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ABSTRACT

Provided is a wet state control method for a fuel cell system in which
cathode gas isv supplied to a fuel cell while the cathode gas partially bypasses
the fuel cell, the wet state control method being for controlling a wet state of
the fuel cell by adjusting wet control parameters including a bypass valve
opening degree, a cathode gas pressure, and a cathode gas flow rate. When
the fuel cell is controlled to increase the degree of wetness, at least either one
of the cathode gas flow rate and the cathode gas pressure is adjusted in

priority to adjustment of the bypass valve opening degree.
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DESCRIPTION
WET STATE CONTROL METHOD FOR FUEL CELL SYSTEM AND WET
STATE CONTROL DEVICE FOR THE SAME

TECHNICAL FIELD
[0001] The present invention relates to a wet state control method for a fuel

cell system and a wet state control device for the same.

BACKGROUND ART
[0002] There has been known a fuel cell system in which cathode gas
supplied from a compressor to a cathode system is partially introduced into a
bypass passage so as to bypass a fuel cell. JP 2010-114039 A discloses one

example of such a fuel cell system.

SUMMARY OF INVENTION

[0003] In the fuel cell system of JP 2010-114039 A, even if a compressor
operates as intended according to a load of a fuel cell, a pressure and a flow
rate of a cathode system may change differently from a request of the load,
from various viewpoints such as dilution of anode off-gas and prevention of
turbo surge. This might result in that a cathode gas flow rate to be supplied
to the fuel cell is not maintained appropriately and a wet state of the fuel cell is
not kept suitably.

[0004] The present invention has been accomplished in consideration of
such a problem, and an object of the present invention is to provide a wet state
control method for a fuel cell system and a wet state control device for the same
each of which can control a wet state of a fuel cell more suitably.

[0005] According to an aspect of the present invention, a wet state control
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method for a fuel cell system in which cathode gas is supplied to a fuel cell while
the cathode gas partially bypasses the fuel cell is provided. The wet state control
method is for controlling a wet state of the fuel cell by adjusting wet control
parameters. The wet control parameters include at least a bypass valve opening
degree, a cathode gas pressure, and a cathode gas flow rate. In particular, the
method includes controlling the fuel cell to increase the degree of wetness such
that at least either one of the cathode gas flow rate and the cathode gas pressure
is adjusted in priority to adjustment of the bypass valve opening degree.

In another embodiment, the present invention provides a wet state
control method for a fuel cell system in which cathode gas is supplied to a fuel
cell while the cathode gas partially bypasses the fuel cell, the wet state control
method being for controlling a wet state of the fuel cell by adjusting wet control
parameters so that the wet state of the fuel cell approaches a target wet state,

wherein the wet control parameters include at least a bypass valve opening
degree, a cathode gas pressure, and a cathode gas flow rate, and
the method comprising:
controlling the fuel cell to increase the degree of wetness such that:
at least either one of decreasing of the cathode gas flow rate and
increasing of the cathode gas pressure is performed; and
the bypass valve opening degree is increased so as to supplement
the control on the fuel cell to increase the degree of wetness by the at least either
one of the decreasing of the cathode gas flow rate and the increasing of the
cathode gas pressure.
In another embodiment, the present invention provides a wet state

control device for a fuel cell system, the wet state control device comprising:

a fuel cell;

‘CA 3017437 2019-04-05
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a cathode gas supply device configured to supply cathode gas to a
cathode system including the fuel cell;

a bypass passage via which the cathode gas supplied from the cathode gas
supply device to the fuel cell partially bypasses the fuel cell;

a bypass valve provided in the bypass passage;

a bypass valve opening degree adjusting device configured to adjust an
opening degree of the bypass valve;

a cathode gas pressure adjusting device configured to adjust a cathode gas
pressure;

a cathode gas flow rate adjusting device configured to adjust a cathode gas
flow rate supplied from the cathode gas supply device to the cathode system;

a wet-state acquisition device configured to acquire a wet state of the fuel
cell;

a bypass valve opening degree acquisition device configured to acquire an
opening degree of the bypass valve;

a cathode gas pressure acquiring portion configured to acquire the cathode
gas pressure;

a cathode gas flow rate acquiring portion configured to acquire the cathode
gas flow rate; and

a priority setting portion configured to set priorities of adjustment of the
bypass valve opening degree by the bypass valve opening degree adjusting device,
adjustment of the cathode gas pressure by the cathode gas pressure adjusting
device, and adjustment of the cathode gas flow rate by the cathode gas flow rate
adjusting device, wherein

the priority setting portion is configured to set the priorities such that at

CA 3017437 2019-08-21
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least one of the adjustment of the cathode gas pressure by the cathode gas
pressure adjusting device and the adjustment of the cathode gas flow rate
by the cathode gas flow rate adjusting device is performed in priority to the
adjustment of the bypass valve opening degree by the bypass valve opening

degree adjusting device in a wet operation of the fuel cell.

BRIEF DESCRIPTION OF DRAWINGS
[0006] [FIG. 1] FIG. 1 is a view illustrating a configuration of a fuel cell
system in an embodiment of the present invention.
[FIG. 2] FIG. 2 is a block diagram to describe an overall function
of a controller for a wet control.
[FIG. 3] FIG. 3 is a view to describe details of a control by a

membrane wetness F/B control portion.

[FIG. 4] FIG. 4 is a view to describe a calculation mode of a target
water balance.

[FIG. 5] FIG. 5 is a view to describe a logic to set priorities of wet
control parameters in a wet operation.

[FIG. 6] FIG. 6 is a view to describe a membrane wetness control
map.

[FIG. 7] FIG. 7 is a map indicative of a relationship between a
bypass valve opening degree and a bypass flow rate ratio.

[FIG. 8] FIG. 8 is a view to describe a function of a target pressure

calculation portion.

CA 3017437 2019-08-21
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[FIG. 9] FIG. 9 is a block diagram to describe a calculation mode of a
target pressure.

[FIG. 10] FIG. 10 is a view to describe a function of a target flow rate
calculation portion.

[FIG. 11] FIG. 11 is a block diagram to describe a calculation mode
of a target flow rate.

[FIG. 12] FIG. 12 is a view to describe a function of a flow
rate-pressure F/B control portion.

[FIG. 13] FIG. 13 is a block diagram to describe a control on an
anode system.

[FIG. 14] FIG. 14 illustrates one example of a target HRB rotation
number map.

[FIG. 15] FIG. 15 is a flowchart to describe a wet control in the fuel
cell system.

[FIG. 16] FIG. 16 is a flowchart to describe a flow of the wet
operation.

[FIG. 17] FIG. 17 is a table illustrating a relationship between the
priorities of the wet control parameters in the wet operation and
increase/decrease tendencies of the wet control parameters.

[FIG. 18] FIG. 18 is a view to describe one example of a state change
of the fuel cell system in the wet operation at a given request load.

[FIG. 19] FIG. 19 is a flowchart to describe a flow of a dry operation.

[FIG. 20] FIG. 20 is a table illustrating a relationship between
priorities of the wet control parameters in the dry operation and
increase/decrease tendencies of the wet control parameters.

[FIG. 21] FIG. 21 is a time chart to describe a time flow of the wet

control in the fuel cell system.
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DESCRIPTION OF EMBODIMENTS
[0007] With reference to the attached drawings, the following describes
an embodiment of the present invention.
[0008] FIG. 1 is a configuration diagram illustrating one example of a
configuration of a fuel cell system 100 in the embodiment of the present
invention.
[0009] The fuel cell system 100 illustrated in the figure constitutes a
power supply system for causing a fuel cell to generate electric power
according to an electric load by supplying anode gas (fuel) and cathode gas
(air) necessary for power generation to a fuel cell stack 1 as the fuel cell from
its outside.
[0010] The fuel cell system 100 includes the fuel cell stack 1, a cathode
gas supply/discharge device 2, an anode gas supply/discharge device 3, a
stack cooling device 4, a loading device 5, an impedance measuring device 6,
and a controller 200.
[0011] As described above, the fuel cell stack 1 is a laminated cell in
which a plurality of fuel cells is laminated. The fuel cell stack 1 is connected
to the loading device 5 and supplies electric power to the loading device 5.
The fuel cell stack 1 causes a direct-current voltage of several hundred volts
(V), for example. Further, the fuel cell constituting the fuel cell stack 1 is
mainly constituted by an electrolyte membrane, an anode electrode and a
cathode electrode. Here, the electrolyte membrane shows a good electrical
conduction property with an appropriate degree of wetness (moisture
content]. In the following description, a wet state of the electrolyte membrane

in each fuel cell is referred to as a "wet state of the fuel cell stack 1" or a "wet
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state of the fuel cell," or just referred to as a "wet state.” Also, an increase in
degree of wetness (moisture content) may be referred to herein as “a wet side”,
and similarly, a decrease in degree of wetness (moisture content) may be

referred to herein as “a dry side”.

[0012] The cathode gas supply/discharge device 2 is a device configured to

" CA 3017437 2019-04-05
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supply cathode gas to the fuel cell stack 1 and to discharge, to the atmosphere,
cathode off-gas discharged from the fuel cell stack 1.

[0013] The cathode gas supply/discharge device 2 includes a cathode gas
supply passage 21, a compressor 22, an air flow meter 23, an intercooler 24, a
cathode pressure sensor 25, a cathode gas discharge passage 26, a cathode
pressure control valve 27, a bypass passage 28, and a bypass valve 29.

[0014] The cathode gas supply passage 21 is a passage via which the
cathode gas is supplied to the fuel cell stack 1. One end of the cathode gas
supply passage 21 is opened and the other end thereof is connected to a
cathode gas inlet hole of the fuel cell stack 1.

[0015] The compressor 22 supplies air including oxygen to a cathode
system including the cathode gas supply passage 21, the fuel cell stack 1, the
bypass passage 28, and the cathode gas discharge passage 26. The
compressor 22 is provided in an open end at the one end of the cathode gas
supply passage 21.

[0016] Further, the compressor 22 is driven by a compressor motor 22a so
as to take the air into the fuel cell system 100 from the open end of the cathode
gas supply passage 21, so that the air is supplied to the fuel cell stack 1 via the
cathode gas supply passage 21. A rotation speed of the compressor motor
22a, that is, an output (hereinafter also referred to as a compressor output) of
the compressor 22 is controlled by the controller 200.

[0017] More specifically, the compressor motor 22a is provided with a
rotation number sensor 22b for detecting the rotation speed thereof. The
rotation number sensor 22b outputs a detection signal of the rotation speed of
the compressor motor 22a to the controller 200. Based on the detection
signal from the rotation number sensor 22b, the controller 200 adjusts the

rotation speed of the compressor motor 22a, that is, the output of the
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compressor 22. Note that the compressor 22 can be constituted by a turbo
compressor or a displacement-type compressor, for example.

[0018]  The air flow meter 23 is provided in an inlet of the compressor 22.
The air flow meter 23 functions as a cathode gas flow rate acquiring portion for
detecting a flow rate of the cathode gas to be supplied to the cathode gas
supply passage 21. In the following description, the flow rate of the cathode
gas is also referred to as a "compressor flow rate." The air flow meter 23
outputs a detection signal of the compressor flow rate to the controller 200.
[0019] The intercooler 24 cools down the air discharged from the
compressor 22 to the cathode gas supply passage 21 and sent to the fuel cell
stack 1.

[0020] In the cathode gas supply passage 21, the cathode pressure sensor
25 is provided between the intercooler 24 and the fuel cell stack 1 and on the
upstream side from a junction between the cathode gas supply passage 21 and
the bypass passage 28. The cathode pressure sensor 25 detects a pressure of
the cathode gas in the cathode gas discharge passage 26. In the following
description, the pressure of the cathode gas in the cathode gas discharge
passage 26 is also referred to as a "cathode gas pressure." The cathode
pressure sensor 25 outputs a detection signal of the cathode gas pressure to
the controller 200.

[0021] The cathode gas discharge passage 26 is a passage via which
cathode off-gas is discharged from the fuel cell stack 1. One end of the
cathode gas discharge passage 26 is connected to a cathode gas outlet hole of
the fuel cell stack 1 and the other end thereof is opened.

[0022]  The cathode pressure control valve 27 adjusts a pressure of the
cathode gas system. In the cathode gas discharge passage 26, the cathode

pressure control valve 27 is provided on the downstream side from a junction
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between the cathode gas discharge passage 26 and the bypass passage 28.
As the cathode pressure control valve 27, a solenoid valve configured such that
its valve opening degree is gradually changeable is used, for example. The
cathode pressure control valve 27 is controlled by the controller 200 so as to be
opened and closed. The cathode gas pressure is adjusted to a desired
pressure by the opening/closing control. As the opening degree of the
cathode pressure control valve 27 becomes larger, the cathode pressure
control valve 27 is opened, and as the opening degree of the cathode pressure
control valve 27 becomes smaller, the cathode pressure control valve 27 is
closed. Note that, in the cathode gas discharge passage 26, the cathode
pressure control valve 27 may be provided on the upstream side from the
junction between the cathode gas discharge passage 26 and the bypass
passage 28.
[0023] The bypass passage 28 is a passage via which a part of the cathode
gas from the compressor 22 bypasses the fuel cell stack 1. In the present
embodiment, the bypass passage 28 is connected to a part, on the downstream
side from the cathode pressure sensor 25, in the cathode gas supply passage
21 and a part, on the upstream side from the cathode pressure control valve
27, in the cathode gas discharge passage 26.
[0024] The bypass valve 29 is provided in the bypass passage 28. The
bypass valve 29 is a valve for adjusting a cathode gas flow rate (hereinafter also
referred to as a "bypass flow rate") to be supplied to the cathode gas discharge
passage 26 by bypassing the fuel cell stack 1 and is configured such that an
opening degree can be continuously adjusted by the controller 200. Note
that, in the following description, a supply flow rate of the cathode gas (a fuel
cell supply flow rate) to the fuel cell stack 1, obtained by subtracting the

bypass flow rate from the compressor flow rate, is also referred to as a "stack
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supply flow rate.”

[0025] Further, the bypass valve 29 is provided with an opening degree
sensor 29a for detecting its opening degree. The opening degree sensor 29a
outputs a detection signal of the opening degree (hereinafter just referred to as
a "bypass valve opening degree") of the bypass valve 29 to the controller 200.
[0026] The anode gas supply/discharge device 3 is a device configured to
supply anode gas to the fuel cell stack 1 and to introduce, into the fuel cell
stack 1 in a circulated manner, anode off-gas discharged from the fuel cell
stack 1.

[0027] The anode gas supply/discharge device 3 includes a high-pressure
tank 31, an anode gas supply passage 32, an anode pressure control valve 33,
an ejector 34, an anode gas circulation passage 35, an anode gas circulation
blower 36, an anode pressure sensor 37, a purge passage 38, and a purge
valve 39.

[0028] The high-pressure tank 31 is configured such that the anode gas to
be supplied to the fuel cell stack 1 is kept in a high-pressure state and is stored
therein.

