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GATE:1999

ME - Mechanical Engineering

(SECTIONA)
75 Marks

1. Write in your answer book at the space provided for
QUESTION - 1 the correct or the most appropriate
answer to All the following twenty five multiple

1.5 Following are the values of a function y(x): y(-1)
=5 yO0), y) = 8 Y at x = o
dx

as per Newton's central difference scheme is

choice subquestions, by writing only Lhe alphabet A, (@) © ) 15
B, C, or D that corresponds to your choice of the 20 @ 30
answer. Write this alphabet only in the ANSWER 1.6 Analysis of variance is concerned with
column, asainst the corresponding NUMBER of the () determining change ina dependent variable
sub - question. (25 x 1 =25) per unit change in an independent variable
1.1 Rank of the matrix given below is (U) determining whether a qualitative factor
affects the mean of an output variable
3 2 9 (©) determining whether significant correlation
- -4 18 exists between an output variable and an
L2s 8 =00 input variable
() 1 o 2 (d) determining whether variances in two or
more populations are significantly different.
@ 3 @ 1.7 A concentrated force, Fisapplied ( perpendicular
1.2 For the function ¢ = @x® y — »? to represent the to the plane of the figure) on the tip of the bent l_:ar
velocity potential of an ideal fluid, V2 ¢ should shown in Figure. The equivalent load ata section
be equal to zero. In that case, the value of 'a" has close to the fixed end is
tobe bt ——=]
@ -1 1 T
© -3 @ 3 ’
L
1.3 If the velocity vector in a two- dimensional flow
field is given by then vorticity vector, curl g will
& F ] h— ___-1 ’
2? T
0 2y% ®) 6yk (@) ForceF
T () Force Fand bending moment FL
—4x k
G see e g () Force Fend! bwisling moment FL
14 Laplace transform of (a +bt)* where s’ and b'are (d) Force F, bending moment F L, and twisting
constants is given by moment FL
1.8 Which theory of failure will you use for
@ e+l e (a+bs)? aluminium components under steady loading
() Principal stress theory
a* 2ab 27 a® 2ab b (b) Principal strain theory
— e ——— e — — — .
@ s 28 @ TrEE (¢) Strainenergy theory

(4) maximum shear stress theory



1.9 Forthe planar mechanism shown in Fig. 1.9, sclect
the most appropriate choice for the metion of link
2 when link 4 15 moved upwa rds.

(@) Link2 rotates clockwise

{#} Link2 rotates counter - clockwise
() Link2doesnotmove

(d) Link 2 motion cannol be determined

%

&
110 =5 =C2"a;;represontsthecquationfor

(a) Vibration of astrelched string
() Motion of a projectileina gravita tional field
(© Heat flow in thin rod
(d) Oscillation of a simple pendulum
1.11 Bolts in the flanged end of pressure vessel are

usually pre - tensioned Indicate which of the
following statments in NOT TRUE ?

(a) Pre - tensioning helps to seal the pressure
vessel

() Pre - tensioning increases the fatigue life of
the bolts

@ Pre-tensioning reduces the maximum tensile
stress in the bolts

(d) Pre- tensioning helps to reduce the effect of
pressure pulsations in the pressure vessel

112 If p' is the guage pressure within a spherical
droplet, then guage pressure withina bubbie of
the same fluid and of same size will

(a) % ® -’21

@r @ 2p

113 If velocity of water inside a smooth tube is
doubled, the n turbulent flow heat transfer
coefficient between the water and the tube will

(M remain unchanged
() increase Lo double its value
() increase but will not reach double its value
{d) increase to more than double its value

1.14 A Stirling cycle and a Carnot cycle operate
between 530° C and 350° C. Their efficiencies are

n,and n_respectively. In this case, which of the
following statements is true?

