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1. (a)
Machining allowance :

*  Machining or finishing allowance is the extra material provided on certain details
of a casting so that the casting may be machined to exact dimensions. The machining
allowance depends on the following factors:

i)  Casting process.

ii) Size of the casting.

~—

(

(

(iiil) Degree of finish.

(iv) Machining method.

(v) Metallic alloy from which the casting is made.

*  The amount of this allowance varies from 1.6 mm to 12.5 mm.

*  The ferrous metals require more machining allowance than non-ferrous metals.

Rapping or shaking allowance :

*  This allowance is provided to compensate for enlargement of the mould cavity
because of excessive rapping.

*  Insmall and medium-sized castings, this allowance can be neglected. But in larger
casting this allowance is considered by making the part slightly smaller than the
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casting (i.e., the allowance is a negative one as the pattern is made smaller to allow

rapping operation).
Distortion allowance:

*  This allowance is provided on the pattern to compensate for possible distortion of
the casting because of the unequal cooling rates of different sections of the casting
and uneven internal stresses.

*  Suchanallowance depends on the judgement and experience of the pattern maker,
who understands the shrinkage characteristics of the metal.

1. (b)
Given : d, =15 mm; 6, = 240 N/mm? p = 0.20;
B =pcota = 0.1 x cot6® = 0.95

(50(1+B) 1’1 2B
Now, o, = B 1- g
2
o
. 2
= (_1J = 0.7
o

=95%; RA =0.3;

motor

=
s
[

G, = O %[1 ~07°% = 14158
Now, "1 = V0.7 x7.5=6.275 mm
F, = 141.58 x 1(6.275)?
= 17.51 kN Ans.
17.51x2.5
Power of the motor, P = YT 46.08 kKW Ans.

1. (o)
Various types of chips produced are:
(i) Continuous chips
(ii) Built-up edge
(iii) Serrated or segmented
(

iv) Discontinuous chips
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Continuous chips: Continuous chips are usually formed under the following conditions:
Machining ductile materials

High cutting speeds

High rake angles

Low depth of cuts

ok L e

Effective cutting fluid

Although these produce good surface finish, continuous chips are not always desirable
as they tend to become tangled and interfere with the machining process.

Built-up edge chips: A built-up edge consists of layers of materials from the workpiece
that are gradually deposited on the tool, may form at the tip of the tool during cutting.
As its becomes larger, the BUE becomes unstable and eventually breaks up. Although
BUE is generally undesirable, a thin, stable BUE is regarded as desirable because it
reduces wear by protecting rake face. Conditions that promote BUE chips are machining

ductile materials at low cutting speeds, high feed and depth of cut and ineffective
cutting fluid.

Serrated chips: Serrated chips are semi-continuous chips with zones of low and high
shear strain. Metals with low thermal conductivity and strength that decreases with
temperature sharply, such as titanium exhibit this behaviour.

Discontinuous chips: These chips are formed under the following conditions:

1.  Brittle workpiece materials.
2. Workpiece materials that contain hard inclusions and impurities.
3. Very low or very high cutting speeds.
4. Large depth of cut.
5. Low rake angles.
6. Lack of effective cutting fluid.
1. (d)

Ultrasonic machining (USM) is a mechanical metal-removal process. A schematic of an
ultrasonic machining set-up is shown in figure (a). The transducer generates the high
frequency vibrations of the order of 20 to 30 kHz with an amplitude of the order of 0.02
mm. This vibration is transmitted to the tool made of soft material, through a mechanical
coupler known as tool holder. The tool shape is a close complementary shape of the
tinal surface to be generated.
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Figure (a)

The tool while oscillating would be pressed against the workpiece and fed continuously.
A slurry of abrasive grains suspended in a liquid is fed into the cutting zone under
pressure as shown in figure (b). The slurry is about 30% concentration. Abrasive particles
are driven into the work surface by the oscillating tool. The force is typically about
150000 times the weight of the individual grains. A small crater will be formed at the
impact site of the grain, if the workpiece is brittle. A very large number of such small
craters remove sufficiently large material from the workpiece.

Tool cone

Tool tip

Workpiece

Figure (b) : Schematic of the material-removal process in ultrasonic machining
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As the material is removed, the tool is gradually advanced into the workpiece by a

servomechanism such that constant gap is maintained between the tool and the

workpiece. Finally the shape of the tool is impressed into the workpiece as shown in

tigure (b).

Advantages of USM

*  USMis used for machining hard and brittle materials to complex shapes with good
accuracy and reasonable surface finish.

* Itis not affected by the electrical or chemical characteristics of the work material.

*  Holes of any shape can be produced.

Limitations of USM

*  Metal-removal rates are low.

*  Depth of hole produced is limited.

*  Tool wear is high and sharp corners cannot be produced.

*  Flatsurfaces cannot be produced at the bottom of the cavity because of the ineffective
slurry distribution.

1. (e
Wiy 18 the weight percent of Silver =80%
W, is the weight percent of Copper = 20%
Cy o 18 the atom percent of silver
Cc, is the atom percent of Copper

Wy, X
Cc = Ag > Acu %100
Ag WAg X Acu + Wcu X AAg
co o= 80 x 63.55 100
Ag 80 x 63.55+ 20 x 107.87
CAg = 70.2% Ans.
W-, x A
c = Cu” 7 Ag %100
C

u WAg XACL{ + Wcu XAAg

20x107.87
= X 100 = 00
80 % 63.55+ 20 x107.87 29.8%

2. (3 (@)

Laws of corrosion : During the electrochemical process, the corrosion products form a
film on the metal surface, which can be either porous (non-protecting) or non-porous
(protecting). There are two types of films: (1) adherent film, in which corrosion products
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compress upon the surface and (2) expanding film, i.e. in porous corrosion, the film

expands to cover up the surface. Based on the nature of films produced on metals, there
are three laws of corrosion:

1. Linear law

2. Parabolic law

3.  Logarithmic law

If x is the thickness of the film and ¢ is the time for corrosion process, then
Linear law, x = At

where A, is the constant for linear corrosion,

Parabolic law, x = Ap Jt,
where A, is the parabolic rate constant,
t
Logarithmic law, x = A, log(l + t_J
1

where A, is the logarithmic rate constant and ¢, is any arbitrary time.
Following are few examples of laws of corrosion:

1.  Corrosion in plain carbon steels, magnesium, barium and niobium follows linear
law.

2. Corrosion in copper, stainless steel, and silicon follows parabolic law.
3. Corrosion in nickel, aluminium, zinc and chromium follows logarithmic law.
2. (a) (i)
Let M stands for molecular weight, p stands for density, ¢ stands for corrosion product
and m stands for metal.

