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FUEL CELL SYSTEM AND ELECTRIC VEHICLE INCLUDING THE FUEL CELL
SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to a fuel cell system and an electric vehicle. More
specifically, the invention relates to a fuel cell system including a fuel cell and an electric

power storing means, and an electric vehicle including the fuel cell system.

2. Description of the Related Art

[0002] Improvement of energy efficiency is required in an electric vehicle including a
fuel cell system. For example, Japanese Patent Laid-Open Publication No. 2001-307758
discloses a fuel cell system in which a required amount of electric power is supplied from a
fuel cell and a secondary battery when a load is higher than a reference value, and the
required amount of electric power is supplied from the secondary battery with operation of
the fuel cell being stopped when the load is equal to or lower than the réference value. In
the fuel cell system, the fuel cell is operated intermittently such that operation of the fuel
cell is temporarily stopped in a low load region where efficiency of the fuel cell system
decreases, and the fuel cell is operated in a region where energy conversion efficiency is
high, whereby efficiency of the entire fuel cell system is improved.

[0003] Although the efficiency of the entire fuel cell system is improved by
intermittently operating the fuel cell, a load fluctuates frequently in an electrig vehicle.
Therefore, in the case where the fuel cell is intermittently operated, when operation of the
fuel cell is temporarily stopped and electric power supply from the fuel cell is temporarily
stopped, the operation of the fuel cell needs to be restarted in a short time. Accordingly,
an air compressor and a hydrogen purﬁp (auxiliary machinery) may be operated so that
open circuit voltage (OCV) at an output end of the fuel cell can be maintained at a
predetermined value even while electric power supply from the fuel cell is stopped. In
this case, however, hydrogen (fuel) is consumed by the fuel cell in order to maintain the

open circuit voltage, and accordingly fuel efficiency deteriorates.

SUMMARY OF THE INVENTION

CONFIRMATION COPY
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[0004] Accordingly, it is an object of the invention to provide a fuel cell system in

| which a fuel cell is operated intermittently, efficiency of the entire fuel cell system can be

improved, and response of the fuel cell can be improved, that is, a time required for
restarting the fuel cell system that has been stopped can be reduced.

[0005] Also, it is another object of the invention to provide an electric vehicle
including a fuel cell and a secondary battery, in which efficiency of the entire fuel cell
system can be improved, and response of the vehicle can be improved.

[0006] In order to achieve the aforementioned objects, the invention relates to a fuel
cell system including a fuel cell, -electric power storing means, and electric power
supplying means for supplying electric power to a load from the fuel cell and the electric
power storing means. In the fuel cell system, the electric power supplying means
includes intermittent operation means fof stopping operation of the fuel cell when an
amount of electric power required by the load is smaller than a reference value, and
starting the stopped operation of the fuel cell when the amount of electric power required
by the load is equal to or larger than the reference value, and threshold value adjusting
means for adjusting the reference value accbrding to internal electromotive force in the
fuel cell whose operation has been stopped.

[0007] With the configuration, since the threshold value for starting the operation of
the fuel cell is adjusted according to the internal electromotive force (open circuit voltage)
generated by remaining fuel gas in the fuel cell, the operation of the fuel cell can be
restarted in a short time. Accordingly, even when supply of fuel (hydrogen) to the fuel
cell is éompletely stopped during intermittent operation of the fuel cell, the fuel céll can be
restarted quickly. Thus, the efficiency of the fuel cell system during the intermittent
operation can be improved, and operability of the fuel cell system durihg the intermittent
operation can be improved, that is, a starting response time of the fuel cell system can be
reduced.

[0008] In the fuel cell system, the electric power supplying means may include the
intermittent operation means for stopping the operation of the fuel cell when the amount of
electric power required by the load is smaller than a first reference value, and starting the
operation of the fuel cell when the amount of electric power required by the load is equal
to or larger than a second reference value, and the threshold adjusting means for adjusting
the second reference value according to the internal electromotive force in the fuel cell
whose operation has been stopped. The electric power storing means stores electric

energy. For example, a secondary battery (storage battery), a capacitor, or a so-called



10

15

20

25

30

WO 2005/018979 PCT/1B2004/002683
3

ultra capacitor (a capacitor having a large capacity) is employed as the electric power
storing means.

[0009] With the configuration, since the threshold value for starting the operation of
the fuel cell is adjusted according to the internal electromotive force (open circuit voltage)
generated by remaining fuel gas in the fuel cell, the operation of the fuel cell can be
restarted in a short time, as in the aforementioned fuel cell system according to the
invention. Accordingly, even when supply of fuel (hydrogen) to the fuel cell is
completely stopped during intermittent operation of the fuel cell, the operation of the fuel
cell can be restarted quickly. Thus, the efficiency of the fuel céll system during the
intermittent operation can be improved, and operability of the fuel cell system during the
intermittent operation can be improved, that is, the starting response time of the fuel cell
system can be reduced. Also, since a determination value (threshold value) for
determining whether the operation of the fuel cell needs to be started is different from a
determination value (threshold value) for determining whether the operation of the fuel cell
needs to be stopped, occurrence of hunting can be prevented.

[0010] The threshold value adjusting means may decrease the second reference value
according to a decrease in the internal electromotive force in the fuel cell such that a time
at which the operation of the fuel cell is started is relatively advanced.

[0011] Also, the threshold value adjusting means may store data related to the second
reference value that needs to be set according to the internal electromotive force in the fuel
cell. The data may be stored as a table or a function.

[0012] Also, the electric power storing means may include at least one of a secondary
battery (or a storage battery) and a capacitor that are charged with electric poWer by the
fuel cell.

