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Q1 (a)

Section : A

What do you understand by linear and planar densities?
Zinc has an atomic radius of 0.135 nm with an HCP crystal structure, and atomic weight

of 65.39 g/mol. Considering % ratio to be 1.856 for zinc, calculate the density for the

same in g/cc.
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Q.1 (b)

B ivs g

During an electric discharge drilling of a 12 mm square hole in a low carbon steel plate
of 6 mm thickness, brass tool and kerosene are used. The resistance and the capacitance
in the relaxation circuit are 60Q and 12 uF respectively. The supply voltage is 220 Volts
and the gap is maintained at such a value that the discharge (sparking) takes place at
150 Volts. In case of machining steels, the removal rate can be approximately expressed
as Q ~ 27.4 W', where Q is the removal rate of steel in mm®/min and W is the power
input in kW. Estimate the time required to accomplish the drilling operation.
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Q1 (o)

A hole 150 mm diameter is to be punched in a steel plate of 8 mm thickness. The material
is cold rolled C40 steel for which the maximum shear strength can be taken as 560 MPa.
With normal clearance on the tools, cutting is complete at 40% penetration of the punch.
Estimate suitable diameters for the punch and die, and shear angle on the punch

(assuming balanced shear) in order to bring the work within the capacity of a 250 kN
press available.

[12 marks]
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Q1(d)

Determine the dimensions and tolerances of shaft and hole with 25 H,/h, fit. Also
determine the allowance and maximum clearance.

[25 mm falls in the diameter range of 18 mm and 30 mm. Tolerance value for IT7 and IT8
are 16i and 251 respectively]
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Q.1 (e)| For a 79.60 wt’%Fe - 0.40 wt%C alloy, determine the following:
(i} The mass fractions of total ferrite and cementite phases.
(il) The mass fractions of the proeutectoid ferrite and pearlite.
(i) The mass fraction of eutectoid ferrite.
{12 marks]
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Q2 (a)

Mild steel is being machined at a cutting speed of 240 m/min with a tool of rake angle 12°.
The width of cut and the uncut thickness are 2 mm and 0.2 mm, respectively. If the average
value of the coefficients of friction between the tool and the chip is (.5 and the shear stress
7, of the work material is 420 N/mm?, then using Merchant’s second analysis and assuming
the machining constant to be 75° for the work material. Determine (i) the shear angle (ii) the
cutting and thrust components of the machining force.

Also, find out the results using Lee and Shaffer theory and compare the results.
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Q2 (b)

(i) Describe any five casting defects with neat sketch.

(i) A casting of size 1200 mm x 1200 mm x 260 mm was filled by top and bottom gates
with manometric height in pouring basin to be 260 mm. Compare the time to fill
casting by different gates. The area of gate is 600 mm?.

[10 + 10 marks]
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Q2 (q)

Name the various forms of corrosion, which can occur in a system. Briefly explain pitting
corrosion, stress corrosion and galvanic corrosion along with their respective remedies.
[20 marks]
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Q.3 (a)
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As an engineer, you are supplied with a parallel bore as shown in figure whose internal
diameter is to be measured using steel balls, dial indicator and slip gauge.

[ARRARARANAN
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Describe three methods with steps to determine the internal diameter along with
mathematical derivation.
[20 marks]
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Q.3 (b)

A round rod of annealed brass is being drawn from 8 mm to 6 mm at a speed of 0.5 m/s.
Assume that frictional and redundant work together constitutes 30% of the ideal work of
deformation. If the strength coefficient (k} is 900 MPa and strain hardening exponent ()
is 0.5, then calculate

(i) the power required in this operation.

(if) the die pressure at the exit of the die.

[20 marks]
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Q.3 (c})| (@} Enlist the various ingredients of electrode coatings.

(iiy 200 amperes of currentis required for welding of C40 steel plate (as shown in figure)
of 15 mm thickness while the requirement of current becomes 420 amperes when

thickness of plate is increased by 50%. Estimate the welding current for 10 mm
thickness of same material.

[Except current all other parameters are assumed to be constant]
A B

[8 + 12 marks]
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Q4 ()

(i) Explain flank wear and crater wear along with a schematic diagram showing the

corresponding regions of occurring.

(ii) The relationship for HSS tools is VT1/® = C, and for tungsten carbide tools, it is
VTV>=C,. Assuming that at a speed of 30 m/min, the tool life was 150 min, in each

case. Compare their cutting lives at 40 m/ min.

