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target pressure of the cathode gas to be supplied to the fuel cell while taking into consideration a load of the fuel cell and a heat
protecting requirement of the fuel cell system; a target flow rate calculating unit configured to calculate a target flow rate of the
cathode gas to be supplied to the fuel cell in accordance with the load of the fuel cell and the target pressure of the cathode gas;
and a control unit configured to control the compressor and the pressure regulating valve in accordance with the target pressure

and the target flow rate of the cathode gas.
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ABSTRACT

A fuel cell system includes: a compressor configured to adjust a flow rate
of a cathode gas to be supplied to a fuel cell; a pressure regulating valve configured
to adjust a pressure of the cathode gas to be supplied to the fuel cell; a target
pressure calculating unit configured to calculate a target pressure of the cathode
gas to be supplied to the fuel cell while taking into consideration a load of the fuel
cell and a heat protecting requirement of the fuel cell system; a target pressure
calculating unit configured to calculate a target pressure of the cathode gas to be
supplied to the fuel cell while taking into consideration a load of the fuel cell and a
heat protecting requirement of the fuel cell system; a target flow rate calculating
unit configured to calculate a target flow rate of the cathode gas to be supplied to
the fuel cell m accordance with the load of the fuel cell and the target pressure of
the cathode gas; and a control unit configured to control the compressor and the
pressure regulating valve in accordance with the target pressure and the target flow

rate of the cathode gas.
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DESCRIPTION

FUEL CELL SYSTEM

WITH CATHODE COMPRESSOR REGULATION

TECHNICAL FIELD

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

BACKGROUND ART
(0002] In JP2012-003957A, as a conventional the fuel cell system, one in which
a flow rate of a cathode gas is controlled by a compressor provided on a cathode gas
supply passage and a pressure of the cathode gas is controlled by a pressure

regulating valve provided on a cathode gas discharge passage i1s described.

SUMMARY OF THE INVENTION
(0003] A pressure and a flow rate of a cathode gas are normally controlled to
respective target values separately calculated in accordance with a target output
current so that an oxygen partial pressure within a fuel cell stack falls below a
predetermined oxygen partial pressure even though the target output current is

taken out from the fuel cell stack.

[0004] However, in order to protect the fuel cell system from heat, there 1s a case
where a pressure of the cathode gas has to be lowered temporarnly to lower
temperature downstream from the compressor. In that case, it was found that the
following problems occur when a pressure and a flow rate of the cathode gas are

respectively controlled to target values calculated in accordance with the target

output current separately as described above.
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[0005] Namely, even though the pressure of the cathode gas is controlled to a
target value smaller than the target value calculated in accordance with the target
output current in order to protect the fuel cell system from heat, the flow rate of the
cathode gas is controlled to the target value calculated in accordance with the
target output current. For that reason, there is a fear that an oxygen partial

pressure within the fuel cell stack falls below a predetermined oxygen partial

pressure.
[0006] The present invention has been made in view of such a problem, and 1t i1s
an object of the present invention to suppress an oxygen partial pressure in a fuel
cell stack from falling below a predetermined oxygen partial pressure.

[0007] According to an aspect of the present invention, there 1s provided 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 includes: a compressor configured
to adjust a flow rate of the cathode gas to be supplied to the fuel cell; a pressure
regulating valve configured to adjust a pressure of the cathode gas to be supplied to
the fuel cell; a target pressure calculating unit configured to calculate a target
pressure of the cathode gas to be supplied to the fuel cell while taking imnto
consideration a load of the fuel cell and a heat protecting requirement of the fuel

cell system; a target flow rate calculating unit configured to calculate a target tlow

rate of the cathode gas to be supplied to the fuel cell in accordance with the load of
the fuel cell and the target pressure of the cathode gas; and a control umt

configured to control the compressor and the pressure regulating valve In

accordance with the target pressure and the target flow rate of the cathode gas.
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According to another aspect of the present invention, there 1s provided 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:

a compressor configured to adjust a flow rate of the cathode gas to be
supplied to the fuel cell;

a pressure regulating valve configured to adjust a pressure of the cathode
gas to be supplied to the fuel cell;

a target pressure calculating unit configured to calculate a target pressure
of the cathode gas to be supplied to the fuel cell on the basis of a load of the fuel
cell and a requirement to protect from heat for the fuel cell system;

a target tlow rate calculating unit configured to calculate a target tlow rate
of the cathode gas to be supplied to the fuel cell in accordance with the load of
the fuel cell and the target pressure of the cathode gas; and

a control unit configured to control the compressor and the pressure
regulating valve in accordance with the target pressure and the target flow rate
of the cathode gas,

wherein the target flow rate calculating unit increases the target flow rate
of the cathode gas as the target pressure of the cathode gas is lowered.

