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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to fuel cell sys-
tems and operation methods therefor. More specifically,
the present invention relates to fuel cell systems and op-
eration methods therefor where power generation in the
fuel cell is continued even after receiving an operation
stop command, in order to charge a secondary battery if
the secondary battery has not been charged to a prede-
termined extent.

Description of the Related Art

[0002] Fuel cell systems mounted on transportation
equipment and electronic apparatuses make use of a
secondary battery for driving system components in or-
der to start power generation in the fuel cells. In these
fuel cell systems, it is a common practice to continue
power generating operation in the fuel cells even after
receiving an operation stop command if the secondary
battery has not been charged to a predetermined thresh-
old. By charging the secondary batteries in this way,
these systems can make an assured transfer to normal
operation where uninterrupted normal power generation
takes place, when the system is turned on next time.
[0003] An example of conventional art of this kind is
disclosed in Patent Document 1 for example. Specifically,
the document discloses a technique whereby power gen-
eration by the fuel cells are forcibly terminated even dur-
ing battery charging operation after an operation stop
command is received. Stopping the power generation in
the fuel cells, i.e. stopping the charging of the secondary
battery, increases convenience to the system operator
since the operator no longer has to wait until the charging
is complete after issuing the operation stop command.
[0004] Patent Document 1: JP-A 2004-227832
[0005] However, since it is possible to abort charging
after the operation stop command is issued, the tech-
nique according to Patent Document 1 poses a risk that
the amount of charge stored in the secondary battery will
be depleted in the next cycle of operation, before the fuel
cell’ s output covers the system’ s power consumption.
This means that the fuel cells become unable to sustain
power generation, and the fuel cell system ceases its
operation before entering into normal operation.

SUMMARY OF THE INVENTION

[0006] Therefore, a primary object of the present in-
vention is to provide a fuel cell system and operation
method therefor capable of ensuring transfer to normal
operation while maintaining convenience.
[0007] According to an aspect of the present invention,
there is provided a fuel cell system which includes: a fuel

cell, a secondary battery charged by the fuel cell; charge
status detection means for detecting charge status of the
secondary battery; control means for continuing power
generation in the fuel cell after the fuel cell starts power
generation, until a result of detection by the charge status
detection means is not lower than a first threshold value,
before stopping power generation in the fuel cell; and
instruction means for stopping power generation in the
fuel cell. The control means stops power generation in
the fuel cell based on a power generation stopping com-
mand from the instruction means if a result of detection
by the charge status detection means is lower than the
first threshold value and not lower than a second thresh-
old value.
[0008] According to another aspect of the present in-
vention, there is provided a method of operating a fuel
cell system including a secondary battery charged by a
fuel cell, where power generation in the fuel cell is
stopped after the secondary battery is charged to a
charge status not lower than a first threshold value under
an absence of a power generation stopping command
from instruction means, whereas power generation in the
fuel cell is stopped in response to the power generation
stopping command from the instruction means if the
charge status of the secondary battery is lower than the
first threshold value and not lower than a second thresh-
old value.
[0009] According to the present invention, if there is
no power generation stopping command from the instruc-
tion means, power generation in the fuel cell is stopped
after the secondary battery has been charged until a re-
sult of charge status detection into the secondary battery
shows a value not lower than the first threshold value.
On the other hand, power generation in the fuel cell is
stopped in response to a power generation stopping com-
mand from the instruction means if a result of charge
status detection into the secondary battery shows a value
not lower than the second threshold value (which repre-
sents an amount of charge necessary for the secondary
battery in the next system operation, from the time when
the operation is started to the time when an equilibrium
is reached between charging and discharging; the value
is smaller than the first threshold value) and lower than
the first threshold value. Since charging can be stopped
before it is completed, operator convenience is main-
tained. Further, if a result of charge status detection into
the secondary battery shows a value lower than the sec-
ond threshold value, power generation in the fuel cell is
continued whereby the secondary battery is charged until
the charge status shows a value not lower than the sec-
ond threshold value even if the instruction means gives
a normal power generation stopping command (i.e. the
same power generation stopping command as issued
when a result of charge status detection shows a value
not lower than the second threshold value and lower than
the first threshold value). This assures that the system
can transfer to its normal operation in the next operation.
[0010] Preferably, the fuel cell system further includes
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determination means for determining if the fuel cell sys-
tem is connected with an external power source for charg-
ing the secondary battery, and the control means stops
power generation in the fuel cell if the determination
means determines that the external power source is con-
nected with the fuel cell system. In this case, power gen-
eration in the fuel cell is stopped when the fuel cell system
is connected with an external power source, and the sec-
ondary battery is charged with electricity from the exter-
nal power source. Prioritizing the charging by an external
power source as described enables to reduce the amount
of fuel which must be replenished to the fuel cell, thereby
saving the fuel.
[0011] Further preferably, the control means stops
power generation in the fuel cell if the determination
means determines that the external power source is con-
nected with the fuel cell system and a result of detection
by the charge status detection means is lower than a first
threshold value and not lower than a second threshold
value. This arrangement assures that the system can
start next time, even in case the external charging failed
due to power failure for example.
[0012] Further, preferably, the fuel cell system in-
cludes setting means for setting the second threshold
value based on information concerning an amount of
charge necessary for the secondary battery from a time
when operation is started to a time when an equilibrium
is reached between charging and discharging in the sec-
ondary battery. In this case, the second threshold value
can be set every time the system is operated, and there-
fore it is possible to make a setting for the amount of
charge in the secondary battery accurately to a value
which is actually necessary in the next operation while it
is also possible in the current operation to stop power
generation in the fuel cell at an appropriate timing in re-
sponse to the command from the instruction means.
[0013] A larger output from the fuel cell enables the
system to cover more quickly the amount of power nec-
essary for driving the fuel cell system by the output from
the fuel cell alone. Therefore, the amount of charge nec-
essary for the secondary battery from the time when sys-
tem is started to the time when an equilibrium is reached
between charging and discharging in the next operation
is small if the output of the fuel cell is large whereas the
amount is large if the output of the fuel cell is small. Ac-
cording to the present invention, preferably, the fuel cell
system further includes output information detection
means for detecting information concerning an output of
the fuel cell, and the information concerning the neces-
sary amount of charge includes the information concern-
ing an output of the fuel cell detected by the output infor-
mation detection means. In this case, the second thresh-
old value is set by using the information concerning an
output of the fuel cell. Setting the second threshold value
using information concerning an output of the fuel cell as
described enables to set the second threshold value ap-
propriately in accordance with the output characteristic
of the fuel cell.

[0014] It is not possible to tap a sufficient amount of
electricity from the fuel cell until the temperature of the
fuel cell rises to a certain extent. Therefore, the amount
of charge necessary for the secondary battery from the
time when the system is started to the time when an equi-
librium is reached between charging and discharging in
the next operation is small if the ambient temperature is
high whereas the amount is large if the ambient temper-
ature is low. According to the present invention, prefer-
ably, the fuel cell system further includes ambient tem-
perature detection means for detecting an ambient tem-
perature, and the information concerning the necessary
amount of charge includes the ambient temperature de-
tected by the ambient temperature detection means. In
this case, the second threshold value is set by using the
ambient temperature. Setting the second threshold value
by using the ambient temperature as described provides
an advantage that an appropriate second threshold value
suited to the external environment can be set if a differ-
ence in the ambient temperature between the current
operation and the next operation is small.
[0015] If a long time elapses from the time when power
generation is started to the time when an equilibrium is
reached between charging and discharging in the sec-
ondary battery, a large amount of electric power is con-
sumed by the fuel cell system until the equilibrium is
reached between charging and discharging in the sec-
ondary battery. Therefore, the amount of charge neces-
sary for the secondary battery from the time when the
system is started to the time when an equilibrium is
reached between charging and discharging in the next
operation is large if the elapsed time is long whereas the
amount is small if the elapsed time is short. According to
the present invention, preferably, the fuel cell system fur-
ther includes time measurement means for measuring a
time elapsed from a time when power generation oper-
ation is started to a time when an equilibrium is reached
between charging and discharging in the secondary bat-
tery, and the information concerning the necessary
amount of charge includes the elapsed time measured
by the time measurement means. In this case, the second
threshold value is set by using the elapsed time. Setting
the second threshold value by using the elapsed time as
described enables to set an appropriate second thresh-
old value easily.
[0016] Preferably, the fuel cell system further includes
notification means for notifying whether or not power gen-
eration in the fuel cell can be stopped in response to a
power generation stopping command from the instruction
means. In this case, it is possible to reduce an amount
of time for the operator to spend for waiting, by letting
the operator know if power generation in the fuel cell can
be stopped in response to a power generation stopping
command from the instruction means.
[0017] Transportation equipment is not always
stopped at a place where an external power supply is
available. Since the present invention assures a success-
ful transfer to normal operation when the system is start-
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ed next time while maintaining operator convenience, the
present invention can be utilized suitably to transporta-
tion equipment.
[0018] The above-described object, other objects,
characteristics, aspects and advantages of the present
invention will become clearer from the following detailed
description of embodiments to be made with reference
to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 is a left side view of a motorbike according to
an embodiment of the present invention.
Fig. 2 is a system diagram showing piping in a fuel
cell system.
Fig. 3 is a block diagram showing an electrical con-
figuration of the fuel cell system.
Fig. 4 is a graph showing time course changes of a
charge rate in a secondary battery after starting an
operation.
Fig. 5 is a graph showing a charge rate required of
the secondary battery for a difference between a
power tapping temperature and an ambient temper-
ature.
Fig. 6 is a graph showing a charge rate required of
the secondary battery for an output from a cell stack.
Fig. 7 is a flowchart which shows an example of op-
eration according to the present invention.
Fig. 8 is a flowchart which shows a continued portion
of the operation from Fig. 7.
Fig. 9 is a graph showing a charge rate required of
the secondary battery for an amount of elapsed time.
Fig. 10 is a flowchart which shows another example
of operation according to the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0020] Hereinafter, embodiments of the present inven-
tion will be described, with reference to the drawings.
The embodiments are cases in which a fuel cell system
100 according to the present invention is equipped in a
motorbike 10 as an example of transportation equipment.
[0021] The description will first cover the motorbike 10.
It is noted that the terms left and right, front and rear, up
and down as used in the embodiments of the present
invention are determined from the normal state of riding,
i.e., as viewed by the driver sitting on the driver’s seat of
the motorbike 10, with the driver facing toward a handle
24.
[0022] Referring to Fig. 1, the motorbike 10 includes a
vehicle frame 12. The vehicle frame 12 has a head pipe
14, a front frame 16 which has an I-shaped vertical sec-
tion and extends in a rearward and downward direction
from the head pipe 14, a rear frame 18 which is connected
with a rear end of the front frame 16 and rising in a rear-

