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1.
The rotor of a turbine installed in a boat with its axis along the longitudinal axis of the boat makes 1500 rpm clockwise when viewed from the stern. The rotor has a mass of 750 kg and a radius of gyration of 300mm. If at an instant, the boat pitches in the longitudinal vertical plane so that bow rises from the horizontal plane with an angular velocity of 1 rad/s, determine the torque acting in the boat and the direction in which it tends to turn the boat at the instant.  
2.a)
What is Turning Movement diagram?  Mention its uses.

   b)
A certain machine requires a torque of (1500+200 sin()N-m to drive it where ( is 
the angle of rotation of shaft.  The machine is directly connected to an engine 
which produces a torque (1500+250 sin ()N-m.  The flywheel and other rotating 
parts has a mass 300 kg at radius of gyration 200mm.  Mean speed is 200 rpm.  
Find:


(i) Kinetic Energy of flywheel   (ii) Percentage coeff of fluctuation of speed       
(iii) Crank angle at Maximum Turning Moment.

3.
A band brake used for a winch is wound round a drum of 0.75 m diameter, keyed to the shaft. 
The two ends of the band are attached to the pins on the opposite sides of the fulcrum of the 
brake lever at distances of 25 mm and 100 mm from the fulcrum. The angle of lap on the drum is 240°. The coefficient of friction is 0.25. find the torque which can applied by the brake when a force of 500 N applied to the lever upwards at a distance of 1 m from the fulcrum. Consider clockwise and counter-clockwise directions of rotation.

4.a)
Differentiate between static friction and dynamic friction with suitable examples.

b)
An effective diameter of the cone clutch is 75 mm. The semi-angle of the cone is 18°. Find the torque required to produce slipping of the clutch if an axial force applied is 200 N. This clutch is employed to connect an electric motor running uniformly at 100 r.p.m with a flywheel which is initially stationary. The flywheel has a mass of 13.5 kg and its radius of gyration is 150 mm. Calculate the time required for the flywheel to attain full speed, and also the energy lost in the slipping of the clutch. Take coefficient of friction as 0.3
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5. a) 
What are the differences between Porter and Proell Governors? Why is the speed 
range of Proell governor is less than that of a similar Porter type?

    b) 
The lengths of the upper and lower arms of a Porter governor are 200mm and 
250mm respectively. Both the arms are pivoted on the axis of the rotation. The 
central load is 150N, the weight of 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°, determine the range of speed of the governor.

6. 
A single cylinder reciprocating engine runs at 150 r.p.m. The stroke is 30 cm, mass of reciprocating parts 100 kg, mass of revolving parts assumed concentrated at the crank pin is 120 kg. Find the magnitude of the balance mass required to be placed opposite at the crank at a radius of 16 cm, which is equivalent to all of the revolving and two thirds of the reciprocating masses. If the crank turns 450 from the inner dead centre, find the magnitude of unbalance force due to the balance mass.

7.a) 
Prove that maximum secondary unbalanced forces is l/n times maximum primary unbalanced for n cylinders reciprocating engine.

   b) 
For radial engines with an odd number of cylinders prove that the primary force may be balanced by attaching single mass of  km where 'k' is number of cylinders and 'm' is mass of reciprocating parts.

8.a)
Distinguish between longitudinal, transverse and torsional free vibrations.

   b)
A rotor of mass 10 kg is mounted min-way on a 2cm diameter horizontal shaft supported at the ends by two bearings. The bearing span is 80 cm. Because of certain manufacturing defect, the centre of gravity of the disc is 0.1 mm away from the geometric centre of the rotor. If the system rotates at 3000 rpm, determine, the amplitude of the steady state vibration and the dynamic load transmitted by the bearing. Take £=200 GN/m2.
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1.
A racing car weighs 20 kN. It has a wheel base of 2m, track width 1m and height of C.G.300mm above the ground level and lies midway between the front and rear axle. The engine flywheel rotates at 3000 rpm clockwise when viwed from the front. The moment of inertia of the flywheel is 4kg-m2 and moment of inertia of each wheel is 3kgm2. Find the reactions between the wheels and the ground when the car takes a curve of 15 m radius towards right at 30 km/hr, taking into consideration the gyroscopic and the centrifugal effects. Each wheel radius is 400mm. 
2.a)
Define: (i) Coefficient of fluctuation of speed.  (ii) Coefficient of fluctuation of 
energy.

   b)
The T-( diagram for an engine consists of 2 Isosceles triangles and the maximum 
height for each triangle represents a turning moment equal to 1000 N-m, where 
base of each triangle is ( radians.  If the engine runs at 200 rpm and total Coeff 
Fluctuation of Speed not to exceed 3% find Power of the engine.