According to a further aspect of the present invention, there is provided a
method of controlling a fuel cell system,

the method comprising:

calculating a target pressure of a cathode gas to be supplied to a fuel cell
on the basis of a load of the fuel cell and a requirement to protect from heat for
the fuel cell system:;

calculating a target flow rate of the cathode gas to be supplied to the fuel

cell in accordance with the load of the fuel cell and the target pressure of the
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cathode gas, and increasing the target flow rate of the cathode gas as the target
pressure of the cathode gas is lowered; and

controlling the compressor and the pressure regulating valve in

accordance with the target pressure and the target flow rate of the cathode gas.

BRIEF DESCRIPTION OF THE DRAWINGS

(0008]
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FIG. 1 1s a schematic view of a fuel cell system according to a first
embodiment of the present invention.

FIG. 2 is a control block diagram for explaining a control of a cathode
system according to the first embodiment ot the present invention.

FIG. 3 is a map for calculating a stack requiring WRD inlet pressure.

FIG. 4 is a map for calculating a stack requiring supply flow rate.

FIG. 5 1s a time chart for explaining an operation of a control for the
cathode system according to the first embodiment of the present invention.

FIG. 6 is a control block diagram showing a stack requiring supply flow

rate calculating unit according to a second embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENTS
[0009] Heremnafter, each of embodiments of the present invention will be
described with reference to the accompanying drawings and the like.

[0010] (First Embodiment)

In a fuel cell, an electrolyte membrane 1s 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.
[0011] Anode Electrode: 2H2 — 4H* + 4e- = (1)
Cathode Electrode: 4H* + 4e- + O2 — 2H20 - (2)
[0012] The fuel cell generates an electromotive force of about one volt by means of

these electrode reactions (1) and (2).
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[(0013] 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 is taken
out.

[0014] FIG. 1 is a schematic view of a fuel cell system 100 according to a first
embodiment of the present invention.

[0015] 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, and a
controller 4.

[0016] The fuel cell stack 1 i1s constructed by stacking several hundreds 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.

[0017] The cathode gas supply/discharge device 2 supples 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. The cathode gas supply/discharge device 2 includes a
cathode gas supply passage 21, a cathode gas diScharge passage 22, a filter 23, a
cathode compressor 24, an intercooler 25, a water recovery device (Water Recovery
Device: hereinafter, referred to as a “WRD”) 26, a cathode pressure regulating valve
27, an air flow sensor 41, a temperature sensor 42, and a pressure sensor 43.

10018] The cathode gas supply passage 21 1s a passage in which the cathode gas
to be supphed to the fuel cell stack 1 tlows. One end of the cathode gas supply

passage 21 1s connected to the filter 23, and the other end thereof is connected to a

cathode gas inlet hole of the fuel cell stack 1.
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[0019] The cathode gas discharge passage 22 i1s a passage in 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 hole of the fuel cell stack
1, and the other end thereof becomes an opening end. The cathode off-gas i1s a
mixture gas of the cathode gas and steam generated by an electrode reaction.
[0020] The filter 23 removes foreign matter mn the cathode gas to be taken in the
cathode gas supply passage 21.

[0021] The cathode compressor 24 i1s provided on the cathode gas supply
passage 21. The cathode compressor 24 takes air (outside air) in the cathode gas
supply passage 21 as the cathode gas via the filter 23, and supplies the air to the
fuel cell stack 1. The cathode compressor 24 is driven by a compressor drive
motor 241. A compressor drive mnverter 242 that converts a DC electric power
supplied from the fuel cell stack 1 into an AC electric power i1s connected to the
compressor drive motor 241. By controlling the compressor drive inverter 242 by
means of a controller, not only the compressor drive motor 241 but also the
cathode compressor 24 are controlled.