ward and upward direction, and a seat rail 20 which is
attached to a top end of the rear frame 18.
[0023] The front frame 16 includes: a plate member
16a which has a width in the vertical directions and ex-
tends in a rearward and downward direction, perpendic-
ularly to the lateral directions of the vehicle; flanges 16b,
16c which are formed respectively at an upper end edge
and a lower end edge of the plate member 16a, extend
in a rearward and downward direction and have a width
in the lateral directions; and reinforcing ribs 16d protrud-
ing from both surfaces of the plate member 16a. The
reinforcing ribs 16d and the flanges 16b, 16c serve as
storage walls, providing compartments on both surfaces
of the plate member 16a as storage spaces for compo-
nents of the fuel cell system 100 to be described later.
[0024] The rear frame 18 includes: a pair of left and
right plate members each having a width in the front and
rear directions, extending in a rearward and upward di-
rection, and sandwiching a rear end of the front frame
16. Note that Fig. 1 shows the left plate member of the
rear frame 18.
[0025] A steering shaft 22 is pivotably inserted in the
head pipe 14 for steering the vehicle. A handle support
26 is provided at an upper end of the steering shaft 22,
to which a handle 24 is fixed. The handle support 26 has
an upper end provided with a display/operation board 28.
[0026] Referring also to Fig. 3, the display/operation
board 28 is an integrated dashboard including: a meter
28a for measuring and displaying various data concern-
ing an electric motor 44 (to be described later) for driving
the motorbike 10; a display 28b provided by e.g. a liquid
crystal display, for providing the driver with a variety of
information concerning the ride; and an input portion 28c
for inputting a variety of commands and data. The input
portion 28c is provided with: a start button 30a for switch-
ing a relay 176 thereby connecting a cell stack 102 and
a secondary battery 126 with external loads such as an
electric motor 44; a stop button 30b for issuing a com-
mand to stop power generation in the cell stack 102 after
an operation stop command is issued; and a backlight
30c for illuminating the stop button 30b.
[0027] As shown in Fig. 1, a pair of left and right front
forks 32 extend from a bottom end of the steering shaft
22. Each of the front forks 32 includes a bottom end sup-
porting a front wheel 34 via a front wheel shaft 36. The
front wheel 34 is suspended by the front forks 32, and is
rotatable around the front wheel shaft 36.
[0028] On the other hand, a frame-like seat rail 20
which extends in the front and rear directions is fixed by
e.g. welding to an upper end of the rear frame 18. An
unillustrated seat is provided pivotably on the seat rail 20.
[0029] The rear frame 18 includes a lower end which
pivotably supports a swing arm (rear arm) 38 via a pivot
shaft 40. The swing arm 38 has a rear end 38a incorpo-
rating an electric motor 44 of an axial gap type for exam-
ple, which is connected with the rear wheel 42 to rotate
the rear wheel 42. The swing arm 38 also incorporates
a drive unit 46 which is electrically connected with the
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electric motor 44. The drive unit 46 includes a controller
48 for controlling the rotating drive of the electric motor
44, and a charge amount detector 50 for detecting the
amount of charge in the secondary battery 126 (to be
described later) . The swing arm 38 and a rear wheel 42
are suspended with an unillustrated rear cushion with
respect to the rear frame 18.
[0030] The motorbike 10 as described is equipped with
a fuel cell system 100, with its constituent members being
disposed along the vehicle frame 12. The fuel cell system
100 generates electric energy for driving the electric mo-
tor 44 and other system components.
[0031] Hereinafter, the fuel cell system 100 will be de-
scribed with reference to Fig. 1 and Fig. 2.
[0032] The fuel cell system 100 is a direct methanol
fuel cell system which uses methanol (an aqueous solu-
tion of methanol) directly without reformation, for gener-
ation of electric energy (power generation).
[0033] The fuel cell system 100 includes a fuel cell
stack (hereinafter simply called cell stack) 102. As shown
in Fig. 1, the cell stack 102 is suspended from the flange
16c, and is disposed below the front frame 16.
[0034] As shown in Fig. 2, the cell stack 102 includes
a plurality of fuel cells (individual fuel cells) 104 layered
(stacked) in alternation with separators 106. Each fuel
cell 104 is capable of generating electric power through
electrochemical reactions between hydrogen ion based
on methanol and oxygen. Each fuel cell 104 in the cell
stack 102 includes an electrolyte film 104a provided by
a solid polymer film for example, and a pair of an anode
(fuel electrode) 104b and a cathode (air electrode) 104c
opposed to each other, with the electrolyte film 104a in
between. The anode 104b and the cathode 104c each
include a platinum catalyst layer provided on the side
closer to the electrolyte film 104a.
[0035] As shown in Fig. 1, a radiator unit 108 is dis-
posed below the front frame 16, above the cell stack 102.
The radiator unit 108 has a front surface facing in a down-
ward direction so it can receive sufficient winds while the
vehicle is in motion.
[0036] As shown in Fig. 2, the radiator unit 108 includes
integrally therein, a radiator 108a for aqueous solution
and a radiator 108b for gas-liquid separation. On a back
side of the radiator unit 108, there is a fan 110 provided
to cool the radiator 108a, and there is another fan 112
(See Fig. 3) provided to cool the radiator 108b. In Fig. 1,
the radiators 108a and 108b are disposed side by side,
with one on the left-hand side and the other on the right-
hand side, and the figure shows the fan 110 for cooling
the left-hand side radiator 108a.
[0037] A fuel tank 114, an aqueous solution tank 116
and a water tank 118 are disposed in this order from top
to down, between the pair of plate members in the rear
frame 18.
[0038] The fuel tank 114 is below the seat rail 20 and
is attached to a rear end of the seat rail 20. The fuel tank
114 contains a methanol fuel (high concentration aque-
ous solution of methanol) having a high concentration

