No Hands Hip only Bicycle Turn

Parameters definitions

| center of mass lean angle
s steering angle

f is the hip angle

gis the bike lean angle

I0 Moment of wheel around axis 10

Is Moment of wheel around stearing axis

Il w Moment of wheel around point of contact with ground (lean direction)
ly Moment of inertia of center of mass (not including wheel)
M.T is the center of mass

M.1 is the bike+ lower body mass

M.2 is the upper body mass

H height off ground of the hip pivot

1.1 is the height off the ground of M.1

1.2 is the distance between the pivot point and M.2

W wheel rotational velocity

v bike velocity

Ns steering torque

g gravitational acceleration

b distance from the rear wheel of the center of mass

D trail

L wheel base

b damping from s

g:=98



Bicycle parameters

Geometrical

L=l b:=033

D:=0.02

ri= 33 I :=0.095 Ig :=0.079 I} w:=0.844
M; =50 M, =50 H:=125 1;:=1 1 :=.25

G:=
Turn

vi=7 \
E—15.66 V:VXI—n v=72
v S S
W= —
¢ V =25.2kph
V = 15.659 mph
Turning Radius ~ r :=25
. L 180
Required steer angle S :=-— Sc¥— =-2.292
r p
Required tilt angle V2
2 — =196
. v 180 r
Simple L= L o— =11459
9.8 p
Taking into account wheel angular momentum
I 1~ .2
o (M)
2 2 N
2w A 180
L =L of B U S L P




Hip bending parameters

A= 21.5>i Ay = O>i Az = O>i
180 180 180

Dr:=0.75 Tp:=2 Ty:=6

Reference:C:\Documents and Settings\Joel\My Documents\Paper Archive\WebPage\Teaching\MoreBikeFiles\Temp\BikeHipBendSubroutines.mcd(R)

Steering Torque parameters
Ny:=0 Ny:=0 N3:=0
DIy :=0.5 Tnpi=1 TN2 =6

Reference:C:\Documents and Settings\Joel\My Documents\Paper Archive\WebPage\Teaching\MoreBikeFiles\Temp\BikeTorqueProfileSubroutines.mcd(R)
Reference:C:\Documents and Settings\Joel\My Documents\Paper Archive\WebPage\Teaching\MoreBikeFiles\Temp\BikeDiffEQRoutines.mcd(R)



Initial Conditions

g:=0 q:=0 s:=0 s¢:=0
o= 4 Points := 500
Find Trajectory

Tr:= TrajG(O,tf,q,qt,S ,St,Points)

i 4 A i &M Ay 0
T:= TraD Q= Tral Qi:= Ta“) S:= Tra)’ Sii= Tra4 TL := éé)(—)
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F :=f§T) q:=0.last(T)
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Data := Tilt(T,Q .Qt) hq = (Dataq) L cm = (Dataq)l Nt = (Data )
q
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T,T, T, TL

Reference:C:\Documents and Settings\Joel\My Documents\Paper Archive\WebPage\Teaching\MoreBikeFiles\Temp\BikeAnalyzeTorques.mcd(R)
YaYa %Y YaYaYaYad
Nxgy = GyroscopicNX(Qt, w, IO) Naccel := AccelerationNy (T ,St)
3/,3/,3/,3/,3
NyTraile 1= TrailNyo(8 b, L, Mr,v,D) xDamp - PIIERx >t

V2 Ya%a% Vs YaYe Ya %Y
NyTraill = TrailNy (Q,b,L,Mr,v,D)

Total Steering Torque

Ns := Naccel = NxTraile = NxGy = NxTraill = NxDamp NsNoGy = Naccel = NxTraile = NxTraill = NxDamp

NxTrailI
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max(Ng) = 0.653
N 0.5
S
max( NS)
NsNoGy -

=0.133



Y2 YaYa% Vs %a % Ve Yo Y
Ny(ent := CentrifugalNy(S, h, L, M., V)

Y0Y0¥0YaYa¥aYaYa¥aYa oY
NyG = GravitationalNy(L cm L, MT, V)

Ya% ¥%4Y s %% Ya %o
NyKink := KinkNy(Sy, h,b, L, Mr, v)
Ya¥aYa % Ya % %
NyGyro := GyroNy(Sq,w, Io)
YaYa¥aYa%aYa % ¥aYa Yo
NyGyroStab := GyroStabNy(S,r,L,w, Ip)

NyTotal -= NyCent + NyG + NyKink + NyGyro * NyGyroStab
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Reference:C:\Documents and Settings\Joe\My Documents\Paper Archive\WebPage\Teaching\MoreBikeFiles\Temp\BikePathSubroutines.mcd(R)

P:= Path(L Wt Points)

a i asfi ayfi f
Xr:=P Yr:=P Xf =P Yf =P T:=P
r max(Yr) = 0.045
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