[0013] The invention relates to an electric vehicle including a motor that generates
power for the vehicle, and a fuel cell system that includes electric power supplying means
for supplying electric power to the motor from a fuel cell and electric power storing means. |
In the electric vehicle, the electric power supplying means includes intermittent operation
means for stopping operation of the fuel cell when an amount of electric power required by
the load including the motor is smaller than a reference value, and starting the stopped
operation of the fuel cell when the amount of electric power required by the load is equal
to or larger than the reference value, and threshold adjusting means for adjusting the

reference value according to internal electromotive force in the fuel cell whose operation

has been stopped.
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[0014] In the electric vehicle, the electric power supplying means may include
intermittent operation means for stopping operation of the fuel cell when an amount of
electric power required by the load including the motor is smaller than a first reference
value, and starting the operation of the fuel cell when the amount of electric power
required by the load is equal to or larger than a second reference value, and threshold
adjusting means for adjusting the second reference value according to internal
electromotive force in the fuel cell whose operation has been stopped.

[0015] With the configuration, even when fuel supply to the fuel cell is completely
stopped during the intermittent operation of the fuel cell, it is possible to prevent
deterioration of response of the fuel cell when the fuel cell is restarted.  Accordingly, it is
possible to improve both of the fuel efficiency and response (for example, accelerator
response) of the electric vehicle.

[0016] According to the invention, since fuel supply to the fuel cell can be completely
stopped when the operation of the fuel cell is stopped during the intermittent operation of
the fuel cell, the fuel efficiency can be improved. Also, even when fuel supply to the fuel
cell is completely stopped, since the threshold value for starting the operation of the fuel
cell is set according to remaining internal electromotive force (open circuit voltagé), it is

possible to suppress a delay in the restart of the operation of the fuel cell (response of the

fuel cell).

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above mentionéd and other objects, features, advantages, téchnical and’
industrial significance of this invention will be better understood by reading the following
detailed description of exemplary embodiments of the invention, when considered in
connection with the accompanying drawings, in which:

FIG. 1 is a block diagram explaining an electric vehicle including a fuel cell
system;

FIG. 2 is a block diagram explaining auxiliary machinery (in a case where
hydrogen gas is uséd);

FIG. 3 is a block diagram explaining auxiliary machinery (in a case where
reformate gas is used);

FIG. 4A to FIG. 4C are graphs each explaining efficiency of the fuel cell

system;
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FIG. 5 is a graph explaining an example in which hydrogen gas is
intermittently supplied in order to maintain open circuit voltage (OCV) of a fuel cell at a
predetermined value;

FIG. 6 is a graph explaining a characteristic in which a start of operation of the
fuel cell (rising of output) is delayed due to a decrease in the open circuit voltage of the
fuel cell;

FIG. 7 is a flowchart explaining a control for intermittently operating the fuel
cell and starting the fuel cell early according to a decrease in the open circuit voltage, the
control being performed by a control portion;

FIG. 8 is a graph explaining an example in which a reference value (threshold
value) for starting the operation of the fuel cell is set according to the open circuit voltage

of the fuel cell; and

FIG. 9 is a diagram explaining an example in which the reference value for
starting the operation of the fuel cell during the intermittent operation of the fuel cell

system is changed according to the open circuit voltage.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] In the following description and the accompanying drawings, the present
invention will be described in more detail in terms of exemplary embodiments. First,
efficiency of a fuel cell system will be described. Each of FIG. 4A, 4B, and 4C is a graph
showing efficiency of a fuel cell. FIG. 4A is a graph showing a relation between an
electric current density, and efficiency of a unit cell (fuel cell efficiency) and fuel cell
output. FIG. 4B is a graph showing a relation between power for auxiliary machinery and
fuel cell output. FIG. 4C is a graph showing a relation between the fuel cell output and
efficiency of the fuel cell system.

[0019] Meanwhile, auxiliary machinery such as an air compressor and a pump for
supplying fuel gas (oxygen and hydrogen gas) to the fuel cell requires power that
substantially increases with an increase in a supply gas amount (fuel cell output). Even
when the fuel cell output is low, the auxiliary machinery requires a predetermined amount
of power (see FIG. 4B). As a result, the efficiency of the fuel cell system decreases as the
fuel cell output decreases, as shown in FIG. 4C. For example, the efficiency of the fuel
cell system is represented by a value obtained by dividing, by a gas supply amount, an

amount of electric power obtained by subtracting an amount of electric power required for
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driving the auxiliary machinery from an amount of generated electric power.

[0020] Accordingly, electric power supply from a fuel cell 20 is stopped, and
electric power is supplied from a secondary battery (electric power storing means) in a low
load region where a load required of the fuel cell is lower than a reference value Ps (i.c., a
region where the efficiency of the fuel cell system is relatively low). Meanwhile, in a
high load region where the load required of the fuel cell is equal to or higher than the
reference value Ps (i.e., a region where the efficiency of the fuel cell system is relatively
high), electric power is supplied to the load from the fuel cell and the secondary battery,
whereby the efficiency of the fuel cell system can be improved. This is one reason why
the fuel cell is intermittently operated.

[0021] Meanwhile, a power generation source (a motor and a power source) needs
to respond to operation of an accelerator and start operation in the electric vehicle.
Therefore, as shown in FIG. 5, even while electric power supply from the fuel cell to the
motor is stopped, the auxiliary machinery is intermittently operated such that fuel gas is
intermittently supplied to the fuel cell, and the fuel cell maintains open circuit voltage
(OCV) at a predetermined value, for example, 400 volts.