Densities :
Pyg = 1738 kg/m?® =1.738 kg/cm®
Pygo = 3650 kg/m?® = 3.65 kg/cm®
My, = 2431
Mygo = 2431 +16 = 4031 g
M
Now, M, _ ZM0 20115 43
M
. My _ Myg 2431 oo

P pvg 1738
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M, M,,
—— < —, Hence porous film is formed
Pe Pm

2. (b))

The electro slag welding (ESW) process is developed essentially to weld very large
plates without any edge preparation. This is essentially a single pass process using a
consumable electrode for filling the gap between the two heavy plates. The heat required
for melting the plates and the electrode is obtained initially by means of an arc so that
flux will form the molten slag. Once the molten slag is formed, the arc is extinguished
and the heat of welding is obtained by the resistance heating of the slag itself. The typical
electro slag welding setup is shown in figure below. For the effective welding it is
necessary to maintain a continuous slag pool and therefore the best way to maintain it,
is to weld vertically. The slag pool is contained in the groove with the help of two water
cooled copper dam plates which move along with the weld, as shown. The size and
type of electrodes chosen depending on the width of the joint. In figure, two electrodes
for feeding through the feed rollers (not shown) into the weld zone, are shown.

Consumable

electrode Plate to be joined

Welding direction

Molten slag

Molten weld
metal

Water cooled copper
dam plate

Completed weld

Electro slag welding process

The flux required to maintain a satisfactory amount of slag is fairly small, of the order of
0.2 to 0.3 kg per metre of weld length irrespective of the plate thickness. Thus, the heat
utilised for melting the slag is much less. Most of the heat supplied in electro slag
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welding thus, melts the joint. By this process, a plate of thickness, 200 mm, can easily be

welded in a single pass. Because of the vertical welding, any gas present easily bubbles
out through the slag and, therefore, better welds can be produced. The heating and
cooling of the edge is more gradual. The slag floating at the top would be preheating
the joint before the actual melting by the heat liberated from the electrode. Whatever be
the thickness of the plate no edge preparation is required. Electro slag welding is useful
for welding very thick plates.

2. (b) (ii)
V=90 mm?; I = 20000 A; E=15]/mm? Q. =750]; R = 0.0002 ohms
Total energy supplied during process = 90 x 15 + 750 = 2100 J

Also, 2Rt = 2100]
. (20000;1(:(00.0002 — 0.02625sec Ans. (i)
Thermal efficiency = E:: :i?;ilij x100
N = 98;;35 x 100 = 64.28% Ans. (ii)

2. (9@

1. Mis-runs and cold shuts: Mis-run is caused when the metal is unable to fill the

mould cavity completely and thus leaves unfilled cavities. A cold shut is caused
when two metal streams while meeting in the mould cavity, do not fuse together
properly, thus causing a discontinuity or weak spot in the casting. Sometimes a
condition leading to cold shuts can be observed when no sharp corners exist in a
casting.
These defects are caused essentially, by the lower fluidity of the molten metal or
when the section thickness of the casting is too small. The latter can be rectified by
proper casting design. The remedy available is to increase the fluidity of the metal
by changing the composition or raising the pouring temperature. This defect can
also be caused when the heat removal capacity is increased such as in the case of
green sand moulds. The castings with large surface area to volume ratio are more
likely to be prone to these defects. Further cause of this defect is the back pressure
due to gases in the mould which is not properly vented. The remedies are basically
improving the mould design.

2. Slag inclusions: During the melting process, flux is added to remove the
undesirable oxides and impurities present in the metal. At the time of tapping, the
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slag should be properly removed from the ladle, before the metal is poured into
the mould. Otherwise any slag entering the mould cavity will be weakening the
casting and also spoil the surface of the casting. This can be eliminated by some of
the slag trapping methods such as pouring basin screens or runner extersions.

3. Blow holes and open blows: These are the spherical, flattened or elongated cavities
present inside the casting or on the surface as shown in figure. On the surface they
are called open blows and inside, they are called blow holes. These are caused by
the moisture left in the mould and the core. Because of the heat in the molten
metal, the moisture is converted into steam, part of which when entrapped in the
casting ends up as blow hole or ends up as open blow when it reaches the surface.
Apart from the presence of moisture, they occur due to the lower venting and
lower permeability of the mould. Thus, in green sand moulds it is very difficult to
get rid of the blow holes, unless proper venting is provided. It can be also prevented
by converted green sand moulds into dry or hot sand moulds.

a

Open blows on the surface
of the casting

<
<0

2. (c)(ii)

Volume of the casting = 30 x 30 x 10 = 9000 cm?
2x30x30+4x30x10
3000 cm?

Surface area of casting

T
Volume of the riser ZDB’ ,  where D is the riser diameter and D = H

2
nD? + % =1.51D?

Surface area of the riser

1%
, , (A)m-ser 0.25tD> 3000
Freezing ratio, x = (V) = LonD2 X 9000
casting

= 0.056D

A

Vyiser _ 0.25x1D°
Vcasting 9000

y = 8.727 x 105 D3

and y =
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Substituting this in the Caines’s equation

a
X = m-l— c
0.1
0.056D = ¢ 727 %1007 005 ©
On solving above equation, we get
D = 2049 cm ~21 cm
D=H=2lcm Ans.
3. (a
Ah = 2R(1 - cosa)
5 = 500(1 - cosar)
o = 811°
U = tano = tan8.11° = 0.142 Ans.