10022] The intercooler 25 1s provided on the cathode gas supply passage 21
downstream from the cathode compressor 24. The mtercooler 25 cools the
cathode gas discharged from the cathode compressor 24.

0023] The WRD 26 1s 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 in the cathode gas discharge passage 22. The WRD 26 humidifies the
cathode gas flowing in the cathode gas supply passage 21 using the collected

moisture.

0024| The cathode pressure regulating valve 27 is provided on the cathode gas
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discharge passage 22 downstream from the WRD 26. Opening and closing of the
cathode regulating valve 27 is controlled by the controller 4 to adjust a pressure of
the cathode gas to be supplied to the fuel cell stack 1 at a desired pressure.

[0025] The air flow sensor 41 1s provided on the cathode gas supply passage 21
upstream from the cathode compressor 24. The air flow sensor 41 detects a flow
rate of the cathode gas supplied to the cathode compressor 24 and finally supplied
to the fuel cell stack 1 (hereinafter, referred to as a “stack supply flow rate”).

[0026] The temperature sensor 42 is provided on the cathode gas supply passage
21 between the mtercooler 25 and the WRD 26. The temperature sensor 42
detects temperature at an inlet side of the WRD 26 for the cathode gas (hereinafter,
referred to as “WRD inlet temperature”).

[0027] The pressure sensor 43 is provided on the cathode gas supply passage 21
between the mtercooler 25 and the WRD 26. The pressure sensor 43 detects a
pressure at the inlet side of the WRD 26 for the cathode gas (hereinafter, referred to
as a “WRD inlet pressure”).

0028] 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 tank 31, an anode gas supply passage 32, an
anode pressure regulating valve 33, an anode gas discharge passage 34, and a
purge valve 35.

10029] The high-pressure tank 31 keeps and stores the anode gas to be supplied

to the fuel cell stack 1 in a high-pressure state.

0030] The anode gas supply passage 32 is a passage to supply the anode gas

discharged from the high-pressure tank 31 to the fuel cell stack 1. One end of the
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anode gas supply passage 32 1s 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.
[0031] The anode pressure regulating valve 33 1s provided on the anode gas
supply passage 32. Opening and closing of the anode pressure regulating valve 33
is controlled by the controller 4 to adjust a pressure of the anode gas supplied to
the fuel cell stack 1 at a desired pressure.

[0032] The anode gas discharge passage 34 1s 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 1s connected to an anode gas outlet hole of the fuel cell stack
1, the other end thereof is connected to the cathode gas discharge passage 22.
[0033] 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. An excessive anode gas (hydrogen) that has not been used for the
electrode reaction 1s contained in the anode off-gas. For this reason, by mixing the

anode off-gas with the cathode off-gas and then discharging the mixture gas to the

outside of the fuel cell system 100, hydrogen concentration in the discharged gas i1s
set so as to become predetermined concentration that is defined in advance or
lower.

[0034] The purge valve 35 1s provided on the anode gas discharge passage 34.
Opening and closing of the purge valve 35 is controlled by the controller 4 to control
a flow rate of the anode off-gas discharged from the anode gas discharge passage
34 to the cathode gas discharge passage 22.

10035] The controller 4 1s configured by a microcomputer that includes a Central

Processing Unit (CPU), a Read Only Memory (ROM), a Random Access Memory



CA 02907502 2015-09-22

-8 -

(RAM) and an input/output interface (I/O interface). In addition to the air flow
sensor 41, the temperature sensor 42 and the pressure sensor 43 described above,
signals from various kinds of sensors are inputted to the controller 4. The various
kinds of sensors includes: a current sensor 44 for detecting a current taken out
from the fuel cell stack 1 (an output current); a voltage sensor 45 for detecting an
output voltage of the fuel cell stack 1; a water temperature sensor 46 for detecting
temperature of a cooling water that cools the fuel cell stack 1 (hereinafter, referred
to as “cooling water temperature”); a rotational speed sensor 47 for detecting a
rotational speed of the cathode compressor 24; an atmospheric pressure sensor 48
for detecting an atmospheric pressure; an outside air temperature sensor 49 for
detecting outside air temperature; and the like.

|[0036] The controller 4 calculates a target value of the current taken out from the
fuel cell stack 1 (heremafter, referred to as a “target output current”) on the basis of
the detected signals of the various kinds of sensors.

