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(57) Abstract: A hybrid motorbike is provided which is powered by human muscle power on pedals and supplemented by an
electric motor with the current generated by a fuel cell on the motorbike. The rear wheel is connected to a planetary-gear train which
& allows both the supply of muscle power and power from the electric motor. The planetary gear has a sun wheel driven by the electric
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of the bike between the front wheel and seat. The bike has sensors to determine the speed and load placed on the pedals which is
transmitted to a microprocessor programmed to control the electric motor according to the load on the pedals and the speed to be

provided the desired assistance to pedaling.
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TITLE OF THE INVENTION

HYBRID MOTORBIKE POWERED BY MUSCLE POWER
AND AN ELECTRIC MOTOR WITH THE CURRENT
GENERATED BY A FUEL CELL

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to a bicycle or motorbike which has a hybrid propulsion

system of muscle power and an electric motor supplied with current generated by a
fuel cell. The fuel cell and battery and controls may be contained in module that fits
in the triangular space formed by the frame of the bicycle between the front wheel of
the bicycle and the seat.

Description of the Prior Art
U. S. Patent No. 5,242,335 (Kutter) ('335), which is hereby incorporated by

reference and is attached as an appendix to this application, discloses a bicycle driven

by muscle power and an electric motor. This patent discloses a unique planetary-gear
train on the drive wheel for utilizing both the power of an electric motor and muscle
power. N

U.S. Patent No. 6,286,616 {Kutter) ('616), which is incorporated by reference
and is attached hereto as an appendix, discloses a hybrid motorbike with an electric
motor which has a rotor and a stator in the drive wheel for utilizing both muscle

power and electric power.

SUMMARY OF THE INVENTION
This invention provides a fuel cell for producing electricity to drive an electric
motor powering a drive wheel of a two wheel vehicle, such as a motorbike or bicycle.
The fuel cell and battery and controls for controlling the fuel cell and the electric
motor can be placed in a module in the triangular opening formed by the frame of the
bicycle between the front wheel and the rider's seat. This allows for easy replacement

of the fuel cells and battery. Fuel cells will supply current to the electric motor that
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The combination of the fuel cell and battery to supply current for the electric
motor can be us with any hybrid motorbike that has a mechanism for utilizing both
muscle power and power supplied by an electric motor. For example, this can be used

with a planetary-gear train on the drive wheel as disclosed in the '335 patent. It can also
be used where the electric motor is incorporated in the hub of the drive wheel supplied
through the rotor and stator by the electric motor and muscle power as disclosed in the

'616 patent.

BRIEF DESCRIPTION OF THE DRAWINGS
Many aspects of the invention can be better understood with reference to the
following drawings. The components in the drawings are not necessarily to scale,
emphasis instead being placed upon clearly illustrating the principles of the present
invention. Moreover, in the drawings, like reference numerals designate corresponding
parts throughout the several views.
FIG. 1 is a photograph of a motorbike of this invention being displayed by a
gentleman.
FIG. 2 is a photograph of a part of the rear wheel and the fuel tank module for
the fuel cell.
FIG. 3 is a photograph of the motorbike of this invention with the cover
removed from the power module on one side.
FIG. 4 is a photograph of the electric motor used to partially power the
motorbike of this invention.
DETAILED DESCRIPTION OF THE PREFERRE]\) EMBODIMENT

The embodiment shown in FIG. 1 shows a motorbike with a hybrid propulsion

system. The hybrid motorbike 110 has a conventional frame and wheels with a front
wheel 112, and a rear wheel 114 to which power is supplied. The motorbike has
pedals 116 for supplying muscle power from the rider through a conventional gear on the
pedal crank to which a pedal drive chain 118 is connected.

