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a)

Section A : Production Engineering and Material Science

Iodine has an orthorhombic unit cell for which the a4, b and c lattice parameters are
0.479 nm, 0.725 nm and 0.978 nm, respectively.
(i) If the atomic packing factor and atomic radius are 0.547 and 0.177 nm, respectively.
Determine the number of atoms in each unit cell.
(i) What will be the density of Iodine, if atomic weight of Iodine is 126.9 g/mol?

[12 marks]
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Q.1(b)| A 20 mm deep slot is to be cut through a workpiece of 150 mm length with the help of
HSS side and face cutter whose diameter is 120 mm and has 10 teeth. The cutting speed
is 40 m/min and feed is 0.20 mm per teeth. Calculate the time required to machine the

slot.
[12 marks]
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Design general type GO and NO GO gauges for components having 25H,f, fit. The basic
size falls in the diameter range of 18 - 30 mm. The fundamental deviation for
‘f’ shaft = (-5.5D%41) microns. Take gauge tolerance as 10% of work tolerance. Sketch
the gauges with important values. The multipliers for 8 and 9 grades are 25 and 40
respectively.
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What do you understand by fatigue? What are different stages of fatigue failure? What

are factors which are necessary for fatigue failure?
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Q.1 (e)

While machining steel with zero rake angle, prove the following expression:

Ts r(l-pr)
pc ~ 1472
where 1, is shear strength of material, p_ is specific cutting power and r is chip thickness

. [hA
ratio ty |
" [12 marks]
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Q.2 (a)

The cross-section of weld bead is shown in figure. The profile of the bead and the fusion
zone are taken circular for convenience. Bead width and radii of curvature of circular
profiles are shown in figure. What is percentage dilution?

<15mm,,

— 1, =30 mm

- € [20 marks]
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What are linear defects in crystal? Describe different types of linear defects.
' [20 marks]
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(c)

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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(@)

A 375 mm long sheet with a cross-sectional area of 5 x 10~* m? is stretched with a
force, F, until oo = 20°. The material has a true stress-true strain relationship
as, 6 = (700 MPa)e %3, Calculate:

F
1 250mm—>‘;—125 mm-—=
S ;.
*\\ ‘-.!a v £

’
’
~
~o b ~
~ ~ ’
~ ~ # K
~ ~ ’
~ ~ ’
~ ~ ’, ’
~ ~ Y +
~. -
~ ;
~ ’
s~

(i) The total workdone, ignoring end effects and bending.
(ii) What is o, before necking begins?
) [20 marks]
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Q.3 (b)

Sketch the setup for spot welding and also explain about spot welding in detail. Show
the pressure v/s time graph for different phases. Explain how melting efficiency is
calculated? Write down major drawbacks of spot welding process and also write down
process parameters for spot welding.

[20 marks]
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Q.3 (c)| 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. At150°C densities of
Pb and Sn are 11.23 g/cm?® and 7.24 g/ cm? respectively. Calculate the relative amount of
a and B phase present in terms of (i) mass fraction and (ii) volume fraction. Also draw

Pb-5n phase diagram.
[20 marks]
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L (c)

During turning a steel rod of 180 mm diameter by a carbide tool of geometry
0°, -12°, 7°, 5%, 30° 60°, 0 (mm) at a speed of 600 rpm, feed of 0.32 mm/rev
and 4 mm depth of cut, the following observations were made:

Tangential component of the cutting force, F, = 1000 N

Radial component of the cutting force, Fy =200 N

Chip thickness (after cut), £, = 0.8 mm

For the above machining conditions, determine:

(i)  Friction force, F and normal force, N acting at the chip-tool interface.
(ii) Yield shear strength of the work material under this machining condition.
(iii) Cutting power consumption in kW.

[20 marks]
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(a

S

Section B : SOM & Mechanics - 1, Fluid Mechanics and Turbo Machinery - 2

The velocity field of a flow is described by V= (4x)?+(5y+3)f+(3t2 )k . What is the
pathline of a particle at a location (1 m, 2m, 4 m) at time ¢ = 1s?

Ve tnow that

[12 marks]
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Q.5 (b) | With the aid of a neat diagram, explain the working principle of a Ramjet engine. Also

write its advantages.
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Q5 (9

Member BD is hinged to a fixed support with the help of a bolt of diameter 2 cm. Member
BD is 10 cm wide and 5 cm thick. Determine the shear stress in the bolt and bearing stress

at C in member BD.
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(d)

In trying to move across a slippery icy surface, a 75 kg man uses two ropes, AB and AC.
Knowing that the force exerted on the man by the icy surface is perpendicular to the icy
surface, determine the tension in each rope.

[12 marks]
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QS5 (e

(i) Allowable stress is determined from ultimate strength after considering factor of
safety. State the rationale behind considering factor of safety.

(ii)) The principal strains at a point loaded biaxially in a strained material are
€, =+500 x 105, €, = +300 x 10-.If E = 200 kKN/mm?, v = 0.3, what are principal
stresses?

