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ECTION - A

This question consists of TWENTY-FIYE sub-questions (1.1 = 1,25) of OME mark
gach. For each of these sub-questions, four possible alternatives (4, 8, C and D)
are given, out of which ONLY OMNE is correct, Indicate the correct answer by
darkening the approprate bubble against the question number on the left hand
cide of the Objective Response Sheet (ORS). You may use the answer book
provided for any rough work, if needad,

The divergence of vector r= xj?+}f}+zk1 15

(@) i+j+k by 3 ici 0 [d) 1

Consider the systam of equations given balow:
x+y=2

Z2x+Z2y =5

This system has
(a4} ons solution {by no =olution
(ch infinite solutions (dy four solutions

What is the derivative of f(z) = |xatx =07

(a) 1 (by -1
(cy @ (dy Does not exist

Tha Gauss divergence theorem ralates cartain
[a} surfacz integrals to volume integrals

(b} surface integrals to hine integrals

(ch wector gquantities to other vector quantities
(d} hneintegrals to volume intagrals

For a spring-loaded raller-follower driven with a disc cam,

(a) the pressure angle should be larger during rige than that during return for
zase of transmitting mation

(b} the pressure angle should be amaller during rise than that during return for
ease of transmitting motion

(c) the pressure angle should be large dunng rise as well as during return for
zase of transmitting motion

(d} the pressure angle does not affect the ease of transmitting motion

Tha shape of the bending moment diagram for a uniform cantilever beam
carrying a uniformly distributed load over its length is

(&) astraight line tby a hyperbola

providing a piece of information. This is not an gfficial one. This might be used for



1.7

1.4

1.9

providing a piece

In the fgure shnwn,wf‘i'll'l'a‘ EETF@JHEHE&& hqj'.‘ﬁutn position & { the eguilibrium
position} when & mass m is kept on it. During free wibration, the mass is at

position B at some instant. The change in potential energy of the spring-m ass
system from position A to posibon B iz

m
[a) lkxz (b3 i|frx2—r|1lgrx
2 2
(c %k[:ﬁ 5 (d %k’xi+mgx

4 parbicle P15 projected from the earth surface at labitude 45% with escape
velpoty w=11.19 km/s, the velocity direction makes an angle « with the local
vertical. The particle will escape the earth’s gravitational field

(a) only when o =0

(b} only when o = 452

(3 only when @ = 90°

(d} irrespective of the value of i

Bars AB and BC, each of negligible mass, support load P as shown in the figure.
In this arrangement,

(@} bar B is subjected to bending but bar BC is not subjectad to bending
(b} bar &8 is not subjected to bending but bar BC is subjected to bending

(Y naither bar 4B nor bar BC is subjected to bending
(d} both bars AR and BC are subjected to bending

The area momant of inartia of a square of size 1 unit about its diagonal is

1 1 1 e 1
al — by — cy — d)] —
el . ol s _
nf information. This is not an official one. This might be

used
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1.11

providing a piece /gf mimformation. This is not an official one. This_ -

Which of the following SEatdrf et 4 BRlFEty T2 10

{a) Flywheel reduces speed fluctuabons dunng a cyde for a constant load, but
fiywheal doas not contral the mean spead of the angine if the load tanges,

(b} Flywheel does not reduce speed fluctuation during a cyde for a constant
load, but flywheel does not confrol the mean speed of the engine if the load
changes.

[y Governor controls speed fluctustions during 2 cycle for a constant load, but
governor doss not control the mean speed of the engine if the load changes.

(d) Gowernor controls speed fluctuations during a cyde for 3 constant load, and
governor also control the mean speed of the engine if the load changes.

Tha S1 unit of kinem atic viscosity (v) is
(2] mzfﬂsec (b kgf{m-sec) {c) rru’*sl!l:2 (d} rn:':',,.fsz:2

A static luid can have

(8} non-zero normal and shear strass

(b} negative norm al strecs and zero shear stress
(c} paosiobve normal stress and zero shear stress
(d} zera normal stress and non-zaro shear strass

& gas having a negative Joule-Thempson coefficient {p < 0%, when throtted, will
(2} become coolar (by becom e warimar
[c) remain at the same tem perature

(d} either be coaler or warmer depending on the type of gas

Lumped heat transfer analysiz of a solid object suddenly exposed to a fluid
meadium at a different temperature 15 vahd when

(a)} Biotnumber < 0.1 (by Biot number > 0.1
(cy Fourier number < 0.1 {d) Fourier number = 0.1

