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101  Normal target cathode pressure calculation unit

AA  Target output current

BE Stack temperature

CC  Warm-up acceleration target cathode pressure

DD Maximum generated power

EE MMaximum drive motor request power

FF  Pressure corrected value

GG On condition stack temperature < warm-up completion temperature
HH Excess power that can be output

I Maximum cathode pressure reqguired for drive request

JJ  Excess power that can be output

KK First warm-up target cathode pressure

LL Maximum cathode pressure for drive request

KT On condition stack temperature < warm-up completion temperature
NN  Normal target cathode pressure

OO0  Second warm-up target cathode pressure

PF Target cathode pressure

()  Pressure comected value

RR Stack temperature

(57) Abrege/Abstract:
A fuel cell system for generating power by supplying a fuel cell with anode gas and cathode gas comprises: an auxiliary machine

and a drive motor driven with power generated by the fuel cell; a pressure control means (5) for controlling the pressure of the
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(57) Abrege(suite)/Abstract(continued):
cathode gas supplied to the fuel cell to a normal target pressure for securing an oxygen partial pressure in the fuel cell In

accordance with the power generated by the fuel cell: and a warm-up time pressure control means for controlling the pressure of
the cathode gas supplied to the fuel cell to a prescribed warm-up acceleration target pressure higher than the normal target
pressure while warming up the fuel cell. On recelving a request to drive the drive motor while warming up the fuel cell, the warm-up
time pressure control means controls the pressure of the cathode gas supplied to the fuel cell to a warm-up target pressure

between the normal target pressure and the warm-up acceleration target pressure.
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ABSTRACT

There is provided a fuel cell system that generates an electric power by
supplying an anode gas and a cathode gas to a fuel cell. The fuel cell system
includes: auxiliary machines and a drive motor driven by the generated electric
power of the fuel cell; a pressure control unit configured to control a pressure of the
cathode gas to be supplied to the fuel cell at a normal target pressure, the normal
target pressure being used for ensuring an oxygen partial pressure within the fuel
cell in accordance with the generated electric power of the fuel cell;, and a
warming-up pressure control unit configured to control the pressure of the cathode
gas to be supplied to the fuel cell to become a predetermined warm-up acceleration
target pressure during warm-up of the fuel cell, the predetermined warm-up

acceleration target pressure being higher than the normal target pressure. In a

case where there is a request to drive the drive motor during the warm-up of the
fuel cell, the warming-up pressure control unit controls the pressure of the cathode
gas to be supplied to the fuel cell to a warm-up target pressure between the normal

target pressure and the warm-up acceleration target pressure.
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DESCRIPTION

FUEL CELL SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a fuel cell system.

BACKGROUND ART
[0002] As a conventional fuel cell system, there is one in which an IV
characteristic (a current and voltage characteristic) of a fuel cell is estimated on the

basis of an output voltage detected while changing an output current of the fuel cell

(see JP2000-357526A).

SUMMARY OF THE INVENTION

[0003] In a fuel cell system under development now, during a normal operation
after warm-up of a fuel cell, a pressure of a cathode gas to be supplied to the fuel
cell is set up on the basis of an electric power required to cause a vehicle to travel
so that an oxygen partial pressure necessary for generating the required electric
power can be ensured, and a cathode compressor is driven in accordance with the
pressure of the cathode gas thus set up.

[0004] On the other hand, during the warm-up of the fuel cell, a pressure of a
cathode side within the fuel cell 1s set up to a pressure for warming-up, which is
higher than that at the normal operation. The cathode compressor that is one of
auxiliary machines is controlled so that electricity consumption thereof becomes

larger as much as possible. This causes a generated electric power of the fuel cell

to be increased, thereby accelerating the warm-up of the fuel cell.
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[0005] Further, the IV characteristic of the fuel cell deteriorates in the early

period of the warm-up, and there is a possibility that an electric power necessary
for traveling of the vehicle cannot be supplied. For that reason, the IV
characteristic during the warm-up is estimated, and traveling permission for the
vehicle is to be outputted at the time when the estimated IV characteristic becomes
an IV characteristic required for traveling of the vehicle.

[(0006] Here, the IV characteristic deteriorates during the warm-up compared
with during the normal operation after the warm-up. For that reason, the
generated electric power of the fuel cell is restricted compared with that during the
normal operation. For that reason, in a case where the traveling permission 1s
outputted during the warm-up and an acceleration request by a driver is generated,
a drive motor has to be driven by the generated electric power thus restricted.
[0007] Therefore, it was found that the following problem occurs in a case where
a required electric power is to be supplied to the drive motor in order to ensure
operability thereof in the generated electric power thus restricted, there i1s a
possibility that the electricity consumption of the cathode compressor has to be

lowered. At this time, in a case where it makes an attempt to reduce (or lower) the
electricity consumption of the cathode compressor by causing the pressure of the
cathode gas to be supplied to the fuel cell to drop from a high pressure used for the

warming-up to the pressure set up during the normal operation as described

above.

[0008] Namely, the following problem was found. In a case where a
cathode-side pressure within the fuel cell is caused to drop from the pressure for
the warming-up to the pressure set up during the normal operation during the

warm-up after the traveling permission was outputted, the IV characteristic of the
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fuel cell deteriorates due to dropping of the oxygen partial pressure at the cathode

side. As a result, there is a fear that a current IV charactenistic deteriorates
compared with the IV characteristic when the traveling permission was outputted
and this poses an obstacle to traveling of the vehicle.

