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Question 1 - (In-Plane Dynamics)

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 fwo unsprung masses.

Draw a schematic representation of the system.

Show that the equations of free, undamped motion can be described as:
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Question 2 — (Steering)

Consider a motorcycle with a wheelbase, p-= 1.4m, characterized by the following tyre
properties:

ky, = 12rad™

k, =14rad™

k, =09rad™
I

k, =0.85rad”
/

Determine the steering ratio, &, and describe the behavior of the motorcycle when the

steering ratio has this value.
(4 marks)

Determine the “critical velocity’.
(4 marks)

How does this “critical velocity’ effect the steering behavior of the motorcycle, and what
measures could be taken to avoid any possible loss of control in this type of situation.

(6 marks)

Describe the principle formulisation of the multi-body model for the motorcycle in steady
turning. Your description should encompass the number of rigid bodies, degrees of
freedom, the number of equations that derive from the equilibrium conditions and what
physical aspects the equations represent.

(6 marks)



Question 3 — (Stability)

The motorcycle has two main types of vibrational modes:

The in-plane and out-of-plane modes of vibration for a motorcycle are affected by
different parameters.

a.

b.

Explain what influences the in-plane vibrational modes and what effect this has
on the motorcycle and the rider.

(3 marks)

Explain what parameters influence the out-of-plane modes, and what
mathématically determines the natural frequency of the oscillating modes.
(4 marks)

Experimentally, the motorcycle can exhibit a number of different oscillatory and non-
oscillatory modes. Define the following terms and describe how they manifest themselves
in motorcycle dynamics and how they are modeled mathematically.

C.
d.
e.

Capsize
Wobble
Weave
(7 marks)

Sketch the root-locus plot for a motorcycle cornering at a constant speed, showing
where the different oscillatory modes lie in both the real and imaginary planes.
Show also the areas of stability and instability. -

(6 marks)



Question 4 — (In Plane Dynamics)

[

The figure above represents the characteristics of a ‘half car’ or basic motorcycle model.
The front and rear suspension systems are modelled as spring-damper systems and the
contribution of the tyre characteristics is neglected.

The vehicle has both pitch and bounce degrees of freedom. They are represented in the
model by four states: vertical displacement, vertical velocity, pitch angular displacement,
and pitch angular velocity.

Derive equations for:

The front suspensions influence on bounce.
The pitch contribution of the front suspension.
The forces for the body motion.

The moments for the body motion.

RO TP

(10 marks)

The tyre model proposed by Pacejka in 1991 is still very much in use today. The
approach is substantially empirical and the results reproduce the real behaviour of the
tyre very well. The entire model revolves around what is called a ‘magic formula’, which
is a single expression that can be used to represent the longitudinal driving or braking
force, the lateral force or the moment around the z-axis. The expression is:

Y(x)=y(x)+S,
y(x) = Dsin{Ctan"'[Bx — E(Bx ~tan™ Bx)]}
X=x+3,

Where B, C, D and E are four parameters, S, indicates the translation of the curve along
the y-axis and S indicates the translation of the curve along the x-axis.

e. Sketch the curve of the Pacejka “Magic Formula”, accurately labelling the parameters
outlined in the expression above.

f. Explain the physical significance of each of the parameters in the Pacejka expression.

(10 marks)
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A motorcycle can be described as a system of six rigid bodies:

Sprung steering components, un-sprung steering components, rear frame (including frame, engine,
tank and rider), rear swinging arm and the two wheels. The rider is considered to be a rigid body
firmly attached to the frame.

The speed of travel V is the speed of the contact point of the rear wheel. When no slip is present, V is
directly proportional to the angular velocity of the rear wheel and is directed along the wheel

symmetry plane.

The distributed aerodynamic forces which air exerts on the motorcycle are taken into account by
considering drag, lift and lateral forces acting at the center of mass of the rear frame (Fp, Fr, F} and
three acrodynamic torques (Max, May, Mas)

The interaction between each tire and the road is represemted by three forces (vertical load,
longitadinal and lateral forces) acting at the geometric comtact point and by three torques
(overturning, rolling resistance and yaw torque), acting along the three independent axes. The tire
forces and torques are non-linearly dependent on the roil angle and slip quantities.

