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Total No. of Questions : 12] [Total No. of Pages : 4

[3662] - 36
S.E. (Mechanical Sandwich)

THEORY OF MACHINE AND MACHINE DESIGN - I
(2003 Course)

Time : 4 Hours] [Max. Marks : 100

Instructions to the candidates:
1) Answer three questions from Section I and three questions from Section II.
2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Use of electronic pocket calculator is allowed.
6) Assume suitable data, if necessary.

P 1284

SECTION - I

Q1) a) Explain with neat sketches inversions of single slider crank chain giving
their practical applications. [8]

b) Explain with neat sketches Davis Steering Gear and Ackerman Steering
Gear mechanism. [8]

OR

Q2) a) Establish the relation between input and output speed of ‘Single Hookes

Joint’ in which the angle between the shaft is α o . Give any one specific
application of Hooke’s joint. [8]

b) Write short notes on [8]

i) Degrees of freedom in mechanisms.

ii) Geneva mechanism.

Q3) a) In a slider crank mechanism, the length of the crank and connecting rod
are 150 mm and 600 mm respectively. The crank position is 60o from
inner dead centre. The crank shaft speed is 450 r.p.m. (clockwise). Using
analytical method, determine [6]

i) Velocity and acceleration of slider.

ii) Angular acceleration of the connecting rod.

b) Fig. 1 shows part of an opposed piston engine mechanism. The velocity
of the piston E for the given instant is 780 mm/s. The crank ‘OA’ rotates
at uniform speed in clockwise direction and makes an angle of 45o to

P.T.O.



vertical as shown in the figure. Draw velocity and acceleration diagram
and determine

i) The speed of crank in r.p.m.

ii) Angular velocity of link BCD.

iii) Acceleration of piston E. [10]

OR

Q4) a) State and prove Kennedys theorem of three centres in line. Also explain
the application of Kennedys theorem. [8]

b) Write a short notes on : [8]

i) Velocity and acceleration analysis by loop closure equation.

ii) Kleins construction.

Q5) a) The following data refer to a steam engine [10]

Stroke = 600 mm

Diameter of piston = 240 mm

Length of connecting rod = 1.5 m

Mass of reciprocating parts = 300 kg

Mass of connecting rod = 250 kg

Speed = 125 r.p.m.
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Centre of gravity of connecting rod from crank pin = 500 mm

Radius of gyration of connecting rod about an axis through the centre of
gravity = 650 mm.

Determine the magnitude and direction of the torque exerted on the crank
shaft when the crank has turned through 30o from inner dead centre.
Use Graphical method.

b) Write a short notes on [8]

i) Dynamically equivalent system.

ii) Trifilar suspension.

OR

Q6) a) Solve Q.No.5(a) using analytical method. [10]

b) Write a short notes on [8]

i) Compound pendulum.

ii) Inertia of geared system.

SECTION - II

Q7) a) What is torsional and lateral rigidity of shaft? [4]

b) Explain different types of keys with neat sketches. [6]

c) A 16 x 10 mm2 cross section parallel key is to be used to transmit 60 kW
power at 1440 r.p.m. from a shaft of 45 mm diameter. The key is made
of plain carbon steel with yield strength of 300 N/mm2. If the required
safety margin is 3, determine the key length. [6]

OR

Q8) a) Determine the deflection of a cantilever beam of length ‘L’ under the
force ‘F’ acting at the free end, by using Castigliano’s theorem. Assume
uniform flexural rigidity. [6]

b) With the help of neat sketches, explain the design procedure of rigid
flange coupling. [10]

Q9) a) Compare various thread forms used in power screw applications. [6]

b) What do you understand by bolts of uniform strength? Where are they
used? [6]

c) Write a note on ‘Recirculating Ball Screw’. [4]

OR
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Q10)a) Write a note on ‘Differential and Compound screws’. [6]

b) A bracket plate carrying a load of 120 kN is to be welded to a column as
shown in Fig.2. Find the size of the weld, if the allowable shear stress in
the weld is 110 MPa. [10]

Q11)a) Explain the phenomena of ‘slip’ and ‘creep’ in a belt drive. [4]
b) Derive an expression for the ratio of the driving tensions in flat belt

drive. [6]
c) A pulley used to transmit power by means of ropes has a diameter of 3.6

metres and has 15 grooves of 45o angle. The angle of contact is 170o and
the coefficient of friction between the ropes and groove sides is 0.28.
The maximum possible tension in the ropes is 960N and the mass of the
rope is 1.5 kg per metre length. What is the speed of pulley in r.p.m. and
the power transmitted if the condition of maximum power prevail. [8]

OR

Q12)a) Explain with neat sketches the power transmission chains. [5]
b) Explain procedure for selection of flat belts from manufacturer’s

catalogue. [5]
c) A chain drive is used for reduction of speed from 240 r.p.m. to 120 r.p.m.

The number of teeth on the driving sprocket is 20. Find the number of
teeth on the driven sprocket. If the pitch circle diameter of the driven
sprocket is 600 mm and centre to centre distance between the two
sprockets is 800 mm, determine the pitch and length of the chain. [8]
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