The Rateau turbine belongs ta the category of

(a2} pressure compounded turbine (by reaction turbine
(c) welocity compounded turbine (dy radial fiow turbine
Ay
For the circular tube of egual length and diameter
shown below, the view factor Figis 0.17. the view factor
Fizin this case will be lbq‘\
(@) 0.17 L=0
(b) 0.21 r
(cy 0.79



1.18 In descending order waﬁrﬁﬁm&?‘iﬁgmﬁEFEﬂndu:tmlw of (&) pure iron, (b]

ligwd watar, () saturated water vapour and (d} aluminum can be arranged as
[a) abed tby bcad (cy dabc (didchba

1.19. Shrinkage allowance on pattern is provided to compensate for shrinkage when

{a) the temperature of liguid metal drops from pouring to freezing bem peratura
(b} themetal changes from liquid to solid state at freezing temperature

(cy the temperature of solid phase drops from freezing to room temperature
(d} the temparature of metal drops from pouring Lo room tam peratura

1.20. Tha cutting forme in punching and blanking operations mainly depands on
(a) themodulus of elasticty of matal (by the shear strangth of matal
[cd the bulk rmodulus of metal (d) the yield srength of metal

1.21. In ECM, the material removal is due to
(@} comrosion (b) erosion
(cy fusion (dy 1on dizplacement

1.22. Two plates of the same metal having equal thickness are to be butt welded with
electnc arc, When the plake thickness changes, welding is achieved by

{a) adjusting the current (b adjusting the duration of current
{c) changing the electrode sze {dy changing the electrode coating

1.23,  Allowance in limits and fits refers to
[a} maximum clearance between shaft and haole
(b} minirmum clearance batwean shaft and hole
{c) difference between maximum and minirmum size of hole

(d} difference bebtwesen maximum and minimum size of shaft

1.24. Production flow analysis (PFA) is 2 method of identifying part families that uses

daka from
(@) engineering drawings (b)Y production schedula
(cy bill of materials (d) route sheats

1.28  When using a simple moving average to foracast demand, one would
(2} give equal weight to all dem and data
(b} aszign more weight to the recent demand data
(cy include new demand data in the average without discarding the earlier data
(d} include new demand data in the average after discarding some of the earlier
providing a piece of d_su-'fag'yl%_t’qcf This is not an official one. This might be used for
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2 This quesbon cnnsli@WTLE‘EEF"P—#?F{EE&LEHEHMHE (2.1- 2.25) of TWO marks
each. For sach of these sub-guestions, four possible alternatives (&, B, C and D)
are given, out of which ONLY OMNE 15 oorrect. Indicate the correct answer by
darkening the appropnate bubble against the guestion number on the left hand
side of the Objective Response Sheet [ORS) You may use the answer book
provided for any rough work, if nesdead.

2.1 The minimum point of the function f(x) = (x%/3) - xiz at

1
(a) x= 1 (by x= -1 {(c) =0 (d]x:—ﬁ,—-
22, Tharank of a 3 x 3 matrix C { = 4B}, found by multiplying & non-zera colurnn
matrix & of size 3 % 1 and a non-zero row mafriz B ofsize 1 = 3, is
(a1 0 (b 1 ich 2 (d) 3

2.3, An unbiased con s tossed three times. The probability that the head turns up in
sxactly bwo cazes s

(a) 3 ® 3 © = @3

2.4,  Two helical tensile springs of the same material and also having identical mean

] . d . .
coil diamater and weight, have wiré diameters d and 3 The ratic of ther

stiffhess is
(a) 1 (b 4 (c) 64 (d) 128
2.5, Thamazimum principal stress for the stress state shown in the figure is
o
&
—t
L F-
o
(a) o by 2o [ (C) 30 (d)1.50

2.6, The sun gear in the figure is driven clockwise at 100 rpm. The ring gear is held
stationary. For the num ber of teath shown on the gears, tha arm rotatas at

g 80T

B

providing a piece of information. This i:

This pight be used for



2.7.

