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Note: 1. Question Paper consists of two parts (Part-A and Part-B)
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PART -A

1 a) Whatis gyroscopic torque? [4M]

b) What is meant by expression friction circle? [4M]

¢) What is meant by turning moment diagram or crank effort diagram? [4M]

d) What is the function of governor? [4M]

e) What is meant by balancing of rotating masses? [3M]

f)  What are the causes and effect of vibration? [3M]
PART -B

2 The turbine rotor of a ship has a mass of 20 tones and a radius of gyration 0.75. [16M]

Its speed is 2000 rpm. The ship pitches 6° above and below the horizontal
position .One complete oscillation takes 18 seconds and the motion is simple
harmonic. Determine

1) the maximum couple tending to shear the holding down bolt of the

turbine

(i)  The maximum angular acceleration of the ship during pitching.
The direction in which the bow will tend to turn while, if the rotation of the
rotor is clockwise when looking from rear.

3 a) Which of the two assumptions-uniform intensity of pressure or uniform rate of [8M]
wear, would you make use of in designing friction clutch and why?

b) A cone clutch with cone angle 20° is to transmit 7.5 kW at 750 rpm. The [8M]
normal intensity of pressure between the contact faces is not to exceed
0.12N/mm>. The coefficient of friction is 0.2. If face width is 1/5" of mean
diameter, find:

(i) The main dimensions of the clutch and
(i)  Axial force required while running.

-+ The turning moment diagram for a four stroke gas engine may be assumed for [16M]

simplicity to be represented by four triangles, the areas of which from the line
of zero pressure are as follows: Expansion stroke = 3550 mm’; Exhaust stroke
=500 mm?; Suction stroke = 350 mm’; and compression stroke = 1400 mm”.
each mm’ represents 3 N-m. Assuming the resisting moment to be uniform,
find the mass of the rim of a fly wheel required to keep the mean speed 200
rpm within +2%. The mean radius of the rim may be taken as 0.75 m. Also
determine the crank positions for the maximum and minimum speeds.
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The lengths of the upper and lower arms of a porter governor are 200mm and [16M]
250mm respectively. Both the arms are pivoted on the axis of rotation. The

central load is 150N, the weight of the each ball is 20N and the friction of the

sleeve together with the resistance of the operating gear is equivalent to a force

of 30N at the sleeve. If the limiting inclinations of the upper arms to the

vertical are 30° and 40° taking friction in to account. Find the range of speed of

the governor.

Four masses M1, M2, M3 and M4 are 200kg, 300kg. 240kg and 260kg [16M]
respectively. The corresponding radii of rotation are 0.2m, 0.15m, 0.25m and

0.3m respectively and the angle between successive masses are 45°, 75° and

135°. Find the position and magnitude of balance mass required if its radius of
rotation is 0.25m.

In a single degree of damped vibration system a suspended mass of 8kg makes
30 oscillations in 18 seconds. The amplitude decreases in 18 seconds. The
amplitude decreases to (.25 of the initial value after 5 oscillations. Determine

(i) the spring stiffness

(i) logarithmic decrement

(ili)  damping factor

(iv)  Damping coefficient.

(4M+4M+4M+4M)
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)

Note: 1. Question Paper consists of two parts (Part-A and Part-B)
2. Answering the question in Part-A is compulsory
3. Answer any THREE Questions from Part-B

L T
PART -A
What is the effect of gyroscopic couple on rolling of ship? Why? [4M]
What is friction? Is it a blessing or curse? Justify your answer giving examples? [4M]
Why flywheels are needed in forging and pressing operations? [4M]
How governors are classified? [4M]
Why rotating masses are to be dynamically balanced? [3M]
Define frequency, cycle, period and free vibration. [3M]
PART -B

The rotor of a turbine yatch rotates at 1200rpm clockwise when viewed from stern. [16M]
The rotor has a mass of 750 kg and radius of gyration of 250mm.Find the
maximum gyroscopic couple transmitted to the hull when yacht pitches with a
maximum angular velocity of 1 rad/s.What is the effect of this couple?