[0037] The controller 4 then controls a WRD inlet pressure and the stack supply
flow rate to suitable target values so that an oxygen partial pressure within the fuel
cell stack 1 falls below a predetermined oxygen partial pressure even though the
target output current is taken out from the fuel cell stack 1. This is because,

when the oxygen partial pressure becomes lower than the predetermined oxygen

partial pressure, there 1s a shortage of oxygen required for power generation, and
this causes IV characteristics (current/voltage characteristics) of the fuel cell stack
1 to be lowered. There is a fear that, when the target output current is taken out
from the fuel cell stack 1, the output voltage of the fuel cell stack 1 may fall below
the mmimum output voltage required for driving a drive motor and the like for the

vehicle.
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[0038] Here, as described above, as a method of controlling the WRD inlet
pressure and the stack supply flow rate to the suitable target values, there is a
method in which the WRD inlet pressure and the stack supply flow rate so that the
oxygen partial pressure within the fuel cell stack 1 does not fall below the
predetermined oxygen partial pressure are obtained in advance for each output
current of the fuel cell stack 1 by means of experimentation or the like, and the
target values of the WRD 1inlet pressure and the stack supply flow rate are
calculated separately on the basis of the target output current by referring to a map
created on the basis of the experimentation or the like.

[0039] However, it was found that the following problems occur in a case where
the target values of the WRD inlet pressure and the stack supply flow rate are
calculated separately on the basis of the target output current in this manner.
[0040] At the time of a high load operation in which the target output current of
the fuel cell stack 1 becomes relatively higher, an oxygen consumption amount
becomes larger. Therefore, it 1s required to increase the target values of the WRD
inlet pressure and the stack supply flow rate in order to ensure the oxygen partial
pressure. For that reason, there is a fear that, in a case where the high load
operation 1s continued, temperature downstream from the cathode compressor 24,

that is, outlet temperature of the cathode compressor 24 and/or the WRD inlet

temperature rise, and the temperature exceeds heat resistance temperature of the
cathode compressor 24 or the WRD 26 in some cases.

|0041| Theretore, in order to avoid such a situation, there are cases where the
WRD mlet pressure 1s to be lowered temporarily in accordance with an operational
state of the cathode compressor 24 and the WRD inlet temperature to lower the

outlet temperature of the cathode compressor 24 or the WRD inlet temperature.
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Namely, there are cases where the target value of the WRD inlet pressure is to
temporarily become lower than the target value of the WRD inlet pressure
calculated on the basis of the target output current.

[0042] In a case where the target values of the WRD inlet pressure and the stack
supply flow rate are calculated separately on the basis of the target output current
as described above, the stack supply flow rate is controlled to the target value of the
stack supply flow rate calculated on the basis of the target output current even
though the WRD inlet pressure i1s controlled so as to become lower than the target
value of the WRD inlet pressure calculated on the basis of the target output current.
For that reason, a problem that the oxygen partial pressure within the fuel cell
stack 1 may fall below the predetermined oxygen partial pressure occurs.

[0043] Therefore, in the present embodiment, a target value of the stack supply
flow rate for ensuring an oxygen partial pressure within the fuel cell stack 1 is
compensated so as to be increased on the basis of a target value of the WRD inlet
pressure. Namely, by increasing the stack supply flow rate by reduction of the
WRD inlet pressure, the oxygen partial pressure is set so as not to fall below the
predetermined oxygen partial pressure. Hereinafter, a control of a cathode system
according to the present embodiment will be described.

0044| FIG. 2 1s a control block diagram for explaining a control for the cathode

system according to the present embodiment.