N H =2 R | [R o
ow, 0= Iy I
=9 |20 /@xo.uw =2.661
25 25

1 1. h
- =|Hy-=In-
H 2(0 thJ

2.661 —Lln(@) =(.688
0142 \25

0 = h—ltan \/Exﬂ
n R R 2

25 [ 25 0.688)
an _—

N | =

250 250 2
6 = 0.0345 radian Ans.
h, = h +2R(1-cosb,)
= 25+ 500(1 - cos(0.0345))

hn = 253 mm
Vi =W Vo
Back dslip= —— =1---
ackward slip v, v,
h 253
= 1 S = 1 _—— = 00
h, 30 0.1566 or 15.66%
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V-V, V
Forward slip = Tr = 71 -1 Ans.
r r
B3
hy 25
= 0.012 0r 1.2% Ans.

h
. rn oy MH
Maximum pressure, P = Op7—Xée" "

max 1
2 253 0.142x0.688
= —X120x ——x e
NE] 25 ¢
= 154.6 N/mm? Ans.
3. (b) (i)
Pearlite

In pearlite, there are alternate strips (layers) of ferrite and cementite. Ferrite is soft but
cementite is harder and more brittle than ferrite. Rather, cementite reinforces the ferrite.
If ultimate strength, yield strength and hardness of the steel are plotted with respect to
carbon percentage, all three parameters increase with increasing carbon percentage.
However, since cementite is more brittle, the ductility and toughness of the steel decrease
with increase in carbon percentage.

Moreover, fine pearlite is harder and stronger than coarse pearlite, but coarse pearlite is
more ductile than fine pearlite.

For fine pearlite, there are more boundaries through which dislocation must pass during
plastic deformation. So with greater reinforcement and restriction of dislocation motion
in fine grains, pearlite accounts for its higher strength and hardness.

Spheroidite

In pearlite, there are alternate layers of ferrite and cementite, in which cementite reinforces
the ferrite, but in spheroidite structure there are spheres of cementite in ferrite matrix.
There is less boundary per unit volume in spheroidite; therefore, plastic deformation is
not much constrained, giving rise to a soft and weak material. Moreover, spheroidized
steels are extremely ductile, much more than either fine or coarse pearlite.

Bainite

Bainite steels have finer structure (structure contains a-ferrite matrix with cementite
particles). They are harder and stronger than pearlite steels, even then they exhibit
desirable combination of strength and ductility, i.e. toughness.
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Martensite

Among the microstructures developed in steels, martensite is the hardest and strongest,
yet most brittle, because of its negligible ductility. The hardness of martensite is
dependent on carbon content. The properties of martensite are not due to its
microstructure, but due to the effectiveness of interstitial carbon atoms in impeding
dislocation motion. BCT structure of martensite has a few slip planes.

On quenching of austenite to BCT structure, there is net increase in volume because
austenite is denser than martensite. If carbon content is greater than 0.5 wt%, then there
are chances of quenching cracks.

3. (b)(ii)
A=154A:0=75%n=1

a

Interplanar distance, d = W

d,o = Mean distance for (200) plane,
whereh=2,k=0;1=0

a

dyyo = m =0.5a
As per Bragg’s law,
2dsin® = ni
or 2xdxsin75° =1xA
2 x0.5a xsin7.5° = 1.54
1.54
? T 2%05%sin7.5°
a=11.8A Ans.
3. (9

From tool designation, o = 10° A =90°

d=2mm,t=f=01mm,¢t =04mm,F =1500 N, F,=900 N

N . _ rcosal
oW, ang = 1-rsino
. 04
0 = 14.43°

Shear force, F, = F_cos¢ - F,sind
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F = 1500 cos14.43° - 900 sin14.43°

S

F. = 12284 N Ans.(i)

s
Normal force at shear plane,
F, = F_sin¢ + F,cosd
= 1500 cos(14.43°) - 900 sin(14.43°)
= 12454 N Ans.(ii)
Friction force, F = F_sina + F, cosa
= 1500 sin(10°) + 900 cos(10°)
= 1146.8 N Ans.(iii)
F.tano+F
H'= F —Ftana
= Sa-soranio: ~ 0% Ans o
F. 1500

Specific cutting energy, e = b 204

= 7500 N/mm? Ans. (V)

4. (2 @)
Different tool wear causes that are responsible for wearing of tool are:
(i) Sliding of chip along the rake face.
(ii) Sliding of tool along the freshly cut surface (machined surface).
(iii) High localized stresses.

(iv) High temperatures promoting diffusion and adhesion processes at contact areas.

Flank wear: Flank wear occurs on the relief face of the tool and is generally attributed to
(a) rubbing of the tool along the machined surface causing adhesive and abrasive wear,
(b) high temperatures affect tool-material properties as well as workpiece surface. Tool
life can be expressed as the time it takes to develop a certain maximum allowable width
of flank wear land.

Crater wear: Crater wear occurs on the rake face of the tool and it changes the chip-tool
interface geometry affecting the cutting process. The most significant factors influencing
crater wear are (a) temperature at the tool-chip interface and (b) the chemical affinity
between the tool and workpiece materials. Crater wear occurs due to mainly diffusion
mechanism that is the movement of atoms across the tool-chip interface. The crater wear
increases as the temperature increases and the location of maximum depth of crater
wear coincides with the location of the maximum temperature at the tool chip interface.
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4. (a) (ii)

Tooling cost, ¢, = Tool change + Tool regrind + Tool cost depreciation

5 5
= —x10+—x5+0.3 = -
¢ = 0 31.55 /
. 5
Machining cost, ¢, =X <0

cw n |
= C—m.
Vi |:ct 1—n]

0.25
200[ 5 o 0.25]
60x1.55 0.75

7 = 7317 m/min Ans.

<
I

4. (D)@
Jominy bar test is most commonly used to determine the depth to which a piece is
hardened by water quenching. The factors that affect the hardenability, i.e. size, shape
of the specimen, quenching media and method of cooling are maintained constant during
the test. A specimen of cylindrical size of 12.7 mm diameter and 100 mm long, with a
collar at one end is held in a fixture as shown in figure (a) below.

Coller l

Fixture Coller

M~

4 mm wide flat surface

Flat surface

f«——100 mm —=I

Diamond
X indentor
Water jet 12‘_7_" impressions
Pipe

Figure (a) Jominy End Quench Test

The specimen is austenized for a prescribed time period in a furnace, then it is taken out
of the furnace and held in a fixture as shown in figure (a). Lower end of the specimen
is quenched by a jet of water, at specific flow rate and at room temperature. Cooling
rate is maximum at the quenched end. After the specimen is cooled to room
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temperature, it is taken out from fixture and a flat surface of 4 mm wide and 0.4 mm
deep is ground on the surface as shown in Figure (a). Rockwell hardness C test is
performed on the flat surface at regular interval of 1.6 mm from quench end up to
38 mm and then at an interval of 3.2 mm up to the end. Rockwell hardness C readings
are plotted along the length of the specimen as shown in figure (b).

