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1. The stabilizing gyroscope of a ship has a mass of 50 tonnes, a radius of gyration of 1.525 m, and rotates about a vertical axis at 900 rev/min. Calculate:

(a) the time required to attain full speed after starting from rest, if the gyro is supplied with a constant power input of 75 kW

(b) the torque required to cause precession about the axis in a vertical fore and aft plane at the rate of 10/s note:

power = Iw(alpha)

torque = Iw(omega) where

I = moment of inertia (kg m2)

w = velocity of spin (rad/sec)

(alpha) = angular acceleration (rad/s2)

(omega) = velocity of precession

2. Using strain energy methods, find the mass of a spring required to stop a truck of mass 10 tonnes, travelling at 0.91 m/s. Assume that there is no compression on the spring before contact with the truck.

note: C(steel) = 7380 kg/m3
  G(steel) = 85 GPa

  T(steel) = 280 MPa

3. A small air compressor is belt driven from a lay shaft in a workshop. The pulley on the compressor being 300 mm in diameter, and the angle of lap of the belt is 1650. When the belt is moved from the loose to the fast pulley, it slips for 8 seconds until the compressor attains its constant speed of 300 rev/min. The flywheel of the compressor has a moment of inertia of 4 km m2 and the friction requires a constant torque of 4 Nm. If the coefficient of friction is 0.28 during the acceleration period,

(a) find the tensions in both reaches of the belt, and also

(b) the distance that the belt slips and the energy lost in that time due to the belt slip.

4. A beam 20 meters long is simply supported at each end. It has a mass of 5000 kg. It also carries a load of 20 kN at 3 meters from the other end.

(a) sketch and dimension the shearing force and bending moment diagrams.

(b) calculate the position and magnitude of maximum bending moment

5. A ship is pitching 10 degrees above and 10 degrees below the horizontal. Assuming the motion to be simple harmonic, having a period of 12 seconds, find the maximum angular velocity and angular acceleration of the ship during pitching.

6. A friction clutch transmits 11 KW at 2000 rev/min. It consists of two flat circular plates forced into contact by a spring, the uniform pressure between the faces, being 80.0 KN/m2, the coefficient of friction being 0.3. The inner diameter of the engaging surfaces is 75 mm. Calculate- 

(a) The outer diameter of the contact surfaces

(b)  The spring force. 

7. The speed reduction ratio of a single reduction gearing consisting of a pinion driving a gear wheel is three to one. The masses of the pinion and gear wheel are 45 kg and 420 kg respectively, and their radii of gyration are 150 mm and 440 mm respectively. On no load the pinion attains its maximum rotational speed of 15 rev/s from rest while turning through 150 revolutions. Find- 

(a) The time to attain maximum speed 

(b) The total torque in the pinion shaft to accelerate the whole gearing 

(c) The total kinetic energy in the gears when running at maximum speed. 

8. Four masses M1, M2, M3 and M4 are 20 kg, 30 kg, 24 kg and 26 kg respectively. The corresponding radii of rotation are 20 cm, 15 cm, 25 cm and 30 cm respectively and the  angles between successive masses are 450, 750 and 1350. Find the magnitude and position of balance mass required if its radius of rotation is 20 cm. 

9. A Porter governor has 300 mm arms and the rotating balls each have a mass of 1.8 kg. At the mean speed of 120 rev/mm, the arms make 300 to the vertical. Determine the central dead load and the sensitivity of the governor if the sleeve movement is ( 25 mm. 
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ANSWERS

Answers for Question No. 1

Ans: 3.825 hours 

Ans: 191.27 kN

Answers for Question No. 2

Ans: 132.4 kg
Answers for Question No. 3

Ans: 237.4 N 

Ans: 106 N 

Ans: 18.84 m

Ans: 2475.58 J
Answers for Question No. 4

Ans: 10.2039 m from end on 30 kN side

Ans: 247.67 kNm magnitude 
Answers for Question No. 5

Ans: 0.0914 rad/s 

Ans: 0.04785 rad/s2 
Answers for Question No. 6

(a) 206.26 mm

(b) 2.32 KN

Answers for Question No. 7

(a) 20 sec 

(b) 47.3514 mm

(c) 44.628 kJ

Answers for Question No. 8

(a) 21.31( 

(b) 11.6088 kg

Answers for Question No. 9

(a) 5.7283 N
(b) 20.771