2.9,

2.9,

providing a piece

For the loading on tru§§gﬁfﬁﬁﬁ%‘§m'5é;qhé?nr:e in member CD =

c E
¥ ¥
1k kM

{a) O kN {b) 1 kN te) 2 kN (d) igkm

7

Bodies 1 and 2 shown in the figure have equal mass m. All surfaces are smooth.
The value of force P reguired to prevent sliding of body 2 on bady 1 is

(a) P =z2mg by P= +Emg (c) P=2dma (d)p=mg

The assembly shown in the figure 1= composed of two massless rods of length |
with two particles, each of mass m. the natural frequency of this assembly for
=m all oecillations is

(2) .E .xmfimﬁ
®© e
© ! gEr:!
(@)

Mass M slides in a frictionless slat in the horizontal i

direction and the bob of mass m is hinged to0 mass M h%ﬁ%w 3
at C, through a rigid massless rod. This system is .- (<N
redeased from rest with @ =30°, at the instant when @ ‘ﬁ}

= 0, the velocities of m and W can be determined using
the fact that, for the system {i.e., m and M together),

(a) the hnear momentum n x and v direchons are

conserved byt the epergy is nok conserved L. i .
of in ormalg:u:r.. Ell'-ll'u_l;'sl"I is "ﬁ an official one. = might be

used
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2. 1L

(b} the linear mam et EEE%HEEFE%EHEHEILFE conserved and the energy is
also conserved

(cy the linear momentum in » directon is conservad and the energy is also
conserved

(d) the linear momentum in y direcbon is conserved and the energy is also
conserved

& cydic heat engine does 50 k1 of wark per cyde, [f the effidency of the heat
engine is 75%, the heat rejected per cyde is

2 1 1 2
(a) 1624 (b) 33240 (c) 3724 () 665 ks

4 single-acting two-stzge compressor with complets intercooling delivers air at
16 bar. Assuming an intake state of 1 bar at 15°C, the prassure ratio per stage is

(a) 18 {b) 8 (c) 4 (d) 2

Tha horizontal and vertical hydrostatic forces Fy and Fy on the semi-circular gate,
hawing a width o into the plane of figura, ara

(a} F.=pghreandF, =0 (b) F.=2pghre and F, =0

(¢} F, =pghre and F, = pger” /2 {dy F, =2pghre and F, = foger- /2

The 2-D flow with velocity 7 =[x + 2y + 2]}r + [4-—].-*]} is
(a)} compressible and irrotational {by compressible and not irrotational

{cy incompressible and irrotational

[d} incompressible and not irotational

& small steam whistle (perfectly insulated and doing no shaft work ) causes a drop
of 0.8 k1/kg in the enthalpy of steam from entry to exit. If the kinetic energy of
the steam at entry is negligible, the velocity of the steam at exitis

fa}] +m/s (by 40 m/s {c) 80m/s (d} 120 m /s

providing a piece of information. This is not an official one. This might be used for



2,19,

2.20.

225,

2.22,

For air at a given bem‘fﬂér"i‘nhfr%?gy m’l-g‘tmi;hﬂﬁliditu 15 increased isotherm ally,
fa) the wet bulb tem perature and specific anthalpy increase

(b} the wet bulb tem perature and specific enthalpy decrease

(cy the wet bulb tem perature increases and specific enthalpy decease =

{d) the wet bulb tem perature decreases and specific enthalpy increasaes

iMater (Prandtl number =6 flows over a flat plate which is heated over the antire
length, which ona of the following relationship between the hydrodynamic
boundary layer thickness (8) and the thermal boundary layer thickness (&) is
rue?

(2] G & (b} &< B {c) f.= 5

(d} Cannotbe predicted

In a spark igmton engine working on the ideal Otto cycle, the compression ratio
15 5.5, The work output per cyde {i.e., area of the P-% diggram] 1= equal to
23.625<10%V 1, whera ¥ iz the dearance volume in m® The indicated mean
gffectve pressure is

(@} +.295 bar (by 5.250 bar
(cy 8&.870 bar {dy 106.300 bar

The height of the down-sprue is 175 mm and its cross-sectional area at the base
i= 200 mmZ The cross-sectional area of the horizontal mnner is alsa 200 mm 2
assuming no losses, indicatz the correct choice for the time (in seonds) required
to fill 2 mold cavity of wolume 10% mm?, (Useg= 10 mj52}.

(a) 2.67 (b} 8.45 {c) 25,72 (d) 84,50

For rnigid perfectly plastic work matenal, negligible interface friction and no
redundant work, the theoretically maximum possible reduction in the wire
drawing operabon is

(&) 0.36 (b 0.63 {cy 1.00 (d)2.72

During orthogonal cutting of mild steal with a 10° rake angle ol the chip
thickness ratio was obtained as 0.4, the shear angle {in degrees) evaluated from
this data is

{a) &.53 (by 2028 {c) 22.04 (d) 50.00

Resistance spot welding is performed on two plates of 1.5 mm thickness with 6
mm diameter electrode, using 15000 & current for a Gme duration of 0.25
seconds. Assuming the interface resistance to be 0.00010, the heat generatad to
form the weld is

