2 1 3
100 % 1000+ 0.35x R x200=R x 500 = E><0.1><(44) x 44 = Ex(0.8) X V5.
1000 +0.35x2 xR =5R 3
1000+0.7R=5R 0.1 (44)3=(0.8)x(0.8) x V;
5R-0.7R=1000 0.1 (44)°
43R =1000 Vi = % =10648
1000 3
R=—— =232.56N V, = 310648
o e V, =22km/hr.
Braking torque acting the drum 45. (0.6)
T, =uRxr Given data :
500 _ F,, = fraction of radiation leaving plate I that is inter-
3 1
43. (0.50) oumilarty, Fiy =08
Given data : NR
Length of pipe ‘A, L, =1m _FyvtBRer 08404 012 0.6
Length of pipe ‘B’, L;=2m Fpo= 2 T2 2 T
Cross-sectioned diameter, D, =Dp 46. (57.76°C
Head Losses, (Hf) ’e (Hf B Given data :
In case of a laminar flow, .
For hot fluid, ty, =100°C
o 32vvL
Frictional head loss, Hf= PgD2 For cold fluid, tc, =15°C, tc, =45°C
heat capacity rate (for hot fluid), C,; = 2000 w/k
32vvaLs  32vvglp heat capacity rate (for cold fluid), C. = 1200 w/k
Now, 2 = 2 .
PgDy PgDg Let, th; =hotfluid temperature for ‘B’
o, V,L,=V,L, Refer to Figure given below:
V, x1=Vpx2 A
V—A =2 ﬁ:lzo's Ih-. = 100°C
Vg v, 2
Now, Flow rate through pipe (A), Q, =A, XV,
t, = 82°C
- %Di XV
Flow rate through pipe (B), Qg =A% V; /—— e = 43°C
I3 xvy t,=15°C .
4 >
T DzB X Vg For thermal equilibrium
Qg 4 ~— — Vy 050 Heat lost = heat achieved
=7 - =0.
Qa ZDi XVy  Va Ch(thy ~thg) = Celteg-te,)
44. (22)Km./hr. 2000(100 -ty ) =1200 (4515
B
Given, data: 1200 %30
Drag coefficient of car, (Cd)carl = 0.1 (windows and 100- thg = 2000
roof close) 100—t;,, =18
Drag coefficient of car (Cq)car, = 0.8 (windows and 10018 — 899
roof open) NhB Ll 00 tf .821\f T ture Diff
Speed of car (when windows and roof closed), V, =44 ow, Logartthiic Mean femperature Ltierence,
km/hr. 04 —0p
Let, V, = speed of car (when windows and roof open) 0
Considering the following for equalization of power IMID =|In [Aj
needed to overcomes the aerodynamic drag with roof O

and doors opened and closed.

FDl XV1: FD2 XV2 when, OA: (thA _tCA):loo_l5 =85°C

1 2 _ _ @y _ 45 — 270
3X(Cp)eay ¥ Vi' X Vi xep 0= (thy —tc, ) =82-45=37°C
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85-37 48 _ 48 e
ln(ss j In(2297) 0.831

37

LMTD =

@.1)kw

Given that,
Rate of water flow, Q =1 kg/s
Increase in enthalpy, h,—h = 2.5 kl/kg
Increase in specific entropy, S, —S, = 0.007 kJ/Kg. K
Power input to electric heater, w=2.5 kw
Ambient temperature, (TQ) =300k
Irreversibility rate of system,
I=T,x(S5,-S)xQ
=300%0.007 x 1 =2.1 kw

(8.10) kg/s,

Given data:

Blade outer radius, r,= 50 mm
Power consumerd, P =2 kw
Speed, N=3000 rpm

Velocity of whirl at outlet,

_mDEN _ tx2x50x107> x3000

u,= Vg, =
22 60 60

=15.71m/s

P. = m(szuZ _leul)
when, Vy,, =Velocity of whirl at inlet =0
u, =inletvelocity
u, = outlet velocity
m = Rate of mass flow
2000= m (15.71 x 15.71-0)
2000

m = (15.71)2 =8.104 kg/s

~ 8.10kg/s

(708.8) kJ/kg

Given data :
For an air standard otto cycle,
thermal efficiency, 77, = 0.5
mean effective pressure, mep = 1000 KPa
specific heat ratio, v = 1.4
Specific gas constant, R =0.287 kJ/kg. K
At the beginning of compression stroke,
Pressure, P, =100 KPa
temperature, T, =300 K
using the following relation,