[0045] A control block for the cathode system according to the present
embodiment includes a stack requiring WRD inlet pressure calculating unit 51, a
limit pressure setting unit 52, a first limit pressure outputting unit 53, a second
limit pressure outputting unit 54, a third limit pressure/limit flow rate outputting

unit 55, a target WRD 1nlet pressure setting unit 56, a target stack supply flow rate
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setting unit 57, a stack requiring supply flow rate calculating unit 58, and a
feedback control unit 59.

[0046] The stack requiring WRD inlet pressure calculating unit 51 refers to a
map shown in FIG. 3, and calculates a stack requiring WRD inlet pressure on the
basis of the target output current of the fuel cell stack 1 and an atmospheric
pressure. The stack requiring WRD mlet pressure i1s a target value of the WRD
inlet pressure required to ensure the oxygen partial pressure within the fuel cell
stack 1 when the target output current is taken out from the fuel cell stack 1.
Thus, the stack requiring WRD mlet pressure calculating unit 51 sets up the target
value of the suitable WRD inlet pressure according to a load of the fuel cell stack 1
as the stack requiring WRD inlet pressure.

10047] The limit pressure setting unit 52 sets up an upper limit value of the WRD
inlet pressure (hereinafter, referred to as a “hmit pressure”), which is required in
order to protect the cathode system from heat. Specifically, the limit pressure
setting unit 52 sets up a target value of the WRD 1nlet pressure as a limit pressure.
The target value of the WRD i1nlet pressure is required in order to satisfy heat
protecting requirements for the whole fuel cell system including the cathode
compressor 24, the fuel cell stack 1, the WRD 26, the compressor drive inverter

242 and the like. A first limit pressure, a second limit pressure and a third limit

pressure are inputted to the limit pressure setting unit 52, and the limit pressure
setting unit 52 sets up the minimum one of these as a limit pressure.

[0048] The first limit pressure outputting unit 53 outputs the first limit pressure.
The first mit pressure is an upper limit value of the WRD inlet pressure for
preventing the outlet temperature of the cathode compressor 24 from becoming the

heat resistance temperature of the cathode compressor 24 or higher. The first
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limit pressure 1s calculated in accordance with a compressor rotational speed, a
compressor torque, outside air temperature (intake air temperature)} and an
atmospheric pressure, for example. The higher any of the compressor rotational
speed and the outside air temperature becomes basically, the lower the first limit
pressure becomes. The lower the compressor torque becomes, the lower the first
limit pressure becomes. In this regard, the method of calculating the first limit
pressure 1s not limited to this method. For example, a method in which the outlet
temperature of the cathode compressor 24 is detected and the first limit pressure is
calculated on the basis of the outlet temperature may be adopted. Thus, the first
limit pressure outputting unit 53 calculates the WRD inlet pressure so that the
outlet temperature of the cathode compressor 24 does not become the heat
resistance temperature of the cathode compressor 24 or higher, and outputs the
calculated WRD inlet pressure as the first limit pressure.

[0049] The second limit pressure outputting unit 54 outputs the second limit
pressure. The second hmit pressure is an upper himit value of the WRD inlet

pressure for preventing each of downstream components of the cathode

compressor 24, such as the WRD 26, the fuel cell stack 1 and the like, from
becoming the heat resistance temperature or higher. The second limit pressure is
calculated in accordance with the WRD inlet temperature, for example. The higher

the WRD inlet temperature becomes basically, the lower the second limit pressure
becomes. In this regard, a method of calculating the second limit pressure is not
himited to this method. For example, a method in which temperature of a specific
portion downstream from the cathode compressor 24 is detected and the second
Iimit pressure i1s calculated on the basis of the detected temperature may be

adopted. Thus, the second limit pressure outputting unit 54 calculates the WRD
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inlet pressure so that the temperature downstream from the cathode compressor
24 does not become heat resistance temperature of components arranged
downstream or higher, and then outputs it to the second limit pressure.

