Title: 13/14 PSI - Student Presentations - 2
Date: Aug 16, 2013 10:30 AM

URL: http://pirsa.org/13080037
Abstract:

Pirsa: 13080037 Page 1/28



Saad A. Shamsi, Jacob L. Barnett,
Emily Adlam

Page 2/28
Pirsa: 13080037 g




Saad A. Shamsi, Jacob L. Barnett,
Emily Adlam

Page 3/28
Pirsa: 13080037 g




» Centrifugal Force

* Proposed Mechanisms
= Steering
= Gyroscopic Stabilisation
= Normal Torque

* Summing Up!
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wheelbase ~1 m
angle of lean
angle of steer
caster angle ~70°
turning radius
cos 0)/(d )
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F cos 8 — Normal to bicycle plane

« Equilibrium — F_cos € =

A "-‘lal h

* ¢ = 14.3sinB/v* — steering angle
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Centrifugal Force

s S " e F_=mv?/r = 25.6v°p/cos B
> "'1 F.cos 6 — Normal to bicycle plane

 J

A ‘ .

. :

‘o

_Centrifygis 'V & .« Equilibrium — F cos 6 =

force
| 7 WEIRRIEE + ¢ = 14.3sin6/v’ — steering angle
vf " force

4

-
—
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*Bicycle leans — rider steers in
direction of lean — centrifugal
force.

*BUT
Moving riderless bicycle:
~ twenty seconds to fall
Stationary riderless bicycle:
~ fwo seconds to fall
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AE = mgH(1 — cosb)
COM height about 0.85m.
— 10 J for 10 degrees of tilt.
Gyroscopic effect overcome

= Body (COM at seat)
(505, 924)
T0ky
L]
Frame
(874, 451) aVWheel 2
1Mkg (1220, 280)
kg
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David Jones' unridable bicycle
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Small load — gyroscopic action
'Large load — rider steers
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is offset from the

Distance = 'trail' = D (about S0 mm)
F_sind to the left

Torque about the
T=DF_sin®
Weight 83 kg, about 55% through front
wheel.
T ~ 22sin®

)
Normal |@
force
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is offset from the

Distance = 'trail' = D (about 50 mm)
F_sind to the left

Torque about the
T=DF_sin®
Weight 83 kg, about 55% through front
wheel.
T ~ 22sin®

A
Normal |9
force
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is offset from the

Distance = 'trail' = D (about 50 mm)
F_sind to the left

Torque about the
T=DF_sinb
Weight 83 kg, about 55% through front
wheel.
T ~ 22sin®

AY
Normal |9
force
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Torque from friction?
Component F sing acts to the right

— torque DF sing about the steering axis

: : e Direction of
Coefficient of rolling friction for a 22mm :
. motion
tyre at pressure 8 bar on a normal road is

about 0.02. e
— frictional force F, about 7 N : :;x;;v””g

— torque about 0.4sing

Require 0.4sinp = 22sin@
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Torque from friction?
Component Fsing acts to the right

[ =

— torque DF sing about the steering axis

: . e Direction of
Coefficient of rolling friction for a 22mm :
: motion
tyre at pressure 8 bar on a normal road is

about 0.02. a
— frictional force F, about 7 N \a :}-’v;:‘a‘”flﬂ

— torque about 0.4sing

Require 0.4sinp = 22sin@
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'Two wheels converge. .
'Front wheel travels in a plane, rest of the bike falls into line
'Back keeps front on track

-
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Small load:
Normal force small — normal
torque negligible »
Gyroscopic action important

Heavy load:
Gyroscopic forces insignificant
Normal torque important

ino\i::%ed apike lane..

No wate - its
Yo ¢how where

v “W CY‘“""
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Three Kinds of Web Vibrations:
ML
Transverse vibrations

- In \Qeﬁehél, the velocity of transverse waves is around
800 m/s for medium spiders (1g) and 400 m/s for large
~ spiders (3g).

Wavelength

/o

Ampltude

Displacement

>

Direction of
travel
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Three Kinds of Web Vibrations

\

\ & \ |
Transverse vibrations
- In general, the velocity of transverse waves is around
800 m/s for medium spiders (1g) and 400 m/s for large
~ spiders (3g).

Wavelength

Chrection of
travel
Amplitude W

Displacement
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~ o e e
* Z. DelecCt (PRL. 104. 0381

FIG. 2 (color online). Force distribution for undamaged webs
(left) for K/ = 1 and (right) for K/k = 10. The right-hand plot
corresponds 10 natural spider webs, Note that the maxima of the
color scale are different in the two plots where the values are
given in KA.
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