[0022] FIG 6 shows a starting response characteristic of the fuel cell when the
vehicle takes off with the accelerator being fully depressed (i.e., with the accelerator
opening amount being 100%). In FIG. 6, a solid line indicates a fuel cell output
characteristic in a case where the fuel cell is started while the open circuit voltage (OCV) is
maintained at a predetermined value, and a dashed line indicates a fuel cell output
characteristic in a case where the fuel cell is started after the open circuit voltage has
decreased (see a double dashed line in FIG. 5). While the open circuit voltage is
maintained at the predetermined value in the fuel cell, a response delay d occurs.
Meanwhile, while the open circuit voltage is not maintained at the predetermined value, a
response delay D, which is larger than the response delay d, occurs due to the decreased
open circuit voltage. Also, when the open circuit voltage of the fuel cell decreases, output
(workload) of the secondary battery increases when the motor is started. Accoraingly, in
order to obtain the good starting response characteristic of the fuel cell, fuel gas needs to
be unnecessarily consumed for maintaining the open circuit voltage at the predetermined
value. Even when the fuel cell is intermittently operated such that electric power is
supplied from the fuel cell only in the region where the efficiency of the fuel cell system is
high, the fuel efficiency is not improved.

[0023] Accordingly, in the embodiment described below, when electric power
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supply from the fuel cell to the load is stopped during the intermittent operation of the fuel
cell, fuel gas supply to the fuel cell is completely stopped. Also, the reference value Ps of
the required load, based on which the operation of the fuel cell is started during the
intermittent operation of the fuel cell, is adjusted such that a time at which the operation of
the fuel cell is started is advanced, according to the open circuit voltage of the fuel cell that
is decreased due to complete stop of the fuel gas supply. Thus, a delay in the start of the
operation of the fuel cell is suppressed as much as possible. The reference value for
starting the operation of the fuel cell and the reference value for stopping the operation of
the fuel cell during the intermittent operation may be different from each other in order to
prevent hunting.

[0024] FIG 1 is a block diagram schematically showing a configuration of an
electric vehicle including a fuel cell system 10 according to an exemplary embodiment of
the invention. The fuel cell system according to the embodiment is mounted in the
vehicle, and functions as a power source for driving the vehicle. The fuel cell system 10
mainly includes a fuel cell 20, a secondary battery 30, a motor 32 for driving the vehicle,
auxiliary machinery 34, a DC/DC converter 36, a remaining capacity monitor 46, a control
portion 50, an inverter 80, and an electric current sensor 90. Hereinafter, each of
components constituting the fuel cell system 10 will be described.

[0025] The fuel cell 20 is a proton-exchange membrane fuel cell, and has a stack
structure in which plural unit cells are stacked. The unit cell is a constitutional unit of the
fuel cell. The unit cell includes a separator, an anode, an electrolyte membrane, a cathode,
a separator (all of them are not shown), and the like. In the fuel cell 20, fuel gas
containing hydrogen is received on thé cathode side, oxidizing gas containing oxygen is
received on the anode side, and electromotive force is obtained by electrochemical reaction
described below.

H, — 2H"+2e ... (1)

(1/2) O, +2H' +2¢° — H,0...(2)

H, +(1/2)0, — H,0... (3)

The equation (1) indicates reaction on the cathode side, the equation (2) indicates
reaction on the anode side, and the equation (3) indicates reaction which occurs in the
entire fuel cell.

[0026] In the fuel cell 20, the output can be controlled by adjusting the fuel gas

amount and the oxidizing gas amount according to the magnitude of the load to which the
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fuel cell 20 is connected. This control of the output is performed by the control portion
50. That is, the control portion 50 outputs driving signals to the air compressor and an
electromagnetic valve provided in a fuel supply passage, which will be described below, so
as to adjust the driving amount and the opening/closing state thereof. Thus, the supply
gas amount is controlled, and accordingly the output of the fuel cell 20 is controlled.

[0027] The fuel cell 20 is connected to the secondary battery 30, the motor 32, and the
auxiliary machinery 34. The fuel cell 20 supplies electric power to the motor 32 and the
auxiliary machinery 34, and charges the secondary battery 30 with electric power
according to the states of these loads. In this case, the fuel cell 20 is connected to the
motor 32 and the auxiliary machinery 34 via a switch 20a. After the control portion 50
controls opening/closing of the switch 20a and a switch 30a on the secondary battery side,
electric power is supplied to the motor 32 and the auxiliary machinery 34, and the
secondary battery 30 is charged with electric power. Also, a voltmeter 20b is connected
to an output end of the fuel cell 20, and detection voltage is supplied to the control portion
50.

[0028] The secondary battery 30 is a power source device (electric power storing
means) for supplying electric power to the motor 32 and the auxiliary machinery 34 as well
as the fuel cell 20. Although a lead acid battery is used in the embodiment, a secondary
battery of another type, such as a nickel-cadmium storage battery, a nickel-hydrogen
storage battery, or a lithium ;econdary battery may be used. The capacity of the
secondary battery 30 is decided according to the size of the vehicle including the fuel cell
system 10, an assumed running condition, required performance of the vehicle (the
maximum speed, a running distance, and the like), and the like. Instead of the secondary
battery 30, a capacitor or an ultra capacitor haviﬁg a large capacity may be used.

[0029] The motor 32 is a three-phase synchronous motor. Direct electric current
outputted by the fuel cell 20 and the secondafy battery 30 is converted to three-phase
alternate electric current by the inverter 80 that will be described below, and the three-
phase alternate electric current is supplied to the motor 32. When the motor 32 receives
supply of such electric power, the motor 32 generates rotational driving force. The
rotational driving force is transmitted to front wheels and/or rear wheels of the vehicle via
an axle of the vehicle including thq fuel cell system 10, and the rotational driving force
serves as power for driving the vehicle. The motor 32 is controlled by a control device 33.
The control device 33 is connected to an accelerator pedal position sensor 33b for detecting

an operation amount of an accelerator pedal 33a, and the like. The control device 33 is
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connected also to the control portion 50, and various types of information concerning
driving of the motor 32 and the like is transmitted between the control device 33 and the
control portion 50. For example, the operation amount of the accelerator pedal 33a is
transmitted to the control portion 50 as an amount of required driving power.