level (containing methanol at approximately 50 wt%, for
example) which is used as fuel for the electrochemical
reaction in the cell stack 102. The fuel tank 114 is pro-
vided with a level sensor 120 for detecting the height of
liquid surface of the methanol fuel in the fuel tank 114.
[0039] The aqueous solution tank 116 is disposed be-
low the fuel tank 114, and is attached to the rear frame
18. The aqueous solution tank 116 contains aqueous
methanol solution, which is a solution of the methanol
fuel from the fuel tank 114 diluted to a suitable concen-
tration (containing methanol at approximately 3 wt%, for
example) for the electrochemical reaction in the cell stack
102. The aqueous solution tank 116 is provided with a
level sensor 122 for detecting the height of liquid surface
of the aqueous methanol solution in the aqueous solution
tank 116.
[0040] The water tank 118, disposed behind the cell
stack 102, is mounted on the rear frame 18. A level sensor
124 is attached to the water tank 118 in order to detect
a water level in the water tank 118.
[0041] In front of the fuel tank 114 and above the flange
16b of the front frame 16 is the secondary battery 126.
The secondary battery 126 stores the electric power from
the cell stack 102, and supplies the electric power to the
electric components in response to commands from a
controller 142 (to be described later).
[0042] Above the secondary battery 126 and below the
seat rail 20, a fuel pump 128 is disposed. Further, a catch
tank 130 is disposed in front of the fuel tank 114, i.e.
above and behind the secondary battery 126.
[0043] An air filter 132 is disposed in a space surround-
ed by the front frame 16, the cell stack 102 and the radi-
ator unit 108 for removing impurities such as dust con-
tained in gas. Behind and below the air filter 132, an aque-
ous solution filter 134 is disposed.
[0044] An aqueous solution pump 136 and an air pump
138 are housed in the storage space on the left side of
the front frame 16. On the left side of the air pump 138
is an air chamber 140.
[0045] The controller 142, a rust prevention valve 144
and a water pump 146 are disposed in the storage space
on the right side of the front frame 16.
[0046] Further, a main switch 148 is provided in the
front frame 16, penetrating the storage space in the front
frame 16 from right to left. Turning on the main switch
148 gives an operation start command to the controller
142 and turning off the main switch 148 gives an opera-
tion stop command to the controller 142.
[0047] As shown in Fig. 2, the fuel tank 114 and the
fuel pump 128 are connected with each other by a pipe
P1. The fuel pump 128 and the aqueous solution tank
116 are connected with each other by a pipe P2. The
aqueous solution tank 116 and the aqueous solution
pump 136 are connected with each other by a pipe P3.
The aqueous solution pump 136 and the aqueous solu-
tion filter 134 are connected with each other by a pipe
P4. The aqueous solution filter 134 and the cell stack 102
are connected with each other by a pipe P5. The pipe P5
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is connected with an anode inlet I1 of the cell stack 102.
By driving the aqueous solution pump 136, aqueous
methanol solution is supplied to the cell stack 102. A tem-
perature sensor 150 is provided near the anode inlet I1
of the cell stack 102 in order to detect the temperature
of aqueous methanol solution. By detecting the temper-
ature of aqueous methanol solution which flows through
the cell stack 102 using the temperature sensor 150, the
temperature of the cell stack 102 can be detected.
[0048] The cell stack 102 and the aqueous solution
radiator 108a are connected with each other by a pipe
P6, and the radiator 108a and the aqueous solution tank
116 are connected with each other by a pipe P7. The
pipe P6 is connected with an anode outlet 12 of the cell
stack 102.
[0049] The pipes P1 through P7 serve primarily as a
flow path for fuel.
[0050] The air filter 132 and the air chamber 140 are
connected with each other by a pipe P8. The air chamber
140 and the air pump 138 are connected with each other
by a pipe P9, the air pump 138 and the rust prevention
valve 144 are connected with each other by a pipe P10
whereas the rust prevention valve 144 and the fuel cell
stack 102 are connected with each other by a pipe P11.
The pipe P11 is connected with a cathode inlet I3 of the
cell stack 102. When the fuel cell system 100 generates
power, the rust prevention valve 144 is opened. By driving
the air pump 138 under this condition, air containing ox-
ygen is introduced from outside. The rust prevention
valve 144 is closed when the fuel cell system 100 is
stopped, prevents backflow of water vapor into the air
pump 138, and thereby prevents rusting of the air pump
138. An ambient temperature sensor 152 is provided
near the air filter 132 for detection of an ambient temper-
ature.
[0051] The cell stack 102 and the gas-liquid separation
radiator 108b are connected with each other by a pipe
P12. The radiator 108b and the water tank 118 are con-
nected with each other by a pipe P13. The water tank
118 is provided with a pipe (an exhaust pipe) P14.
[0052] The pipes P8 through P14 serve primarily as a
flow path for oxidizer.
[0053] The water tank 118 and the water pump 146
are connected with each other by a pipe P15 whereas
the water pump 146 and the aqueous solution tank 116
are connected with each other by a pipe P16.
[0054] The pipes P15, P16 serve as a flow path for
water.
[0055] The pipe P4 is connected with the pipe P17 so
as to receive part of aqueous methanol solution flowing
through the pipe P4. An ultrasonic sensor 154 is attached
to the pipe P17 for measuring methanol concentration in
the aqueous methanol solution (rate of methanol in the
aqueous methanol solution). The ultrasonic sensor 154
is used for measuring the methanol concentration, based
on the principle that the ultrasonic wave travels at differ-
ent speeds depending on the methanol concentration.
The ultrasonic sensor 154 detects an ultrasonic wave

propagation speed in the pipe P17, converts the propa-
gation speed into a voltage value which represents phys-
ical concentration information. Based on this concentra-
tion information, the controller 142 detects a methanol
concentration of the aqueous methanol solution in the
pipe P17.
[0056] A detection valve 156 is connected with the pipe
P17. The detection valve 156 and the aqueous solution
tank 116 are connected with each other by a pipe P18.
When detecting methanol concentration, the detection
valve 156 is closed to stop the flow of aqueous methanol
solution in the pipe P17. After the detection of the meth-
anol concentration, the detection valve 156 is opened to
release the aqueous methanol solution, whose concen-
tration has been detected, back to the aqueous solution
tank 116.
[0057] The pipes P17, P18 serve as a flow path prima-
rily for concentration detection.
[0058] The aqueous solution tank 116 and the catch
tank 130 are connected with each other by pipes P19,
P20. The catch tank 130 and the air chamber 140 are
connected with each other by a pipe P21.
[0059] The pipes P19 through P21 constitute a flow
path primarily for fuel processing.
[0060] Next, reference will be made to Fig. 3, to cover
an electrical configuration of the fuel cell system 100.
[0061] The controller 142 of the fuel cell system 100
includes: a CPU 158 for performing necessary calcula-
tions and controlling operations of the fuel cell system
100; a clock circuit 160 which provides the CPU 158 with
clock signals; a memory 162 provided by e.g. an EEP-
ROM for storing programs and data for controlling the
operations of the fuel cell system 100 as well as calcu-
lation data, etc; a voltage detection circuit 166 for detect-
ing a voltage in an electric circuit 164 for connecting the
cell stack 102 with external loads; a current detection
circuit 168 for detecting an electric current which passes
through the fuel cells 104 i.e. the cell stack 102; an
ON/OFF circuit 170 for opening and closing the electric
circuit 164; a diode 172 placed in the electric circuit 164;
and a power source circuit 174 for providing the electric
circuit 164 with a predetermined voltage.
[0062] The CPU 158 of the controller 142 as described
above is supplied with detection signals from the level
sensors 120, 122 and 124, as well as detection signals
from the temperature sensor 150, the ambient tempera-
ture sensor 152 and the ultrasonic sensor 154. The CPU
158 is also supplied with input signals from the main
switch 148 for turning ON or OFF the electric power, and
input signals from the start button 30a and the stop button
30b in the input portion 28c. Further, the CPU 158 is
supplied with detection signals from a charge amount
detector 50. The CPU 158 calculates a charge rate of
the secondary battery 126 (a ratio of the amount of charge
with respect to the capacity of the secondary battery 126),
using the detection signal from the charge amount de-
tector 50 and information on the capacity of the second-
ary battery 126. Further, the CPU 158 is supplied with a
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voltage detection value from the voltage detection circuit
166 and a current detection value from the current de-
tection circuit 168. The CPU 158 calculates an output of
the cell stack 102 from the voltage detection value and
the current detection value.
[0063] The memory 162 stores: programs for perform-
ing operations depicted in Fig. 7, Fig. 8 and Fig. 10, var-
ious table data, a first threshold value which is a norm to
be compared to the charge rate of the secondary battery
126, etc, as initial information. In addition, the memory
162 stores various calculation data, flags, ambient tem-
perature values detected by the ambient temperature
sensor 152, charge rate values of the secondary battery
126 calculated by the CPU 158, output values of the cell
stack 102 calculated by the CPU 158, time values calcu-
lated by the CPU 158 based on clock signals from the
clock circuit 160, a second threshold value for compari-
son to the charge rate of the secondary battery 126, etc.
[0064] The CPU 158 controls system components
such as the fuel pump 128, the aqueous solution pump
136, the air pump 138, the water pump 146, the fans 110,
112, the rust prevention valve 144 and the detection valve
156. The CPU 158 also controls the display 28b which
displays various information for the driver of the motor-
bike 10. Still further, the CPU 158 controls turning ON
and OFF of the backlight 30c in the input portion 28c.
[0065] The cell stack 102 is connected with the sec-
ondary battery 126 and the drive unit 46. The secondary
battery 126 and the drive unit 46 are connected with ex-
ternal loads such as the electric motor 44, via the relay
176. The secondary battery 126 complements the output
from the cell stack 102, by being charged with electric
power from the cell stack 102 and discharging the elec-
tricity to supply power to the electric motor 44, the drive
unit 46 and the system components, etc.
[0066] The electric motor 44 is connected with the me-
ter 28a for measuring various data concerning the electric
motor 44. The data and status information of the electric
motor 44 obtained by the meter 28a are supplied to the
CPU 158 via the interface circuit 178.
[0067] In addition, a charger 200 is connectable with
the interface circuit 178. The charger 200 is connectable
with an external power source (commercial power
source) 202. When the interface circuit 178 is connected
with the external power source 202 via the charger 200,
an external power source connection signal is sent to the
CPU 158 via the interface circuit 178. The charger 200
has a switch 200a which can be turned ON/OFF by the
CPU 158.
[0068] In this embodiment, the CPU 158 serves as
control means, determination means and setting means.
The memory 162 serves as memory means. The stop
button 30b represents instruction means while the am-
bient temperature sensor 152 represents ambient tem-
perature detection means. Charge status detection
means includes the charge amount detector 50 and the
CPU 158, and the amount of charge detected by the
charge amount detector 50 is used by the CPU 158 to