The frame of the bicycle has a bottom front fork 120 and a top front fork 122 which are

“supported and reinforced by a back connecting base 124. A power module 126 is

supported in the triangular space formed by 120, 122, and 124. This power
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module 126 can be attached to the frame of the bicycle by any conventional means,
such as bolts, which permit easy removal and installation. This bicycle has an electric
motor 156 which is located immediately back of the back connecting base 124. A
plastic motor drive belt 130 with teeth drives the rear wheel 114 of the motorbike.
This motorbike has a seat 126 for the rider.

This motorbike 110 has a planetary-gear train 132. This planetary-gear train
132 is very similar to the planetary-gear train shown in FIG. 1 of the '335 patent. The
crown gear (6) as shown in FIG. 1 of the '335 patent is driven by the pedal drive
chain 118. The sun wheel (3) is driven by the motor drive belt 130. The planetary-
gear train 132 allows both the supply of muscle power and power from the electric
motor to be used in a complementary fashion.

This motorbike 110 is partially powered by one or more fuel cells 150 which
operate on hydrogen. The hydrogen fuel tanks 134 are supported in a fuel tank
module 146 attached to the rear of the bike. This fuel tank module 146 has a handle

148 for easy removal for exchange for a new module. This module 146 includes two
hydrogen fuel tanks 134.

The hydrogen fuel tanks can store the hydrogen in the form of a hydrogen
carbide, such as iron carbide, at relatively low pressure. These tanks 134 can be used
to refuel from any convenient hydrogen source. It should be realized that high
pressure hydrogen tanks may also be used. \

The power module 126 is shown in FIG. 3. It includes several batteries 142
and a stack of fuel cells 150 as shown in FIG. 3. There maybe controls for starting
and stopping the fuel cells 150. The power module 126 can also include controls for
turning the electric motor on and off. The power module 126 can be attached to the
back connecting base 124, top front fork 122 or the bottom front fork 120. When the
battery or fuel cell expires or fails to operate, the entire module can be replaced. While
the power module is the most convenient way to carry the fuel cells 150, it should be
realized that the fuel cell or cells and the battery can be mounted on the bike without
the use of a power module. The current produced by the fuel cells 150 is
transmitted to the twenty-four volt electric motor 156 with any supplemental power
used to charge the battery. A regulator, (not shown) can be used to control the
distribution of current to the battery and to the electric motor 156 as desired. The

electric motor 156 is encased in a case 128 which is attached to the frame of the bike.
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Controls can also be provided to automatically turn the fuel, cells on and off in order to
conserve fuel. This feature is not shown in the figures.

The fuel cells used in this invention use hydrogen from the hydrogen fuel

tanks 134 and obtain oxygen from the air. The hydrogen can be pumped by pump
152 to the fuel cell. Air can be pumped to the fuel cells by air pump 154. The
hydrogen and oxygen are combined in the fuel cell 142 to produce electricity with
water vapor being the by-product. Since only water vapor is a by-product, no
pollution of the atmosphere occurs in the use of this invention. While it is preferred
that the fuel cell operate on hydrogen and oxygen, it should be realized that other
types of fuel cells that produce electricity could be used as well. In the case of a fuel
cell that uses hydrogen and oxygen, the oxygen is obtained from the atmosphere.
Suitable wiring connects the electric controls the battery to the electric motor.

The electric motor 156 has a motor gear drive 144 to which the motor drive

belt 130 is engaged. This electric motor can be a brushless d.c motor or other type of
DC motor. This invention is not limited to a DC motor as other types of motors can
be utilized by converting the current from the fuel cell to AC.

This motorbike is extremely efficient in that testing of the motorbike has
confirmed that only 45 grams of hydrogen is needed to assist in powering the
motorbike a distance of 125 kilometers.

The battery, or batteries, 142 can be a nickel cadmium battery or a long lasting
lithium battery. .

It should be pointed out that because of the small amount of hydrogen that is

used, it is possible to use a small hydrogen generating unit in the home or garage to

generate the hydrogen to fill the tanks. The hydrogen could be generated by
electrolysis of water. Alternatively, it could be generated by a reformer of a mixture
of methanol and water.