HRC

Hardness

Quenched end Collar end

Distance from the quenched end
Figure (b) : Jominy Bar Quench Test
Figure (b) shows that the maximum hardness is obtained at quenched end, because
quenched end cools most rapidly and 100 per cent martensite is formed. At the collar
end, the microstructure of steel contains martensite and troostite. So, hardness is less.

4. (b) (ii)

Spheroidize Annealing

Medium-and high-carbon steels contain coarse pearlite. These steels are difficult to
machine and to deform plastically. These steels are heat treated (annealed) to develop
spheroidite structure of Fe,C (cementite) embedded in a matrix of a phase (ferrite) of
iron. These steels are heated below the lower critical temperature at about 600°C, soaked
at this temperature for about 18-24 h and then slowly cooled at 600°C. This process is
costly and time-consuming. The microstructure of spheroidized steel is shown in figure
(a). During the annealing process, Fe,C coalesces to form the spheroid particles.

Spheroidities of Fe,C

o Marix

Figure (a) Spheroidite
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In spheroidite, there is less boundary area per unit volume and plastic deformation of

such steels becomes easier, giving rise to a weak and soft material.
TEMPERING

After quench hardening, steel becomes brittle. Moreover, quench cracks are developed
and residual stresses due to warping are induced in steel. To remove all these defects,
hardening is always followed by tempering.

Tempering is a subcritical heat treatment process used to improve the toughness of the
hardened steels. Tempering temperatures are less than the lower critical temperature,
but proper tempering temperature depends on the composition of steels and mechanical
properties desired. Figure (b) shows the variation of impact strength and hardness on
the variation of tempering temperature.

I 1 Impact
strength

Hardness

Hardness Impact

Strength

Temperature temperature

Figure (b) : Variation of Hardness and Impact Strength with Tempering Temperature

In the tempering process, the article is heated in a furnace to a desired temperature-

soaked for 2h and slowly cooled in air. During tempering, following microstructural

changes take place:

1. At low tempering temperature, a fine transition carbide (Fe,C) is distributed
parallel to the martensite platelets.

2. During tempering, some austenite is retained, which is transferred to cementite
and ferrite.

3. Athigher temperatures, transition carbide transforms to equilibrium carbide Fe,C
(spheroids) as in the case of spheroidizing process.

If the tempering is performed above 300°C, the residual stresses are completely removed.

Nitriding

Nitrogen in monoatomic form is diffused into the surface of the steel, and very hard

nitrides of iron or nitrogen alloy compounds are formed. The resulting nitride case is
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much harder than carburized case. Subcritical temperatures are used and hardness is
achieved without quenching. Hardening is performed in a nitrogen atmosphere that
prevents scaling and discolouration.

Source of nitrogen used in diffusion process is ammonia and the nitriding temperature
is 500-575°C.

Chemical reaction, 2NH,

Heating 2N+ 3H,

Nitrogen is diffused into the steel and hydrogen is exhausted. After nitriding, the parts
may be slowly cooled in a retort.

Nitrogen diffusion and formation of hard nitrides can be enhanced by the presence of
elements such as Al, Cr, Mo, V and W in the steel. The most common nitrided steels are
Mo-Cr steels, i.e. nitralloys. The addition of 1 per cent aluminium greatly enhances the
formation of hard nitrides.

4. (¢)

It is a well-known fact that the actual surface after machining may look smooth but in
reality it is not. All surfaces have some degree of roughness and inaccuracy. When
magnified, the surface of a part resembles a series of jagged peaks and valleys. Hence,
the surface finish of any given part is described in terms of average heights and depths
of these “peaks and valleys” on the surface of the workpiece.

Typical surface-texture characterisation is shown in figure (a). These are some of the
parameters that need to be understood to fully characterise the surface texture.

Flaw
Roughness
height
f !
} i 2 Lay direction
Waviness
height
Roughness
width

Waviness Roughness
width  width cut-off

Figure (a)
Roughness Height : This is the parameter with which generally the surface finish is

indicated. It is specified either as arithmetic average value or the root-mean-square value.

Roughness Width : It is the distance parallel to the nominal part surface within which
lie the peaks and valleys, which constitute the predominant pattern of the roughness.
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Roughness Width Cut-off : This is the maximum width of the surface that is included
in the calculation of the roughness height.

Arithmetical Average : An imaginary centreline is imposed at a point representing the
average midpoint or centre of the distance between the peaks and the valleys of the
surface profile as shown in figure (b) below. These are measured for a specified area
and the figures are added together and the total is then divided by the number of
measurements taken to obtain the mean or arithmetical average (AA). Itis also sometimes
called the centreline average or CLA value. This in equation form is given by

1k 1
R = f'([‘y(xﬂdx = WE‘M
y(x)
-Yn

| . |

Figure (b) : Surface roughness parameters

The other parameter that is sometimes used is the root-mean-square value of the
deviation in place of the arithmetic average, R . This in expression form is

1
Rims = |77 2V

Waviness : Waviness refers to those surface irregularities that have a greater spacing
than that of roughness width. It is determined by the height of the waviness and its
width. The greater the width, the smoother is the surface and thus is more desirable.
Also the greater the width, the greater is the difference between the size of the
measurement units required to measure height (roughness) and those needed to measure
the waviness width.

Lay Direction : It is the direction of the predominant surface pattern produced on the
workpiece by the tool marks.

Flaw : These are surface irregularities that are present which are random and, therefore,
will not be considered.

