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Question 1.

The equations for the forces and loads on a motorcycle enable us to determine the values
of the reaction forces Nrand N,, once the weight force mg, driving force S, and drag force
Fpare known:

a. Show all these forces, including the standard geometry such as wheelbase, centre
of gravity height, etc in a schematic diagram.
(4 marks)

b. By equating moments and forces for this system, derive the equation for the
dynamic loads on the front wheel, Ny
(5 marks)

Consider a Supermotard CR500 motorcycle with the following parameters:

Mass with rider, m = 185 Kg
Reduced Mass m* =200 Kg
Frontal Area, A = 0.5 m?
Drag Coefficient, Cp = 0.55

c. What is the fotal driving force required to maintain the motorcycle at a constant
velocity of 120 kmh™ along a horizontal flat road?
‘ (3 marks)

d. Ifthe motorcycle now travels at the same velocity, along a road with a constant
uphill slope of 20 degrees. What will be the new total driving force and power
required?

(4 marks)

The CR500 motorcycle has a wheelbase of, p = 1.490m, a centre of gravity height of
h = 0.8 m and a longitudinal distance of the centre of gravity, b = 0.85m:

e. Calculate its maximum geometry limited deceleration when travelling at a
velocity of 100 kmh™.
(4 marks)



Question 2.

A normal motorcycle front fork system can be represented as an equivalent vertical
suspension, which represents the actual vertical wheel rate of the motorcycle.

a. Using diagrams and calculations, show that the ‘reduced stiffness’ (k) and the
‘real stiffness’ (k) are related by the equation:

k
k.=
7 cos’e
Where ¢ is the rake angle of the motorcycle. (8 marks)

b. A wheel rate of 12N/mm is required at the front of a motorcycle with a 22° rake
angle. What is the required spring stiffness?
(3 marks)

Consider yourself riding a Honda RS125R, which weighs 78.5kg with a 50%/50% weight
distribution. The fork travel is 103mm and the rake angle is 23.5°.

RS126R

c. Select a suitable natural frequency based on the type of motorcycle and its
suspension stroke. Use this value to determine a suitable wheel rate if the un-
sprung front-end weight is 11kg.

(6 marks)

d. From this, determine the required fork spring stiffness.
(3 marks)



Question 3.
Consider the case of a rider negotiating ‘Hatchets Hairpin’ at Pembrey circuit on a
Kawasaki ZXR400 motorcycle:

Corner radius, Rc =25 m
Forward speed, V = 50 km h!

The properties of the motorcycle are:
Mass, m = 245 kg (including rider)
Height of centre of gravity, h = 0.65m
Wheel radius, Rr =R, =0.3m

Spin inertia of front and
rear wheels, Iw;=Iw, = 0.63 kgm2

Calculate the yaw velocity of the motorcycle. (2 marks)
Calculate the angular velocity of each wheel. (2 marks)
Determine the ideal roll angle of the motorcycle through this turn. (3 marks)
Calculate the gyroscopic moment generated by the motion of both wheels.

(3 marks)

e o

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 increase the roll angle (Ag).
e. Determine the increase in roll angle needed to achieve equilibrium?
(4 marks)

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

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

g. What would be the effect on the effective roll angle if the motorcycle used tyres
of a larger cross sectional area? (2 marks)

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



Question 4.
Consider a motorcycle with the following properties, leaning from right to left:

Moment of inertia, front wheel, Iw,= 0.6 kgm2
Roll velocity, §=0.5rad s™!

Spin velocity of wheel, ® = 100 rad s™

Rake angle, € =25°

Normal trail, a, = 0.1 m

a. Calculate the gyroscopic moment M, that acts on the front frame around an axis

lying in the plane of the motorcycle perpendicular to the longitudinal roll axis.
(3 marks)

b. Calculate the gyroscopic moment around the steering axis of the motorcycle due

to its roll motion from right to left.
(3 marks)

In a similar way, turning the handlebars from right to left generates a gyroscopic moment
around an axis perpendicular to both the steering head axis and the rotational axis of the
front wheel.

Mg = waa)f6

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

d. Ifthe gyroscopic moment created was 22Nm, what was the rotational velocity

seen at the handlebars about the motorcycles steer axis?
(4 marks)

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.

e. For a motorcycle speed of 10 ms™

(3 marks)
f. For a motorcycle speed of 50 ms™

(3 marks)



Equation Data Sheet

Dynamic Loadings:
h -
Nfzmgé—S—— NRzmg(p b h
p p p P

Aerodynamic Drag:

Force= %pCDAVZ

Maximum Acceleration Maximum Deceleration
omgb_F) v _8p=b0) I
mh m h m
Ideal Roll Angle Tyre Correction Change in Roll Angle
2 . .
o= tan‘{R”Q j SinAg _ Sing, Sin(Ag) = I, adcosp
g St h—t ha/(mg)? + (mR )}

Gyroscopic Moment

M, =1I,0Qcos @ M, = a,’\/(mg)2 + (mRCQZ)2

Gyroscopic Moment on Front Frame due to Roll Motion

M, =1, opcose

Natural Frequency

1 [
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Continuation Sheet

Motorcycle Dynamics and Power Transmission
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Continuation Sheet
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Continuation Sheet
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Continuation Sheet
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