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PART - A

Note: Attempt all questions. Answer the following questions in 15 words each. Each question carries 2 marks.

1.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Which heuristic scheduling rule minimuzes flow time and average number of jobs in a system?

Two heuristics that can be used to solve the flow shop scheduling problem (n Jobs, m machine) are
palmer’s and the one by campbell Dudek and Smith. The palmer’s heuristics computes an index for job
and creates a sequence by arranging the jobs in decreasing order of index.

What is the ‘systems principle’ of material handling?

Material movement and storage activities should be fully integrated to form a co-ordinated, operational
system which spans receiving, inspection, storage, production, assembly, packaging, unitizing, order
selection, shipping, transportation and handling of returns.

What is the use of Berger’s Vector in edge dislocation?
i)  To determine the yield strength of a material by affecting work hardening

1) To determine the direction of dislocation line.

Miller indices (x, v, z ) for the hatched plane in the unit cell given in fig. Below, are represented

as
Zy

mR

Intercept on Axes : (1, 1, ,o0)
Reciproeal : (1/1, 1/1, 1/0)
Miller indices : [1, 1, 0]

Which is more stable, the pearlitic or the spheroiditic microstructure? .Justify

Spheroiditic microstructure are more stable than pearlitic ones because pearlite has a tendency to
transform in the spheroidite.

Hlustrate the three stages of creep fuailure.

1)  Primary creep: Region of decreasing creep rate. Creep resistance increases due to dislocation
mterlocking

ii) Secondary Creep: Constant creep rate

i) Tertiary Creep: Region of increasing creep rate.
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7.  Given the expression for the extreme values of bending moment for a cantilever of length /
that carries a uniformly distributed load with intensity of W/length.

Ans.

N2y WO/
<—>)

_ X
BM),, = (W 97
(BM.), . =0

~wi?
2

(B'M')ﬁxed end -

8. A short column of external diameter D and internal diameter d carries an eccentric load W.
Give the expression for the greatest eccentricity which the load can result on column without

P
2 F <
™ 1o k)

4
[+

producing tension on its cross-section.

Ans.

(c,) =

Pe

G, W
P 1-kH

—  Column with producing tension LITIIITT 177777777

(5) = (o)
D? +d?
8D

() =

9.  State Hook’s law and give the expression of Young’s modulus from it.

Ans. Stress is directly proportional of strain upto proportional limit.

G oL g
c =g E
E =o/¢g
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Define the fundamental deviation in Limits. Fits and Gauges.

Ans. Tt is one of the two deviation (Either lower or upper deviation), which is chosen to define the position
of tolerance zone

11. A leadscrew with a 7.5 mm pitch drives a worktable in an NC positioning system. The leadscrew
is powered by a stepping motor which has 200 step angles. The worktable is programmed to
move a distance of 120 mm form its present position at a travel speed of 300 mm/min.determine
the number of pulses required to move the table to the specified distance.

Ans. 7.5 mm axial movement cover in 1 Revolution

: 120 )
120 mm axial movement cover in FRGVOIHUOH

120 120

No. of pulse required for FRGV =75 %200

= 3200 pulse {.. 1 step = 1 Pulse}

12. Give the expression of permeability number of sand along with notations used.

VH

Ans. Pn = m

Where p_ = Permeability No.
V= Volume of air passed through
= Height of specimen

H

A = Area of specimen
P = Pressure difference
T

= Time required to pass air

13. Give the expression for deflection (8) at the point load for the beam shown in the following

figure.
W
[ l ]
T«—a :I: b :T
— 1 —
2.2
Ans. &(at point load) “;e]lEIl; }

14. What is a Globoidal Cam?

Ans. A circumferential contour is cut on the surfaces of notation of the cam to impart motion to the follower
which has an oscillatory motion. It can have two types of surfaces, convex or concave.
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15. In a closed coil springs of radius R, wire radius r and length L, the ratio of strain energy due
to transverse shear to strain energy due to torsion will be proportional to?