3.a)
Derive expression for total braking torque about fulcrum in differential band brake, when 
brake drum rotating in counter-clockwise direction. 

   b)
Distinguish between brakes and Dynamometers. 

   c)
Explain function of absorption type dynamometer. 
4.a)
A screw jack is used to raise a load of 10 tonnes. The pitch of single start square threads used for the screw is 30 mm. The mean diameter is 90 mm. Determine the force to be applied at the end of a 1.4 m long handle when the load is lifted with constant velocity and rotate with the spindle. Take 11=0.21. Also calculate the mechanical efficiency of the screw jack.

   b)
A cone clutch is to transmit 7.5 kW at 900 r.p.m. The cone has a face angle 12°. / The width of the face is half of the mean radius and the normal pressure between / the contact faces is not to exceed 0.09 N/m2. Assuming uniform wear and the coefficient of friction between contact faces as 0.2, find the main dimensions of the clutch and the axial force required to engage the clutch.
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5. 
The arms of a Hartnell governor are of equal length. When the sleeve is in the 
mid-position, the masses rotate in a circle of diameter 200mm (the arms are 
vertical in the mid-position). Neglecting friction, the equilibrium speed for this 
position is 300rpm. Maximum variation of speed, taking friction into account, is 
to be 
[image: image1.wmf]±

 5% of the mid-position speed for a maximum sleeve / movement 
of25mm. The sleeve mass is 5kg and the friction at the sleeve is 30N.
Assuming that the power of the governor is sufficient to overcome the friction by 
1 % change of speed on each side of the mid-position, find (neglecting obliquity 
effect of arms).


i) The mass of each rotating ball


ii) The spring stiffness


iii) The initial compression of the spring

6. 
The cranks 2 to 9 of a nine cylinder engine running at 1000 r.p.m. make 240, 120, 160, 280, 40, 80, 320 and 2000 respectively with crank 1, when measured in a counter clock direction. The rotating masses for each cylinder are estimated to be 20 kg at 0.5m radius. The distance between centre lines of cranks is 0.4 m. It is proposed to balance this engine by two masses, one in the damper at a distance of 0.6 m from cylinder one and the other located in the fly wheel at a distance of 0.6 m from cylinder nine. Determine the kg -m magnitudes and the locations of the balancing masses.

7.a) 
Distinguish reverse and direct crank methods balancing of radial engines. 
b) 
Distinguish balancing of inline engines and radial engines with appropriate examples.

8.a)
Define the following terms:

i) frequency (ii) period (iii) amplitude.

   b)        An unknown spring K has a natural frequency of 100 cycles per minute. When 1.2 kg mass is added to m, the natural frequency is lowed  to 80 cycles per minute, determine the unknown mass m and the spring constant K in N/cm.
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1.
Each road wheel of a motor cycle has a mass moment of inertia of 1.5 kg-m2. The rotation parts of the engine of the motorcycle have a mass moment of inertia of 0.25 kg-m2. The speed of the engine is 5 times the speed of the wheels and is in the same sense. The mass of the motor cycle is traveling at 50kmlh and its center of gravity is 0.6 m above the ground level.

Find the angle of heel if the cycle with its rider is 250 kg and is taking a turn of m radius. The wheel diameter is 0.6m.
 

2.a)
Derive the equation 
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 where K=Coefficient of fluctuation of speed, 
explain=Max Fluctuation of energy and Explain=Kinetic energy.

   b)
Two Isosceles Triangles represent the turning moment diagram of an engine, the 
base of the two triangles being 0 to ( and ( to 2( the maximum torque being  
1000 N-m.  The engine runs at 500rpm.  The fluctuation of speed is not to exceed 
(1.5%.  Find the thickness of disc type flywheel required if diameter is 0.5m and 
density of material is 7.5 gm/cm3.

3.a)
Differentiate between brake and clutch.

b) 
A lorry is moving on a level road at a speed of 36 kmph. Its centre of gravity lies at a distance of 60 cm from the ground level. The sheel base is 2,4 metres and the distance of C.G from the rear wheels is 900 mm. Find the distance travelled by the car before coming to rest 
when brakes are applied, (1) to the rear wheels only and (ii) to all the four wheels. Take ( = 0.45.

4.a)
The mean diameter of a Whitworth bolt having V -threads is 30 mm. The pitch of the thread is 6 mm and the angle of V is 55°. The bolt is tightened by screwing a nut, whose mean radius of the bearing surface is 30 mm. If 11 between nut and bolt is 0.1 and between nut and bearing surfaces is 0.16: Find the force required at the end of a spanner 0.5 m long when the load on the bolt is 10 kN.


b)
Two tie rods are connected by a buckle having right and left handed threads. The

threads are V -type and have a pitch of 5 mm on a mean diameter of 30 mm and a thread angle of 60°, assuming coefficient of friction as 0.15, find the torque required to produce a pull of 4 X 104 N.
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5.a) 
The spring controlled gravity governor has balls of 1.4kg each and a sleeve of 
7.5kg. The bell crank lever has vertical and horizontal arms 90mm long and 
40mm long respectively. The fulcrum is 45mm away from the axis of rotation. 
The sleeve begins to rise at 220rpm and the rise of sleeve is 8mm for 6% rise in 
speed. Determine the spring stiffness and initial thrust in the spring.

