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1.a)
Derive an expression for gyroscopic couple.

b)
An aero plane makes a complete half circle of 60m radiuses, to the left when flying at 200 Kmph. The rotary engine and the propeller of the aero plane weights 4000N with a radius of gyration 30 cm the engine runs at 2500 rpm  CW, when viewed from rear. Find the gyroscopic couple on the aircraft and state its effect on it. Show gyroscopic effect by a sketch.

2.a)
Prove that the maximum fluctuation of ‘E’  is given by E=0.02 Ecs 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 + 2,300 Sin 2θ – 1, 900 cos 2θ) N-m where θ is the angle moved by crank from I.D.C. If the resisting torque is constant find: (i) The power of the engine, when the speed is 150 rpm. (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)  Describe the construction and operation of  a rope brake absorption                             
dynamometer.







    
b)
 A cone clutch is used for transmitting a torque of 3X106 N-m. The mean diameter is 20 mm and the semi cone angle is 120 30’.  The Coefficient of friction is 0.25 and the normal pressure at the mean radius must not exceed   1.4X105 N/m2 . Calculate the necessary width of the contact surface.  Also find the axial force needed to hold the clutch surface together 
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4.a)
Define the following terms

            i)  Friction circle    
(ii)  friction axis of a link              

     

   b)
A differential band brake acting on the ¾th of the circumference of a drum of 450mm diameter, is to provide a braking torque of 225Nm.  One end of the band is attached to a pins 100mm from the fulcrum of the lever and the other end to another pin 25mm from the fulcrum on the other side of it where the operating force is also acting.  If the operating force is applied at 500mm from the fulcrum and the coefficient of friction is 0.25, find the two values of the operating force corresponding to two directions of rotation of the drum.                      




     

5.a) 
Explain the terms: Sensitiveness, Isochronisms, and Hunting in connection with governors.  

b) A governor of the Proell type has each arm 250mm long. The pivots of the upper & lower arm are 25mm from the axis.  The central load acting on the sleeve has a mass of 25kg and each rotating ball has a mass of 3.2kg. When the governor sleeve is in mid position, the extension link of the lower arm is vertical and radius of the path of rotation of the masses is 175mm. The vertical height of the governor is 200mm.

If the governor speed is 160rpm when in mid-position, find (i) length of the extension link (ii)   tension in the upper arm.








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 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.a)
Define free vibrations with neat sketch

b) A Shaft 1.5m  long, supported in flexible bearings at the ends, carries two wheels each of 60 kg mass.  One wheel is situated at the centre of the shaft and the other at a distance 375mm from the centre. The shaft is hollow, of external diameter 75mm, internal diameter 40mm. The density of the shaft material is 7700 kg/m3.

8. The flywheel of an engine driving a dynamo has mass of 200 kg and had a radius of gyration of 30 cm. The shaft at the flywheel end has an effective length of 25 cm and is 5 cm diameter. The armature mass is 225 kg  and has radius of gyration of 25.5 cm. The dynamo shaft has a diameter of 4.375 cm and an equivalent length of 20 cm. Neglecting the inertia of the shaft and coupling, calculate the frequency of the torsional vibrations and the position of node. The modulus of  rigidity for the shaft material is 80 GN/m2.
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1.a)
State the three useful applications of the gyroscopic action.

b)
A gear engine automobile is traveling along a curved track of 120 m radius.  Each of the four wheels has a moment of inertia of 2.3 kg-m2  and an effective diameter of 600 mm. The rotating parts of the engine have a moment of inertia of 1.25 kg-m2. The gear ration of the engine to the back wheel is 3:2 The engine axis is parallel to the gear axle and the crank shaft rotates in the same sense as the road wheels. The mass of the vehicle is 2,050 kg  and the center of mass is 520 mm above the road level. The width of the track is 1.6m. What will be the limiting speed of the vehicle if all the four wheels maintain contact with the road surface ?

2.
The turning moment requirement of a machine is represented by the equation T=(1000 + 500 sin 2θ – 300 cos 2θ ) N-m. 

Where θ is the angle turned by the crankshaft of the machine. If the supply torque is constant, determine.

a) 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.

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

c) The power required to drive the machine.