1
’7 otto = (I-)V_l

1

o, 0.5=1-

(r)l.4—l
1

_1-
0.5 (r)0'4

1
(r)0'4 =1-0.5=0.5

1

04—~ —9

(r) ?.5

"= (2)04 =22

SoLvep PAPER - 2019 @

r=5.657

Now, using the relation,
P,V,=RT,

100>V, =0.287 %300

~0.287x300

= = 3
| 100 0.861 m°/kg
. ) \%

Now, compression ratio, = v,

0.861

5.657= V—2

0.861
V.= =200 01522 w3
2" 5657 merkg

Now, if, Wy = Specific net work output of the cycle
WN
mep = V-V,

00— — YN
©0.861-0.1522

W, =(0.861-0.1522)x 1000
=708.8 kl/kg

(28.9) Sec.

Given data:

Accleration due to gravity, g =9.81 m/s?

Size of mold cavity=40 cm x 30 cm X 15 cm

Volume of mold cavity (V) =40 x 30 x 15
=18000 cm?

Let, #=time to fill up the mold cavity

using the following relation,

v
7 = A/2gH,;
when, A, = Area of cross-section of choks

T N2 2
=—(2)" =ncm
4()

H,(Filling height) = 20 cm

18000 = 7T2%x971x20

t

18000 _ 18000x7
L T i 2x38120  22x198.09
t =28.9 seconds

(0.7) kJ/mm

Given data: In a GTAW operation,
Current, [=250A
Arcvoltage, V=20V
weld speed, S=5 mm/s
Arc efficiency, 77, .= 70% or 0.70
Heat input/unit length (H, )

_ NDuty cycle XV xI

5

1x20x250
= —X
5
=700 J/mm

= (0.7 kJ/mm

X T]ElI'C

0.7
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52. (1.25)mm
Diameter of rolls (D) = 600 mm
Coefficient of friction, ()= 0.05
initial sheet thickness, ,= 2 mm
Let, ¢ = final sheet thickness

Minimum possible final thickness; (tf) =t—(AY), .

2
Where, (Af), = %
2
_ (0.05)” x600
2
=0.75mm
tp = 2-0.75
=1.25mm
53. 275)W
Given data:

thickness of plate () = 15 mm
diameter of drill pit (D) = 10 mm
feed rate (f) = 0.25 mm/rev.
spindle speed (N) = 1200 rpm

Specific energy required, (E.) = 0.7 Nm/mm?

Let, P = Power requires for drilling
S P=AXf*xNxE/60
Where, A = Area of cross-section

- %DZ =%x(10)2 = 25n mm?

257 x0.25%x1200%0.7
P= 60

=275W
54. (0.74)
Given data:
Rake angle (o) = 10°
Uncut chip thickness, = 0.125 mm
Chip thickness, z,= 0.22 mm

¢ 0.22

Chip thickness ratio, r, = TC =——=1.76

0.125
Now, using relation,

cosa cos10°
tan = r—sino 1.76 —sin10°
0.9848 0.9848
an ¢ = 776_0.1736 | ~ | 15804

tan=0.621

¢=tan"'(0.621)
¢=31.8
Condition for minimum cutting force,

2¢+/3—a:§

or 2¢+f-a=90°

2x31.8+6-10°=90°
B=90+10-2x31.8=90+10-63.6

p=364°

Now, coefficient of friction of chip-tool interface,
p=tan B =tan 36.4

n=0.737

(943.6)

RS Given data :

Annual demand of valver/year, (D,) = 10,000 units
Current order quantity, (Q) =400 Valve, /order
holding cost/valve/year, (X,) =24

Ordering cost/order, (X)) = 400

Economic order Quantity,

2D, X,

EOQ= |y,

_ [2x10,000x400 s
24 '

Inventory cost / year, (IC),

= "'2DaX0Xh

= \/2x10,000x 400x 24

=Rs. 13856.40
Inventory cost/year (IC),
D
-4 XO + g X Xh
Q 2
= —IOOOO x400+ ﬂ>< 24
400 2
=10000 +4800

(IC),=Rs. 14800

.. Saving in the total cost of inventory per year
=(1C),-(IC),
=14800—13856.40
=Rs. 943.6
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Duration: 3 hrs

Maximum Marks: 100

'~ D\
INSTRUCTIONS

1. There are a total of 65 questions carrying 100 marks.

2. The subject specific GATE paper section consists of 55 questions. The GA section consists of 10 questions.

3.  Questions are of Multiple Choice Question (MCQ) or Numerical Answer type. A multiple choice question will have
four choices for the answer with only one correct choice. For numerical answer type questions, the answer is a number
and no choices will be given.

