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(54) FUEL CELL SYSTEM

(57) The fuel cell system of the present invention
comprises: an electric motor, a fuel cell stack, a fuel sup-
ply unit, and a controller that controls a power-plant in-
cluding the fuel cell stack and the fuel supply unit. The
controller comprises further: a stack output-response re-
quest computing unit to compute a stack output-response
request requested for the fuel cell stack; a stack voltage
setup unit during idle-stop to set up a lower limit of stack
setup-voltage during idle-stop that is set up as a stack
voltage during execution of idle-stop so as to be higher
as the stack output-response request is larger, and so
as to be lower as the request is smaller; and an operation
unit of recovering a stack voltage during idle-stop to ex-
ecute a recovery operation when an actual stack voltage
becomes, during execution of idle-stop, lower than the
lower limit of stack setup-voltage during idle-stop.
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Description

TECHNICAL FIELD

[0001] The present invention relates to stack voltage
control during idle-stop of a fuel cell system.

BACKGROUND ART

[0002] In a vehicle or the like which runs with electric
power generated by a fuel cell system, electric power
generation by the fuel cell is stopped under a running
condition of relatively low load or the like. That is, so-
called idle-stop is executed in some cases. During idle-
stop, air supply to a cathode is stopped. Oxygen that
remains in the cathode is consumed by reacting with hy-
drogen that permeates to the cathode, whereby a stack
total-voltage gradually lowers.
[0003] Idle-stop is terminated when a charged amount
of batteries lowers below a predetermined threshold val-
ue or when load is increased by speed-up request or the
like. However, it requires time from an instant when fuel
supply is re-started to an instant when current is ready
to be taken out. In addition, because of electric motor
characters, even with the same accelerator operations,
a response performance of electric power required upon
acceleration becomes higher as vehicle speed increas-
es. Then, a battery’s dischargeable electric power is de-
termined by the battery’s state of charge, temperature,
deterioration state, and the like.
[0004] Accordingly, if an electric motor for driving is
driven by an output according to a magnitude of accel-
eration request upon recovery from idle-stop, an electric
power that is not sufficiently provided with an electric
power generated by the fuel cell would be supplied from
the battery. As a result, over-discharge of the battery
would occur. To the contrary, if the output of the electric
motor is limited, drivability would be lowered.
[0005] Therefore, in Jap4182732, when an increase in
requested electric power is presumed, prior to recovery
from idle-stop, supply of hydrogen or the air is re-started.
Furthermore, also when the stack voltage lowers below
a predetermined voltage during idle-stop, supply of hy-
drogen or the air is re-started. By way of these controls,
delay of power generation on the recovery from idle-stop
is avoided.

SUMMARY OF INVENTION

[0006] However, in the method of JP4182732, on the
basis of up-hill detection or the like by way of shift oper-
ation, break-off, or a navigation system, an acceleration
pedal is presumed to be used after this detection, where-
by restarting fuel supply. Then, as described above, it
requires time from re-start of fuel supply to voltage re-
covery of the stack. Consequently, depending on the
magnitude of requested electric power, over-discharge
of battery or lowering in drivability cannot be avoided in

some cases.
[0007] An object of the present invention is, therefore,
to provide a fuel cell system that is allowed to avoid with-
out fail over-discharge of battery or lowering in drivability
upon recovery from idle-stop.
[0008] In order to attain the above object, the fuel cell
system of the present invention is provided with: a driving
unit to run a mobile body by an electric power supply; a
fuel cell stack that supplies an electric power to the driving
unit; a fuel supply unit that supplies fuel for electric power
generation to the fuel cell stack; and a controller that con-
trols a power-plant including the fuel cell stack and the
fuel supply unit. Then, the controller is provided with a
stack output-response request computing unit, which
computes a stack output-response request that is an
electric power response requested for the fuel cell stack.
In addition, a stack voltage setup unit during idle-stop is
provided, wherein this unit sets up a lower limit of a stack
setup-voltage during idle-stop, which is set up as a stack
voltage during execution of idle-stop, higher as the stack
output-response request is larger, and lower as the re-
quest is smaller. Furthermore, an operation unit of recov-
ering the stack voltage during idle-stop is provided,
wherein this unit executes a recovery operation of sup-
plying fuel gas or the air when an actual voltage of the
fuel cell stack during idle-stop becomes lower than the
lower limit of the stack setup-voltage during idle-stop.
[0009] The details and other aspects or advantages of
the present invention are described in the following de-
scription and are shown in the drawings accompanied
therewith.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

FIG. 1 is a block diagram illustrating an electric power
supply system for vehicles to which a first embodi-
ment is applied.

FIG. 2 is a diagram illustrating an example of a fuel
cell system.

FIG. 3 is a flowchart showing a control routine ac-
cording to a first embodiment executed by a control-
ler.

FIG. 4 is an example of a map showing a relation
between vehicle speed and a stack output-response
request.

FIG. 5 is a diagram illustrating relations between ve-
hicle speed and each of motor torque and motor out-
put.

FIG. 6 is an example of a map illustrating a relation
between stack voltage during idle-stop and a stack
output-response request.
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FIG. 7 is a flowchart showing a subroutine that is
executed by a controller in order to make a judgment
whether or not to drive a compressor.

