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1.
A vertical petrol engine 150mm diameter and 200mm stroke has a connecting rod 350 mm long. The mass of the piston is 1.6 kg and the engine speed is 1800 rpm. On the expansion stroke with crank angle 30° from top dead center, the gas pressure is 750 kN/m2. Determine the net thrust on the piston. 
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 differential band brake has! an angle of contact of 225°, one end of band is attached to a pin 150 mm from the fulcrum of the lever, and the other end to another pin 35 mm from the fulcrum on the other side of it, where vertically downward force acting at a distance of  500 mm from the fulcrum. The brake is to sustain a torque of 350 N-m and the coefficient of 
friction between the and  the drum is 0.30. Find:

(i)   The necessary force F acting vertically downward at the end of the lever for the clockwise and counter clockwise rotation of the drum and 

(ii) The distance of first pin from fulcrum for the brake to be self-locking, when the drum rotates clockwise.

4.a)
Is it possible to increase static friction to infinite value? Why?

b)
A turn buckle with right and left hand threads is used to couple two railway coaches. The threads are square, have a pitch of 125 mm and a mean diameter of 375 mm and are of single start type. Taking coefficient of friction as 0.15, find the work done in drawing the coaches through a distance of 150 mm against a steady load of 2500 N.
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5.a) 
Derive an expression for the height of Proell governor. 

   b) 
Calculate the minimum speed of a Pro ell governor, which has equal arms each 
200mm and r 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 V minimum radius of the ball is 
100mm.

6. 
A four cylinder engine has the two outer cranks at 1200 to each other and their reciprocating masses are each 400kg. The distance between the planes of rotation of adjacent cranks are 400mm, 700mm, 700mm and 500mm. Find the reciprocating mass and the reciprocating mass and the relative angular position for each of the inner cranks, if the engine is to be in complete primary balance. Also find the maximum unbalanced secondary force, if the length of each crank is 350mm, the length of each connecting rod 1.7 m and the engine speed 500r.p.m.

7. 
A two cylinder uncoupled locomotive has inside cylinders 0.6m apart. The radius of each crank is 300 mm and are at right angles. The revolving mass per cylinder is 250 kg and the reciprocating mass per cylinder is 300 kg. The whole of the revolving and two - third of the reciprocating masses are to be balanced and the balanced masses are placed, in the planes of rotation of the driving wheels, at a radius of 0.8m. The driving wheels are 2m in diameter and 1.5 m apart. If speed of the engine is 80 kmph; find hammer blow, maximum variation in tractive effort and maximum 
swaying couple.

8.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.
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1.
A steam engine 200 mm bore and 300 mm stroke has a connecting rod 625 mm long. The mass of the reciprocating parts is 15 kg and the speed is 250 rpm when the crank is at 30° to the inner dead center and moving outwards, the difference in steam pressures is 840 kN/m2. if the crank pin radius is 30mm, determine:

i) The force on the crankshaft; and  ii) The torque acting on the frame. 
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 and block brake, having 14 blocks each of which subtends an angle of 15° at the centre, is applied to a drum of 1 m effective diameter. The drum and flywheel mounted on the same shaft of mass 2000 kg and a combined radius of gyration of 500 mm. The two ends of the band ae attached to pins on opposite sides of the brake lever at distances of 30 mm and 
120 mm from the fulcrum. If a force of 200 N is applied at a distance of 750 mm from the fulcrum, find (i) maximum braking torque, (ii) angular retardation of the drum and (iii) time taken by the system to come to rest from the rated speed of 360 r.p.m.

4.a)
An effort of 1500 N is required to just move a certain body up an inclined plane of angle 14°, force acting parallel to the plane. If the angle of inclination is increased to 16°, then the effort required is 1720 N. Find the weight of the body and the coefficient of friction.

b)
Define terms limiting angle of friction and angle of repose. Explain how they are related.
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5.a) 
With a neat sketch, explain the working of Hartnell governor.

     b) 
Prove that for a Hartnell governor,

i) The total lift, h = b/a (r2-r1) and 

ii) Stiffness of spring, S = a/b.


Where a and b are lengths of bell crank lever of ball arm and sleeve arm 
respectively:


S2 and S1 = Spring forces at maximum and minimum radii.

6. 
The reciprocating masses of the first three cylinder engine are 4.1, 6.2 and 7.4 tonnes respectively. The centre lines of the three cylinders are 5.2m; 3.2m and 1.2m from the fourth cylinder. If the cranks for all the cylinders are equal, determine the reciprocating mass of the fourth cylinder and the angular position of the cranks such that the system is completely balanced for the primary force and couple.

If the cranks are 0.8m long, the connecting rods 3.8m and the speed of engine 75 r.p.m.; find the maximum unbalanced secondary force and the crank angle at which it occurs.

7. 
A four cylinder inline marine oil engine has cranks at angular displacement of 90°. The outer cranks are 3m apart and inner cranks are 1.2 m apart. The inner cranks are placed symmetrically between the outer cranks. The length of each crank is 450mm. If the engine runs at 90r.p.m. and the mass of reciprocating parts for each cylinder is 900 kg. Find the firing order of the cylinders for the best primary balancing force of reciprocating masses. Determine the maximum unbalanced primary couple for the best arrangement.