[0009] The present invention was made by focusing such problems, and it is an
object of the present mvention to provide a fuel cell system capable of suppressing
deterioration of an IV characteristic in a case where traveling permission 1is
outputted during a warm-up operation and there is thus an acceleration request.
(0010] According to one aspect of the present invention, there is provided a fuel
cell system in which an electric power 1s generated by supplying an anode gas and
a cathode gas to a fuel cell. The fuel cell system according to the one aspect
includes: auxiliary machines and a drive motor driven by the generated electric
power of the fuel cell; a pressure control unit configured to control a pressure of the
cathode gas to be supplied to the fuel cell at a normal target pressure, the normal
target pressure being used for ensuring an oxygen partial pressure within the fuel
cell in accordance with the generated electric power of the fuel cell, and a
warming-up pressure control unit configured to control the pressure of the cathode
gas to be supplied to the fuel cell to become a predetermined warm-up acceleration
target pressure during warm-up of the fuel cell, the predetermined warm-up

acceleration target pressure being higher than the normal target pressure. , in a

case where there 1s a request to drive the drive motor during the warm-up of the

fuel cell, the warming-up pressure control unit controls the pressure of the cathode
gas to be supplied to the fuel cell to a warm-up target pressure between the normal

target pressure and the warm-up acceleration target pressure.

[0011] According to this aspect, when there is a request to drive the drive motor
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during the warm-up of the fuel cell, the pressure of the cathode gas to be supphed

to the fuel cell is controlled to the warm-up target pressure between the normal
target pressure at the normal operation and the warm-up acceleration target
pressure for accelerating the warm-up. This makes it possible to suppress the
pressure from dropping when there is a request to drive the drive motor during the
warm-up of the fuel cell. Therefore, it is possible to suppress an IV characteristic

from deteriorating.

BRIEF DESCRIPTION OF THE DRAWINGS
(0012] FIG. 1 is a schematic view of a fuel cell system according to one
embodiment of the present invention.
FIG. 2 is a view showing a relationship between a stack temperature and
an IV characteristic of a fuel cell stack.

FIG. 3 is a block diagram for explaining a cathode pressure control

according to one embodiment of the present invention.

FIG. 4 is a map for calculating a pressure correction value on the basis of

the stack temperature and an HFR.

FIG. 5 is a table for calculating a drive requested maximum cathode

pressure on the basis of an output enable surplus electric power.

FIG. 6 is a time chart for explaining an operation of a cathode pressure

control according to one embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0013] Hereinafter, an embodiment of the present invention will be described

with reference to the accompanying drawings and the like.
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[0014] In a fuel cell, an electrolyte membrane is sandwiched between an anode
electrode (fuel electrode) and a cathode electrode (oxidant electrode), and electric
power is generated by supplying an anode gas (fuel gas) containing hydrogen to the
anode electrode and supplying a cathode gas (oxidant gas) containing oxygen to the

cathode electrode. Electrode reactions that proceed on both the anode electrode

and the cathode electrode are as follows.
[0015] Anode Electrode:  2Hz2 — 4H™ + 4e - (1)

Cathode Electrode: 4H* + 4e + Oz — 2H0 - (2)

The fuel cell generates an electromotive force of about one volt by means of
these electrode reactions (1) and (2).
(0016] In a case where a fuel cell is utilized as a power source for a vehicle, the
electric power to be required becomes greater. For this reason, the fuel cells are
used as a fuel cell stack in which several hundreds of the fuel cells are laminated.
Then, by constituting a fuel cell system for supplying the anode gas and the

cathode gas to the fuel cell stack, an electric power for driving the vehicle 1s taken

out.

[0017] FIG. 1 is a schematic view of a fuel cell system 100 according to one

embodiment of the present invention.

[0018] The fuel cell system 100 includes a fuel cell stack 1, a cathode gas

supply/discharge device 2, an anode gas supply/discharge device 3, an electric

power system 4, and a controller 5.

[0019] The fuel cell stack 1 is constructed by stacking a plurality of fuel cells, and
receives the supply of the anode gas and the cathode gas to generate an electric
power necessary for driving of the vehicle. The fuel cell stack 1 includes an anode

electrode-side output terminal la and a cathode electrode-side output terminal 1b
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as terminals for extracting an electric power.

[0020] The cathode gas supply/discharge device 2 includes a cathode gas supply
passage 21, a cathode gas discharge passage 22, a filter 23, an air flow sensor 24, a
cathode compressor 25, a cathode pressure sensor 26, a water recovery device
(Water Recovery Device: hereinafter, referred to as a “WRD") 27, and a cathode
pressure regulating valve 28. The cathode gas supply/discharge device 2 supplies
the cathode gas to the fuel cell stack 1, and discharges a cathode off-gas discharged
from the fuel cell stack 1 to the outside air.

(0021] The cathode gas supply passage 21 is a passage in which the cathode gas
to be supplied to the fuel cell stack 1 flows. One end of the cathode gas supply
passage 21 is connected to the filter 23, and the other end thereof is connected to a
cathode gas inlet port of the fuel cell stack 1.

[0022] The cathode gas discharge passage 22 is a passage mn which the cathode
off-gas discharged from the fuel cell stack 1 flows. One end of the cathode gas
discharge passage 22 is connected to a cathode gas outlet port of the fuel cell stack
1, and the other end thereof becomes an open end. The cathode off-gas 1s a
mixture gas of the cathode gas and steam generated by an electrode reaction.

[0023] The filter 23 removes foreign matter in the cathode gas to be taken in the

cathode gas supply passage 21.

[0024] The air flow sensor 24 1s provided on the cathode gas supply passage 21
upstream from the cathode compressor 25. The air flow sensor 24 detects a tlow

rate of the cathode gas that is supplied to the cathode compressor 25 and is then

supplied to the fuel cell stack 1 finally.
[0025] The cathode compressor 25 i1s provided on the cathode gas supply

passage 21. The cathode compressor 25 takes air (outside air) in the cathode gas
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supply passage 21 as the cathode gas via the filter 23, and supplies the air to the

fuel cell stack 1.
|0026] The cathode pressure sensor 26 is provided on the cathode gas supply
passage 21 between the cathode compressor 25 and the WRD 27. The cathode

pressure sensor 26 detects a pressure of the cathode gas supplied to the fuel cell

stack 1 (hereinatter, referred to as a “cathode pressure”).

|0027] The WRD 27 is connected to each of the cathode gas supply passage 21
and the cathode gas discharge passage 22 to collect moisture in the cathode off-gas
flowing 1in the cathode gas discharge passage 22. The WRD 27 humidifies the
cathode gas flowing in the cathode gas supply passage 21 using the collected
moisture.