FIG. 8 is a time-chart of executing a control routine
according to a first embodiment.

FIG. 9 is a flowchart showing a control routine exe-
cuted by a controller according to a second embod-
iment.

FIG. 10 is an example of a computation block for
computing a battery’s dischargeable electric power.

FIG. 11 is an example of a map illustrating a relation
between a stack output-response request and a bat-
tery’s dischargeable electric power.

FIG. 12 is a time-chart of executing a control routine
according to a second embodiment.

FIG. 13 is a flowchart showing a control routine ex-
ecuted by a controller according to a third embodi-
ment.

FIG. 14 is an example illustrating a relation between
a power-plant output-response request performance
and a stack coolant temperature.

FIG. 15 is a diagram explaining a stack deterioration
coefficient.

FIG. 16 is an example of a map illustrating a relation
between a power-plant output-response request
performance and a stack deterioration coefficient.

FIG. 17 is an example of a map illustrating a relation
between a power-plant output-response request
performance and a stack internal resistance.

FIG. 18 is an example of a map illustrating a relation
between a power-plant output-response request
performance and a duration time of idle-stop.

FIG. 19 is an example of a map illustrating a relation
between a power-plant output-response request
performance and an atmospheric pressure.

FIG. 20 is an example of a map illustrating a relation
between a stack output-response request and a
power-plant output-response request performance.

FIG. 21 is a flowchart showing a control routine ex-
ecuted by a controller according to a forth embodi-
ment.

FIG. 22 is an example of a map illustrating a relation
between a stack output-response request and ac-

cessories electric power consumption.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0011] FIG. 1 is a block diagram illustrating an electric
power supply system for vehicles, to which a first em-
bodiment is applied. FIG. 2 is a diagram illustrating an
example of a fuel cell system.
[0012] An electric power supply system comprises: a
fuel cell stack 1; an electric motor 2 as a load; a battery
3; accessories 6; and a power manager 5 that controls
a voltage among the fuel cell stack 1, the electric motor
2, the battery 3, and the accessories 6.
[0013] The fuel cell stack 1 is a direct-current power
source, as is shown in FIG. 2, having a structure of piling-
up a plurality of unit cells in which a electrolyte membrane
1C is sandwiched between an anode 1A and a cathode
1B. Note that, in FIG. 2, only a unit cell is shown.
[0014] To the anode 1A, through a hydrogen supply
passage 25, hydrogen gas that serves as a fuel is sup-
plied. To the cathode 1B, through an air supply passage
26, the air that serves as an oxidant gas is supplied.
[0015] In the hydrogen supply passage 25, a pressure
regulating valve 22 is installed. With the valve, after being
reduced to a predetermined pressure, high pressure hy-
drogen in a hydrogen tank 20 is supplied to the anode
A1. Note that, only one pressure regulating valve 22 is
described herein, but a plurality of the valves may be
installed in series so as to reduce the pressure step by
step. On the outlet side of the anode 1A, a purge valve
24 is provided so as to discharge fuel gas that is not
consumed at the anode 1A.
[0016] The air is supplied, with a compressor 21, to the
cathode 1B through the air supply passage 26. On the
outlet side of the cathode 1B, a pressure regulating valve
23 is provided so as to regulate the pressure of the cath-
ode.
[0017] The battery 3 is a direct-current power source,
and is composed of a lithium ion battery, for example.
[0018] The electric motor 2 is connected with the fuel
cell stack 1 and the battery 3 through an inverter 4, and
drives wheels 11 with an electric power supplied from
the fuel cell 1 or the battery 3.
[0019] The accessories 6 include, besides the com-
pressor 21, electrical attachments such as wipers that
are involved in running of vehicles, and instruments such
as audio equipment, car navigation systems, and air con-
ditioners.
[0020] The power manager 5 comprises a DC/DC con-
verter. Then, the power manager 5 takes an electric pow-
er out of the fuel cell stack 1, and supplies this electric
power to the electric motor 2 or to the battery 3. Note
that, an electric power that is allowed to pass through the
power manager 5 might be limited by overheating of in-
ternal elements and others in some cases. On this occa-
sion, an electric power that is supplied from the fuel cell
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stack 1 or the battery 3 to the electric motor 2 and the
accessories 6 is limited. Note that, in the following de-
scription, the fuel cell stack 1, the power manager 5, the
compressor 21, and others are, as a whole, called as a
power-plant, in some cases.
[0021] Each configuration of the above mentioned
electric power supply system is controlled by a controller
7. Each of values detected by a vehicle speed sensor 8
that is configured to detect a vehicle speed, a stack volt-
age sensor 9 that is configured to detect the voltage of
the fuel cell stack 1, and a battery sensor 10 that is con-
figured to detect the charged electricity of the battery 3
is input into the controller 7. Note that, the controller 7 is
constructed by a microcomputer that is equipped with a
central processing unit (CPU), a read-only memory
(ROM), a random-access memory (RAM), and an input
and output interface (I/O interface). The controller 7 may
be constructed by a plurality of microcomputers.
[0022] The controller 7, for example, when a requested
electric power is low as in the case of low load running,
drives the electric motor 2, the accessories 6, and others
with only an electric power of the battery 3, while the
electric power generation of the fuel cell stack 1 is
stopped tempolarily. Namely, so-called idle-stop is exe-
cuted.
[0023] During idle-stop, air supply to the cathode is
stopped, but the oxygen that remains in the cathode is
consumed by reacting with hydrogen that permeates to
the cathode, whereby the total stack voltage gradually
lowers.
[0024] Idle-stop is terminated when the charged elec-
tricity of the battery lowers below a predetermined thresh-
old value or when the requested electric power is in-
creased by an acceleration request or the like. However,
it requires time from the instant when the fuel cell stack
1 re-starts fuel supply to the instant when the state that
a current is ready to be taken out is realized. In addition,
even with the same accelerator operation, a response
performance of electric power requested upon acceler-
ation, that is, a requested response performance of stack
electric power generation becomes higher as the vehicle
speed is higher. On the other hand, a dischargeable elec-
tric power of the battery 3 is determined by state of
charge, temperature, deterioration level, and others of
the battery 3.
[0025] Accordingly, when the electric motor 2 that is
used for driving is driven by an output power correspond-
ing to a magnitude of the acceleration request upon re-
covery from idle-stop, an insufficient electric power gen-
erated by the fuel cell stack 1 is supplied from the battery
3, whereby possibly leading to over-discharge of the bat-
tery 3. To the contrary, if the output of the electric motor
2 is limited in order to prevent over-discharge of the bat-
tery 3 upon acceleration, lowering in drivability might be
resulted.
[0026] Therefore, at the time of recovery from idle-stop,
the controller 7 executes the following control routine in
order to avoid over-discharge of the battery 3 or lowing