(iif) What are the various factors which affect the tool life?

[10 + 5 + 5 marks]
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Q.4 (b)| What are the various methods involved in the production of metal powders in powder

metallurgy? Discuss any four in brief. Also write some of the applications of powder
metallurgy products.

; [20 marks]
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Q4 (0!

The orthogonal cutting of steel is done with 12° rake tool with a depth of cut of 2 mm and
feed rate of 0.2 mm/rev. The cutting speed is 240 m/min. The chip thickness ratio is
0.36. The vertical cutting force is 1300 N and horizontal cutting force is 700 N. From the
Merchant's theory, calculate

(i) Shear work percentage out of the total work done.

(ii) Friction work percentage out of the total work done.

(iii} Shear stress and shear strain.

(iv) Rate of shear strain (s7)

[Assume the thickness of primary shear zone to be 20 microns]

[20 marks]
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Q.5 (a)

The disc of a torsional pendulum has a moment of inertia of 500 kg-cm? and is immersed
in a viscous fluid. The brass shaft attached to it is of 20 cm diameter and 50 cm long.
When the pendulum is vibrating, the observed amplitude on the same side of the rest
position for successive cycles are 6.75°, 4.5° and 3°. Determine

(i}  Logarithmic decrement
(i) Damping torque at unit velocity, and
(iii) the periodic time of vibration
Assume for the brass shaft, G = 4.5 x 1019 N/m?
[12 marks]
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Q.5 (b)
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Oil of kinematic viscosity 3.684 stokes and density 950 kg/m® is pumped through a
120 mm diameter pipe and 600 m long at a rate of 0.003 m?/s. Determine

(i) Reynolds number of the flow.
(ii) Pressure required at the pump.
If the outlet end, which is free is at 25 m above the pump level.

(iii) Power input, if the overall efficiency of the pump set is 70 percent.

[12 marks]
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Q5 (o)

What is coriolis acceleration component? Derive the expression for it.
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Q.5 (d)

A reservoir whose water surface elevation is 180 m above datum, is being discharged
through a pipeline 700 mm in diameter. The pipe is 6000 m long and is laid completely
at the datum level. In the last 1600 m of the pipe, water is withdrawn by a series of pipes
at a uniform rate of 0.098 m?/s per 350 m. Find the pressure head at the end of pipeline.
Assume f = 0.03 and the pipe to have a dead end.

[12 marks]
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Q.5 (e)| A centrifugal compressor with an isentropic efficiency of 85 percent, running at 18000 rpm
has pressure ratio of 6 : 1 and inducing air at 288 K. Curved vane at inlet gives the air a
prewhir] 28° to the axial direction at all radii and the mean diameter of eye is 28 cm. The
absolute air velocity at inlet is 180 m/s. Impeller tip diameter is 65 cm. Calculate the slip
factor.

[12 marks]
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Q6 ()

A Hooke's joint connects two shafts whose axes intersect at 25°. The driving shaft rotates

ata uniform speed of 240 rpm. The driven shaft with attached masses has a mass of 72 kg

and radius of gyration is 150 mm. Determine the

(i) Maximum and minimum speeds of the driven shaft.

(i) Angle turned by the driving shaft when the velocity ratio is unity.

(iii) Torque required at the driving shaft if a steady torque of 320 Nm resists rotation of
the driven shaft and the angle of rotation is 45°.

(iv) Angle between the shafts at which the total fluctuation of speed of the driven shaft
is limited to 24 rpm. '

[20 marks]
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Q.6 (b)

The nozzle angle of a simple impulse turbine is 22°, and velocity of steam at entrance is
1200 m/s. The mean peripheral velocity of blade is 350 m/s and the blades are
symmetrical. If the steam is to enter the blades without shock, what will be the blade
angles?

() Determine the tangential force on the blades and the diagram power for a mass
flow rate of 0.85kg/s. Also, estimate the axial thrust and diagram efficiency, assume
friction effects on the blades are negligible.

(ii) Estimate the axial thrust, diagram power and diagram efficiency if the relative
velocity at exit is reduced by friction to 88% of that at inlet.
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Q.6 (c)

A punching machine punches 10 holes of 20 mm diameter in 30 mm thick plates per

minute. The actual punching operation is done in of a revolution of the crankshaft.

