Course Name: THEORY OF MACHINES Paper code: ETAT-202

Assignment 4

Q.1. An aeroplane makes a complete half circle of 50 metres radius, towards left, when flying at
200 km per hr. The rotary engine and the propeller of the plane has a mass of 400 kg and a radius
of gyration of 0.3 m. The engine rotates at 2400 r.p.m. clockwise when viewed from the rear.
Find the gyroscopic couple on the aircraft and state its effect on it.

Q.2 The turbine rotor of a ship has a mass of 3500 kg. It has a radius of gyration of 0.45 m and a speed of
3000 r.p.m. clockwise when looking from stern. Determine the gyroscopic couple and its effect upon the
ship:

1. when the ship is steering to the left on a curve of 100 m radius at a speed of 36 km/h.

2. when the ship is pitching in a simple harmonic motion, the bow falling with its maximum

velocity. The period of pitching is 40 seconds and the total angular displacement between the two

extreme positions of pitching is 12 degrees.

Q.3 A four-wheeled trolley car of mass 2500 kg runs on rails, which are 1.5 m apart and travels
around a curve of 30 m radius at 24 km / hr. The rails are at the same level. Each wheel of the
trolley is 0.75 m in diameter and each of the two axles is driven by a motor running in a direction
opposite to that of the wheels at a speed of five times the speed of rotation of the wheels. The
moment of inertia of each axle with gear and wheels is 18 kg-m?. Each motor with shaft and gear
pinion has a moment of inertia of 12 kg-m2. The centre of gravity of the car is 0.9 m above the
rail level. Determine the vertical force exerted by each wheel on the rails taking into
consideration the centrifugal and gyroscopic effects. State the centrifugal and gyroscopic effects
on the trolley.

Q.4 A 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.
Q.5 A Proell governor has equal arms of length 300 mm. The upper and lower ends of the arms
are pivoted on the axis of the governor. The extension arms of the lower links are each 80 mm
long and parallel to the axis when the radii of rotation of the balls are 150 mm and 200 mm. The
mass of each ball is 10 kg and the mass of the central load is 100 kg. Determine therange of
speed of the governor.