[0030] The auxiliary machinery 34 supplies fuel gas and the like to the fuel cell 20 so
as to operate the fuel cell 20.

[0031] FIG 2 is a block diagram schematically showing an example of the
configuration of the auxiliary machinery in the case where high-préssure hydrogen is used
as fuel. Hydrogen reserved in a high-pressure hydrogen tank 34a is supplied to a cathode
group of the fuel cell 20 via an opening/closing valve 34b, a pressure reducing valve 34c
for adjusting the pressure, and an opening/closing valve 34d. The opening/closing and
the opening/closing amounts of these valves are electromagnetically controlled by the
control portion 50 that will be described below. The exhaust hydrogen gas that is not
used by the fuel cell 20 is collected via a gas-liquid separator 34e, and is returned to the
fuel cell 20 using a pump 34f, and reused. Meanwhile, foreign matter is removed from
air (oxygen) supplied to an anode group by an air filter 34g. Then, the air (oxygen) is
compressed by a compressor 34h, humidified by a humidifier 34i, and then supplied to the
fuel cell 20. The compressor 34h can adjust the pressure of the oxidizing gas supplied to
the fuel cell 20.

[0032] FIG 3 is a block diagram schematically showing an example of the
configuration of the auxiliary machinery in the case where a reformer is used as a
hydrogen gas supply source. The fuel cell system 10 mainly includes the aforementioned
fuel cell 20, a methanol tank 34j, a water tank 34k, a reformer 341, and an air compressor
34m. In addition, the fuel cell system 10 further includes pumps 34n, 340 which supply
methanol and water from the tank to the reformer 341, and an electromagnetic valve 34p
which adjuéts an amount of hydrogen supplied from the reformer 341 to the fuel cell 70.
The air compressor 34m can adjust the pressure of the oxidizing gas supplied to the fuel
cell 20.

[0033] The auxiliary machinery 34 includes a massflow controller, a water pump (not
shown), and the like, in addition to the electromagnetic valve, the air compressor, and the
pumps described above. The water pump pressurizes a coolant, and causes the coolant to
circulate in the fuel cell 20. Since the coolant is caused to circulate, and heat exchange is
performed in the fuel cell 20, a temperature inside the fuel cell 20 is controlled to be equal

to or lower than a predetermined temperature. The massflow controller adjusts the
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pressure and flow amount of the fuel gas supplied to the fuel cell 20, as described above.
In FIG. 1, the fuel cell 20 and the auxiliary machinery 34 are illustrated independently of
each other. However, these devices related to control of the operating state of the fuel cell
20 can be referred to also as peripheral devices for the fuel cell 20.

[0034] The DC/DC converter 36 converts voltage of the electric energy output by the
fuel cell 20 and the secondary battery 30, and supplies the electric energy to the auxiliary
machinery 34. In general, the voltage required for driving the motor 32 is approximately
200 volts to 300 volts, and the fuel cell 20 and the secondary battery 30 output the .Voltage
corresponding to this required voltage. However, since the voltage for driving the
auxiliary machinery 34 such as the pump, the compressor, and the electromagnetic valve is
approximately 12 volts, the voltage output from the fuel cell 20 and the secondary battery
30 cannot be supplied to the auxiliary machinery 34 as it is. Accordingly, the voltage is
decreased by the DC/DC converter 36.

[0035] The motor 32 can be connected to, and can be disconnected from the fuel cell
20 and the secondary battery 30 by turning the aforementioned switch 20a on the fuel cell
side and the switch 30a on the secondary battery side on and off. The connection state of
each of the aforementioned switches is controlled by the control portion 50.

[0036] The remaining capacity monitor 46 detects a remaining capacity of the
secondary battery 30, and is constituted by an SOC meter. The SOC meter accumulates
charging/discharging electric “current values and charging/discharging time in the
secondary battery 30. On the basis of this value, the control portion 50 calculates the
remaining capacity of the secondary battery 30. The remaining capacity monitor 46 may
be constituted by a voltage sensor instead of the SOC meter. As the remaining capacity of
the secondary battery 30 decreases, the voltage value decreases. Therefore, the remaining
capacity of the secondary battery 30 can be detected by measuring the voltage using this
characteristic. Such a voltage sensor is connected to the control portion 50, and the
relation between the voltage value detected by the voltage sensor and the remaining
capacity is stored in the control portion 50 in advance, whereby the control portion 50 can
obtain the remaining capacity of the secondary battery 30 based on the measured value
input from the voltage sensor. Alternatively, the remaining capacity monitor 46 may -
detect the remaining capacity by measuring specific gravity of an electrolyte of the
secondary battery 30.

[0037] The control portion 50 is configured as a logic circuit mainly including a
microcomputer, and includes a CPU 52, ROM 54, RAM 56, and input/output port 58.
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The CPU 52 performs predetermined calculations and the like according to control
programs that are set in advance. The control programs and control data, which are
necessary when the CPU 52 performs various calculations, are stored in the ROM 54.
Various data, which is necessary when the CPU 52 performs various calculations, is
temporarily read and written in the RAM 56. The input/output port 58 receives detection
signals and the like from various sensors such as the output voltmeter 20b and the
remaining capacity monitor 46. In addition, the input/output port 58 outputs driving
signals to the inverter 80 and the like according to the result of the calculations, thereby
controlling the driving state of each portion of the fuel cell system.