Generally, the surface roughness is measured by a stylus type of instrument as shown
in figure (c). The stylus moves over the sample length of the surface and records the
peaks and valleys of the surface as a set of digitised points of the surface. These will
then be fed into the computer, where various types of parameters that are relevant for
analysing the surface texture can be calculated.
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Electrical signal
Transducer A/D Conversion

Stylus

Surface

Computer

Digitised points

Figure (c) : Principle of surface-roughness measurement

5. (a)
Given:Q, =126 l/s; D,=012m; D,=0.15m; L =1200m; S_; = 0.97; v =9 x 10% m2/s

Assuming the flow in each pipe to be laminar, the head loss is given by,

32ulL  128uQL
h, = 2 = 4
pgD”  mpgD

Let Q, and Q, be the flow rates through pipe of diameter D, and D,, respectively, which
being in parallel, we have

hf1 - hfz
= =
npgD} npgD3
A (DY
= Q2 Dz
0.12\*
= Q, = (E) Q
= Q, = 0.409% x Q, (i)
Also, Q, = Q +Q,=126 .. (i)

From equation (i) and (ii), we get
0.4096 x Q, + Q, = 12.6
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Q, = 8.93871/s
Q, = 0.4096 x 8.9387 = 3.6613 1/s
The head loss through the pipe,
128uQ; L
" = npgDy*
128uQ L 128x9x 10 x3.6613 x 10~ x 1200
npgDt T x9.81x0.12*4
= hy=79.2m

Power of the pump, P = pQghf

970 x 12.6 x 107° x 9.81 x 79.2
= 949591 W

= 949 kW

5. (b)
Given : Quick return ratio, QRR = 2
Length of stroke, L = 280 mm

Cutting stroke

Connecting rod Return stroke Line of stroke

Tool
R, Ram I
. N

Slider

Slotted bar (Link 4) —

\

.oy
(002" Fixed (Link 3)

Crank and slotted lever quick return motion mechanism

QRR = [[Vs'maX]mm .

Vs max :I forward 7

where, ¢ = centre distance between fixed centre; r = crank radius
= c+r=2c-2r

Ans.
Ans.

Ans.
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— c=3r (1)
ORR = Ti.me of cutting stroke _ B _ 360°— o
Time of return stroke o o
360° — o
= 2= ——
o

U
Q
|

= 120° and B = 360° - 120° = 240°

k) ()

Length of slotted lever, L, = = 5
’ sin(90° - 0‘) sin(90° _120 )

2
140
= =280 mm .
5in30° Ans
: . Ly (2mx45)_ 280xr 1
Maximum cutting speed, (V) ., = @7 s <0 X Grer) X 1000
= 0.33 m/s Ans.

5. (0
It may be noted that the simplest types of air breathing engine is the ramjet engine and
a simplified sketch of the engine is illustrated in figure below.

(i) Supersonic diffuser (1-2).

(ii) Subsonic diffuser section (2-3).
(iii) Combustion chamber (3-4), and
(iv) Discharge nozzle section (4-5)

Air inlet and
supersonic Subsonic

diffuser | diffuser | Combustor | Nozzle
A -~—F
B
m_ — — ma+n'1f
C — I 5
A B
0 1
Oblique shock mf 4 5
Central body Normal shock

housing accessories
Ramjet engine
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The principle of operation is as follows: Air from the atmosphere enters the engine at a

very high speed and its velocity gets reduced first in the supersonic diffuser, thereby its
static pressure increases. The air then enters the subsonic diffuser wherein it is
compressed further. Afterwards the air flows into the combustion chamber, the fuel is
injected by suitable injectors and mixed with the unburnt air. The air is heated to a
temperature of the order of 1500 - 2000 K by the continuous combustion of fuel. The
fresh supply of air to the diffuser builds up pressure at the diffuser end so that these
gases cannot expand towards the diffuser. Instead, the gases are made to expand in the
combustion chamber towards the tail pipe. Further, they are allowed to expand in the
exhaust nozzle section. The products will leave the engine with a speed exceeding that
of the entering air. Because of the rate of increase in the momentum of the working
fluid, a thrust, F, is developed in the direction of flight.

Advantages of Ramjet

(i) Ramjetis very simple and does not have any moving part. It is very cheap to produce
and requires almost no maintenance.

(i) Due to the fact that a turbine is not used to drive the mechanical compressor, the
maximum temperature which can be allowed in ramjet is very high, about 2000°C
as compared to about 900°C in turbojets. This allows a greater thrust to be obtained
by burning fuel at air-fuel ratio of about 13:1, which gives higher temperatures.

(iii) The specific fuel consumption is better than other gas turbine power plants at high
speed and high altitudes.

(iv) Theoretically there seems to be no upper limit to the flight speed of the ramjet.

Disadvantages of Ramjet

(i) Since the compression of air is obtained by virtue of its speed relative to the engine,
the take-off thrust is zero and it is not possible to start a ramjet without an external
launching device.

(i) The engine heavily relies on the diffuser and it is very difficult to design a diffuser
which will give good pressure recovery over a wide range of speeds.

(iii) Due to high air speed, the combustion chamber requires flame holder to stabilize
the combustion.

(iv) Atvery high temperatures of about 2000°C dissociation of products of combustion

occurs which will reduce the efficiency of the plant if not recovered in nozzle during
expansion.
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5 (d)

Given : Damping force on the plate in liquid,

We know that,

F,=2A-a0 Q)
F, = ci ...(ii)

Comparing equation (i) and (ii), we get

=

From equation (iv) an

c = 2A0 ..(1ii)
_ O _ |5
f1 = on where o, \/;

Wy, 2
= 1 /1 -
fy = -

2
f_l _ 1
fo  N1-€
2
2 g2
£2 = fi . 2 .(iv)
1
- Ccc 3 22\7;% [from equation (jii)]
- \7% v)
and (v), we get
[ ] _ -5
= 2
1

2 2
o’ A? -1
sm 1
2 2
)x fi —fz]
ff

2
=) f;‘—m) <(72 - )

\/’”—zx(m)z x(ff-f2) = 2o P - 3

R
Il
_
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W 2 2
o= 28— Nfi = fi

g

5. (e
Given: m =4.8 kg/min; P, =1 bar; T, =17°C =290 K; r,= 9; PV13 =; V=004 xV;
N =300 rpm; R = 0.287 kJ/kgK

9 bar

1 bar

Minimum indicated power,
For perfect intercooling, P, = /PP =+1x9 =3 bar

The minimum power input,
n-1

n P, n
Ipmin 2X(n_1)ma' RTl (?1] -1

1.3-1
- 2><( L3 )x(ﬁ x 0.287 x 290 X (3) R
13-1 60 1
= 16.65 kW Ans.
The mass of air induced per cycle into LP cylinder,
m, 4.8
= 2= =0.016 k 1
"a T Nk~ 300x1 B/cycle

The volumetric efficiency of LP and HP cylinder
1

- 1
My = 1+c- c(&)” =1+0.04 - 0.04(3)1‘3 = 0.9468
v 2) 1
Volumetric efficiency can be also expressed as
VizVy _V5-Vs