M n.=n,
© n.=n,
© n.<n
(d) Thesignof (n - n)dependsonthe working
fluids used
1.15 A Camot cycle refrigerator operates between 250
K and 300 K. Its coefficient of performance is
(a) 6.0 (v 5.0
© 1.2 () 0.8
1.16 [napulverised-fuel-fired large power boiler, then

heat transfer from the burning fuel to the walls of
the furnace is

(a) by conduction only
(b) By convectiononly
{©) Dby conduction and convection
(d) predominantly by radiation

1.17 A gas turbine power plant hasa specific output
of 350 k]/ kg and an efficiency of 34%.
A regenerator is installed and the efficiency

increases to 51% The specific output
will be closest to

(a) 350k|/kg (b) 468K]/kg
() 525kj/kg (dy 700k]/kg
1.18 Kinematic viscosity of air at 20° Cis given to be

1.6 x 10 m?/s. lts kinematic viscosity at
70° C will be vary approximately

@ 22x10°m¥/s () 16x 105 m?/s
© 12x105m?/s (d 32% 10° m?/s

1.19 Which of the following statements does NOT
apply to the volumetric efficiency of a
reciprocating air compressor?
() 1tdecreaseswithh1creasemixﬂettempeﬁm
() Itincreases with decrease in pressure ratio
(0 [tincreases with decrease in ¢learance ratio

(d) It decreases with increase in clearance to
stroke ratio



1.20 Ambient air dry - bulb temperature is 45° C and
wet bulb temperature is 27° C. Select the lowest
possible condensing temperature from the
following for an evaporatively cooled condenser.

wriling one or more of the alphabets A, B,C, or D
which correspond (s) to your choice of the answer
(s) Wrile the alphabets only in the ANSWER
column, against the corresponding NUMBER of

M 25°C Uy 30°C the sub - question.
() 42°C (efy 48°C
) 5 3
1.21 Identify the stress - state in the FLANGE portion 2.1 The eigenvalues of the matrix 3 _a|are
ofa PARTIALLY DRAWN CYLINDRICALCUP
when deep - drawing without a blank holder (@) 6 ® 5
(m Tensile in all three directions © -3 @ -4

() Nostress in the flange al all, because there is
no blank-holder
() Tensile stress in one direction and

compressive in the one other direction xe1
j 2xy dx isequal to
0

2.2 The static moment of the area of a half circle of
unit radius about y- axis

() Compressive intwodirections and tensile in
the third direction

1.22 Which of the following materials require_s the @ 2 .
largest shrinkage allowance, while making a 3 .
pattern for casting? t\'\“\‘ )
(@) Aluminium (b) Brass D) - ot—
&) Castlron (@) PlainCarbon Sleel \_J)
1.23 In Electro-Discharge Machining (EDM), the tool © _725
is made of
(n) Copper (b) HighSpeed Steel T
() Castlron (d) PlainCarbon Steel @ 4
1.24 Choose the correct statement: 2.3 In a flow field in x, y-plane, the variation of
(@) A fixture is used to guide the tool as well as velocity with lime tis givenby o= e f}? il
to locate and clamp the workpiece
() A Jigis used to guide the tool as well as to 7 =@t +y2)f'
locate and clamp the workpiece The acceleration of the particle in this field,
(0 Jigsareused on CNC machines to locate and occupying point (1, 1)at fime t =1 will be
clamp the workpiece and also to guide the j .
" tool @ 7 ® 3

{d) Noarrangement to guide the tool is provided
in a jig.

© %7 @ s

. irst algorithm for Linear Programming was 3 4
1.25 The firstalgori gr i i_%+(12+4x) -‘%+y=x3-8
b ]

given by
40 Becltman (B Chies The above equation isa
@ Kum (@) von Neumann (n) partial differential equation
2. Write in your answer book at the space provided (b) non-linear differential equation
for QUESTION - 2 the correct or fhe mos* © non-homogeneous differential equation

appropriate answers to ALL. The following

twentyfive multiple choice subguestions, by (@ ordinary differential equation



(@) 3 m/sheading East

2 -2 =0Dby Newton Raphson
() 3m/sheading West

5 Wewishto solve
22 he initial guess b xg =

technique. Let t

Gubsequent estimate of x (i.e. x;) willbe (@ 8m/sheading East
(@) 1414 ® 15 (@) 13 m/s heading East
© 20 (d) noneof these . )
2.10 For the audio cassette mechanism shown ip
2.6 Four arbitrary points (X y,), (%3 - ¥ (%3, Y3 Figure given below where is the instantaneoy,
{ane. Using the centre of rotation (point) of the two spools? s

y,) are given in the x, ¥ = plane
method of least squares if, regressing y upon X
gives the fitted lincy =ax +b; and regressing ¥
upon x gives the fitted line y = ax + b; and

regressing ¥ upon y gives the fitted line " 208 -
x =cy +d, then 5
(a) thetwo fitted lines must coincide
) the two fitted lines need not coincide e .
o
£