calculate a charge rate, whereby charge status in the
secondary battery 126 is detected. Notification means
includes the stop button 30b and the backlight 30c where-
as time measurement means includes the CPU 158 and
the clock circuit 160. Output information detection means
includes the CPU 158, the voltage detection circuit 166
and the current detection circuit 168. The output of the
cell stack 102 calculated by the CPU 158 is used as in-
formation concerning the output from the cell stack 102.
[0069] Next, description will cover a main process dur-
ing the fuel cell system 100 is in operation.
[0070] When the main switch 148 is turned ON, the
fuel cell system 100 starts the controller 142 and com-
mences its operation. Then, when the start button 30a is
pressed after the controller 142 is started, the relay 176
is switched to connect external loads such as the electric
motor 44 with the cell stack 102 and the secondary bat-
tery 126. When the charge rate of the secondary battery
126 becomes not higher than the second threshold value,
electricity from the secondary battery 126 is used to drive
the system components such as the aqueous solution
pump 136 and the air pump 138, and thus power gener-
ation is started in the cell stack 102.
[0071] It should be noted here that the external loads
refer to loads which consume electricity other than the
electricity required for maintaining the power generation
in the cell stack 102. Specifically, the external loads in
the present embodiment include the electric motor 44,
the headlight of the motorbike 10, and so on.
[0072] Referring now to Fig. 2, aqueous methanol so-
lution in the aqueous solution tank 116 is sent via the
pipes P3, P4 to the aqueous solution filter 134 as the
aqueous solution pump 136 is driven. The aqueous so-
lution filter 134 removes impurities and so on from the
aqueous methanol solution, then the aqueous methanol
solution is sent through the pipe P5 and the anode inlet
I1, directly to the anode 104b in each of the fuel cells 104
which constitute the cell stack 102.
[0073] Meanwhile, gas (primarily containing carbon di-
oxide, vaporized methanol and water vapor) in the aque-
ous solution tank 116 is supplied via the pipe P19 to the
catch tank 130. The methanol vapor and water vapor are
cooled in the catch tank 130, and the aqueous methanol
solution obtained in the catch tank 130 is returned via
the pipe P20 to the aqueous solution tank 116. On the
other hand, gas (containing carbon dioxide, non-liquefied
methanol and water vapor) in the catch tank 130 is sup-
plied via the pipe P21 to the air chamber 140.
[0074] On the other hand, as the air pump 138 is driven,
air is introduced through the air filter 132 and flows
through the pipe P8 into the air chamber 140 where noise
is silenced. The air which was introduced to the air cham-
ber 140 and gas from the catch tank 130 flow via the pipe
P9 to the air pump 138, and then through the pipe P10,
the rust prevention valve 144, the pipe P11 and the cath-
ode inlet I3, into the cathode 104c in each of the fuel cells
104 which constitute the cell stack 102.
[0075] At the anode 104b in each fuel cell 104, meth-
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anol and water in the supplied aqueous methanol solution
chemically react with each other to produce carbon di-
oxide and hydrogen ions. The produced hydrogen ions
flow to the cathode 104c via the electrolyte film 104a,
and electrochemically react with oxygen in the air sup-
plied to the cathode 104c, to produce water (water vapor)
and electric energy. Thus, power generation is performed
in the cell stack 102. The electricity from the cell stack
102 is used to charge the secondary battery 126, to drive
the motorbike 10 and so on. The temperature of the cell
stack 102 is increased by the heat associated with the
electrochemical reactions. The output of the cell stack
102 increases as the temperature rises, and the cell stack
102 becomes able to perform normal constant power
generation at 60°C approx. In other words, the fuel cell
system 100 transfers to the normal operation when the
temperature of the cell stack 102 is at 60°C approx.
[0076] The temperatures of carbon dioxide produced
at the anode 104b in each fuel cell 104 and of unused
aqueous methanol solution are increased (up to approx-
imately 65°C-70°C for example) by the heat associated
with the electrochemical reaction, and part of the unused
aqueous methanol solution is vaporized. The carbon di-
oxide and the unused aqueous methanol solution flow
from the anode outlet 12 of the cell stack 102, through
the pipe P6 into the aqueous solution radiator 108a,
where they are cooled (down to approximately 40°C for
example) by the radiator 108a. The cooling of the carbon
dioxide and the unused methanol by the radiator 108a is
performed by driving the fan 110. The carbon dioxide and
the unused aqueous methanol solution which have been
cooled then flow through the pipe P7, and return to the
aqueous solution tank 116.
[0077] Meanwhile, most of the water vapor occurred
on the cathode 104c in each fuel cell 104 is liquefied and
discharged in the form of water from the cathode outlet
I4 of the cell stack 102, with saturated water vapor being
discharged in the form of gas. Part of the water vapor
which was discharged from the cathode outlet 14 is sup-
plied via the pipe P12 to the radiator 108b, where it is
cooled and liquefied as its temperature decreases to or
below the dew point. The radiator 108b liquefies the water
vapor through operation of the fan 112. Discharge from
the cathode outlet I4, which contains water (liquid water
and water vapor), carbon dioxide and unused air, is sup-
plied via the pipe P12, the radiator 108b and the pipe
P13, to the water tank 118 where water is collected, and
thereafter, discharged to outside via the pipe P14.
[0078] At the cathode 104c in each fuel cell 104, the
vaporized methanol from the catch tank 130 and meth-
anol which has moved to the cathode due to crossover
react with oxygen in the platinum catalyst layer, thereby
being decomposed to harmless substances of water and
carbon dioxide. The water and carbon dioxide which oc-
curred from the methanol are discharged from the cath-
ode outlet I4, and supplied to the water tank 118 via the
radiator 108b. Further, water which has moved due to
water crossover to the cathode 104c in each fuel cell 104