Mot = (VS)LP (Vs )Hp
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Effective swept volume of LP cylinder,
m,RT  0.016 x0.287 x 290
Vi-V)="p 7 100
(V,-V,) = 0.01331 m3/cycle
The swept volume of LP cylinder

(VS),, = Vi —Vy 001331 0.0141 m3/cycle
LP Mool 0.9468
Al P(Vi-Vy)  B(Vs-V)

50/ RTy, ~  RT
Since T, =T, [Perfect intercooling]
= P,(V,-V,) =Py(Vs-V))
N V-V, = W = 0.004437 m>/cycle

The swept volume HP cylinder,
0.004437 3
(VS)HP = W =0.00468 m /CYCIC
6. (a)(i)
The rotor system, the rotating shaft as well as the rotating body is usually assumed to
be rigid. However, in many practical applications, such as turbines, compressors, electric
motors, and pumps, a heavy rotor is mounted on a lightweight, flexible shaft that is
supported in bearings. There will be unbalance in all rotors due to manufacturing errors.

X Shalft of
Bearing ! Negligible mass
Mass (m) /
| E i (] | P I i [ I Centrifugal force
e o
i Eccentricity of . . |/ y = displacement
i Cand G of mass Axis of rotation | d .
Y ue to centrifugal force
Stationary Rotation

These unbalances as well as other effects, such as the stiffness and damping of the shaft,
gyroscopic effects, and fluid friction in bearings, will cause a shaft to bend in a complicated
manner at certain rotational speeds, known as the whirling, whipping, or critical speeds.
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Whirling is defined as the rotation of the plane made by the line of centers of the bearings
and the bent shaft.

6. (a)(ii)
Given: D =30 mm = 0.03 m; / =900 mm = 0.9 m; m = 2 kg;
p=50 g/cm3 =50 x 10° kg/m3; E=2x10"N/m?

4 4
D™ _wx003" _ 4 076108 mé

Moment of inertia of shaft, I =
Mass of shaft per unit length, m_ = p x volume
= 50x10°% x g x 0.03% x 0.9 = 31.808 kg

Static deflection due to 2 kg of mass at the centre,

N ool mgl 2x9.81x0.9°
s 48EI 48EI 48x2x10'!x3.976x1078
= 3.747 x 10° m

Also, static deflection due to mass of the shaft

5wl 5x(31.808x9.81)x0.9*

A, = = = — =3.352x10"* m
°  384El 384x2x10"" x3.976 x10
So, frequency of transverse vibration,

04985 0.4985

no A 4

\/ A+ 5 3747 %1075 4 2302107
1.27 1.27
= 28.71Hz
Whirling speed, N_ = 28.71 x 60 = 1722.6 rpm Ans.
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6.

6.

(b) (i)

CENTRIFUGAL

AXIAL

The flow isradial

The flow is axial i.e., parallel to the direction of the axis

of machine.

The pressure ratio per stage is high about 5:1. Thus the

unitis compact.

The pressure ratio per stage is low, about 1.2:1. This is
due to absence of centrifugal action. To achieve the
pressure ratio equal to that of per stage centrifugal, 10 to
12 stages are required. Thus, the unit is less compact

and less rugged.

The isentropic efficiency is about 82 %.

The isentropic efficiency isabout 88 %.

Centrifugal compressors have a wide range of
operation between surging and chocking limit. The
head capacity curveis flat. The partload performanceis
better.

Axial compressors have a narrow range of operation
between surging and chocking limit. The part load

performance is poor.

Centrifugal compressors have a larger frontal area and
thus produces more drag force for the same mass flow

rate and pressureratio if used inaviation.

Axial flow compressors have a small frontal area for the
same mass flow rate and pressure ratio than that of
centrifugal. This makes the axial flow compressors
more suitable for jet engines. It is invariably used in

aviationand power gas turbines.

When working with the contaminating fluids, the
accumulation of deposits on the surface of flow passage

donotadversely affect the performance.

The accumulation of deposits on the surface of flow
passages affect adversely the performance of axial flow

compressors.

Itneeds low starting torque

Itneeds high starting torque

Its construction is simple, rigid and relatively cheap. At

high altitudeitisless sensitive to icing trouble

Its construction is complex and costly It is sensitive to

icing troubles at high altitude

Multistaging is slightly difficult and upto 400 bar

delivery pressure is possible

It is most suitable for multistaging and upto 35 bar

delivery pressure inasingle casing is possible

Itis used in blowing engines in steel mills, low pressure
refrigeration, big central air conditioning plants,
fertiliser industry, supercharging, gas pumping in long
distance pipe line, petrochemical industries.
Previously, it was used in jet engines, small air craft and

gas turbines.

Due to higher efficiency and smaller frontal area, axial
flow compressors are mostly used in jet engines. In
power plant gas turbines, axial compressors are

invariably used.

(b) (ii)

Pressure coefficient (y,) : It is defined as the ratio of isentropic enthalpy increase to the

kinetic energy corresponding to tip peripheral velocity. Thus,

Ahise
u% /2

Vp =

= MNise A
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Let y, be the pressure coefficient and

¢, = Flow coefficient
B, = Blade angle at outlet
Y, = 2i = Pressure coefficient
Prouy/g
(Vw2 Uy = Vi, u1)
where, Head developed, H = 2

For centrifugal compressor, as

(Vir =0) (V2 =V,

)
8

[Axial inlet]

H =
sz = 1,[2 - sz COth
uy — Vg cotPy |usy
So, H = ( f )
8
(uz -V, coth)uz up = Vg, cotf3,

8

1 Vn

i cotP, ..(0)

Ve

U

Let Flow coefficient, ¢, =

Putting value of ¢, in equation (i)
v, = 1-0,cotp,
() ()
A link or a rigid body as a whole may be considered to be rotating about an imaginary
centre or a given centre at a given instant which has zero velocity, then the link is at rest
at this point which is known as instantaneous centre of rotation.
Types of instantaneous centres :
1.  Primary instantaneous centres
2. Secondary instantaneous Centres

Primary instantaneous centres are further divided into fixed and permanent
instantaneous centers.
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Example:
Let us take a 4 bar mechanism with links AB, BC, CD and DA. Here the number of
instantaneous centres are

_n(n-=1) 4x3
2 2

6

In the figure, I, and I,, are fixed instantaneous centres of rotation, I,, and I,, are
permanent instantaneous centres. Thus Ly Ly
centres of rotation. Also, I,, and I,, are secondary instantaneous centres.