A band and block brake having 12 blocks, each of which subtends an angle of 160 [16M]
at the centre, is applied to a rotating drum of diameter 600 mm. the blocks are 75

mm thick. The drum and the flywheel mounted on the same shaft have a mass of

1800kg and have a combined radius of gyration of 600mm. the two ends of the

band are attached to pins on the opposite sides of the brake fulcrum at distance of

40 mm and 150mm from the fulcrum. If a force of 250 N is applied at a distance of

900 mm from the fulcrum, find (i) the maximum braking torque (ii) the angular
retardation of the drum (iii) the time taken by the system to be stationary from the

rated speed of 300 rpm. Take coefficient of friction between the blocks and the

drum as 0.3.

Derive expression for
(a) Coefficient of steadiness [8M]
(b) Energy stored in flywheel. [8M]

A porter governor has equal arms each 250mm long and pivoted on the axis of [16M]
rotation. Each ball has a mass of 5kg and mass of the central load on the sleeve is
25kg.The radius of rotation of the ball is 150mm when governor is at maximum

speed. Find the maximum and minimum speed and range of speed of the governor

Four masses A, B, C and D revolves at equal radii and equally spaced along a [16M]
shaft. The mass B is 7kg and the radii of C and D make angle s of 90° and 240°
respectively with the radius of B. Find the Magnitude of masses A, C and D and
angular position of A, so that the system may be completely balanced.

Derive an expression for the natural frequency of the free longitudinal vibration by [16M]
(i) Equilibrium method, (ii) Energy method, (iii) Rayleigh’s method.
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Note: 1. Question Paper consists of two parts (Part-A and Part-B)
2. Answering the question in Part-A is compulsory
3. Answer any THREE Questions from Part-B

L

PART -A

1 a) Define gyroscopic couple [4M]

b) Explain the terms: friction circle and friction axis [4M]

c) Differentiate the function of flywheel and governor [4M]

d) Differentiate between governor and fly wheel [4M]

¢) Define static balancing. [3M]

f)  What are the different types of vibrations? [3M]
PART -B

2 Each paddle wheel of a steamer has a mass of 1600kg and a radius of gyration [16M]

of 1.2m. The steamer turns to port in a circle of 160m radius at 24Km/hr. The
speed of the paddle is 90 rpm. Find the magnitude and effect of the gyroscopic
couple acting on the steamer.

3 a) Describe with a neat sketch the working of a single plate friction clutch. [8M]
b) Establish a formula for the maximum torque transmitted by a single plate [8M]
clutch of external and internal radii r; and r, if the limiting coefficient of
friction is p and the axial spring load is W. Assume that the pressure intensity
on the contact faces is uniform.

4 a) Whatis meant by piston effort and crank effort? [8M]
b) The-crank of a three-cylinder single-acting engine is set equally at 120° the [$M]
engine speed is 540 rpm. The turning-moment diagram for each cylinder is a
triangle for the power stroke with a maximum torque of 100 N-m at 60” after
dead- centre of the corresponding crank. On the return stroke, the torque is
sensibly zero. Determine
() The power developed
(i) The coefficient of fluctuation of speed if the flywheel has a mass of
7.5 kg with a radius of gyration of 65 mm
(iii)  The coefficient of fluctuation of energy and
(ivy ~ The maximum angular acceleration of the fly wheel.

S A hartnell governor having a central sleeve spring and two right angled bell [16M]
crank lever operates between 290rpm and 310rpm for a sleeve lift of
15mm.The sleeve and ball arms are 80mm and 120mm respectively. The levers
are pivoted at 120mm from the governor axis and mass of the ball is 2.5kg. The
ball arms are parallel at lowest equilibrium speed. Determine (i) load on the
spring at maximum and minimum speeds and (ii) Stiffness of the spring.
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Derive the following expression of effects of partial balancing in two cylinder ~ [16M]
locomotive engine (i) Variation of tractive force, (ii) Swaying couple and (iii)
Hammer blow.

a) A cantilever shaft SOmm diameter and 300mm long has a disc of mass 100kg at [8M]
its free end. The Young’s modulus for the shaft material is 200GN/m’.
Determine the frequency of longitudinal and transverse vibration of the shaft.

b) Explain, with sketches the different cases of damped vibrations. [8M]
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2. Answering the question in Part-A is compulsory
3. Answer any THREE Questions from Part-B

PR

PART -A

1 a) Write expression for gyroscopic couple. [4M]
b) What is meant by uniform pressure theory or uniform wear theory for the [4M]
friction torque of a bearing?

