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1.
Consider a motorcycle with the following properties:

750cc Transversely mounted engine, with a forward spinning crankshaft.
Total mass with rider, m = 255 kg

Height of centre of gravity, #=0.65m

Wheel radius, Ry= R, = 0.3 m, Tyre Width = 180mm

Spin inertia of the front and rear wheels, Lyt = Ly = 0.65 kgm2

Total angular momentum of the engine, Iw,®, = 16 kgm2 st

The motorcycle is traversing a 200 m radius corner with a velocity of 40 ms™

(1) Calculate the ideal roll angle.

(2 marks)
(ii)  Calculate the increase in roll angle due to the tyre thickness.

(3 marks)
(iii)  Calculate the gyroscopic moment due to the engine rotation.

(3 marks)
(iv)  Calculate the increase in roll angle due solely to the gyroscopic effect

generated by the engine.
(4 marks)

(v) Calculate the gyroscopic moment due solely to the wheels and the
corresponding change in roll angle
(6 marks)
(vi)  Taking into account the gyroscopic contribution from the wheels and engine,
and the contribution due to tyre thickness, determine the overall roll angle.
(2 marks)



2.
Consider a motorcycle about to negotiate a left turn...

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

a. For a motorcycle speed of 10 ms™

(4 marks)
b. For a motorcycle speed of 50 ms™

(4 marks)

Consider the case of a rider negotiating a constant radius corner:
Turning radius, R. =220 m
Forward speed, V = 40 ms™
The properties of the motorcycle are:
Mass, m = 180 kg
Height of centre of gravity, h=0.65 m
Wheel radius, Rr=R;=0.32 m
Spin inertia of front and rear wheels, Iyt = Ly = 0.6 kgm2

(i) Calculate the yaw velocity of the motorcycle. (1 marks)
(ii) Calculate the angular velocity of each wheel. (1 marks)
(iii)Determine the ideal roll angle of the motorcycle through this turn. (2 marks)
(iv)Calculate the gyroscopic moment generated by the motion of both wheels.

(2 marks)

d. 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.
(i). Calculate by how much the mass centre must move (d) in order to achieve
equilibrium. (3 marks)

The second method is to increase the roll angle (A@).
(ii) Determine the increase in roll angle needed to achieve equilibrium. (3 marks)



3.

a. The equations of equilibrium of a motorcycle enable us to determine the values of the
reactive forces Nyand N,, once the weight force mg, driving force S, and drag force F)p are
known:

(i) Show all these forces, including standard geometry (Wheelbase, CofG height, etc) in a
schematic diagram.

(5 marks)
(ii) By equating moments and forces for this system, derive equations for the dynamic

loads on the front and rear wheels N, and Ny
(8 marks)

b. In conditions approaching front wheel lift, the front load of the motorcycle tends to
zero. This can be represented by the equation:

FDZL—+FL-])~=mgé
p p p

If the motorcycle has the following properties:

Mass (plus rider) =220 Kg

The drag area CpA = 0.4 m?

The lift area CtA = 0.1 m’

The longitudinal distance of the centre of gravity isb=0.71 m
The height of the centre of gravity ish =0.62 m

The wheelbase of the motorcycle isp =1.38 m

Calculate the maximum velocity attainable before front wheel lift occurs.
(7 marks)



4,
Answer the following questions:

a. What power is required to drive a motorcycle of CpA = 0.3, to a velocity of:
Q) 250 kph
(i)  320kph
(iii)  Comment on your results.
(4 marks)

b. Consider a motorcycle with the following parameters:

Mass, m =240 Kg

Reduced Mass m* = 285 Kg
Frontal Area, A =0.6 m?
Drag Coefficient, Cp = 0.7

(1) What is the fofal driving force required to maintain the motorcycle at a
constant velocity of 200 kph along a horizontal road?
(3 marks)
(i)  If the motorcycle now travels at the same velocity, but along a road with a
constant uphill slope of 12 %. What will be the total driving force required?
(4 marks)
(iii)  If this motorcycle has a wheelbase of, p = 1.3 m, a centre of gravity height of
h = 0.6 m and a longitudinal distance of the centre of gravity, b = 0.55 m:
Calculate its maximum geometry limited acceleration when travelling at a
velocity of 35 ms™.
(4 marks)

c. Assuming the front un-sprung mass of a 200kg motorcycle to be 19kg with an
angle of inclination of the steering head to be 22°.
1 Calculate the stiffness of the reduced spring so that with a load equal to the
weight of the motorcycle the fork compresses by 60 mm.
(2 mark)
(ii) From this, calculate the overall stiffness of one fork spring.
(3 marks)



Equation Data Sheet

Dynamic Loadings:

p p p p

Aerodynamic Drag

Force = %pCDAVZ

Maximum Acceleration

oM b F,
m h om
Reduced Spring Stiffness Overall Stiffness
k,=—28 k =k Cos’e
ycose
Ideal Roll Angle Tyre Correction Change in Roll Angle
2 . .
0, = tan“l(RCQ j SinAg _ Sing, Sin(Ap) = I, wQcos g
g t h-t h/(mg)* +(mR )’
Gyroscopic Moment
2
M, =1,0Qco0s¢ M, = d\/(mg)2 + (chQZ)

Gyroscopic Moment on Front Frame due to Roll Motion

M, =1, o,pcose
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