4.  Questions not attempted will result in zero mark. Wrong answers for multiple choice type questions will result in

1
NEGATIVE marks. For all 1 mark questions, 3 mark will be deducted for each wrong answer. For all 2 marks questions,
2 :
3 mark will be deducted for each wrong answer.

5.  Thereis NO NEGATIVE MARKING for questions of NUMERICAL ANSWER TYPE.

\S >

Question 1- 5 carry one mark each.

L

“ Going by the
work, the school
task.”

The words that best fill the blanks in the above sentence
are

(@) principle, principal (b) principal, principle

(¢) principle, principle (d) principal, principal

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

The word that best fills the blank in the above sentence is
(@) cleanliness (b) punctuality

(c) frugality (d) greatness

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?

@ 1 (b) 7

(c) 100 (d) 700

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 m2 of area. What is the area
of the original rectangle in square meters?

(@ 1125 (b) 2250

(c) 2924 (d) 4500

that many hands make light
involved all the students in the

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?

(@ 63 (b) 72

(c) 81 (d) %

Questions 6-10 carry two marks each.

6.

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?
(@ —3and3 (b) —land1
(¢) —land3 (d) land3

Given that a and b are integers and a + a® b3 is odd, which
one of the following statements is correct?

(@) aand b are both odd (b) aand b are both even
(¢) aisevenandbisodd (d) aisodd and b is even
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) 210and 140 (b) 162.5and 187.5

(¢) 245and 130 (d) 175and 200

Which of the following functions describe the graph shown
in the below figure?



0]

10.
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y

@ y=|x|+1]-2 ®) y=[x|-1|-1

© y=[xl+1-1 @ y=[x-1-1]
Consider the following three statements:

(i) Someroses are red.

(i) Allred flowers fade quickly.

(iii) Some roses fade quickly.

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

(@) If(i)istrueand(ii) is false, then (iii) is false.
(b) If(i)istrueand (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.

TECHNICAL

Questions 1-25 carry one mark each.

1.

Four red balls, four green balls and four blue 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

(@ 1/72 (b) 1/55

(c) 1736 (d 1227
-4 1 -1

The rank of thematrix | -1 —1 —1|is
7 -3 1

(@ 1 (b)y 2

(c) 3 (d) 4

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 ,[ S (x)dx
a
@ f()((®-a) (b) f(b)(&-a)
© fl@)(®-9 (d 0
F (2) is a function of the complex variable z = x + iy given
by F(z) =iz=kRe(z) +ilm (z)
For what value of £ will F(z) satisfy the Cauchy-Riemann

equations?
@ o (b) 1
() 1 (d) y

A bar of uniform cross section and weighing 100 N is held
horizontally using two massless and inextensible strings S1
and S2 as shown in the figure.

10.

Rigid support
N T =2 T,=?
S1 S2 Bar
< S¢ S
L2 L2

The tensions in the strings are

(@ T7,=100Nand7,=0N (b) T,=0Nand7,=100N
(© T,=75NandT,=25N (d) T)=25Nand7,=75N
If 01 and o5 are the algebraically largest and smallest
principal stresses respectively, the value of the maximum
shear stress is

0] +03
@ — (b)
O] + 03

2
© (52 @ 752

The equation of motion for a spring-mass system excited

01— 03

by a harmonic force is M + Kx = F cos (w¢), 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 o is equal to
b 1 [K
®) 2r\N M

\/ﬁ

@ g
5 \/? \/?

© 2m- @ 4

For an Oldham coupling used between two shafts, which

among the following statements are correct?

I Torsional load is transferred along shaft axis.