[0038] In FIG. 1, the control portion 50 receives signals from the output voltmeter 20b,
the remaining capacity monitor 46, and the electric current sensor 90, outputs a driving
signal to the inverter 80, and transmits a signal to the control device 33 and receives a
signal from the control device 33. However, the control portion 50 performs various
other controls in the fuel cell system. Main controls which are not shown in FIG. 1 but
are performed by the control portion 50 include a control of an operating state of the fuel
cell 20. As described above, the control portion 50 controls the oxidizing gas amount and
the fuel gas amount by outputting driving signals to the air compressor and the massflow
controller. In the case where the reformer is used, the control portion 50 controls the
amounts of methanol and water supplied to the reformer 341, and manages the temperature
of the fuel cell 20 and the temperature of the reformer 341.

[0039] The inverter 80 converts direct electric current supplied from the fuel cell 20
and the secondary battery 30 to three-phase alternate electric current, and supplies the
three-phase alternate electric current to the motor 32. Based on the instruction from the
control portion 50, the inverter 80 adjusts the amplitude (actually the pulse width) and
frequency of the three-phase alternate electric current supplied to the motor 32, thereby.
controlling the driving force generated by the motor 32.  The inverter 80 is configured
using six switching elements (for example, bipolar MOSFETs (IGBTs))_ as main circuit
elements. The direct electric current supplied from the fuel cell 20 and the secondary
battery 30 is converted to the three-phase alternate electric current having a given
amplitude and frequency by the switching operation of these switching elements. Each of
the switching elements included in the inverter 80 is connected to the control portion 50
via a conductive line, and switching timing of each switching element is controlled using
the driving signal from the control portion 50.

[0040] The connection state between the inverter 80 and the fuel cell 20 or the
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secondary battery 30 is decided by controlling the aforementioned switches 20a, 30a.
That is, the inverter 80 can be connected to the fuel cell 20, the inverter 80 can be
connected to the secondary battery 30, and the inverter 80 can be connected to both the
fuel cell 20 and the secondary battery 30 at the same time. While the inverter 80 and the
fuel cell 20 and/or the secondary battery 30 are connected in the aforementioned manner,
output control of the fuel cell 20 (control for operating the fuel cell 20 to generate electric
power) is arbitrarily performed, and output control of the secondary battery 30 (control for
turning output ON and OFF) is also arbitrarily performed.

[0041] The electric current sensor 90 detects output electric current from the
secondary battery 30. The output state of the secondary battery 30 may be a discharging
state or a charging state. However, hereinafter, electric current output from the secondary
battery 30 in the charging state and that in the discharging state will be both referred to as
“output electric current”. The electric current sensor 90 is connected to the control
portion 50, and the electric current value detected by the electric current sensor 90 is input
to the control portion 50. The input electric current value is used for determining the
charging/discharging state of the secondary battery 30.

[0042] Next, a fuel cell control performed by the fuel cell system 10 having the
aforementioned configuration will be described. FIG. 7 is a flowchart showing processes
of the fuel cell control. The fuel cell control starts to be performéd by the CPU 52 in a'
vehicle including the fuel cell system 10 when a predetermined start switch for starting the
fuel cell system is turned on, and is performed at predetermined time intervals, for example,
at time intervals of 10 psec (step S100).

[0043] When the routine is performéd, first, the control portion 50 reads the amount of
driving power required by a driver of an electric vehicle including the fuel cell system 10
through an accelerator operation, and reads a remaining capacity Q of the secondary
battery 30 (step S110). The required driving power is power (load electric power) for
rotating the motor 32 of the vehicle according to the request of the driver. The amount of
required driving power is obtained using electric power generated by the fuel cell 20 and
electric power discharged from the secondary battery 30. In this case, the amount of
required driving power is determined by inputting the operation amount of the acceierator
pedal 33a (output of the accelerator pedal position sensor 33b) into the control portion 50
via the control device 33.  Also, the remaining capacity Q of the secondary battery 30 is
calculated by reading the output value of the remaining capacity monitor 46.

[0044] Subsequent to the calculation of the remaining capacity Q, a determination is
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made as to a set state of an intermittent flag indicating that the fuel cell 20 is in an
intermittent operation mode, and is operated intermittently (step S120). The intermittent
flag is set and reset by the process that will be described later. 'When the intermittent flag
is set (i.e., when the flag is on), the fuel cell 20 needs to be operated intermittently. When

_the intermittent flag is reset (i.e., when the flag is off), the fuel cell 20 needs to be operated
continuously.

[0045] When it is determined that the intermittent flag is reset (i.e., the fuel cell 20 is
operated continuously; YES in step S120), it is determined whether the amount of required
driving power is smaller than a threshold value Ps which is a determination reference value
(step S120). As shown in FIG. 4C, the threshold value Ps is a boundary value of the fuel
cell output in the low load region where the efficiency of the fuel cell system is low due to
low output of the fuel cell 20. The threshold value Ps is used as a reference for
determining whether electric power supply from the fuel cell 20 needs to be stopped, and
the intermittent operation mode needs to be performed. For example, the threshold value
Ps is set to a value equivalent to approximately 10 % of the electric power generating
capacity (electric power supply capacity). The threshold value Ps may be set in various
manners according to the charging/diécharging capability of the secondary battery 30, the
remaining capacity Q read in step S110, or the like. Thus, the invention is not limited to
the aforementioned threshold value Ps.