The battery used in this motorbike can be a 12 or 24 volt battery.

The turning of the motor on and off or to regulate its speed to assist in

powering the bike can be controlled by software that determines the load on the
pedals and their rpm to either supply power from the electric motor or not and how
much power to supply. This microcomputer can be housed in the power module or
with the electric motor to use this software. A manual control can override the

software in determining when the motor is turned on or off.
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Other systems, methods, features, and advantages of the present invention will
be or become apparent to one with skill in the art upon examination of the following
drawings and detailed description. It is intended that all such additional systems,

5  methods, features, and advantages be included within this description, be within the

scope of the present invention, and be protected by the accompanying claims.



WO 2006/018317 PCT/EP2005/009009

CLAIMS

Therefore, having thus described the invention, at least the following is claimed:

1. A two wheel motor vehicle powered at least in part by a fuel cell
comprising:

a vehicle frame supporting at least one front wheel and one back wheel
and a seat, said frame forming an opening between the wheels for the
placement and attachment to the frame of a power module;

a front axle supporting any front wheel;

a rear axle supporting any rear wheel;

a power module, said module including a fuel cell, battery, and control
means for controlling the power to a wheel of the vehicle;

a fuel tank;

means for detachably attaching the power module to the frame;

and an electric motor for powering a wheel of the vehicle.

2. The fuel cell powered vehicle of claim 1, in which the opening in the
frame between the wheels is triangular in shape.

3. The fuel cell powered vehicle of claim 1, in which the vehicle has a
hybrid power system consisting of an electric motor and a mechanical power source

supplied by a person.

4. The fuel cell powered vehicle of claim 2, in which the vehicle has a
hybrid power system consisting of an electric motor and a mechanical power source

supplied by a person.

5. The fuel cell powered vehicle of claim 1, in which the fuel cell is
designed to produce electricity from hydrogen and oxygen with oxygen obtained from
the atmosphere and the hydrogen obtained from the fuel tank.
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6. The fuel cell powered vehicle of claim 5, in which the hydrogen is
stored in the fuel tank as a hydrogen carbide.

7. The fuel cell powered vehicle of claim 6, in which the carbide is an
iron carbide.
8. The fuel cell powered vehicle of claim 3, in which the mechanical

power is mechanically transmitted by a person to the wheel of the vehicle being
driven by pedals attached to a gear which is interconnected to a gear on the wheel

being driven by a chain.

9. A two wheel motor vehicle with hybrid propulsion system for driving a
drive wheel comprising:

a vehicle frame supporting a front wheel and a back wheel and a seat;

a front axle supporting the front wheel;

a rear axle supporting the rear wheel,;

a pedal crank;

said vehicle having a fuel tank, a fuel cell for generating electricity, a
battery, and an electric motor for pdwering a drive wheel and controls for the
fuel cell and electric motor;

said electric motor having a rotor and a stator forming a first
propulsion source with a first rotation per minute(rpm) and a first torque, and a
second propulsion source with a second rpm and a second torque, with the
stator of the electric motor rotatably arranged on one of an axle and a shaft of
a drive train between the pedal crank and the drive wheel which can be
mechanically connected with the second propulsion source so that the stator is
driven by the second propulsion source, and the rotor of the electric motor
having a rotational speed that that corresponds to a sum of the first rpm of the

first propulsion system and the second rpm of the second propulsion system.

10.  The two wheel vehicle of claim 9, in which the fuel cell generates
electricity from oxygen and hydrogen and the fuel tank is designed to contain
hydrogen.
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11.  The two wheel vehicle of claim 9, in which there is a control to

regulate the fuel cell and a control to regulate the speed of the electric motor.

12.  The two wheel vehicle of claim 9, wherein the second propulsion

source is a muscle powered propulsion system.