c) List out the few machines in which flywheel are used. [4M]

d) What is meant by sensitiveness of a governor? [4M]

e) Define dynamic balancing [3M]

f) State different methods of finding natural frequency of a system. [3M]
PART -B

2 a) Explain the effect of Gyroscopic couple on a Naval ship during pitching. [8M]

b) Explain the effect of Gyroscopic couple on a Aeroplane. [8M]

3 a) A truncated conical pivot of cone angle ¢ rotating at speed N supports a load [8M]
W. The smallest and largest diameter of pivot over the contact area‘d’ and ‘D’
respectively. Assuming uniform wear, derive the expression for frictional
torque.

b) A differential band brake, as shown in figure, below has an angle of contact of [8M]
225°. The band has a compressed woven lining and bears against a cast iron
drum of 350 mm diameter. The brake is to sustain a torque of 350 N-m and the
coefficient of friction between the band and the drum is 0.3. Find i)The
necessary force (P) for the clockwise and anticlockwise rotation of the drum;
and ii) The value of *OA’ for the brake to be self locking, when the drum
rotates clockwise.

—PIGSEO— 1p
/‘?\\\o__s____ﬁ. -
7% | N
\ 225°%

N

All dimensions in mm.
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4 What is the function of a flywheel? How does it differ from that of a governor? [16M]

The torque delivered by a two —stroke engine is represented by t= (1000 + 300
Sin 2¢-500 Cos 2¢) N. m where ¢ is the angle turned by the crank from the
inner-dead centre. The engine speed is 250 rpm. The mass of the flywheel is
400 kg and radius of gyration is 400 mm. Determine (i) The power developed
(i1) The total percentage fluctuation of speed (iii) The angular acceleration of
flywheel when the crank has rotated through an angle of 60° from the inner-
dead centre and (iv) The maximum angular acceleration and retardation of the
flywheel.

Calculate the rage of speed of a porter governor which has equal arms of each  [16M]
200mm long and pivoted on the axis of rotation. The mass of each ball is 4kg

and the central load of the sleeve is 20kg. The radius of rotation of the ball is

100mm when the governor being to lift and 130mm when the governor is at
maximum speed.

The data for three rotating masses are given below: [16M]
Ml=4kg r1=75mm 6,=45
M2=3kg r2=85mm 6:=135
M3=2.5kg r3=50mm 63=240

Determine the amount of counter mass at a radial distance of 65mm required
for their static balance.

A steel shaft 100mm in diameter is loaded and support in shaft bearing 0.4m [16M]
apart. The shaft carries three loads: first mass 12kg at the centre, second mass

10kg at a distance 0.12m from the left bearing and third mass of 7kg at a
distance 0.09m from the right bearing. Find the value of the critical speed by

using Dunker ley’s method if E = 2X10''N/m*.
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Answer all the questions

Q.No.

Question

(60
NO.

TAXONAMY
LEVEL

Marks

Find the angle of inclination with respect to
the vertical of a two wheeler negotiating a
turn. Given : combined mass of the vehicle
with its rider 250 kg ; moment of inertia of
the engine flywheel 0.3 kg-m” ; moment of
inertia of each road wheel 1 kg-m? ; speed of
engine flywheel 5 times that of road wheels
and in the same direction ; height of centre of
gravity of rider with vehicle 0.6 m ; two

C3LEl

Applying

n

A single plate clutch, with both sides
effective, has outer and inner diameters 300
mm and 200 mm respectively. The maximum
intensity of pressure at any point in the
contact surface is not to exceed 0.1 N/mm?. If
the coefticient of friction is 0.3, determine the
power transmitted by a clutch at a speed 2500
r.p.m.