is discharged from the cathode outlet I4, and supplied to
the water tank 118 via the radiator 108b. The water col-
lected in the water tank 118 is recycled appropriately by
pumping operation of the water pump 146, through the
pipes P15, P16 to the aqueous solution tank 116, and is
used as water for the aqueous methanol solution.
[0079] While the fuel cell system 100 is generating
electric power, a concentration detection routine for
aqueous methanol solution is performed regularly for ef-
ficient power generation by each fuel cell 104 and pre-
vention of premature deterioration of the fuel cell 104.
Based on the detection result, the methanol concentra-
tion of aqueous methanol solution which is to be supplied
to the cell stack 102 is adjusted to 3 wt.% approx. for
example, in the aqueous solution tank 116. Specifically,
the fuel pump 128 is driven whereby methanol fuel is
supplied from the fuel tank 114 to the aqueous solution
tank 116 via the pipes P1, P2 based on the detection
result of the methanol concentration. Likewise, the water
pump 146 is driven whereby water is returned from the
water tank 118 to the aqueous solution tank 116 based
on the detection result of the methanol concentration.
[0080] According to the fuel cell system 100 as de-
scribed, electric power is not tapped from the cell stack
102 until the cell stack 102 reaches a predetermined pow-
er tapping temperature (30°C in this embodiment), be-
cause it is impossible to take sufficient electric power
from the cell stack 102 when the temperature is below
the power tapping temperature.
[0081] Once power tapping starts, the cell stack 102
charges an amount of electricity to the secondary battery
126; however, the charge rate of the secondary battery
126 decreases, normally for a while, since the amount
of charge is smaller than the amount of discharge from
the secondary battery 126 for operating the fuel cell sys-
tem 100.
[0082] Now, reference will be made to Fig. 4 to de-
scribe time course changes in the charge rate of the sec-
ondary battery 126. It should be noted here that in Fig.
4, power generation is started simultaneously as the sys-
tem starts its operation, in order to obtain a first necessary
charge rate (to be described later) . In Fig. 4, Curve A
shows a time course changes in the charge rate when
the temperature of the cell stack 102 is 40 °C and the
output from the cell stack 102 is 300 W whereas Curve
B shows time course changes in the charge rate when
the temperature of the cell stack 102 is 40°C and the
output from the cell stack 102 is 200 W.
[0083] A time period from operation (power genera-
tion) start to when the cell stack 102 reaches the power
tapping temperature is a period when the fuel cell system
100 is driven only by the power supplied from the sec-
ondary battery 126: This time is short if the ambient tem-
perature is high while it is long if the ambient temperature
is low. Therefore, the charge rate of the secondary battery
126 decreases by a small amount if the ambient temper-
ature is high while the decrease is large if the ambient
temperature is low. As understood, the amount of de-
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crease in the charge rate during this period until tapping
of electricity from the cell stack 102 begins is determined
by the ambient temperature, and for this reason, the
amount of decrease in the charge rate is E1 in both of
the Curves A and B. In other words, the charge rate nec-
essary for the secondary battery 126 (hereinafter called
the first necessary charge rate) from the time when the
operation is started to the time when tapping of electricity
is started is E1 for whichever of A and B.
[0084] In order to obtain the first necessary charge rate
appropriate to the ambient temperature, first table data
is stored in the memory 162 which relates a given value
(a temperature difference) obtained by subtracting the
ambient temperature from the power tapping tempera-
ture to the first necessary charge rate. Fig. 5 shows the
first table data in the form of a graph. It is understood
from Fig. 5 that a greater temperature difference will give
a greater first necessary charge rate. If the temperature
difference (power tapping temperature minus ambient
temperature) is smaller than zero, the temperature dif-
ference is assumed to be zero. When the temperature
difference is zero, there is still some first necessary
charge rate greater than zero because certain amount
of energy is necessary for starting the controller 142, etc.
[0085] Also, as shown in Fig. 4, the amount of decrease
in the charge rate of the secondary battery 126 from the
time when power tapping is started to the time when an
equilibrium is reached between charging and discharging
in the secondary battery 126 is small if the output from
the cell stack 102 is large while the decrease is large if
the output from the cell stack 102 is small. This is because
a larger output from the cell stack 102 allows the system
to cover more quickly the amount of power necessary for
driving the fuel cell system 100 by the output from the
cell stack 102 alone and therefore bring more quickly the
secondary battery 126 to an equilibrium between charg-
ing and discharging. A charge rate decrease E2 in Curve
A which has a greater output than Curve B is smaller
than a charge rate decrease E3 in Curve B. Specifically,
in Curve A, a charge rate (hereinafter called the second
necessary charge rate) which is necessary from the time
when power tapping is started to the time when the sec-
ondary battery 126 comes to a charge-discharge equi-
librium is E2 whereas the second necessary charge rate
is E3 in Curve B.
[0086] In order to obtain the second necessary charge
rate appropriate to the output from the cell stack 102, a
second table data is stored in the memory 162 which
relates a given output value from the cell stack 102 at a
predetermined output detection temperature (40°C in this
embodiment) to the second necessary charge rate. Fig.
6 shows the second table data in the form of a graph. It
is understood from Fig. 6 that a greater output from the
cell stack 102 will give a smaller second necessary
charge rate.
[0087] If the charge rate of the secondary battery 126
is smaller than a sum of the first necessary charge rate
and the second necessary charge rate when the system

is started next time, the charge rate of the secondary
battery 126 will become 0% before the output from the
cell stack 102 can cover the power consumption, which
will unable the cell stack 102 to continue power genera-
tion before the system transfers to normal operation, and
cause the fuel cell system 100 to stop. In order to avoid
this, the fuel cell system 100 continues power generation
in the cell stack 102 to give the secondary battery 126 a
preliminary charge after the main switch 148 is turned
OFF, i.e. after an operation stop command is issued, if
the charge rate of the secondary battery 126 is lower
than a predetermined first threshold value (100% in this
embodiment).
[0088] Now, reference will be made to Fig. 7 and Fig.
8 to describe a charge control operation in the fuel cell
system 100.
[0089] First, the main switch 148 is turned ON, which
gives an operation start command to the controller 142
whereby the controller 142 is started. After the controller
142 is started, the ambient temperature sensor 152 starts
regular detection of the ambient temperature under the
direction from the CPU 158 (Step S1). The ambient tem-
peratures detected regularly by the ambient temperature
sensor 152 are stored in the memory 162.
[0090] When the charge rate of the secondary battery
126 becomes not higher than the second threshold value
which was set in the previous operation, the controller
142 issues a power generation start command, whereby
system components such as the aqueous solution pump
136 and the air pump 138 are driven by the electricity
from the secondary battery 126 to start power generation
in the cell stack 102 (Step S3). Along with this, the tem-
perature sensor 150 begins a temperature detection rou-
tine of the cell stack 102 (Step S5). The CPU 158 monitors
the temperature of the cell stack 102, and checks if the
cell stack 102 has reached the power tapping tempera-
ture (30°C) (Step S7) . If the cell stack 102 has reached
the power tapping temperature, power tapping from the
cell stack 102 is started (Step S9), and the power from
the cell stack 102 is charged to the secondary battery
126. This reduces the pace of decrease in the charge
rate of the secondary battery 126 (See Fig. 4).
[0091] Subsequently, the CPU 158 checks if the tem-
perature of the cell stack 102 has reached an output de-
tection temperature (40°C) (Step S11). If the temperature
of the cell stack 102 has reached the output detection
temperature, the output of the cell stack 102 is calculated
from a voltage detection value given by the voltage de-
tection circuit 166 and electric current detection value
given by the current detection circuit 168 at this time point,
and the calculated output is stored in the memory 162
(Step S13) .
[0092] Then, the CPU 158 checks if the temperature
of the cell stack 102 has reached 60°C (Step 515) . If the
temperature of the cell stack 102 has reached 60°C, the
system is able to shift to normal power generation, and
so the system transfers to normal operation (Step S17).
Thereafter, when the main switch 148 is turned OFF in
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Step S19, an operation stop command is given to the
controller 142, whereby power tapping from the cell stack
102 and the secondary battery 126 by the external loads
such as the electric motor 44 is stopped. Along with this,
the system reads a plurality of values about the ambient
temperature and the output from the cell stack 102 so far
detected, from the memory 162. The CPU 158 then cal-
culates an average of the ambient temperature values
(average ambient temperature) (Step S21), and then sets
the second threshold value by using the calculated av-
erage ambient temperature and the output of the cell
stack 102 (Step S23).
[0093] In Step S23, the system reads the first table
data, i.e, data corresponding to the graph in Fig. 5, from
the memory 162. From the first table data, the system
obtains the first necessary charge rate which corre-
sponds to a difference (a temperature difference) be-
tween the power tapping temperature and the average
ambient temperature during this cycle of operation. The
system also reads the second table data, i.e. data cor-
responding to the graph in Fig. 6, from the memory 162,
and from the second table data, the system obtains the
second necessary charge rate which corresponds to the
output of the cell stack 102 in this cycle of operation.
Then, the system sets a current second threshold value
to a sum of the first necessary charge rate and the second
necessary charge rate.
[0094] In this embodiment, the temperature difference
for obtaining the first necessary charge rate from the first
table data, and the output of the cell stack 102 for obtain-
ing the second necessary charge rate from the second
table data represent the information concerning the
amount of charge necessary for the secondary battery
126 from system start up to charge-discharge equilibrium
in the secondary battery 126.
[0095] Subsequently, the charge amount detector 50
begins a routine of detecting the amount of charge, and
the CPU 158 monitors the charge rate of the secondary
battery 126 (Step S25) . The CPU 158 checks if the
charge rate of the secondary battery 126 is not lower
than the second threshold value (Step S27). If the charge
rate is not lower than the second threshold value, the
CPU 158 turns ON the backlight 30c, i.e. the stop button
30b (Step S29). By turning the stop button 30b ON, the
motorbike driver can recognize that a power generation
stop command from the stop button 30b is now valid, and
that the system is ready to accept the command. In other
words, it is possible to let the motorbike driver recognize
that the charging the secondary battery 126 can now be
stopped.
[0096] Subsequently, if Step S31 finds no external
power source 202 connected with the interface circuit
178 via the charger 200, and if Step S33 does not find
that the stop button 30b is pressed, then the system con-
tinues power generation in the cell stack 102 to charge
the secondary battery 126. The CPU 158 checks if the
charge rate of the secondary battery 126 has reached
the first threshold value (100%) (Step S35). If the charge