(0 itis possible thatac=0

(I‘,

1
(@) amustbe =

() PointPlies to the leftof both the spoolsbutat

2.7 A thinwalled cylindrical vessel of wall thickness
infinity along the line joining A and H

t and diameter d is filled with gas to a gauge

pressure of p."I'he maximum shear stress on the (b) PointP lies in between the two spools on the
vessel wall will then be line joining A and H, such that PH =2 AP

pd pd (@) PointP lies to the right of both the spools on

@ 5 (b) a‘ the line joining A and H, such that AH=HP

(d) Point P lies at the intersection of the line

© %d_;_ @ pd joining B and C and the line joining GandF

8 2.11 With regard to belt drives with given pulley

28 A Jean elastic beam of given flexural rigidity, EI, diameters, centre distance and coefficient of
is Joaded by a single force F as shown in Figure. friction between the pulley and the belt materials,
How many boundary conditions are necessary which of the staternent below are FALSE?

to determine the deflected centre line of the beam? (a) A crossed flat belt configuration can transmit
@ 5 o more power than an open flat belt
® 4 3 i J' configuration
© 3 - : — } () A"V" belt has greater power transmission
@ 2 capacity than an open flat belt
55 ek _ (¢ Power transmission is greater when belt
. e shown in Flgun?. a person A is standing at tension is higher due to centrifugal effects
;o centre of a rotating platform facing person B than the same belt drive when centrifugal
':’ mgnil;\%?b!cyc!e,head&ag East. The relevant afects are absent.
s and distances are shown in given figure P transmission i j
A . - t fore
person a bicycle, heading East. At the instant " thO:e;;nt of slippin Eﬁﬁt? justbe
unde_r _consnderat_ioa, what is the apparent P PPIng
velocity of B asseen by A? 2.12 Under repeated loadinga material has the stress-

strain curve shown in Figure, which of the
following statementsis true? '

[ viteds
L E-




(n) The smalier the shaded area, the better the

2.17 An isolz a 5
matorial damping n isolated thermod ynamic system executes a

process. Choose the correct statement (s) from the

() The larger the shaded area, the better the following
material damping (7) Noheal is transferred
(¢) Material damping is an independent () Noworkisdone
material property and does not depend on
e P {c} SN;:hr!nr:ss flows across the boundary of the

None of these ]
{d) e {d) No chemical reaction takes place within the

2.13 Consider the system of two wagons shown in system

Figure. The natural frequencies of this system are 2.18 Thesilencer of an internal combustion engine

(a) reduces noise

. (b) decreases brake specific fuel consumption
[ P 5 -
(c) increases BSFC

(@) hasnoeffect on its efficiency

2.19 Select statements from List IT matching the
processes in List 1. Enter your answer as D, C if

() 0 _‘/Zk_ ) \_J'r__k_ ﬁ :Ee)e correct choice for (1) is (D) and that for (2) is
m m’ m _
ListI ListII
© E. , £ @ 0, .J_F. (1) Cooling and (A) Drybulb temperature
il <A 2m dehumidification increases, but
2.14 Water flows through a vertical contraction from dew - point temperature
a pipe of diameter d to another of diameter d /2 decreases.
( see Figure). The flow velocity at the inlet tozthe (2) Chemical (B) Dew - point temperature
contraction is 2m/s and pressure 200 kN/m?. If dehumidification el ot
the height of the contraction measures 2m, then d bulb t .
pressure at the exit of the contraction willbe very ry - bulb temperature
¢ remains uncharged
Gl g bulb and wet - bulb
(@ 168 KN/m? /:rb_\___‘__ © zz};er‘;wg Feaiie
® 192 kN/m? | ‘i- (D) Dry - bulb temperature
© 150 kN/m? | decreases, but,
{d) 174 kN/m? o dew - point temperature
2.15 Anaeroplane is cruising at a speed of 800 kmph Increases .
at an altitude, where the air temperature is 220 Select statements from List Il matching the
0° C. The flight Mach number at this speed is processes in List 1. Enter your answer as A,B }f
nearly the correct choice for (1) is (A) and that for 2)is
@ 15 ) 0.254 (B)
© 067 @ 204 ListI Listll .
216 Itis proposed tocoata 1 mm diameter wirewith (! infiescoaling @ Ijofnl;ﬁs::\nsfer i
enamel paint {k = 0.1 W/mK) to increase heat o
transfer*with air. If the air side heat transfer (2) Isothermal (B) Reduces IDIVVfol;ek
coefficient is 100 W/m? K, then optimum compression COmP“’-"sf’ T
thicknes:s of enamel paint should be (C) Heat rg].ectlon during
compression

