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Q1(@)

0
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A rectangular strip of cross-section 200 mm x 8 mm is being rolled with 25% reduction in
area using steel rolls having radius of 250 mm. The average F;s_lj_eﬂqg_ yield stress during the
process is 380 MPa. Calculate the final strip thickness, angle subtended at the roll centre

and the location of neutral plane. Assume coefficient of friction between workpiece and

roller surface as 0.15.
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Q.1(b)

Using neat and property labelled diagrams, explain the microstructures of the different
phases of stee], highlighting the presence of the following constituents:

(i) Ferrite (11} Austenite

(ili) Cementite (iv) Pearlite
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Q1 (d)

The power source characteristic in a arc welding process is V, = 72—81—0, and the arc

characteristic is V, = 32 + 4L, where'V.and V,, is voltage in volts, I is current in Ampere
and L, is arc length in cm. The arc length is expected to vary between 0.5 ¢m and 1.5 cm.

Calculate the range of welding current corresponding to the change in arc length. Also
determine the optimum arc length and the 'cigfrespornding arc power.

[12 marks]
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Q.1 (d)| Determine the dimensions of an optimum cylindrical riser attached to the_side of a

aluminium slab casting with dimensions 25 cm x 15 cm % 5 cm. The volume shrinkage of
aluminium during solidification is 6.5%. Also, derive the expression for the dimensions

of an optimum cylindrical side riser.
[12 marks]
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Q.1 (e} Prove that the packing fraction for a B.C.C structure is 0.68. Also, determine the number
of atoms per mm?2 on the (010) planes of copper (Cu), given that the atomic radius is
0.1280 nm?
[12 marks}
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Q2 (a)

For the lead-tin alloy 40 wt% Sn and 60 wt% Pb at 150°C. Assume that 10 wt% Sn is fully
soluble in Pb at 150°C and 2 wt% Pb is fully soluble in Sn at 150°C. At 150°C densities of
Pb and Sn are 11.23 g/cm® and 7.24 g/ cm?® respectively. Calculate the relative amount of
o and B phase present in terms of
(i) mass fraction and
(ii) volume fraction.
Also draw Pb-Sn phase diagram.

[20 marks]
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Q.2 (b)

(i)

Describe the mechanism of chip formation, and state the conditions for the formation

of various types of chips.

In a turning operation of a cylindrical pieces, the maximum unevenness allowed is
16 um. The turning tool has a nose radius of 0.5 mm. The tool life equation for this
work tool combination is Vf 018 T0.24 = 24, where V is in m/min, fin mm/rev, and
T in minutes. On average, it takes about 2.7 minutes to change the tool. Estimate
the most productive cutting speed.

[10 + 10 = 20 marks]
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Q.2 ()

Explain the principle of abrasive water-jet machining using suitable schematic diagram.

Write the advantages and applications of AWJM.

[20 marks]
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Q3 (@)

@)

(i)

With the help of a neat and property labelled schematic diagram, explain the
construction and working of a hot chamber die casting machine. Also describe the

step-by-step operating procedure of the process.

A gear ring of 60 mm bore is fitted on a hub fesulting ina —I% fit. Calculate the
m

fundamental deviation and hence obtain the limits of size for the hub and the gear
bore. Specific the type of fit. The diameter steps are 50 mm and 80 mm. The

fundamental deviation for m shaft is +(IT7 - ITé)
[10 +10 = 20 marks]
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Q.3 (b)

What are linear defects in crystal? Describe different types of linear defects.

[20 marks]
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Q3 {o)

With the help of a neat and property labelled RC circuit diagram of electric discharge
machining (EDM), derive the relationship between supply voltage (V})), charging voltage
(V), resistance (R), capacitance (C) and the cycle time for the capacitor charging process.
Further, obtain the expression for the discharge voltage across the gap and illustrate the
variation of gap voltage with time. Also determine the condition for optimum discharge
voltage and express the optimum discharge voltage as a percentage of the supply voltage.