[0046] When an affirmative determination is made in step S130 (i.e., YES in step
S$130), the amount of required driving power is smaller than the threshold value Ps, though
the fuel cell 20 is operated continuously since it is determined that the intgrmittent flag is

off in step S120. Accordingly, in this case, the intermittent flag is set to on so as to

~ indicate that the operation mode of the fuel cell 20 needs to be changed from the

continuous operation mode to the intermittent operation mode (step S140). Next, the
remaining capacity Q read in step S100 and the required driving power are compared with
each other, and it is determined whether the motor 32 can be rotated according to the
amount of required driving power using only electric power of the remaining capacity Q of
the secondary battery 30 (step S150). That is, it is determined whether the amount or
required driving power can be obtained using only the electric power of the remaining
capacity Q.

[0047] When it is determined that the amount of required driving power can be
obtained using only the electric power of the remaining capacity Q in step S150 (i.e., YES
in step S150), the operation of the fuel cell equipment group including the fuel cell 20 and



10

15

20

25

30

WO 2005/018979 » PCT/1B2004/002683

the auxiliary machinery (peripheral devices) of the fuel cell 20 such as a pump and an air
compressor is stopped, and supply of the fuel gas to the fuel cell 20 is stopped in the low
electric power generation region. The switch 20a is opened, and supply of electric power
from the fuel cell 20 to the motor 32 is stopped. The open circuit voltage of the fuel cell
20 is detected by the voltmeter 20b, and is transmitted to the control portion 50 (step S160).
Subsequently, the switch 30a is closed, and the electric power of the remaining capacity Q
is supplied to the motor 32 from the secondary battery 30 (step S170), and the routine is
terminated (S230). Thus, the motor 32 is rotated using only the electric power supplied
from the secondary battery 30, and the vehicle is driven according to the amount of
required driving power.

[0048] Meanwhile, when it is determined that the amount of required driving power
cannot be obtained using only the electric power of the remaining capacity Q of the
secondary battery 30 in step S150 (i.e., NO in step S150), the intermittent flag is set to off
so as to indicate that the aforementioned fuel cell equipment group needs to be operated so
as to generate electric power, and the operation mode of the fuel cell 20 needs to be
changed to the continuous operation mode, in order to use both the secondary battery 30
and the fuel cell 20 (step S210). Thus, the motor 32 can be rotated and the vehicle can be
driven according to the amount of required driving power, using the electric power of the
remaining capacity Q of the secondary battery 30 and the electric power generated by the
fuel cell 20.

[0049] Subsequent to step S210, in order to obtain the amount of required driving
power using the electric power of the remaining capacity Q of the secondary battery 30 and
the electric power generated by the fuel cell 20, the switches 20a and 30a are closed such
that the electric power is supplied to the motor 32 from the secondary battéry 30 and the
fuel cell 20 (step S220). Then, the routine is terminated (S230). More specifically, since
the amount of required driving power and the remaining capacity Q are read and are
already known in step S110, the amount of electric power that needs to be generated by the
fuel cell 20 is decided based on the amount of required driving power and the remaining
capacity Q. Accordingly, the aforementioned supply amount of fuel gas for generating
the decided amount of electric power is calculated, the aforementioned auxiliary machinery
(peripheral devices) is operated according to the result of the calculation, and the decided
amount of electric power is generated by the fuel cell 20. Thus, the motor 32 is rotated
using the electric power supplied from the secondary battery 30 and the fuel cell 20, and

the vehicle is driven according to the amount of required driving power.
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[0050] When itis determined that the amount of required driving power is equal to or
larger than the threshold value Ps in step S130, the fuel cell 20 is operated so as to generate
electric power in the region where the efficiency of the fuel cell system 10 is high in order
to obtain the amount of required driving power. Accordingly, the routine proceeds to step
S210 in order to obtain the amount of required driving power using the electric power of
the secondary battery 30 and the electric power generated by the fuel cell 20. Thus, the
motor 32 is rotated using the electric power supplied from the secondary battery 30 and the
fuel cell 20, and the vehicle is driven according to the amount of required driving power
(S220).

[0051] Meanwhile, when the control portion 50 determines that the intermittent flag is
set to on (the intermittent operation is performed) in step S120 (i.e., NO in step S120), the
control portion 50 reads output voltage Vocv of the fuel cell which is supplied from the
voltmeter 20b to the control portion 50 in order to set a threshold value Pon for
determining whether the operation of the fuel cell needs to be started according to the
present open circuit voltage (OCV) of the fuel cell 20 whose operation has been stopped.
(S180).

[0052] The control portion 50 calculates the threshold value Pon based on the output
voltage Vocv of the fuel cell 20. FIG. 8 is a graph explaining an example of a relation
between the open circuit voltage Vocv and the threshold value that needs to be set. The
ROM 54 of the control portion 50 stores the graph as a map data or a function Pon = {
(Vocv) in advance. The function Pon = f (Vocv) has a characteristic that the threshold
value Pon is decreased with a decrease in the open circuit voltage. Thus, the threshold
value Pon for starting the operation of the fuel cell is decreased with a decrease in the open
circuit voltage of the fuel cell whose operation has been stopped. Since the threshold
value Pon is decreased and the time at which the operation of the fuel cell 20 is started is
relatively advanced, it is possible to decrease a delay amount in rising of the output of the
fuel cell 20, as described later. The optimal characteristic of the function f (Vocv) can be
identified in the design of the system or through experiments. In the example shown in
FIG. 8, when the open circuit voltage Vocv of the fuel cell 20 is 400 volts, the threshold
value Pon is set to 7 kilowatts. When the open circuit voltage Vocv is 200 volts, the
threshold value Pon is set to 3 kilowatts. The control portion 50 sets the threshold value
Pon in this manner (S190).