Ans.  Strain energy due to shear,

12

U = —=xV

2G
Strain energy due to Torsion,
2

U, = LAY,
4G

U

—Ll-9

Uy

16. A car is moving on a curved horizontal road of radius 100 m with a speed of 20 m/s. The
rotating masses of the engine have an angular speed of 100 rad/s in clockwise direction when
viewed from the front of the car. The combined moment of inertia of the rotating masses is 10
kg-m?.Calculate the gyroscopic moment(in N-m)

Ans. Given:- I =10 kg-m?
V=20 m/s
R =100m
o = 100 rad/sec
V20
% TR 100

Gyroscopic couple(T) = Towo,

20
= 10 (100) [mj

T =200 N-m

17. Define the recrystallization temperature for a metal.

Ans. Tt is a process by which old stressed grain are replaced by new stress free grains.

18. A seamless spherical shell. 900 mm in diameter and 10 mm thick is being filled with a fluid
under pressure until its volume increases by 130x10°F mm?® Calculate the pressure exerted by
the fluid on the shell, taking modulus of elasticity for the material of the shell as 200 kN/mm?
and Poisson’s ratio as 0.3.

4 B AV73Pd(1_ )
ns. g = v 74tE 38
3
N 150x10° P00 g g

3
4%)((450)3 45 10 200 < 10

P = 1.66 N/'mm?
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19. The cutter of a broaching machine is pulled by square threaded screw with mean diameter of
50 mm and 10 mm pitch. If the operating nut takes the axial load of 400 N with total torque
required as 4410 N-mm, then calculate the efficiency of the screw (in %o).

Ans.
10 ) 50
_W_4OOX[”X50]X2—0143 14.43%
n o= T - 4410 S

20. Explain the fly back (snap back) method of stopwatch used during work study.

Ans. Hear, the stop watch is started at the beginning of first element. At the end of the element the reading
is noted in the study sheet. At the same time, the stop watch hand is snapped back to zero. This is done
by pressing down the knob immediately the knob is released. The hand starts moving from zero for timing
the next element. Thus the timing for each element found is called observed time.

PART - B
Note: Answer all the following questions in 30 words each. Hach question carries 5 marks.

21. Figure below shows a rotor with the properties:

2z Il
NG ),
0, X
. |
g vY

Where 0, = 45°, 0, = 135° 0, = 240°, m= 4 kg, m, = 3 kg, m, = 2.5 kg, R, = 75 mm, R,
= 85 mm and R, = 50 mm. Determine the amount and angle of the counter mass at a
radial distance of 75 mm required for the static balance.

Ans. rmrcosh = m, 1 cos@1+ myr, cos@2+ m,r, c:os@3
= 4(.075)cos 45 + 3(0.085) cos 135 + 2.5(0.05)c0s240 = 0.03068
Similarly Emrsinf =0.28419

We know that :  myr, = \/{mercose}2 +— Y mrsin6}?

= J(0.03068)” + (0.28419)" = 0.02884

0.28584

_ _3.81k
My = 0075 &

—> meaind - —0.28419
B _Tmrcos® —(-0.03068)

0, =—-83.84° or 276.16°
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What is the difference between the states of phase equilibrium and states of phase equilibrium
and metastability?

Ans. For the condition of phase equilibrium, the free energy is a minimum, the system completely stable
meaning that over time the phase characteristics are constant for metastability, the system is not at
equilibrium, and there are very slight changes of phase characteristics with time.

23. Derive the atomic packing factor for BCC and FCC crystalline materials.
Ans. Atomic packing factor for BCC and FCC:—

For BCC,
G H
E/
D _c
1
Total no. of atoms = §><8+1 =2
In AABC AC? = ARMB(C?
AC? = al+a?
AC= 2a
In AACH A’ = AC? + CH?

AH= (3a%) = /3
dr = \/ga
V3a

4

-
I

n x Volume of atoms

Atomic Packing factor (APF) = Volume of unit ooll

3
4 (\/'ga\
nx —nr 2 x 7EL J
3 3 4
APF = 3 = 3 =0.68
a a
For FCC, total no. of atoms, (n)
1 1
= —x8+=—x6 =
n 3 > 4
V2a
q = =2

4
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n x volume of atom

APF = volume of unit cell

=0.74

24. A transmission shaft is subjected to a maximum torque of 7500 N-cm and a maximum bending
moment of 12000 N-cm. The loads are suddenly applied with minor shocks having shock &
fatigue factors 2.0 and 1.5 for bending and torque respectively. The allowable shear stress

Ans. Maximum Torque = 7500 N — cm

Maximum B.M = 12000 N- cm
k =20
k, =15
tallowable = 420 N/em?
d =7
— Equivalent torque (T ) = m
T, = (2 12000)% + (1.5 x 7500)° = 265050.89 N-cm
16T, 16 x26505.89
- T add nd?
16 = 2650.5.89
= WD d =6.84 cm

25. Compare soldering with fusion -welding processes in terms of
(a) preheating of workpiece
(b) temperature requirements
(c) strength of joint
(d) post process mechanical properties of workpiece
(e) post process requirements of heat treatment

Ans.