13.  The two wheel vehicle of claim 9, in which the vehicle is a bicycle.

14. A two wheel motor vehicle with a hybrid propulsion system for driving

a drive wheel comprising:

a vehicle frame supporting a front wheel and a back wheel and a seat;

a front axle supporting the front wheel;

a rear axle supporting the rear wheel;

a pedal crank for supplying muscle power;

said vehicle having a fuel tank, a fuel cell for generating electricity, a
battery, and an electric motor for powering a drive wheel and controls for the
fuel cell and electric motor; and

said drive wheel having a planetary-gear train having sun wheel (3)
driven by an electric motor, a crown gear (6) driven by said muscle power, and
a planetary-gear carrier (5) of the driven wheel 114 of the hybrid drive vehicle,
said planetary-gear carrier (5) providing a power take-off to the drive wheel
114.

15.  The two wheel vehicle of claim 14, in which the fuel cell generates
electricity from oxygen and hydrogen and the fuel tank is designed to contain

hydrogen.

16.  The two wheel vehicle of claim 14, in which there is a control to
regulate the fuel cell and a control to regulate the speed of the electric motor.

17.  The two wheel vehicle of claim 14, in which the vehicle is a bicycle.
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18. A two wheel motor vehicle of claim powered at least in part by a fuel
cell comprising:

a vehicle frame supporting at least one front wheel and one back wheel
and a seat, said frame forming an opening between the wheels for the
placement and attachment to the frame of a power module;

a front axle supporting any front wheel;

a rear axle supporting any rear wheel;

a pedal crank powered by muscle power;

a power module, said module including a fuel cell, battery, and control
means for controlling the power to a wheel of the vehicle;

a fuel tank;
means for detachably attaching the power module to the frame;

an electric motor for powering a drive wheel of the vehicle;

said drive wheel having a planetary-gear train having sun wheel (3)
driven by an electric motor, a crown gear (6) driven by said muscle power, and
a planetary-gear carrier (5) of the driven wheel 114 of the hybrid drive vehicle,
said planetary-gear carrier (5) providing a power take-off to the drive wheel
114.

19.  The two wheel vehicle of claim 9, in which the fuel cell generates
electricity from oxygen and hydrogen and the fuel tank is designed to contain
hydrogen.

20. The two wheel vehicle of claim 9, in which there is a control to

regulate the fuel cell and a control to regulate the speed of the electric motor.

21.  The two wheel vehicle of claim 18, in which said opening between the
wheels is triangular in shape defined by a top front fork (122) a bottom front fork
(120) and a back connecting base (124).

22.  The two wheel motor vehicle of claim 18, in which the electric motor
drives a sun wheel (3) by a chain, and the crown gear (6) is driven by a chain attached

to a gear on the pedal crank which is driven by muscle power.
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23.  The two wheel motor vehicle of claim 22, in which the electric motor
drives a sun wheel (3) by a chain, and the crown gear (6) is driven by a chain attached

to a gear on the pedal crank which is driven by muscle power.

24.  The fuel cell powered vehicle of claim 18, in which the fuel cell is
designed to produce electricity froiv- ydrogen and oxygen with the oxygen obtained
from the atmosphere and the hydrogen obtained from the fuel tank.

25.  The fuel cell powered vehicle of claim 18, in which the hydrogen is
stored in the fuel tank as a hydrogen carbide.

26.  The fuel cell powered vehicle of claim 25, in which the carbide is an

iron carbide.

27.  The fuel cell powered vehicle of claim 18, which has sensors to
determine the speed of and load placed on the pedals and transmit this information to
a microprocessor in the vehicle which has been programmed to control the speed of
the electric motor according to the load on the pedals and their speed so as to provide

the desired assistance in pedaling the vehicle.
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AMENDED CLAIMS
[received by the International Bureau on 23 January 2006 (23.01.2006);
original claims 1-27 replaced by amended claims 1-14]

Therelore. having thus deseribud the invention, a1 feast the following s claimed;