6. (c)(ii)
Given : Arm length = 240 mm; m = 2 kg; M = 30 kg; 6, = 30°; N = 224 rpm; 0, = 40°

I,, and I,, are primary instantaneous

2
mrm
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From figure (a) r; = 240 sin30° + 50 = 170 mm

o= —1 =7 29445 mm
I tan30° tan30°
0=
p = tanf}  tan30°
- ~ tan® tan30°
895 2mg + (Mg + f)(1+ k)
N2 =
hy 2mg
, 8% [(2><2><9.81)+(30x9.81+f)(1+1)]
2247 = 0.29445 2x2x9.81
= = 996 N
From figure (b), r, = 240 sin40 + 50 = 204.27 mm
ho= —2 =22 o434 mm
2 tan40° tan40°
895 [, (30%x9.81)+9.96]
1 0.24344 | 2x9.81
N, .= N, =24635rpm Ans.
N2 = 895 |14 (30%9.81)-9.96
1 0.24344 | 2x9.81
N, .. = N,=238.66 rpm Ans.

7.  (a) (i)
Consider an elementary ring of thickness dr at a radial distance r from the centre of the
pipe as shown in figure.

Elementary ring of thickness dr at radial distance r from pipe centre

The discharge dQ through the elementary ring is given by
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dQ = v(2nr)dr

R R
Total discharge, Q = _[dQ = jv(an)dr
0 0
R 1/7
= Ivmax (1 —) 2nrdr
0

Let 1-— =2

Q= 2nvmaxj—(1—z)zl/7- R> dz
1

0
or Q = 2TV ><R2_[(zl/7 —28/7)dz
1
Q= %x(nRz)xvmax
Q 49

Mean velocity of flow, V R. G0 Umax

Vv 49

= —=0817
- Umax 60
For v=1V
L7
= 1-—
V Umax ( R)
v ( r )1/ 719
or =1-—= =—
Umax R 60
r = 0.7577R
i.e., actual velocity is equal to mean velocity at a radius of 0.7577R from the centre of the

pipe.
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Alternatively if y is the distance from the pipe boundary, then since y = (R - r) and hence
y = (1-0.7577)R = 0.2422R

i.e., actual velocity is equal to mean velocity at a distance of 0.2422R from the pipe.

7. () (i)

To_ _ 48
pVO2 dx (0
dv
At the boundary, T, = M(S—]
Y Jy=0
@ 'V, TV,
(syj - 3ele(3e)] -3
y=0 y=0
T VO
T, = MEF (i)
)
Momentum thickness 0 = J-i[l_i)d]/
’ Vol W
Ty . ¥
0 = J-sm(——)[l—sm(——)]dy
) 29
2% i
or 0= ?(1—2)

By substituting the values of 1, and 6 in equation (i), we get

1 ( 'V ) 2 ( TC) do
— W= = —|1-=|—
pVg\ 20 T 4 ) dx
11.4976pdx
or ddd = 7 ..(iii)
Since 6 is a function of x only, integration of equation (iii) gives

52 11.4976ux

5 = N + const.
pux
or o = 479 [—
PV
4.795x
or o= Re

X
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pVOX
where, Re, = m
Substituting the value of 8 in equation (ii) yields
_ TCVO pVO
To = M 4795\
3
or 7, = 0328, /PRY0 .(iv)
x
0.328p V¢
or T, = 7Rex
7. (b)
When AE is vertical, " = r=180 mm
Neglecting friction (f = 0)
mre? = E’car’mGl:mg+%(1+ k)] (1)
e 2
a = /3002 — (180 - 40)? = 265.33 mm
e = 265.33 + 100 = 365.33
o 180
sind = =5
. 1 180)
= — | =36.87°
= b= sm (300
tan® = tan36.87° =0.75
. 180-40
sinf = 300
4 140)
= — |=27.82°
= p = sn (300

tanp = tan27.82° =0.528

tanf  0.528
tan® 0.75

=0.704

b = /3002 — 265.33% = 140 mm
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1o,
;
mro? < r— T
mgt\ 5
SN
A !
| \ voa
Lo \\l/B :
| A SR MR I 2
| c ~—b —|B !
A 4
Mg
2
(a)
Putting the known values in equation (i), we get
0.26533 72 x9.81
2 — x0.75x|7.2%x9.81+ ———(1+0.704
72x018 % 0? = {3=n [ ( )]
= ®? = 282.615
= o = 16.811 rad/s
2N 16.811
= 60 .
= N = 160.53 rpm Ans.

BE = /2 412 =/365.332 + 1402 = 391.23 mm

e 36553
COSY = BE " 39123
y= cos ™t (@) = 20.96°
391.23
o = B -y=27.82° - 20.96° = 6.86°
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(b)

b 240-40
sinf” = 4 B~ 300
- 200)
/- 20N - m810
= pr = =i (300
Y =p-a

41.81° - 6.86° = 34.95°
¢ = B,E, cosY = BE cosy
391.23 x c0s34.95°

’ = 320.67 mm
r" = B,E, siny + 40

= 391.23 x sin34.95° + 40 = 264.12 mm

b = 240 - 40 = 200 mm
a’ = A,B, cosp’
300 cos41.81° = 223.61 mm

o
Il

20
SIn = 300
. 1 240)
/= 229) Z 53130
= o = s (300
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¢’ = d'tan® = 223.61 x tan53.13° = 298.15 mm

Taking moments about I’, we get

72 x9.81
7.2 x 0.26412 x (03’)2 x(0.32067 = 7.2 x 9.81 x (0.29815 + 0.24 - 0.26412) +T % (029815 + 0.2)

()? = 320.23
= ® = 17.895rad/s
= 2NV _ 17985
60
= N’ = 170.88 rpm Ans.
7. (0

Given : o, = 18% B, = B, =30% 1, =89%; k = 0.9;m,_, = 78%; 0t = 30°

int

For isentropic expansion process 1 to 2s:

51 T Sy
= 51 = [8¢+ X555 100,07 bar
= 6.5843 = 0.55903 + x,_x 7.7154
= x,. = 0.7809
=

hyy = [hf + Xy hfg]@().07 bar
163.35 + 0.7809 x 2408.4

2044.07 k] /kg

Total isentropic enthalpy drop,

(Ahs)total = (h 17 hZS)
3093.3 - 2044.07
1049.23 kJ / kg

Enthalpy drop in the two-row velocity or custis stage is

1049.23

1
hy - hy, = Z(h1 — ) = =2623KJ/kg
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—h

