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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a fuel cell system and
a control method of the fuel cell system.

2. Description of Related Art

[0002] Regarding a fuel cell system, Japanese Unex-
amined Patent Application Publication No. 2013-182781
(JP 2013-182781 A), for example, discloses an air supply
rotating machine that is driven by a drive motor and an
expander rotating by energy of a cathode off-gas to sup-
ply air to a cathode of a fuel cell.
[0003] WO 2017/163499 discloses a fuel cell system
which includes a fuel cell configured to be supplied with
an anode gas and a cathode gas and generate electric
power, a compressor configured to supply the cathode
gas to the fuel cell, a turbine configured to be supplied
with a cathode discharged gas discharged from the fuel
cell and generate power, an electric motor connected to
the compressor and the turbine and configured to per-
form power running and regeneration, a combustor dis-
posed between the fuel cell and the turbine and config-
ured to mix and combust the cathode gas and the anode
gas, a cooler configured to cool the cathode gas that is
supplied from the compressor to the fuel cell, a bypass
passage configured to supply the cathode gas from an
upstream side of the cooler to the combustor by bypass-
ing the cooler and the fuel cell, and a bypass valve dis-
posed in the bypass passage.

SUMMARY OF THE INVENTION

[0004] In the fuel cell system described in JP
2013-182781 A, a flow rate of air required by a fuel cell
is small in an operation state in which a required output
power of the fuel cell is small. Therefore, a flow rate of
air discharged by the air supply rotating machine (com-
pressor) decreases. In this case, a supply flow rate of
the cathode off-gas supplied to the expander (turbine)
also decreases and a driving force by the turbine de-
creases. Thus, there is a possibility that efficiency of the
compressor decreases and a fuel economy of the fuel
cell system deteriorates.
[0005] The invention has been made to solve the
above-mentioned problem and may be realized in the
following forms.
[0006] (1) A first aspect of the invention relates to a
fuel cell system including a fuel cell, an air supply flow
path, an air discharge flow path, a compressor, a motor,
a turbine, a bypass flow path, a bypass valve, and a con-
troller. The air supply flow path is configured to supply
air to the fuel cell. The air discharge flow path is config-
ured to discharge the air from the fuel cell. The compres-

sor is configured to supply the air to the air supply flow
path. The motor is configured to drive the compressor.
The turbine is disposed in the air discharge flow path to
assist driving of the compressor by the motor. The bypass
flow path is configured to bring a downstream side of the
compressor in the air supply flow path into communica-
tion with an upstream side of the turbine in the air dis-
charge flow path. The bypass valve is configured to open
and close the bypass flow path. The controller is config-
ured to control driving of the motor and opening and clos-
ing of the bypass valve according to a required air flow
rate that is an air flow rate required for power generation
of the fuel cell. When the required air flow rate is equal
to or higher than a predetermined threshold value, the
controller performs a first control in which (i) the bypass
valve is closed and (ii) the driving of the motor is controlled
to cause the air to flow through the fuel cell at a flow rate
corresponding to the required air flow rate, and when the
required air flow rate is lower than the predetermined
threshold value, the controller performs a second control
in which (i) the bypass valve to cause the air to also flow
through the bypass flow path is opened and (ii) the driving
of the motor is controlled to cause the air to flow through
the fuel cell at the flow rate corresponding to the required
air flow rate. The predetermined threshold value is a val-
ue determined based on a flow rate at which power con-
sumption of the motor with respect to a flow rate of air
discharged from the compressor in the fuel cell system
becomes minimal. With the fuel cell system of this form,
when the required air flow rate is low, the air supplied by
the compressor is directly supplied not only to the fuel
cell but also to the turbine for assisting the driving of the
compressor through the bypass flow path. Therefore, it
is possible to reduce the power consumption of the motor
for driving the compressor, without lowering the flow rate
of the air supplied to the fuel cell. This makes it possible
to improve the fuel economy of the fuel cell system.
[0007] In the fuel cell system according to the aspect
described above, when an increase amount of the re-
quired air flow rate per unit time is equal to or larger than
a predetermined increase amount, the controller may
close the bypass valve regardless of whether or not the
required air flow rate is lower than the predetermined
threshold value. With this fuel cell system, when the in-
crease amount of the required air flow rate per unit time
is increased to or above the predetermined increase
amount, it is possible to prevent the air having the flow
rate corresponding to the increased required air flow rate
from flowing toward the bypass flow path. As a result,
when the increase amount of the required air flow rate
per unit time is increased to or above the predetermined
increase amount, it is possible to suppress a delay in the
supply of air to the fuel cell.
[0008] The fuel cell system according to the aspect de-
scribed above may further include an accumulator tank
connected to a downstream side of the bypass valve in
the bypass flow path and configured to store the air flow-
ing through the bypass flow path. With this fuel cell sys-
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tem, a part of the air flowing through the bypass flow path
can be stored in the accumulator tank during the second
control. Therefore, even when the control is switched and
the bypass valve is closed, the air stored in the accumu-
lator tank during the second control can be supplied to
the turbine. Therefore, even when the bypass valve is in
a closed state, it is possible to increase the driving force
by the turbine for assisting driving of the compressor by
the motor.
[0009] The fuel cell system according to the aspect de-
scribed above may further include a pressure regulating
valve disposed on an upstream side of the turbine in the
air discharge flow path and on a downstream side of a
connection portion between the bypass flow path and the
air discharge flow path and configured to regulate a pres-
sure of the air flowing through the fuel cell. With this fuel
cell system, it is possible to suppress abrupt fluctuation
of the pressure on the upstream side of the pressure
regulating valve. Thus, it is possible to prevent the pres-
sure inside the fuel cell from rapidly decreasing along
with, for example, the opening and closing of the bypass
valve.
[0010] In the fuel cell system according to the aspect
described above, a valve box of the pressure regulating
valve may be formed integrally with a turbine housing of
the turbine, and a valve body of the pressure regulating
valve may be disposed on an upstream side of a turbine
wheel in the turbine. With this fuel cell system, by adjust-
ing the opening degree of the pressure regulating valve,
it is possible to change the flow velocity of the air blown
to the turbine wheel. Therefore, the configuration of the
fuel cell system can be simplified, and the driving force
by the turbine for assisting the driving of the compressor
by the motor can be increased.
[0011] In the fuel cell system according to the aspect
described above, the bypass flow path may be connected
to an inside of a turbine housing of the turbine, a valve
box of the bypass valve may be formed integrally with
the turbine housing, and a valve body of the bypass valve
may be disposed on an upstream side of a turbine wheel
in the turbine. With this fuel cell system, it is possible to
simplify the configuration of the fuel cell system.
[0012] In the fuel cell system according to the aspect
described above, the bypass flow path may be connected
to an inside of a turbine housing of the turbine, and an
opening of the bypass flow path in the turbine housing
may be oriented to cause the air flowing from the bypass
flow path into the turbine housing to flow in such a direc-
tion as to promote rotation of a turbine wheel of the tur-
bine. With this fuel cell system, the air flowing into the
turbine housing from the bypass flow path promotes the
rotation of the turbine wheel. Therefore, the configuration
of the fuel cell system can be simplified, and the driving
force by the turbine for assisting the driving of the com-
pressor by the motor can be increased.
[0013] In the fuel cell system according to the aspect
described above, the controller may perform the second
control with a rotation speed of the motor being kept con-

