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Question 1 — (Rectilinear Dynamics)

Consider a motorcycle with the following properties:

Mass with rider, m = 195kg

Reduced Mass, m*=2'12k%

Frontal Area, A=0.75m

Drag Coefficient, Cp = 0.65
Wheelbase, p=1.3m

50/50 weight distribution

Front vertical stiffness ke =22 N/mm
Rake angle = 22° '

a. What is the fotal driving force required to maintain the motorcycle at a constant
velocity of 155 kmh™ along a horizontai flat road?
(5 marks)

b. If the same motorcycle is required to climb an incline of 30°, what power would

the motorcycle be required to produce?
' (3 marks)

¢. If the motorcycle has a maximum power output of 55KW, what would you expect
its aerodynamically imited top speed to be?
(3 marks)

d. If this motorcycle is capable of accelerating at 1.1g, at what height must its centre
of gravity be?
(3 marks)

e. For this motorcycle in braking, its data logger shows a deceleration of 0.8g, with a
suspension compression of 80mm. Using the data provided above, show using
calculations that this is a reasonable suspension compression value.

(6 marks)



QueStian 2 - (Steady State Cornering)

a.

b.

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:

Explain why the 3 recorded velocity traces show different values and explain
which of these velocitics 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 to
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. For a normal front suspension fork show that the “wheel rate’ and the “spring rate
are related by the equation.

k=k, cos’ g
‘ (5 marks)

b. For a rear suspension system { You may assume a simplified twin-shock system),
show that the ‘wheel rate’ and the “spring rate’ are related by the square of the
link ratio. :

{5 marks)

¢. The 2001 HRC NSR500 weighs 126kg wet and has a 58/42 front biased weight
distribution with rider. The fork travel is 112mm, the rear wheel travel is 114mm,
the rake angle is 21.5°, the front unsprung mass is 11kg and the rear unsprang
mass is 14.5kg.

Advise a suitable ride frequency for the motorcycle and assuming a total weight
of 200kg (Including rider) determine a suitable vertical stiffness for the
motorcycle

(5 marks)

d. Assuming that the NSR500 has a 2.2:1 linear link ratio at the rear, determine the
required spring stiffness’s for the front and rear of the motorcycle.
(5 marks)



Question 4 ~ (Dynamics and Damping)

a. Derive a set of equations that can be used to determine the wheel loads of a
motoreycie in both static and dynamic situations.
(8 marks)

The Tech3 Moto 2 motorcycle has a total mass of 144kg and a 58/42 forward weight
distribution with a 70kg rider. It has a front unsprung mass of 10.4kg and a rear unsprung
mass of 14.3kg. The rake angle is 22.5 degree and the rear link ratio is an average of
2.5:1. Determine the following:

b. 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)
c. Determine the critical damping that would be needed for these vertical stiffness’s?
(3 marks)
d. 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 massisto be T = 0.4,

(6 marks)



Equation Data Sheet

Dynamic Loadings:
memg-_b_._s_].l_ - NR #mgw.;. S!}.
p P . p P
Aerodynamic Drag:
Force = é— pCLAV?
Maximum Acceleration Maximum Deceleration
_mgb _Fp ;820 b
mh m h m
1deal Roll Angle Tyre Correction
2 . .
@, = tan"(R“Q ) SinAp _ Sing,
g t h—t
Natural Frequency
1 |k
T\



SWANSEA METROPOLITAN UNIVERSITY

7 PRIFYSGOL FETROPOLITAN ABERTAWE

Faculty of Applied Design
and Engineering

EXAMINATION SOLUTIONS : SESSION 2009710

Progf#ﬁuﬁéﬁ | BEng Motorcycle Engineering __ Year: Level 5
Modl’:_lell_}.nitzr Motorcycle Dynamics
r;.Autﬁor:_ o Dr Owen Williams Page. l of g
- Question | Question = | Marks
N0 L
l"y Toka dnd;-.j %me 14 @n:j + QWGLWW{ % (ﬂm&?(&sbpc)
155 Unflk = &3 05 mis
So  [hre < %PC»AVZ + 0:02m
g(‘ﬁp >0 S w05 » &3 ~o§1 +(33’“26)
¢ 490N s
b/- iﬂb‘-\ﬁ"j 6\. SO * ‘*"""J“""(v aes
Q’me s L O« ﬁ’\lj&t:ﬁrso
2 eq0 + Q€@~S‘
s 46 SN 3
[
C pow :ozp CoAV
2 §8 o)
\[ * o8 l-le7x 085075
\} 3 < [61335'! ‘35'
V & §7-8m/e
or 208 Unfh_ 3

Megadrive:SMU Backup: Assignments:Exams 10:Solutions.doc




Continuation Sheet

Module/Unit:

Moetorcycle Dynamies

2 o &

Page:

| Question

Guestion T Vo

d

_Ne |

=

TF N,

;Fw[,l«tac 'b —

1596 -8 N

o5 lvitc ave t~Clned Wb 227 reak Lol & rae

Ny - e

- &

]

So 729 . Mﬁﬁgo""‘
205 Te2snn B

20

Megadrive: SMU Backup:Assigements:Exams 10:Solutions.doc



Continuation Sheet

26

lmé = r»
J Solkion

P S _J_(j M .
6‘. JUM fj ‘0‘."555

ﬂISG CJM .
=] le'r-
é * ]ﬂv\ 9

,A"‘f 3 mees ore d»ppwm( &w [}G 'Hﬂ Ocllness of
'H—o l7rc PR offest o Mokaloe speed at Qoilajb;

| VP&V‘ (14 5@5( 9&(&) {:a A (‘»mc[:t;w &'h(w( Mrol'

dhasctl bo Vel . GPS Speed o a?rvy(o(:f
()d“" &o W*‘ Geld Qw(w Co o Mme‘a[?.

l_ Module/Unit: | Motorcyele Dynamics  Page: 2 of 8’
g-Qﬁestio_l_i-l' . —Gueen S
 No_ | e * " _ '
i My
B “r
2-& r !
4 I
Y
2
el Mmv

Megadrive: SMU Backup:Assignments: Exams 10:Solutions.doc




Continuation Sheet

; MOdﬂle[Unlf‘ Motorcycle Dynamics =~ Page | e ot 8
T , .
_Ne |} Marks
o
<
2
C:l/ Q: » b %{5) = & Qq2°
SoAd - *:__%;:,;23-.'2 - 00629
0 s 36l
SOQ&V(%O‘:j{‘ : 32-8° _
>
They % Semel o (o b ted Ol leowce, b
OM(W@S Jwe te ﬂss\f\(\m) df‘&vs{s.f
@@"E W ket « Boebs ac) oy 1 acovacess —--g;‘ |

Megadrive:SMU Backup: Assignments:Exams 10:Solgtions.doc




Continuation Sheet

Mﬂdﬂklﬂmt Motorcycle Dynamics i’age g of )71
- Question | Nt
. No_ | : S
3o
&
L)/ Evn F= Ux
[ % Fo
Xse M X
AN
K& ) s Q:wq%
2
&
i, = Ko (a)& e Bl |
Squered
C 5 p H
Rk 22y
K =(2m§) ¥ M
= (2uxz2)x S (msff‘_o‘;’i"; 7)
= (QO N/Mm s

Megadrive:$MU Backup: Assignments:Exams 10:Solutions.doc



Continuation Sheet

{ Module/Unit; | Motercycle Dynamics

Page: | & of 4

. No

| Question |

~ Question N ' Marks

34

(o Gthoess

ol skl 20N
Qw \}o[wwl : (Z—a“xwx « 199 N/mm

Q/usle SofTress ¢ )7% 3 3‘765.me

K.—.— Kj Cl’ng/
W= zox (52T
e = [7 -D MA""

- & Nfovm
A Qéa( (“V'V‘s j”_____

W < I+ xfuaz'l
K= 155%22

an 3

Megadrive:SMU Backup:Assignments:Exams 10:Solutions.doc




Continuation Sheet

f' Modulefﬁmt Motorcycle Dynamics Page‘ ?' of 8
 _No_ |
Ltox &
. ® N
) u&"’ M-S .j

N I"‘ |
s Pl"
& > }

Toke vowaks oot CoeG . Uj(P-b)*SL : Neb
N (p-b)+Sh = v19b- Nyb
Mgp -M +Sh = Vbb M
NP - mjb - sk
l\)g = M& SL\ |
/ﬁ
SM PN N-{:u'()
- N "’b(pr)*s ’ bt
b |l s s 20Ky Cok vs = 13726 Ka 05 * 75753

Sonk + (27§ 2w 2 17-96 NEm
Po, » 1t -ttt Nfmm

Megadrive:SMU Backup:Assignments:Exams 10:Solutions.doc




Continuation Sheet

| Module/Unit: | Motoreycle Dynamics Page: B of 21
gy _ e i
NG ]

lee | Cobol Domfe = 2
gm(- : QliTsalpcis-12 - 2858 Ns/t

.2 [ Srsy 5 2089 Na/m 3
Qow * 2 \iumes 755 5 205 T1AIM

Gd Ao ok it
)" L) - ohwsa%o"f

df ngggx&); ‘2.5 KO L
L7 4

d, - IW Ns/n oL,p.(:wl/»@
RYs @LM

A.r (iu,&?(ua X O%

de = 205"7)(25%0%

d = 5722-5 Nsln L,W
—

Tz

Megadrive: SMU Backup: Assignments:Exams 10:Solutions.doc