rate is 100%, the backlight 30c is turned OFF (Step S37),
and a stopping process is performed (Step S39).
[0097] Step S39 includes stoppage of the system com-
ponents, turning OFF of the ON/OFF circuit 170, deletion
of average ambient temperature values in the memory
162, etc. Thereafter, the controller 142 is stopped and
the operation of the fuel cell system 100 is stopped. If
Step S35 finds that the charge rate is not 100%, the proc-
ess goes back to Step S31.
[0098] On the other hand, if Step S27 finds that the
charge rate is lower than the second threshold value, the
process goes to Step S41. If Step S41 finds that there is
no external power source 202 connected with the inter-
face circuit 178 via the charger 200, the process goes to
Step S43. If Step S43 finds that the stop button 30b is
not pressed, then the process goes back to Step S27.
[0099] If Step S41 finds that an external power source
202 is connected with the interface circuit 178 via the
charger 200, the process goes to Step S39, to perform
the stopping process and charge the secondary battery
126 with the power from the external power source 202
via the charger 200.
[0100] when Step S43 finds that the stop button 30b
is pressed, then the system checks if the stop button 30b
was pressed continuously for a period of five seconds
(Step S45). If the button was not pressed for a continuous
period of five seconds, the power generation stopping
command is deemed to be invalid; and the process goes
back to Step S27, where charging of the secondary bat-
tery 126 is continued. If Step S45 finds that the stop button
30b was pressed continuously for a period of five sec-
onds, the power generation stopping command is ac-
cepted and the process goes to Step S39.
[0101] If Step S33 finds that the stop button 30b is
pressed, then the system checks if the stop button 30b
was pressed continuously for a period of two seconds
(Step S47). If the stop button 30b was pressed continu-
ously for a period of two seconds, power generation stop-
ping command is accepted and the process goes to Step
S37. If Step S47 finds that the stop button 30b was not
pressed for a continuous period of two seconds, the pow-
er generation stopping command is deemed to be invalid,
and the process goes to Step S35.
[0102] If Step S31 finds that an external power source
202 is connected with the interface circuit 178 via the
charger 200, the process goes to Step S37.
[0103] According to the fuel cell system 100 as de-
scribed, a comparison is made between the charge rate
of the secondary battery 126 and the second threshold
value which is an estimated necessity in the secondary
battery 126 from next system start up to a charge-dis-
charge equilibrium reached in the secondary battery 126.
[0104] Then, if the charge rate of the secondary battery
126 is not lower than the second threshold value and is
lower than the first threshold value, it is then possible to
stop power generation in the cell stack 102 by pressing
the stop button 30b for two seconds thereby making the
power generation stopping command valid. Since it is
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possible to abort charging which takes place after the
main switch 148 is turned OFF, the system does not de-
crease operator convenience.
[0105] Further, as long as the charge rate of the sec-
ondary battery 126 is lower than the second threshold
value, a power generation stopping command from the
stop button 30b is invalidated and power generation by
the cell stack 102 is continued until the stop button 30b
is pressed for five seconds. This allows the secondary
battery 126 to be charged until the charge rate becomes
not smaller than the second threshold value, enabling
more assured transfer to normal operation in the next
cycle of operation. Specifically, if the charge rate of the
secondary battery 126 is lower than the second threshold
value, power generation in the cell stack 102 is stopped
by a different (special) power generation stopping com-
mand (by pressing the button for five seconds: See Step
S45) instead of a normal (standard) power generation
stopping command (by pressing the button for two sec-
onds: See Step S47) which is used when the charge rate
is not lower than the second threshold value and is lower
than the first threshold value. This enables to eliminate
unintended termination of power generation, thereby en-
suring that the secondary battery 126 can be charged
until the charge rate becomes not lower than the second
threshold value. It should be noted here that the above-
described special power generation stopping command
is not limited to pressing the button for a long time, but
may be whatsoever different from the above-described
normal power generation stopping command.
[0106] By obtaining the first necessary charge rate
which corresponds to an average ambient temperature,
and the second necessary charge rate which indicates
the output of the cell stack 102, every time the system is
operated, and using a sum of these as the second thresh-
old value, it becomes highly probable to clear an actual
charge rate which is really necessary for the secondary
battery 126 in the next system operation, and to validate
a power generation stopping command from the stop but-
ton 30b at an appropriate timing in the current operation.
[0107] Using a sum of the first necessary charge rate
obtained from an average ambient temperature and the
second necessary charge rate obtained from an output
of the cell stack 102 as the second threshold value pro-
vides an advantage that an appropriate second threshold
value suited to the external environment and the output
characteristic of the cell stack 102 can be set if a differ-
ence in the ambient temperature between the current
operation and the next operation is small. Setting the
output detection temperature to a temperature (40°C in
this embodiment) passed before the normal operation
starts provides an advantage that the second threshold
value is appropriately related to the output characteristic
before the normal operation, making possible to set a
more accurate second threshold value than using an out-
put value detected during the normal operation.
[0108] It is now possible to let the operator know if he
can stop power generation in the cell stack 102 with a

power generation stopping command from the stop but-
ton 30b, by means of turning ON/OFF the backlight 30c,
i.e. the stop button 30b. This reduces the waiting time of
the operator.
[0109] By connecting an external power source 202
with the interface circuit 178 via the charger 200, even
when charging is underway after the main switch 148 is
turned OFF, power generation in the cell stack 102 is
stopped and the secondary battery 126 is charged by the
external power source 202. Prioritizing the charging by
an external power source 202 as described enables to
reduce the amount of aqueous methanol solution which
must be replenished to the cell stack 102, thereby saving
methanol fuel.
[0110] The motorbike 10 is not always stopped at a
place where an external power supply is available. Since
the present invention assures a successful transfer to
the normal operation when the system is started next
time without sacrificing operator convenience, the
present invention can be utilized suitably to transporta-
tion equipment such as the motorbike 10.
[0111] It should be noted here that in the above-de-
scribed charge control operation, the output detection
temperature in Step S11 is 40°C; however, the output
detection temperature may be 60°C or higher. In other
words, output detection of the cell stack 102 may be made
after entering the normal operation.
[0112] Also, in the charge control operation described
above, an output of the cell stack 102 is used as the
information concerning the output from the cell stack 102;
however, the information concerning the output from the
cell stack 102 may be provided by an electric current
value or a voltage value of the cell stack 102.
[0113] Further, Steps S43 and S45 may be removed
and if an external power source 202 is not connected in
Step S41, the process may go back to Step S27. In other
words, there may be an arrangement that the power gen-
eration stopping command is invalidated even if the stop
button 30b is continuously pressed. This guarantees that
the charging of the secondary battery 126 by the cell
stack 102 continues unless an external power source
202 is found to be connected in Step S41, and that the
charge rate will be brought to or beyond the second
threshold value.
[0114] Further, Step S47 may not necessarily check if
the stop button 30b was pressed for two seconds, but
check the intention of the operator by displaying a mes-
sage for example, on the display portion 28b. In this case,
the system turns OFF the backlight 30c and begins the
stopping process if, for example, the stop button 30b is
pressed again after the message is displayed.
[0115] Further, Step S47 may be removed. In other
words, there may be an arrangement that the backlight
30c is turned OFF and the stopping process is started
immediately once Step S33 finds that the stop button 30b
is pressed.
[0116] It should be noted that if the main switch 148 is
turned OFF before the system transfers to normal oper-
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ation, the process moves to Step S21. For example, if
the main switch 148 is turned OFF before Step S13 is
executed, the system will set the second threshold value
based on the output in the previous operation. Likewise,
if the fuel cell system 100 is connected with an external
power source 202 before normal operation, the process
may move to Step S39.
[0117] Power generation by the cell stack 102 may be
continued even after an external power source 202 is
connected with the interface circuit 178, until the charge
rate of the secondary battery 126 reaches the second
threshold value. By stopping the power generation in cell
stack 102 thereafter, startability in the next cycle of op-
eration is ensured, even in a case where the charging by
the external power is unsuccessful due to power failure
for example.
[0118] Next, description will cover another example of
charge control operation in the fuel cell system 100.
[0119] Although the charge control operation de-
scribed above uses an ambient temperature and an out-
put of the cell stack 102 in setting the second threshold
value, the present invention is not limited to this. For ex-
ample, charge control may be based on the fact that the
longer is a time elapsed from start of power generation
to when a charge-discharge equilibrium is achieved in
the secondary battery 126 (hereinafter simply called the
elapsed time), the more amount of electricity is used by
the fuel cell system 100 before the charge-discharge
equilibrium is achieved in the secondary battery 126.
Based on this, the elapsed time may be used as a basis
for setting the second threshold value.
[0120] If the elapsed time is used for setting the second
threshold value, a third table data is prepared which re-
lates the elapsed time to the necessary charge rate (a
charge rate required of the secondary battery 126 from
the system start up to the time when the secondary bat-
tery 126 reaches a charge-discharge equilibrium). From
this table data, a necessary charge rate that corresponds
to the elapsed time in the current operation is obtained.
In this example, the elapsed time used for obtaining the
necessary charge rate from the third table data repre-
sents the information concerning the amount of charge
required of the secondary battery 126 from the system
start up to the time when the secondary battery 126
reaches a charge-discharge equilibrium.
[0121] The third table data which relates the elapsed
time to the necessary charge rate is stored in the memory
162 as initial information. Fig. 9 shows a graphic repre-
sentation of the third table data. It will be understood from
Fig. 9 that the longer is the elapsed time, the greater is
the necessary charge rate, which means that a longer
elapsed time will require a greater second threshold val-
ue.
[0122] There can be a case where the system is started
and power generation is started, after the system was
stopped, before the cell stack 102 has cooled down to
the ambient temperature. Specifically, there can be case
where the system is re-started and power generation is