in drivability.
[0027] FIG. 3 is a flowchart showing a control routine
executed by a controller 7 during idle-stop. In this control
routine, as the output-response performance required for
the fuel cell stack 1 is higher upon recovery from idle-
stop, the stack voltage lower limit of the fuel cell stack 1
during idle-stop is controlled at a higher value. Then,
when the actual voltage becomes equal to or lower than
the lower limit of stack voltage during idle-stop, the con-
troller 7 supplies the air to the cathode 1B as a recovery
operation. Hereinafter, details of the control routine are
described in accordance with each step.
[0028] In a step of S 100, the controller 7 reads a de-
tected value of the vehicle speed sensor 8 and a detected
value of the stack voltage sensor 9.
[0029] In a step of S110, the controller 7 computes,
based on the vehicle speed, a stack output-response re-
quest. The reason for using the vehicle speed is that a
higher vehicle speed requests a higher stack output-re-
sponse request when an accelerator pedaling level is the
same.
[0030] Therefore, a map as shown in FIG. 4, which
shows a relation between the vehicle speed and the stack
output-response request, is preliminarily prepared, and
the map is retrieved. In FIG. 4, the vertical axis shows
the stack output-response request in kW/sec and the hor-
izontal axis shows the vehicle speed in km/h. In a range
of zero to V1 of the vehicle speed, the stack output-re-
sponse request increases proportionally to the increase
of the vehicle speed. When vehicle speed exceeds V1,
the response request becomes a constant value. A ve-
hicle speed of V1 is the one at which motor-torque begins
to decrease and then reaches an upper limit in FIG. 5
that shows relations between vehicle speed and each of
motor-torque and motor-output.
[0031] In a step of S120, the controller 7 computes, by
using a map that is shown in FIG. 6, the lower limit of
stack setup-voltage during idle-stop. In FIG. 6, the verti-
cal axis shows the stack voltage in V during idle-stop and
the horizontal axis shows the stack output-response re-
quest in kW / sec.
[0032] The lower limit of the stack voltage during idle-
stop becomes larger as the stack output-response re-
quest is higher. However, the absolute value thereof
changes depending on vehicle specifications such as an
electric power that is required for driving the motor 2, the
accessories 6, and the others. Note that, the upper limit
of the stack voltage during idle-stop is the one that is
allowed to avoid high-voltage deterioration. From the
map described above, the upper limit and the lower limit
of the stack voltage during idle-stop, which correspond
to the stack output-response request that is computed in
the step of S110, are obtained.
[0033] In a step of S 130, the controller 7 executes a
subroutine shown in FIG. 7 in order to judge whether the
compressor 21 is driven or not.
[0034] In a step of S700, the controller 7 judges wheth-
er the actual stack voltage is equal to or lower than the
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lower limit of the stack voltage during idle-stop, or not. In
the case of equal to or lower than the lower limit, the
processing of a step of S710 is executed. In the case of
larger than the lower limit, the processing of a step of
S720 is executed.
[0035] In the step of 5710, the controller 7 drives the
compressor 21 thereby supplying the air to the cathode
1B. By so doing, oxygen deficiency in the cathode 1B is
resolved. Note that, the air is not necessarily supplied
continuously, but may be supplied intermittently.
[0036] In the step of S720, the controller 7 judges
whether the air is currently being supplied or not. When
the air is being supplied, the processing of a step of S730
is executed. When the air is not being supplied, this sub-
routine is terminated.
[0037] In the step of S730, the controller 7 judges the
timing of terminating air supply. The timing of terminating
air supply is judged in a manner that a driving time of the
compressor 21 and an amount of the air supplied to the
cathode B1 are preliminarily set up and that the timing is
judged when these preliminarily set up values are at-
tained. Also, the timing of terminating air supply is judged
when the actual stack voltage attains the upper limit.
[0038] When the timing of terminating air supply is
reached, the processing of a step of S740 is executed.
When not reached, this subroutine is terminated.
[0039] In the step of S740, the controller 7 stops the
compressor 21 to terminate the air supply.
[0040] Actions and effects accompanied by executing
the aforementioned control routine will be described.
[0041] FIG. 8 shows a time-chart for the vehicle speed,
the stack voltage, and the compressor flow rate when a
control routine in FIG. 3 is executed during idle-stop. Note
that, the compressor flow rate is an amount of air passing
through the compressor 21.
[0042] Before a timing of t1, the vehicle speed is zero
and constant. Therefore, the lower limit of the stack set-
up-voltage during idle-stop is constant. The actual stack
voltage decreases with elapse of time, however, it is larg-
er than the lower limit of the stack setup-voltage during
idle-stop, so that the compressor 21 does not operate
and the flow rate of the compressor is zero.
[0043] At the timing of t1, when the vehicle speed starts
to increase, the lower limit of the stack setup-voltage dur-
ing idle-stop also increases. Then, when the actual stack
voltage coincides with the lower limit of the stack setup-
voltage during idle-stop at a timing of t2, the compressor
21 starts to operate thereby leading to increase in the
flow rate of the compressor. Consequently, the actual
stack voltage increases and becomes larger than the low-
er limit of the stack setup-voltage during idle-stop.
[0044] After the timing of t2, when the vehicle speed
starts to decrease, the lower limit of the stack setup-volt-
age during idle-stop also starts to decrease. The actual
stack voltage continues to increase because the com-
pressor 21 is under operation.
[0045] At a timing of t4, the compressor 21 stops be-
cause a predetermined operation time thereof has been