[0053] FIG. 9 is a diagram explaining an example in which the threshold value Pon is

adjusted according to the present open circuit voltage of the fuel cell 20. When the
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present open circuit voltage Vocv is low, the threshold value Pon is set to be relatively low.
When the present open circuit voltage Vocv is high (for example, rated output voltage), the
threshold value Pon is set to be relatively high.

[0054] Next, the control portion 50 determines whether the amount of required driving
power is larger tﬁan the threshold value Pon (step S200). When an affirmative
determination is made (i.e., YES in step S200), the amount of required driving power is
larger than the threshold value Pon though the fuel cell 20 needs to be operated
intermittently since it is determined that the intermittent flag is on in step S120.
Accordingly, the routine proceeds to step S210 in order to obtain the large amount of
required driving power using the electric power of the secondary battery 30 and the electric
power generated by the fuel cell 20.

[0055] As described above, the control portion 50 causes the afore_mentioned fuel cell
équipment group to be operated sé as to generate electric power, and sets the intermittent
flag to off in order to indicate that the operation mode of the fuel cell 20 needs to be
changed to the continuous operation mode (step S210) in order to use the secondary battery
30 and the fuel cell 20. Thus, the motor 32 can be rotated and the vehicle can be driven
according to the amount of required driving poWer, using the electric power of the
remaining capacity Q of the secondary battery 30 and the electric power generated by the
fuel cell 20.

[0056] Subsequent to step S210, in order to obtain the amount of required driving
power using the electric power of the remaining capacity Q of the secondary battery 30 and
the electric power generated by the fuel cell 20, the switches 20a and 30a are closed such
that the electric power is supplied to the motor 32 from the secondary battery 30 and the
fuel cell 20 (step S220), afterwhich the routine is terminated (S230).

[0057] More specifically, since the amount of required 'driving power and the
remaining capacity Q are already known in step S110, the amount of electric power that
needs to be generated by the fuel cell 20 is decided based on the amount of required
driving power and the remaining capacity Q. Accordingly, the aforementioned supply
amount of fuel gas for generating the decided amount of electric power is calculated, the
aforementioned auxiliary machinery (peripheral devices) is operated according to the result
of the calculation, and the decided amount of electric power is generated by the fuel cell 20.
Thus, the motor 32 is rotated using the electric power supplied from the secondary battery

30 and the fuel cell 20, and the vehicle is driven according to the amount of required

driving power.
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[0058] When a negative determination is made in step S200 (i.e., NO in step S200),
the amount of required driving power remains small. Accordingly, in order to obtain the
amount of required driving power using the electric power of the remaining capacity Q of
the secondary battery 30 while the fuel cell equipment group including the fuel cell 20 and |
the peripheral devices thereof is kept stopped, the routine proceeds to step S150, and the
aforementioned subsequent processes are performed. Thus, in the fuel cell system 10,
while the fuel cell equipment group is stopped (step S160), the motor 32 is rotated using
the electric power of the remaining capacity Q of the secondary battery 30 (step S170), and
the vehicle is driven according to the amount of required driving power. When the
electric power of the remaining capacity Q is not sufficient (i.e., NO in step S150), the
motor 32 is rotated using the electric power supplied from the secondary battery 30 and the
fuel cell 20 (step S210 and step S220), the vehicle is driven according to the amount of
required driving power.

[0059] As described above, in the fuel cell system 10 according to the embodiment, it
is decided to perform or stop the operation of the fuel cell equipment group including the
fuel cell 20 and the peripheral devices thereof according to the amount of driving power
required by the driver through the depression operation of the accelerator pedal 33a.  That
is, in the case where the amount of required driving power is large and accordingly the
load required of the fuel cell 20 is high (i.e., NO in step S130), the fuel cell equipment
group is operated such that the fuel cell 20 generates electric power (step S210), and the
motor 32 is rotated and the vehicle is driven using the electric power generated by the fuel
cell 20 and the electric power of the secondary battery 30 (step S220). Accordingly, in.
this case, the fuel cell 20 can be efficiently operated so as to generate electric power in the
high load region. Thus, it is possible to improve the efficiency of the fuel cell system 10,
and accordingly, it is possible to improve the efficiency of the electric vehicle including the
fuel cell system. A

[0060] Meanwhile, in the case where the load required of the fuel cell 20 is low (i.e.,
YES in siep S$130), when the motor 32 can be rotated using only the electric power of the
remaining capacity Q of the secondary battery 30 (i.e., YES in step S150), the operation of
the fuel cell equipment group including the fuel cell 20 and the peripheral devices thereof
is stopped (step S160), the motor 32 is rotated using only the electric power of the
remaining capacity Q of the secondary battery 30 (step S170) such that the vehicle is
driven according to the amount of required driving power. Accordingly, since the fuel

cell 20 is prevented from being operated so as to generate electric power in the low load
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region, the fuel cell 20 is prevented from unnecessarily generating electric power.  Thus,
it is possible to improve the efficiency of the fuel cell system 10, and accordingly, it is
possible to improve the efficiency of the electric vehicle including the fuel cell system 10.
Further, since the operation of the peripheral devices such as the air compressor 66 is also
stopped when the operation of the fuel cell 20 is stopped, energy required for operating the
peripheral devices is not used, whereby the efficiency of the fuel cell system can be further
improved. _

[0061] Even in the case where the amount of required driving power is largé and
accordingly the load required of the fuel cell 20 is low, when the electric power of the
remaining capacity Q of the secondary battery 30 is insufficient (i.e., NO in step S150), the
fuel cell equipment group is operated, and the motor 32 is rotated using the electric power
supplied from the secondary battery 30 and the fuel cell 20 (step S210 and step S220) such
that the vehicle is driven according to the amount of recjuired driving power. Accordingly,
since the vehicle can be driven in a driving state which has been expected by the driver, the
driver does not feel uncomfortable.