[0050] The third limit pressure/limit flow rate outputting unit 35 outputs, as the
third limit pressure and a limit flow rate, the WRD inlet pressure and the stack
supply flow rate for preventing temperature of the compressor drive mverter 242
from becoming the heat resistance temperature or higher. Each of the third hmit
pressure and the limit flow rate is a predetermined value defined in advance by
means of experimentation and the like. Each of the third limit pressure and the
limit flow rate is outputted in order to protect the compressor drive inverter 242
from heat when the temperature of the compressor drive mverter 242 becomes
higher than predetermined temperature that is lower than the heat resistance
temperature. When the temperature of the compressor drive mverter 242
becomes the predetermined temperature or higher, the third iimit pressure and the
limit flow rate are basically selected as the target WRD inlet pressure and a target
stack supply flow rate (will be described later), and an upper hmit value 1s also set
up for the target output current so that the oxygen partial pressure within the fuel
cell stack 1 can be ensured. In this regard, the temperature of the compressor
drive inverter 242 may be estimated on the basis of an electric power to be supplied

to the compressor drive motor 241, or may be detected directly.

[0051] The target WRD inlet pressure setting unit 56 sets up the smaller one of
the stack requiring WRD 1nlet pressure and the limit pressure as the target WRD
inlet pressure. In the target WRD inlet pressure setting unit 56, the stack
requiring WRD inlet pressure 1s normally set up as the target WRD inlet pressure.

In a case where it 1s necessary for the cathode system is to be protected from heat,
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for example, iIn a case where the high load operation is continued, the limit
pressure 1s set up the target WRD inlet pressure. Thus, the target WRD inlet
pressure setting unit 56 sets up the target WRD inlet pressure by taking mnto
consideration the load of the fuel cell stack 1 and the heat protecting requirement
for the fuel cell system 100.

[0052] The target stack supply flow rate setting unit 57 sets up the smaller one of
a stack requiring supply flow rate calculated by the stack requiring supply flow rate
calculating unit 58 (will be described later] and the hmit flow rate as target stack
supply flow rate. In the target stack supply tlow rate setting unit 57, the stack
requiring supply flow rate 1s basically set up as the target stack supply flow rate in
the case other than when the temperature of the compressor drive inverter 242
becomes the predetermined temperature or higher. Thus, the target stack supply
flow rate setting unit 57 basically sets up a target flow rate (target stack supply flow
rate) of the cathode gas to be supplied to the fuel cell stack 1 in accordance with
the load of the fuel cell stack 1 and a target pressure of the cathode gas (the target
WRD inlet pressure).

|0033] The stack requiring supply flow rate calculating unit 38 refers to a map of
FIG. 4 to calculate the stack requiring supply flow rate on the basis of the target
output current (the load) of the fuel cell stack 1 and the target WRD inlet pressure.

As shown m the map of FIG. 4, the stack requiring supply flow rate is compensated
so as to become larger as the target WRD inlet pressure is lower. Therefore, in a
case where the limit pressure (the first limit pressure or the second limit pressure)
1s selected as the target WRD inlet pressure, it is possible to increase the target
stack supply flow rate compared with a case where the stack requiring WRD inlet

pressure 1s selected as the target WRD inlet pressure. Namely, the stack supply
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flow rate can be increased by the amount that the WRD inlet pressure is lowered
from the stack requiring WRD inlet pressure to the limit pressure. Therefore, 1t 1s
possible to suppress the oxygen partial pressure within the fuel cell stack 1 from
falling below the predetermined oxygen partial pressure.

[0054] An actual WRD inlet pressure detected by the pressure sensor 43, the
target WRD 1nlet pressure, an actual stack supply flow rate detected by the air flow
sensor 41 and the target stack supply flow rate are inputted to the feedback control
unit 59. The feedback control unit 59 calculates a target value of a compressor
torque for converging the actual WRD inlet pressure to the target WRD let
pressure and a target value of an opening degree of the cathode pressure regulating
valve 27 for converging the actual stack supply flow rate to the target stack supply
flow rate by substituting these input values into an expression in which the system
i1s modeled.

[0055] FIG. 5 1s a time chart for explaining an operation of a control for the
cathode system according to the present embodiment.

0056] When the target WRD inlet pressure 1s switched from the stack requining
WRD inlet pressure to the imit pressure (the first limit pressure or the second limit
pressure) at time t1, the cathode pressure regulating valve 27 1s feedback controlled
so that the WRD inlet pressure is lowered toward the limit pressure (FIG. 5(A)).