The equilibrium conditions give six equations:

Three force equilibrium equations;

Three moment equilibrium equations: equilibriurn around the X -axis (roll), the Y -axis (pitch) and
the 7, -axis (yaw).

In addition we have two equations that give the lateral forces as functions of side-slip and camber
angles.

Once the roll angle Band the steering angle & are assigned, the eight equations allow us to obtain the
eight unknowns:

Forward velocity V ;

Vertical forces N; and N, applied respectively to the front and rear wheels;
Lateral forces Fgr and Fs, applied respectively to the front and rear wheels;
Sideslip angles Ag, A,

The driving force, 8

Finally, the equilibrium of the front and/or the rear frame around the steering axis
gives the torque exeried by the rider and applied to the handlebars, which provides
and equal and opposite reaction on the rear frame.
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“The .in—plane vibrational modes of the motorcycle are influenced by the ﬁamé, suspension and the

wheel motions in the vertical plane. The in-plane modes are related to ride comfort and road-holding.

The out-of-plane modes of vibration involve the roll, yaw, steering angle and steering head lateral
displacement. The out-of-planes modes are generaily related to the vehicle stability and handling.

The natural frequencies of the oscillating modes (both in and out of plane) are given by the imaginary
parts of the eigenvalues.

The capsize motion is in essence a roll motion deeply infiuenced by the rider action on the handlebar.
This motion is always unstable as the motorcycle can be thoughi of as an inverted pendulum. It is
modelled mathematically as: '
4
@ = Poer

Where tau is a positive time constant, showing capsize is always unstable.

Wobble is an oscillation of the front assembly around the steering axis that can become unstable at

fairly low to mid speeds. Wobble frequency goes up as the trail of the motorcycle increases and as
the front-frame inertia decreases. Mathematically this is:

IAfS' =—cé— Fgran + Mpgbbsine + Neay, 8sine
Weave is an oscillation of the whole motorcycle, but mainly an effect seen at the rear end of the
motorcycle. It depends on the CofG of the motorcycle, the wheel inertia, the caster angle and trail and

the cornering stiffness of the rear tyre. The weave mode it technically generated by the coalescence
of two non-osciilating modes; body capsize and steering capsize. Mathematically it is the solution of;

IATII; = —Cl[) — Fgl

Rool-Locus for speeds fram 0.5 16 50 mis

2=03 | \
180 : :

UNSTASLE
Fraquancy {Hz)]

Frequancy [radfe]
8
Ir.
=1
(R4
kY
N /

s
ISR

Magcintosh FID: Users:Owen:Docurnents FX AMS :Solutions.docx




Continuation Sheet

Modulermt .' Advanced Motorcycle Dynamics Page of

LS/O\ L(M\r mq\mw OAL‘OJ’\C-E .
Cs Zg rCo(p-6)6 + I 2 + Uy (PO | ®
b gm ﬂ»aw o~ Pt “c«L\ |

C&(P—lf}i* Glr-b)D + W(ob)z « U Pb0 | @)
¢ Cm: O (90:97

M3 + (CotCr )2 + C&(P—b)é -CpbB + (14 .)2
(b oo o | (3

A IG+ CelP-6)2-C bz + Co(b-6)8rC b6
(i (p-b) - K&E*{i@(?- b) 2+ U }8’«0- ©

D5in(%.C)
=

Macintosh HD:Users:Owen:Documents:EXAMS:Solutions.doc




Continuation Sheet

MOduie/Umt '_ Advanced Motorcycle Dynamics

Qi [T Guehm (M

: No:

L{_ﬁ/ QN H.a Paoaléo\ waxd\,m

pme(e:D re\vessz&; B pesik valve [m(] AN E <
oA C?‘} Gundh JQ?G\AJS m‘&» M‘mpfi

PMQJ\AQ/ C Camlwub ‘&) a5 MyLdec \}mlMl M Lt)..{

De Cwve s & SQL@-JSEJ {.\J ond & H»SN»(
dderminas & ves! Roon, b

Proole B detawmees B Slope F & cove fon
O

Pmc(ef E MCLWJ = c’ww[w Ao & peall
twvdh ok o Sene bin dolosmer Tl posLin afﬂ?f’&f;(:%@ @

%Wo@&mfzjw(ﬁﬁe[wwdﬁﬁcy
Qokin bul |20 |

Macintosh HD:Users:Owen:Documents; EXAMS: Solutions.doc