[0029] The anode gas supply passage 32 is a passage via which the anode
gas stored in the high-pressure tank 31 is supplied to the fuel cell stack 1.
One end of the anode gas supply passage 32 is connected to the high-pressure
tank 31 and the other end thereof is connected to an anode gas inlet hole of the
fuel cell stack 1 via the ejector 34.

[0030] The anode pressure control valve 33 adjusts a pressure of the anode
gas supply passage 32 constituting a fuel system. The anode pressure control
valve 33 is provided in the anode gas supply passage 32 between the
high-pressure tank 31 and the ejector 34. When an opening degree of the

anode pressure control valve 33 is changed, a pressure of the anode gas to be
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supplied to the fuel cell stack 1 is increased or decreased.
[0031] As the anode pressure control valve 33, a solenoid valve configured
such that its valve opening degree is gradually changeable is used, for
example. The anode pressure control valve 33 is controlled by the controller
200 so as to be opened and closed. The pressure of the anode gas to be
supplied to the fuel cell stack 1 is adjusted by the opening/closing control.
{0032] The ejector 34 is provided in the anode gas supply passage 32
between the anode pressure control valve 33 and the fuel cell stack 1. The
gjector 34 is a mechanical pump provided in a part where the anode gas
circulation passage 35 is joined to the anode gas supply passage 32.
[0033] The anode gas circulation passage 35 is a passage constituting the
fuel system and is connected to the anode gas supply passage 32 via a suction
port of the ejector 34.
[0034] The anode gas circulation blower 36 is provided on the upstream
side from the ejector 34 in the anode gas circulation passage 35. The anode
gas circulation blower 36 circulates the anode off-gas to the fuel cell stack 1 via
the ejector 34. A rotation speed of the anode gas circulation blower 36 is
controlled by the controller 200. Hereby, a flow rate of the anode gas
circulating through the anode gas circulation passage 35 is adjusted. In the
following description, the flow rate of the anode gas circulating to the fuel cell
stack 1 is also referred to as an "anode gas circulation flow rate."
[0035] The anode pressure sensor 37 is provided in the anode gas supply
passage 32 between the ejector 34 and the fuel cell stack 1. The anode
pressure sensor 37 detects the pressure of the anode gas to be supplied to the
fuel cell stack 1. In the following description, the pressure of the anode gas to
be supplied to the fuel cell stack 1 is also just referred to as an "anode gas

pressure." The anode pressure sensor 37 outputs a signal of a detected anode
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gas pressure to the controller 200.

[0036] The purge passage 38 branches off from the anode gas circulation
passage 35 so as to be joined to the cathode gas discharge passage 26 on the
downstream side from the cathode pressure control valve 27. The purge
passage 38 is a passage via which impurities such as nitrogen gas included in
the anode off-gas and water produced by power generation are discharged to
the outside. Hereby, the anode off-gas discharged via the purge passage 38 is
mixed with the cathode off-gas in the cathode gas discharge passage 26, so
that a hydrogen concentration in the mixed gases is maintained at a
predetermined value or less.

[0037] The purge valve 39 is provided in the purge passage 38. The purge
valve 39 adjusts an amount of the impurities to be discharged via the purge
passage 38 according to an opening degree of the purge valve 39. The opening
degree of the purge valve 39 is controlled by the controller 200.

[0038] Note that a gas/liquid separator may be provided in a junction
between the anode gas circulation passage 35 and the purge passage 38, so
that the impurities are divided into a liquid component and a gas component
such that the liquid component is discharged from a discharge system (not
shown) to outside the system and only the gas component is introduced into
the purge passage 38.

[0039] The stack cooling device 4 is a device for cooling a temperature of the
fuel cell stack 1. The stack cooling device 4 includes a coolant circulation
passage 41, a coolant pump 42, a radiator 43, a coolant bypass passage 44, a
three-way valve 45, an inlet coolant temperature sensor 46, and an outlet
coolant temperature sensor 47

[0040] The coolant circulation passage 41 is a passage through which a

coolant is circulated to the fuel cell stack 1. One end of the coolant
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circulation passage 41 is connected to a coolant inlet hole of the fuel cell stack
1 and the other end thereof is connected to a coolant outlet hole of the fuel cell
stack 1.

[0041] The coolant pump 42 is provided in the coolant circulation passage
41. The coolant pump 42 supplies the coolant to the fuel cell stack 1 via the
radiator 43. A rotation speed of the coolant pump 42 is controlled by the
controller 200.

[0042] The radiator 43 is provided on the downstream side from the coolant
pump 42 in the coolant circulation passage 41. The radiator 43 cools down,
by a fan, the coolant heated inside the fuel cell stack 1.

[0043] The coolant bypass passage 44 is a passage that bypasses the
radiator 43 and is a passage through which the coolant discharged from the
fuel cell stack 1 is returned to the fuel cell stack 1 in a circulated manner.
One end of the coolant bypass passage 44 is connected between the coolant
pump 42 and the radiator 43 in the coolant circulation passage 41, and the
other end thereof is connected to one end of the three-way valve 45.

(0044] The three-way valve 45 adjusts a temperature of the coolant to be
supplied to the fuel cell stack 1. The three-way valve 45 is realized by a
thermostat, for example. The three-way valve 45 is provided in a part where
the coolant bypass passage 44 is joined to the coolant circulation passage 41
between the radiator 43 and the coolant inlet hole of the fuel cell stack 1.
[0045] The inlet coolant temperature sensor 46 and the outlet coolant
temperature sensor 47 detect the temperature of the coolant. The
temperature of the coolant is used as a temperature of the fuel cell stack 1 or a
temperature of the cathode gas.

[0046]  The inlet coolant temperature sensor 46 is provided in the coolant

circulation passage 41 at a position near the coolant inlet hole formed in the
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fuel cell stack 1. The inlet coolant temperature sensor 46 detects a
temperature of the coolant to flow into the coolant inlet hole of the fuel cell
stack 1. In the following description, the temperature of the coolant to flow
into the coolant inlet hole of the fuel cell stack 1 is referred to as a "stack inlet
coolant temperature." The inlet coolant temperature sensor 46 outputs a
detection signal of the stack inlet coolant temperature to the controller 200.
[0047] The outlet coolant temperature sensor 47 is provided in the coolant
circulation passage 41 at a position near the coolant outlet hole formed in the
fuel cell stack 1. The outlet coolant temperature sensor 47 detects a
temperature of the coolant discharged from the fuel cell stack 1. In the
following description, the temperature of the coolant discharged from the fuel
cell stack 1 is referred to as a "stack outlet coolant temperature." The outlet
coolant temperature sensor 47 outputs a detection signal of the stack outlet
coolant temperature to the controller 200.
[0048] In the present embodiment, an average value of respective detection
values of the inlet coolant temperature sensor 46 and the outlet coolant
temperature sensor 47 is calculated by the controller 200. The average value
isused as a stack temperature. Note that the stack temperature is not limited
to the average value of the detection values of the inlet coolant temperature
sensor 46 and the outlet coolant temperature sensor 47, and the controller
200 may acquire, as the stack temperature, a smaller one or a larger one of the
detection values of the inlet coolant temperature sensor 46 and the outlet
coolant temperature sensor 47, for example.
[0049] The loading device 5 is driven by receiving generated electric power
supplied from the fuel cell stack 1. The loading device 5 may be an electric
motor for driving a vehicle, a control unit for controlling the electric motor,

accessories for assisting power generation of the fuel cell stack 1, and the like,
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for example. The accessories of the fuel cell stack 1 may be the compressor
22, the anode gas circulation blower 36, the coolant pump 42, and the like, for
example.

[0050] Note that the control unit for controlling the loading device 5
outputs electric power necessary for operation of the loading device 5 to the
controller 200 as electric power requested to the fuel cell stack 1. For
example, as a stepping amount of an accelerator pedal provided in the vehicle
becomes larger, requested electric power of the loading device 5 becomes
larger. In the present embodiment, the requested electric power of the
loading device 5 corresponds to a request load.

[0051] A current sensor 51 and a voltage sensor 52 are placed between the
loading device 5 and the fuel cell stack 1.

[0052] The current sensor 51 is connected to a power-source line between a
positive terminal 1p of the fuel cell stack 1 and a positive terminal of the
loading device 5. The current sensor 51 detects a current output from the
fuel cell stack 1 to the loading device 5. In the following description, the
current output from the fuel cell stack 1 to the loading device 5 is also referred
to as a "stack output current."” The current sensor 51 outputs a detection
signal of the stack output current to the controller 200.

[0053] The voltage sensor 52 is connected between the positive terminal 1p
and a negative terminal 1n of the fuel cell stack 1. The voltage sensor 52
detects a terminal-to-terminal voltage that is a voltage between the positive
terminal lp and a negative terminal 1ln. In the following description, the
terminal-to-terminal voltage of the fuel cell stack 1 is referred to as a "stack
output voltage." The voltage sensor 52 outputs a detection signal of the stack
output voltage to the controller 200.

[0054] The impedance measuring device 6 functions as a wet-state
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acquisition device for acquiring the wet state of the electrolyte membrane.
The impedance measuring device 6 is connected to the fuel cell stack 1 and
measures an internal impedance of the fuel cell stack 1 that has a correlation
with the wet state of the electrolyte membrane.

[0055] Generally, as the moisture content (moisture) of the electrolyte
membrane decreases, that is, as the electrolyte membrane becomes drier, the
internal impedance becomes larger. In the meantime, as the moisture
content of the electrolyte membrane increases, that is, as the electrolyte
membrane becomes wetter, the internal impedance becomes smaller. On this
account, in the present embodiment, the internal impedance of the fuel cell
stack 1 is used as a parameter indicative of the wet state of the electrolyte
membrane.

[0056]  The impedance measuring device 6 supplies an alternating current
having a high frequency suitable to detect an electric resistance of the
electrolyte membrane, for example, and calculates an internal impedance by
dividing the amplitude of an alternating voltage to be output by the amplitude
of the alternating current.

[0057] In the following description, the internal impedance calculated
based on the alternating voltage and the alternating current at the high
frequency is also referred to as an HFR (a high frequency resistance}. The
impedance measuring device 6 outputs an HFR value thus calculated to the
controller 200 as an HFR measured value.

[0058] The controller 200 is constituted by a microcomputer including a
central processing unit (CPU), a read only memory (ROM), a random access
memory (RAM), and an input-output interface (I/O interface).

[0059]  The controller 200 acquires, as input signals, at least detection

signals from the impedance measuring device 6, the rotation number sensor
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22b, the air flow meter 23, the cathode pressure sensor 25, the opening degree
sensor 29a, the anode pressure sensor 37, the inlet coolant temperature
sensor 46, the outlet coolant temperature sensor 47, and an atmospheric
pressure sensor 50, a request load from the loading device 5, and the like.
[0060] Particularly, in the present embodiment, the controller 200 operates
the compressor 22 (the compressor motor 22a), the cathode pressure control
valve 27, and the bypass valve 29 based on the input signals, so as to adjust
the compressor flow rate, the cathode gas pressure, and the bypass valve
opening degree (the bypass flow rate). Further, the controller 200 adjusts the
opening degree of the anode pressure control valve 33 and the output of the
anode gas circulation blower 36, so as to control the anode gas flow rate and
the anode gas pressure. Further, the controller 200 controls the temperature
of the fuel cell stack 1 by adjusting the output of the coolant pump 42 and the
opening degree of the three-way valve 45 according to a parameter related to
an operating state of the fuel cell system 100.

[0061] Particularly, in the present embodiment, the controller 200
performs a wet control to adjust the compressor flow rate, the cathode gas
pressure, and the bypass valve opening degree so that the wet state of the fuel
cell stack 1 is maintained to a state suitable for power generation.

[0062] That is, in the wet control of the present embodiment, the controller
200 controls mainly three wet control parameters, i.e., the compressor flow
rate, the cathode gas pressure, and the bypass valve opening degree. That s,
actuators controlled by the controller 200 in the wet control are the
compressor 22, the cathode pressure control valve 27, and the bypass valve
29.

[0063] Further, in the present embodiment, the wet control performed by

the controller 200 includes a "dry operation" that is an operation to shift the
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wet state of the fuel cell stack 1 to a dry side so as to reduce redundant
moisture in the electrolyte membrane, and a "wet operation" to shift the wet
state of the fuel cell stack 1 to a wet side so as to increase moisture in the
electrolyte membrane.

[0064] The wet operation includes an operation to decrease the compressor
flow rate (to decrease the output of the compressor 22), an operation to
increase the cathode gas pressure (to decrease the opening degree of the
cathode pressure control valve 27), and an operation to increase the bypass
valve opening degree (to increase the bypass flow ratej.

[0063] Here, the operation to decrease the compressor flow rate also
decreases the stack supply flow rate, so that wetting of the fuel cell stack 1
proceeds.

[0066] Further, in the operation to increase the cathode gas pressure, as
the cathode gas pressure increases, an amount of water to be discharged from
the fuel cell stack 1 decreases. Accordingly, moisture is further kept inside
the fuel cell stack 1, so that wetting of the fuel cell stack 1 further proceeds.
[0067] Further, in the operation to increase the bypass valve opening
degree, the stack supply flow rate decreases, so that wetting of the fuel cell
stack 1 proceeds.

[0068] Further, the dry operation includes an operation to decrease the
bypass valve opening degree (to decrease the bypass flow rate), an operation to
decrease the cathode gas pressure (to increase the opening degree of the
cathode pressure control valve 27), and an operation to increase the
compressor flow rate (to improve the output of the compressor 22).

[0069] Here, in the operation to decrease the bypass valve opening degree,
the stack supply flow rate increases, so that drying of the fuel cell stack 1

proceeds.
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[0070] Further, in the operation to decrease the cathode gas pressure, as
the cathode gas pressures decreases, an amount of water to be discharged
from the fuel cell stack 1 increases. Accordingly, water is further discharged
from the fuel cell stack 1, so that drying of the fuel cell stack 1 further
proceeds.
[0071] Here, the compressor flow rate is determined according to a request
load, a dilution request, and a minimum flow rate for surging prevention.
However, from the viewpoint of the dilution request and surging prevention, in
a case where the compressor flow rate exceeds a necessary stack supply flow
rate according to the request load, it is conceivable that the bypass valve
opening degree is increased so that an excessive amount of the cathode gas
bypasses the fuel cell stack 1 via the bypass passage 28, thereby maintaining
the stack supply flow rate appropriately.
[0072] However, in this case, for example, when the bypass valve opening
degree is increased in a state where the cathode gas pressure is low and a
pressure difference between the cathode gas supply passage 21 and the
cathode gas discharge passage 26 is large, the stack supply flow rate may
become lower than a request flow rate. Further, when the bypass valve
opening degree is increased in a state where the compressor flow rate is
excessive to a lower limit flow rate corresponding to the request load, the
compressor output is controlled to an excessive state, so that power
consumption increases.
[0073] In view of this, in the present embodiment, in a case where the wet
state of the fuel cell is on the dry side from its target and the wet operation is
performed by use of the bypass valve opening degree, the cathode gas
pressure, and the cathode gas flow rate as the wet control parameters, the

operation to decrease the compressor flow rate and the operation to increase
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the cathode gas pressure are performed in priority to the operation to increase
the bypass valve opening degree.