elapsed. After that, the actual stack voltage also decreas-
es as the amount of oxygen in the cathode 1B lowers.
[0046] In this way, the controller 7 sets up higher the
lower limit of the stack setup-voltage during idle-stop as
the vehicle speed during idle-stop is higher. Further, the
controller 7 controls the actual stack voltage so as not to
be lower than the lower limit of the stack setup-voltage
during idle-stop. By so doing, the response performance
of stack electric power generation upon recovery from
idle-stop is secured.
[0047] In the meantime, if the lower limit of the stack
setup-voltage during idle-stop is fixed at a value at the
timing of t1, the actual stack voltage continues to de-
crease after the timing of t2. Therefore, the aforemen-
tioned over-discharge of the battery 3 and lowering in
drivability cannot be avoided. On the other hand, if the
lower limit of the stack setup-voltage during idle-stop is
fixed at a value corresponding to a high-speed vehicle,
like the values of the timing of t2 or a timing of t3, an
operation frequency of the compressor 21 increases.
This will lead to downturn of fuel consumption caused by
increase in electric power consumption or deterioration
in sound vibration performance.
[0048] To the contrary, in this control routine, the lower
limit of the stack setup-voltage during idle-stop is set up
in accordance with the vehicle speed, so that downturn
of fuel consumption or deterioration in sound vibration
performance can be avoided.
[0049] Note that, even before the operation time of the
compressor 21 reaches the preliminarily determined
time, when the actual stack voltage increases to the up-
per limit of the stack setup-voltage during idle-stop, the
compressor 21 is stopped.
[0050] As described above, according to the first em-
bodiment, the following effects are obtained.
[0051] The controller 7 computes the stack output-re-
sponse request and sets the upper limit of the stack set-
up-voltage during idle-stop at the value so as to be able
to avoid the high voltage deterioration and the lower limit
so as to be higher as the stack output-response request
is larger and so as to be lower as the request is smaller.
Then, during execution of idle-stop, when the actual volt-
age of the fuel cell stack 1 becomes lower than the lower
limit of the stack setup-voltage, recovery operation is ex-
ecuted. By so doing, when the stack output-response
request is larger, that is, as the response performance
requested for the fuel cell stack 1 is higher, the stack
voltage upon recovering from idle-stop becomes higher.
Consequently, the response performance of the stack
electric power can be enhanced. In addition, the recovery
operation is executed in accordance with the actual stack
voltage, so that unnecessary operation of the accesso-
ries 6 and others can be suppressed. As a result, lowering
in fuel consumption or sound vibration performance can
be prevented.
[0052] The controller 7 computes a higher stack out-
put-response request as the vehicle speed is higher. By
so doing, a stack output-response request that reflects
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exactly a response performance requested for the fuel
cell stack 1 can be computed.