Assume suitable conditions wherever necessary.
[20 marks]
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Q.4 (@) () Draw atypical creep curve and elaborate the primary, secondary and tertiary regions
of creep.

(ii) Explain the principle of cathodic protection and describe with neat sketches the

————— e T

engmeermg structures.
- e

[5 + 15 = 20 marks]
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Q.4 (b)

&

i

(i) Describe four features of CNC machines that differentiate them from conventional
machine tools,

(i) The composition (% by weight) of the Nimonic 80A alloy is given here:

Ni Cr Ti Al Fe

76% | 195% | 25% 1% 1%

Consider the following data :

Metal | g | valeny | 2R
Ni 58.71 2 8.90
Cr 51.99 2 7.19
Fe 55.85 2 7.86
Al 126.97 3 2.67
Ti 47.9 3 451

A electrochemical machining is used for machining of alloy. Determine the material

removal rate (in cm3/min), when a current of 950A is applied.
[8 + 12 = 20 marks]
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Q4 (9

An orthogonal turning operation is carried out on a steel cylindrical workpiece using
10° rake tool with a depth of cut of 2.5 mm, and feed rate of 0.10 mm/rev. The cutting
speed is 150 m/min. The chip thickness ratio is 0.35. The horizontal cutting force is
650 N and vertical force is 1250 N.

Using Merchant’s theory, calculate:

(i) Workdone by friction -
(ii) Workdone by shear
(iii) Total workdone

{(iv) Shear stress

(v) Shear strain

[20 marks]
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Section B : Theory of Machines-1 + Fluid Mechanics & Turbo Machinery-2

A three cylinder engine has its crank at 120°. The turning moment diagram for each
cycle is a triangle for power stroke with a maximum torque 60 Nm at 60° after the dead
centre of corresponding crank. There is no torque on the return stroke. The engine
runs at 450 rpm. Determine the

(i) Power Ideveloped

(ii) Coefficient of fluctuation of speed if the mass of the flywheel is 12 kg and radius of
gyration is 78 mm.

(iif) Coefficient of fluctuation of energy

{(iv) Maximum angular acceleration of flywheel.

[12 marks]
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Q.5 (b)

Define the following terms as used in an aircraft propulsion system.
1. Propulsive efficiency

2. Propeller efficiency

3. Overall efficiency of a propulsive system

d

Specific thrust
[12 marks]
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Q5 ()

What is the transmission angle? Prove that in a four bar mechanism, the transmission
angle attains its maximum or minimum value when the crank is in its extreme
positions, i.e. when the crank angle is 0° or 180°.

Define the terms effort and power of a governor.
[6 + 6 =12 marks]
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Q.5 (d)

~

of a single slider-crank chain. Explain briefly any two.
[12 marks]
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What do you mean by the inversions of a kinematic chain? List down all the inversions -
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Q5 {e)
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The velocity of steam entering a simple impulse turbine is 900 m/s and nozzle angle is
18°. The mean peripheral speed of blades is 410 m/s and blades are symmetrical. If the
steam is to enter the blades without shock, what will be the blade angles? Neglecting
the friction effects on the blades, calculate the tangential force on the blades and diagram
power for a mass flow of 0.75 kg/s. Estimate also the axial thrust and diagram efficiency.

[12 marks]
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Q.6 (a
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For a single degrée of freedom system subjected to harmonic excitation with viscous
damping, drive the expression for the steady state amplitude of vibration. Also draw
the vector (phasor) diagram showing the forces acting on the system.

[20 marks])
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Q.6 (b)

A 20-stage 50% reaction turbine develops a diagram power of 15 MW. The inlet conditions
of steam is at 16 bar, 360°C, while condenser pressure is 0.14 bar. The stage efficiency is
80% for each stage and reheat factor is 1.03. At one stage the steam is at 1 bar, dry saturated.
The exit angle of the blades is 19° and the blade velocity ratio 0.72. The blade height may

be taken as % of the mean blade diameter.