1. A two wheel motor vehiele (1H0Y powered by a hybrid power system
consisting of an cleetric motor (156 und a mechanical power source supplied by a person
comprising,

a vehicle Dame supporting a Tront wheel (112) and a rear
whee! (114) and a scat (130), said frame forming a trianpgudar
shuped opening betwoen the wheels (1121 14) Tor the placement
andd attachment to the frame ol a power modole (126);

a front axle suppotting a front wheel (112)

a rear axle supporting o rear wheel (114);

o power module (1263, said modude ineluding o fuel cell
(130), hattery {142), and control means for controlling the power
deltvered to the rear whoel ( E14) of the vehicle (FHD,

a fuel tank (134),

means for detachably attaching, the power modute (126) to
the Teamwe (120, 122012440

podils (116) attached 1o a gear which is interconnected 1o 2
wear on the rear wheol (114 of the vehiele (1 10) by a pedal drive
chiin (118 Tor runsmitting mechanical power supplied by a
person;

an cleetrie motor (15363 with a mator drive gear (F44) oy
powering the rear wheel (114) ol the vehicle s and

a maotor drive belt (1307 attached w0 1he motor drive gooy
(144 of the electric motor (156 and interconnected to a gear on

the rear wheel (11 of the vehicle (1O,

2 Thue vehicle ol elaim | in which the fuel tank (134) is capable of storing

hydrogen gy,

AMENDED SHEET (ARTICLE 19)
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12
3 The vehicle al claim 1. in which the fuel tank ¢ 134) iy cupuble of storing
hydrogen as hydrogen carbide,
4, The vehiche ol claim 3. in which the carbide is an iron carbide,
5 The vehiele ol elaim 1 in which the pedal drive chain (11R) 1

mterconnected 1o one gear on the rear wheel (Hid) of the vehicle (110) md the motor
drivee bell (130 iy intercomected W another gear on the rear wheet (1) of the vehicke

(110).

6. A two wheel motor vehicle (110) with hybrid propulsion systent for
driving o drive wheel (114) comprising:

o vehiche Trme supporting o Tront wheel (112) and a rear wieel
(114 and a seat {1306):

a [ront axle supporting the front wheel (112);

a rear axle supporting the rear wheel (LH4)

u pedal crank (116) tor supplying rouscls power

antd vehiele having a Tuel tank (134),  Tuel celt (150) for
penerating electricity, o bartery { Fa42), and an electrie motor (156) for
poweting a drive wheel (114 and controls Tor the Tuel coll (150) und
electric motor (156); and

witiel drive wheel (114) having a planctary-gear train {132) having
sun wheel (3Ydriven by an eleetric motor (1560), @ crowh gear {0) driven
by said musele power, and a planctary-gear carrier (3) of the drive wheel
(114) of the hybrid vehicle, said planctary-gear carrier (3) providing

power take-ofT Lo the drive wheel (F14).

7. The two wheel vehicle ol elaim 6, in which there i o control to reguliate

the fuel cetl (150) and a control to repulate the speed of the electric motor (156).

AMENDED SHEET (ARTICLE 19)
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8, A two wheel vehiele (110Y powerad af least in part by a fuct cell {130
OTTISING

a vehiele frame supporting o {ront wheel (112) and o rear wheud
(114 and o seat (136), smd frame forming an opening between the wheels
(112, 114y for the placement and attachment Lo the frame of a power
module (126):

a front axte supporting a front wheel (112);

a rear gxle supporting o rear whee! (H4),

a pedal crank (116) powered by musele power;

a power module (126). said module including o Tuel cell (150),
hattery {142), and vonirol means [or controlbing the power 10 the rear
wheet (114) of the vehiele (110):

il tank (13-4),

menns for detachable atluching the power module (120) (o the
Fraume;

an electric motor {156) for powering a drive wheel (114) of the
vihicie:

gaid drive wheel (114) having a planctary-gear train (132) having
sun wheel (33 driven by an electrie motor (156), a crown gear (0) driven
by suid muscle power, and a planctarysgear carrier (3) of e drive whevl
(114 of the hybeid drive vehicle, said planctary-gear carrier (3) providing

i ponwer titke-olT o the deive wheel (114),

0, The two whee! vehicle of elaim 8, in which there is u controf o regulate

the fued eell (1300 and o control 1o regulane the spocd of the electrie motor (156),
10, The two wheel vehicle of cluim 8, in which said opening batween the

wheels (112, 114) is triangubar in shape defined by o top Tront fork (122), 2 bottom [ront

Tork (120 and o back connucling base (124).