[0074] This can prevent such a situation that, in the wet operation, the
bypass valve opening degree is increased while the compressor flow rate is not
decreased sufficiently, so that the cathode gas is supplied to the fuel cell stack
1 excessively. Further, it is possible to prevent such a situation that the
bypass valve opening degree is increased in a state where the cathode gas
pressure is not increased sufficiently so that the stack supply flow réte is
decreased and an output voltage and a cell voltage are decreased.

[0075] Further, in a case where the wet state of the fuel cell is on the wet
side from its target and the dry operation is performed, the operation to
decrease the bypass valve opening degree is performed in priority to the
operation to increase the compressor flow rate and the operation to decrease
the cathode gas pressure.

[0076] Here, the "priority" in the present embodiment indicates that, at the
time of the wet operation or the dry operation, a control amount of one wet
control parameter among adjustment of the compressor flow rate, adjustment
of the cathode gas pressure, and adjustment of the bypass valve opening
degree is maximized (or made predominant) in priority to the adjustment of the
other wet control parameters.

[0077] For example, in the present embodiment, in the wet operation, the
compressor flow rate is adjusted to be as large as possible (a first priority),
then, the opening degree of the cathode pressure control valve 27 is adjusted to
be as large as possible (a second priority), and finally, the bypass valve opening
degree is adjusted to decrease (a third priority).

[0078]  The following describes a control structure for the wet operation and

the dry operation in the present embodiment and its logic in detail.
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[0079] FIG. 2 is a block diagram to describe an overall function of the
controller 200 in terms of the wet control in the present embodiment.
[0080] As illustrated herein, the controller 200 includes a membrane
wetness F/B control portion B101, a target pressure calculation portion B102,
a target flow rate calculation portion B103, and a flow rate-pressure F/B
control portion B104.
[0081] The membrane wetness F/B control portion B101 calculates a wet
control request target pressure as a target value of the cathode gas pressure
determined from the viewpoint of the wet state of the fuel cell, and a wet control
request target flow rate as a target value of the compressor flow rate
determined from the viewpoint of the wet state of the fuel cell. The membrane
wetness F/B control portion B101 then outputs the wet control request target
pressure and the wet control request target flow rate thus calculated to the
target pressure calculation portion B102 and the target flow rate calculation
portion B103, respectively.
[0082]  The target pressure calculation portion B102 calculates a target
pressure as a final target value of the cathode gas pressure based on the wet
control request target pressure thus input therein, and outputs it to the target
flow rate calculation portion B103 and the flow rate-pressure F/B control
portion B104.
[0083] The target flow rate calculation portion B103 calculates a target flow
rate as a final target value of the compressor flow rate based on the target
pressure and the wet control request target flow rate thus input therein, and
outputs it to the flow rate-pressure F/B control portion B104.
[0084] The flow rate-pressure F/B control portion B104 performs a
feedback control on the compressor 22 and the cathode pressure control valve

27 based on the target pressure and the target flow rate thus input therein.
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The following more specifically describes a cathode control in the wet control
according to the present embodiment with reference to FIGS. 3 to 12.
[0085] FIG. 3 is a view to describe details of a control by the membrane
wetness F/B control portion B101.
[0086] As illustrated herein, the request load from the loading device 5, the
HFR value calculated in the impedance measuring device 6, a detection value
of the compressor flow rate (hereinafter also referred to as a "compressor flow
rate detection value") from the air flow meter 23, a detection value of the
cathode gas pressure (hereinafter also referred to as a "cathode gas pressure
detection value") from the cathode pressure sensor 25, the stack temperature
based on the detection values of the inlet coolant temperature sensor 46 and
the outlet coolant temperature sensor 47, and an atmospheric pressure
detection value from the atmospheric pressure sensor 50 are input into the
membrane wetness F/B control portion B101. The membrane wetness F/B
control portion B101 calculates the wet control request target pressure and
the wet control request target flow rate based on those values. Here, details of
the calculation of the wet control request target pressure and the wet control
request target flow rate by the membrane wetness F/B control portion B101
will be described.
[0087] FIG. 4 is a view to describe a calculation mode of a target water
balance by the membrane wetness F/B control portion B101. Further, FIG. 5
is a view to describe a logic to set priorities of the wet control parameters in the
wet operation by the membrane wetness F/B control portion B101.
[0088] As illustrated in FIGS. 4 and 5, the membrane wetness F/B control
portion B101 includes a target HFR calculation portion B1011, a target water
balance calculation portion B1012, a priority setting portion B1013, a wet

control request target pressure calculation portion B1014, a wet control
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request target flow rate calculation portion B1015, and a target bypass valve
opening degree calculation portion B1016.

[0089] The request load is input into the target HFR calculation portion
B1011. The target HFR calculation portion B1011 calculates a target HFR as
a target value of the HFR value from a predetermined membrane wetness
control map based on the request load.

{0090] FIG. 6 is a view illustrating the membrane wetness control map. In
the membrane wetness control map, in a region I where the request load is
relatively small, a request power generation amount is small and an amount of
liquid water in the fuel cell can be made small, so that the target HFR takes a
predetermined constant value that is relatively large.

[0091] Further, in a region II where the request load takes an intermediate
value, as the request load increases, the fuel cell is controlled further toward
the wet side, so that a power generation state is maintained appropriately.
Accordingly, in the region II, as the request load increases, the target HFR
becomes smaller.

[0092] Further, in a region Il where the request load is relatively large, the
compressor flow rate is sufficiently large, so that influence of liquid water
retained in the fuel cell stack 1 is small. On that account, the target HFR
within a high request load is set to a constant value that is rclatively smallest.
[0093] Referring back to FIG. 4, the target HFR calculation portion B1011
outputs the target HFR thus calculated.

[0094] A value (hereinafter the value is also referred to as an "HFR
deviation") obtained by subtracting the HFR measured value from the target
HFR is input into the target water balance calculation portion B1012. The
target water balance calculation portion B1012 calculates a target water

balance based on the HFR deviation.
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[00935] Here, the target water balance indicates a balance between an
amount of water produced along with power generation of the fuel cell stack 1
and an amount of water discharged outside the fuel cell system 100 from the
fuel cell stack 1.
[0096] That is, the target water balance is a parameter indicative of excess
or shortage of moisture from a target wet state in the fuel cell. More
specifically, when a value obtained by subtracting an actual water balance as
an actual water balance of the fuel cell stack 1 from the target water balance is
a positive value, it means that the fuel cell is dry and the wet operation is
requested. Meanwhile, when the value obtained by subtracting the actual
water balance from the target water balance is a negative value, it means that
moisture in the fuel cell is excessive and the dry operation is requested.
Accordingly, from the viewpoint of maintaining the wet state of the fuel cell
appropriately, it is aimed that the value obtained by subtracting the target
water balance from the actual water balance is made zero.
[0097] In the present embodiment, the target water balance calculation
portion B1012 calculates a target water balance QF netwater based on

Expression (1) as follows:

[Math. 1]
_ CC_HZO_oul
QF_'net_water - QF_H20_in - C x QC_'dry'out (&P
C _dry_out
wherein:

Qr n20_in indicates an amount of produced water by power generation of

the fuel cell;

Cc_120_out indicates a cathode-outlet steam concentration;
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Cc_dry_out indicates a cathode-outlet dry gas concentration; and
Qc_dry_out indicates a cathode-outlet dry gas flow rate.
[0098] Here, the cathode-outlet steam concentration Ccr2oout 1S a
concentration of steam included in the cathode gas at a cathode outlet of the

fuel cell stack 1, and is found, for example, based on Expression (2) as follows:

[Math. 2]
C . PCHZO_out
C_H20_out — ‘“P"—_ @
C_out
wherein:

Pch2o_out indicates a cathode-outlet steam partial pressure; and

Pc out indicates a cathode-outlet pressure.
[0099] Further, the cathode-outlet steam partial pressure Pch2oout 18 a
partial pressure of the steam included in the cathode gas at the cathode outlet
of the fuel cell stack 1, and is found, for example, based on Expression (3) as
follows:

[Math. 3]

Prno o = EXPH6ST-3985(-30.12+Ts4273.15))

wherein EXP indicates a natural logarithm.

[0100] Further, the cathode-outlet dry gas concentration Cc dryout 1S a
concentration of gas, except the steam, included in the cathode gas at the
cathode outlet of the fuel cell stack 1, and is found, for example, based on
Expression (4} as follows:

[Math. 4]

CC _dry _owt =1- CC_H2O_Q011: (4)
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[0101] Further, the cathode-outlet dry gas flow rate Qc_ary_out 1s a flow rate
of the gas, except the steam, included in the cathode gas at the cathode outlet
of the fuel cell stack 1, and is found, for example, based on Expression (5) as

follows:

[Math. 5]

Qdery_out = QS_in - Qodcxp (5)

wherein:

Qs in indicates a stack supply flow rate; and

Qo_exp indicates an oxygen consumption flow rate.
[0102] The stack supply flow rate Qs_in is found such that the bypass flow
rate as the flow rate of the cathode gas that bypasses the fuel cell stack 1 via
the bypass passage 28 is subtracted from the compressor flow rate, as
described above.
[0103] Further, in the present embodiment, the bypass flow rate can be
calculated based on the bypass valve opening degree and the compressor flow
rate according to a predetermined map.
[0104] FIG. 7 is a map illustrating a relationship between the bypass valve
opening degree and a bypass flow rate ratio. Here, a bypass flow rate ratio A
indicates a ratio of a bypass flow rate in the compressor flow rate
corresponding to the bypass valve opening degree. Accordingly, bypass flow
rate = bypass flow rate ratio A x compressor flow rate is satisfied. Note that,
since the bypass flow rate ratio A is determined based on the bypass valve

opening degree by use of the bypass flow rate map illustrated in FIG. 7, the
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bypass flow rate can be found from the compressor flow rate.
[0105] The oxygen consumption flow rate Qo exp is a flow rate of oxygen in
cathode gas consumed by eclectrochemical reaction in the fuel cell stack 1.
The oxygen consumption flow rate Qo _exp can be found by multiplying a request
load by an oxygen consumption flow rate transformation coefficient
determined in advance by experiment and the like, for example.
[0106] Now referring back to FIG. 4, the target water balance calculation
portion B1012 outputs the target water balance QF net water thus calculated to
the priority setting portion B1013.
[0107] As illustrated in FIG. 5, the compressor flow rate detection value,
the cathode gas pressure detection value, the bypass valve opening degree, the
atmospheric pressure detection value, and the target water balance QF net_water
calculated by the target water balance calculation portion B1012 are input into
the priority setting portion B1013.
[0108] Based on the input values, the priority setting portion B1013 sets
priorities to adjust the wet control parameters, i.e., the cathode gas pressure,
the compressor flow rate, and the bypass valve opening degree used for the wet
control.
[0109]  The priority setting portion B1013, acquires an actual water balance
QF net_water R from the HFR mecasured value based on a predetermined water
balance map. Based on the target water balance QF net water and the actual
water balance Qr net water R, the priority setting portion B1013 determines
which one of the wet operation and the dry operation should be performed.
[0110] More specifically, when target water balance QF net water — actual
water balance Qr net water = > O is satisfied, the priority setting portion B1013
determines that the wet operation should be performed, and when target water

balance QF net water — actual water balance Qr net water ¢ € O 1s satisfied, the
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priority setting portion B1013 determines that the dry operation should be
performed. In the following description, "target water balance QF net_water —
actual water balance QF net water R 1S also referred to as a water balance
deviation AQ.

[0111] Further, the priority setting portion B1013 outputs the water
balance deviation AQ, the stack temperature, the compressor flow rate, and
the bypass valve opening degree as wet state control parameters to the wet
control request target pressure calculation portion B1014. Further, the
priority setting portion B1013 outputs the water balance deviation AQ, the
stack temperature, the cathode gas pressure, and the bypass valve opening
degree as wet state control parameters to the wet control request target flow
rate calculation portion B1015. Moreover, the priority setting portion B1013
outputs the water balance deviation AQ, the stack temperature, the
compressor flow rate, and the cathode gas pressure as wet state control
parameters to the target bypass valve opening degree calculation portion
B10O16.

[0112] Particularly, in the present embodiment, the priority setting portion
B1013 determines appropriately the compressor flow rate and the bypass valve
opening degree to be output to the wet control request target pressure
calculation portion B1014, the cathode gas pressure and the bypass valve
opening degree to be output to the wet control request target flow rate
calculation portion B1015, and the compressor flow rate and the cathode gas
pressure to be output to the target bypass valve opening degree calculation
portion B1016, according to the result of the determination on which one of
the wet operation and the dry operation should be performed, the
determination being made based on whether the water balance deviation AQ is

positive or negative.
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[0113] First, when it is determined that the wet operation should be
performed, the priority setting portion B1013 outputs the target water
balance, the stack temperature, the compressor flow rate detection value as
the compressor flow rate, and a value of O (fully closed} as the bypass valve
opening degree to the wet control request target pressure calculation portion
B1014.
[0114] Further, the priority setting portion B1013 outputs the target water
balance, the stack temperature, the cathode gas pressure detection value as
the cathode gas pressure, and the value of O as the bypass valve opening
degree to the wet control request target flow rate calculation portion B1015.
[0113] Furthermore, the priority setting portion B1013 outputs the target
water balance, the stack temperature, the compressor flow rate detection value
as the compressor flow rate, and the cathode gas pressure detection value as
the cathode gas pressure to the target bypass valve opening degree calculation
portion B1016.
[0116] In the meantime, when it is determined that the dry operation
should be performed, the priority setting portion B1013 outputs the water
balance deviation, the stack temperature, a flow rate minimum value as the
compressor flow rate, and a bypass valve opening degree detection value as the
bypass valve opening degree to the wet control request target pressure
calculation portion B1014.
[0117] Further, the priority setting portion B1013 outputs the target water
balance, the stack temperature, the atmospheric pressure detection value as
the cathode gas pressure, and the bypass valve opening degree detection value
as the bypass valve opening degree to the wet control request target flow rate
calculation portion B1015.
[0118] Furthermore, the priority setting portion B1013 outputs the target
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water balance, the stack temperature, the flow rate minimum value as the
compressor flow rate, and the atmospheric pressure detection value as the
cathode gas pressure to the target bypass valve opening degree calculation
portion B1016.

[0119] Subsequently, the wet control request target pressure calculation
portion B1014 calculates the wet control request target pressure based on the
water balance deviation AQ, the stack temperature, the compressor flow rate,
and the bypass valve opening degree thus input therein from the priority
setting portion B1013.