re-started when the temperature of the cell stack 102 is
at approximately 45°c. In this case, the secondary battery
126 will come to a charge-discharge equilibrium almost
as soon as the power generation is started. Even in this
case, secondary battery 126 will need a charge rate of
approximately 7% in order to start the controller 142 and
to drive the system components. In other word, a charge
rate of approximately 7% is necessary as shown in Fig.
9 even when the elapsed time is zero.
[0123] Next, description will cover a charge control op-
eration in which the second threshold value is set by using
the elapsed time, with reference to Fig. 10. In Fig. 10,
steps which are identical with those in Fig. 7 are indicated
with the same alphanumeric symbols as in Fig. 7, and
repetitive description will be omitted or minimized.
[0124] First, the main switch 148 is turned ON, where-
upon the controller 142 is started, and then power gen-
eration is started as the charge rate of the secondary
battery 126 becomes not higher than the second thresh-
old value (Step S3). Then, the CPU 158 starts measure-
ment of the time elapsed since power generation is start-
ed, based on clock signals from the clock circuit 160 (Step
S4) .
[0125] After Step S9, the CPU 158 checks if the sec-
ondary battery 126 is in a charge-discharge equilibrium
(Step S11a). If it is, measurement of the elapsed time is
stopped and the time elapsed from the start of power
generation to when the charge-discharge equilibrium is
reached is stored in the memory 162 (Step S13a).
[0126] Thereafter, when the main switch 148 is turned
OFF in Step S19, then the CPU 158 reads the elapsed
time from the memory 162 (Step S21a). Along with this,
the system reads the third table data i. e. data corre-
sponding to the graph in Fig. 9, from the memory 162,
and uses a necessary charge rate that matches the cur-
rent elapsed time, as the second threshold value (Step
S23a). Thereafter, the process goes to Step S25 and
then to Step S27 in Fig. 8.
[0127] As described, an appropriate second threshold
value can be set easily by simply obtaining the necessary
charge rate from the third table data, using the elapsed
time.
[0128] It should be noted here that if there is an amount
of power consumption after the operation is stopped and
before the system is started next time, the second thresh-
old value is set to an appropriately large value in consid-
eration of the amount. Note also that the first threshold
value may be lower than 100%. In this case, Step S35
in Fig. 8 will check if the charge rate is not lower than the
first threshold value.
[0129] In each of the above-described embodiments,
the power tapping temperature is set to 30°C; however,
the power tapping temperature may be lower than 30°C
if a sufficient amount of electricity can be tapped from
the cell stack 102.
[0130] Further, in each of the above-described embod-
iments, the backlight 30c is turned ON or OFF whereby
the stop button 30b is lit or unlit in order to let the operator
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know if power generation in the cell stack 102 can be
stopped or not; however, the notification means is not
limited to this. For example, two backlights each having
a different luminescent color from each other may be
provided, so that one of the backlights is used to turn on
the stop button 30b when a power generation stopping
command is valid while the other of the backlights is used
to turn on the stop button 30b when the power generation
stopping command is invalid. As another example, the
notification means may be provided by a speaker to let
the operator know audibly if the power generation by the
cell stack 102 may be stopped or not.
[0131] Further, the memory 162 may store a fourth ta-
ble data which relates the output of the cell stack 102 to
the necessary charge rate. The necessary charge rate
is selected from the fourth table data as a value corre-
sponding to the output of the cell stack 102 during the
current operation, and this value is used as the second
threshold value. In other words, the necessary charge
rate may be obtained from the fourth table data by using
the output of the cell stack 102 alone, in order to set the
second threshold value. As still another variation, the
memory 162 may store a fifth table data which relates
the ambient temperature to the necessary charge rate.
The necessary charge rate is obtained from the fifth table
data as a value corresponding to the ambient tempera-
ture during the current operation, and this value is used
as the second threshold value. In other words, the nec-
essary charge rate may be obtained from the fifth table
data by using the ambient temperature alone, in order to
set the second threshold value.
[0132] In each of the embodiments described above,
charge control operation is performed by using the
charge rate of the secondary battery 126 as an indicator
of charge status; however, the present invention is not
limited to this. For example, charge status may be indi-
cated by the amount of charge in the secondary battery
126, the voltage in the secondary battery 126, tempera-
ture-rise gradient of the secondary battery 126, the elec-
tric current value from the cell stack 102, the voltage value
of the cell stack 102, etc.
[0133] Further, in each of the embodiments described
above, the instruction means is provided by a stop button
30b; however the present invention is not limited to this.
For example, the display portion 28b may include a touch-
sensitive panel and the display portion 28b may display
icons serving as the instruction means.
[0134] It should be noted here that the fuel cell system
according to the present invention can be used suitably,
not only in motorbikes but also in any other transportation
equipment such as automobiles, marine vessels, etc.
[0135] Further, the present invention is applicable to
hydrogen fuel cell system in which hydrogen gas is sup-
plied as a fuel to the fuel cell. The present invention is
also applicable to fuel cell systems which make use of a
reformer. Further, the present invention is applicable to
stationary-type fuel cell systems.
[0136] The present invention being thus far described

and illustrated in detail, it is obvious that these description
and drawings only represent examples of the present
invention, and should not be interpreted as limiting the
invention. The scope of the present invention is only lim-
ited by words used in the accompanied claims.

Claims

1. A fuel cell system comprising:

a fuel cell,
a secondary battery charged by the fuel cell,
charge status detection means for detecting
charge status of the secondary battery,
control means for continuing power generation
in the fuel cell after the fuel cell starts power
generation, until a result of detection by the
charge status detection means is not lower than
a first threshold value, before stopping power
generation in the fuel cell; and
instruction means for stopping power generation
in the fuel cell;
wherein the control means stops power gener-
ation in the fuel cell based on a power generation
stopping command from the instruction means
if a result of detection by the charge status de-
tection means is lower than the first threshold
value and not lower than a second threshold val-
ue.

2. The fuel cell system according to Claim 1, further
comprising determination means for determining if
the fuel cell system is connected with an external
power source for charging the secondary battery,
wherein the control means stops power generation
in the fuel cell if the determination means determines
that the external power source is connected with the
fuel cell system.

3. The fuel cell system according to Claim 2, wherein
the control means stops power generation in the fuel
cell if the
determination means determines that the external
power source is connected with the fuel cell system
and a result of detection by the charge status detec-
tion means is lower than the first threshold value and
not lower than the second threshold value.

4. The fuel cell system according to Claim 1, further
comprising setting means for setting the second
threshold value based on information concerning an
amount of charge necessary for the secondary bat-
tery from a time when operation is started to a time
when an equilibrium is reached between charging
and discharging in the secondary battery.

5. The fuel cell system according to Claim 4, further
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comprising output information detection means for
detecting information concerning an output of the fu-
el cell,
wherein the information concerning the necessary
amount of charge includes the information concern-
ing an output of the fuel cell detected by the output
information detection means.

6. The fuel cell system according to Claim 4 or 5, further
comprising ambient temperature detection means
for detecting an ambient temperature,
wherein the information concerning the necessary
amount of charge includes the ambient temperature
detected by the ambient temperature detection
means.

7. The fuel cell system according to Claim 4, further
comprising time measurement means for measuring
a time elapsed from a time when power generation
operation is started to a time when an equilibrium is
reached between charging and discharging in the
secondary battery,
wherein the information concerning the necessary
amount of charge includes the elapsed time meas-
ured by the time measurement means.

8. The fuel cell system according to one of Claims 1
through 7, further comprising notification means for
notifying whether or not power generation in the fuel
cell can be stopped in response to a power genera-
tion stopping command from the instruction means.

9. Transportation equipment comprising the fuel cell
system according to one of Claims 1 through 8.

10. A method of operating a fuel cell system including a
secondary battery charged by a fuel cell,
wherein power generation in the fuel cell is stopped
after the secondary battery is charged to a charge
status not lower than a first threshold value under an
absence of a power generation stopping command
from instruction means, whereas power generation
in the fuel cell is stopped in response to the power
generation stopping command from the instruction
means if the charge status of the secondary battery
is lower than the first threshold value and not lower
than a second threshold value.

Patentansprüche

1. Brennstoffzellensystem, aufweisend:

eine Brennstoffzelle,
eine Sekundär- Batterie, aufgeladen durch die
Brennstoffzelle,
eine Aufladungsstatus- Erfassungseinrichtung
zum Erfassen des Aufladungsstatus der Sekun-

där- Batterie,
ein Steuerungseinrichtung zur Energieerzeu-
gung in der Brennstoffzelle, nachdem die Brenn-
stoffzelle die Energieerzeugung startet, bis ein
Erfassungsergebnis durch die Aufladungssta-
tus- Erfassungseinrichtung nicht niedriger als
ein erster Grenzwert ist, bevor die Energieer-
zeugung in der Brennstoffzelle stoppt, und
eine Anweisungseinrichtung zum Stoppen der
Energieerzeugung in der Brennstoffzelle;
wobei die Steuerungseinrichtung die Energieer-
zeugung in der Brennstoffzelle auf der Grund-
lage eines Energieerzeugungs- Stoppbefehls
aus der Anweisungseinrichtung stoppt, wenn
ein Erfassungsergebnis durch die Aufladungs-
status- Erfassungseinrichtung niedriger als der
erste Grenzwert und nicht niedriger als ein zwei-
ter Grenzwert ist.