' b 05mm
(8) 025mm )] , (D) Reduces high pressure
@ lmm (d) 2mm compressor work



2.21 Forbult-welding 40 mm thick steel plates, when 3, Consider the signboard mounting shown in Fig, given.
d quantity of such jobs is 5000 per The wind load acting perpendicular to the plane of
a period of 10 years, choose the best the figure is F=100 N. We wish to limit the deflection,
due to bending, at point A of the hollow cylindrical
pole of outer diameter 150 mm to 5 mm. Find the wall
(q) Submerged arc welding thickness for the pole. Assume E=2.0x 10" N/m?,
(b) Oxy -acetylene gas welding )
(¢} Electron beam welding

Al &
(@ MIGwelding T

Sm

the expecle
meonth over
suitable welding process oul of the following

available alternatives.

ey

2.22 What is approximate percentage change is the
life, t, of a tool with zero rake angle used in
orthogonal cutting when its clearance angle,
a, is changed from 10° to 7° ? (Hint : Flank wear
rate is proportional to cot o)

{a) 30% increase () 30% decrease

3. The peak bending stress at critical section of a
component varies between 100 MN/m? and 300 MN/
m2, The ultimate tensile strength of the material is

© 70% increase () 70% decrease 700 MN/m2, yield point in tension is 500 MN/m?,
2.23 Suppose X is a normal random variable with endurance limit for reversed bending is 350 MN/m.
mean 0 and variance 4. Then the mean of the Find the factor of safety. &)
absolute value of X is 5. A properbaseisolation s tobe designed for mounting
A a sensitive instrument as shown in Figure. At the
@ 1 o 242 pf}int of mou.nting_, the base vibration due to other
J2n Jn disturbances is indicated in the figure. If the permitted
absolute displacement amplitude on the rigid
22 2 mounting pad is 0.001 mm, find the stiffness of the
B ~— @ Iz spring. Assume that the total mass of the mounting
pad and the instrument is 50 kg. (5)
2.24 In computing Wilson's economic lot size for an )
item, by mistake the demand rate estimate used . _j
was 40% higher than the tree demand rate. Due ﬁ %
to this error in the lot size computation, the total "-v:'nr___ g " J
cost of setups plus inventory holding per unit y{)=Q2+n(0ORE Iom
time. would rise above the true optimum by
approximately . i
@ 14% ©) 63% 6. Givenfigure showsa2 degree of freedom manipulator
l ’ consisting of a rotary base and a sliding arm which
(© 18.3% d 87% slides radially with respect to the base. Tlrl:l
2.25 Ataproductionmachine, arrive accordi instantaneous position, a‘ngular acceleartion @
toa Eoisson proces‘; at thep::‘tt: o; 0.;5a;:r::gle§ relative: VEI.OCHY £ arm.thh re'5pect & the.basefil::
minute. Processing time for parts have S !nFig' 6 Theradisl relatys e th
exponential distribution with mean of 2 minutes. arm with respect o the base is zero, OV 7
Whatis the probability that a random part arival magnitude and dll'eCh('Jn‘Of the absolute accelerahg;
finds that there are already 8 parts in the system of the point P on the sliding ar
(in machine + in queuc)?
(@) 0.0247 () 0.0576
& 0.0173 (dy 0.082

{BECTION B) 75 Marks

Answer any FIFTEEN questions. Each question
garries 5 marks.