[0120] More specifically, the wet control request target pressure calculation
portion B1014 performs the calculation so that the wet control request target
pressure becomes higher (or lower) as the input target water balance becomes
larger (or smaller]. Further, the wet control request target pressure
calculation portion B1014 performs the calculation so that the wet control
request target pressure becomes higher (or lower) as the input stack
temperature becomes higher (or lower). Furthermore, the wet control request
target pressure calculation portion B1014 performs the calculation so that the
wet control request target pressure becomes higher (or lower) as the input
compressor flow rate becomes higher (or lower). Furthermore, the wet control
request target pressure calculation portion B1014 performs the calculation so
that the wet control request target pressure becomes lower (or higher) as the
input bypass valve opening degree becomes higher (or lower).

[0121] The wet control request target flow rate calculation portion B1015
calculates the wet control request target flow rate based on the target water
balance, the stack temperature, the cathode gas pressure, and the bypass
valve opening degree input therein from the priority setting portion B1013.

[0122] More specifically, the wet control request target flow rate calculation
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portion B1015 performs the calculation so that the wet control request target
flow rate becomes higher (or lower) as the input target water balance becomes
larger (or smaller). Further, the wet control request target flow rate
calculation portion B1015 performs the calculation so that the wet control
request target flow rate becomes lower (or higher) as the stack temperature
becomes higher (or lower). Further, the wet control request target flow rate
calculation portion B1015 performs the calculation so that the wet control
request target flow rate becomes higher (or lower) as the input cathode gas
pressure becomes higher (or lower). Furthermore, the wet control request
target flow rate calculation portion B1015 performs the calculation so that the
wet control request target flow rate becomes higher (or lower) as the input
bypass valve opening degree becomes higher (or lower).

[0123] The target bypass valve opening degree calculation portion B1016
calculates the target bypass valve opening degree based on the target water
balance, the stack temperature, the compressor flow rate, and the cathode gas
pressure input from the priority setting portion B1013.

[0124] More specifically, the target bypass valve opening degree calculation
portion B1016 performs the calculation so that the target bypass valve opening
degree becomes higher (or lower) as the input target water balance becomes
larger (or smaller). The target bypass valve opening degree calculation portion
B1016 performs the calculation so that the target bypass valve opening degree
becomes higher (or lower) as the input stack temperature becomes higher (or
lower). Further, the target bypass valve opening degree calculation portion
B1016 performs the calculation so that the target bypass valve opening degree
becomes higher (or lower) as the input compressor {flow rate becomes higher (or
lower). Furthermore, the target bypass valve opening degree calculation

portion B1016 performs the calculation so that the target bypass valve opening
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degree becomes lower (or higher) as the input cathode gas pressure becomes
higher (or lower).
[0125] Next will be described calculation of each target value in the wet
operation.
[0126] In the wet operation, as has been described earlier, the target water
balance, the stack temperature, the atmospheric pressure detection value as
the cathode gas pressure, and the value of O as the bypass valve opening
degree are input into the wet control request target flow rate calculation
portion B1015 from the priority setting portion B1013.
[0127] Here, the atmospheric pressure detection value is a minimum value
assumed as the cathode gas pressure, and that the bypass valve opening
degree is zero indicates that the bypass valve 29 is fully closed. Accordingly,
in the wet operation, the wet control request target flow rate calculation
portion B1015 calculates the wet control request target flow rate on the
premise that the cathode gas pressure is lowest and the bypass valve opening
degree is lowest. That is, in order to control the fuel cell toward the wet side,
the wet control request target flow rate is calculated as a value as small as
possible.
[0128] Further, in the wet operation, the target water balance, the stack
temperature, a detection value of the compressor flow rate, and the value of O
as the bypass valve opening degree are input into the wet control request target
pressure calculation portion B1014.
[0129] Here, in the wet operation, the wet control request target pressure
calculation portion B1014 calculates the wet control request target pressure
such that the bypass valve opening degree is zero that is smallest and the
detection value adjusted to a lower side (toward the wet side of the fuel cell

stack 1) by the wet control request target flow rate is used as the compressor
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flow rate. That is, in the wet operation, the wet control request target
pressure is calculated on the premise that the bypass valve opening degree is
lowest and the compressor flow rate is decrcased so that the wet state is
adjusted.

[0130] Further, in the wet operation, the target water balance, the stack
temperature, the detection value of the compressor flow rate, and a detection
value of the cathode gas pressure are input into the target bypass valve
opening degree calculation portion B1016.

[0131]  Accordingly, the target bypass valve opening degree calculation
portion B1016 calculates the target bypass valve opening degree based on the
detection value adjusted to the lower side (toward the wet side of the fuel cell
stack 1) by the wet control request target flow rate, as the compressor flow
rate, and the detection value adjusted to a higher side (toward the wet side of
the fuel cell stack 1) by the wet control request target pressure, as the cathode
gas pressure. That is, the target bypass valve opening degree is calculated so
that an increasing amount of the bypass valve opening degree is set to a
minimum, on the premise that the fuel cell is controlled to the wet side by
decreasing the compressor flow rate and increasing the cathode gas pressure.
[0132] As described above, in the calculation mode of the target values of
the wet control parameters by the wet control request target pressure
calculation portion B1014, the wet control request target flow rate calculation
portion B1015, and the target bypass valve opening degree calculation portion
B1016 in the wet operation, the wet control request target flow rate is
calculated so that the operation to decrease the compressor flow rate most
contributes to the control on the fuel cell to the wet side at the time when the
wet operation is performed.

[0133] Then, the wet control request target pressure is calculated so that
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the operation to increase the cathode gas pressure contributes to the control
on the fuel cell toward the wet side. Finally, the target bypass valve opening
degree is calculated so that a contribution of the operation to increase the
bypass valve opening degree to the control on the fuel cell toward the wet side
is smallest.

[0134] Next will be described the dry operation.

[0135] In the dry operation, the target water balance, the stack
temperature, the flow rate minimum value as the compressor flow rate, and
the atmospheric pressure detection value as the cathode gas pressure are
input into the target bypass valve opening degree calculation portion B1016.
[0136] Here, the flow rate minimum value is a compressor flow rate when
the wet state of the fuel cell stack 1 is maximized. Note that, when the flow
rate minimum value is too low, poor power generation might occur due to an
insufficient supply amount of the cathode gas to the fuel cell stack 1. On the
other hand, when the flow rate minimum value is too high, noise due to
surging and the like might easily occur. Accordingly, in consideration of
those points comprehensively, a lowest value within a range where the
performance of the fuel cell stack 1 can be secured is employed as the flow rate
minimum value. The flow rate minimum value is set in advance by
experiment according to an operating state of the fuel cell.

[0137] Accordingly, in order to control the fuel cell toward the dry side, the
target bypass valve opening degree calculation portion B1016 calculates the
target bypass valve opening degree on the premise that the compressor flow
rate is the flow rate minimum value and the cathode gas pressure is the
atmospheric pressure detection value. That is, the target bypass valve
opening degree calculation portion B1016 calculates the target bypass valve

opening degree so that the bypass valve opening degree is set as small as
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possible.
[0138] Further, in the dry operation, the target water balance, the stack
temperature, the flow rate minimum value as the compressor flow rate, and a
detection value as the bypass valve opening degree are input into the wet
control request target pressure calculation portion B1014.
[0139] Hereby, the wet control request target pressure calculation portion
B1014 calculates the wet control request target pressure based on the flow
rate minimum value that has the smallest contribution to the control on the
fuel cell stack 1 toward the dry side, as the compressor flow rate, and the
detection value adjusted to a lower side (toward the dry side of the fuel cell
stack 1) by the target bypass valve opening degree, as the bypass valve opening
degree.
[0140] Further, in the dry operation, the target water balance, the stack
temperature, the detection value of the bypass valve opening degree, and a
detection value of the cathode gas pressure are input into the wet control
request target flow rate calculation portion B1015. Accordingly, the wet
control request target flow rate calculation portion B1015 calculates the wet
control request target flow rate based on the detection value adjusted to the
lower side (toward the dry side of the fuel cell stack 1) by the target bypass
valve opening degree, as the bypass valve opening degree, and the detection
value adjusted to a lower side (toward the dry side of the fuel cell stack 1) by
the wet control request target pressure, as the cathode gas pressure.
[0141] As described above, in the calculation mode of the target values by
the wet control request target pressure calculation portion B1014, the wet
control request target flow rate calculation portion B1015, and the target
bypass valve opening degree calculation portion B1016 in the dry operation,

the dry operation by adjustment of the bypass valve opening degree is
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performed with top priority. Particularly, the dry operation is performed in
the priority order from decreasing of the bypass valve opening degree,
decreasing of the cathode gas pressure, and increasing of the compressor flow
rate.

[0142]  As illustrated in FIG. 5, in either of the wet operation and the dry
operation, the wet control request target pressure calculation portion B1014,
the wet control request target flow rate calculation portion B1015, and the
target bypass valve opening degree calculation portion B1016 output the
calculated wet control request target pressure and the calculated wet control
request target flow rate to the target pressure calculation portion B102 and the
target flow rate calculation portion B103, respectively.

[0143] Further, in the present embodiment, as illustrated in FIGS. 2 and 3,
the membrane wetness F/B control portion B101 performs a feedback control
on the bypass valve 29 based on the target bypass valve opening degree
calculated by the target bypass valve opening degree calculation portion
B1016, so that the opening degree of the bypass valve 29 approaches the
target bypass valve opening degree (see FIG. 2). That is, the bypass valve 29 is
opened and closed appropriately by the membrane wetness F/B control
portion B101 according to the wet operation or the dry operation performed
based on the wet state of the fuel cell.

[0144] FIG. 8 is a view to describe a function of the target pressure
calculation portion B102 illustrated in FIG. 2. As illustrated herein, the wet
control request target pressure calculated by the membrane wetness F/B
control portion B101, the request load, a detection value of the anode gas
pressure from the anode pressure sensor 37, and the stack temperature are
input into the target pressure calculation portion B102. The target pressure

calculation portion B102 calculates a target pressure as a final target value of
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the cathode gas pressure based on these parameters.
[0145] FIG. 9 is a block diagram to describe a calculation mode of the target
pressure in the target pressure calculation portion B102.
[0146] As illustrated herein, the target pressure calculation portion B102
includes an oxygen partial pressure securing request air pressure calculation
portion B1021, an excessive pressure-increase prevention upper limit
pressure calculation portion B1022, a max select portion B1023, a minimum
select portion B1024, and a max select portion B1025.
[0147] The request load is input into the oxygen partial pressure securing
request air pressure calculation portion B1021. The oxygen partial pressure
securing request air pressure calculation portion B1021 calculates an oxygen
partial pressure securing request air pressure based on the request load from
a predetermined oxygen partial pressure securing request air pressure map.
[0148] Here, the oxygen partial pressure securing request air pressure is a
minimum value of the cathode gas pressure that is determined to satisfy a
request of an oxygen concentration in the fuel cell stack 1, the request of the
oxygen concentration being determined to secure a power generation capacity
of the fuel cell stack 1 according to the request load.
[0149] Accordingly, in the oxygen partial pressure securing request air
pressure map, as the request load becomes larger and an oxygen amount to be
consumed by electrochemical reaction in the fuel cell stack 1 increases, the
value of the oxygen partial pressure securing request air pressure to be found
becomes higher.
[0150] The oxygen partial pressure securing request air pressure
calculation portion B1021 outputs the oxygen partial pressure securing
request air pressure thus calculated to the max select portion B1023.

[0151] The request load and the stack temperature are input into the
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excessive pressure-increase prevention upper limit pressure calculation
portion B1022. The excessive pressure-increase prevention upper limit
pressure calculation portion B1022 calculates an excessive pressure-increase
prevention upper limit pressure from a predetermined excessive
pressure-increase prevention upper limit pressure map based on the request
load and the stack temperature.

[0152] Here, the excessive pressure-increase prevention upper limit
pressure is an upper limit of the cathode gas pressure that is determined from
the viewpoint of preventing the cathode gas pressure from keeping increasing
in the wet operation or the dry operation.

[0153] In the excessive pressure-increase prevention upper limit pressure
map, as the request load becomes larger, the excessive pressure-increase
prevention upper limit pressure to be found becomes higher. Further, in the
excessive pressure-increase prevention upper limit pressure map, as the stack
temperature becomes higher, the excessive pressure-increase prevention
upper limit pressure to be found becomes higher.

[0154] In such a tendency of the excessive pressure-increase prevention
upper limit pressure map, the excessive pressure-increase prevention upper
limit pressure is set to be relatively high at a high load state or a high
temperature, while the excessive pressure-increase prevention upper limit
pressure is set to be relatively low at a low load state or a low temperature.
[0155] Note that the excessive pressure-increase prevention upper limit
pressure calculation portion B1022 may determine the excessive
pressure-increase prevention upper limit pressure in consideration of the wet
state of the fuel cell stack 1 such as the target HFR calculated by the target
HFR calculation portion B1011 and the target water balance, instead of or in

addition to the request load and the stack temperature. Particularly, the
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excessive pressure-increase prevention upper limit pressure may be increased
as the fuel cell stack 1 shifts to the dry side.

[0156] Particularly, in a case where the excessive pressure-increase
prevention upper limit pressure is set to be relatively low in the low load state,
at the low temperature, and at the time when the fuel cell stack 1 is dry, even if
the bypass valve 29 is closed, the cathode gas pressure is restrained from
increasing excessively, thereby making it possible to decrease power
consumption of the compressor 22 and to contribute to improvement of fuel
efficiency and restraint of noise.

[0157] Subsequently, the oxygen partial pressure securing request air
pressure calculated by the oxygen partial pressure securing request air
pressure calculation portion B1021 and the wet control request target
pressure calculated by the wet control request target pressure calculation
portion B1014 are input into the max select portion B1023. The max select
portion B1023 outputs a larger one of the oxygen partial pressure securing
request air pressure and the wet control request target pressure thus input
therein to the minimum select portion B1024.

[0158] Hereby, a value output from the minimum select portion B1024 is
determined in consideration of both securing of the oxygen concentration
corresponding to the request of the power generation amount in the fuel cell
stack 1 and securing of the cathode gas pressure requested in the wet control
of the fuel cell stack 1.

[0159] A pressure value output from the max select portion B1023 and the
excessive pressure-increase prevention upper limit pressure calculated by the
excessive pressure-increase prevention upper limit pressure calculation
portion B1022 are input into the minimum select portion B1024. The

minimum select portion B1024 outputs a smaller one of the pressure value
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and the excessive pressure-increase prevention upper limit pressure thus
input therein to the max select portion B1025.

[0160] Thus, a value output from the minimum select portion B1024 is
determined in coﬁsideration of setting a limit so as not to exceed the excessive
pressure-increase prevention upper limit pressure while the oxygen
concentration in the fuel cell stack 1 is secured and a value requested in the
wet control is satisfied.