Second Embodiment

[0053] The system construction of a second embodi-
ment is basically similar to that of the first embodiment.
However, a difference resides in the aspect how the con-
troller 7 reads, as the state quantities of the battery 3,
battery temperature and battery deterioration coefficient
in addition to the charged electricity of the battery. The
battery temperature is detected by a battery temperature
sensor. The battery deterioration coefficient is computed
by the controller 7. The battery deterioration coefficient
is based on a battery property deterioration as the re-
peating number of charging increases; and this coeffi-
cient becomes larger as the deterioration advances. The
battery deterioration coefficient is computed, for exam-
ple, as following: the repating number of charging is
counted; and a preliminarily prepared map that provides
a relation between the repeating number of charging and
the level of deterioration is retrieved with the said counted
number of charging. Of course, the other publicly known
methods may be used.
[0054] Another difference from the first embodiment
resides in the contents of computing the stack output-
response request in the control routine that is executed
by the controller 7 during idle-stop. In this embodiment,
the stack output-response request is computed in ac-
cordance with the state quantities of the battery. In the
case of acceleration in accordance with an acceleration
pedaling level of a driver, an output requested for the
electric motor 2, that is, a transient response perform-
ance, is set up in accordance with the acceleration pe-
daling level. In this case, even if an output requested for
the electric motor 2 is the same, as the battery’s dis-
chargeable electric power is smaller, the transient re-
sponse performance requested for the fuel cell stack 1
becomes larger. Therefore, the stack output-response
request is computed in accordance with the state quan-
tities of the battery.
[0055] FIG. 9 is a flowchart showing a control routine
that is executed by the controller 7 during idle-stop. In
the first embodiment, the stack output-response request
is computed based on the vehicle speed; but, in a second
embodiment, a difference resides in the aspect that the
request is computed based on the battery’s dischargea-
ble electric power. In the following, explanation will be
made in accordance with steps.
[0056] In a step of 200, the controller 7 reads the actual
stack voltage.
[0057] In a step of 210, the controller 7 reads a battery’s
charged electricity, a battery temperature, and a battery
deterioration efficiency.
[0058] In a step of 220, the controller 7 computes a
battery’s dischargeable electric power. FIG. 10 illustrates
an example of a computation block for calculating the
battery’s dischargeable electric power.

[0059] At first, by using the battery’s charged electricity
and the battery temperature, a battery output upper limit
is obtained from the battery output upper limit map. As
shown in FIG. 10, the battery output upper limit becomes
higher as the battery’s charged electricity is larger. In
addition, in the case of the same battery’s charged elec-
tricity, the battery output upper limit becomes higher as
the battery temperature is higher.
[0060] Next, by using the battery deterioration coeffi-
cient, an output correction value for battery deterioration
is obtained from an output correction value map for bat-
tery deterioration. As shown in FIG. 10, the output cor-
rection value for battery deterioration becomes smaller
as the battery deterioration coefficient is larger.
[0061] Then, the battery output limit which is corrected
with the output correction value for battery deterioration
is regarded as a battery’s dischargeable electric power.
[0062] In a step of S230, the controller 7 computes the
stack output-response request. Here, as shown in FIG.
11, a map that shows a relation between the stack output-
response request and the battery’s dischargeable elec-
tric power is used. As shown in FIG. 11, the stack output-
response request becomes lower as the battery’s dis-
chargeable electric power is larger. This is because when
the battery’s dischargeable electric power is larger, an
electric power required for acceleration can be covered
by an electric power supplied by the battery 3.
[0063] Each of a step of S240 and a step of S250 is a
processing substantially similar to the step of S 120 and
the step of S 130 in FIG. 3 respectively, so that the ex-
planations thereof are omitted.
[0064] FIG. 12 is a time-chart of vehicle speed, bat-
tery’s charged electricity, battery’s dichargeble electric
power, stack voltage, and compressor flow rate in the
case of executing this control routine during idle-stop.
The vehicle speed is constant until the timing of t3 and
lowers from the timing of t3.
[0065] As an execution time of idle-stop elapsed, the
battery’s charged electricity lowers. Along with this, the
battery’s dischargeable electric power also lowers. Fur-
ther, along with lowering in the battery’s dischargeable
electric power, the lower limit of the stack setup-voltage
during idle-stop increases.
[0066] In addition, the actual stack voltage also lowers
as the execution time of idle-stop elapsed. At the timing
of t1 when the actual stack voltage lowers to the lower
limit of the stack setup-voltage during idle-stop, and then
the compressor 21 starts to operate and the actual stack
voltage turns to increase. The compressor 21 stops at
the timing of t2 because the preliminarily setup operation
time has elapsed.
[0067] Even during the timing of t1 to the timing of t3,
the battery’s charged electricity continues to decrease.
Along with this, the battery’s dischargeable electric power
continues to decrease and, the lower limit of the stack
setup-voltage continues to increase.
[0068] After the timing of t3, when the vehicle speed
starts to decrease, the battery’s charged electricity turns
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to be increased by electric power regeneration. Conse-
quently, the battery’s dischargeable electric power starts
to increase, so that the lower limit of the stack setup-
voltage during idle-stop starts to decrease. Accordingly,
while the actual stack voltage continues to decrease after
the compressor 21 has stopped, the compressor 21 does
not restart.
[0069] In this way, as the battery’s dischargeable elec-
tric power is lower, also by controlling higher the lower
limit of the stack setup-voltage during idle-stop, similarly
to the first embodiment, the response performance of the
stack electric power generation upon recovery from idle-
stop can be secured, so that over-discharge of the battery
3 and lowering in drivability can be prevented actually.
[0070] Note that, in the above explanation, the bat-
tery’s dischargeable electric power is computed by using
three factors, the battery’s charged electricity, the battery
temperature, and the battery deterioration information.
However, the computation may be performed by using
any one or two among these.
[0071] As explained above, according to the second
embodiment, in addition to the same effects as the first
embodiment, the following effects are further attained.
[0072] The controller 7 computes a higher stack out-
put-response request as the battery’s dischargeable
electric power is lower. By so doing, a stack output-re-
sponse response in accordance with a transient re-
sponse performance requested for the power-plant can
be set up.

