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TOPIC
- COMFORT AND SAFETY OF ELECTRICALLY POWER ASSISTED BICYCLES-

CHANGED MASS VALUES
- Stability

- Manoeuvrability

- Mental workload

- Safety

CHANGED PROPELLING POWER
- Physical workload

- Posture

- Comfort

- Efficiently
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DIFFERS THE STABILITY OF A CITY-E-BIKE FROM A CONVENTIONAL CITY-BIKE ?
°

WHICH CONFIGURATION IS THE MOST STABLE?
[}




DEFINITION

“Stability: a situation where no change will occur if there is no disturbance”

SELF-STABILITY

> Around 20 km/h
> Bicycle stabilizes itself
> Cyclist does not interfere



i B e

AN T A
L U7 T e,

STABILITY—I\/IODEL

VALIDATION THEORETICAL SELF-STABILITY-MODEL BY CARVALLO AND WHIPPLE (1899)

10 1 I I I 1 I I P
| -7
R | P Mg +vCiq + K, + P Klg = f,
Im (8) ™)
i > o - {7 -
A A Ay g = gravity constant
o] s I v = cycling speed
0l ‘ K g, f = time-varying quantities
Y capsize | — H 1
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STRUCTURE

front frame (fork and
rear frame including Handlebar), H

rider Body, B o™ \\

Rear wheel, R Front wheel, F

> 'steer axis
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MASS VALUES
—— DIMENSIONS [m]

MASS [kg]

CENTER OF MASS
X, Y, Z [m]

v MASS MOMENT OF INERTIA
Z XX, XZ,YY,ZZ [kg.m?]




| £ | Bike Test = m} X
examples settings view Data
Wheebase [0.988 trai [0.076 | steeraxistit[180 | | caicuiate || resetvaiues | ] expand
rrontwheq _ | Rear wheel body i handlebar [_] front basket [ "] back rack [[] extra ver (W) 0.0
mass [0.973 | mass [1.251 | mass [5.152 mass |1.53 mass|0.0 mass (0.0 |
roks 0343 _ ] radus [0343 |[SIVEC" x[0.320 | 2 [0.455 ||Favey” x[0891 |z [085 | [Five’’ xfos | z[os | ';";‘;,‘iy“ x[01_|z[osa | mEoo |
momentof 10035 || xx[0.036 || nomentor 121 \zzﬂ]gzsez\ xx[—o75 \zzrm xxj—05892 22{0.00708] (05392 zz(_owoax - bo ]
inerta  yylo.o7 || merSa  yylo.o71 || et yy[2 12374 x2|0.87308] -nerba vy|0.049 | xz[0.001 | nerba yy 0.06 \xz{00075 -nerba yy[0 [0.06 | xz| 00756
radius back wheel 0.0
® linechart force front wheel 0.0 |
10 —
. force backwheel  [0.0
6 front wheel pneumatic trail [QO j
a back wheel pneumatic trail 0.0 |
= 2 [] acceleration (0.0
< 0 CdA 0.0
<
=2 xd [0.0 o o0 |
4 L
pair 0.0
6
var [12 |
8
-10
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

v(km/h)

— caster — capsize — weave — weave2

weavespeed

capsizespeed ]
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STABILITY—PROG RAM

MOTOR-LOCATION

FRONT WHEEL: add mass values to front wheel
BOTTOM BRACKET: add mass values to rear frame
REAR WHEEL: add mass values to rear wheel
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BATTERY-LOCATION

LUGGAGE RACK: add mass values to rear frame
LOWER MID-TUBE: add mass values to rear frame
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CYCLER'S POSTURE

MORE PASSIVE POSTURE: add mass values to rear frame
MORE ACTIVE POSTURE: add mass values to rear frame
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OGRAM

B G |'1

Y [m] Mean distance [mm]  Seat to Steerto |Mean

16 crank crank |Slope

X- Y- X- Y-

axis axis axis axis

HANDLES Women's e-bike | 212 |682 |374 |935 |0,44
o 12 Women’s bicycle |[214 [689 (350 [858 (0,31

HANDLES

Y[m] 03

0,2

0,1

0,8 0,6 0,4 0,2 0 SEAT




CYCLER'S POSTURE

CONVENTIONAL
BIKE

Trevor Alan Wiliams
2015




| £ | Bike Test = O X
examples settings view Data
Wheebase (0088 |  trai [0.076 | steeravistit[180 | | caicuiate || resetvaiues | V] expand window varia...
Front wheel _|Rear wheel body ——— |handlebar | [ front basket | £ back rack E Clextra  ver(W) [00 |
mass |0.973 mass |1.251 | mass ,5152 mass [1,53 mass|0.0 | mass oo | i
— —— a0 || f e tre of PO a@oo |
radus (0.343 | radus [0.343 | Z?anfff x|0.329 |z [-0455 | fr?,'\fﬁff x|0.891 |z |-085 | et 1[05 |zl06 | |Gavy xko1 |z[o4 | hil(9j0.0 |
=—— =] & =222 | =
momentof 210.035 | e xx[0.036 || mentof w21 | zz(g_ggs_ez . o075 | z[004 |  00.05892| 22/0.00708| e fxxﬁ)ossgz\ 22[0.00708] e bo ]
nerta  yylpo7 || inerta  yyloo71 || inerta  yy[p 12374 xz[0.87306] nerna yy|0.049 | x2|0.001 | =i yy .06 | x20.00756] ineria  yy|0.06 | xz|0.00756] ‘
radusbackwheel (00 |
o linechart force front wheel 00 |
10
. force back wheel  [0.0
6 front wheel pneumatic trail (0.0 |
4 back wheel pneumatic trail (0.0 |
= 2 []acceleration [00 |
E 0 CdA [0 |
2 xd o0 | oo |
-4 Lo
pair 00 |
-6 —
v air }12 |
-8
-10
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
v(km/h)
I*’ caster — capsize — weave — weave2 weavespeed capsizespeedl
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COMPARISON THEORETICAL SELF-STABLE RANGE
city-bike ] % 24.4 km/h-...
ciye e — 31.7 km/h-...
cyebike2 — (5\}@) 31.4 km/h-...
BT ———C 21.9 km/h-...
iy-ebices [ @%} 21.6 km/h-...
dvesies T 21.1 km/h-...

s —— (SVO) 219 knh-..

20 25 30




MOTOR IN FRONT WHEEL
- Extract MM of stator from front wheel
- Add MM of stator to front frame

MOTOR IN REAR WHEEL
- Extract MM of stator from rear wheel
- Add MM of stator to rear frame

MOTOR IN BOTTOM BRACKET

- Take extra gyroscopically effect into account
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FUTUR WORK

MEASURE:

Forces and moments on
steer, pedals and seat

Steering angles

Acceleration of steer and
seat

Speed

Pedal and crank position




FUTUR WORK
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Thank you for listening
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