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ANSWER ALL QUESTIONS

1. The motorcycle can exhibit a number of different oscillatory and non-oscillatory out-of-plane modes. Define the ‘wobble’ vibration mode and describe how it manifests itself in terms of the factors that influence it and the effects on the motorcycle and show in detail how it is modelled mathematically.
(15 marks)

2. Assuming the following properties for a 2014 Ducati 1199R Panigale:
[bookmark: _GoBack]Moment of inertia (wheels), Iωf = 0.42 kgm2, Iωr = 0.51 kgm2
Wheel Radius, Rf = 0.31 m, Rr = 0.33 m
Moment of inertia of front assembly about steer axis, IZf = 0.44 kgm2
Moment of inertia of motorcycle about the roll axis, Ix = 30.25 kgm2
Rake angle, ε = 24°, Normal trail, an = 100 mm

Assuming while moving forward at 55 ms-1 at 42º lean angle, the bike hits a small bump in the road, which causes a wobble of the front frame. If the frequency of the oscillation is 7Hz and the steer angle moves through ± 6.3º from the straight ahead position, Determine the reaction at the front wheel and the effect on the vehicles steer and roll angles. 								(15 marks)

3. In recent years, the ‘whip’ has become a popular addition to the motocross riders’ mid-air repertoire. This manoeuvre takes the motorcycle from the vertical plane during take-off, to the horizontal plane during mid-flight returning to vertical plane for the landing.

Moment of inertia, Iωf = 0.42 kgm2, Iωr = 0.55 kgm2
Wheel Radius, Rf = 0.55, Rr = 0.38 m
Roll velocity (Both directions) = 1.8 rad s-1
Rake angle, ε = 25.5°, Normal trail, an = 0.12 m, Handlebar width = 520mm

a. If the velocity of the motorcycle is 16 ms-1, calculate the gyroscopic moment Gm that acts on the steering axis of the motorcycle during this manoeuvre.	(5 marks)
b. What force at the handlebars is required to get the bike back from the horizontal to the vertical position for landing?						(5 marks)

4. The suspension of the motorcycle in its vertical plane can be represented as three rigid bodies whose oscillatory motion can be described by four independent motions:
· The vertical displacement of the sprung mass centre.
· The pitching rotation of the sprung mass.
· The vertical displacements of the two un-sprung masses.
Show how this system can be represented by 4 equations in the form of a matrix.
										(15 marks)

5. Explain in detail the process of how your steer a motorcycle at low speed.
(5 marks)
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