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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.
The torque delivered by two stroke engine represented by                          T=1000+300 sin 2(-500 cos( N-m where ( is the angle made by the crank from IDC. The engine speed is 250rpm. The mass of flywheel is 400 kg and radius of gyration is 400mm.  Determine:


i) Total percentage of fluctuation of speed.


ii) The angular acceleration of flywheel when the crank has rotated through an 
angle of 60o from IDC.


iii) The maximum angular retardation of flywheel.


3.a)
A car moving on a level road at a speed 60 kmph, has a wheel base 3 m, distance of C.G from ground level 600mm, and the distance of C.G from rear wheels is 1.2 m. Find the distance travelled by the car before coming to rest when brakes are applied, (i) to the front wheels only, (ii) to the rear wheels only and (iii) to all the four wheels. Take coefficient of friction between the tyres and the road as 0.6.


b)
What is self-energizing brake? Derive 'self locking conditions' for a differential band brake 
when drum rotates in clockwise direction.





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.a) 
Derive an expression for the height of Proell governor. 




b) 
Calculate the minimum speed of a Proell governor, which has equal arms each 200mm and are pivoted on the axis of rotation. The mass of each ball is 4kg and the central mass on the sleeve is 20kg. The extension arms of the lower links are each 60mm long and parallel to the axis when the  minimum radius of the ball is 100mm.

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 is 100 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 150mm 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. 
Explain terms a) Variations in tractive effort b) Swaying couple c) Hammer blow as applied to locomotive balancing. Derive expressions for these for two cylinder uncoupled locomotive balancing.






8.a)
Define forced vibration with neat sketch.







b)
A shaft 12mm diameter rotates 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 young modulus for the material of shaft Is 200 kN/mm2.
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1.
The turbine rotor of a ship has a mass of 20 tones and a radius of gyration of 0.75m. 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.
(i) The maximum couple tending to shear the holding down bolts of the turbine 

(ii) The maximum angular acceleration of the ship during pitching and

(iii) The direction in which the bow will tend to turn while rising, if the rotation



        of the rotor is clockwise when looking from rear.




2.
A single cylinder signle 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 band and block brake having 12 blocks, each of which subtends 15° at the centre, is applied to a rotating drum of 600 mm diameter. The blocks are 75 mm thick. The drum and the flywheel mounted on the same shaft have a mass of 1800 kg and have combined radius of gyration of 600 mm. The two ends of the band are attached to pins on the opposite sides of the brake fulcrum at distances of 40 mm and 150 mm from the fulcrum. Calculate (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 r.p.m. Take coefficient of friction is 0.3








4.
A car engine has its rated output of 10kW. Maximum torque developed is 100Nm. The clutch used is of single plate type having two active surfaces. Axial pressure is not to exceed 0.85 bar. External diameter of the friction plate is 1.25 times the internal diameter. Determine the dimensions of the friction plate and the axial force exerted by the springs. Assume uniform wear and coefficient of friction as O.3.
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5. 
In a spring loaded Hartnell type of governor, the mass of each ball is 4kg and the lift of the sleeve is 50mm. The governor begins to float at 240rpm, when radius of the ball path is 110mm. The mean working speed of the governor is 20 times the range of the speed when friction is neglected. The lengths of the ball and roller arms of the bell-crank lever are 120mm and 100mrn respectively. The pivot centre and the axis of governor are140mm apart. Determine the initial 
compression of the spring, taking in to consideration of arms.

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) 
Prove that maximum secondary unbalanced forces is l/n times maximum primary unbalanced for n cylinder 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)
Discuss the effect of inertia of the shaft in longitudinal vibrations. 



b)
A vertical shaft 30mm diameter and 1m long is mounted in long bearings and carries a pulley of mass 10 kg midway between the bearings. The centre of pulley is 0.5mm from the axist of the shaft. Find (i) the whirling  and (ii) the bending stress in the shaft, when it is rotating at 2000 rpm. Take young modulus of the material of the shaft as 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 viewed 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.
The turning moment requirement of a machine is represented by the equation T=(1000+500 sin 2(-300cos 2()N-m. Where ( is the angle turned by the crankshaft of the machine.  If the supply torque is constant, determine:


i) The moment of inertia by the flywheel. The total fluctuation of speed is not to 
exceed one percent of the mean speed of 300 rpm.

ii) Angular acceleration of the flywheel when the crankshaft has turned through 45o from the beginning of the cycle.


iii) The power required to drive the machine.