10"
Ultimate shear strength of the steel plates is 250 N/ mm?. The coefficient of fluctuation of

speed is 0.2. The flywheel with a maximum diameter of 1.5 m rotates at 15 times the
speed of the crankshaft. Determine the

(i) Power of the motor assuming the mechanical efficiency to be 90%.

(ii) Dimensions of the flywheel rim if width is twice the thickness.

The flywheel is of cast iron with a working tensile stress of 6 N/mm? and a density of
7500 kg/m?®. The hub and the spokes of the flywheel may be assumed to deliver 10% of
the rotational inertia of the wheel.

[20 marks]
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Q.7 (a)

SRV = W o
W By =l S W'\‘§S \ujﬂw
Vet vt il oY) -

In laminar boundary layer over a flat plate, the velocity distribution is assumed as
u = asin (by) + c; where g, b and ¢ are constants.
Determine the velocity distribution law by applying appropriate boundary conditions.
Also develop an expression for boundary layer thickness, wall shear stress and skin
friction coefficient, drag force on one side of plate and the drag coefficient in terms of
Reynolds number. Use momentum integral equation.

{20 marks]
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Q.7 (b)

In a spring loaded Hartnell type of governor, the mass of each ball is 5 kg and the lift of
the sleeve is 50 mm. The governor begins to float at 240 rpm when the radius of the ball
is 100 mm. The mean working speed of the governor is 15 times the range of speed when
friction is neglected. The lengths of the ball and roller arms of the bell-crank lever are
100 mm and 80 mm respectively. The pivot centre and the axis of the governor are 120 mm
apart. Determine the initial compression of the spring, taking into account the obliquity
of arms.
Assume the friction at the sleeve to be equivalent to a force of 130 N, determine the
total alteration in speed before the sleeve begins to move from the mid-position.
[20 marks]
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Q.7 (c)| (i) Briefly discuss the working of the ramjet engine. Also, write down it's advantages,
disadvantages and characteristics.

(i) Airat290Kand 1 bar enters a turbojet engine at a rate of 35 kg/s and is compressed
adiabatically to 190°C and four times the pressure. Products of combustion enter
the turbine at 920°C and leave at 715°C to enter the nozzle. Determine
(a) Isentropic efficiency of compressor.

(b) Power required to drive the compressor.
(c) The exit speed of gases and thrust developed when flying at 275 m/s.

Assume the isentropic efficiency of turbine is same as that of the compressor and the

nozzle efficiency 92 percent. Take v, =14 and y,,, = 1.33, (cp) =1.005 k] / kgK;

(cp)gas =1.147 kJ/kgK
[10 + 10 marks]
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Q.8 (a)

e “ Bacet

A disc of mass 5 kg is mounted midway between bearing which may be assumed to be
simple supported. The bearing span is 100 cm. The steel shaft is of 20 mm diameter and
is horizontal. The centre of gravity of the disc is displaced 2.5 mm from the geometric
centre. The equivalent viscous damping at the centre of the disc shaft may be assumed
to be 50 N-sec/m. If the shaft rotates at 320 rpm, determine the maximum stress in the
shaft.
Also find the power required to drive the shaft, at this speed. Take Young's modulus
E =1.5 x 10! N/m? for steel shaft.

[20 marks]
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Q.8 (b)| The first stage of an axial compressor with no inlet guide vanes is designed on free
vortex principle. The stagnation temperature rise is 20 K and the rotational speed is
5000 rev/min. The work done factor is 0.92, the hub-tip ratio is 0.7 and the isentropic
efficiency of the stage is 0.87. Assuming ambient conditions of 1 bar and 290 K and an
inlet velocity of 160 m/s. Determine

(i) Tipradiusand corresponding rotor air angles 3, and [3,, if the mach number relative
to tip is limited to 0.9.

(ii) the mass flow entering the stage.

(iii) the stage stagnation pressure ratio and power input, and
{(iv) the rotor air angles at the root section.

[Assume axial inlet]

WV (Vg

[20 marks]
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Q8 ()

A gun barrel of mass 500 kg has a recoil spring of stiffness 235 N/mm. If the barrel
recoils 1.5 m on firing and the time taken by the gun barrel is one-fourth of the total cycle
time, then determine;

(i) the initial recoil velocity of the barrel.

(ii) the critical damping coefficient of the dashpot which is engaged at the end of recoil
stroke.

(iii) the time required for the barrel to return to a position 5 cm from the initial position.

Also plot the variation of displacement with time.

[20 marks]
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