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answer 3 out of 4 questions


Equipment or materials required – Calculator



Question 1

Consider a motorcycle in the following situation:
	Corner radius, Rc = 25 m
	Forward speed, V = 50 km h-1

The properties of the motorcycle are:
	Mass, m = 285 kg (including rider)
	Height of centre of gravity, h = 0.65 m
	Wheel radius, Rf = Rr = 0.3 m
	Spin inertia of front and rear wheels, Iwf = Iwr = 0.44 kgm2

	
a. Determine the ideal roll angle of the motorcycle through this turn.	(3 marks)
b. Calculate the gyroscopic moment generated by the motion of both wheels.
(4 marks)

Due to gyroscopic reactions, the case described above is not in equilibrium. There are two ways in which the rider will be able to achieve equilibrium.


The first method is to displace the mass centre toward the centre of the turn. 

c. Calculate by how much the mass centre must move ‘d’ to achieve equilibrium?										(5 marks)

The second method is to increase the roll angle (). 

d. Determine the increase in roll angle needed to achieve equilibrium?											(3 marks)

e. What would be the effect on the effective roll angle if the motorcycle used tyres of a larger cross sectional area?						(4 marks)

f. What effect does the centre of gravity height have on the effective roll angle?
										(1 mark)














Question 2

Consider a motorcycle with the following properties, at high speed through a fast right turn. While exiting the corner the motorcycle enters a ‘highside’ situation throwing the rider off the left-hand side of the motorcycle.

Moment of inertia, If = Ir = 0.65 kgm2
Wheel Radius, rf = rr = 0.3 m
Roll velocity, = 1.8 rad s-1
Roll moment of inertia Ix = 38.3 kgm2
Moment of inertia about steer axis Izf = 0.44 kgm2
Velocity of the motorcycle, v = 40 m s-1
Rake angle,  = 21.5
Normal trail, an = 0.092 m
Handlebar width = 380 mm

a. Calculate the gyroscopic moment around the steering axis of the motorcycle due to its roll motion from right to left.
										(3 marks)

b. What would be the reaction you would expect at the handlebars due to this accident and what sort of value would you expect to see?														(3 marks)

Before departing the motorcycle, if you could apply a torque to the handlebars thereby generating a gyroscopic moment around an axis perpendicular to both the steering head axis and the rotational axis of the front wheel.


c. What effect does this gyroscopic moment have on the motorcycle?
										(3 marks)

d. To counteract the roll rate due to the accident, what steer rate would theoretically need be applied to the handlebars about the steer axis of the motorcycle?

										(5 marks)

Explain in detail the process by which the rider gets from steady state straight-line motion, to steady state cornering.

e. For a motorcycle speed of 10 ms-1
(3 marks)
f. For a motorcycle speed of 50 ms-1
(3 marks)





Question 3

The motorcycle in its plane of symmetry can be represented as three rigid bodies whose vibrating motion is described by four independent coordinates:

· The vertical displacement of the sprung mass centre.
· The pitching rotation of the sprung mass.
· The vertical displacements of the two unsprung masses.

a. Draw a schematic diagram to represent this situation.	
											(5 marks)

b. Show how this system can be represented by 4 equations in the form of a matrix.
										(10 marks)

c. The equation of motion for a mass-spring-damper system is given by the equation:





Where  is the damping ratio,  is the angular frequency and x is the displacement of the mass from its equilibrium position. Given the initial conditions, t = 0, x = 5 and  = 0, find an expression for x in terms of t when  = 1
											(5 marks)


Question 4

The motorcycle can exhibit several different oscillatory and non-oscillatory modes. Define the following terms and describe how they manifest themselves in motorcycle dynamics and how they are modelled mathematically.

a. Capsize
(3 marks)
b. Wobble
(5 marks)
c. Weave
(5 marks)

Looking at the motorcycle in the direction of the steering axis, the three degrees of freedom are the absolute rotations of the front assembly f, and rear assembly r around the steering axis, and the lateral displacement y of the steering axis. 

d. Write down the equations of motion for this case.
(7 marks)
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