[0161] Further, the pressure value input from the minimum select portion
B1024 and a membrane pressure difference permissible upper limit obtained
by subtracting a permissible differential pressure upper limit from the
detection value of the anode gas pressure are input into the max select portion
B1025.

[0162]  Here, the permissible differential pressure upper limit is an upper
limit pressure permitted as a differential pressurec between the anode gas
pressure and the cathode gas pressure in the fuel cell stack 1 from the
viewpoint of protecting the electrolyte membrane of the fuel cell. Accordingly,
by subtracting the permissible differential pressure upper limit from the
detection value of the anode gas pressure, a membrane pressure difference
permissible upper limit pressure as an upper limit of the cathode gas pressure
permitted from the viewpoint of protecting the electrolyte membrane of the fuel
cell can be obtained.

[0163] Then, the max select portion B1025 outputs, as the target pressure,
a larger one of the pressure value input from the minimum select portion
B1024 and the membrane pressure difference permissible upper limit
pressure to the target flow rate calculation portion B103 and the flow
rate-pressure F/B control portion B104.

[0164] Hereby, the target pressure as the final target value of the cathode
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gas pressure is set so as to restrict an excessive increase of a membrane
pressure difference, secure the oxygen concentration in the fuel cell stack 1,
and satisfy the request in the wet control, and not to exceed the excessive
pressure-increase prevention upper limit pressure.

[0165]  FIG. 10 is a view to describe a function of the target flow rate
calculation portion B103. As illustrated herein, the request load, the
detection value of the anode gas pressure, the stack temperature, the
atmospheric pressure detection value, the wet control request target flow rate,
and the target pressure are input into the target flow rate calculation portion
B103. The target flow rate calculation portion B103 calculates the target flow
rate as the final target value of the compressor flow rate based on these input
values.

[0166] FIG. 11 is a block diagram to describe a calculation mode of the
target flow rate in the target flow rate calculation portion B103.

[0167]  As illustrated herein, the target flow rate calculation portion B103
includes an oxygen partial pressure securing lower limit flow rate calculation
portion B1031, a pressure securing request flow rate calculation portion
B1032, a purge hydrogen dilution request flow rate calculation portion B1033,
a load/oxygen consumption flow rate conversion portion B1034, and a max
select portion B1035.

[0168] The request load is input into the oxygen partial pressure securing
lower limit flow rate calculation portion B1031. The oxygen partial pressure
securing lower limit flow rate calculation portion B1031 calculates an oxygen
partial pressure securing lower limit flow rate based on the request load from a
predetermined oxygen partial pressure securing lower limit flow rate map.
The oxygen partial pressure securing lower limit flow rate is a lower limit of the

compressor flow rate which is determined from the viewpoint of satisfying a
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request of the oxygen concentration in the fuel cell stack 1 and which is
obtained in advance by experiment and the like.

[0169] Accordingly, in the oxygen partial pressure securing lower limit flow
rate map, as the request load becomes larger and the oxygen amount to be
consumed by electrochemical reaction in the fuel cell stack 1 increases, a
value of the oxygen partial pressure securing lower limit flow rate to be found
becomes higher.

[0170] Note that the lower limit of the compressor flow rate may be
determined from the viewpoint of preventing flooding and local water clogging
in the fuel cell stack 1. Particularly, it is preferable that the lower limit be set
to a value which secures the oxygen concentration in the fuel cell stack 1 and
which can prevent flooding and local water clogging.

[0171] Then, the oxygen partial pressure securing lower limit flow rate
calculation portion B1031 outputs a calculated oxygen partial pressure
securing request air flow rate to the max select portion B1035.

[0172] The target pressure from the target pressure calculation portion
B102 and the stack temperature are input into the pressure securing request
flow rate calculation portion B1032. The pressure securing request flow rate
calculation portion B1032 calculates a pressure securing request flow rate
based on the target pressure and the stack temperature from a predetermined
pressure securing request flow rate map. Herein, the pressure securing
request flow rate is a minimum value of the compressor flow rate that is
requested to secure the target pressure from the viewpoint of surging
prevention, according to the stack temperature.

[0173] In the pressure securing request flow rate map, as the target
pressure becomes higher, the pressure securing request flow rate to be found

becomes higher. Further, in the pressure securing request flow rate map, as
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the stack temperature becomes higher, the pressure securing request flow rate
to be found is corrected to become lower.

[0174] Then, the pressure securing request flow rate calculation portion
B1032 outputs the pressure securing request flow rate thus calculated to the
max select portion B1035.

[0175] The detection value of the anode gas pressure and the atmospheric
pressure detection value are input into the purge hydrogen dilution request
flow rate calculation portion B1033. The purge hydrogen dilution request
flow rate calculation portion B1033 calculates a purge hydrogen dilution
request flow rate based on these input parameters from a predetermined purge
hydrogen dilution request flow rate map. The purge hydrogen dilution
request flow rate is a compressor flow rate requested to dilute the anode
exhaust gas discharged from the fuel cell stack 1.

[0176] In the purge hydrogen dilution request flow rate map, as the
detection value of the anode gas pressure becomes larger, the purge hydrogen
dilution request flow rate to be found becomes larger. This is because a
compressor flow rate necessary for dilution becomes larger as the anode gas
pressure becomes higher. Further, in the purge hydrogen dilution request
flow rate map, as the atmospheric pressure detection value becomes larger,
the purge hydrogen dilution request flow ratec to be found is corrected to
become smaller. The reason is as follows. That is, as the atmospheric
pressure becomes larger, the pressure difference between the cathode gas
supply passage 21 and the cathode gas discharge passage 26 becomes large,
so that the bypass flow rate increases, thereby making it possible to decrease
the purge hydrogen dilution request flow rate as the compressor flow rate.
[0177]  The request load is input into the load/oxygen consumption flow

rate conversion portion B1034. The load/oxygen consumption flow rate
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conversion portion B1034 calculates an oxygen consumption flow rate in the
fuel cell stack 1 by multiplying the request load input therein by a load /oxygen
consumption flow rate transformation coefficient determined in advance by
experiment and the like. Note that the load/oxygen consumption flow rate
conversion portion B1034 may calculate the oxygen consumption flow rate
based on a predetermined map defining a relationship between the request
load and the oxygen consumption flow rate in the fuel cell stack 1.

[0178] Further, in the present embodiment, the oxygen consumption flow
rate as a correction value is added to the purge hydrogen dilution request flow
rate calculated by the purge hydrogen dilution request flow rate calculation
portion B1033, and a resultant value is output to the max select portion
B1035. When such correction is performed by adding, to the purge hydrogen
dilution request flow rate, the oxygen consumption flow rate indicative of an
oxygen flow rate to be consumed by electrochemical reaction in the fuel cell
stack 1, the accuracy of the purge hydrogen dilution request flow rate
improves more.

[0179] The wet control request target flow rate from the wet control request
target flow rate calculation portion B1015, the oxygen partial pressure
securing request air flow rate from the oxygen partial pressure securing lower
limit flow rate calculation portion B1031, the pressure securing request flow
rate from the pressure securing request flow rate calculation portion B1032,
and the corrected purge hydrogen dilution request flow rate are input into the
max select portion B1035.

[0180] The max select portion B1035 outputs a maximum value among the
wet control request target flow rate, the oxygen partial pressure securing
request air flow rate, the pressure securing request flow rate, and the purge

hydrogen dilution request flow rate to the flow rate-pressure F/B control
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portionn B104 as a target flow rate.
[0181] Hereby, a final target flow rate is a value that satisfies all of securing
of an oxygen partial pressure corresponding to the request load in the fuel cell
stack 1, a request in the wet control of the fuel cell stack 1, securing of a
pressure of the cathode gas to the fuel cell stack 1, and a dilution request.
[0182] FIG. 12 is a view to describe a function of the flow rate-pressure F/B
control portion B104. As illustrated herein, the target pressure calculated by
the target pressure calculation portion B102, the target flow rate calculated by
the target flow rate calculation portion B103, the detection value of the
cathode gas pressure, and the detection value of the compressor flow rate are
input into the flow rate-pressure F/B control portion B104.
[0183] The flow rate-pressure F/B control portion B104 adjust the
compressor output and the opening degree of the cathode pressure control
valve 27 based on these input values.
[(0184] In the present embodiment, the flow rate-pressure F/B control
portion B104 adjusts the compressor output so that the compressor flow rate
converges at the target flow rate. Further, the flow rate-pressure F/B control
portion B104 adjusts the opening degree of the cathode pressure control valve
27 so that the cathode gas pressure converges at the target pressure.
[01893] Next will be described a control on the anode system.
{0186] FIG. 13 is a block diagram to describe the control on the anode
system by the controller 200. As illustrated herein, the controller 200
includes a target hydrogen pressure calculation portion B105, a hydrogen
pressure control valve F/B control portion B106, a target HRB (hydrogen
recirculation blower) rotation number calculation portion B107, and an HRB
F/B control portion B108.

[0187] As illustrated herein, the request load and the detection value of the
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cathode gas pressure are input into the target hydrogen pressure calculation
portion B105. The target hydrogen pressure calculation portion B1035
calculates a target anode gas pressure based on these input values by use of a
predetermined target anode gas pressure map.
[0188] The target anode gas pressure thus calculated and the detection
value of the anode gas pressure are input into the hydrogen pressure control
valve F/B control portion B106. The hydrogen pressure control valve F/B
control portion B106 controls the opening degree of the anode pressure control
valve 33 so that the detection value of the anode gas pressure converges at the
target anode gas pressure.
[0189] Further, the request load is input into the target HRB rotation
number calculation portion B107. The target HRB rotation number
calculation portion B107 calculates a target HRB rotation number as a target
rotation number of the anode gas circulation blower 36 based on the input
request load from a predetermined target HRB rotation number map.
[0190] FIG. 14 illustrates one example of the target HRB rotation number
map. Asillustrated herein, as the request load increases, that is, as an anode
gas amount to be consumed by electrochemical reaction in the fuel cell
increases, the target HRB rotation number is set to a higher value.
[0191] Referring back to FIG. 13, the target HRB rotation number
calculated by the target HRB rotation number calculation portion B107 is
input into the HRB F/B control portion B108. The HRB F/B control portion
B108 controls the rotation number of the anode gas circulation blower 36
based on the target HRB rotation number thus input.
[0192] The following describes the wet control of the fuel cell system 100 in
the present embodiment more specifically.

[0193] FIG. 15 is a flowchart to describe the wet control of the fuel cell
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system 100 in the present embodiment. The processing sequence of the
control is performed repeatedly every predetermined control period.

[0194] In step S10, the controller 200 detects an operating state of the fuel
cell stack 1. In the present embodiment, in response to an instruction from
the controller 200, the air flow meter 23 detects a compressor flow rate and the
cathode pressure sensor 25 detects a cathode gas pressure. Further, the
opening degree sensor 29a detects an opening degree of the bypass valve 29.
Further, the controller 200 calculates a detection value of the stack
temperature based on a detection value of the coolant temperature by the inlet
coolant temperature sensor 46 and the outlet coolant temperature sensor 47.
[0195] In step S20, the controller 200 acquires a request load of the loading
device 5.

[0196] In step S30, the controller 200 acquires an HFR measured value
correlated with the wet state of the electrolyte membrane, from the impedance
measuring device 6.

[0197] In step S40, the target HFR calculation portion B1011 (see FIG. 4) of
the controller 200 calculates a target HFR based on the request load.

[0198] In step S50, the target water balance calculation portion B1012 (see
FIG. 4) of the controller 200 calculates a target water balance so that the HFR
measured value converges at the target HFR, that is, calculates it based on an
HFR deviation.

[0199] In step S60, the priority setting portion B1013 (see FIG. 5) of the
controller 200 finds an actual water balance from the HFR measured value.
[0200] In step S70, the priority setting portion B1013 of the controller 200
determines whether or not the wet operation is performed. More specifically,
as has been already described, the priority setting portion B1013 determines a

magnitude relationship between the target water balance and the actual water
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balance, such that, if target water balance — actual water balance > O is
satisfied, the priority setting portion B1013 determines that the wet operation
is performed, and if not, that is, when target water balance — actual water
balance < 0 is satisfied, the priority setting portion B1013 determines that the
wet operation is not performed.

[0201] When it is determined in S70 that the wet operation 1s performed,
the controller 200 performs a wet operation process in step S80. Further,
when it is determined in S70 that the wet operation is not performed, the
controller 200 performs the dry operation in step S90.

[0202] The following describes flows of the wet operation and the dry
operation.

[0203]  FIG. 16 is a flowchart to describe the flow of the wet operation
performed in step 80.

[0204]) In step S81, the wet control request target flow rate calculation
portion B1015 (see FIG. 5) calculates a wet control request target flow rate.
As has been already described in FIG. 5, the wet control request target flow
rate calculation portion B1015 calculates the wet control request target flow
rate based on the target water balance, the stack temperature, the
atmospheric pressure detection value as the cathode gas pressure, and the
value of 0 as the bypass valve opening degree.

[0205] Accordingly, in order to perform the wet operation, the wet control
request target flow rate calculation portion B1015 calculates a wet control
request target flow rate on the premise that the cathode gas pressure is lowest
and the bypass valve opening degree is lowest. That is, the wet control
request target flow rate is calculated as a minimum value that most
contributes to controlling the fuel cell to the wet side.

[0206] In step S82, the wet control request target pressure calculation
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portion B1014 calculates a wet control request target pressure. As has been
already described in FIG. 5, the wet control request target pressure calculation
portion B1014 calculates the wet control request target pressure based on the
target water balance, the stack temperature, the detection value of the
compressor flow rate, and the value of O as the bypass valve opening degree.
[0207] That is, the wet control request target pressure calculation portion
B1014 calculates the wet control request target pressure by use of the
detection value adjusted to the lower side {toward the wet side of the fuel cell
stack 1) by the wet control request target flow rate, as the compressor flow
rate, while the bypass valve opening degree is set to zero that is lowest.

[0208] In step S83, the target bypass valve opening degree calculation
portion B1016 calculates a target bypass valve opening degree. As has been
already described in FIG. 5, the target bypass valve opening degree calculation
portion B1016 calculates the target bypass valve opening degree based on the
target water balance, the stack temperature, the detection value of the
compressor flow rate, and the detection value of the cathode gas pressure.
[0209] That is, the target bypass valve opening degree calculation portion
B1016 calculates the target bypass valve opening degree so that an increasing
amount of the bypass valve opening degree is set to a minimum on the premise
that the fuel cell is controlled to the wet side by decreasing the compressor flow
rate and increasing the cathode gas pressure.

[0210] In step S84, the controller 200 controls the compressor 22, the
cathode pressure control valve 27, and the bypass valve 29 based on the wet
control request target flow rate calculated in step S81, the wet control request
target pressure calculated in step S82, and the target bypass valve opening
degree calculated in step S83.