[0028] The cathode regulating valve 28 is provided on the cathode gas discharge
passage 22 downward from the WRD 27. Opening and closing of the cathode
regulating valve 28 1s controlled by the controller 5 to adjust the cathode pressure
to be supplied to the fuel cell stack 1. In this regard, in the present embodiment,
the cathode pressure is controlled to a desired pressure (a target cathode pressure)
by basically adjusting a rotational speed of the cathode compressor 25 and an
opening degree of the cathode pressure regulating valve 28.

[0029] The anode gas supply/discharge device 3 supplies the anode gas to the
fuel cell stack 1, and discharges an anode off-gas discharged from the fuel cell
stack 1 to the cathode gas discharge passage 22. The anode gas supply/discharge

device 3 includes a high-pressure hydrogen tank 31, an anode gas supply passage
32, an anode pressure regulating valve 33, an anode gas discharge passage 34, and

a purge valve 395.

[0030] The high-pressure hydrogen tank 31 keeps and stores the anode gas to be
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supplied to the fuel cell stack 1 in a high-pressure state.

[0031] The anode gas supply passage 32 is a passage to supply the anode gas
discharged from the high-pressure hydrogen tank 31 to the fuel cell stack 1. One
end of the anode gas supply passage 32 1s connected to the high-pressure
hydrogen tank 31, and the other end thereof is connected to an anode gas mnlet port
of the fuel cell stack 1.

[0032] The anode pressure regulating valve 33 is provided on the anode gas
supply passage 32. Opening and closing of the anode pressure regulating valve 33
is controlled by the controller 5 to adjust a pressure of the anode gas to be supplied
to the fuel cell stack 1 to a desired pressure.

[0033] The anode gas discharge passage 34 is a passage in which the anode
off-gas discharged from the fuel cell stack 1 flows. One end of the anode gas
discharge passage 34 is connected to an anode gas outlet port of the fuel cell stack
1, and the other end thereof is connected to the cathode gas discharge passage 22.
[0034] The anode off-gas discharged to the cathode gas discharge passage 22 via
the anode gas discharge passage 34 is mixed with the cathode off-gas in the

cathode gas discharge passage 22, and is discharged to the outside of the fuel cell

system 100. Excess hydrogen that is not used in the electrode reaction is
contained in the anode off-gas. Therefore, by mixing the excess hydrogen with the
cathode off-gas and then discharging it to the outside of the fuel cell system 100, a
hydrogen concentration in the discharge gas is set to become a predetermined
concentration or lower.

[0035] The purge valve 35 is provided on the anode gas discharge passage 34.
Opening and closing of the purge valve 35 is controlled by the controller S to control

a flow rate of the anode off-gas to be discharged from the anode gas discharge
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passage 34 to the cathode gas discharge passage 22.

[0036] The electric power system 4 includes a current sensor 41, a voltage sensor
42, a drive motor 43, an inverter 44, a battery 45, and a DC/DC converter 46.
[0037] The current sensor 41 detects a current taken out from the fuel cell stack
1 (hereinafter, referred to as an “output current’).

[0038] The voltage sensor 42 detects an inter-terminal voltage between the anode
electrode side output terminal 1a and the cathode electrode side output terminal
1b (hereinafter, referred to as an “output voltage”). In this regard, the fuel cell
system may be configured so that a voltage of each one cell of the fuel cells that
constitute the fuel cell stack 1 can be detected, or a voltage of every plural cells can
be detected.

[0039] The drive motor 43 is a three-phase synchronous motor in which
permanent magnets are embedded in a rotor and a stator coil is wound around a
stator. The drive motor 43 has a function as an electric motor that receives supply
of the electric power from the fuel cell stack 1 and the battery 45 to be rotatably
driven, and a function as a power generator that generates an electromotive torce
between both ends of the stator coil at the time of deceleration of the vehicle in
which the rotor is caused to rotate by means of an external force.

[0040] The inverter 44 is configured by a plurality of semiconductor switches,
such as an IGBT (Insulated Gate Bipolar Transistor), for example. Opening and
closing of each of the semiconductor switches in the inverter 44 is controlled by the

controller 5 to convert a DC electric power to an AC electric power or convert an AC
electric power to a DC electric power. When the drive motor 43 is caused to

function as an electric motor, the inverter 44 converts a composite DC electric

power of the electric power generated by the fuel cell stack 1 and the electric power
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outputted from the battery 45 into a three-phase AC electric power to supply the

three-phase AC electric power to the drive motor 43. On the other hand, when the
drive motor 43 1s caused to function as a power generator, the inverter 44 converts
a regenerative electric power of the drive motor 43 (three-phase AC electric power)
into a DC electric power to supply the DC electric power to the battery 45.

[0041] An excess value of the generated electric power of the fuel cell stack 1 (the
output current x the output voltage) and a regenerative electric power of the
traveling motor 43 are charged in the battery 45. The electric power charged in
the battery 45 1s supplied to the drive motor 43 and auxiliary machines such as the
cathode compressor 25 and a cooling water heater (not shown in the drawings) for
heating a cooling water if necessary.

0042] The DC/DC convertor 46 is a bidirectional voltage converter that raises or
drops the output voltage of the fuel cell stack 1. The DC/DC convertor 46 controls
the output voltage of the fuel cell stack 1, whereby the output current of the fuel
cell stack 1 is controlled, and the generated electric power is controlled

furthermore.

[0043] The controller 5 i1s configured by a microcomputer that includes a

Central Processing Unit (CPU), a Read Only Memory (ROM]), a Random Access
Memory (RAM) and an input/output interface (I/O interface).