3.a)
State and explain the following terms 

i)   Coefficient of friction  (ii)  angle of repose  iii) angle of friction.






   

 b)
A lorry is moving on a level road at a sped of 36 kmph. Its centre of gravity lies at a distance of 0.6m from ground level.  The wheel base is 2.4m and the distance of centre of gravity from the rear wheels is 0.9m.  Find the distance traveled by the car before coming to rest when brakes are applied, (i) to the rear wheels (ii) to the front wheels & (iii) to all the four wheels.  The coefficient of friction between the tyres and the road surface is 0.45.
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4. a)
Describe with sketches one form of torsion dynamometer and explain in detail the calculations involved in finding the power transmitted.     
    b)
In a band and block brake, the band is lined with 14 blocks, each of which subtends an angle of 150 at the drum centre.  One end of the band is attached to the fulcrum of the brake lever and the other to a pin 12.5 cm from the fulcrum.  If the torque applied to the drum is to be 3000 N, what minimum effort must be applied to the brake lever at a pin 0.75m from the fulcrum.  Take coefficient of friction as 0.25. 


5.a) 
What are the limitations of a simple Watt governor? Why has this type of governor become obsolete?










   b) 
A Porter governor has all four arms 300mm long .The upper arms are pivoted on the axis of rotation and the lower arms are attached to the sleeve at a distance of 3.5mm from the axis.  The mass of each ball is 7kg and the mass on the sleeve is 54kg.  If the extreme radii of rotation of the balls are 200mm and 250mm, find the range of speed of the governor.




6. A single cylinder engine runs at 250r.p.m. and has stroke of 180mm. The reciprocating part has a mass of 120 kg and revolving parts are equivalent to mass of 70 kg at a radius of 90 mm. A mass is placed opposite to the crank at a radius of 150 mm to balance the whole of the revolving mass and two – thirds of the reciprocating mass. Determine the magnitude of the balancing mass and the resultant residual unbalance force when crank has turned 300 from the inner dead centre, neglect the obliquity of the connecting rod.

7.a)
Derive an equation for the transverse vibration of a uniformly loaded shaft.

   b)
A rigid massless bar of length  L  is hinged at its end and carries a spring K2 with mass in at its right end. The bar is also supported by a spring K1 at a distance from the left hinge. Determine the natural frequency of the bar.

8. 
Three rotors A,B and C having moment of inertia of 2000, 6000 and 3500 kg m2 respectively and carried on a uniform shaft of 0.4 m diameter. The length of the shaft between the rotors A and B is 6m and between B and C is 32 m. Find the natural frequency of the torsional vibration. The modulus of rigidity for the shaft material is 80 GN/m2.
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1.a)
Derive an expression for the gyroscopic couple.

b) The arms of a porter governor are each 300 mm.  Long and are hinged on the axis of rotation. The mass of each ball is 5 kg.  The radius of rotation of the balls is 200mm.  When the governor begins to lift and 250mm. At the maximum speed. Determine the maximum and minimum speeds, if the mass of the sleeve is f15 kg. Also find the range of speed if the frictional force at the sleeve is 30N.

2.
The excess energy to be store in each cycle by the flywheel of an engine is obtained from a graph of T-0 on cycle shaft plaited against the crank angle the scale used being 1m = 300 nm & 1 am = 300 Nm & 1 am = 20o of the excess energy to be stored in represented on the diagram by an area of 50 Sq. Determine


 a)
The fluctuation of energy.

.b)
The fluctuation of speed the mean of flywheel 175 kg & k-0.5 m, the mean speed = 400 rpm. Also determine the M.I. of flywheel required to keep the of rotation of speed within 1% of mean speed.

3.a)
Derive an expression for the efficiency of screw jack (i) considering collar friction and (ii) neglecting collar friction.