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

b)
A steel shaft 6 cm diameter and 50 cm why fixed at end and 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 horizontal steam engine running at 240 rpm has a bore of 300 mm and stroke 600mm. The connecting rod is 1.05m long and the mass of reciprocating parts is 60 kg. when the crank is 60° past its inner dead center, the steam pressure on the cover side of the piston is 1.125 N/mm2 while that on the crank side is 0.125 N/mm2. Neglecting the area of the piston rod, determine: 1. the force in the piston rod; and 2. the turning moment on the crankshaft. 
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)
Explain the relationship between friction between two bodies and the force applied to move one body one the other for static and dynamic conditions.

    b)
The distance between adjacent threads on a triple-threaded jackscrew is 16 mm.
The mean radius is 50 mID. The coefficient of friction is 0.10.

(i) What load can be raised by exerting a moment of200 N-m?
(ii) What load can be lowered with the same moment?
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5. 
A Hartnell governor having a central sleeve spring and two right angled bell crank 
levers operates between 290rpm and 310rpm for a sleeve lift of 15mm. The sleeve 
arms and the ball arms are 80mm and 120mm respectively. The levers are pivoted 
at 120mm from the governor axis and v mass of each ball is 2.5kg. The ball arms 
are parallel to the governor axis at the lowest equilibrium speed. Determine: 

i) 
Loads on the spring at the lowest and the highest equilibrium speeds.


ii) 
Stiffness of the spring.

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 Dare 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. 
The crank of high speed pump consists of a parallel shaft 25mm dia and 480 mm long. it carries 3 eccentrics, each diameter 60 mm and uniform thickness of 18mm. The assembly is symmetrical as shown in figure below and the Bearings are at A and B. The angle between the eccentrics is 120° and the eccentricity of each is 12.5mm the material density is 7,000 kg per meter cube and the speed of rotation is 1430 r.p.m. Find the dynamic load on each Bearing due to out of balance couple.

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 Band 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.

^^^
Code No: 310304
III B.Tech. I-Semester Regular Examinations, November-2003

DYNAMICS OF MACHINERY
(Production Engineering, Mechanical Engineering, Mechanical and Manufacturing Engineering and Mechatronics)

Time: 3 hours






      Max. Marks: 80
Answer any FIVE questions 

All questions carry equal marks

- - -

1.
A vertical single cylinder engine has a cylinder diameter of 250 mm and a stroke of 450 mm. The reciprocating parts have a mass of 180 kg. The connecting rod is 4 times the crank radius and the speed is 360 pm. When the crank has turned through an angle of 45° from top dead center, the net pressure on the piston is 1.05mN/m2. Calculate the effective turning moment on the crank shaft for this position.
 

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 truck has 3.15 m wheel base and the centre of gravity is 1.28 m in front of the rear axle and 0.9 m above ground level. The coefficient of adhesion between tyres and road is 0.6 and the brakes are applied to rear wheels only. What is the minimum distance in which the truck can 
be stopped on a level road when travelling at 48 km/hr? If the weight of the truck is 8 tonnes, find the pressure on each wheel during braking.

4.a)
Derive an expression for minimum force required to slide down a body on a  rough inclined plane.

b)
A centrifugal clutch has four shoes which slide radially in a spider keyed to the driving shaft driving shaft and make contact with the internal cylindrical surface of a rim keyed to the driven shaft. When the clutch is at rest, each shoe is pulled against a stop by a spring so as to leave a radial clearance of 5 mm between the v shoe and the rim. The pull exerted by the spring is then 600 N. The mass centre of the shoe is 160 mm from the axis of the clutch. If the internal diameter of the rim is 400 mm, the mass of each shoe is 8 kg, the stiffness of each spring is 50 N/mm and the coefficient of friction between the shoe and the rim is 0.3: find the power transmitted by the clutch at 500 r.p.m.
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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) 
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 ml = 5kg, m2=3 kg at an angle 1650 counter clock wise from m1, and m3 = 8 kg 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. 
The cranks and connecting rods of a four cylinders inline engine running at 1800 r.p.m. are 5 cm and 25 cm each respectively and the cylinders are spaced 15 cm apart. If the cylinders are numbered in sequence from one end, the cranks appeared at intervals of 90° in an end view in the order 1-4-2-3. Reciprocating masses corresponding to each cylinder is 1.5 kg. Determine the unbalanced primary and  secondary forces if any and unbalanced primary and secondary couples with 
reference to central plane of the engine.

8.a)
Discuss the effect of inertia of the shaft in transverse vibrations.

b)
A heavy rotor of mass 120 kg and is fixed at the mid span to a shaft 100mm diameter and 2m long. The axial length of the rotor is 1 m and if may be assumed that over this length the shaft is prevented from bending. If the ends at the shaft are supported in long bearings and Young's Modulus for the material is 200 GN/m2, find whirling speed of the shaft.
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