Then, when the target WRD inlet pressure 1s switched to the limit pressure, the
stack requiring supply flow rate 1s compensated so as to be increased, thereby
increasing the target stack supply flow rate. As a result, the cathode compressor
24 1s feedback controlled so that the stack supply flow rate is increased toward the
target stack supply tflow rate (FIG. 5(B)).

[0057] Here, in a case where the stack requiring supply flow rate is not



CA 02907502 2015-09-22

- 10 -

compensated so as to be increased in accordance with the target WRD inlet
pressure as shown in FIG. 5(B) by a broken line and the target output current
before the target WRD inlet pressure 1s switched to the limit pressure before the
time tl is taken out from the fuel cell stack 1, it becomes impossible to ensure the
oxygen partial pressure within the fuel cell stack 1. For that reason, as shown 1n
FIG. 5(C) by a broken line, there is a need to lower the target output current in
order to ensure the oxygen partial pressure within the fuel cell stack 1. This
causes an output of the vehicle to be lowered.

[0058] On the other hand, according to the present embodiment, it 1s possible to
increase the stack supply flow rate by the amount that the WRD inlet pressure 1s
lowered from the stack requiring WRD inlet pressure to the limit pressure.
Therefore, it 1s possible to suppress the oxygen partial pressure within the fuel cell

stack 1 from falling below the predetermined oxygen partial pressure.

[0059] The fuel cell system 100 according to the present embodiment as
explained above 1s configured so that: the target WRD inlet pressure setting unit 56

sets up the target pressure of the cathode gas to be supplied to the fuel cell stack 1
(the target WRD inlet pressure) by taking into consideration the load of the fuel cell
stack 1 and the heat protecting requirement for the fuel cell system 100; and the
stack requiring supply flow rate calculating umt 58 sets up the target flow rate of

the cathode gas to be supplied to the fuel cell stack 1 (the stack requiring supply
flow rate) in accordance with the load of the fuel cell stack 1 and the target pressure
of the cathode gas. The fuel cell system 100 according to the present embodiment
is also configured so that the feedback control unit 59 then controls the cathode
compressor 24 and the cathode pressure regulating valve 27 in accordance with

the target pressure of the cathode gas and the target flow rate.
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[0060] For that reason, even though the target pressure of the cathode gas 1s
lowered for heat protection of the fuel cell system 100, the target flow rate of the
cathode gas is calculated by taking into consideration the target pressure of the
cathode gas. Therefore, the target flow rate of the cathode gas 1s increased as a
result. For that reason, it 1s possible to suppress the oxygen partial pressure
within the fuel cell stack 1 from falling below the predetermined oxygen partial
pressure.

0061] (Second Embodiment)

Next, a second embodiment according to the present mmvention will be
described. The present embodiment is different from the first embodiment in that
the stack requiring supply flow rate is further compensated in accordance with
temperature within the fuel cell stack 1 and the like. Hereinafter, explanation will
be made by focusing the difference. It should be noted that components serving as
the similar functions in the first embodiment described above are denoted by the
same reference numerals in the following embodiment, and the overlapping
explanation will be omitted appropnately.

10062] FIG. 6 1s a control block diagram showing a stack requiring supply flow
rate calculating unit 58 according to the present embodiment.

|0063] The higher the temperature within the fuel cell stack 1 becomes, the

higher a steam partial pressure within the fuel cell stack 1 becomes. In addition,
the lower the pressure within the fuel cell stack 1 becomes, the higher the steam
partial pressure within the fuel cell stack 1 becomes. This causes the oxygen
partial pressure to be lowered by that pressure.

10064] For that reason, in the present embodiment, a correction coefficient i1s

calculated on the basis of cooling water temperature and the target WRD inlet
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pressure, and this correction coeflicient is multiphied by a stack requiring supply
flow rate calculated on the basis of the target output current of the fuel cell stack 1
and the target WRD inlet pressure to compensate the stack requiring supply flow
rate.