    b) 
Porter governor has equal arms each 250 mm long and pivoted on the axis of 
rotation. Each ball has a mass of 5 kg and the mass of the central load on the 
sleeve is 25 kg. The radius of rotation of the ball is 150 mm when the governor 
begins to lift and 200 mm when the governor is at maximum speed. Find the 
minimum and maximum speeds and range of speed of the governor.
6.a) 
Explain role of reference plane in balancing masses of rotation in different planes.

   b) 
Explain why two balancing weights are required to balance the weights rotating in 
different planes, compared to single balance weight required to balance weights rotating in one plane. 








   c) 
Describe reasons in detail for partial balancing of reciprocating masses.
7. 
A three cylinder radial engine driven by a common crank has the cylinders spaced at 120°. The stroke is 100 mm, length of the connecting rod 200 mm and the reciprocating mass per cylinder 1.5 kg. Calculate the primary and secondary forces at crank shaft speed of 1500 r.p.m.

8.a)
Derive an equation for the natural frequency of free transverse vibration of a shaft headed with a number of concentrated loads, by energy method.

b)
A shaft of 10 cm diameter and 100 cm long is fixed at one end and other end carries a flywheel of mass 80 kg. Taking young's modulus for the shaft material as 2 x 106 kg/cm2, find the natural frequency of longitudinal and transverse vibrations.
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1.
A vertical single cylinder, diesel engine running at 300 rpm has a cylinder diameter 250 mm and stroke 400 mm. The mass of the reciprocating parts is 200 kg. The length of the connecting rod is 0.8 m. the ratio of compression is 14 and the pressure remains constant during injection of oil for 1/10th of stroke. If the index of the law of expansion and compression is 1.35, find the torque on the crankshaft when it makes an angle of 60° with the top dead centre during the expansion stroke. The suction pressure may be taken as 0.1 N/mm2. 
2.
A single cylinder single acting four stroke cycle gas engine develop 22 kW at 
300rpm.  The flywheel weighs 1000kg.  Hoop stress developed is 5 MPa.  Density 
of material of rim of flywheel is 8000kg/m3.  The speed variation on either side is 
1% of mean speed.  Determine ratio of work done during expansion and 
compression strokes.  Work done in suction and exhaust stroke is negligible.

]
3.a) 
Classify dynamometers. And explain function of one transmission type dynamometer. 

b) 
A simple band brake is operated by a lever of length 500 mm. The brake drum has a diameter of 500 mm and the brake band embraces 5/Sth of the circumference. One end of the band is attached to the fulcrum of the lever while the other end is attached to a pin on the lever 100 mm from the fulcrum,. If the effort applied to the end of the lever is 2 kN and the coefficient of friction is 0.25, find the maximum braking torque on the drum.

4.
A car engine develops maximum torque at 15kW and 2400r.p.m. The data provided for the clutch design are the following.


i)
Intensity of pressure on the friction surface not to exceed 0.7 bar


ii)         Provision is to be made for the loss of torque to wear as 30% of


 the engine torque; 

iii)        coefficient of friction for the mating lining riveted on both sides of the

       plate is 0.35

                   iv)
Inside diameter of the friction plate is 0.6 times the outside diameter.
                   Determine the suitable dimensions of the clutch plate.
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5. 
The arms of a Hartnell governor are of equal length. At the mid position of the 
sleeve, the ball arm is vertical and the radius at which the ball rotates is 8.25cm 
when the equilibrium speed, neglecting friction, is 450rpm. On changing the 
speed by 1 %, the governor is able to overcome the friction at this position. The 
friction force is assumed to have a constant value of 30N at the sleeve. The sleeve 
moves 
[image: image3.wmf]±

1.6cm from the mean position. The minimum speed of the governor 
including friction is 428 rpm. The mass of the sleeve is 3.5kg. Determine (i) the 
magnitude of the rotating masses, (ii) the spring stiffness, (iii) the initial 
compression of the spring (iv) the maximum speed.

6. 
A single cylinder horizontal engine runs at 120 r.p.m. The length of stroke is 
400 mm. The mass of the revolving parts assumed concentrated at the crank pin is100 kg and mass of reciprocating parts is 150 kg. Determine the magnitude of the balancing mass required to be placed opposite to the crank at a radius of 150 mm which is equivalent to all the revolving and 2/3rd of the reciprocating masses. If the crank turns 300 from the inner dead centre, find the magnitude of the unbalanced force due to the balancing mass.
7. 
Three cylinders of an air compressor have their axes 120° to one another and their connecting rods are coupled to a single crank. The stroke is 12 cm and the length of each connecting rod 20 cm. The mass of the reciprocating parts per cylinders is 2 kg. Determine the maximum primary and secondary forces acting on the frame of the  compressor when running at 2500 r.p.m. describe a method by which such forces may be balanced.

8.a)
Define forced vibration with neat sketch.

b)
A shaft 12mm diameter rotes in spherical bearings with a span of 0.9m and carries a disc of mass 10 kg midway between bearings neglecting the mass of the shaft, determine its deflection in terms of the speed of rotation in radians per second if the mass centre of the disc is 0.2mm out of the centre. The youngs modulus for the material of shaft Is 200 kN/mm2.
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