/350°C

[N

Nozzle efficiency, 1,

= hy - h,

(I —h3)

" (I —3s)
= 0.89 x 262.3
= 233.45 kJ/kg

Velocity of steam leaving the nozzles,

vy

tanf},

By

"

)
AV

/2000 x (hq —h3) = /2000 x 233.45

= 683.3 kJ/kg
=02xV,=02x683.3
= 136.66 m/s

Visinoy 683.3 x sin18°

Vicosoq —u  683.3 % cos18° —136.66
22.36°

Visino;  683.3 X sin18°
sinf34 sin22.36°

=555.04 m/s

k x Vr1 = 0.9 x 555.04 = 499.536 m/s
Vr1 x cosP, + V , cosf,

55.04 c0s(22.36°) + 499.52 x cos30°
= 94592 m/s
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YAV,

Blade efficiency of the first stage,

Ny,

nstagel

Total actual enthalpy drop,
(Ah)

total

(Ah)curtis

(Vr2 sinf3, )2 + (Vr2 cosfy — U)Z

(499.536 sin(22.36°))2 + (499.536 cos(22.36°) - 136.66)2

=65.079

376.75m/s
0.9 x V,=0.9 x376.75 = 339.07 m/s
V3sin30° 339.07 sin 30°

V3c0s30°-U  339.07 cos30° —136.66
47.20°
‘/.3 sin 30 _ 33?.0751n30 — 231.06 m/s
sin47.20° sin47.20°
kxV,

3

0.9 x 231.06 = 207.95 m/s
Vr3 cospB, + Vr4 cosp,

231.06 x cos(47.20°) + 207.95cos 30°

337.08 m/s
AV, + XAV,
945.92 + 337.08
1283 m/s

XVeu 2u2V,

Vi vf
2
2 x136.66 x 1283
683.32

nn X nbl
0.89 x 0.7510 = 0.6684 or 66.84%

=0.7510 or 75.10%

Nyt X (17 = 1)

0.78 x 1049.23 = 818.4 k] / kg
0.6684 x (1, - ;)

0.6684 x 262.3 = 175.32 k] / kg

The percentage power developed in the curtis stage,

175.32
818.4

=0.2142 or 21.42%

Ans.

Ans.
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8. (a)
Given : m = 1800 kg; k = 0.5 m; N = 300 rpm; [ = mk? = 1800 x 0.5 = 450 kgm?

C
1 3600 ,
g |
Z 7 e
£ | |
) i
= !
g '
! M
%D 1000 e S X E
g ! !
H 1 L F
0 T 3n 5n 6w

Crank angle ——
Torque for one complete cycle, T = OABCDEF
T = Area OAEF + Area ABCD

(67 x 1000) + % % (3600 — 1000) x (57 + 27)

= 15100 ® Nm
1= LB 551667 Nm
mean 6TC 6TC
Power, P =T __ X
= 2516.67 x (2“ . 300) X =79.06 kW Ans.
60 1000
JG = ALX BG_ T X (3600 — 2516'67) =1.309
BL 3600 — 1000
HK = MDx S = opx (3600 — 2516'67) = 2618
CM 3600 — 1000
The fluctuation of energy,
(AE),., = Area JBCK

= % X (3600 — 2516.67) x [275 +(1.309 + 2.618 + 21t)]

= 8933.8 Nm
(AE), . = I*C,

C - 893388 0201 or 2.01% Ans.

2
450X(2n><300)

60
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8. (b)

10 cm diameter pipe

Main canal

Branch canal

The difference in the level of water in the main and branch canals equals the sum of all
head losses along the pipeline ABC.

2 2 2
05V>  (4f)xLV? V>

12== 2¢D 2¢g
05V2 4x0.0078x70x V2 V?
12 = + +—
28 2¢x0.1 29
V =3176 m/s

Discharge through the pipe, Q %X 0.1% x3.176

= 0.02494 m3/s or24.94 /s
_ , 64
Number of pipes required to convey 64 [/s = LYET i 257 ~3 Ans.

Thus, 3 pipes of 10 cm diameter are needed to convey a total discharge of 64 [/s.
Now, applying Bernoulli’s equation between point A and B,

Total energy per unit weight at point A = Total energy per unit weight at point B +

Head loss in the pipe AB
P 2 2 2 2
N _a+ya+v_ _ &+yb+V_+OSXV +4:fLABV
w 2¢ w 29 29 2¢D
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3176* _ 021x10°  3176° 05x3.176  4x0.0078 x 28 x3.176>
2x981 9810 ' 2x981  2x981 2x9.81x0.1

= 103+y, +

= Y-y, = 341lm Ans.
- Maximum permissible height of summit above the water level in the main canal is 3.41.
8. (o)

From big end, time of oscillations

. (18
=
= ..(i)

Also, from small end,

N b+-— = 0.9939 ...(ii)
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90 110 1
= 960 +—+— | X——
arb ( 27 )X1ooo
= a+b=1.06
= b=1.06-a ...(iif)
From equation (ii) and (iii), we get
12
1.06 —a)+ —— =
(1.06 - a) L06_a) = 0:993%

(1.06 - a)2+ 2
1.1236 - 2.12a + a? + k?

0.99396 x (1.06 - a)
1.0536 - 0.99396 x a

a? + k? = 1.12604a - 0.07 ..(iv)
From equation (i) and (iv), we get
0.8051 x a = 1.126044a - 0.07
= a=02181m
From equation (iii), we get
b = 0.8419 m
From equation (ii), we get
k2
0.8419 + = 0.99396
0.8419
k = 03578 m Ans.
I = mk? =54 x 0.35782
= 6.913 kgm? Ans.

The distance of centre of mass of the connecting rod from the centre of the small end
bearing,

b’ = 0.8419 —0'—39 =0.7969 m

Let the second mass placed at D be m,

k* _03578°
CD = 4= = 0799 "
_omb  54x0.7969
" T b ed 07969 +0.1606
= 4494 kg Ans.
Mass at the small end-bearing centre,
my = 54 - 44.94 = 9.06 kg Ans.
Q000
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