                             

b)   A simple band brake is operated by a lever of length 500mm. The brake       drum    has a diameter of 500mm and the brake band embraces 5/8 of the circumference.  One end the band is attached to the fulcrum of the lever while the other end is attached to a pin on the lever 100mm from the fulcrum.  If the effort applied to the end of the lever is 2k N and the coefficient of friction is 0.25, find the maximum braking torque on the drum.
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4.a)
A lorry has 3.15m wheel base and the centre of gravity is 1.28m in front of the rear axle and  0.9m above ground level.  The coefficient of adhesion between the tyres and road is 0.6 and the brakes are applied to the rear wheels only.  What is the minimum distance in which the lorry can be stopped on a level road when traveling at 48kmph ? If the total weight or the lorry is 8 tones, find the pressure on each wheel during braking.                     




b)
Distinguish between brakes and dynamometers. Name different  brakes and dynamometers. 





                

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, 150mm, 150mm and 200mm respectively. The planes in which masses rotate are spaced at 500mm 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)
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 at pulley is 0.5mm from the exist of the shaft. Find  (i) the whistling speed and  (ii) the bending stress in the shaft, when it is rotating at 2000 rpm. Take young’s  modulus of the material of the shaft as 200 GN/m2.

8. 
The two rotors A and B are attached to the and of a shaft 500 mm long. The mass of the rotor A is 300 kg and its radius of gyration is 300 mm. The corresponding values of the rotor B are 500 kg and 450 mm respectively. The shaft is 70 mm in diameter for the first 250 mm, 120 mm for the next 70 mm and 100 mm diameter for the remaining length. The modulus of rigidity for the shaft material is 80 GN/m2. Find (a) the position of the node  (b) the frequency of torsional vibration. 
-x-
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1.a)
Explain the gyroscopic effect of pitching rolling of a ship moving in a sea water.

b) A ship is pitching through a total angle of 15o , the oscillation may be taken as simple harmonic and the complete period is 32 sec.  The turbine rotor weighs 6 tones, its radius of gyration is 45 cm and it is rotating at 2400 rpm. Calculate the maximum value of gyroscopic couple set up by the rotor.  If the rotation of the rotor is clockwise looking from left, in which direction will the bow tend to turn while falling?

2.
The crank effect diagram for a 4-stroke cycle gas engine may be assumed for simplicity to consist of for rectangular area of which four line are power stroke = 6000 Sqm. Exhaust stroke = 500 Sqm.  stroke = 300 Sqm.  Couple stroke  - 1500 Sqm.  Each Sqm. are separated 10-N-m. Assume the resistance to be uniform find.

i) Power of the engine.

ii)
Energy to be stored by the flywheel.

iii)
Flywheel & 1 m ratio to limit total fluctuation of speed to 4% of mean speed which  & 150 rpm.

3.a)
Explain the principle of working of a screw jack and derive an expression for its mechanical advantage.





     
(b) In a band and block  Brake, the band is lined with 14 blocks, each of which subtends an angle of 200 at the drums  centre.  One end of the band is attached to the fulcrum of the brake lever and the other to a pin 150 mm from the fulcrum.  Find the force required at the end of the lever 1m long from the fulcrum to give a torque of 4k N-m.  The diameter of the brake drum is 1m and the coefficient of friction between the blocks and the drum is 0.25.
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4.a)     Explain the method of operation of ‘Epicyclic train Dynamometer’.  How do you find power transmitted with the help of this?

                                      
   b)   A multiple plate clutch of alternate bronze and steel plates having effective diameters of 175 mm and 72.5 mm has to transmit 22 kW at 2000 r.p.m.  The end thrust is 1700N and coefficient of friction is 0.1 calculate the number of plates necessary, assuming uniform pressure distribution on the plates.
     

                                          
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 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)  
What is the necessity of the balancing






b)  
A rigid rotor has all its unbalance in one plane and can be considered to consist of three  masses m1 = 5kgs, m2=3 kgs at an angle 1650 counter clock wise from m1, and m3 = 8 kgs at angle 850 clock wise from m1. The radii a1 = 20 cm, a2=8 cm,  a3 = 14 cm. Determine the balancing mass required at a radius of 10 cm. Specify the location of this mass with respect to m1.





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

b) A rotor of mass 10 kg is mounted mid-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 E=200 GN/m2.

8.     The moment of inertia of three rotors A,B and C are respectively 100, 225 and 20 kg.m2. The distance between A and B is 100 cm  and between B and C is 14.1 cm and the shaft is 8 cm diameter. If the modulus of rigidity is 80 GN/m2, find the frequencies of the free torsional vibration of the system.
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