stant. With this fuel cell system, it is possible to suppress
an increase in power consumption of the motor during
the second control. Therefore, it is possible to improve
the fuel economy of the fuel cell system.
[0014] In the fuel cell system according to the aspect
described above, the controller may perform the second
control with a pressure ratio being kept constant, the
pressure ratio being a ratio of a pressure of air sucked
into the compressor and a pressure of air discharged
from the compressor. With this fuel cell system, it is pos-
sible to suppress a decrease in the pressure in the fuel
cell during the second control. Therefore, it is possible
to suppress a decrease in the electric power generated
by the fuel cell due to the drying of the electrolyte mem-
brane of the fuel cell. This makes it possible to further
improve the fuel economy of the fuel cell system.
[0015] A second aspect of the present invention relates
to a control method of a fuel cell system including a fuel
cell, an air supply flow path configured to supply air to
the fuel cell, an air discharge flow path configured to dis-
charge the air from the fuel cell, a compressor configured
to supply the air to the air supply flow path, a motor con-
figured to drive the compressor, a turbine disposed in the
air discharge flow path to assist driving of the compressor
by the motor, a bypass flow path configured to bring a
downstream side of the compressor in the air supply flow
path into communication with an upstream side of the
turbine in the air discharge flow path, and a bypass valve
configured to open and close the bypass flow path, the
method comprising. When a required air flow rate that is
an air flow rate required for power generation of the fuel
cell is equal to or higher than a predetermined threshold
value, performing a first control in which (i) the bypass
valve is closed and (ii) driving of the motor is controlled
to cause the air to flow through the fuel cell at a flow rate
corresponding to the required air flow rate. When the
required air flow rate is lower than the predetermined
threshold value, performing a second control in which (i)
the bypass valve is opened to cause the air to also flow
through the bypass flow path and (ii) the driving of the
motor is controlled to cause the air to flow through the
fuel cell at the flow rate corresponding to the required air
flow rate. The predetermined threshold value is a value
determined based on a flow rate at which power con-
sumption of the motor with respect to a flow rate of air
discharged from the compressor in the fuel cell system
becomes minimal.
[0016] The invention may also be realized in various
forms other than the fuel cell system. For example, the
invention may be realized in the form of a fuel cell vehicle,
a method of opening and closing a bypass valve, and the
like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
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panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is an explanatory diagram showing an outline
of a fuel cell system according to a first embodiment;
FIG. 2 is an explanatory diagram showing a relation-
ship between a discharged air amount of a compres-
sor and power consumption;
FIG. 3 is a flowchart showing contents of a bypass
control process according to the first embodiment;
FIG. 4 is an explanatory diagram showing a bypass
valve target opening degree map;
FIG. 5 is an explanatory diagram showing perform-
ance characteristics of the compressor;
FIG. 6 is a flowchart showing contents of a bypass
determination process according to a second em-
bodiment;
FIG. 7 is an explanatory diagram showing an outline
of a fuel cell system according to a third embodiment;
FIG. 8 is a flowchart showing contents of a bypass
determination process according to the third embod-
iment;
FIG. 9 is an explanatory diagram showing an outline
of a fuel cell system according to a fourth embodi-
ment;
FIG. 10 is an explanatory diagram showing an outline
of a fuel cell system according to a fifth embodiment;
FIG. 11 is a schematic sectional view showing a tur-
bine according to a sixth embodiment; and
FIG. 12 is a schematic sectional view showing a tur-
bine according to a seventh embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

A. First Embodiment

[0018] FIG. 1 is an explanatory diagram showing an
outline of a fuel cell system 10 according to a first em-
bodiment. The fuel cell system 10 according to the
present embodiment is mounted on, for example, a fuel
cell vehicle and is used as a power generation device for
driving a drive motor of the fuel cell vehicle. The fuel cell
system 10 may be used as a stationary power generation
device. The fuel cell system 10 includes a fuel cell 100,
an air supply flow path 210, an air discharge flow path
220, a bypass flow path 230, a bypass valve 240, a com-
pressor 310, a motor 320, a turbine 330, and a controller
500. Hereinafter, "upstream side" and "downstream side"
in the specification refer to an upstream side and a down-
stream side in a flow direction of air, respectively.
[0019] The fuel cell 100 of the present embodiment is
a solid polymer type fuel cell. The fuel cell 100 has a
stack structure in which a plurality of cells is stacked.
Each cell includes a membrane electrode assembly hav-
ing electrode catalyst layers on both sides of an electro-
lyte membrane, and a pair of separators sandwiching the
membrane electrode assembly. In each cell, a hydrogen
gas as a fuel gas is supplied to an anode side of the

membrane electrode assembly and air as an oxidizing
gas is supplied to a cathode side of the membrane elec-
trode assembly, whereby an electromotive force is gen-
erated by an electrochemical reaction. The respective
cells are connected in series. A coolant flow path through
which a coolant for cooling the fuel cell 100 circulates
may be connected to the fuel cell 100.
[0020] The air supply flow path 210 is a flow path for
supplying air to the cathode side of the fuel cell 100.
[0021] The compressor 310 is disposed on an up-
stream side of the air supply flow path 210. The com-
pressor 310 sucks an air in the atmosphere from a suction
side, pressurizes the air in the compressor 310, and sup-
plies the pressurized air from a discharge side to the air
supply flow path 210. The compressor 310 includes a
compressor wheel 311 and a compressor housing 312.
The compressor wheel 311 is an impeller for pressurizing
air by rotation and is driven by the motor 320. The com-
pressor housing 312 is a main body of the compressor
310 for accommodating the compressor wheel 311. The
air sucked into the compressor housing 312 from the suc-
tion side of the compressor 310 is given a centrifugal
force by the rotation of the compressor wheel 311. The
air is pressurized by being pressed against an inner wall
of the compressor housing 312 and is discharged from
the discharge side of the compressor 310. In the present
embodiment, a centrifugal compressor is used as the
compressor 310. As the compressor 310, an axial flow
type compressor may be used.
[0022] The motor 320 is an electric motor for driving
the compressor 310.
[0023] The air discharge flow path 220 is a flow path
for discharging air from the cathode side of the fuel cell
100.
[0024] The turbine 330 is disposed in the air discharge
flow path 220. The turbine 330 assists the driving of the
compressor 310 by the motor 320. The turbine 330 in-
cludes a turbine wheel 331 and a turbine housing 332.
The turbine wheel 331 is an impeller for assisting the
driving of the compressor 310 by rotation and is driven
by air flowing in the turbine 330. The turbine housing 332
is a main body of the turbine 330 that accommodates the
turbine wheel 331. The turbine wheel 331 disposed in
the turbine housing 332 is rotated by air flowing into the
turbine housing 332 from a suction side of the turbine
330. That is to say, the turbine 330 converts a kinetic
energy of the air into a power for rotating the turbine wheel
331. The turbine wheel 331, the motor 320, and the com-
pressor wheel 311 are connected by a common rotating
shaft 340. Therefore, the driving of the motor 320 for ro-
tating the compressor wheel 311 is assisted by the rota-
tion of the turbine wheel 331. The air that has rotated the
turbine wheel 331 is discharged from a discharge side
of the turbine 330.
[0025] The bypass flow path 230 is a flow path that
brings a downstream side of the compressor 310 in the
air supply flow path 210 and an upstream side of the
turbine 330 in the air discharge flow path 220 into com-
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munication with each other. The bypass flow path 230
has a smaller pressure loss than the air flow path in the
fuel cell 100.
[0026] The bypass valve 240 is disposed in the bypass
flow path 230. The bypass valve 240 is a valve that opens
and closes the bypass flow path 230. In the present em-
bodiment, a butterfly valve is used as the bypass valve
240. Alternatively, a globe valve may be used as the by-
pass valve 240.
[0027] In the present embodiment, a pressure regulat-
ing valve 221 is disposed in the air discharge flow path
220. More specifically, the pressure regulating valve 221
is disposed on a downstream side of the fuel cell 100 in
the air discharge flow path 220 and on an upstream side
of a connection portion between the bypass flow path
230 and the air discharge flow path 220. The pressure
regulating valve 221 is a valve for regulating a pressure
of air flowing in the fuel cell 100.
[0028] The controller 500 is configured as a computer
including a CPU, a memory, and an interface circuit to
which each component is connected. By executing a con-
trol program stored in the memory, the CPU controls the
driving of the motor 320 and the opening and closing of
the bypass valve 240 according to a required air flow
rate. The term "required air flow rate" refers to a flow rate
of air required for power generation in the fuel cell 100.
For example, in a fuel cell vehicle, the controller 500 in-
creases or decreases the required air flow rate in order
to increase or decrease a generated power in the fuel
cell 100 according to an opening degree of an accelerator
of the fuel cell vehicle. In this specification, the term "flow
rate" is used to mean a mass flow rate.
[0029] FIG. 2 is a graph showing a relationship be-
tween a flow rate (discharge air amount) of the air dis-
charged from the compressor 310 and a power consump-
tion of the motor 320 for driving the compressor 310 in
the fuel cell system 10. The graph shown in FIG. 2 illus-
trates the relationship between the discharged air
amount of the compressor 310 and the power consump-
tion of the motor 320 when the bypass valve 240 is always
kept in a closed state. The horizontal axis of the graph
shown in FIG. 2 indicates the discharged air amount of
the compressor 310. The vertical axis indicates the power
consumption of the motor 320. In a region where the dis-
charged air amount of the compressor 310 is large, the
power consumption of the motor 320 increases as the
discharged air amount of the compressor 310 is in-
creased. On the other hand, in a region where the dis-
charged air amount of the compressor 310 is small, when
the discharged air amount of the compressor 310 is de-
creased, the driving force by the turbine 330 decreases
due to a rolling friction of the turbine wheel 331, and the
power consumption of the motor 320 increases. There-
fore, in the graph shown in FIG. 2, there is a flow rate at
which the power consumption of the motor 320 with re-
spect to the discharged air amount of the compressor
310 becomes minimal. Hereinafter, a range in which the
discharged air amount of the compressor 310 is smaller