[0211] More specifically, the target flow rate calculation portion B103 (see
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FIG. 11) calculates a target flow rate according to the logic described in FIG.
11, based on the wet control request target flow rate calculated in step S81 and
so on. The flow rate-pressure F/B control portion B104 (see FIG. 12) adjusts
a compressor output based on the calculated target flow rate and the
compressor flow rate detection value. |
[0212] Further, the target pressure calculation portion B102 (see FIG. 9)
calculates a target pressure according to the logic described in FIG. 9, based
on the wet control request target pressure calculated in step S82. The flow
rate-pressure F/B control portion B104 (see FIG. 12) adjusts a cathode
pressure control valve opening degree based on the calculated target pressure
and the cathode gas pressure detection value.
{0213] Further, the membrane wetness F/B control portion B101 {see FIG.
3) adjusts a bypass valve opening degree based on the target bypass valve
opening degree calculated in step S83.
[0214] Accordingly, the compressor flow rate determined by the target flow
rate based on the wet control request target flow rate calculated on the premise
that the cathode gas pressure is the atmospheric pressure detection value and
the bypass valve opening degree is zero is a first-priority wet control parameter
having a first priority as the wet control parameter.
[0215] In the meantime, as has been already described in FIG. 11, the
target flow rate is set as a maximum value among the wet control request
target flow rate, the oxygen partial pressure securing lower limit flow rate, the
pressure securing request flow rate, and the purge hydrogen dilution request
flow rate, and therefore, the target flow rate does not become lower than the
oxygen partial pressure securing lower limit flow rate. Accordingly, the
compressor flow rate is adjusted so as not to become lower than the oxygen

partial pressure securing lower limit flow rate in the present embodiment.
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[0216] Further, the cathode gas pressure determined by the target pressure
based on the wet control request target pressure calculated on the premise
that the compressor flow rate is the detection value and the bypass valve
opening degree is zero is a second-priority wet control parameter having a
second priority as the wet control parameter.
[0217] In the meantime, the target pressure is set so as not to exceed the
excessive pressure-increase prevention upper limit pressure according to the
logic described in FIG. 9. Accordingly, in the present embodiment, the
cathode gas pressure is adjusted so as not to exceed the excessive
pressure-increase prevention upper limit pressure.
[0218] Further, the bypass valve opening degree determined by the target
bypass valve opening degree calculated on the premise that the compressor
flow rate is the detection value and the cathode gas pressure is the detection
value is a third-priority wet control parameter having a lowest priority as the
wet control parameter.
[0219] Here, FIG. 17 illustrates a table showing a relationship between
priorities of the wet control parameters in the wet operation and
increase/decrease tendencies of the wet control parameters.
[0220] As illustrated herein, in the wet operation, the compressor output is
decreased so that the compressor flow rate as the first-priority wet control
parameter decreases. Further, after the compressor flow rate is decreased,
the opening degree of the cathode pressure control valve 27 is decreased so
that the cathode gas pressure as the second-priority wet control parameter
increases. Furthermore, after the compressor flow rate is decreased and the
cathode gas pressure is increased, the bypass valve opening degree as the
third-priority wet control parameter is increased so that the bypass flow rate

increases.
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[0221] That is, in the wet operation, the control on the fuel cell stack 1 to
the wet side is performed in the priority order from decreasing of the
compressor flow rate, increasing of the cathode gas pressure, and increasing of
the bypass valve opening degree.
[0222] FIG. 18 is a view to describe one example of a state change of the fuel
cell system 100 in the wet operation at a given request load. Here, a linear
arrow indicated by a reference sign "C1" herein indicates the operation to
decrease the compressor flow rate by decreasing the output of the compressor
22. That is, as apparent from FIG. 18, if the bypass valve opening degree is
uniform in the operation, the stack flow rate decreases.
[0223] Further, a bent arrow indicated by a reference sign "C2" indicates
the operation to decrease the opening degree of the cathode pressure control
valve 27. A linear arrow indicated by a reference sign "C3" indicates the
operation to increase the bypass valve opening degree, namely, the operation
to increase the bypass flow rate.
[0224] Further, in FIG. 18, a target wet state line at the time when the stack
temperature is a temperature T1 and a target wet state line at the time when
the stack temperature is a temperature T2 are indicated by dotted lines (T1 <
T2). Further, in FIG. 18, a cathode system operation limit line indicative of a
minimum value of the stack supply flow rate with respect to the cathode gas
pressure, determined from the viewpoint of surging prevention in the
compressor 22, is indicated by an alternate long and short dash line.
Further, an oxygen partial pressure securing lower limit flow rate and an
excessive pressure-increase prevention upper limit pressure are indicated by
broken lines.
[0225] FIG. 18 assumes that the wet operation is performed so that an

operating point of the fuel cell system 100 is shifted from a present operating
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point to a target operating point. Here, the present operating point is in a
state where the stack temperature is a given temperature T1 and a target wet
state corresponding to the temperature T1 is satisfied. Note that the target
wet state is a state where the water balance deviation AQ is zero.
[0226] In the meantime, the target operating point is an operating point at
which the stack temperature is the temperature T2 (> T1) and a target wet
state corresponding to the temperature T2 is satisfied. Accordingly, in order
to shift the operating point of the fuel cell system 100 from the present
operating point to the target operating point, the wet operation is performed so
that the fuel cell is wetted more.
[0227] In the wet operation, first, as indicated by the arrow CI1, the
compressor flow rate is decreased from the present operating point. As has
been already described, the target flow rate is adjusted so as not to become
lower than the oxygen partial pressure securing lower limit flow rate (see FIG.
11), so that the compressor flow rate (the stack supply flow rate} stops
decreasing at the oxygen partial pressure securing lower limit flow rate.
[0228] Then, as indicated by the arrow C2, the cathode gas pressure is
increased. As has been already described, the target pressure is adjusted so
as not to exceed the excessive pressure-increase prevention upper limit
pressure (see FIG. 9), so that the cathode gas pressure stops increasing at the
excessive pressure-increase prevention upper limit pressure. Here, in the
arrow C2, the cathode gas pressure is adjusted so as not to exceed the
excessive pressure-increase prevention upper limit pressure, so that the
cathode gas pressure is restrained from increasing excessively.
[0229] Particularly, in the operation to increase the cathode gas pressure,
the compressor flow rate also increases so that the operating point is

maintained on the cathode system operation limit line. However, when the
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compressor flow rate keeps increasing, the compressor output becomes high,
which causes such a concern that the fuel efficiency decreases due to an
increase of power consumption. Further, when the compressor flow rate
increases, the stack supply flow rate increases, which might cause the fuel cell
stack 1 to be dry excessively.

[0230] In order to deal with such concerns, in the present embodiment, the
cathode gas pressure is restricted so as not to exceed the excessive
pressure-increase prevention upper limit pressure, thereby making it possible
to restrain an increase of power consumption of the compressor 22 and
occurrence of excessive drying of the fuel cell stack 1.

[0231] Further, as indicated by the arrow C3, the bypass valve opening
degree is increased so that the stack supply flow rate is decreased, and thus,
the fuel cell is controlled toward the wet side, thereby resulting in that the fuel
cell system 100 reaches the target operating point.

[0232]  As such, in the present embodiment, in the wet operation, the
operation to decrease the compressor flow rate is performed in priority to the
operation to increase the bypass valve opening degree. When the bypass
valve opening degree is increased before the compressor flow rate is decreased
to a flow rate lower limit, the target flow rate is set to be high from the
viewpoint of securing the stack supply flow rate, so that the compressor output
excessively increases. This causes an increase of power consumption and
occurrence of noise, but the present embodiment can restrain such a
situation.

[0233] Further, in the present embodiment, the operation to increase the
cathode gas pressure is performed in priority to the operation to increase the
bypass valve opening degree. When the bypass valve opening degree is

increased in a state where the cathode gas pressure is low, the stack supply
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flow rate decreases, so that an output voltage of the fuel cell stack 1 decreases
and variations in cell voltage of the fuel cell increase, but the present
embodiment can restrain such a situation.

[0234]  FIG. 19 is a flowchart to describe the flow of the dry operation
performed in step S90 in FIG. 15.

[0239] In step S91, the target bypass valve opening degree calculation
portion B1016 calculates a target bypass valve opening degree. As has been
already described in FIG. 5, in the dry operation, the target bypass valve
opening degree calculation portion B1016 calculates the target bypass valve
opening degree based on the target water balance, the stack temperature, the
flow rate minimum value as the compressor flow rate, and the atmospheric
pressure detection value as the cathode gas pressure.

[0236] That is, in order to perform the dry operation, the target bypass
valve opening degree calculation portion B1016 calculates the target bypass
valve opening degree on the premise that the compressor flow rate is the flow
rate minimum value and the cathode gas pressure is the atmospheric pressure
detection value. That is, the target bypass valve opening degree calculation
portion B1016 calculates the target bypass valve opening degree so that the
bypass valve opening degree is set to be as small as possible.

[0237] In step S92, the wet control request target pressure calculation
portion B1014 calculates a wet control request target pressure. As has been
already described in FIG. 5, in the dry operation, the wet control request target
pressure calculation portion B1014 calculates the wet control request target
pressure based on the target water balance, the stack temperature, the flow
rate minimum value as the compressor flow rate, and the detection value as
the bypass valve opening degree.

[0238] That is, the wet control request target pressure is calculated based
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on the flow rate minimum value that has the smallest contribution to the
control on the fuel cell stack 1 toward the dry side, as the compressor flow rate,
and the detection value adjusted to the lower side (toward the dry side of the
fuel cell stack 1) by the target bypass valve opening degree, as the bypass valve
opening degree.

[(0239] In step S93, the wet control request target flow rate calculation
portion B1015 calculates a wet control request target flow rate. As has been
already described in FIG. 5, in the dry operation, the wet control request target
flow rate calculation portion B1015 calculates the wet control request target
flow rate based on the target water balance, the stack temperature, the
detection value of the bypass valve opening degree, and the detection value of
the cathode gas pressure.

[0240] That is, the wet control request target flow rate calculation portion
B1015 calculates the wet control request target flow rate based on the
detection value of the bypass valve opening degree that has been already
adjusted to the lower side (toward the dry side of the fuel cell stack 1) by the
target bypass valve opening degree, and the detection value of the cathode gas
pressure that has been already adjusted to the lower side (toward the dry side
of the fuel cell stack 1) by the wet control request target pressure.

[0241] In step S94, the controller 200 controls the bypass valve 29, the
cathode pressure control valve 27, and the compressor 22 based on the target
bypass valve opening degree calculated in step S91, the wet control request
target pressure calculated in step S82, and the wet control request target flow
rate calculated in step S93. Note that a concrete control mode is the same as
that in step S84.

[0242] More specifically, the membrane wetness F/B control portion B101

adjusts the bypass valve opening degree based on the target bypass valve
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opening degree calculated in step S91 (see FIGS. 3 and 5). Further, the target
pressure calculation portion B102 calculates a target pressure according to
the logic described in FIG. 9, based on the wet control request target pressure
calculated in step S92. Then, the flow rate-pressure F/B control portion
B104 adjusts the opening degree of the cathode pressure control valve 27
based on the target pressure.

[0243] Further, the target flow rate calculation portion B103 calculates a
target flow rate according to the logic described in FIG. 11 based on the wet
control request target flow rate calculated in step S93. Then, the flow
rate-pressure F/B control portion B104 adjusts the compressor output based
on the target flow rate.

[0244] Accordingly, in the dry operation, the bypass valve opening degree
determined by the target bypass valve opening degree calculated on the
premise that the compressor flow rate is the flow rate minimum value and the
cathode gas pressure is the atmospheric pressure detection value is a
first-priority dry control parameter having a first priority as the wet control
parameter.

[0245] Further, in the dry operation, the cathode gas pressure determined
by the target pressure based on the wet control request target pressure
calculated on the premise that the bypass valve opening degree is the detection
value and the compressor flow rate is the flow rate minimum value is a
second-priority dry control parameter having a second priority as the wet
control parameter.

[0246] Further, in the dry operation, the compressor flow rate determined
by the target flow rate based on the wet control request target flow rate
calculated on the premise that the bypass valve opening degree is the detection

value and the cathode gas pressure is the detection value is a third-priority dry
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control parameter having a lowest priority as the wet control parameter.
[0247] Here, FIG. 20 illustrates a table showing a relationship between
priorities of the wet control parameters in the dry operation and
increase/decrease tendencies of the wet control parameters.

[0248] As illustrated herein, in the dry operation, the bypass valve opening
degree as the first-priority dry control parameter is decreased so that the
bypass flow rate decreases. Further, after the bypass valve opening degree is
decreased, the opening degree of the cathode pressure control valve 27 is
increased so that the cathode gas pressure as the second-priority dry control
parameter decreases. Furthermore, after the bypass valve opening degree is
decreased and the cathode gas pressure is decreased, the compressor flow rate
as the third-priority dry control parameter is increased.

[0249] Thus, in the dry operation, the bypass valve opening degree is
decreased in priority to decreasing of the cathode gas pressure and increasing
of the compressor flow rate. Hereby, in the dry operation, it is possible to
restrain the cathode gas pressure from being decreased in the state where the
bypass valve opening degree is relatively large. Accordingly, the compressor
22 is restrained from being controlled so that its output is increased in order to
increase the compressor flow rate due to the decrease of the cathode gas
pressure, thereby consequently making it possible to further restrain an
increase of power consumption and occurrence of noise.

[0250] Next will be described a time flow of one example of the wet control
in the fuel cell system 100.

[0251] FIG. 21 is a time chart to describe the time flow of one example of the
wet control in the fuel cell system 100. Particularly, FIG. 21(a) to FIG. 21(f)
respectively indicate changes with time of the load (indicating, for example, a

power supply amount or an output current to each load), the stack
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temperature, the HFR, the pressure, the flow rate, and the bypass valve
opening degree of the fuel cell system 100.

[0252] Note that, in FIG. 21(c), the target HFR is indicated by a continuous
line, and the HFR measured value is indicated by a broken line. Further, in
FIG. 21(d), the target pressure is indicated by a bold continuous line, the
oxygen partial pressure securing request pressure is indicated by a thin
continuous line, the wet control request target pressure is indicated by a
broken line, and the excessive pressure-increase prevention upper limit
pressure is indicated by an alternate long and short dash line. Note that, for
simplification of description, the membrane pressure difference permissible
upper limit pressure is not reflected in the figure. Further, in FIG. 21(e), the
compressor flow rate is indicated by a bold continuous line, and the stack
supply flow rate is indicated by a thin continuous line. Further, in FIG. 21(f),
the detection value of the bypass valve opening degree is indicated by a
continuous line, and an opening degree corresponding to a fully opened state
of the bypass valve 29 is indicated by a broken line.