[0062] ' Also, in the »ernbodirnent, in the case where the fuel cell 20 is operated when
the amount of required driving power is increased after the operation of the fuel cell 20 is
stopped since the amount of required driving power is smaller than the threshold value Ps,
the operation of the fuel cell 20 is kept stopped until the amount of required driving power
becomes larger than the threshold value Pon (step S200). Accordingly, even when the
amount of required driving power increases or decreases in the vicinity of the threshold
value Ps, the fuel cell 20 can be prevented from being operated and stopped repeatedly,
that is, hunting can be prevented. Therefore, it is possible to prevent a problem due to
hunting, for.example, occurrence of noise in the peripheral devices of the fuel cell 20 such
as the pump.

[0063] In the embodiment, in the case where the operation of the fuel cell 20 is
restarted when the amount of required driving power is increased after the operation of the
fuel cell 20 is completely stopped since the amount of required driving power is smaller
than the threshold value Ps, the threshold value Pon for determining whether the operation
of the fuel cell 20 needs to be started is adjusted according to the present open circuit
voltage (OCV) (step S180 and step S190). Accordingly, it is possible to suppress, as
much as possible, the delay in the start of the operation of the fuel cell due to a decrease in
the open circuit voltage (OCV) of the fuel cell 20 (see FIG. 6). Thus, it is possible to

obtain the good starting characteristic (response) of the fuel cell, and to improve the fuel
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efficiency of the fuel cell. _
[0064] Also, instead of using the aforementioned fixed threshold value Ps, the

threshold value Ps may be variable. For example, the threshold value Ps may be set to a
value which is lower, by a predetermined value o than the threshold value Pon which is
adjusted according to the'remaining electromotive force (i.e., Pon - 0). In this case, even
when the threshold value Pon is chénged, a fnargin o for preventing hunting can be always
obtained. Also, if hunting does not occur, the threshold value Ps may be set to the same

value as the threshold value Pon.
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CLAIMS:

1. A fuel cell system including a fuel cell (20), electric power storing means (30), and
electric power supplying means (50, 20a, 30a) for supplying electric power to a load from
the fuel cell and the electric power storing means, characterized in that

the electric power supplying means (50, 20a, 30a) includes intermittent operation means
(50) for stopping operation of the fuel cell (20) when an amount of electric power required
by the load is smaller than a reference value, and starting the stopped operation of the fuel
cell (20) when the amount of electric power required by the load is equal to or larger than
the reference value, and threshold value adjusting means (50) for adjusting the reference

value according to internal electromotive force (Vocv) in the fuel cell (20) whose operation

has been stopped.

2. The fuel cell system according to claim 1, characterized in that the threshold value
adjusting means (50) decreases the reference value according to a decrease in the internal
electromotive force (Vocv) in the fuel cell (20) such that a time at which the operation of

the fuel cell (20) is started is relatively advanced.

3. The fuel cell system according to claim 1, characterized in that the threshold value
adjusting means (50) stores data related to the reference value that needs to be set

according to the internal electromotive force (Vocv) in the fuel cell (20).

4. The fuel cell system according to claim 1, characterized in that

the reference value includes a first reference value (Ps) and a second reference value
(Pon) that is larger than the first reference value (Ps); the intermittent operation means (50)
stops the operation of the fuel cell (20) when the amount of electric power required by the
load is smaller than the first reference value (Ps), and starts the stopped operation of the
fuel cell (20) when the amount of electric power required by the load is equal to or larger
than the second reference value (Pon); and the threshold adjusting means (50) adjusts the

second reference value (Pon) according to the internal electromotive force (Vocv) in the

fuel cell (20) whose operation has been stopped.

5. The fuel cell system according‘ to claim 4, characterized in that the threshold value

adjusting means (50) decreases the second reference value (Pon) according to a decrease in
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the internal electromotive force (Vocv) in the fuel cell (20) such that a time at which the

operation of the fuel cell (20) is started is relatively advanced.

6. The fuel cell system according to claim 4, characterized in that the threshold value -
adjusting means (50) stores data related to the second reference value (Pon) that needs to

be set according to the internal electromotive force (Vocv) in the fuel cell (20).

7. The fuel cell system according to claim 1, characterized in that the electric power

storing means (30) includes at least one of a secondary battery and a capacitor.

8. An electric vehicle including a motor (32) that generates power for the vehicle, and a
fuel cell system that includes electric power supplying means (50, 20a, 30a) for supplying
electric power to the motor (32) from a fuel cell (20) and electric power storing means (30),
characterized in that |

the electric power supplying means (50, 20a, 30a) includes intermittent operation means
(50) for stopping operation of the fuel cell (20) when an amount of electric power required
by the load including the motor (32) is smaller than a reference value, and starting the
stopped operation of the fuel cell (20) when the amount of electric power required by the
load is equal to or larger than the reference value, and threshold adjusting means (50) for
adjusting the reference value according to internal electromotive force (Vocv) in the fuel

cell (20) whose operation has been stopped.

9. The electric vehicle according to claim 8, characterized in that

the reference value includes a first reference value (Ps) and a second reference value
(Pon) that is larger than the first reference value (Ps); the intermittent operation means (50)
stops the operation of the fuel cell (20) when the amount of electric power required by the
load is smaller than the first reference value (Ps), and starts the stopped operation of the |
fuel cell (20) when the amount of electric power required by the load is equal to or larger
than the second reference value (Pon); and the threshold adjusting means (50) adjusts the
second reference value (Pon) according to the internal electromotive force (Vocv) in the

fuel cell (20) whose operation has been stopped.
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