(a)} 5&2E5 W-sac (bY 2427 W-csec

(ch 22500 W-sec (dy 33750 W-sEc

providing a piece of information. This is not an official one. This might be

used for
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2.23, Fifty observations ufﬂgﬁlﬁlfnﬂiiﬁ&}‘ﬁggﬁ'ﬁhﬂﬂ.ﬂealed a mean cycle time of 10
min, the worker was evaluated to be performing at 20% efficency. Assuming the
allowances to be 10% of the norm al time, the standard time (in seconds) for the
job iz
() 0.198 by 7.3 fc) 9.0 (d) 9.9

2.24, 3-2-1 method of locaton in a pg or fxbure would collectively restrict the work
piece in n degrees of freedom , whara the valus of nis

(a) & by & ich 9 (d) 12

2.25. In an NC machining operaktion, te tool has o be moved from point (5,43 o point
(T.2) along a circular path with center at {5,2). Before starting the operation, the
ool is at (5,47, The mrrect & and M code for this motion is

(&) WO10 GO3 =7.0 ¥2,015.0 2.0 (b) NO10 G02 X7.0 ¥2.0 [5.0 J2.0
{c) MO0 GO1 X7.0 ¥2,015.0 J2.0 fd) MO1D GO0 =7.0 ¥2,0 15,0 2.0
SECTION - B

This secton consists of TWENTY questions of FIYE marks each, Atempt ANY FIFTEEN
questons. Answers must be given in the answer book provided.

3. Solve the differential equation,
|'.'.|'2
—J'; 4y =
o'x
with the following conditrons:
(i) ate=0,%v=1

2 X T
ni atx= —, v= —
(i} Ak

4. The figura shows an electric motor driving a machine under steady conditions by
means of three straight oth spur gears hawing 25, 32 and 26 teeth. The
diametral pitch is 4 tegth/cm and the pressure angle is 20°, For the direction of
motor rottion shown, determine the radial load acting on the shaft carrying the
idler,

providing a piece of information. icial one. This might be used for



. Water {p = 1000 kgfﬁﬂ‘fﬂﬁfﬁ&rﬁmﬁghlﬁ?&ﬁﬁh a nozzle imto the atmosphers

under the conditions given below. (assume steady state flow).

1 Nozzle
— 2
Whater
—

Az P
nllullpl skl

At inlet: 4y = 107m?; ¥y = 2m/=ec; Pi=3x10% Palgaugs)
At outlet: Ay= 10" 5Pz= Pa

Determine the external horizontal force needed to keep the nozzla in place.

B. & numbear of cold ralling passes are required in a two-high rolling mill to reduce
the thickness of a plate from 50 mm to 25 mm. The roll diameter 1s 700 mm and
the coefficient of friction at the roll work interface 1s 0.1, it is required that the
draft in sach pass must be the same. Assuming no front and back tenzions,
detarmine {a) the minimum number of passes required and {b) the draft in sach
pass,

7 Steam at 300 kPa and 500°C (h = 3486.0 klJ/kg) enters a steam turbine and
exits at atmosphenc pressure and 350°C (h = 31758 k1/&kg). Heat losses in the
turbine are 30 kW and the mazss flow rate 15 0.25 kg's. determine the power
output of the bturbine if kinetic energy losses are neghgible.

B. Two solid workpieces, (i) a sphere with radius R and (1) & cylinder wath diameter
equal to its height, have to be sand cast. Both work-pieces have the same
volume, Show that the oylindrical work -piece will sclidify faster than the sphencal
work-pleca,

9. & spring mass dashpot system is shown in the Agure. The spnng stiffness is k,
mas is m, and the viscous damping coefficent iz . the system is subjected to a
forca fyoosat as shown, Write the eguations of motion which are nesded 1o
determine . {No need to determined x.)
K=0
-

o k oy
B—— m ] | o casrat

EE 2

10, 4 four-stroke engine develops 18,5 kW at 250 rpm. The turning moment diagram
is ractangular for both expansion and compression strokes, The turning mom ent
i negative during compression stroke and is 2ero during suction and exhaust
strokes. The rning moment for the expansion stroke is 2.8 times that of the
compression stroke, Assuming constant load, determing the moment af inertia of

. ) the fiywheel to keep the total fluctuatdon of the crankshaft speed within 1% of
providing a piece of capntormatintr-cFis is not an official one. This might be used for
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11.

12.

13.

14,

15.

providing a piece mpfocnormabiimgni v This deerngt —am efEEqdal one.