[0253] In a time zone (i) illustrated herein, the fuel cell system 100 is in an
idle state. Here, the idle state is a state where power supply amounts from
the fuel cell stack 1 to accessories such as a drive motor and the compressor
motor 22a are generally zero, a power generation amount of the fuel cell stack
1 is relatively small, and generated power is supplied to a battery and the like
(not shown).

[0254] In the time zone (i), request power generation (a request load) to the
fuel cell stack 1 is small, so a request to wet the fuel cell stack 1 is low.
Accordingly, in order to keep a state (a dry state) where the fuel cell stack 1 is
not relatively wet, the target HFR is set to a relatively high constant value.

Accordingly, the wet control is performed in a state where the target water
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balance is set to a relatively small constant value.
[0255] In the meantime, in the time zone (i, the excessive
pressure-increase prevention upper limit pressure that is an upper limit of the
cathode gas pressure according to the logic described in FIG. 9 is set to a
relatively low value because the request load and the stack temperature are
low (FIG. 21(a), (b), (d)). Accordingly, the cathode gas pressure takes a
relatively low value corresponding to the excessive pressure-increase
prevention upper limit pressure. Further, as a result of the wet control, the
bypass valve opening degree is set to a relatively small constant value (FIG.
21().
[0256]  In a time zone (ii), the idle state is finished and the request load and
the stack temperature increase (FIG. 21(a), (b)), so that the load of the fuel cell
system 100 increases. Along with this, the request load and the stack
temperature increase, so that the target HFR decreases (FIG. 21(c)). As
illustrated herein, in the time zone (ii), the HFR measured value exceeds the
target HFR value. Accordingly, an actual water balance becomes lower than
the target water balance, so that the wet operation is started so as to achieve a
target wet state.
[0257] Here, in the wet operation in the time zone (i), it is necessary to
secure the oxygen partial pressure securing lower limit flow rate described in
FIG. 11 to a value to some extent along with the increase of the request load.
Accordingly, as understood from the logic illustrated in FIG. 11, even if the wet
control request target flow rate is decreased, the target flow rate cannot be
decreased.  Accordingly, in order to perform the wet operation, the
compressor flow rate as the first-priority wet control parameter is not
decreased, but the operation to increase the cathode gas pressure as the

second-priority wet control parameter having a priority next to the compressor
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flow rate is performed (see the target pressure in FIG. 21(d)) according to the
logic described in FIG. 5. In the meantime, along the logic of FIG. 9, the target
pressure is controlled to be not more than the excessive pressure-increase
prevention upper limit pressure, so that the cathode gas pressure is increased
while being restricted to the excessive pressure-increase prevention upper
limit pressure as its upper limit.

[0258] Further, in the time zone (ii), by increasing the cathode gas pressure
to the excessive pressure-increase prevention upper limit pressure, the fuel
cell stack 1 can be shifted to the wet side to the extent requested, so the bypass
valve opening degree as the third-priority wet control parameter is maintained.
[0259] In a time zone (iii), the increase of the load of the fuel cell system 100
is finished. Along with this, the target HFR is settled. Due to the wet
operation from the time zone (ii), wetting progresses, so that the actual water
balance becomes higher than the target water balance. Accordingly, in the
time zone (iii), the dry operation is started so as to achieve the target wet state.
[0260] Here, in the dry operation in the time zone (iii), along the logic
described in FIG. 5, the bypass valve opening degree as the first-priority dry
control parameter to be operated with top priority is set to zero (FIG. 21(f)).
Then, the cathode gas pressure as the second-priority dry control parameter is
decreased to supplement the dry operation in which the bypass valve opening
degree is set to zero (FIG. 21(d)). Hereby, the cathode gas pressure is
decreased to the oxygen partial pressure securing request pressure as a lower
limit described in FIG. 9. Due to the operations, the fuel cell stack 1 can be
shifted to the dry side to the extent requested, so that the compressor flow rate
as the third-priority dry control parameter is maintained (FIG. 21(e)).

[0261] In a time zone (iv), the HFR measured value is settled at the target

HFR (FIG. 21(c)) as a result of the dry operation in the time zone (iii}, so that the
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cathode gas pressure is decreased to the oxygen partial pressure securing
request pressure as its lower limit (FIG. 21(d)).

[0262] In a time zone (v), the HFR measured value increases along with the
increase of the stack temperature. Hereby, the actual water balance becomes
lower than the target water balance, so that the wet operation is started. In
the wet operation, along the logic of FIG. 11, in terms of the compressor flow
rate as the first-priority wet control parameter, the target flow rate is not
decreased from the viewpoint of securing the oxygen partial pressure securing
lower limit flow rate. Accordingly, in the wet operation, the target pressure is
increased in order to increase the cathode gas pressure as the second-priority
wet control parameter.

[0263] Subsequently, in a time zone {vi), the cathode gas pressure
increases due to the wet operation in the time zone (v). Accordingly, along the
logic of FIG. 11, the pressure securing request flow rate increases, so that the
target flow rate consequently increases, thereby resulting in that the
compressor flow rate increases.

[0264] In a time zone (vii), along with the increase of the cathode gas
pressure due to the wet operation in the time zone (v), the cathode gas
pressure reaches the excessive pressure-increase prevention upper limit
pressure again. Accordingly, along the logic of FIG. 9, the cathode gas
pressure does not increase further. However, since the fuel cell stack 1 does
not reach the target wet state yet, increasing of the bypass valve opening
degree as the third-priority wet control parameter is started (FIG. 21(f})). Due
to the increase of the bypass valve opening degree, the HFR measured value
decreases to approach the target HFR (FIG. 21(c)).

[0265] In a time zone (viii), the HFR measured value decreases

continuously from the time zone (vii) and is settled at the target HFR (FIG.
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21(c)). Further, the load is settled at a high load state and the stack
temperature is settled at a high temperature state (FIG. 21(a) and (b)).
[0266] In a time zone (ix), the load and the stack temperature decrease.
Along with the decrease of the load, the excessive pressure-increase prevention
upper limit pressure decreases (FIG. 21(d)), so that the cathode gas pressure is
decreased while being restricted to the excessive pressure-increase prevention
upper limit pressure, according to the logic of FIG. 9. Further, along with the
decrease of the cathode gas pressure, the HFR measured value further
increases (the fuel cell stack 1 is further shifted to the dry side).
[0267] Accordingly, the wet operation is performed again. Here, along the
logic of FIG. 11, the compressor flow rate as the first-priority wet control
parameter is restricted to the oxygen partial pressure securing lower limit flow
rate, so that the compressor flow rate does not decrease. Further, the
cathode gas pressure as the second-priority wet control parameter is restricted
to the excessive pressure-increase prevention upper limit pressure, and
therefore, along the logic of FIG. 9, the cathode gas pressure does not increase.
Accordingly, in the wet operation, the bypass valve opening degree as the
third-priority wet control parameter is further increased to an opening degree
corresponding to a fully opened state (FIG. 21(f)).
[0268] Then, in a time zone (x), along with the decrease of the stack
temperature and the wet operation in the time zone (ix), the HFR measured
value decreases (FIG. 21(c)). As a result, wetting of the fuel cell stack 1
progresses, so that the actual water balance becomes higher than the target
water balance. Accordingly, the dry operation is performed. In the dry
operation, the bypass valve opening degree as the first-priority dry control
parameter is decreased (FIG. 21(f}). Further, in the time zone (x), along with

the decrease of the stack temperature, the excessive pressure-increase
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prevention upper limit pressure decreases (FIG. 21(d)]. Accordingly, the
cathode gas pressure restricted to the excessive pressure-increase prevention
upper limit pressure also decreases.

[0269] In a time zone (xi), decreasing of the bypass valve opening degree
(the wet operation) is finished, so that the fuel cell system 100 shifts to the idle
state again.

[0270] Next will be described the effect of a control method of the fuel cell
system 100 according to the present embodiment described above.

[0271]  The present embodiment provides a wet state control method for the
fuel cell system 100 in which cathode gas is supplied to the fuel cell stack 1 as
a fuel cell while the cathode gas partially bypasses the fuel cell stack 1, and the
wet state control method controls the wet state of the fuel cell stack 1 by
adjusting the wet control parameters. In the wet state control method for the
fuel cell system 100, the wet control parameters include a bypass valve
opening degree, a cathode gas pressure, and a compressor flow rate as a
cathode gas flow rate, and at the time when the fuel cell stack 1 is controlled to
the wet side (in the wet operation), the cathode gas pressure and the
compressor flow rate are adjusted in priority to adjustment of the bypass valve
opening degree.

[0272] Particularly, the present embodiment provides a wet state control
device including: the fuel cell stack 1; the compressor 22 as a cathode gas
supply device configured to supply cathode gas to the cathode system 1, 21,
26, 28 including the fuel cell stack 1; the bypass passage 28 via which the
cathode gas supplied from the compressor 22 to the fuel cell stack 1 partially
bypasses the fuel cell stack 1; the bypass valve 29 provided in the bypass
passage 28; the membrane wetness F/B control portion B101 as a bypass

valve opening degree adjusting device configured to adjust an opening degree
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of the bypass valve 29; the cathode pressure control valve 27 as a cathode gas
pressure adjusting device configured to adjust a cathode gas pressure; the
compressor motor 22a as a cathode gas flow rate adjusting device configured
to adjust a cathode gas flow rate supplied from the compressor 22 to the
cathode system 1, 21, 26, 28; the impedance measuring device 6 as a wet-state
acquisition device configured to acquire a wet state of the fuel cell stack 1; the
opening degree sensor 29a as a bypass valve opening degree acquisition device
configured to acquire an opening degree of the bypass valve 29; the cathode
pressure sensor 25 as a cathode gas pressure acquiring portion configured to
acquire the cathode gas pressure; the air flow meter 23 as a cathode gas flow
rate acquiring portion configured to acquire a compressor flow rate; and the
priority setting portion B1013 configured to set priorities of adjustment of the
bypass valve opening degree by the membrane wetness F/B control portion
B101, adjustment of the cathode gas pressure by the cathode pressure control
valve 27, and adjustment of the compressor flow rate by the compressor motor
22a.

[0273] In the wet state control device, when the fuel cell stack 1 1is
controlled to the wet side, the priority setting portion B1013 sets the priorities
such that the adjustment of the cathode gas pressure by the cathode pressure
control valve 27 and the adjustment of the cathode gas flow rate by the
compressor motor 22a are prioritized over the adjustment of the bypass valve
opening degree by the membrane wetness F/B control portion B101.

[0274] Hereby, in the wet operation, the cathode gas pressure and the
compressor flow rate are adjusted in priority to the adjustment of the bypass
valve opening degree. Accordingly, in the wet operation, it is possible to
restrain excess or shortage of the stack supply flow rate, caused when the

bypass valve opening degree is adjusted in a state where the compressor flow
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rate and the cathode gas pressure are not adjusted, thereby making it possible
to maintain the wet state of the fuel cell stack 1 suitably.

[0275] Further, in the present embodiment, at the time when the dry
operation to control the fuel cell stack 1 to the dry side is performed, the
bypass valve opening degree is adjusted in priority to the adjustment of the
compressor flow rate and the cathode gas pressure.

[0276] Particularly, in the wet state control device for the fuel cell system
100 in the present embodiment, in the dry operation, the priority setting
portion B1013 gives priority to the adjustment of the bypass valve opening
degree by the membrane wetness F/B control portion B101 over at least one of
the adjustment of the cathode gas pressure by the cathode pressure control
valve 27 and the adjustment of the cathode gas flow rate by the compressor
motor 22a.

[0277] Hereby, in the dry operation, it is possible to restrain the
compressor flow rate and the cathode gas pressure from being adjusted in a
state where the bypass valve opening degree is not adjusted. Accordingly, in
the dry operation, it is possible to restrain excess or shortage of the stack
supply flow rate, caused when the compressor flow rate and the cathode gas
pressure are adjusted in the state where the bypass valve opening degree is not
adjusted, thereby making it possible to maintain the wet state of the fuel cell
stack 1 suitably.

[0278] Further, the present embodiment provides a wet state control
method for the fuel cell system 100 in which cathode gas is supplied to the fuel
cell stack 1 as a fuel cell while the cathode gas partially bypasses the fuel cell
stack 1, and the wet state control method for the fuel cell system 100 controls
the wet state of the fuel cell stack 1 by adjusting wet control parameters so that

the wet state of the fuel cell stack 1 approaches a target wet state. In the wet
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state control method, the wet control parameters include a bypass valve
opening degree, a cathode gas pressure, and a compressor flow rate as a
cathode gas flow rate, and the wet operation is performed such that decreasing
of the compressor flow rate as the cathode gas flow rate and increasing of the
cathode gas pressure are performed, and the bypass valve opening degree is
increased so as to supplement the control on the fuel cell stack 1 to the wet
side by the decreasing of the compressor flow rate and the increasing of the
cathode gas pressure.

[0279] Hereby, in the wet operation, the increasing of the bypass valve
opening degree is performed preferentially, and the decreasing of the
compressor flow rate and the increasing of the cathode gas pressure are
performed in a supplemental manner. Accordingly, in the wet operation, the
wet state of the fuel cell stack 1 is surely made closer to the target wet state,
and it is possible to restrain excess or shortage of the stack supply flow rate,
caused when the bypass valve opening degree is increased in a state where the
decreasing of the compressor flow rate and the increasing of the cathode gas
pressure are not performed, thereby making it possible to maintain the wet
state of the fuel cell stack 1 suitably.

[0280] Particularly, in the wet operation, the decreasing of the compressor
flow rate is performed in priority to the increasing of the bypass valve opening
degree, thereby making it possible to restrain such a situation that, as a result
of increasing the bypass valve opening degree before the compressor flow rate
decreases, the target flow rate is set to be high and the compressor output
excessively increases, thereby causing an increase of power consumption and
occurrence of noise.

[0281] Further, in the wet operation, the increasing of the cathode gas

pressure is performed in priority to the increasing of the bypass valve opening
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degree. This accordingly makes it possible to restrain such a situation that,
as a result of increasing the bypass valve opening degree before the cathode
gas pressure increases, the supply flow rate of the cathode gas to the fuel cell
stack 1 decreases so that an output voltage of the fuel cell stack 1 decreases
and variations in cell voltage of the fuel cell increase.

[(0282] Further, in the wet state control method of the present embodiment,
the wet operation to control the fuel cell stack 1 to the wet side is performed
such that: the controller 200 calculates a wet control request target flow rate of
the compressor 22 based on the atmospheric pressure detection value as a
minimum value of the cathode gas pressure and a minimum value (= 0) of the
bypass valve opening degree, calculates a wet control request target pressure
of the cathode gas based on a compressor flow rate detection value and the
minimum value of the bypass valve opening degree, and calculates a bypass
valve opening degree target value based on a cathode gas pressure detection
value and the compressor flow rate detection value; and the controller 200
adjusts the compressor flow rate, the cathode gas pressure, and the bypass
valve opening degree so that the compressor flow rate, the cathode gas
pressure, and the bypass valve opening degree approach the wet control
request target flow rate, the wet control request target pressure, and the target
bypass valve opening degree, respectively.