7. A planctary gear train is shown in Figure. Internmal
gear (1) has 104 teeth and is held fixed and planet
gear (2) has 96 leeth. How much does the planet gear
rotale for sixty revolutions of the planct carrier (3) in
clockwise direction? 5)

Fe

8. A flatbeltopon drive transmits 1.5 kW of power. The
coefficient of friction between the belt and the drive
pulley is 0.25 and the lap angle is 159°. The drive
pulley is rolating in the clockwise direction with the
linear belt velocity of 3.75 m/s. Delermine the xand y
compenents of the reaction force on the drive pulley
shaft. (5

&_f_.L-,__ ’ et

9. A centrifugal pump running at 750 rpm discharges

10.

11.

water at 0.1 m3/s against a head of 10 m at its best
efficiency. A second pump of the same homologous
series, when working at 500 rpm, is to deliver water
at 0.05 m¥/s at its best efficiency. What will be the
design head of the second pump and what s the scale
ratio between the first and the second? {5)

Two fluids, A and B exchange heat in a counter-
current heat exchanger. Fluid A enters at
420° C and has 2 miass flow rate of 1 kg/s. Fluid B
enters at 20° C and also has a mass flow rate of 1 kg/
s. Effectiveness of heat exchanger is 75%. Determine
the heat transfer rate and exit temperature of Fluid B.

(specific heat Fluid A =T1kJ/ kgK and that of Fluid
B=4kJ/kgK). (5)

An R-717 (ammonia) system operates on the basic
vapour compression refrigeration cycle. The
evaporator and the condensor pressures are 0.119
MPa and 1.389 MPa respectively. The mass flow rate
of refrigerant is 0.1 kg/s. If the volumetric efficiency
of the compressor is 84%. determine the compressor
displacement rate. If the COP of the cycle is 2,
determine the power input to the compressor. (5)

Saturation properties of R-717 {ammonia)

Temp. | Pressure| Specific l Enthalpy k]/kg
°C MPa | Vol
of Vapour, | Liquid| Vapour
m/kg
30| 0119 | 09638 | 639 | 1423.6 |
36 | 1389 | 0.0930 | 371414886 |

2. A large diesel engine runs on a stroke cycle at 2000

rpm. The engine has a displacement of 25 litreand a
brake mean effective pressure of 0.6 MN/m?. It
consumes (0.018 kg /s of fuel {calorific value = 42000
kJ/kg). Determine the brake power and the brake
thermal efficiency. ©)]

13. An isentropic air turbine is used to supply 0.1 kg/s of
air at0.1 MIN/m? and a1 285 K to a cabin. The pressure
at inlet to the turbine is 0.4 MN/m?. Determine the
temperature at turbine inlet and the power developed
by the turbine. Assume C]‘z 1.0k)/kg K. (5)

An adiabatic steam turbine receives dry saturated
steam at 1.0 MN/m?and discharges itat 0.1 MN/m?.
The steam flow rate is 3 kg/s and the moisture at exit
in negligible. If the ambient temperature is 300K,
determine the rate of entropy productionand thelost

14

power. 5)
Steam properties:
p | Ta | I Iy 5 Sg \
MN/m?| °C | KI/kg | K/kg | KI/kgK kI /kgK
10 l179.9| 762.8 | 27781 | 2.139 | 6.586
01 |99.61{ 4175 | 26755 1.303 7.359

15. Inabult-welding operation on plates, the heat input
necessary is given by

ol
A 2+—
Q=8KT/} [U + 4&}

where

K isthermal conductivity-

T istemperature increase fromroom temprature up
to melting point.

¢ is thickness of plate,

o isweldingspeed,

b is width of the weld and

o isthermal diflusivity

Two alloy steel plates as shown in Figure. are to be

welded using a power source rated at5kVA havinga

duty cycle of 75%. Using the given data, determine

the MAXIMUM welding speed for the job in given

figure.

where : K =45 W/m° C, T,

= 145° C, and
=12 %105 m#/s ©)



———————
Smen PLATE
I o *
&0 @0

16. Ina particular mould design, the down sprue has an
area of cross section of 6.45 cm? where the pouring
basin leads into the sprue. The sprue is 20 cm long.
The required metal flow rate at the top section of the
sprue is 820 cm®/s. Determine the pouring height
necessary above the sprue top. Also determine the
area of cross-section of the sprue at its bottom to avoid
aspiration of liquid metal. (5)

17. The shape ABCDE shown in Figure. is to be produced
by blanking operation from a larger sheet of 4 mm
thickness. The material is an alloy steel having
ultimate shear strength, USS of 600 MPa. (5)

(@) Calculate the force required in the blanking
operation.