AMENDED SHEET (ARTICLE 19)



WO 2006/018317 PCT/EP2005/009009
14

11, The two whee! vehicle of elaim ¥, in which the clectric motor (136) drives
a sun wheel (3) by 1 motor drivas helt (130) and the crown g (6) is driven by the pedal
drive chain (118) attached to a gear on the pedal erank (116) which is driven by muscle

POwWer.

12, The fuel cell powered vehicle (HOY of eluim 8. in which the hydrogen can

b stored i the Fuel tank (146) as a hydrogens carbide.

13, The fuel cell powered vehicle of claim §2, in which the carbide is aniron

witrbic,

t4,  The fuel coll powered vehicte of elaim 8, which hus sensors to determine
the spead of apd Joad placed on the pedals (116) and transmit this information 1o o
microprocessor in the vehicle which has been programmud to control the spoed ol the
clectrie motor (156) sceording o the load on the padats (116) and their speed so a5 o

pravide the desired assistanes in pedaling the vebicle (110).

AMENDED SHEET (ARTICLE 19)
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FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-8,21-27

A two wheel motor vehicle powered at least in part by a fuel
cell comprising:

a vehicle frame supporting at least one front wheel and one
back wheel and a seat, said frame forming an opening between
the wheels for the placement and attachment to the frame of
a power module;

a front axle supporting any front wheel;

a rear axle supporting any rear wheel;

a power module, said module including a fuel cell, battery,
and control means for controlling the power to a wheel of
the vehicle;

a fuel tank;

means for detachably attaching the power module to the
frame;

and an electric motor for powering a wheel of the vehicte.

2. claims: 9-13,19,20

A two wheel motor vehicle with hybrid propulsion system

for driving a drive wheel comprising:

a vehicle frame supporting a front wheel and a back wheel
and a seat;

a front axle supporting the front wheel;

a rear axle supporting the rear wheel;

a pedal crank;

said vehicle having a fuel tank, a fuel cell for generating
electricity, a battery, and an electric motor for powering a
drive wheel and controls for the fuel cell and electric
motor; ‘

said electric motor having a rotor and a stator forming a
first

propulsion source with a first rotation per minute(rpm) and
a first torque, and a second propulsion source with a second
rpm and a second torque, with the stator of the electric
motor rotatably arranged on one of an axle and a shaft of

a drive train between the pedal crank and the drive wheel
which can be mechanically connected with the second
propulsion source so that the stator is driven by the second
propulsion source, and the rotor of the electric motor
having a rotational speed that that corresponds to a sum of
the first rpm of the first propulsion system and the second
rpm of the second propulsion system.

3. claims: 14-17
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FURTHER INFORMATION CONTINUED FROM PCTASA/ 210

A two wheel motor vehicle with a hybrid propulsion system
for driving a drive wheel comprising:

a vehicle frame supporting a front wheel and a back wheel
and a seat;

a front axle supporting the front wheel;

a rear axle supporting the rear wheel;

a pedal crank for supplying muscle power;

said vehicle having a fuel tank, a fuel cell for generating
electricity, a battery, and an electric motor for powering a
drive wheel and controls for the fuel cell and electric
motor; and

said drive wheel having a planetary-gear train having sun
wheel driven by an electric motor, a crown gear driven by
said muscle power, and a planetary-gear carrier of the
driven wheel of the hybrid drive vehicle, said
planetary-gear carrier providing a power take-off to the
drive wheel.
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