Calculate:

iy The flow rate of steam required, assuming that all stage develop equal work.

(ii} The mean blade diameter.

(iii) The speed of the rotor.

[Take, v, = 1.6939 m®/kg at 1 bar and At p = 1.6 MPa, T = 360°C, i = 3167.8 k] /kg and
s =7.1061 kJ/ kgK]

p | Tom Enthalpy (k]/kg) Entropy, kJ/{kgK)
MPa| *°C By kg fy S S St
0.014 |52.547| 219.99 2595.8 23758 0.73644 8.0311 7.2945

[20 marks]
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Q6 (o)

An axial flow compressor has an overall pressure ratio of 4.0 and mass flow of 3 kg/s.
If the polytropic efficiency is 84 percent and the stagnation temperature rise per stage
must not exceed 23 K, calculate the number of stage required and the pressure ratio of
firstand last stages. Assume equal temperature rise is all stages. If the absolute velocity
approaching the last rotor is 160 m/s at an angle of 18° from the axial direction, the
work done factor is 0.85, the velocity diagram is symmetrical, and the mean diameter
of the last stage rotor is 16 cm. Calculate the rotational speed and the length of the last
stage rotor blade at inlet to the stage. Ambient conditions are 1 bar and 293 K.

[20 marks]
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Q7 ()

The crank and connecting rod of a vertical petrol engine, running at 2000 rpm are
45 mm and 270 mm long respectively. The diameter of the piston is 80 mm and the
mass of the reciprocating parts is 2.5 kg. During the expansion stroke when the crank has
turned 30° from the top dead centre, the gas pressure is 1250 kN/m?. Determine the

(i) Net force on the piston.
(ii) Net load on the gudgeon pin
(ili} Speed at which gudgeon pin load is reversed in direction.

[20 marks]
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Q.7 (b)

Lubricating oil of specific gravity 0.82 and dynamic viscosity 12.066 x 102 N.s/m? is
pumped at a rate of 0.02 m3/s through a 0.15 m diameter 300 m long pipe.
Calculate the pressure drop, average shear stress at the wall of the pipe and the power

required to maintai

(i) if the pipe is horizontal;

(ii) if the pipe is inclined at 15 degrees with the horizontal and the flow is
1.  in the upward direction,
2. in the downward direction.

Also determine the slope of the pipe and the direction of flow so that the pressure gradient
along the plpe is zero.
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Q.7 ()| A Hooke's joint is to connect two shafts whose axes intersect at 150°. The driving shaft
rotates uniformly at 120 rpm. Deduce a general expression for the angular velocity of the
driven shaft. The driven shaft operates against a steady torque of 135 Nm and carries a
flywheel whose weight is 45 kg and radius of gyration 0.15 m. What is the maximum value
of the torque which must be exerted by the driving shaft?

Output shaft
[20 marks]
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Q.8 {a)

A 30 cm diameter pipe is bifurcated into two nozzles at a Y-junction as shown in figure.
The nozzles discharge to atmosphere and have a velocity of 10 m/s each. The junction is
in the horizontal plane and the friction can be neglected. Determine the magnitude and
direction of the resultant force on Y-junction. E -

7.5 cm dia 10m/s

30c1}r—1 b

: N

i ; [ .
10m/s

[20 marks]
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Q.8 (b)| A disc of mass 5 kg is mounted midway between bearing which may be assumed to

be simple supports. The bearing span is 60 cm. The steel shaft is 20 mm diameter

and is horizontal. The centre of gravity of the disc is displaced 2 mm from the

geometri_c centre. The equivalent viscous damping at the centre of the disc-shaft may

be assumed as 60 N-sec/m. If the shaft rotates at 360 rpm. Take E = 2 x 10" N/m?2
; : :

(i) Determine the maximum stress in shaft.

(ii) The power required to drive the shaft at the speed 360 rpm,
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Describe the operating principle of a turboprop engine with the help of a neat sketch.
Also, discuss its suitability by stating its advantages and disadvantages.
[20 marks]
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