Third Embodiment

[0073] The system construction of a third embodiment
is basically similar to that of the first embodiment. How-
ever, a difference from the first embodiment resides in
the computation contents of the stack output-response
request computed by the controller 7. In this embodiment,
the stack output-response request is computed in ac-
cordance with a constant of the power-plant that includes
therein the fuel cell stack 1, the power manager 5 and
the compressor 21. Note that, the controller 7 computes
higher, similarly to the first embodiment and the second
embodiment, the lower limit of the stack setup-voltage
during idle-stop as the stack output-response request is
higher. In addition, the constant at the time of the power-
plant response is called as a power-plant output-re-
sponse performance in the following explanation.
[0074] As the power-plant output-response perform-
ance lowers, a time, which is required until the output of
the electric motor 2 attains a target output that is deter-
mined by the level of driver’s accelerator operation, be-
comes longer. Therefore, as the power-plant output-re-
sponse performance is lower, the controller 7 is made to
compute a higher stack output-response request per-
formance. By so doing, as the power-plant output-re-
sponse performance is lower, the lower limit of the stack
setup-voltage during idle-stop is set up higher. As a re-
sult, even the power-plant output-response performance

lowers, the response performance of the electric motor
2 can be secured upon recovery from idle-stop.
[0075] Meanwhile, factors of lowering the power-plant
output-response performance include a factor that is orig-
inated from the fuel cell stack 1 and a factor that is orig-
inated from the other than the fuel cell stack 1. The factor
that is originated from the fuel cell stack 1 includes, firstly,
the temperature of stack cooling water. As the tempera-
ture of stack cooling water lowers, the output-response
performance of the fuel cell stack 1 lowers. Therefore,
as shown in FIG. 14, as the temperature of the stack
cooling water lowers, the power-plant output-response
performance also lowers.
[0076] A second factor may include deterioration of the
fuel cell stack 1. As shown in FIG. 15, when the fuel cell
stack 1 deteriorates, the stack voltage lowers even at the
same magnitude of stack-current. This is because inter-
nal resistance is changed with the temporal deterioration.
The level of such deterioration is called as a stack dete-
rioration coefficient. As shown in FIG. 16, as the stack
deterioration coefficient becomes larger by deterioration
of the fuel cell stack 1, the power-plant output-response
performance lowers.
[0077] A third factor may include an internal resistance
(HFR) of the fuel cell stack 1. As shown in FIG. 17, the
power-plant output-response performance lowers as the
HFR becomes larger.
[0078] A forth factor may include idle-stop time. During
idle-stop, oxygen in the cathode 1B is consumed by re-
acting with hydrogen that is penetrated into the cathode
1B. Accordingly, as the idle-stop time becomes longer,
the nitrogen concentration in the fuel cell stack 1 and flow
channels becomes higher. Then, as the nitrogen concen-
tration becomes higher, the response performance of the
stack electric power generation lowers when hydrogen
and the air are supplied. Therefore, as shown in FIG. 18,
as the idle-stop time becomes longer, the power-plant
output-response performance lowers.
[0079] On the other hand, the factor that is originated
from the others besides the fuel cell stack 1 may include,
firstly, the atmospheric pressure. As the atmospheric
pressure lowers, the ejection amount of the compressor
21 lowers. Consequently, the output-response perform-
ance of the fuel cell stack 1 lowers, so that, as shown in
FIG. 19, as the atmospheric pressure is lower, the power-
plant output-response performance lowers.
[0080] A second factor that is originated from the other
than the fuel cell stack 1 may include an output limitation
to the power-plant. For example, when a limitation is im-
posed on an electric power that is allowed to pass through
the power manager 5 by overheat of internal elements,
an electric power that is supplied from the fuel cell stack
1 or the battery 3 to the electric motor 2 is limited, whereby
the power-plant output-response performance lowers. In
addition, the same is true for the case that a limitation is
imposed on the ejection amount of the compressor 21.
[0081] Next, a control routine that is executed by the
controller 7 during idle-stop is specifically described.
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[0082] FIG. 13 is a flowchart showing a control routine
that is in accordance with a first example of the third em-
bodiment and is executed by the controller 7 during idle-
stop.
[0083] In a step of S300, the controller 7 reads the stack
voltage.
[0084] In a step of S310, the controller 7 reads the tem-
perature of stack cooling water. The temperature of stack
cooling water is detected with a temperature sensor for
cooling water, which is not shown in the figures.
[0085] In a step of S320, the controller 7 computes the
power-plant output-response performance. Specifically,
a map shown in FIG. 14 is retrieved by using the tem-
perature of stack cooling water that is read in the step of
S310. The step of 310 and the step of S320 correspond
to a means that detects the power-plant output-response
performance.
[0086] In a step of S330, the controller 7 computes the
stack output-response request. Specifically, a map of the
stack output-response request shown in FIG. 20 is re-
trieved by using the power-plant output-response per-
formance that is computed in the step of S320. As shown
in FIG. 20, the stack output-response request becomes
higher as the power-plant output-response performance
is lower.
[0087] Each of a step of S340 and a step of S350 is
substantially similar to the step of S120 and the step of
S130 in FIG. 3 respectively, so that the explanations
thereof are omitted.
[0088] As shown above, as the power-plant output-re-
sponse performance is lower, the stack output-response
request becomes higher. Consequently, the lower limit
of the stack setup-voltage during idle-stop becomes high-
er. Namely, when the lower limit of the stack setup-volt-
age during idle-stop is made higher by a lowered amount
of the power-plant output-response performance, the re-
sponse performance of the electric motor 2 to a driver’s
request can be secured upon recovery from idle-stop.
[0089] As a second example of the third embodiment,
the stack deterioration coefficient may be computed in
the step of S310 in FIG. 13, so that, in the step of S320,
a map shown in FIG. 16 may be retrieved by using the
stack deterioration coefficient so as to obtain the power-
plant output-response performance.
[0090] The stack deterioration-factor is computed as
follows. At first, a relation between the stack current and
the stack voltage of the fuel cell stack 1 at the time of
new is memorized as a standard state. On the other hand,
the stack current and the stack voltage during electric
power generation of the fuel cell stack 1 are read, and
then, the difference between the stack voltage in the
standard state and the stack voltage that is read most
recently is divided by the stack voltage in the standard
state. The resulting quotient is used as the stack deteri-
oration coefficient. Note that, the stack deterioration co-
efficient is not limited to this quotient, but any one that is
workable as an index of showing a deterioration level of
the fuel cell stack 1 may be used. For example, the stack