(%) Determine the coordinates of the centre of
pressure during the operation with erigin at A.

I.'Il:n:lwmlB

18. A,.isthe diameter of arandom partoftype Aand A,
has uniform distribution over the tolerance range,
(25.0, 25.3)mm. Similarly, B, is the diameter of a
random part of type B and B, has uniform distribution
over the tolerance range, (25.4, 25.6) mm. satisfactory
assembly of type A part with a type B part requires
that the clearance(B, — A,) must be between 0.1 mm
and 0.4 mm. (5)

19.

20.

21.

22,

() List the corner points of the region in the X - Y
plane where (A}, B)) would lie in the event of
satisfactory assembly between A, and B,

(i) Derive the probability that A, and B, do Not give
satisfactory assembly.

Demands for parts in weeks 1,2, 3, are : 200, 300, 500
units respectively while available capacities for
production in the three weeks are for 350, 350, 350
units respectively. Inventory holding cost is Rs. h per
week.

() To minimise total Inventory holding cost while
meeting demands on time, determine the
production quantities in weeks 1,2, 3

(ii) If the optimization problem above is formulated
asa Linear Program, determine the Shadow Price
of the capacity constraint in the Third week.

In an orthogonal cutting experiment with a tool of
rake angle, y = 7°, the chip thickness was found to be
2.5 mm when the uncut chip thickness was found to
be 2.5 mm when the uncut chip thickness wasset to 1
mm.

(@) Find the shear angle ¢

() Find the friction angle B assuming that
Merchant's formula holds good.

The lives of two tools, A and B, governed by the

equations v1%1% = 2.5 and v®%° = 7 respectively in

certain machining operation where v is the cutting

speed in m/s and ¢ is the tool life in seconds.

{a) Find out the speed v* at which both the tools will
have the same life. Also calculate the
corresponding tool life £*.

() If youhave to machine ata cutting speed of 1 m/
s, then which one of these tools will you choose
in order to have less frequent tool changes?

The bore diameter, D, of a plain ring having a height
of 35 mm was measured using two spherical balls,
each of diameter d = 25.000 mm. The ring was placed
on a surface table and then both the balls were placed
inside the ring. In this position, the height, , of the
top of the upper ball from the surface table was found
to be 42.000 mm.

(7) Derive the expression for D in terms of 4 and h.
() Whatis the bore diameter, D, of the ring?
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2.25(c)

EXPLANATIONS
-4 18 1.4 (a+bt)? =a?+ b2 + 2abt,
1.1 Since the valfue of i a ™ 0 Laplace transform of
Rank of the matrix is less than 2. 1 = 1
1.2 Given, ¢=axty-° ' s
Laplace transform of
Loy Q! -3y?and
% ” ln
2% 57 +1
EyT = Laplace transform of
, ¢ 2w 2ab
3% (a+bt? = — +—5 + 7
% = 2axyan a‘f = 2ay s 5 s
- 1-y-1) 8-5
61¢ az¢ 1.5 [ﬂ) = Y2z = y(l (fl) = "—2"‘ =15
Now, agi'? =0 dx )0 X2—%1 =
1.6 Analysis of variance is used in comparing two
> 2y-by =0 or more populations, e.g. Different types of
o 78 3 manures for yielding a single crop.
iven, §=2xyi +(2y? -x*)j 114 Efficiency n of Stirling cycle is equal to Carnot
= eSSl cycle Dr(x:lyy when regenerative arrangement 15
i j k employed.
Curl 3 3 o % 115 Coefficient of performance (C.O-F)
url 7 = -Ex- ay ra : ] -
2y 2" -xt 0 = T,-T, - 300-250
= (0}~ j(0) +k o
[i('zyZ_xZJ_f_(ny)] 118 Viscosity of gas increases with increasing
& % temperature.

(-2x -2x)k= ~4xk.
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