[0283] Hereby, in the wet operation, operation priorities are determined in
the order from the decreasing of the compressor flow rate, the increasing of the
cathode gas pressure, and the increasing of the bypass valve opening degree.
Accordingly, it is possible to morc easily realize a configuration in which the
bypass flow rate is not adjusted in a state where the compressor flow rate and
the cathode gas pressure are not adjusted.

[0284] Further, in the wet state control method according to the present



CA 03017437 2018-09-11

-67 -
embodiment, in the dry operation to control the fuel cell stack 1 to the dry side,
an operation to decrease the bypass valve opening degree is performed, and
increasing of the compressor flow rate and decreasing of the cathode gas
pressure are performed so as to supplement the operation to decrease the
bypass valve opening degree.

[0285] Hereby, in the dry operation, the compressor flow rate increases
after the bypass valve opening degree decreases, thereby making it possible to
more surely prevent excessive supply of the cathode gas to the fuel cell stack 1
that can occur when the compressor flow rate increases before the bypass
valve opening degree decreases.

[0286] Further, in the dry operation, the cathode gas pressure decreases
after the bypass valve opening degree decreases, thereby making it possible to
restrain the cathode gas pressure from being decreased in a state where the
bypass flow rate is not decreased sufficiently. This restrains such a situation
that the compressor output is controlled to increase in order to increase the
compressor flow rate due to a decrease of the cathode gas pressure, thereby
consequently making it possible to further restrain an increase of power
consumption and occurrence of noise.

[0287] Further, in the wet state control method in the present embodiment,
the dry operation to control the fuel cell stack 1 to the dry side is performed
such that: the controller 200 calculates a target value of the bypass valve
opening degree based on the atmospheric pressure detection value as a
minimum value of the cathode gas pressure and the flow rate minimum value
as a minimum value of the cathode gas flow rate, calculates a wet control
request target pressure based on a detection value of the bypass valve opening
degree and the flow rate minimum value, and calculates a wet control request

target flow rate based on the detection value of the bypass valve opening degree
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and a detection value of the cathode gas pressure; and the controller 200
adjusts the bypass valve opening degree, the cathode gas pressure, and the
cathode gas flow rate so that the bypass valve opening degree, the cathode gas
pressure, and the cathode gas flow rate approach the target bypass valve
opening degree, the wet control request target pressure, and the wet control
request target flow rate, respectively.
[0288] Hereby, in the dry operation, operation priorities are determined in
the order from decreasing of the bypass valve opening degree, decreasing of the
cathode gas pressure, and the compressor flow rate. This makes it possible to
more easily achieve a configuration that performs the decreasing of the
cathode gas pressure and increasing of the compressor flow rate after the
bypass valve opening degree is decreased.
[0289] Further, in the wet state control method according to the present
embodiment, the cathode gas pressure is restricted so as not to exceed the
excessive pressure-increase prevention upper limit pressure as a pressure
upper limit.
[0290] This restrains the cathode gas pressure from increasing uselessly
and the output of the compressor 22 from increasing due to a continuous
increase of the compressor flow rate, thereby making it possible to contribute
to improvement of fucl efficiency and restraint of noise.
[0291]) Further, in the wet state control method according to the present
embodiment, the excessive pressure-increase prevention upper limit pressure
is calculated based on the request load and the stack temperature as a
temperature of the fuel cell.
[0292] Hereby, in a high load state and the like, the target pressure
becomes higher, so that the excessive pressure-increase prevention upper

limit pressure is set to be relatively high, and in the meantime, in a low load
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state and the like, the target pressure becomes low, so that the excessive
pressure-increase prevention upper limit pressure can be set to be relatively
low. Particularly, when the excessive pressure-increase prevention upper
limit pressure is set to be relatively low in a low load state or at a low
temperature, the cathode gas pressure is restrained from increasing
excessively, so that the compressor output can be decreased, thereby making
it possible to contribute to improvement of fuel efficiency and restraint of
noise.

[0293] Note that the excessive pressure-increase prevention upper limit
pressure may be calculated based on the target wet state such as the target
HFR or the target water balance. Hereby, it is possible to adjust an upper
limit of the cathode gas pressure suitably according to the target wet state for
the fuel cell stack 1.

[0294] Further, in the control method of the fuel cell system 100 in the
present embodiment, the compressor flow rate is adjusted so as not to become
lower than a flow rate lower limit (the oxygen partial pressure securing lower
limit flow rate) as its lower limit.

[0295] This makes it possible to prevent such a situation that the
compressor flow rate becomes excessively small in the wet operation and the
like so that the compressor flow rate supplied to the fuel cell stack 1 becomes
insufficient and a power generation state becomes unstable.

[0296] Particularly, the oxygen partial pressure securing lower limit flow
rate as the flow rate lower limit is set so as to satisfy a supply flow rate (the
stack supply flow rate) of the cathode gas that is requested by the fuel cell
stack 1.

[0297] This makes it possible to more surely secure a stack supply flow rate

necessary to satisfy a power generation amount corresponding to the request
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load, for example, thereby making it possible to maintain the oxygen
concentration in the fuel cell stack 1 suitably and to maintain a power
generation state appropriately.

[0298] Further, the flow rate lower limit may be set so as to be able to
prevent local water clogging in the fuel cell stack 1. Hereby, the wet state of
the fuel cell is maintained further more suitably, and excessive drying and
flooding are prevented, thereby making it possible to contribute to the
maintenance of a better power generation state.

[0299]  The embodiment of the present invention has been described above,
but the embodiment exemplifies a part of application examples of the present
invention and is not intended to limit the technical scope of the present
invention to the specific configuration of the embodiment.

[0300] For example, in the embodiment, in the wet operation, the wet
control is performed such that the compressor flow rate is set as the
first-priority wet control parameter, the cathode gas pressure is set as the
second-priority wet control parameter, and the bypass valve opening degree is
set as the third-priority wet control parameter.

[0301] However, the present invention is not necessarily limited to the
priorities of the wet control parameters in the embodiment, provided that at
least one of the compressor flow rate and the cathode gas pressure is set as a
wet control parameter having priority over the bypass valve opening degree.
That is, the compressor flow rate may be set as the first-priority wet control
parameter, the bypass valve opening degree may be set as the second-priority
wet control parameter, and the cathode gas pressure may be set as the
third-priority wet control parameter. Further, the cathode gas pressure may
be set as the first-priority wet control parameter, the bypass valve opening

degree may be set as the second-priority wet control parameter, and the



CA 03017437 2018-09-11

-71 -
compressor flow rate may be set as the third-priority wet control parameter.
[0302] Further, in the present embodiment, as described in FIG. 5, at the
time when the wet operation is performed, the compressor flow rate with a
maximum control amount is prioritized as the first-priority wet control
parameter, and the cathode gas pressure and the bypass valve opening degree
are set as the second-priority or third-priority wet control parameter.
However, how to set priorities is not limited to this, and for example, in the wet
operation, a priority relationship with time may be set to the wet control
parameters such that the adjustment of the compressor flow rate as the
first-priority wet control parameter is first performed, then, the adjustment of
the cathode gas pressure as the second-priority wet control parameter is
performed, and finally, the adjustment of the bypass valve opening degree is
performed. Note that, in the dry operation, a priority relationship with time
can be also set to the wet control parameters.

[0303]  Further, the priorities of the wet control parameters in the dry
operation are also not necessarily limited to the embodiment.

[0304] Further, the wet control parameters may include other parameters,
for example, the HRB rotation number and the like, in addition to the
compressor flow rate and the cathode gas pressure.

[0305] Further, the constituents of the fuel cell system 100 of the present
embodiment are not limited to those in the embodiment. For example,
instead of a solenoid valve, the cathode pressure control valve 27 may be
configured as a diaphragm portion having a fixed opening degree, such as an
orifice. Further, a turbine driven by receiving the cathode gas from the
cathode gas discharge passage 26 or the anode gas from the high-pressure
tank 31 may be attached to the compressor 22.

[0306] Further, the HFR measured value in the present embodiment may
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be corrected by the stack temperature.

[0307] The embodiments can be combined as appropriate.
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The embodiments of the invention in which an exclusive property

or privilege is claimed are defined as follows:

1. A wet state control method for a fuel cell system in which
cathode gas is supplied to a fuel cell while the cathode gas partially
bypasses the fuel cell, the wet state control method being for
controlling a wet state of the fuel cell by adjusting wet control
parameters,

wherein the wet control parameters include at least a bypass
valve opening degree, a cathode gas pressure, and a cathode gas flow
rate, and

the method comprising:

controlling the fuel cell to increase a degree of wetness such
that at least either one of decreasing the cathode gas flow rate and
increasing the cathode gas pressure is performed in priority to

increasing the bypass valve opening degree.

2. The wet state control method for the fuel cell system, according
to claim 1, the method further comprising:
controlling the fuel cell to decrease the degree of wetness such

that decreasing the bypass valve opening degree is performed in
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priority to at least either one of increasing the cathode gas flow rate

and decreasing the cathode gas pressure.

3. A wet state control method for a fuel cell system in which
cathode gas is supplied to a fuel cell while the cathode gas partially
bypasses the fuel cell, the wet state control method being for
controlling a wet state of the fuel cell by adjusting wet control
parameters so that the wet state of the fuel cell approaches a target
wet state,
wherein the wet control parameters include at least a bypass
valve opening degree, a cathode gas pressure, and a cathode gas flow
rate, and
the method comprising:
controlling the fuel cell to increase a degree of wetness such
that:
at least either one of decreasing of the cathode gas
flow rate and increasing of the cathode gas pressure is
performed; and
the bypass valve opening degree is increased so as to
supplement the control on the fuel cell to increase the

degree of wetness by the at least either one of the
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decreasing of the cathode gas flow rate and the increasing

of the cathode gas pressure.

4. The wet state control method for the fuel cell system, according
to claim 3, the method comprising:

controlling the fuel cell to increase the degree of wetness such
that:

a wet control request target flow rate of the cathode
gas is calculated based on a minimum value of the cathode
gas pressure and a minimum value of the bypass valve
opening degree;

a wet control request target pressure of the cathode
gas is calculated based on a detection value of the cathode
gas flow rate and the minimum value of the bypass valve
opening degree;

a target value of the bypass valve opening degree is
calculated based on a detection value of the cathode gas
pressure and the detection value of the cathode gas flow
rate; and

the cathode gas flow rate, the cathode gas pressure,

and the bypass valve opening degree are adjusted to

CA 3017437 2019-08-21



-76 -

approach the wet control request target flow rate, the wet
control request target pressure, and the target value of the

bypass valve opening degree, respectively.

5. The wet state control method for the fuel cell system, according
to claim 3 or 4, the method comprising:
controlling the fuel cell to decrease the degree of wetness such
that:
an operation to decrease the bypass valve opening
degree is performed; and
at least either one of increasing of the cathode gas
flow rate and decreasing of the cathode gas pressure is
performed so as to supplement the operation to decrease

the bypass valve opening degree.

6. The wet state control method for the fuel cell system, according
to claim 5, the method comprising:
controlling the fuel cell to decrease the degree of wetness such
that:
a target value of the bypass valve opening degree is

calculated based on a minimum value of the cathode gas
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pressure and a minimum value of the cathode gas flow
rate;

a wet control request target pressure of the cathode
gas is calculated based on a detection value of the bypass
valve opening degree and the minimum value of the
cathode gas flow rate;

a wet control request target flow rate of the cathode
gas is calculated based on the detection value of the
bypass valve opening degree and a detection value of the
cathode gas pressure; and

the bypass valve opening degree, the cathode gas
pressure, and the cathode gas flow rate are adjusted to
approach the target value of the bypass valve opening
degree, the wet control request target pressure, and the

wet control request target flow rate, respectively.

7. The wet state control method for the fuel cell system, according
to any one of claims 3 to 6, the method comprising:
restricting the cathode gas pressure so that the cathode gas

pressure does not exceed a pressure upper limit.
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8. The wet state control method for the fuel cell system, according
to claim 7, the method comprising:
calculating the pressure upper limit based on at least one of a

request load, a temperature of the fuel cell, and a target wet state.

9. The wet state control method for the fuel cell system according
to any one of claims 3 to 8, the method comprising:

adjusting the cathode gas flow rate so as that the cathode gas
flow rate does not become lower than a flow rate lower limit as a lower

limit of the cathode gas flow rate.

10. The wet state control method for the fuel cell system, according
to claim 9, the method comprising: |

setting the flow rate lower limit so that a request of a fuel cell
supply flow rate is satisfied, the fuel cell supply flow rate being a flow

rate of the cathode gas supplied to the fuel cell.

11. The wet state control method for the fuel cell system, according
to claim 9 or 10, the method comprising:

setting the flow rate lower limit so that local water clogging in
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the fuel cell is able to be prevented.

12. A wet state control device for a fuel cell system, the wet state
control device comprising:

a fuel cell;

a cathode gas supply device configured to supply cathode gas to
a cathode system including the fuel cell;

a bypass passage via which the cathode gas supplied from the
cathode gas supply device to the fuel cell partially bypasses the fuel
cell;

a bypass valve provided in the bypass passage;

a bypass valve opening degree adjusting device configured to
adjust an opening degree of the bypass valve;

a cathode gas pressure adjusting device configured to adjust a
cathode gas pressure;

a cathode gas flow rate adjusting device configured to adjust a
cathode gas flow rate supplied from the cathode gas supply device to
the cathode system;

a wet-state acquisition device configured to acquire a wet state
of the fuel cell;

a bypass valve opening degree acquisition device configured to
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acquire an opening degree of the bypass valve;

a cathode gas pressure acquiring portion configured to acquire
the cathode gas pressure;

a cathode gas flow rate acquiring portion configured to acquire
the cathode gas flow rate; and

a priority setting portion configured to set priorities of
adjustment of the bypass valve opening degree by the bypass valve
opening degree adjusting device, adjustment of the cathode gas
pressure by the cathode gas pressure adjusting device, and
adjustment of the cathode gas flow rate by the cathode gas flow rate
adjusting device, wherein

the priority setting portion is configured to set the priorities
such that at least one of the adjustment of the cathode gas pressure
by the cathode gas pressure adjusting device and the adjustment of
the cathode gas flow rate by the cathode gas flow rate adjusting device
is performed in priority to the adjustment of the bypass valve opening
degree by the bypass valve opening degree adjusting device in a wet

operation of the fuel cell.

13. The wet state control device for the fuel cell system, according

to claim 12, wherein
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the priority setting portion is configured to set the priorities
such that adjustment of a bypass flow rate by the bypass valve
opening degree adjusting device is performed in priority to at least
one of the adjustment of the cathode gas pressure by the cathode gas
pressure adjusting device and the adjustment of the cathode gas flow
rate by the cathode gas flow rate adjusting device in a dry operation

of the fuel cell.
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