I. A velocity ratio of 1:2 between shafts is obtained
without using gears.

II. Bending load is transferred transverse to shaft axis.

IV. Rotation is transferred along shaft axis.

(@ TandIII (b) TandIV

(c) HandIII (d) MandIV

For a two-dimensional incompressible flow field given by

ii = A(xi — yj) , where A >0, which one of the following

statements is FALSE?

(@) It satisfies continuity equation.

(b) Itisunidirectional whenx — Oand y —> .

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

(d) TItisirrotational.

Which one of the following statements is correct for a

superheated vapour?

(@) Its pressure is less than the saturation pressure at a
given temperature.

(b) Itstemperature is less than the saturation temperature
at a given pressure.
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11.

12.

13.

14.

15.

16.

17.

18.

(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.

In a linearly hardening plastic material, the true stress beyond

initial yielding

(@) 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

The type of weld represented by the shaded region in the

figure is

(a) groove (b) spot

(c) fillet (d) plug

Using the Taylor’s tool life equation with exponent n=0.5, if

the cutting speed is reduced by 50%, the ratio of new tool

life to original tool life is

(@ 4 (b) 2

(© 1 (d) 05

A grinding ratio of 200 implies that the

(@) 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

Interpolator in a CNC machine

(@) controls spindle speed

(b) coordinates axes movements

(c) operates tool changer

(d) commands canned cycle

The time series forecasting method that gives equal

weightage to each of the m most recent observations is

(@ Moving average method

(b) Exponential smoothing with linear trend

(¢) Triple Exponential smoothing

(d) Kalman Filter

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

systems, respectively, for a facecentered cubic (FCC) crystal

are

@ 3,3 (b) 3,12

(c) 4,12 (d) 4,48

A six-faced fair dice is rolled five times. The probability (in

%) of obtaining “ONE” at least four times is

(@ 333 (b) 3.33

(c) 033 (d) 0.0033

19.

20.

21.

22,

23.

24,

25.
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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, E = 200 GPa for steel, the critical axial
load (inkN)is  (correct to two decimal places).
A four bar mechanism is made up of links of length 100,
200, 300 and 350 mm. Ifthe 350 mm link is fixed, the number
of links that can rotate fully is .
I f the wire diameter of a compressive helical spring is
increased by 2%, the change in spring stiffness (in %) is
(correct to two decimal places).
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 < of the fluid (in m/s) draining out
at the instant shown in the figure is (correct
to three decimal places).

| s/ Plate

I \L U |

Id 01m g Uy

Mavg <+

Wall

Anideal gas undergoes a process from state 1(7; =300 K,
p; = 100 kPa) to state 2 (T, = 600 K, 2 p, = 500 kPa). The
specific heats of the ideal gasare : ¢ = 1 kl/kg-Kand ¢, =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).

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).

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

Quesions 26 — 55 carry two marks each.

26.

27.

Let X, X, be two independent normal random variables

with means u,, u, and standard deviations 070,,

respectively. Consider Y =X, —X,; u, = u, =1, 01=

2. Then,

(@) Yisnormally distributed with mean 0 and variance 1

(b) Yisnormally distributed with mean 0 and variance 5

(c) Y has mean 0 and variance 5, but is NOT normally
distributed

(d) Y has mean 0 and variance 1, but is NOT normally
distributed

The value of the integral

@Sf.ﬁds

N

1, 0=
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over the closed surface S bounding a volume V, where

F=xi+y+ 2k is the position vector and 7 is the normal to

the surface S, is

4MPa<—

—» 4MPa

@ V
(c) 3V

®) 2V
d) 4v

28.

29.

30.

31.

A point mass is shot vertically up from ground level with a
velocity of 4 m/s at time, ¢ = 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 rest on the ground after a total time (in seconds)
of

@ 1 (b) 2

(c) 4 (d) oo

The state of stress at 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 0, (in kPa) is

Txy = 50 kPa
—

(@ 945 (b) 18.88

(c) 3778 (d) 7550

An epicyclic gear train is shown in the figure below. The
number of teeth on the gears A, 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 AB is fixed
and the sun gear A rotates at 300 rpm in the clockwise
direction, then the rpm of D in the clockwise direction is

@) 240
© 375

(b) —240

(d) 375

A carpenter glues a pair of cylindrical wooden logs by
bonding their end faces at an angle of 6=30° as shown in
the figure.

32.

33.

34.

3s.