[0044] Vanous kinds of signals for detecting an operation state of the fuel cell
system 100 are mputted to the controller S in addition to the air flow sensor 24
described above and the like. The signals include signals of: an accelerator stroke
sensor 51 for detecting a pressing amount of an accelerator pedal (hereinafter,
referred to as an “accelerator operating amount”); a rotational speed sensor 52 for

detecting the rotational speed of the cathode compressor 25; a plurality of water



CA 02925876 2016-03-30

11 -

temperature sensors 53 for detecting a temperature of a cooling water flowing into
the fuel cell stack 1 (hereinafter, referred to as an “inlet water temperature”) and a
temperature of the cooling water discharged from the fuel cell stack 1 (hereinafter,
referred to as an “outlet water temperature”); and an SOC sensor 54 for detecting a
charged capacity of the battery 45. In this regard, in the present invention, an
average temperature of the inlet water temperature and the outlet water
temperature is set up as a temperature of the fuel cell stack 1 (hereinafter, referred
to as a “stack temperature”).

[0045] The controller 5 calculates not only a target generated electric power of the
fuel cell stack 1 but also a target output current on the basis of input signals from

these various kinds of sensors and operation statuses of the drive motor 43, the

auxiliary machines and the like.

[0046] The controller 5 then calculates a target value of the cathode pressure
during a normal operation (heremafter, referred to as a “normal target cathode
pressure”) on the basis of the target output current in a case where 1t 1s during the
normal operation after the warm-up of the fuel cell stack 1 was completed. The
controller 5 controls the cathode compressor 25 so that the cathode pressure
becomes the normal target cathode pressure. The normal target cathode pressure
is a cathode pressure required to ensure an oxygen partial pressure, which is
necessary for electrode reactions within the cathode electrode of each of the fuel

cells when the target output current is extracted from the fuel cell stack 1 after the

warm-up 1s completed.

[0047] On the other hand, if it is during the warm-up of the fuel cell stack 1, the

controller 5 basically sets up the target value of the cathode pressure to a

predetermined warm-up acceleration target cathode pressure higher than the
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normal target cathode pressure. The controller 5 then controls the cathode

compressor 25 so that the cathode pressure becomes the warm-up acceleration
target cathode pressure. The warm-up acceleration target cathode pressure 1S set
up to a pressure as high as possible while taking into account deterioration of
sound vibration performance due to noise or vibration generated by driving the

cathode compressor 25.

[0048] This causes electricity consumption of the cathode compressor 25, which
is one of the auxiliary machines, to become larger compared with that during the
normal operation. By increasing the generated electric power of the fuel cell stack
1, the warm-up of the fuel cell stack 1 is accelerated by means of self-heating.
[0049] Thus, electricity consumption of the cathode compressor 25, the cooling
water heater (not shown in the drawings) and the like is increased as large as
possible during the warm-up of the fuel cell stack 1, whereby the warm-up of the
fuel cell stack 1 is accelerated.

[0050] Further, as shown in FIG. 2, an IV characteristic of the fuel cell stack 1
varies in accordance with the stack temperature (the average temperature of the
inlet water temperature and the outlet water temperature). The lower the stack
temperature is, the lower the output voltage is when the output current with the
same current value is extracted from the fuel cell stack 1. Namely, the lower the
stack temperature is, the greater a power generation efficiency of the fuel cell stack
1 drops. FIG. 2 is a view showing a relationship between the stack temperature
and the IV characteristic of the fuel cell stack 1. An IV characteristic indicated by

a solid line is an IV characteristic (hereinafter, referred to as a “reference IV

characteristic”) after the warm-up of the fuel cell stack 1 is completed, that 1s, the

IV characteristic during the normal operation.
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[0051] In a case where traveling of the vehicle is permitted in a state where the

power generation efficiency of the fuel cell stack 1 drops, there is a fear that the
output voltage of the fuel cell stack 1 falls below the minimum voltage when an
electric power of the drive motor 43 required while traveling becomes larger and the
output current of the fuel cell stack 1 i1s increased. Here, the minimum voltage is a
voltage value set up on the basis of the minirnum voltage for operation guarantee
and/or the minimum voltage for performance guarantee that components
connected to the fuel cell stack 1 inherently have. Further, the minimum voltage
is a voltage value in which the drive motor 43 cannot be driven in a case where the
output voltage of the fuel cell stack 1 falls below this voltage value.

[0052] For that reason, after starting up the fuel cell system 100, the controller 5
estimates the IV characteristic of the fuel cell stack 1, which varies from moment to
moment, while warming up the fuel cell stack 1, and outputs traveling permission
for the vehicle at the ime when the estimated IV characteristic becomes the IV
characteristic in which the output voltage of the fuel cell stack 1 does not fall below
the minimum voltage even though the drive motor 43 is driven. Referring to FIG. 2,
the controller 5 confirms that the IV characteristic 1s established in which the
output voltage when the output current of the fuel cell stack 1 becomes a travel
permitting current does not fall below the minimum voltage, and then outputs the
traveling permission for the vehicle. In this regard, in the present invention, the IV
characteristic is estimated on the basis of the output voltage detected while
changing the output current of the fuel cell stack 1 as well as the conventional one.
However, the estimating method is not limited to this method.

[0053] Here, during the warm-up in which the IV characteristic of the fuel cell

stack 1 is not recovered to the reference IV characteristic, an upper limit of the
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generated electric power (hereinafter, referred to as the “maximum generated
electric power”) of the fuel cell stack 1 becomes smaller than that during the normal
operation.

[0054] For that reason, when the traveling permission is outputted during the
warm-up and an acceleration request by a driver is generated, the drive motor 43
has to be driven in a state where the maximum generated electric power is smaller
than that during the normal operation. As a result, in order to ensure operability
in the generated electric power thus restricted, there i1s a possibility that electricity
consumption of the cathode compressor 25, which was increased for warm-up
acceleration, has to be reduced to supply an electric power required by the drive
motor 43 (hereinafter, referred to as a “drive motor required electric power”) to the
drive motor 43. In other words, there 1s a possibility that the target value of the
cathode pressure during the warm-up has to be reduced compared with the
warm-up acceleration target cathode pressure.