Soldering Fusion-Welding
1. Preheating of workpicce Preheating require for a No preheating required
high quality joint.
2. Temperature Required It require 840°F It required 6500 F
3. Strength of joint Weak Joint Strongest joint compare to soldering

4. Post process mechanical Properties
of Work piece

Mechanical properties
don’t change

Mechanical properties of base metal
may change at the joint due to heating
and cooling

5. Post process requirement of heat
treatment

Heat treatment does not
require

Heat treatment are always required
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26. A new medical facility is to be located in Delhi. The location factors, weights and scores

(1 = poor, S = excellent) for two potential sites are given in the following table. Which is the
best location based on total weighted scores?

S.No. | Location factor Weight Scores
L ocationl Location2
1. Facility Utihzation 25 3 5
2. Total patient km per month 25 4 3
3 Average time per emergency trip 25 3 3
4. Land and Construction Costs 15 1 2
5. Employee preferences 10 5 3

Ans. **F*

27. A factory producing only one item, which it sells for 12.50 per unit, has a fixed cost of 60,000
and variable cost of 60,000 and variable cost of 7.50 per unit. Find the number of units to be
produced to earn a profit of 12000.

Ans. Let, x be the unit to be produced
Fixed cost = (FC) = 60000 Rs
Sells per unit (s) = 12.50 Rs
Variable cost per unit (v)= 7.5 Rs
Profit = 12000 Rs
S =F+V+P
sx =F+wvx+P
x(s—u) = F + P
x[12.50-7.50] = 60000+12000
< = 14400 unit

28. A firm buys castings of P and Q type of parts and sells them as finished product after machining,
boring and polishing. The purchasing cost for castings are 3 and 4 each for parts P and Q and
their selling costs are 8 and 10, respectively. The per hour capacity of machines used for the
machining, boring and polishing for the two products is given below:

Capacity per hour Parts

P Q
Machining 30 50
Boring 30 45
Polishing 45 30

The running cost for the machining, boring and polishing are 30, 22.5 and 22.5 per hour,
respectively. Formulate the linear programming problem to find out the product mix to
maximize the profit.
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Ans.

Part P Part QQ
{Rs/unit) {Rs / unit)
30 30
Machining —=1 —=0.6
30 50
22.5 225
Boring —=075| —=0.5
30 45
22.5 22.5
Polishing —=05 | —=0.75
45 30
purchasing costfor 3 4
Casting(Rs.)
Total cast price
5.25 5.85
(Rs.)
Selling cost(Rs.) 8 10
Profit(Rs.) 2.75 4.15

Let, No. of umt produced P = x,

No. of unit produced Q = x,
maximum profit (Z) = 2.75x + 4.15x,

29. A vibrating system consists of a mass of 50 kg; a spring of stiffness 30 kN/m a damper. The
damping provided is only 20% of the critical value. Determine:(i) the damping factor (ii) the
critical damping coefficient and (jiii) natural frequency of damped vibration

Ans. Given:-
m =350 kg
k =30 kN/m
C = 20% of (C)
1) Damping factor (&)

C =20% of C,
C =0.20xC,
el I Ao
CC
ii) C, = 2Jkm = 2430 <10 < 50

f 30 % 10°
1i1) ® = . —=
n m \ 50

o = 24.49 rad/sec

®, = O,\1-87 = 24.49/1-(0.2)°

= 23.99 rad/sec
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30.

Ans.

31.

Ans.

32.
Ans.

Note:

33.

State or mention the applications of neutral, reducing and oxidizing types of flame those are
generated during oxy-acetylene gas welding.

i) Reducing or carburizing flame : Excess acetylene. The ratio of oxygen to acetylene is generally
in the range of (0.9 to 1)

Application: High carbon steels, Alloy steels.

ii) Oxidizing flame: Excess oxygen quantity the ratio of oxygen to acetylene is generally in the range
of 1.15 to 1.5.