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)
A 200mm diameter valve, against which a steam pressure of 2MN/m2 is acting, is closed by means of a square threaded screw 50mm in external diameter with 5mm pitch. If the coefficient of friction is 0.1, find the torque required to turn the handle.

   b)
Describe with a neat sketch the working of a single plate friction clutch.   
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5.a) 
Explain the terms sensitiveness and Isochronism in connection with governors.

b) 
All the arms of a Porter governor are 250mrn long. The upper arms are hinged at a distance of 40mm from the axis of rotation whereas the lower arms are pivoted at a distance of 50mm from the axis of rotation. The mass of each ball is 2.5kg and the mass of sleeve is 25kg. The force of friction on the sleeve is 20N. The masses revolve at a radius of 125mm at minimum speed and at a radius of 150mm 
at maximum speed. Determine the range of speed.





6. 
In a four cylinder petrol engine equally spaced, the cranks numbered from the front end are 1,2,3 and 4. The cranks 1 and 4 are in phase and 1800 ahead of cranks 2 and 3. The reciprocating mass of each cylinder is l kg. The cranks are 50mm radius and the connecting rod 200mm long. What are the resultant unbalanced forces and couples, primary and secondary, when viewed from the front. Take the reference plane midway between cylinders 2 and 3?

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

8.a)
Explain briefly the phenomenon of the whirling of shafts. 



b)
A steel shaft 6 cm diameter and 50 cm long fixed at one end carries a flywheel of mass 100 kg and radius of gyration 30 cm at its free end. Find the frequency of free longitudinal and transverse vibrations.
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1.
A four wheel trolley car of total mass 2000 kg running on rails of 1m gauge, rounds a curve of 25m radius at 40 km/hr. the track is banked at 100. The wheels have an external diameter of 0.6 m and each pair of an axle has a mass of 200 kg. The radius of gyration for each pair is 250mm. The height of C.G of the car above the wheel base is 0.95m. Allowing for centrifugal force and gyroscopic couple action, determine the pressure in each rail.

2.a)
Prove that the maximum fluctuation of ‘E’ is given by E=0.02ECs for a Flywheel where E=Mean kinetic energy of the flywheel and Cs=Total percentage fluctuation of speed.









b)
The torque exerted on the crank shaft of a two stroke engine is given by the equation T=(14,500+2,300Sin2(-1,900cos2()N-m where ( is the angle moved by the crank from I.D.C.  If the resisting torque is constant find:


i) The power of the engine, when the speed is 150rpm.


ii) The moment of inertia of the flywheel if the speed variation is not to exceed 
(0.5% of the mean speed.


iii) The angular acceleration of the flywheel when the crank has turned through 30o from the I.D.C.

3.a)
A car moving on a level road at a speed 50 kmph has a wheel base 3 m, distance of C.G from ground level 500mm, and the distance of C.G from rear wheels is 1.2 m. Find the distance travelled by the car before coming to rest when brakes are applied, (i) to the front wheels, (ii) to the rear wheels and (iii) to all the four wheels. Take coefficient of friction between the tyres and the road as 0.5





   b)
Derive equations for force applied at the end of lever on differential band brake when brake 
drum rotate in both clockwise and anti-clockwise directions.


4.a)
Define "Friction". Explain with examples, whether friction is friend or foe to human.        

b)
Derive an expression for the horizontal force 'F', necessary to move a load 'w' up a plane, which is inclined at an angle 'a' to the horizontal.                                


Contd………..2

Code No: NR-310304



:: 2 ::



Set No: 4

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) 
Distinguish the static balance and dynamic balance with appropriate examples.

   b) 
A,B,C and D are four masses carried by a rotating shaft at radii 100mm, l50mm,    150 mm and 200 mm respectively. The planes in which masses rotate are spaced at 500 mm apart and the magnitude of the masses B,C and D are 9 kg, 5 kg and 4 kg respectively. Find the required mass A and the relative angular settings of the 4 masses so that the shaft shall be in complete balance.

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 loaded 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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