[0055] In this case, it 1s thought that the cathode pressure during the warm-up

drops to a pressure that meets the target output current, that is, the normal target
cathode pressure. However, it was found that the following problem occurred by
doing in this manner.

[0056] The IV characteristic of the fuel cell stack 1 may vary depending on the
cathode pressure in addition to the stack temperature. In particular, its influence
is larger during the warm-up in which power generation is unstable. More
specifically, in a case where the cathode pressure is higher but the stack
temperature is the same, the oxygen partial pressure within the cathode electrode

becomes higher. Thus, the IV characteristic tends to become better.

|0057] Here, the traveling permission 1s outputted in a state where the cathode
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pressure is controlled to the warm-up acceleration target cathode pressure. For
that reason, when the cathode pressure is caused to drop to the normal target
cathode pressure from the warm-up acceleration target cathode pressure during
the warm-up after the traveling permission was outputted, for example, and the
cathode pressure 1s excessively lowered, the IV characteristic deteriorates due to
dropping of the oxygen partial pressure within the cathode electrode. As a result,
there is a fear that the current IV characteristic deteriorates compared with the IV
characteristic when the traveling permission was outputted. Thus, there is a fear
that the output voltage of the fuel cell stack 1 falls below the minimum voltage by
means of driving of the drive motor 43.

[0058] For that reason, in the present embodiment, even in a case where the
traveling permission is outputted during the warm-up and there is an acceleration
request, deterioration of the IV characteristic 1s suppressed. More specifically, in a
case where the traveling permission is outputted during the warm-up and there is
an acceleration request, the cathode pressure is controlled so that the IV
characteristic at least does not fall below the IV characteristic when the traveling
permission was outputted. Hereinafter, the cathode pressure control according to

the present embodiment will be described.

[0059] FIG. 3 is a block diagram for explaining the cathode pressure control
according to the present embodiment. In this regard, a normal target cathode
pressure calculating unit 101, a first warm-up target cathode pressure calculating

unit 102, a drive requested maximum cathode pressure calculating unit 105, a
second warm-up target cathode pressure calculating unit 106, and a target
cathode pressure setting unit 107 (will be described below) are constructed by

hardware such as a CPU of the controller 5 and predetermined programs stored in
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the ROM and the like, for example.

[0060] The target output current is inputted to the normal target cathode
pressure calculating unit 101. The normal target cathode pressure calculating
unit 101 calculates a normal target cathode pressure on the basis of the target
output current. The normal target cathode pressure becomes higher when the
target output current is larger compared with when the target output current is
smaller.

[0061] The normal target cathode pressure, the stack temperature, and an
internal high-frequency resistance of the fuel cell stack 1 (High Frequency
Resistance; heremnafter, referred to as an “HFR”} are inputted to the first warm-up
target cathode pressure calculating unit 102. There 1s a correlation between
humidity (water content) of the electrolyte membrane and the HFR. The HFR may
be calculated by a known AC impedance method, for example.

[0062] The first warm-up target cathode pressure calculating unit 102 first refers
to a map of FIG. 4, and calculates a pressure correction value on the basis of the
stack temperature and the HFR. Next, the first warm-up target cathode pressure

calculating unit 102 calculates a first warm-up target cathode pressure by adding

the pressure correction value to the normal target cathode pressure. The first
warm-up target cathode pressure is a lower limit value of the cathode pressure that
is at least required so that the IV characteristic does no fall below the IV
characteristic when the traveling permission 1s outputted.

[0063] The stack temperature becomes lower during the warm-up than that
during the normal operation, and it is in a state that it i1s hard to take out hquid
water from the inside of the fuel cell stack 1. Thus, the amount of the hquid water

that exists within the fuel cell stack 1 becomes larger compared with that dunng
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the normal operation. For that reason, there is a fear that in a case where the
cathode pressure is controlled to the normal target cathode pressure during the
warm-up, the hydrogen cannot spread to the cathode electrode sufficiently due to
an influence of the iquid water and the IV characteristic thereby deteriorates.
[0064| Thus, in the present embodiment, by setting up the first warm-up target
cathode pressure as the lower limit value of the cathode pressure during the
warm-up, such deterioration of the IV characteristic 1s suppressed. For that
reason, as shown in a map of FIG. 4, the pressure correction value is set up to
become larger when the stack temperature and the HFR are lower compared with a
case where they are higher. This 1s because the amount of liquid water within the
cathode electrode becomes greater as the stack temperature and the HFR are lower.
Unless the cathode pressure is set up to become higher so that the oxygen partial
pressure within the cathode electrode becomes higher, the hydrogen cannot spread
to the cathode electrode sufficiently due to the influence of the Liquid water.

[0065] The first warm-up target cathode pressure and a fixed value are inputted
to a first switching unit 103. When the stack temperature i1s lower than a
predetermined warm-up completed temperature (for example, 60°C), the first
switching unit 103 outputs the first warm-up target cathode pressure. On the
other hand, when the stack temperature is equal to or higher than the warm-up
completed temperature, the first switching unit 103 outputs a fixed value. This
fixed value is a value smaller than the minimum value of the normal target cathode
pressure. In the present embodiment, the fixed value is set up to zero.

[0066] The warm-up acceleration target cathode pressure and the fixed value are
inputted into a second switching unit 104. The second switching unit 104

outputs the warm-up acceleration target cathode pressure when the stack
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temperature 1s lower than the warm-up completed temperature. On the other
hand, the second switching unit 104 outputs a fixed value when the stack
temperature is equal to or higher than the warm-up completed temperature. This
fixed value is also a value smaller than the minimum value of the normal target
cathode pressure. In the present embodiment, the fixed value is set up to zero.
[0067] The maximum generated electric power of the fuel cell stack 1 at the
present moment and the drive motor required electric power that varies in
accordance with the accelerator operating amount are mputted into the drive
requested maximum cathode pressure calculating unit 105. In the present
invention, the maximum generated electric power during the warm-up is calculated
in accordance with the stack temperature. More specifically, the maximum
generated electric power 1s set up so that the higher the stack temperature
becomes, the greater the maximum generated electric power becomes.

