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Question 1 - (Rectilinear Dynamics)

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 Fp are
known:

a. 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)

Consider a motorcycle with the following properties:

Mass with rider, m = 225kg

Reduced Mass, m'=245kg

Frontal Area, A = 0.75 m”

Drag Coefficient, Cp = 0.7
Wheelbase, p= 1.4m

60/40 front biased weight distribution
CofG height, h = 0.6m

Front spring stiffness k= 10.5 N/mm
Rake angle = 23.5° '

b. What is the power required to maintain the motorcycle at a constant velocity of
200 kmh! along a horizontal flat road?
(3 marks)

c. The power produced is used to overcome both the drag and rolling friction forces.
If the motorcycle is climbing a 10° incline, what are the magnitudes if the 3 forces
that the motorcycle needs to be overcome?

(3 marks)

d. During braking, this motorcycle logs a deceleration of 7.5 ms . Using your

understanding and the information given above, determine an approximate value
for the suspension compression that you would expect during braking.

(6 marks)



Question 2 - (Steady State Cornering)

a.

With the aid of diagrams, derive an equation for the ‘ideal’ lean angle of a
motorcycle in steady state cornering.

(5 marks)

With reference to the data trace shown below:

I Shkreieg velues

Explain why the 3 recorded velocity traces show different values and explain
which of these velocities would be suited to being used as the input to the
motorcycles traction control system? (5 marks)

Derive an equation, which expands on the concept of the ideal lean angle fo
include the motorcycles average tyre thickness into its required lean angle to give
a more accurate representation of the required lean angle.

(5 marks)

For the motorcycle show in the above data trace, calculate the ideal lean angle and
the ‘real’ lean angle assuming the test track diameter to be 45m and realistic
values for the required motorcycle geometry and compare your solution to the
data on the trace and discuss your results.

(5 marks)



Question 3 — (Suspension Analysis)

a. A motorcycle suspension can be represented by an equivalent ‘vertical stiffness’
or ‘wheel rate’. Using both diagrams and calculations, show how the ‘wheel rate’
and the ‘spring rate’ are related.

(8 marks)

b. The TeamV4 — Bike 2 weighs 145kg and has a 58/42 front biased weight
distribution with rider. The fork travel is 90mm, the rear wheel travel is 112mm,
the rake angle is 21.5°, the front unsprung mass is 11kg and the rear unsprung
mass is 14.5kg.

i. Advise a suitable ride frequency assuming Andy weighs 65kg.
' (2 marks)

ii. Assuming both tyres have a stiffness of 200N/mm, determine a suitable -
fork spring stiffhess.
{4 marks)

¢. The rear suspension can also be analysed in a similar manner. If the ‘link ratio’
for the motorcycle is 2.5:1 and the damping coefficient in compression at the
wheel is 1200 Ns/m, calculate the required stiffness of the rear spring and
comment on the suitability of the damping coefficient and its corresponding value
at the shock.
. (6 marks)



Question 4 — (Dynamics and Handling)

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)

The New CsR500R Super2T motorcycle has a total mass of 144kg and a 52/48 forward
weight distribution with a 70kg rider. It has a front unsprung mass of 9.4kg and a rear
unsprung mass of 12.4kg. The rake angle is 22.5 degree and the rear link ratio is an
average of 2.5:1. Determine the following:

c. Determine the vertical wheel stiffness’s that are needed to satisfy a ride frequency
of 2.0 Hz for the front and 2.2Hz for the rear.
(3 marks)
d. Determine the critical damping that would be needed for these vertical stiffness’s?
(3 marks)
e. Given the suspension geometry for the motorcycle, determine the damping

required at the fork and the shock for the sprung mass for both the front and rear
of the motorcycle if the damping ratio for the sprung mass is to be € = 0.4.

(6 marks)
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