36.

6=30°

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

(@) fails only because of criterion 1

(b) fails only because of criterion 2

(c) fails because of both criteria 1 and 2

(d) does not fail

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

(@) below 0.5 (b) 0.5t00.8

(c) 0.8t01.0 (d) above 1.0

A tank open at the top with a water level of 1 m, 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

1m _.Fre_»@ Jet

ol

L]
(@ 05 (b) 10
(¢) 20 (d) 40

In a Lagrangian system, the position of a fluid particle in a
flow is described as x = x e and y = y_e" where 7 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
The maximum reduction in cross-sectional area per pass
(R) of a cold wire drawing process is

R=1- e{n +1)
where n represents the strain hardening coefficient. For the
case of a perfectly plastic material, R is
(@) 0865 (b) 0826
(c) 0777 (d) 0632
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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37.

38.

39.

40.

41.

An explicit forward Euler method is used to numerically
integrate the differential equation

dy

dt
using a time step of 0.1. With the initial condition y(0) =1, the
value of y(1) computed by this method is

(correct to two decimal places).
F(s) is the Laplace transform of the function
f)y=272et
F()is (correct to two decimal places).
A simply 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 kKN/m
Ley I |
’ ;L.:l :=Erll;
I 4m |

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 (f) = 50 cos 5t. Assuming only

vertical translatory motion, the magnitude of the dynamic

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

T Fit)
I m

A slider crank mechanism is shown in the figure. At some
instant, the crank angle is 45° and a force 0of 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).

42,

43.

44.
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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 Q/2 |1‘
= = |
|~— 10 cm—»e 20 cm >

The total flow rate Q through the sprinkler 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 frictionless hinge,
the steady state angular speed of rotation (in rad/s) of the
sprinkler is (correct to two decimal places).

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 h = 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?2. The velocity
distribution within the oil film gap is linear as shown in the
figure.

Take dynamic viscosity of oil as 7107 Pa-s and acceleration
due to gravity as 10 m/s2.

Neglect weight of the oil. The terminal velocity V (in m/s) of
the block is (correct to one decimal place).

<« 7h=0.15mm

m=2.0 kg

|

A=0.04 m?

Impermeable wall

A tank of volume 0.05 m3 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).
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46.

47.

48.
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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 =4.1014 klJ/kg, K, =2.3309 kJ/kgK

Steam flows through a nozzle at a mass flow rate of m =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
/

h, =2500 kl/kg h,=2350kl/kg
1 o e
¢ o0 :>zn 0.1 kg/s ¢,

A n 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. Property data for air: c,=
1.005 kJ/kgK, c,=0.718 kl/kg K, R =0.287 kJ/kg K. The
maximum temperature (in K) of the cycle is

(correct to one decimal place).

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, 0of 25°C, as shown
in the figure. The fluid is at 45°C and the surface heat transfer
coefficient, /, is 10 W/m?K. The steady state temperature,
Ty, (in °C) of the side which is exposed to the fluid is

(correct to two decimal places).

’V\/""/‘

Ip

h=10W/m2K
T, = 45°C T,=25°C

k=2.5 W/mk

<+— L=20 cm —P

W

The true stress (o) -true strain (¢) diagram of a strain

hardening material is shown in figure. First, there is loading
up to point A, i.e., up to stress of 500 MPa and strain of 0.5.
Then from point A, 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 (gp) is

(correct to three decimal places).

49.

50.

51.

52.

53.

o r s
(MPa) A
S -
I
I
|
1
|
|
1
|
100 ——-————13 -
: |
I I
S "
L £ N 0.5 &

I 1
An orthogonal cutting operation is being carried out in
which uncut thickness is 0.010 mm, cutting speed is 130 m/
min, rake angleis 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 friction energy to
total energy is (correct to two decimal places).
A bar is compressed to half of its original length. The
magnitude of true strain produced in the deformed bar is
(correct to two decimal places).
The minimum value of 3x+ Sy
such that:
3x+5y<15
4x +9y <8
13x+2y<2
x>0,y>0
is .
Processing times (including setup times) and due dates for
six jobs waiting to be processed at a work center 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

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 as
shown. Given that the coefficient of friction between the
shoe and the drum is 0.3, the braking torque (in Nm ) applied
on the drumis (correct to two decimal places).
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