[0068] The drive requested maximum cathode pressure calculating unit 105 first
subtracts the drive motor required electric power from the maximum generated
electric power to calculate a surplus electric power of the fuel cell stack 1 that can

output (hereinafter, referred to as an “output enable surplus electric power”). Next,
the drive requested maximum cathode pressure calculating unit 105 refers to a

table of FIG. 5, and calculates a drive requested maximum cathode pressure on the

basis of the output enable surplus electric power.

[0069] In a case where it 1s thought that the cathode compressor 25 1s driven by
the output enable surplus electric power, the drive requested maximum cathode
pressure is the maximum value that can be set up as the target value of the
cathode pressure. For that reason, when the output enable surplus electric power

becomes a predetermined value or higher as shown in the table of FIG. 5, the drive
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requested maximum cathode pressure is set up to the maximum value of the
cathode pressure, which is set up in advance from a point of view of pressure
resistance of each component of a cathode system including the fuel cell stack 1.
0070] An output value from the second switching unit 104 (the warm-up
acceleration target cathode pressure or the fixed value) and the drive requested
maximum cathode pressure are inputted into the second warm-up target cathode
pressure calculating unit 106. The second warm-up target cathode pressure
calculating unit 106 calculates smaller one of these two input values as the second
warm-up target cathode pressure.

0071] The normal target cathode pressure, the first warm-up target cathode
pressure, and the second warm-up target cathode pressure are inputted into the
target cathode pressure setting unit 107. The target cathode pressure setting unit
107 sets up the largest one of these three input values as the target cathode
pressure. Then, the cathode compressor 25 (and the cathode pressure regulating
valve 28) 1s controlled so that the cathode pressure becomes this target cathode
pressure.

[0072] If it 1s during the normal operation after the warm-up of the fuel cell stack

1 is completed, the fixed value “zero” is inputted into the target cathode pressure
setting unit 107 as each of the first warm-up target cathode pressure and the
second warm-up target cathode pressure. For that reason, during the normal
operation after the warm-up of the fuel cell stack 1 1s completed, the normal target
cathode pressure 1s set up as the target cathode pressure.

(0073] On the other hand, higher one of the first warm-up target cathode

pressure and the second warm-up target cathode pressure 1s set up as the target

cathode pressure during the warm-up.
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[0074] FIG. 6 is a time chart for explaining an operation of the cathode pressure

control according to the present embodiment.

[0075] When the fuel cell system 100 1s started up at a time tl, a warm-up
operation is carried out until a time t5 at which the stack temperature becomes the
warm-up completed temperature (FIG. 6(B)). Then, in the early period of the
warm-up before the traveling permission is outputted, the warm-up acceleration
target cathode pressure {the second warm-up target cathode pressure) 1s set up as
the target cathode pressure in order to accelerate the warm-up of the fuel cell stack
1 (FIG. 6(D])).

[0076] By carrying out the warm-up operation, the IV characteristic of the fuel
cell stack 1 is gradually recovered toward the reference IV characteristic, and the
maximum generated electric power is gradually increased in accordance with the
recovery (FIG. 6(A)).

[0077] When the IV characteristic of the fuel cell stack 1 becomes the IV
characteristic in which the output voltage of the fuel cell stack 1 does not fall below
the minimum voltage even though the drnive motor 43 is driven at a time t2,
traveling permission is outputted. After outputting the traveling permission, the
warm-up acceleration target cathode pressure (the second warm-up target cathode
pressure) also continues to be set up as the target cathode pressure at a time t3 at

which an acceleration request by the driver 1s generated (FIG. 6(D)).

[0078] At the time t3, when the acceleration request by the driver is generated to
generate the drive motor required electric power (FIG. 6(A)) and the output enable
surplus electric power drops, the drive requested maximum cathode pressure also

drops in accordance with this dropping (FIG. 6(D)). As a result, the drive

requested maximum cathode pressure becomes lower than the warm-up
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acceleration target cathode pressure, and the dnive requested maximum cathode
pressure is set up as the second warm-up target cathode pressure.

[0079] On the other hand, when the acceleration request by the driver is
generated and the drive motor required electric power is generated, the target
output current increases to that extent. Therefore, the first warm-up target

cathode pressure increases (FIG. 6(Dj).

I0080] Here, the first warm-up target cathode pressure becomes higher than the
drive requested maximum cathode pressure (the second warm-up target cathode
pressure) from the time t3 to a time t4 at which there is no acceleration request by
the driver. Thus, the first warm-up target cathode pressure is set up as the target
cathode pressure (FIG. 6(D)). In this regard, an insufficient electric power when
the target cathode pressure is set up to a pressure higher than the drive requested
maximum cathode pressure is compensated (or provided) by an electric power of
the battery 45.

0081] Thus, when there is a request to drive the drive motor 43 during the
warm-up, the cathode pressure 1s controlled so as not to fall below the first

warm-up target cathode pressure. This makes it possible to cause the IV

characteristic not to fall below at least the IV charactenistic when the traveling

permission was outputted.

[0082] When there 1s no acceleration request by the driver at the time t4, the
drive requested maximum cathode pressure becomes higher in accordance with an
increase mn the output enable surplus electric power. As a result, the warm-up
acceleration target cathode pressure becomes higher than the drive requested
maximum cathode pressure again, and the warm-up acceleration target cathode

pressure is thus set up as the second warm-up target cathode pressure (FIG. 6(D)).
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(0083] On the other hand, the first warm-up target cathode pressure drops

depending on dropping of the target output current. As a result, the warm-up
acceleration target cathode pressure (the second warm-up target cathode pressure}
becomes higher than the first warm-up target cathode pressure, and the warm-up
acceleration target cathode pressure is thus set up as the target cathode pressure
(FIG. 6(D)).