deterioration coefficient may be set up based on the in-
ternal resistance at the time of new and the internal re-
sistance at present.
[0091] As a third example of the third embodiment,
HFR may be read in the step of S310 in FIG. 13, so that
a map shown in FIG. 17 may be retrieved in the step of
320 so as to obtain the power-plant output-response per-
formance.
[0092] As the third example of the third embodiment,
a duration time of idle-stop is read by the step of S310
in FIG. 13; and then, a map shown in FIG. 18 may be
retrieved by the step of S320 so as to obtain the power-
plant output-response performance. In this case, the du-
ration time of idle-stop is counted by the controller 7.
[0093] As a forth example of the third embodiment, the
atmospheric pressure may be read in the step of S310
in FIG. 13, so that, in the step of S320, a map shown in
FIG. 19 may be retrieved so as to obtain the power-plant
output-response performance. In this case, the atmos-
pheric pressure is detected with an atmospheric pressure
sensor that is not shown in the figures.
[0094] As a fifth example of the third embodiment,
whether an output limitation is imposed or not on the pow-
er-plant is judged by the step of S310 in FIG. 13; and
then, when the output limitation is imposed, the power-
plant output-response request during imposing the out-
put limitation may be set up by the step of S320. In this
case, the power-plant output request during the time of
output limitation is set up higher as compared with the
case of no output limitation.
[0095] Also, by way of the second example to the fifth
example described above, similarly to the first example,
the response performance of the electric motor 2 to a
driver’s request upon recovery from idle-stop can be se-
cured.
[0096] As described above, according to the third em-
bodiment, in addition to the effect similar to the first em-
bodiment, the following effects are further obtained.
[0097] The controller 7 computes a higher stack out-
put-response request as the power-plant output-re-
sponse performance is lower. As a result, a higher lower
limit of the stack setup-voltage during idle-stop can be
set up so that the stack voltage during idle-stop can be
controlled at a higher value. By so doing, even at the time
when the power-plant output-response performance low-
ers, over-discharge of batteries can be avoided in a case
including acceleration after recovery from idle-stop.