[6 + 6 marks]
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Q.6 (a)

A system that consists of two interconnected cylindrical tanks with diameter D, and diameter
D, is to be used to determine the discharge coefficient of a short diameter (D) orifice. At the
beginning (t = 0 second), the fluid heights in the tanks are (i,) and (h,) as shown in figure. If
it takes ’tf’ second for the fluid levels in the two tanks to equalize and the flow to stop, then
show that the discharge coefficient (C,) of the orifice is:

B 2\(h —hy)

d =~ 2 2

D D3

— 4+ — Xt x,/2
{D% D? frNZE

09 _

I D, ' D,
Assume that the fluid is incompressible, and losses other than that associated with

flow through the orifice are negligible.
[20 marks]
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(b)| A hydraulic lift table is used to raise a 1000 kg crate. Member EB and GC are equal. Cylinder
apply force in the direction DH. D is at mid point of EB. Determine the force exerted by the
cylinder in raising the crate for 6 =60°, 2 =0.7m,L=32mandd=1m.

[20 marks]
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(c)

A helicopter gas turbine requires an overall compressor pressure ratio of 12 : 1. This is to
be obtained using a two-spool layout consisting of a four stage axial compressor followed
by a single stage centrifugal compressor. The polytropic efficiency of the axial compressor
is 92% and that of the centrifugal compressor is 83%. The axial compressor is having a
stage temperature rise of 32 K, using a 50 percent reaction design with a stator outlet
angle of 25°. If mean diameter of each stage is 25.0 cm and each stage is identical, calculate
the required rotational speed. Assume a work done factor of 0.85 and a constant axial
velocity of 160 m/s.
Assuming an axial velocity at the eye of the impeller, an impeller diameter of
35.0 cm, a slip factor of 0.92 and power input factor of 1.04, calculate the rotational
speed required for the centrifugal compressor. Ambient conditions are 1.01 bar and 288K.
Take ¢, = 1.005 k] /kgK and y=1.4.

[20 marks]
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Q7 @)

Two beams are clamped together as shown in figure:

m—

Copper

_(

Steel

Both are of equal length and both have 5 cm widthq.\ Height of copper beam is 10 cm and
that of steel beam is 6 cm. What could maximum moment that can be allowed without
any failure of E, =120 GPa, (0, vabie)cu = 190 MPa, Eg, = 200 GPa and (0,,,.p10)s = 250 MPa?

[20 marks]
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Q.7 (b)| (i) For a multi-stage steam turbine having same stage efficiency for all stages. Prove
that, Ninternal = RF. x Tlstage

(ii) A 20 stage 50% reaction turbine develops a diagram power of 14 MW. The total
isentropic enthalpy drop is 900 kJ/kg. The stage efficiency is 76% and the reheat
factor is 1.05. The exit angle of blades is 20° and the blade velocity ratio is 0.7.

Calculate:

(p) Flow rate of steam required (in kg per hour) if all the stages develop equal work.

(q) Blade velocity
[10 + 10 marks]
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Q.7 (c)

Air enters a 10 m long sec¢tion of a rectangular duct cross section 15 cm x 20 cm made of
commercial steel at 1 and 35°C at an average velocity of 7 m/s. Disregarding the
entrance effects. Determine the fan power needed to overcome the pressure losses in this
section of the duct. Assume the flow is steady and incompressible. Consider the air
properties at 1 atm and 35°C.
Density, p = 1.145 kg/m®

Dynamic viscosity, i = 1.895 x 10-> kg/m-s

kinematic viscosity, v = 1.655 x 10> m?/s
The roughness of commercial steel surfaces, € = 0.000045 m.
For the friction factor, the governing equation is Colebrook equation:

£

1 D 2.51
—-— = -2.0lo —hoy
Jf 810/ 37 " Re J7

where, € = Roughness of surface, D, = Hydraulic diameter, Re = Reynolds

€
number, f = Friction factor, =— = Relative roughness

¥
[20 marks]
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The rigid rod ABCD is hinged with the help of 4 wires of equal length and cross-section
area. Determine tension in each wire if force P is applied at C in downward direction. All

the wires have same Young’s modulus.
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b)

A compound cylinder is formed by shrinking one cylinder onto the other, the final
dimensions become inner diameter of 12 cm, external diameter of 24 cm and junction
diameter of 20 cm. After shrinking of outer cylinder over inner cylinder the radial pressure
at common surface is 20 N/mm?. Calculate the necessary difference in diameters of the
two cylinders at the common surface. Take E = 200 GPa, v = 0.3 for inner cylinder and
E =100 GPaand v = 0.32 for outer cylinder. What is the minimum temperature through
which the outer cylinder should be heated before it can be slipped on?

o =11 x 10/°C for outer cylinder,

l ¥ [20 marks]
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me"c 4o -

A beam is loaded as shown in figure. Determine the distance of point of contraflexure

from point A and maximum moment and its location.

3kN
w=1kN/m 1kN
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