Application : Brass, Bronze ectc.
iii) Neutral flame : equal acetylene and oxygen

Application : low carbon steel, mild carbon steel.

A manufacturing company purchase 10000 units of a raw material for its annual requirements.
The ordering cost per order is Rs. 130 and carrying cost per unit is Rs.75 Calculate the
economic ordering quantity, total annual inventory cost and the number of orders per yearn

2DC,  [2x10% 150
D Q= =
C. 75
(EOQ) Q* =200 unit
1) Total annual inventory cost = /2DC,C, =15000
D 10000
1ii) No. of order = @:%:5

State the assumptions of simple bending theory for beams.
1) The material of the beam is perfectly homogenous and isotropic
2) The beam material obeys Hooke’s law.
3) The transverse section which are plane before bending, remain plane after bending also.
4y  The value of young’s modulus for material of beam is same in tension and compression.
5)  Only pure bending in beam material.
PART - C
Answer the following questions in 100 words each. FEach. Each question carries 20 marks.

A hydraulic circuit utilizes a spherical pressure tank, which is connected to a piston cylinder

to move the piston, pressure inside the tank is maintained at 28 N/cm® Assume efficiency as

100%. Determine:

(a) The thickness of the wall-plate of the tank, if diameter of tank is 80 cm. The allowable
tensile strength of the steel wall-plate used is 523 N/cm?.

(b) Assuming a pressure drop of 2.1 N/em? between tank and piston-cylinder, determine the
piston diameter required to produce an operating Force of 2250 N. Assume an allowance
for friction in the cylinder is equal to 10 percent of the force.

Determine the thickness of cylinder wall. If the safe tress is 280 N/cm?.
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Ans. P

= 28 N/ em?
n =100%
a) diameter of tank (d) = 80 cm.
O e 023 Nem?

all.
Pd .
S = {spherical Pressure tank}
505 — 28« 80
4t
t =1.066 cm
b) Pressure drop = 2.1 N/em?

Force = 2250 N

Friction in cylinder = 10% of force

10
Total force required = 2250 + [2250 x ﬁ]

=2475 N
Pressure = 28-2.1 = 25.9 N/em?

F 2475

A ?sz

4

Jsg . 247544
- ? = 259xm

2475 < 4
259xm

d =11.03cm
c) Thickness of cylinder wall

_pd
c T
580 25.9 < 11.03
2t
259113
 2x280
— t =051cm
t =5.1mm
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34.

Ans.

A helical spring is made from a wire of 6 mm diameter and has outside diameter of 75 mm.
If the permissible shear stress is 350 MPa and modulus of rigidity 84 kN/mm? Calculate the
axial load which the spring can carry and the deflection per active turn by considering:
(a) neglecting effect of curvature.
(b) the effect of curvature.
Given:- Diameter of wire = 6 mm
Outside diameter of coil = 75 mm
Permissible shear stress(t) = 350 MPa
Module of Rigidity (G) = 84 kN/mm?
Mean coil diameter = 75 — 6 = 69 mm

o D 69
Spring index (C) = R 11.5

Let, W = Axial load
1) Neglect effect of curvature
8WD

T s Tlid3

Sh t factor(k) = 1+ 1*1+ ! =1.043
ear stress factor(k) = 2 Toaa1s -
T =350 = 1.043 S0 <9
X6
W =412.7 N
WD’

deflection of spring, & = ad® *n

5  gwD?® 8x412.7 x(69)

n Gat 84100 x(s) 06 mm
(2) considering effect of curvature
3WD
= kx
T nd?
Wahl’s St py B 4C—1+ 0.615
ahl’s Stress factor HNGL, c
B 4><11.571+.615 113
S 4x115-4 115
¢ - 1123 3NLS X121'5
mx6
350
- 2 _3834N
W 0.913
SWD%n  8x383.4x (69)°
6 = N 34
Gd 84 <107 x 6
o/m = 9.26 mm
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35. Explain the Ultra-Sonic Machining process. Discuss the effect of process parameters on Material
Removal Rate (MRR).