[0084] When the stack temperature becomes the warm-up completed
temperature at the time t5, the warm-up operation is terminated and the normal
operation is carried out, in which the normal target cathode pressure is set up as

the target cathode pressure (FIG. 6(D)).

[0085] The fuel cell system 100 according to the present embodiment as
explained above generates an electric power by supplying the anode gas and the
cathode gas to the fuel cell stack 1 as a fuel cell, and includes the auxihary
machines and the drive motor 43 driven by the generated electric power of the fuel
cell stack 1. Further, the fuel cell system 100 includes the normal target cathode
pressure calculating unit 101 and the target cathode pressure setting unit 107 as a
pressure control unit configured to control the pressure of the cathode gas to be

supplied to the fuel cell stack 1 to a normal target pressure (the normal target

cathode pressure) in order to ensure the oxygen partial pressure within the fuel cell
stack 1 in accordance with the generated electric power of the fuel cell stack 1.

Moreover, the fuel cell system 100 also includes the first warm-up target cathode
pressure calculating unit 102, the first switching unit 103, the second switching
unit 104, the drive requested maximum cathode pressure calculating unit 105, the
second warm-up target cathode pressure calculating umit 106, and the target

cathode pressure setting unit 107 as a warming-up pressure control unit
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configured to control, during the warm-up of the fuel cell stack 1, the pressure of

the cathode gas to be supplied to the fuel cell stack 1 to a predetermined warm-up
acceleration target pressure (the second warm-up target cathode pressure) higher
than the normal target pressure.

[0086] Further, when there 1s a request to drive the drive motor 43 during the
warm-up of the fuel cell stack 1, this warming-up pressure control unit controls the
pressure of the cathode gas to be supplied to the fuel cell stack 1 to a warm-up
target pressure (the first warm-up target cathode pressure) between the normal
target pressure and the warm-up acceleration target pressure.

0087] According to this configuration, the cathode pressure is basically
controlled to the predetermined warm-up acceleration target cathode pressure
during the warm-up of the fuel cell stack 1. Thus, by increasing electricity
consumption of the cathode compressor 25 compared with that during the normat
operation to increase the generated electric power of the fuel cell stack 1, the
warm-up of the fuel cell stack 1 is accelerated due to self-heating.

[0088] Here, the maximum generated electric power is smaller during the
warm-up than that during the normal operation. Thus, in a case where the
traveling permission is outputted during the warm-up and there is a request to
drive the drive motor 43, it is need to supply the drive motor required electric power
to the drive motor 43 to ensure operation performance thereof. For that reason,
there is a possibility that the cathode pressure 1s set up to become lower than the
warm-up acceleration target cathode pressure so that electricity consumption of
the cathode compressor 25 is lowered.

[0089] However, since the stack temperature is lower during the warm-up than

that during the normal operation and it i1s in a state where the hiquid water is
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hardly taken out from the inside of the fuel cell stack 1, the amount of iquid water

that exists in the fuel cell stack 1 becomes greater compared with that during the
normal operation. For that reason, there 1s a fear that in a case where the cathode
pressure is caused to drop from the warm-up acceleration target cathode pressure
to the normal target cathode pressure, for example, the cathode pressure is
excessively lowered, the hydrogen cannot spread to the cathode electrode
sufficiently due to an influence of the hquid water and the IV characteristic thereby
deteriorates. In such a case, there is a fear that the current IV characteristic
deteriorates compared with the IV characteristic when the traveling permission was
outputted and the output voltage of the fuel cell stack 1 falls below the minimum
voltage when the drive motor required electric power is supplied to the drive motor
43.

[0090] For that reason, as described above, in a case where there is a request to
drive the drive motor 43 during the warm-up, the cathode pressure is controlled to
the pressure between the warm-up acceleration target cathode pressure and the
normal target cathode pressure. This makes it possible to suppress deterioration
of the IV characternistic compared with a case where the cathode pressure 1s caused
to drop from the warm-up acceleration target cathode pressure to the normal target
cathode pressure. Therefore, it 1s possible to suppress the current IV
characteristic from deteriorating compared with the IV characteristic when the
traveling permission was outputted.

[0091] In particular, in the present embodiment, the warming-up pressure
control unit described above includes, as the warm-up target pressure calculating

unit, the first warm-up target cathode pressure calculating unit 102 that calculates

the warm-up target pressure (the first warm-up target cathode pressure) by adding
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a correction value (the pressure correction value) to the normal target pressure.
The greater the amount of moisture within the fuel cell stack 1 is, the larger the
correction value 1s set up.

[0092] As described above, the first warm-up target cathode pressure 1S a
pressure obtained by adding the pressure correction value to the normal target
cathode pressure. The pressure correction value is calculated on the basis of the
stack temperature and the HFR. The pressure correction value becomes larger as
the amount of liquid water within the fuel cell stack 1 is greater during the
warm-up. Therefore, by controlling the cathode pressure to the first warm-up
target cathode pressure when there is a drive request for the drive motor 43 during
the warm-up, it is possible to supply the hydrogen to the cathode electrode even
during the warm-up in which the amount of the liquid water becomes larger than
that during the normal operation. Therefore, it is possible to surely suppress
deterioration of the IV characteristic.