Fourth Embodiment

[0098] The system construction of a fourth embodi-
ment is basically similar to that of the first embodiment.
However, a difference from the first embodiment resides
in the computation contents of the stack output-response
request computed by the controller 7. In this embodiment,
the stack output-response request is computed in ac-
cordance with the electric power consumption of the ac-
cessories 6 (hereinafter, called as accessories electric
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power consumption). Note that, the controller 7 computes
higher the lower limit of the stack setup-voltage during
idle-stop, similarly to the first embodiment and the second
embodiment, as the stack output-response request is
higher.
[0099] In the case of acceleration in accordance with
a pedaling level of a driver, the output requested for the
electric motor 2 is set up in accordance with the accel-
erator pedaling level, regardless the operating condition
of the accessories 6, such as for example, an air condi-
tioner. However, even though the output requested for
the electric motor 2 is the same, as the accessories elec-
tric power consumption becomes larger, the transient re-
sponse performance requested for the fuel cell stack 1
becomes larger.
[0100] Accordingly, the controller 7 computes a higher
stack output-response request as the accessories elec-
tric power consumption becomes larger. By so doing, the
lower limit of the stack setup-voltage during idle-stop be-
comes higher as the accessories electric power con-
sumption is larger. As a result, the output-response per-
formance of the fuel cell stack 1 can be secured.
[0101] FIG. 21 is a flowchart showing a control routine
that is executed by the controller 7 during idle-stop.
[0102] In a step of S400, the controller 7 reads the stack
voltage.
[0103] In a step of S410, the controller 7 computes the
accessories electric power consumption. For example,
an electric power consumption that is assumed when an
air conditioner is operated is preliminary set up based on
the specification of the air conditioner. The electric power
consumption is used when the air conditioner is switched
on. In addition, a surplus electric power is computed from
the output electric power of the fuel cell stack 1, the input
and output electric power of the battery 3, and the electric
power consumptions of the electric motor 2 and the in-
verter 4, whereby this surplus electric power may be used
as the accessories electric power consumption. This step
corresponds to a means to detect the accessories electric
power consumption.
[0104] In a step of S420, the controller 7 computes the
stack output-response request by retrieving a map shown
in FIG. 22 by using the accessories electric power con-
sumption. FIG. 22 is the map that shows a relation be-
tween the accessories electric power consumption and
the stack output-response request. As the accessories
electric power consumption becomes larger, the stack
output-response request becomes higher.
[0105] Each of a step of S430 and a step of S440 is
substantially similar to the step of S120 and the step of
S130 in FIG. 3 respectively, so that the explanations
thereof are omitted.
[0106] According to this control routine, as the acces-
sories electric power consumption becomes larger, a
higher stack output-response request is computed. Con-
sequently, the lower limit of the stack setup-voltage dur-
ing idle-stop becomes higher. Namely, as the accesso-
ries electric power consumption becomes larger, the

stack voltage during idle-stop is controlled higher.
[0107] By so doing, upon recovery from idle-stop, re-
gardless large or small of the accessories electric power
consumption, the stack electric power generation re-
sponse performance can be secured.
[0108] As described above, according to the forth em-
bodiment, in addition to the same effects as the first em-
bodiment, the following effects are further attained.
[0109] The controller 7 computes a higher stack out-
put-response request, as the accessories electric power
consumption is larger. Upon computing the stack output-
response request, when the accessories electric power
consumption is taken into consideration, a stack output-
response request more closely associated with vehicle
conditions is computable. As a result, over-discharge of
the battery can be avoided with a higher accuracy during
acceleration and so forth after recovery from idle-stop.
[0110] The embodiments of the present invention are
described above. However, the above embodiments are
only a part of the examples of application according to
the present invention. The technical scope of the present
invention is not meant to be limited within the specific
construction of the above embodiments.
[0111] The present application claims priority to Japa-
nese Patent Application No. 2011-111267 filed on May
18, 2011, and the entire contents of the said application
are incorporated in this specification by reference to it.

Claims

1. A fuel cell system, comprising:

a driving unit to run a mobile body by supplying
an electric power;
a fuel cell stack supplying an electric power to
the driving unit for running;
a fuel supply unit supplying fuel necessary for
electric power generation of the fuel cell stack;
and
a controller controlling a power-plant comprising
the fuel cell stack and the fuel supply unit,
wherein,
the controller comprises:

a stack output-response request computing
unit to compute a stack output-response re-
quest that is an electric power response re-
quested for the fuel cell stack;
a stack voltage setup unit during idle-stop
to set up a lower limit of a stack setup-volt-
age during idle-stop that is set up as a stack
voltage during execution of idle-stop so as
to be higher as the stack output-response
request is larger and so as to be lower as
the stack-out-response request is smaller;
and
an operation unit of recovering a stack volt-
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age during idle-stop to execute a recovery
operation in which fuel gas or the air is sup-
plied when an actual voltage of the fuel cell
stack becomes lower than the lower limit of
the stack setup-voltage during idle-stop.

2. The fuel cell system according to claim 1, further
comprising:

vehicle speed detecting means for detecting a
vehicle speed,
wherein,
the stack output-response request computing
unit computes a higher stack output-response
request as the vehicle speed is higher.

3. The fuel cell system according to claim 1, further
comprising:

battery’s dischargeable electric power detecting
means for detecting a battery’s dischargeable
electric power,
wherein,
the stack output-response request computing
unit computes a higher stack output-response
request as the battery’s dischargeable electric
power is lower.

4. The fuel cell system according to claim 1, further
comprising:

means for detecting an output-response per-
formance of the power-plant,
wherein,
the stack output-response request computing
unit computes a higher stack output-response
request as the output-response performance of
the power-plant is lower.

5. The fuel cell system according to claim 1, further
comprising:

accessories electric power consumption detect-
ing means for detecting an electric power con-
sumed by accessories,
wherein,
the stack output-response request computing
unit computes a higher stack output-response
request as the accessories electric power con-
sumption is larger.
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