than the flow rate at which the power consumption of the
motor 320 becomes minimal will be referred to as a "low
efficiency region".
[0030] The discharged air amount of the compressor
310 is determined according to the required air flow rate.
In the case of a fuel cell vehicle, the required air flow rate
is determined according to the opening degree of the
accelerator or the like. Therefore, when the opening de-
gree of the accelerator is small, the required air flow rate
also becomes small. Accordingly, the compressor 310 is
driven in the low efficiency region, and the power con-
sumption of the motor 320 may increase in some cases.
Thus, the fuel cell system 10 of the present embodiment
performs a bypass control described below to increase
the discharged air amount of the compressor 310. As a
result, the driving force by the turbine 330 is increased
and the power consumption of the motor 320 is de-
creased.
[0031] FIG. 3 is a flowchart showing contents of a by-
pass control process. In this specification, the term "by-
pass control" refers to a process in which the controller
500 adjusts a flow rate of air flowing through the bypass
flow path 230 by opening and closing the bypass valve
240 based on the required air flow rate. The bypass con-
trol process is started when the power generation of the
fuel cell 100 is started, and continues to circulate until
the power generation of the fuel cell 100 stops.
[0032] First, the controller 500 determines whether or
not the required air flow rate is lower than a predeter-
mined threshold value (step S110). In the present em-
bodiment, the "predetermined threshold value" is deter-
mined based on the efficiency of the compressor 310.
Specifically, the threshold value is a value of a flow rate
Gmin (see FIG. 2) at which the power consumption of
the motor 320 with respect to the discharged air amount
of the compressor 310 becomes minimal in the fuel cell
system 10. Also, the threshold value may correspond to
a value determined based on the flow rate Gmin at which
the power consumption of the motor 320 with respect to
the discharged air amount of the compressor 310 be-
comes minimal in the fuel cell system 10. The threshold
value is not limited to a value equal to the flow rate Gmin
and may be a value slightly smaller than the flow rate
Gmin.
[0033] If the required air flow rate is not lower than the
predetermined threshold value (step S110: NO), the con-
troller 500 closes the bypass valve 240 (step S120), and
controls the driving of the motor 320 so that the air is
caused to flow through the fuel cell 100 at a flow rate
corresponding to the required air flow rate. This control
is referred to as "first control."
[0034] On the other hand, if the required air flow rate
is lower than the predetermined threshold value (step
S110: YES), that is to say, if the discharged air amount
of the compressor 310 is in the low efficiency region, the
controller 500 controls the opening degree of the bypass
valve 240 so that the air is also caused to flow through
the bypass flow path 230, and controls the driving of the
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motor 320 so that the air is caused to flow through the
fuel cell 100 at the flow rate corresponding to the required
air flow rate. This control is referred to as "second con-
trol". More specifically, first, the controller 500 obtains a
difference ΔG between the required air flow rate and the
threshold value (step S130). Next, the controller 500 de-
termines a target opening degree of the bypass valve
240 from a bypass valve target opening degree map
stored in the memory (step S140).
[0035] FIG. 4 is an explanatory diagram showing the
bypass valve target opening degree map. In the bypass
valve target opening degree map, the target opening de-
gree of the bypass valve 240 is recorded in association
with the required air pressure and the difference ΔG be-
tween the required air flow rate and the threshold value.
The term "target opening degree" refers to a target value
of the opening degree of the bypass valve 240. The by-
pass valve target opening degree map may be acquired
by obtaining an appropriate opening degree of the by-
pass valve 240 according to the difference ΔG between
the required air flow rate and the threshold value, and
the required air pressure, by a test that is performed in
advance. The term "required air pressure" refers to an
air pressure required for power generation of the fuel cell
100. The pressure of the air flowing in the fuel cell 100
is regulated so as to become the required air pressure,
as the controller 500 controls a pressure regulating valve
221 or a pressure ratio that is a ratio of the pressure
(suction air pressure) of the air sucked into the compres-
sor 310 and the pressure (discharge air pressure) of the
air discharged from the compressor 310. In step S140,
the controller 500 may calculate the target opening de-
gree of the bypass valve 240 based on a predetermined
function, instead of referring to the bypass valve target
opening degree map.
[0036] After determining the target opening degree of
the bypass valve 240, the controller 500 opens the by-
pass valve 240 at the target opening degree (step S150
in FIG. 3) and controls the driving of the motor 320 so
that the air is caused to flow through the fuel cell 100 at
the flow rate corresponding to the required air flow rate.
In the present embodiment, the controller 500 performs
the second control while keeping a rotation number of
the motor 320 constant. Furthermore, in the present em-
bodiment, the controller 500 performs the second control
while keeping constant the pressure ratio that is the ratio
of the suction air pressure of the compressor 310 and
the discharge air pressure of the compressor 310.
[0037] FIG. 5 is an explanatory diagram showing per-
formance characteristics of the compressor 310. The per-
formance characteristics of the compressor 310 are ob-
tained by a performance test of the compressor 310. The
horizontal axis indicates the discharged air amount of the
compressor 310. The vertical axis indicates the pressure
ratio of the compressor 310. The equal rotation line is a
line that connects operation points at which the rotation
number of the compressor 310 remains the same. The
equal efficiency line is a line that connects operation

points at which the efficiency of the compressor 310 re-
mains the same. The operation limit line is a line that
connects operation points at which the compressor 310
cannot pump air due to a rotation stall or the like.
[0038] The operation by the second control will be de-
scribed with reference to FIG. 5. In a state in which the
rotation number of the compressor 310 (the rotation
number of the motor 320) is kept constant and in a state
in which the pressure ratio of the compressor 310 is kept
substantially constant (step S150 in FIG. 3), when the
bypass valve 240 is opened to the target opening degree
obtained using the bypass valve target opening degree
map, a pressure loss on the downstream side of the com-
pressor 310 decreases. Therefore, the flow rate of the
air sucked into the compressor 310 increases and the
discharged air amount of the compressor 310 increases.
As the discharged air amount of the compressor 310 in-
creases, the operation point of the compressor 310 shifts
from the operation point Pa corresponding to the required
air flow rate to the operation point Pb showing higher
efficiency than the operation point Pa.
[0039] As the discharged air amount of the compressor
310 increases, air (surplus air) having a flow rate exceed-
ing the required air flow rate is generated. However, at
this time, the controller 500 adjusts the opening degree
of the bypass valve 240 to an opening degree at which
the air having the flow rate corresponding to the required
air flow rate is caused to flow through the fuel cell 100
and at which the surplus air is caused to flow through the
bypass flow path 230. Therefore, the flow rate of the air
supplied to the fuel cell 100 does not change.
[0040] The surplus air is supplied to the turbine 330
via the bypass flow path 230 without passing through the
interior of the fuel cell 100. Since the flow rate of the air
supplied to the turbine 330 is the sum of the flow rate of
the air discharged from the fuel cell 100 and the flow rate
of the surplus air bypassed by the bypass flow path 230,
the flow rate of the air supplied to the turbine 330 increas-
es. The air supplied to the turbine 330 via the bypass
flow path 230 is supplied to the turbine 330 while main-
taining the flow rate, because oxygen is not consumed
by the power generation of the fuel cell 100. Further, the
surplus air flowing through the bypass flow path 230 is
compressed by the compressor 310 and has a higher
temperature than the air discharged from the fuel cell
100. Therefore, a drained water of the fuel cell 100 in the
air discharge flow path 220 is evaporated by the surplus
air and is supplied to the turbine 330. This increases the
driving force of the turbine 330 for assisting the driving
of the compressor 310 by the motor 320.
[0041] With the fuel cell system 10 of the present em-
bodiment described above, when the required air flow
rate is small, the air supplied by the compressor 310 is
directly supplied not only to the fuel cell 100 but also to
the turbine 330 for assisting the driving of the compressor
310 through the bypass flow path 230. Therefore, it is
possible to reduce the power consumption of the motor
320 for driving the compressor 310 without lowering the
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flow rate of the air supplied to the fuel cell 100. This makes
it possible to improve the fuel economy of the fuel cell
system 10.
[0042] Further, in the present embodiment, the thresh-
old value for determining whether or not to execute the
above-described second control is set to a value deter-
mined based on the flow rate Gmin at which the power
consumption of the motor 320 with respect to the dis-
charged air amount of the compressor 310 becomes min-
imal in the fuel cell system 10. Therefore, when the re-
quired air flow rate corresponds to the low efficiency re-
gion of the compressor 310, the discharged air amount
of the compressor 310 can be forcibly shifted to a high
efficiency region. Further, in the present embodiment,
the threshold value is set to the value of the flow rate
Gmin at which the power consumption of the motor 320
with respect to the discharged air amount of the com-
pressor 310 becomes minimal in the fuel cell system 10.
Therefore, it is possible to minimize the power consump-
tion of the motor 320 for driving the compressor 310 in
the second control.
[0043] Further, in the present embodiment, the second
control is performed while keeping the rotation number
of the motor 320 constant. Therefore, it is possible to
suppress increase in the power consumption of the motor
320 during the second control.
[0044] Further, in the present embodiment, the second
control is performed while keeping the pressure ratio of
the compressor 310 constant. In this regard, the suction
air pressure of the compressor 310 is about the same as
the atmospheric pressure and is hard to undergo a sud-
den change. Therefore, by performing the second control
while keeping the pressure ratio of the compressor 310
constant, it is possible to suppress decrease in the pres-
sure inside the fuel cell 100 at the time of the second
control. Further, if the pressure in the fuel cell 100 de-
creases, a boiling point of water decreases and the elec-
trolyte membrane of the fuel cell 100 easily dries. If the
electrolyte membrane dries, ionic conductivity of the elec-
trolyte membrane decreases and the generated power
of the fuel cell 100 decreases. Therefore, by suppressing
the decrease in the pressure inside the fuel cell 100 at
the time of the second control, it is possible to suppress
decrease in the generated power of the fuel cell 100.
[0045] As shown in FIG. 5, when the discharged air
amount of the compressor 310 is increased by a certain
amount or more in a state in which the discharged air
amount of the compressor 310 is small, while keeping
the rotation number of the motor 320 constant, the pres-
sure ratio of the compressor 310 gradually decreases.
In this case, in order to maintain the pressure ratio of the
compressor 310 according to the required air pressure
of the fuel cell 100, it is necessary to increase the rotation
number of the motor 320 in response to the decrease in
the pressure ratio of the compressor 310. This leads to
an increase in the power consumption of the motor 320.
However, in the present embodiment, the rotation
number of the motor 320 is kept constant, and the second