[0065] The correction coefficient becomes larger as the cooling water temperature
becomes higher and as the pressure within the fuel cell stack 1 becomes lower, as
shown in FIG. 6. In this regard, in a case where both water temperature at a
cooling water inlet side of the fuel cell stack and water temperature at a cooling
water outlet side are detected as the cooling water temperature, it is desirable to
calculate the correction coefficient using the higher one of the cooling water
temperatures.

[0066] According to the present embodiment explained above, the stack requiring
supply flow rate calculating unit 58 1s configured so as to increase the target flow
rate of the cathode gas (the stack requiring supply flow rate) as the temperature
within the fuel cell stack 1 becomes higher. This makes it possible to obtain the
similar effects to those of the first embodiment, and it is possible to compensate the
stack requiring supply flow rate in accordance with the steam partial pressure
within the fuel cell stack 1. For that reason, it is possible to further suppress the
oxygen partial pressure within the fuel cell stack 1 from falling below the
predetermined oxygen partial pressure surely.

0067] As described above, although the embodiments of the present invention
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 of

the present mvention is limited to a specific configuration of each of the

embodiments described above.
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The embodiments of the invention in which an exclusive property or

privilege 1s claimed are defined as follows:

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:

a compressor configured to adjust a flow rate of the cathode gas to be
supplied to the fuel cell;

a pressure regulating valve configured to adjust a pressure of the cathode
gas to be supplied to the fuel cell;

a target pressure calculating unit configured to calculate a target
pressure of the cathode gas to be supplied to the fuel cell on the basis of a load of
the fuel cell and a requirement to protect from heat for the fuel cell system;

a target flow rate calculating unit configured to calculate a target flow
rate of the cathode gas to be supplied to the fuel cell in accordance with the load
of the fuel cell and the target pressure of the cathode gas; and

a control unit configured to control the compressor and the pressure
regulating valve in accordance with the target pressure and the target flow rate of

the cathode gas,

wherein the target flow rate calculating unit increases the target tlow rate

of the cathode gas as the target pressure of the cathode gas 1s lowered.

2. The fuel cell system according to claim 1,
wherein the target flow rate calculating unit increases the target flow rate

of the cathode gas as temperature within the fuel cell 1s higher.



CA 02907902 2016-04-12

- 20 -

3. The fuel cell system according to claim 1 or 2,

wherein the target pressure calculating unit includes:

a fuel cell requiring pressure calculating unit configured to calculate a
pressure of the cathode gas as a fuel cell requiring pressure on the basis of the
load of the fuel cell, the pressure of the cathode gas being required to keep an
oxygen partial pressure within the fuel cell to a predetermined pressure or
higher; and

an upper limit value setting unit configured to set up an upper limit value
of the target pressure of the cathode gas on the basis of the heat protecting
requirement for the fuel cell system,

wherein the target pressure calculating unit calculates the smaller one of
the fuel cell requiring pressure and the upper limit value as the target pressure of

the cathode gas.

4. The fuel cell system according to claim 3,
wherein the upper limit value setting unit sets up the upper limit value so
that outlet temperature of the compressor does not hecome predetermined

temperature for protecting the compressor or higher.

S. The fuel cell system according to claim 3 or 4,
wherein the upper limit value setting unit sets up the upper limit value so
that temperature between the compressor and the fuel cell does not become

predetermined temperature for protecting components downstream from the
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COmMpressor.

0. A method of controlling a fuel cell system,

the method comprising:

calculating a target pressure of a cathode gas to be supplied to a fuel cell
on the basis of a load of the fuel cell and a requirement to protect from heat for
the fuel cell system;

calculating a target flow rate of the cathode gas to be supplied to the fuel
cell in accordance with the load of the fuel cell and the target pressure of the
cathode gas, and increasing the target flow rate of the cathode gas as the target
pressure of the cathode gas is lowered; and

controlling the compressor and the pressure regulating valve in

accordance with the target pressure and the target flow rate of the cathode gas.

7. The method according to claim 6,

wherein the fuel cell system comprising:

a fuel cell to which an anode gas and a cathode gas are supplied;

a compressor configured to adjust a flow rate of the cathode gas to be
supplied to the fuel cell; and

a pressure regulating valve configured to adjust a pressure of the cathode

gas to be supplied to the fuel cell.
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FIG. 5
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FIG. 6
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