Ans. Ultrasonic Machining (USM) also called as ultrasonic vibration machining is a machining process in
which material is removed from the surface of a part by low amplitude and high frequency of tool against

surface of material in the presence of abrasive particle. Slurry is formed by mixing the abrasive grains
in the water. This slurry 1s made to flow across the workpiece and tip of tool during machining process.
The abrasive gain particle in the surface of workpiece surface finish of workpicce depends on the grain
size of abrasive.If grain size is smaller then the surface finish of workpiece will be high. This machining
process is usually used to machine brittle materials and materials that have high hardness.

An electric current at high frequency (in Ultrasonic range i.e 18 kHz to 40 kHz) is used to generate
mechanical vibration of 10 W amplitude and high frequency. The mechanical vibration generated is used
for machining the surface of a part in the presence of abrasive grain particle in the form of slurry The
slurry flows across the tool and workpicce when the tool presses against the workpiece, the slury
containing abrasive particle chips off the material from surface.

effect of process parameter on MRR:—
1) Amplitude of vibration (a ) = 15-50um

/ (Frequency)
a

0

2) Frequency of vibration (f) = 19-25 kHz

=

f-

MRR

v

v

3) Feed force (F)—

»
>

Frequency

%
= .
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4)  Abrasive size = 15-150um

v

dg
5) Volume concentration of abrasive in slurry
6) Abrasive material — Aluminium oxide, Boron

¥ 3
B,C
ALO,
MRR
3 >

36. In an epicyclic gear train the compounded wheels A and B as well as internal wheels C & D
rotate independently about axis O. The wheels E and F rotate on pins fixed on arm ‘a’ All
wheels are of same module. The number of teeth on the wheels are T, = 52, T, = 56, T, =
T, = 36, Determine speed of C when,

(a) Wheel D is fixed and arm ‘a’ rotates at 200 rpm clockwise.

(b) Wheel D rotates at 200 rpm counter-clockwise and arm ‘a’ rotates at 20 rpm counter

clockwise.
Ans. Given:— T, =52
T, =356
T, =T, = 36
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We known that :

r, =r, T 21
- — 242 —| =
> 5 5 52 + 2(36)
T, =124
Similarly T, =T, + 2T, = 56 + 2(36)
T, =128
Am A/B F C E D
(52) (56) (36) (124) (36) (128)
0 X [52] —13x[36j [56] [56][36]
—-X|— — x| — x| —|| —
36 9 124 36 36/ N128
0 X —13x —13x ix —Ix
9 31 9 16
Y Y Y Y Y Y
Y Xy B EN lx Ix
% 9 g 31 Y 9 Y 16
Part(a)
N, =0 (-Dfixed)
y =200 (given
7x
2
" 16
x =4571
N =y- L3 =8.313
< 31 7
o N, =8.313 rpm
Part(b)
N, =200
N =20=y
- = 200 1
Y= M
y =20 2)
x =411.428 (CW)
Speed of C,
N - 713x
Y

_ 20— 5 Car1.428)
31

= 192.53 (CCW)
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37. A project consists of 7 jobs. A and F can be started and completed independently. Jobs B and
C can start only after job A has been completed. Jobs D, E and G can start only after jobs B,
(C and D) and (E and F) are completed, respectively. Time estimates of all the jobs are given

in the following table

Job Time E stimates (Days)
O ptimistic Pessimistic Most Likely

A 3 7 5

B 7 11 9

cC 4 18 14

D 4 12 8

E 4 8 6

F 5 19 12

G 2 6 4

Draw the network and determine the critical path, and its expected duration (T). What is
the probability of completing the project in 32 days? Also. Determine the total and free
slacks of all the jobs.

Ans.
Job | estimated time('T<)
A 5
B 9
C 13
D 8
E
F 12
G 4
Ty +4Th + 7T,
Te = -
Network diagram
0
A(5) C(13)

G4
RLUNG

Critical path : A— B - D — E — G = 32 days

T
Probability factor (Z) = —

T, _32-32

GC GC

0

Probability = 50% = 0.5 {72 =0}
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14|14

EST = Earliest start time
LST = Latest start time
EFT = Earliest finish time
LFT = Latest finish time
(T.F) Total float = LFT- EST — t.
(FF) Free float = EFT — ESTftij

Job | TF | EF
Al O 0
B | 0 0
c 4 4
D | 0 0
E 0 0
F |16 |16
G| 0 0

Q00
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