control is performed in a region where the pressure ratio
of the compressor 310 does not decrease, that is to say,
in a state in which the pressure ratio of the compressor
310 is constant. Therefore, it is possible to increase the
discharged air amount of the compressor 310 without
increasing the power consumption of the motor 320. In
particular, in the present embodiment, the rotational force
of the motor 320 can be assisted by the turbine 330 in
the low efficiency region. Therefore, it is possible to re-
duce the power consumption of the motor 320 while main-
taining the rotation number of the motor 320. In the
present embodiment, the rotation number of the motor
320 and the pressure ratio of the compressor 310 are
kept constant. However, one of the rotation number of
the motor 320 and the pressure ratio of the compressor
310 may be changed within a range in which the power
consumption of the motor 320 does not increase.
[0046] In the present embodiment, the "predetermined
threshold value" is determined based on the efficiency
of the compressor 310. Alternatively, the "predetermined
threshold value" may be determined based on the dis-
charged air amount of the compressor 310. For example,
the discharged air amount of the compressor 310 may
be divided into a region having a large flow rate and a
region having a small flow rate, and the threshold value
may be determined by using a value serving as a bound-
ary between the two regions. Even in this case, it is pos-
sible to suppress the driving of the compressor 310 in
the low efficiency region.

B. Second Embodiment

[0047] FIG. 6 is a flowchart showing contents of a by-
pass determination process according to a second em-
bodiment. This process is a process for determining
whether or not to execute the bypass control process
shown in FIG. 3. This process is started when the power
generation of the fuel cell 100 is started, and continues
to circulate until the power generation of the fuel cell 100
stops. In the second embodiment, the configuration of
the fuel cell system 10 is the same as that of the first
embodiment (FIG. 1).
[0048] In the fuel cell system 10 of the second embod-
iment, the controller 500 acquires a required air flow rate
G1 at time t1 that is Δt second (e.g., one second) before
time t2 that is a current time (step S210), and then ac-
quires a required air flow rate G2 at time t2 (step S220).
Next, the controller 500 obtains an increase amount of
the required air flow rate per unit time using the required
air flow rate G1 at time t1 and the required air flow rate
G2 at time t2 (step S230), and determines whether or
not the increase amount of the required air flow rate per
unit time is equal to or larger than a predetermined in-
crease amount (step S240). When the increase amount
of the required air flow rate per unit time is equal to or
larger than the predetermined increase amount (step
S240: YES), the controller 500 closes the bypass valve
240 regardless of whether or not the required air flow
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rate is lower than the threshold value (step S250), and
controls the driving of the motor 320 so that air is caused
to flow through the fuel cell 100 at a flow rate correspond-
ing to the required air flow rate. Thereafter, the process
returns to step S210. On the other hand, when the in-
crease amount of the required air flow rate per unit time
is smaller than the predetermined increase amount (step
S240: NO), the controller 500 executes the bypass con-
trol as in the first embodiment (step S260). Thereafter,
the process starts again from step S210.
[0049] In the fuel cell system 10 of the present embod-
iment described above, when the increase amount of the
required air flow rate per unit time is equal to or larger
than the predetermined increase amount, the bypass
valve 240 is closed regardless of whether or not the re-
quired air flow rate is lower than the threshold value, and
the driving of the motor 320 is controlled so that the air
is caused to flow through the fuel cell 100 at a flow rate
corresponding to the required air flow rate. Therefore,
when the increase amount of the required air flow rate
per unit time is sharply increased to or above the prede-
termined increase amount, it is possible to prevent a part
of the air having the flow rate corresponding to the in-
creased required air flow rate from flowing toward the
bypass flow path 230 without being supplied to the fuel
cell 100. As a result, when the required air flow rate rapidly
increases, it is possible to suppress a delay in the supply
of air to the fuel cell 100. In a fuel cell vehicle, it is possible
to suppress a delay in time from a time when an accel-
erator is stepped on and the required air flow rate of the
fuel cell 100 is increased in response to the increase in
the power consumption of the fuel cell vehicle to a time
when the air having a flow rate corresponding to the in-
creased required air flow rate is actually supplied to the
fuel cell 100. Therefore, it is possible to suppress dete-
rioration of drivability due to a delay of a response to an
acceleration request.

C. Third Embodiment

[0050] FIG. 7 is an explanatory diagram showing an
outline of a fuel cell system 10c according to a third em-
bodiment. The fuel cell system 10c of the third embodi-
ment differs from the fuel cell system 10 of the first em-
bodiment (FIG. 1) in that the fuel cell system 10c includes
an accumulator tank 410, a tank pressure sensor 411, a
first tank valve 420, and a second tank valve 430. Further,
in the third embodiment, conditions for executing the by-
pass control are different from those of the first embod-
iment (FIG. 3).
[0051] The accumulator tank 410 is connected to a
downstream side of the bypass valve 240 in the bypass
flow path 230. The accumulator tank 410 is a tank for
storing the air flowing through the bypass flow path 230.
[0052] The tank pressure sensor 411 is a pressure sen-
sor for acquiring a pressure of the air stored in the accu-
mulator tank 410.
[0053] The first tank valve 420 is disposed at a con-