3112

Applying

A single cylinder, single acting, four stroke
gas engine develops 20 kW at 300 r.p.m. The
work done by the gases during the expansion
stroke is three times the work done on the
gases during the compression stroke, the
work done during the suction and exhaust
strokes being negligible. If the total
fluctuation of speed is not to exceed + 2 per
cent of the mean speed and the turning
moment diagram during compression and
expansion is assumed to be triangular in
shape, find the moment of inertia of the
flywheel

L B

Applying
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In a Porter governor, the length of each arm
1s 250 mm and all the arms are pivoted on the
axis of rotation. The mass of each ball is 4.5
kg and the mass of the sleeve is 45 kg. The
extreme radii of rotation are 200 mm and 250
mm. Draw the controlling force curve and
set-off a speed scale along the ordinate
corresponding to a radius of 300 mm

C311.4

Applying

A, B, C and D are four masses carried by a
rotating shaft at radii 90, 120, 180 and 150
mm respectively. The planes in which the
masses revolve are spaced 600 mm apart and
the mass of B, C and D are 10 kg, 5 kg, and 4
kg respectively. Find the required mass A
and the relative angular settings of the four
masses so that the shaft shall be in complete
balance.

3115

Applying

Calculate the whirling speed of a shaft 20
mm diameter and 0.6 m long carrying a mass
of 1 kg at its mid-point. The density of the
shaft material is 40 Mg/m’, and Young’s
modulus is 200 GN/m?. Assume the shaft to
be freely supported

C311.6

Applying
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Subject: Dynamics of Machinery Year & Branch: 111 ME
Due Date: On or Before 28-08-2016 Faculty: D. Naresh

' CO Taxonomy
S.No Question 1o s

Four wheeled motor car of mass 2000 kg has a wheel base 2.5
m, track width 1.5 m and height of centre of gravity 500 mm
above the ground level and lies at 1 metre from the front axle.
Each wheel has an effective diameter of 0.8 m and a moment
of inertia of 0.8 kg-m”. The drive shaft, engine flywheel and
transmission are rotating at 4 times the speed of road wheel, in
a clockwise direction when viewed from the front, and is
equivalent to a mass of 75 kg having a radius of gyration of
100 mm. If the car is taking a right turn of 60 m radius at 60
km/h, find the load on each wheel.

C311.1 | Applying

A plate clutch has three discs on the driving shaft and two
discs on the driven shaft, providing four pairs of contact
surfaces. The outside diameter of the contact surfaces is 240
mm and inside diameter 120 mm. Assuming uniform pressure
2 |and p = 0.3; find the total spring load pressing the plates | C311.2 | Applying
together to transmit 25 kW at 1575 r.p.m. If there are 6
springs each of stiffness 13 kN/m and each of the contact
surfaces has worn away by 1.25 mm, find the maximum
power that can be transmitted, assuming uniform wear

The equation of the turning moment curve of a three crank
engine is (5000 + 1500 sin 3 6) N-m, where 0 is the crank
angle in radians. The moment of inertia of the flywheel is
1000 kg-m2 and the mean speed is 300 r.p.m. Calculate : 1.
power of the engine, and 2. the maximum fluctuation of the
speed of the flywheel in percentage when (i) the resisting
torque is constant, and (ii) the resisting torque is (5000 + 600
sin 0) N-m.

C311.3 | Applying

TAXONAMY | TAXONAMY
LEVEL LEVEL %

Remembering -

Understanding

Applying
Analyzing -

Evaluating -

Creating Gel oF
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Question
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In a spring loaded Hartnell type governor, the extreme radii of
rotation of the balls are 100 mm and 110 mm. The ball arm
and the sleeve arm of the bell crank lever are equal in length.
The mass of each ball is 2 kg. If the speeds at the two extreme
positions are 350 and 420 r.p.m., find : 1. the initial
compression of the central spring, and 2. the spring constant

C311.4

Applying

Four masses 4, B, C and D revolve at equal radii and are
equally spaced along a shaft. The mass B is 5 kg and the radii
of C and D make angles of 90° and 210° respectively with the
radius of B. Find the magnitude of the masses 4, C and D and
the angular position of 4 so that the system may be
completely balanced

C311.5

Applying

Shaft 2.5 m long, supported in flexible bearings at the ends
carries two wheels each of 40 kg mass. One wheel is situated
at the centre of the shaft and the other at a distance of 345 mm
from the centre towards left. The shaft is hollow of external
diameter 75 mm and internal diameter 40 mm. The density of
the shaft material is 7700 kg/m’ and its modulus of elasticity
is 200 GN/m”. Find the lowest whirling speed of the shaft,
taking into account the mass of the shaft

C311.6

Applying

TAXONAMY | TAXONAMY
LEVEL LEVEL %

Remembering -

Understanding

Applying

Analyzing

Evaluating

Creating