[0093] Moreover, in the present invention, the first warm-up target cathode
pressure calculating unit 102 as the warm-up target pressure calculating unit
determines that the amount of moisture within the fuel cell stack 1 is larger as the
temperature of the fuel cell stack 1 is lower. Further, the first warm-up target
cathode pressure calculating unit 102 determines that the amount of moisture
within the fuel cell stack 1 is larger as the HFR of the fuel cell stack 1 1s smaller.
[0094] According to this configuration, as described above, when the amount of
moisture is larger, the pressure correction value is set up to become larger. For
that reason, in a case where it is determined that the amount of liquid water within
the cathode electrode is large when the stack temperature and the HFR are low, the

pressure correction value becomes larger in accordance with this. Therefore, it 1s
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possible to increase the cathode pressure more accurately, and this makes it
possible to heighten the oxygen partial pressure within the cathode electrode. As a
result, it is possible to cause the hydrogen to spread to the cathode electrode
sufficiently even though the liquid water is affected thereon.

[0095] Further, the fuel cell system 100 according to the present embodiment
includes: means for calculating the maximum generated electric power of the fuel
cell stack 1 during the warm-up on the basis of the temperature of the fuel cell
stack 1; means for calculating the surplus electric power of the fuel cell stack 1 (the
output enable surplus electric power] on the basis of the maximum generated
electric power and the electric power required by the drive motor 43, the surplus
electric power being able to be supplied to components other than the drive motor
43; and the drive requested maximum cathode pressure calculating unit 105 as
means for calculating the maximum target pressure (the drive requested maximum
cathode pressure) of the cathode gas, which can be set up when the drive motor 1s
driven during the warm-up, on the basis of the output enable surplus electric
POWEr.

[0096] Further, when the drive requested maximum cathode pressure is higher
than the first warm-up target cathode pressure, the warming-up pressure control
unit controls the pressure of the cathode gas to be supplied to the fuel cell stack 1

to the drive requested maximum cathode pressure. This makes it possible to

increase electricity consumption of the cathode compressor 25 to the maximum
during the warm-up while driving the drive motor 43 by means of the generated
electric power of the fuel cell stack 1. For that reason, it 1s possible to accelerate

the warm-up of the fuel cell stack 1 by means of the selt-heating.

[0097] As described above, although the embodiments of the present mvention
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have been explained, the above embodiments merely illustrate a part of examples of
application of the present invention, and it does not mean that a technical scope ot
the present invention is limited to a specific configuration of each of the

embodiments described above.

[0098] For example, in the embodiment described above, the cathode pressure
regulating valve 28 is provided. However, this may be replaced by a throttle unit
such as an orifice.

[0099] Further, in the embodiment described above, a buffer tank as a space for

storing the anode-off gas may be provided on the anode gas discharge passage 34,
or an internal manifold of the fuel cell stack 1 may be used as a space in place of

the buffer tank. In this regard, the internal manifold mentioned herein is a space
inside the fuel cell stack 1 in which the anode-off gas that finishes flowing in an
anode gas channel within each of the fuel cells is collected. The anode-oftf gas is
then discharged to the anode gas discharge passage 34 via the manifold.

[0100] The present application claims priority based on Japanese Patent
Application No. 2013-206513, filed with the Japan Patent Office on October 1,

2013, the entire content of which is expressly incorporated herein by reference.
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CLAIMS

1. A fuel cell system configured to generate an electric power by supplying an
anode gas and a cathode gas to a fuel cell, the fuel cell system comprising:

auxiliary machines and a drive motor driven by the generated electric
power of the fuel cell;

a pressure control unit configured to control a pressure of the cathode gas
to be supplied to the fuel cell at a normal target pressure, the normal target
pressure being used for ensuring an oxygen partial pressure within the fuel cell in
accordance with the generated electric power of the fuel cell; and

a warming-up pressure control unit configured to control the pressure of
the cathode gas to be supplied to the fuel cell to become a predetermined warm-up
acceleration target pressure during warm-up of the fuel cell, the predetermined
warm-up acceleration target pressure being higher than the normal target
pressure,

wherein, in a case where there is a request to drive the drive motor during

the warm-up of the fuel cell, the warming-up pressure control unit controls the
pressure of the cathode gas to be supplied to the fuel cell to a warm-up target

pressure between the normal target pressure and the warm-up acceleration target

pressure.

2. The fuel cell system according to claim 1,
wherein the warming-up pressure control unit includes a warm-up target
pressure calculating unit configured to calculate the warm-up target pressure by

adding a correction value to the normal target pressure, and
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wherein the warming-up pressure control unit determines that the

correction value is set up to become larger as an amount of moisture within the

fuel cell is larger.

3. The fuel cell system according to claim 2,
wherein the warming-up pressure control unit determines that the

amount of moisture within the fuel cell 1s larger as temperature of the fuel cell is

lower.

4. The fuel cell system according to claam 2 or 3,
wherein the warming-up pressure control unit determines that the

amount of moisture within the fuel cell is larger as an HFR of the fuel cell is

smaller.

d. The fuel cell system according to any one of claims 2 to 4, further
comprising:

means for calculating a maximum generated electric power of the fuel cell
during the warm-up on the basis of temperature of the fuel cell;

means for calculating a surplus electric power of the fuel cell on the basis
of the maximum generated electric power and a required electric power of the drive
motor; and

means for calculating a maximum target pressure of the cathode gas

when the drive motor is driven during the warm-up on the basis of the surplus

electric power,

wherein the warming-up pressure control unit is configured to control the
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pressure of the cathode gas to be supplied to the fuel cell so as to become the

maximum target pressure when the maximum target pressure is higher than the

warm-up target pressure.
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101 Normal target cathode pressure calculation unit

AA Target output current

BB Stack temperature

CC Warm-up acceleration target cathode pressure

DD Maximum generated power

EE Maximum drive motor request power

FF Pressure corrected value

GG On condition stack temperature < warm-up completion temperature
HH Excess power that can be output

Il Maximum cathode pressure required for drive request

JJ Excess power that can be output

KK  First warm-up target cathode pressure

LL Maximum cathode pressure for drive request

MM  On condition stack temperature < warm-up completion temperature
NN Normal target cathode pressure

OO Second warm-up target cathode pressure

PP Target cathode pressure

QQ Pressure corrected value

RR  Stack temperature
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