necting portion between the accumulator tank 410 and
the bypass flow path 230. The first tank valve 420 is a
valve for opening and closing connection between the
accumulator tank 410 and the bypass flow path 230.
[0054] The second tank valve 430 is disposed on a
downstream side of the accumulator tank 410 in the by-
pass flow path 230. The second tank valve 430 is a valve
for opening and closing the bypass flow path 230.
[0055] FIG. 8 is a flowchart showing contents of a by-
pass determination process according to a third embod-
iment. This process is started when the power generation
of the fuel cell 100 is started, and continues to circulate
until the power generation of the fuel cell 100 stops. The
contents of the process of bypass control in the third em-
bodiment when the required air flow rate is increased are
partly the same as the process of bypass control in the
second embodiment shown in FIG. 6 when the required
air flow rate is increased. Therefore, in FIG. 8, the same
step number as those of FIG. 6 is used for the same
process contents as those of FIG. 6.
[0056] In the fuel cell system 10c of the third embodi-
ment, the controller 500 acquires the required air flow
rate G1 at time t1 that is Δt second (e.g., one second)
before time t2 that is a current time (step S210), and then
acquires the required air flow rate G2 at time t2 (step
S220). Next, the controller 500 obtains the increase
amount of the required air flow rate per unit time using
the required air flow rate G1 at time t1 and the required
air flow rate G2 at time t2 (step S230), and determines
whether or not the increase amount of the required air
flow rate per unit time is equal to or larger than the pre-
determined increase amount (step S240).
[0057] When the increase amount of the required air
flow rate per unit time is equal to or larger than the pre-
determined increase amount (step S240: YES), the con-
troller 500 determines whether or not a tank internal pres-
sure is equal to or higher than a tank target pressure
(Step S310). The "tank internal pressure" is a pressure
acquired by the tank pressure sensor 411 and is a pres-
sure of the air actually stored in the accumulator tank
410. The "tank target pressure" is a target value of the
pressure of the air stored in the accumulator tank 410.
The tank target pressure may be determined in advance
as a pressure suitable for reducing the power consump-
tion of the motor 320 by supplying the air stored in the
accumulator tank 410 to the turbine 330. When the tank
internal pressure is equal to or higher than the tank target
pressure (step S310: YES), the bypass valve 240 is
closed and the first tank valve 420 and the second tank
valve 430 are opened (step S320). Therefore, when the
tank internal pressure is equal to or higher than the tank
target pressure, the high pressure air stored in the accu-
mulator tank 410 can be supplied to the turbine 330 while
preventing the air stored in the accumulator tank 410
from flowing back from the bypass flow path 230 to the
air supply flow path 210. After step S320, the process
returns to step S210 again. On the other hand, when the
tank internal pressure is lower than the tank target pres-
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sure (step S310: NO), the controller 500 closes the by-
pass valve 240, the first tank valve 420, and the second
tank valve 430 (step S330). Therefore, when the tank
internal pressure does not reach the tank target pressure
and the effect of reducing the power consumption of the
motor 320 with respect to the required air flow rate is
small, the air stored in the accumulator tank 410 is not
released. Incidentally, in step S330, either the first tank
valve 420 or the second tank valve 430 may be in an
open state. After step S330, the process returns to step
S210 again.
[0058] In step S240 described above, when the in-
crease amount of the required air flow rate per unit time
is smaller than the predetermined increase amount (step
S240: NO), the controller 500 executes the bypass con-
trol as in the first embodiment, and determines whether
or not the required air flow rate is lower than the prede-
termined threshold value (step S110). When the required
air flow rate is not lower than the predetermined threshold
value (step S110: NO), the controller 500 executes the
first control and brings the bypass valve 240 into a closed
state (step S120 in FIG. 3). Thereafter, the controller 500
causes the process to proceed to step S310 described
above. On the other hand, when the required air flow rate
is lower than the predetermined threshold value (step
S110: YES), the controller 500 executes the second con-
trol (steps S130 to S150 in FIG. 3). Thereafter, the con-
troller 500 determines whether or not the tank internal
pressure is equal to or higher than the required air pres-
sure or the tank target pressure (step S340). When the
tank internal pressure is equal to or higher than the re-
quired air pressure or the tank target pressure (step
S340: YES), the controller 500 opens the bypass valve
240 and the second tank valve 430, and closes the first
tank valve 420 (step S350). Therefore, while preventing
the air stored in the accumulator tank 410 from flowing
back from the bypass flow path 230 to the air supply flow
path 210, the air discharged from the compressor 310
can be bypassed from the air supply flow path 210 to the
air discharge flow path 220 via the bypass flow path 230.
On the other hand, when the tank internal pressure is
lower than the required air pressure or the tank target
pressure (step S340: NO), the controller 500 opens the
bypass valve 240, the first tank valve 420, and the second
tank valve 430 (Step S360). Therefore, while bypassing
the air from the air supply flow path 210 to the air dis-
charge flow path 220 via the bypass flow path 230, a part
of the air to be bypassed can be stored in the accumulator
tank 410.
[0059] In the fuel cell system 10c of the present em-
bodiment described above, during the second control, a
part of the surplus air flowing through the bypass flow
path 230 can be stored in the accumulator tank 410. Even
when the bypass valve 240 is closed, the air stored in
the accumulator tank 410 during the second control can
be supplied to the turbine 330. Therefore, even when the
bypass valve 240 is closed, it is possible to increase the
driving force of the turbine 330 for assisting the driving

of the compressor 310 by the motor 320. In a fuel cell
vehicle, as in the second embodiment, when an accel-
erator is stepped on, it is possible to suppress a delay in
the time required until the air having a flow rate corre-
sponding to the increased required air flow rate is actually
supplied to the fuel cell 100. Furthermore, during a driving
of the fuel cell vehicle in a region other than the low effi-
ciency region (e.g., during a steady travelling on an ex-
pressway) or when there is an acceleration request, even
if the bypass valve 240 is in a closed state, it is possible
to increase the driving force by the turbine 330. There-
fore, it is possible to suppress deterioration of drivability
due to a delay of a response to an acceleration request
and to improve acceleration performance of the fuel cell
vehicle.
[0060] The fuel cell system 10c according to the
present embodiment includes the first tank valve 420 and
the second tank valve 430. However, the first tank valve
420 and the second tank valve 430 are not essential com-
ponents. Even if the first tank valve 420 and the second
tank valve 430 are not provided, the air can be stored in
the accumulator tank 410 during the second control.
Therefore, when the bypass valve 240 is closed, the air
stored in the accumulator tank 410 can be supplied to
the turbine 330. Accordingly, even in such a configura-
tion, even if the bypass valve 240 is closed, it is possible
to increase the driving force of the turbine 330.

D. Fourth Embodiment

[0061] FIG. 9 is an explanatory diagram showing an
outline of a fuel cell system 10d according to a fourth
embodiment. In the fuel cell system 10 shown in FIG. 1,
the pressure regulating valve 221 is disposed on the
downstream side of the fuel cell 100 in the air discharge
flow path 220 and on the upstream side of the connection
portion between the bypass flow path 230 and the air
discharge flow path 220. However, in the present em-
bodiment, as shown in FIG. 9, the pressure regulating
valve 221 is disposed on an upstream side of the turbine
330 in the air discharge flow path 220 and on a down-
stream side of the connection portion between the by-
pass flow path 230 and the air discharge flow path 220.
This makes it possible to suppress abrupt fluctuation of
the pressure on the upstream side of the pressure reg-
ulating valve 221. Therefore, it is possible to prevent the
pressure inside the fuel cell 100 from rapidly decreasing
along with the opening and closing of the bypass valve
240.

E. Fifth Embodiment

[0062] FIG. 10 is an explanatory diagram showing an
outline of a fuel cell system 10e according to a fifth em-
bodiment. In the fuel cell system 10d shown in FIG. 9,
the pressure regulating valve 221 and the turbine housing
332 are separately provided. However, in the present
embodiment, as shown in FIG. 10, a pressure regulating
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valve 221e and a turbine housing 332e are integrated.
More specifically, the valve box of the pressure regulating
valve 221e is formed integrally with the turbine housing
332e, and the valve body of the pressure regulating valve
221e is disposed on an upstream side of the turbine
wheel 331 in a turbine 330e. For example, the turbine
330e of the present embodiment may be constituted by
a variable nozzle turbocharger in which an air suction
port of the turbine 330e and the pressure regulating valve
221e are integrally formed. Thus, by adjusting the open-
ing degree of the pressure regulating valve 221e, it is
possible to change a flow velocity of the air blown to the
turbine wheel 331. Therefore, the configuration of the
fuel cell system 10e can be simplified, and the driving
force of the turbine 330e for assisting the driving of the
compressor 310 by the motor 320 can be increased.

F. Sixth Embodiment

[0063] FIG. 11 is a schematic sectional view showing
a turbine 330f according to a sixth embodiment. In the
fuel cell system 10 shown in FIG. 1, the bypass flow path
230 is connected to the air discharge flow path 220. How-
ever, in the present embodiment, as shown in FIG. 11,
the bypass flow path 230 is directly connected to the in-
side of a turbine housing 332f of the turbine 330f, a valve
box of a bypass valve 240f is integrated with the turbine
housing 332f, and a valve body of the bypass valve 240f
is disposed on the upstream side of the turbine wheel
331 in the turbine 330f. Thus, the configuration of the fuel
cell system 10 can be simplified.