Use the area mom EnFﬁEfWﬁWE‘F&ﬂ&H&H deflection of the uniform beam
48 at the following points:

(a) middle of the baam {point O}
(b} left end of the beam (point A)
The flexural nqidity of the beam 1= EL.

Tool life testing on a lathe under dry cutting conditions gave n and C of Taylar
toal life equation as 012 and 130 m/ min, respectively. When a coolant was uzed,
Cincreased by 10%. Find the percent increase in tool life with the use of coolant
at a outting speed of 90 m/min,

[dentical straight tuming operabion was carried out using two tools: B-B-5-5-5-
25-0 {AaSA) and B-B-5-5-7-30-0 {ASA). Show that the first tool will give better
surface finish in terms of peak-to-valley haight.

Water flows through a 0.6 m diameter, 1000 m long pipe from a 30 m overhead
tank o a village. Find the discharge (in liters) at the village (at ground leseld,
assuming a Fanming friction factor F = 0.04 and ignoring minor losses due to
bends estc

& com posite wall, having unit length normal to the plane of paper, is insulated at
the top and bottom as shown in the figure. It is comprised of four different
materials & B, Cand D,

Insulzted
o77ce
_f B Ha
Ha=~Hp & (=] '*'
] © | e
Tuby ol [SRRRTZTTA T
Ly L L
Irs ulated

Thaedimensons are: Ha=Hp = 3m, He=Hc=1.6m, Li= Lz= 0.05m, Lz== 0.1 m
The thermal conduchivity of the materizls are: Ky = kK = B0 W/m-K, Ky =
10%WSm-k, Koz 1 Wm-k.

Tha fluid temperatures and heat transfer coafficients (see qu_L'J_r'B:I are: ‘~Ttl =
115 mign De

used for



Assuming cne-dim ensidat Eﬁl‘?ﬂﬁ EFi',E it - qull
{a) skatch the therm al dreuit of the system, and
(b} determine the rate of heat transfer through the wall,

16. & Brayton cyde {air standard) has a pressure ratio of 4 and inlet conditions of
one standard atmosphere pressure and 279C, Find the air flow rate required for
100 kw power output if the maximum temperature in the cyde is 1000°C.
Assume y=1.4 and Cp = 1.0 ki/kg-K,

17. & Francis turbine running at 200 rpm develaps a power of 5000 &W under a head
of 25 m. determina the speed and power output under a head of 100 m.

18, 4 belt drive shown in Figure (a} has an angle of wrap of 1607 on the smaller
pulley. Adding an idler as shown in Figure (b)), increases the wrap angle o 200°,
The slack side tension is the same in both cases and the centrifugal force is
neghgible. By what percentage is the torgue capacity of the belt drive incraased
by adding the idler? {use coefficient of friction p = 0.3.}

19, The 2 kg mass C moving horzontally to the right, with a velodty of & m/s, strikes
the 8 kg mass B at the lower end of the rigid massless rod &8, The rod is
suspended from a frictionless hinge at & and is initially at rest, If the coefficient
of restitution betweaen mass C and mass B 1s ong, determine the angular velocity
of the rod &B immediately after impact.

20. & mechanic has an engine from a 1970 model car which works on the basis of
Otto cycle, The engine displaces 1.8 liters, has a comprassion ratio of 10.2:1 and
hae =ix cylinders. The pistons in the original engine are 120 mm in diameter. The
meachamic bores the cylinder and replaces the piston with new pistons that are 2
mm larger in diameter than the originals.  {a) Keeping all other factors =ame,
whiat will be the percentage change in power output? (b} By what percentage will
providing a piece e adnife affstcidg ChI¥ngef is not an official one. This might be used for



21. & com pany 15 offerad Wﬁ:ﬁﬁtﬁ%ﬂ%rﬁéﬂﬁ%r order quantity

Order quanfbity  Price (Rs.)
0 - 100 1t0
101 and above 100

Order cost is Rs.60 per order while the holding cost is 10% of the purchase price.
bDetermine the economic order quantity (EQG) if the annual requirement is 1000
units.

22. The shaft shawn is supported on bearings at & and B. This shaft carries three
eccentric masses (each of mass m) in planes parallel to x-y plane at C, D and E.

the eccentricity of mass at C 15 e and eccentnioty of masses 2t 0 and E 1= %.

the shaft rotates at speed @ In the figure, on and ég indicate the angular
positions of masses at O and E in x-y plane with respect to that of mass at C.
Heglecting gravity effect, determine 6p and 6 to provide static balance. also
determine the rabo of magnitudes of dynamic bearing reachons at & and B for
the obtained valuss of én and 8g.

providing a piece of information. This is not an official one. This might be used for
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