2. Brennstoffzellensystem nach Anspruch 1, außer-
dem aufweisend eine Bestimmungseinrichtung zum
Feststellen, ob das Brennstoffzellensystem mit einer
externen Energiequelle zum Aufladen der Sekun-
där- Batterie verbunden ist,
wobei die Steuerungseinrichtung die Energieerzeu-
gung in der Brennstoffzelle stoppt, wenn die Bestim-
mungseinrichtung feststellt, dass die externe Ener-
giequelle mit dem Brennstoffzellensystem verbun-
den ist.

3. Brennstoffzellensystem nach Anspruch 2, wobei die
Steuerungseinrichtung die Energieerzeugung in der
Brennstoffzelle stoppt, wenn die Bestimmungsein-
richtung feststellt, dass die externe Energiequelle
mit dem Brennstoffzellensystem verbunden ist und
ein Erfassungsergebnis durch die Aufladungssta-
tus- Erfassungseinrichtung niedriger als der erste
Grenzwert und nicht niedriger als der zweite Grenz-
wert ist.

4. Brennstoffzellensystem nach Anspruch 1, außer-
dem aufweisend eine Festlegungseinrichtung zum
Festlegen des zweiten Grenzwertes auf der Grund-
lage einer Information betreffend einen Aufladungs-
betrag, der für die Sekundär-Batterie notwendig ist,
von einer Zeit, wenn der Betrieb gestartet ist, bis zu
einer Zeit, wenn ein Gleichgewicht zwischen dem
Aufladen und dem Entladen in der Sekundär- Batte-
rie erreicht ist.

5. Brennstoffzellensystem nach Anspruch 4, außer-
dem aufweisend eine Ausgangsleistungsinformati-
on- Erfassungseinrichtung zum Erfassen einer Infor-
mation betreffend eine Ausgangsleistung der Brenn-
stoffzelle, erfasst durch die Ausgangsleistungsinfor-
mation- Erfassungseinrichtung.

6. Brennstoffzellensystem nach Anspruch 4 oder 5, au-
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ßerdem aufweisend eine Umgebungstemperatur-
Erfassungseinrichtung zum Erfassen einer Umge-
bungstemperatur,
wobei die Information betreffend auf die notwendige
Aufladungsgröße eine Umgebungstemperatur ent-
hält, erfasst durch die Umgebungstemperatur- Er-
fassungseinrichtung.

7. Brennstoffzellensystem nach Anspruch 4, außer-
dem aufweisend eine Zeitmesseinrichtung zum
Messen einer Zeit, vergangen von einer Zeit, wenn
der Energieerzeugungsvorgang gestartet wird, bis
zu einer Zeit, wenn ein Gleichgewicht zwischen dem
Aufladen und Entladen in der Sekundär- Batterie er-
reicht ist;
wobei die Information betreffend den notwendigen
Aufladungsbetrag die vergangene Zeit, gemessen
durch die Zeitmesseinrichtung, enthält.

8. Brennstoffzellensystem nach einem der Ansprüche
1 bis 7, außerdem aufweisend eine Anzeigeeinrich-
tung zum Anzeigen, ob oder nicht die Energieerzeu-
gung in der Brennstoffzelle in Abhängigkeit von ei-
nem Energieerzeugungs-Stoppbefehl von der An-
weisungseinrichtung gestoppt werden kann, oder
nicht.

9. Transportausrüstung, aufweisend das Brennstoff-
zellensystem nach einem der Ansprüche 1 bis 8.

10. Verfahren zum Betrieben eines Brennstoffzellensy-
stems, das eine Sekundär- Batterie, aufgeladen
durch die Brennstoffzelle, enthält,
wobei die Energieerzeugung in der Brennstoffzelle
gestoppt wird, nachdem die Sekundär- Batterie in
einen Aufladungsstatus aufgeladen ist, nicht niedri-
ger als ein erster Grenzwert unter einer Abwesenheit
eines Energieerzeugungs-Stoppbefehls aus der An-
weisungseinrichtung, wobei die Energieerzeugung
in der Brennstoffzelle in Abhängigkeit von dem En-
ergieerzeugungs- Stoppbefehl von der Anweisungs-
einrichtung gestoppt wird, wenn der Aufladungssta-
tus der Sekundär- Batterie niedriger als der erste
Grenzwert und nicht niedriger als ein zweiter Grenz-
wert ist.

Revendications

1. Système de pile à combustible comprenant :

une pile à combustible,
une batterie rechargeable chargée par la pile à
combustible,
un moyen de détection d’état de charge pour
détecter un état de charge de la batterie rechar-
geable,
un moyen de commande pour continuer une

production d’énergie dans la pile à combustible
après que la pile à combustible a commencé à
produire de l’énergie, jusqu’à ce qu’un résultat
de détection par le moyen de détection d’état de
charge ne soit plus inférieur à une première va-
leur de seuil, avant d’arrêter la production
d’énergie dans la pile à combustible ; et
un moyen d’instruction pour arrêter la produc-
tion d’énergie dans la pile à combustible ;
dans lequel le moyen de commande arrête la
production d’énergie dans la pile à combustible
en se basant sur une commande d’arrêt de pro-
duction d’énergie en provenance du moyen
d’instruction si un résultat de détection par le
moyen de détection d’état de charge est infé-
rieur à la première valeur de seuil et non inférieur
à une seconde valeur de seuil.

2. Système de pile à combustible selon la revendication
1, comprenant en outre un moyen de détermination
pour déterminer si le système de pile à combustible
est relié à une source d’énergie externe pour charger
la batterie rechargeable,
dans lequel le moyen de commande arrête la pro-
duction d’énergie dans la pile à combustible si le
moyen de détermination détermine que la source
d’énergie externe est reliée au système de pile à
combustible.

3. Système de pile à combustible selon la revendication
2, dans lequel le moyen de commande arrête la pro-
duction d’énergie dans la pile à combustible si le
moyen de détermination détermine que la source
d’énergie externe est reliée au système de pile à
combustible et si un résultat de détection par le
moyen de détection d’état de charge est inférieur à
la première valeur de seuil et non inférieur à la se-
conde valeur de seuil.

4. Système de pile à combustible selon la revendication
1, comprenant en outre un moyen de paramétrage
pour paramétrer la seconde valeur de seuil en se
basant sur des informations concernant une quantité
de charge nécessaire pour la batterie rechargeable
à partir d’un moment où le fonctionnement est dé-
marré jusqu’à un moment où un équilibre est atteint
entre charge et décharge dans la batterie rechar-
geable.

5. Système de pile à combustible selon la revendication
4, comprenant en outre un moyen de détection d’in-
formations de sortie pour détecter des informations
concernant une sortie de la pile à combustible,
dans lequel les informations concernant la quantité
nécessaire de charge comprennent les informations
concernant une sortie de la pile à combustible dé-
tectées par le moyen de détection d’informations de
sortie.
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6. Système de pile à combustible selon la revendication
4 ou 5, comprenant en outre un moyen de détection
de température ambiante pour détecter une tempé-
rature ambiante,
dans lequel les informations concernant la quantité
nécessaire de charge comprennent la température
ambiante détectée par le moyen de détection de
température ambiante.

7. Système de pile à combustible selon la revendication
4, comprenant en outre un moyen de mesure de
temps pour mesurer un temps écoulé à partir d’un
moment où une opération de production d’énergie
est démarrée jusqu’à un moment où un équilibre est
atteint entre charge et décharge dans la batterie re-
chargeable,
dans lequel les informations concernant la quantité
nécessaire de charge comprennent le temps écoulé
mesuré par le moyen de mesure de temps.

8. Système de pile à combustible selon l’une des re-
vendications 1 à 7, comprenant en outre un moyen
de notification pour notifier si vraiment la production
d’énergie dans la pile à combustible peut être arrêtée
en réponse à une commande d’arrêt de production
d’énergie en provenance du moyen d’instruction.

9. Équipement de transport comprenant le système de
pile à combustible selon l’une des revendications 1
à 8.

10. Procédé de mise en oeuvre d’un système de pile à
combustible comprenant une batterie rechargeable
chargée par une pile à combustible,
dans lequel la production d’énergie dans la pile à
combustible est arrêtée après que la batterie rechar-
geable est chargée à un état de charge non inférieur
à une première valeur de seuil en l’absence d’une
commande d’arrêt de production d’énergie en pro-
venance du moyen d’instruction, tandis que la pro-
duction d’énergie dans la pile à combustible est ar-
rêtée en réponse à la commande d’arrêt de produc-
tion d’énergie en provenance du moyen d’instruction
si l’état de charge de la batterie rechargeable est
inférieur à la première valeur de seuil et non inférieur
à une seconde valeur de seuil.
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