G. Seventh Embodiment

[0064] FIG. 12 is a schematic sectional view showing
a turbine 330g according to a seventh embodiment. In
the turbine 330f shown in FIG. 11, the bypass flow path
230 is directly connected to the inside of the turbine hous-
ing 332f of the turbine 330f. In the present embodiment,
as shown in FIG. 12, the bypass flow path 230 is also
directly connected to the turbine housing 332g of the tur-
bine 330g. Further, an opening 231 of the bypass flow
path 230 in the turbine housing 332g is oriented so that
the air flowing from the bypass flow path 230 into the
turbine housing 332g flows in such a direction as to pro-
mote rotation of the turbine wheel 331 of the turbine 330g.
As a result, the air flowing from the bypass flow path 230
into the turbine housing 332g does not hinder the rotation
of the turbine wheel 331 and promotes the rotation of the
turbine wheel 331. Therefore, the configuration of the
fuel cell system 10 can be simplified, and the driving force
of the turbine 330g for assisting the driving of the com-
pressor 310 by the motor 320 can be increased.

H. Eighth Embodiment

[0065] In the fuel cell system 10c shown in FIG. 7, the
first tank valve 420 is disposed at the connection portion

between the accumulator tank 410 and the bypass flow
path 230, and the first tank valve 420 also serves as an
air inlet and an air outlet of the accumulator tank 410.
However, an air inlet and an air outlet of the accumulator
tank 410 may be separately provided at the connection
portion between the accumulator tank 410 and the by-
pass flow path 230, and valves for opening and closing
the connection between the accumulator tank 410 and
the bypass flow path 230 may be disposed on the inlet
side and the outlet side, respectively. In this case, when
storing the air in the accumulator tank (step S360 in FIG.
8), the inlet side valve is opened and the outlet side valve
is closed. Further, when releasing the air stored in the
accumulator tank (step S320 in FIG. 8), the inlet side
valve is closed and the outlet side valve is opened. Even
in the fuel cell system 10 of this the present embodiment,
the same effects as those of the third embodiment can
be obtained.

I. Ninth Embodiment

[0066] In the fuel cell system 10 shown in FIG. 1, an
intercooler for cooling the air flowing through the air sup-
ply flow path 210 may be disposed on an upstream side
of the fuel cell 100 in the air supply flow path 210 and on
a downstream side of the connection portion between
the bypass flow path 230 and the air supply flow path
210. With this configuration, the temperature of the air
supplied to the fuel cell 100 can be lowered, the drying
of the electrolyte membrane of the fuel cell 100 can be
suppressed, and a density of the air supplied to the fuel
cell 100 can be increased.

Claims

1. A fuel cell system comprising:

a fuel cell (100);
an air supply flow path (210) configured to sup-
ply air to the fuel cell;
an air discharge flow path (220) configured to
discharge the air from the fuel cell;
a compressor (310) configured to supply the air
to the air supply flow path;
a motor (320) configured to drive the compres-
sor;
a turbine (330) disposed in the air discharge flow
path to assist driving of the compressor by the
motor;
a bypass flow path (230) configured to bring a
downstream side of the compressor (310) in the
air supply flow path into communication with an
upstream side of the turbine (330) in the air dis-
charge flow path;
a bypass valve (240) configured to open and
close the bypass flow path; and
a controller (500) configured to control driving
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of the motor (320) and opening and closing of
the bypass valve (240) according to a required
air flow rate that is an air flow rate required for
power generation of the fuel cell,
wherein when the required air flow rate is equal
to or higher than a predetermined threshold val-
ue, the controller (500) performs a first control
in which (i) the bypass valve (240) is closed and
(ii) the driving of the motor (320) is controlled to
cause the air to flow through the fuel cell at a
flow rate corresponding to the required air flow
rate, and
when the required air flow rate is lower than the
predetermined threshold value, the controller
(500) performs a second control in which (i) the
bypass valve (240) is opened to cause the air
to also flow through the bypass flow path and
(ii) the driving of the motor (320) is controlled to
cause the air to flow through the fuel cell at the
flow rate corresponding to the required air flow
rate, characterized in that:
the predetermined threshold value is a value de-
termined based on a flow rate at which power
consumption of the motor (320) with respect to
a flow rate of air discharged from the compressor
(310) in the fuel cell system becomes minimal.

2. The fuel cell system according to claim 1, wherein
when an increase amount of the required air flow
rate per unit time is equal to or larger than a prede-
termined increase amount, the controller (500) clos-
es the bypass valve (240) regardless of whether or
not the required air flow rate is lower than the pre-
determined threshold value.

3. The fuel cell system according to claim 1 or 2, further
comprising an accumulator tank (410) connected to
a downstream side of the bypass valve (240) in the
bypass flow path and configured to store the air flow-
ing through the bypass flow path.

4. The fuel cell system according to any one of claims
1 to 3, further comprising a pressure regulating valve
(221) disposed on the upstream side of the turbine
(330) in the air discharge flow path and on a down-
stream side of a connection portion between the by-
pass flow path (230) and the air discharge flow path
(220) and configured to regulate a pressure of the
air flowing through the fuel cell.

5. The fuel cell system according to claim 4, wherein:

a valve box of the pressure regulating valve
(221e) is formed integrally with a turbine housing
of the turbine (330e); and
a valve body of the pressure regulating valve
(221e) is disposed on an upstream side of a tur-
bine wheel (331) in the turbine (330e).

6. The fuel cell system according to any one of claims
1 to 5, wherein:

the bypass flow path (230) is connected to an
inside of a turbine housing (332f) of the turbine
(330f);
a valve box of the bypass valve (240f) is formed
integrally with the turbine housing (332f); and
a valve body of the bypass valve (240f) is dis-
posed on an upstream side of a turbine wheel
(331) in the turbine (330f).

7. The fuel cell system according to any one of claims
1 to 6, wherein the bypass flow path (230) is con-
nected to an inside of a turbine housing (332g) of
the turbine (330g), and an opening of the bypass
flow path (230) in the turbine housing (332g) is ori-
ented to cause the air flowing from the bypass flow
path (230) into the turbine housing (332g) to flow in
such a direction as to promote rotation of a turbine
wheel (331) of the turbine (330g).

8. The fuel cell system according to any one of claims
1 to 7, wherein the controller (500) performs the sec-
ond control with a rotation number of the motor (320)
being kept constant.

9. The fuel cell system according to any one of claims
1 to 8, wherein the controller (500) performs the sec-
ond control with a pressure ratio being kept constant,
the pressure ratio being a ratio of a pressure of air
sucked into the compressor (310) and a pressure of
air discharged from the compressor (310).

10. A control method of a fuel cell system including a
fuel cell (100), an air supply flow path (210) config-
ured to supply air to the fuel cell, an air discharge
flow path (220) configured to discharge the air from
the fuel cell, a compressor (310) configured to supply
the air to the air supply flow path, a motor (320) con-
figured to drive the compressor, a turbine (330) dis-
posed in the air discharge flow path to assist driving
of the compressor by the motor, a bypass flow path
(230) configured to bring a downstream side of the
compressor (310) in the air supply flow path into com-
munication with an upstream side of the turbine (330)
in the air discharge flow path, and a bypass valve
(240) configured to open and close the bypass flow
path, the method comprising:

when a required air flow rate that is an air flow
rate required for power generation of the fuel
cell is equal to or higher than a predetermined
threshold value, performing a first control in
which (i) the bypass valve (240) is closed and
(ii) driving of the motor (320) is controlled to
cause the air to flow through the fuel cell at a
flow rate corresponding to the required air flow
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rate (S120); and
when the required air flow rate is lower than the
predetermined threshold value, performing a
second control in which (i) the bypass valve
(240) is opened to cause the air to also flow
through the bypass flow path (230) and (ii) the
driving of the motor (320) is controlled to cause
the air to flow through the fuel cell at the flow
rate corresponding to the required air flow rate
(S130, S140, S150), characterized in that:
the predetermined threshold value is a value de-
termined based on a flow rate at which power
consumption of the motor (320) with respect to
a flow rate of air discharged from the compressor
(310) in the fuel cell system becomes minimal.

Patentansprüche

1. Brennstoffzellensystem, umfassend:

eine Brennstoffzelle (100);
einen Luftzufuhr-Strömungsweg (210), der kon-
figuriert ist, um die Brennstoffzelle mit Luft zu
versorgen;
einen Luftausstoß-Strömungsweg (220), der
konfiguriert ist, um die Luft aus der Brennstoff-
zelle auszustoßen;
einen Kompressor (310), der konfiguriert ist, um
die Luft in den Luftzufuhr-Strömungsweg zu lie-
fern;
einen Motor (320), der konfiguriert ist, um den
Kompressor anzutreiben;
eine Turbine (330), die im Luftausstoß-Strö-
mungsweg angeordnet ist, um den Antrieb des
Kompressors durch den Motor zu unterstützen;
einen Bypass-Strömungsweg (230), der konfi-
guriert ist, um eine stromabwärtige Seite des
Kompressors (310) im Luftzufuhr-Strömungs-
weg in Kommunikation mit einer stromaufwärti-
gen Seite der Turbine (330) im Luftausstoß-
Strömungsweg zu bringen;
ein Bypass-Ventil (240), das konfiguriert ist, um
den Bypass-Strömungsweg zu öffnen und zu
schließen; und
eine Steuervorrichtung (500), die konfiguriert ist,
um den Antrieb des Motors (320) und das Öffnen
und Schließen des Bypass-Ventils (240) ent-
sprechend einer erforderlichen Luftdurchfluss-
rate zu steuern, die eine für die Energieerzeu-
gung der Brennstoffzelle erforderliche Luft-
durchflussrate ist,
wobei, wenn die erforderliche Luftdurchflussra-
te gleich oder höher als ein vorbestimmter
Schwellenwert ist, die Steuervorrichtung (500)
eine erste Steuerung durchführt, bei der (i) das
Bypass-Ventil (240) geschlossen wird und (ii)
der Antrieb des Motors (320) gesteuert wird, um

zu bewirken, dass die Luft mit einer Durchfluss-
rate durch die Brennstoffzelle strömt, die der er-
forderlichen Luftdurchflussrate entspricht, und
wenn die erforderliche Luftdurchflussrate nied-
riger als der vorbestimmte Schwellenwert ist, die
Steuervorrichtung (500) eine zweite Steuerung
ausführt, bei der (i) das Bypass-Ventil (240) ge-
öffnet wird, um zu bewirken, dass die Luft au-
ßerdem durch den Bypass-Strömungsweg
strömt, und (ii) der Antrieb des Motors (320) ge-
steuert wird, um zu bewirken, dass die Luft mit
der Durchflussrate durch die Brennstoffzelle
strömt, die der erforderlichen Luftdurchflussrate
entspricht, dadurch gekennzeichnet, dass
der vorbestimmte Schwellenwert ein Wert ist,
der beruhend auf einer Durchflussrate bestimmt
wird, bei der der Leistungsverbrauch des Motors
(320) in Bezug auf eine Durchflussrate der vom
Kompressor (310) in dem Brennstoffzellensys-
tem ausgestoßenen Luft minimal wird.

2. Brennstoffzellensystem nach Anspruch 1, wobei,
wenn eine Erhöhungsmenge der erforderlichen Luft-
durchflussrate pro Zeiteinheit gleich oder größer als
eine vorbestimmte Erhöhungsmenge ist, die Steu-
ervorrichtung (500) das Bypass-Ventil (240)
schließt, unabhängig davon, ob die erforderliche
Luftdurchflussrate niedriger als der vorbestimmte
Schwellenwert ist oder nicht.

3. Brennstoffzellensystem nach Anspruch 1 oder 2, fer-
ner umfassend einen Speichertank (410) in Verbin-
dung mit einer stromabwärtigen Seite des Bypass-
Ventils (240) im Bypass-Strömungsweg und konfi-
guriert, um die durch den Bypass-Strömungsweg
strömende Luft zu speichern.

4. Brennstoffzellensystem nach einem der Ansprüche
1 bis 3, ferner umfassend ein Druckregelventil (221),
das auf der stromaufwärtigen Seite der Turbine (330)
im Luftausstoß-Strömungsweg und auf einer strom-
abwärtigen Seite eines Verbindungsabschnitts zwi-
schen dem Bypass-Strömungsweg (230) und dem
Luftausstoß-Strömungsweg (220) angeordnet und
konfiguriert ist, um einen Druck der durch die Brenn-
stoffzelle strömenden Luft zu regulieren.

5. Brennstoffzellensystem nach Anspruch 4, wobei:

ein Ventilgehäuse des Druckregelventils (221e)
einstückig mit einem Turbinengehäuse der Tur-
bine (330e) ausgebildet ist; und
ein Ventilkörper des Druckregelventils (221e) an
einer stromaufwärtigen Seite eines Turbinen-
rads (331) in der Turbine (330e) angeordnet ist.

6. Brennstoffzellensystem nach einem der Ansprüche
1 bis 5, wobei:

21 22 



EP 3 474 362 B1

13

5

10

15

20

25

30

35

40

45

50

55

der Bypass-Strömungsweg (230) mit dem Inne-
ren eines Turbinengehäuses (332f) der Turbine
(330f) verbunden ist;
ein Ventilgehäuse des Bypass-Ventils (240f)
einstückig mit dem Turbinengehäuse (332f)
ausgebildet ist; und
ein Ventilkörper des Bypass-Ventils (240f) auf
einer stromaufwärtigen Seite eines Turbinen-
rads (331) in der Turbine (330f) angeordnet ist.

7. Brennstoffzellensystem nach einem der Ansprüche
1 bis 6, wobei der Bypass-Strömungsweg (230) mit
einem Inneren eines Turbinengehäuses (332g) der
Turbine (330g) verbunden ist und eine Öffnung des
Bypass-Strömungswegs (230) in dem Turbinenge-
häuse (332g) ausgerichtet ist, um zu bewirken, dass
die von dem Bypass-Strömungsweg (230) in das
Turbinengehäuse (332g) strömende Luft in eine der-
artige Richtung strömt, dass die Drehung eines Tur-
binenrads (331) der Turbine (330g) unterstützt wird.

8. Brennstoffzellensystem nach einem der Ansprüche
1 bis 7, wobei die Steuervorrichtung (500) die zweite
Steuerung mit einer konstant gehaltenen Drehzahl
des Motors (320) durchführt.

9. Brennstoffzellensystem nach einem der Ansprüche
1 bis 8, wobei die Steuervorrichtung (500) die zweite
Steuerung mit einem konstant gehaltenen Druckver-
hältnis durchführt, wobei das Druckverhältnis ein
Verhältnis eines Drucks der in den Kompressor (310)
angesaugten Luft und eines Drucks der aus dem
Kompressor (310) ausgestoßenen Luft ist.

10. Steuerverfahren eines Brennstoffzellensystems,
umfassend eine Brennstoffzelle (100), einen Luftzu-
fuhr-Strömungsweg (210), der konfiguriert ist, um
der Brennstoffzelle Luft zuzuführen, einen Luftaus-
stoß-Strömungsweg (220), der konfiguriert ist, um
die Luft aus der Brennstoffzelle auszustoßen, einen
Kompressor (310), der konfiguriert ist, um die Luft
dem Luftzufuhr-Strömungsweg zuzuführen, und ei-
nen Motor (320), der konfiguriert ist, um den Kom-
pressor anzutreiben, eine Turbine (330), die in dem
Luftausstoß-Strömungsweg angeordnet ist, um den
Antrieb des Kompressors durch den Motor zu unter-
stützen, einen Bypass-Strömungsweg (230), der
konfiguriert ist, um eine stromabwärtige Seite des
Kompressors (310) in dem Luftzufuhr-Strömungs-
weg in Kommunikation mit einer stromaufwärtigen
Seite der Turbine (330) in dem Luftausstoß-Strö-
mungsweg zu bringen, und ein Bypass-Ventil (240),
das konfiguriert ist, um den Bypass-Strömungsweg
zu öffnen und zu schließen, das Verfahren umfas-
send:

wenn eine erforderliche Luftdurchflussrate, die
eine für die Energieerzeugung der Brennstoff-

zelle erforderliche Luftdurchflussrate ist, gleich
oder höher als ein vorbestimmter Schwellenwert
ist, Durchführen einer ersten Steuerung, bei der
(i) das Bypass-Ventil (240) geschlossen wird
und (ii) der Antrieb des Motors (320) gesteuert
wird, um zu bewirken, dass die Luft mit einer
Durchflussrate durch die Brennstoffzelle strömt,
die der erforderlichen Luftdurchflussrate (S120)
entspricht; und
wenn die erforderliche Luftdurchflussrate nied-
riger als der vorbestimmte Schwellenwert ist,
Durchführen einer zweiten Steuerung, bei der
(i) das Bypass-Ventil (240) geöffnet wird, um zu
bewirken, dass die Luft auch durch den Bypass-
Strömungsweg (230) strömt, und (ii) der Antrieb
des Motors (320) gesteuert wird, um zu bewir-
ken, dass die Luft mit der Durchflussrate durch
die Brennstoffzelle strömt, die der erforderlichen
Luftdurchflussrate (S130, S140, S150) ent-
spricht, dadurch gekennzeichnet, dass
der vorbestimmte Schwellenwert ein Wert ist,
der beruhend auf einer Durchflussrate bestimmt
wird, bei der der Leistungsverbrauch des Motors
(320) in Bezug auf eine Durchflussrate der vom
Kompressor (310) in dem Brennstoffzellensys-
tem ausgestoßenen Luft minimal wird.

Revendications

1. Système de pile à combustible comprenant :

une pile à combustible (100) ;
un trajet d’écoulement d’alimentation en air
(210) configuré pour fournir de l’air à la pile à
combustible ;
un trajet d’écoulement de décharge d’air (220)
configuré pour décharger l’air de la pile à
combustible ;
un compresseur (310) configuré pour fournir l’air
au trajet d’écoulement d’alimentation en air ;
un moteur (320) configuré pour entraîner le
compresseur ;
une turbine (330) disposée dans le trajet d’écou-
lement de décharge d’air pour aider à l’entraî-
nement du compresseur par le moteur ;
un trajet d’écoulement de dérivation (230) con-
figuré pour amener un côté aval du compresseur
(310) dans le trajet d’écoulement d’alimentation
en air en communication avec un côté amont de
la turbine (330) dans le trajet d’écoulement de
décharge d’air ;
une soupape de dérivation (240) configurée
pour ouvrir et fermer le trajet d’écoulement de
dérivation ; et
un contrôleur (500) configuré pour contrôler l’en-
traînement du moteur (320) et l’ouverture et la
fermeture de la soupape de dérivation (240) en

23 24 



EP 3 474 362 B1

14

5

10

15

20

25

30

35

40

45

50

55

fonction d’un débit d’air requis qui est un débit
d’air requis pour la génération d’énergie de la
pile à combustible,
dans lequel lorsque le débit d’air requis est égal
ou supérieur à une valeur de seuil prédétermi-
née, le contrôleur (500) effectue une première
commande dans laquelle (i) la soupape de dé-
rivation (240) est fermée et (ii) l’entraînement du
moteur (320) est commandé pour faire circuler
l’air à travers la pile à combustible à un débit
correspondant au débit d’air requis, et
lorsque le débit d’air requis est inférieur à la va-
leur de seuil prédéterminée, le contrôleur (500)
effectue une deuxième commande dans laquel-
le (i) la soupape de dérivation (240) est ouverte
pour amener l’air à circuler également à travers
le trajet d’écoulement de dérivation et (ii) l’en-
traînement du moteur (320) est commandé pour
faire circuler l’air à travers la pile à combustible
au débit correspondant au débit d’air requis, ca-
ractérisé en ce que :
la valeur de seuil prédéterminée est une valeur
déterminée sur la base d’un débit auquel la con-
sommation d’énergie du moteur (320) par rap-
port à un débit d’air déchargé du compresseur
(310) dans le système de pile à combustible de-
vient minimale.

2. Système de pile à combustible selon la revendication
1, dans lequel lorsqu’une quantité croissante du dé-
bit d’air requis par unité de temps est égale ou su-
périeure à une quantité d’augmentation prédétermi-
née, le contrôleur (500) ferme la soupape de dériva-
tion (240) indépendamment de si le débit d’air requis
est inférieur ou non à la valeur de seuil prédétermi-
née.

3. Système de pile à combustible selon la revendication
1 ou 2, comprenant en outre un réservoir d’accumu-
lateur (410) connecté à un côté aval de la soupape
de dérivation (240) dans le trajet d’écoulement de
dérivation et configuré pour stocker l’air circulant à
travers le trajet d’écoulement de dérivation.

4. Système de pile à combustible selon l’une quelcon-
que des revendications 1 à 3, comprenant en outre
une soupape de régulation de pression (221) dispo-
sée sur le côté amont de la turbine (330) dans le
trajet d’écoulement de décharge d’air et sur un côté
aval d’une partie de connexion entre le trajet d’écou-
lement de dérivation (230) et le trajet d’écoulement
de décharge d’air (220) et configurée pour réguler
une pression de l’air circulant à travers la pile à com-
bustible.

5. Système de pile à combustible selon la revendication
4, dans lequel :

un boîtier de soupape de la soupape de régula-
tion de pression (221e) est formé d’un seul te-
nant avec un carter de turbine de la turbine
(330e) ; et
un corps de soupape de la soupape de régula-
tion de pression (221e) est disposé sur un côté
amont d’une roue de turbine (331) dans la tur-
bine (330e).

6. Système de pile à combustible selon l’une quelcon-
que des revendications 1 à 5, dans lequel :

le trajet d’écoulement de dérivation (230) est
connecté à l’intérieur d’un carter de turbine
(332f) de la turbine (330f) ;
un boîtier de soupape de la soupape de dériva-
tion (240f) est formé d’un seul tenant avec le
carter de turbine (332f) ; et
un corps de soupape de la soupape de dériva-
tion (240f) est disposé sur un côté amont d’une
roue de turbine (331) dans la turbine (330f).

7. Système de pile à combustible selon l’une quelcon-
que des revendications 1 à 6, dans lequel le trajet
d’écoulement de dérivation (230) est connecté à l’in-
térieur d’un carter de turbine (332g) de la turbine
(330g), et une ouverture du trajet d’écoulement de
dérivation (230) dans le carter de turbine (332g) est
orienté pour amener l’air s’écoulant du trajet d’écou-
lement de dérivation (230) dans le carter de turbine
(332g) à s’écouler dans une direction telle qu’il fa-
vorise la rotation d’une roue de turbine (331) de la
turbine (330g).

8. Système de pile à combustible selon l’une quelcon-
que des revendications 1 à 7, dans lequel le contrô-
leur (500) effectue la deuxième commande avec un
nombre de rotation du moteur (320) maintenu cons-
tant.

9. Système de pile à combustible selon l’une quelcon-
que des revendications 1 à 8, dans lequel le contrô-
leur (500) effectue la deuxième commande avec un
rapport de pression maintenu constant, le rapport de
pression étant un rapport d’une pression de l’air as-
piré dans le compresseur (310) à une pression de
l’air évacué du compresseur (310).

10. Procédé de commande d’un système de pile à com-
bustible comprenant une pile à combustible (100),
un trajet d’écoulement d’alimentation en air (210)
configuré pour fournir l’air à la pile à combustible, un
trajet d’écoulement de décharge d’air (220) configu-
ré pour décharger l’air de la pile à combustible, un
compresseur (310) configuré pour alimenter en air
le trajet d’écoulement d’alimentation en air, un mo-
teur (320) configuré pour entraîner le compresseur,
une turbine (330) disposée dans le trajet d’écoule-
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ment de décharge d’air pour aider à l’entraînement
du compresseur par le moteur, un trajet d’écoule-
ment de dérivation (230) configuré pour amener un
côté aval du compresseur (310) dans le trajet d’écou-
lement d’alimentation en air en communication avec
un côté amont de la turbine (330) dans le trajet
d’écoulement de décharge d’air, et une soupape de
dérivation (240) configurée pour ouvrir et fermer le
trajet d’écoulement de dérivation, le procédé
comprenant :

lorsqu’un débit d’air requis qui est un débit d’air
requis pour la production d’énergie de la pile à
combustible est égal ou supérieur à une valeur
de seuil prédéterminée, l’exécution d’une pre-
mière commande dans laquelle (i) la soupape
de dérivation (240) est fermée et (ii) l’entraîne-
ment du moteur (320) est commandé pour faire
circuler l’air à travers la pile à combustible à un
débit correspondant au débit d’air requis (S
120) ; et
lorsque le débit d’air requis est inférieur à la va-
leur de seuil prédéterminée, l’exécution d’une
deuxième commande dans laquelle (i) la sou-
pape de dérivation (240) est ouverte pour que
l’air circule également à travers le trajet d’écou-
lement de dérivation (230) et (ii) l’entraînement
du moteur (320) est commandé pour faire circu-
ler l’air à travers la pile à combustible au débit
correspondant au débit d’air requis (S130,
S140, S150), caractérisé en ce que :
la valeur de seuil prédéterminée est une valeur
déterminée sur la base d’un débit auquel la con-
sommation d’énergie du moteur (320) par rap-
port à un débit d’air déchargé du compresseur
(310) dans le système de pile à combustible de-
vient minimale.
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