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& (57) Abstract: A fuel cell system (1) includes a fuel cell (10), a hydrogen gas pipework system (3) for supplying hydrogen gas to the
A el cell (10), an injector (35) which adjusts the gas state of the hydrogen gas pipework system (3) in its upstream side and supplies
it to its downstream side, and a control device (4) which controls the drive of the injector (35) in a predetermined drive period. This
control device (4) judges the presence of an abnormality in the hydrogen gas pipework system (3), based on a target injection amount
for the injector (35) and the detected pressure in the hydrogen gas pipework system (3).
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FUEL CELL SYSTEM, MOVING OBJECT EQUIPPED WITH FUEL CELL .
SYSTEM, AND ABNORMALITY JUDGMENT METHOD FOR FUEL CELL
SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a fuel cell system which
incorporates an injector in its gas supply system, to a moving object equipped
with such a fuel cell system, and to abnormality judgment method for such a

fuel cell system.

2. Description of the Related Art

[0002] Nowadays, fuel cell systems incorporating fuel cells which perform
generation of electricity by receiving supply of reaction gases (fuel gas and
oxidant gas) are being proposed and put into practice. In such a fuel cell
system, there is included a fuel supply flow passage which supplies fuel gas
from a fuel supply source such as a hydrogen tank or the like into the fuel
cell.

[0003] And, generally, when the pressure at which fuel gas is supplied
from a fuel supply source (for example, a high pressure gas tank at 70 MPa)
is extremely high, a pressure regulation valve (a regulator) which reduces
this supply pressure down to a constant value is provided in the fuel supply
flow passage (for example refer to Japanese Patent Application Publication
No. JP-A-2004-342386).

[0004] However, with the pressure regulation valve described in that
Japanese Patent Application Publication No. JP-A-2004-342386, with that

structure, since the supply pressure of the fuel gas is constant, it is difficult
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to change the supply pressure of the fuel gas rapidly according to the driving
situation (in othef words, the responsiveness is low). Moreover, it is not
possible to perform highly accurate pressure regulation, such as making the
target pressure change through many stages.

[0005] Furthermore, with a fuel supply flow passage which is provided to
a fuel supply source whose supply pressure is high, it is very important to
detect any abnormality in this fuel supply system, and, as method for
detecting such abnormalities, there is pressure regulator fault detection
method by pressure drop and the like. However, with this detection method,
it is necessary to close the pressure regulation valve, to close off the system,
and to stabilize the pressure with the system. Due to this, abnormality
detection while the fuel cell is generating electricity becomes difficult, or such
abnormality detection may take a long time period, which is undesirable.

[0006] For this reason, there is a demand for a system which can change
the supply pressure of the fuel gas in an appropriate manner according to the
operational state of the fuel cell, and with which, moreovér, it is possible
rapidly to perform abnormality detection for the gas supply system, even

while the fuel cell is generating electricity.

SUMMARY OF THE INVENTION

[0007] The object of the present invention is to provide a technique with
which it is possible to change the supply pressure of the reaction gases in an
appropriate manner according to the operational state of the fuel cell, and
with which, moreover, it is possible to perform abnormality detection for the
gas supply system in a simple manner, even while the fuel cell is generating
electricity.

[0008] A first aspect of the present invention relates to a fuel cell system

which includes a fuel cell, an injector which is provided in a gas supply
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system for supplying reaction gas to the fuel cell and which adjusts the state
of the reaction gas at the upstream side of this gas supply system anfi
supplies the adjusted reaction gas to its downstream side, and control means
for controlling the injector according to the operational state of the fuel cell.
This fuel cell system includes judgment means for judging the presence of an
abnormality in the gas supply system, based on a target operational amount
for the injector, and a physical quantity detected in the gas supply system.

[0009] According to this first aspect of the present invention, it is possible
to set the operational state of the injector (the opening amount of the valve of
the injector (its gas passage area), the opening time of the valve of the
injector (the injection time of the gas), and so on) according to the operational
state of the fuel cell (the amount of electricity generated by the fuel cell (its

.electrical power, electrical current, and voltage), the temperature of the fuel
cell, the abnormality state of the fuel cell system, the abnormality state of the
fuel cell main body, and so on). Accordingly, it is possible to vary the supply
pressure of the fuel gas in an appropriate manner according to the
operational state of the fuel cell, and it becomes possible to enhance its
responsiveness.

[0010] Furthermore, the judgment means judges the presence of an
abnormality in the gas supply system, based on the target operational
amount for the injector (for example, a target opening amount, a target valve
opening time period, a target pressure, a target flow amount, a target
injection amount, or a target injection time period) and the detected physical
quantity of the gas supply system (for example, a detected pressure, a
detected temperature, a detected flow amount, or an amount of change of
these). Due to this, it is possible to perform rapid detection of an
abnormality in the gas supply system, even while the fuel cell is generating

‘electricity.

[0011] In this fuel cell system, there may be further included pressure
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detection means for detecting a pressure within the gas supply system.
Furthermore, it would also be acceptable to arrange for the judgment means
to judge the presence of an abnormality in the gas supply system, baéed on
the target injection amount for the injector, and the pressure which has been
detected in the gas supply system. |

[0012] It should be understood that by the state of the reaction gas is
meant the flow amount, the pressure, the temperature, the molar density,
and/or the like of the reaction gas, and in particular it includes at least one of
its flow amount and its pressure.

[0013] When this structure is employed, the judgment means actually
measures the pressure at the downstream side of the injector, based on the
detection result from the pressure detection means. By doing this, it is
possible accurately to judge the presehce of an abnormality in the gas supply
system, based upon the actual measurement value of this pressure change
and the target injection amount for the injector.

[0014] Moreover, iﬁ this fuel cell system, the control means may be
equipped with a correction function of correcting the target injection amount
for the injector, based on the difference between an estimated pressure which
has been obtained from the target injection amount for the injector, and the
pressure which has been detected in the gas supply system.

[0015] When this structure is employed, it is possible to perform more
accurate abnormality detection for the gas supply system, irrespective of
individual differences between injectors or the pressure‘ detection means or
the like, or of changes thereof due to the passage of time.

[0016] Furthermore, in this fuel cell system, the gas supply system may
be a hydrogen gas supply system which supplies hydrogen to the fuel cell.

'[0017] When this structure is employed, it is possible to ‘detect an
abnormality in the hydrogen gas suptply system due to a gas leak from the

pipes, a valve fault, an injector fault or the like during the generation of
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electricity by the fuel cell in a short time period, and it is possible to deal with
this abnormality rapidly, thus maintaining a satisfactory state of electricity
generation by the fuel cell.

[0018] Furthermore, in this fuel cell system, the judgment means may
judge the presence of an abnormality of the injector, based on whether an
actual measurement value of the pressure which is detected at the
downstream side of the injector is within a normal pressure range 'for the
reaction gas supplied by the injector.

A[0019] When this structure is employed, it is possible to detect an
operational fault of the injector such as a valve open abnormality (an open
fault), a valve closed abnormality (a closed fault), or the like during the
generation of electricity by the fuel cell in a short time period, and it is
possible to deal with this abnormality rapidly, thus maintaining a
satisfactory state of electricity generation by the fuel cell.

[0020] Furthermore, in this fuel cell system, the judgment means may
judge the presence of an abnormality of the gas supply system, based on the
difference between the gas consumption amount in the gas supply system and
the actual injectioﬁ amount by the injector.

[0021] Moreover, the gas consumption amount may include at least one of
an error in the injection command amount to the injector, an error in
detection of the electrical current being produced by the fuel cell, and the
increase amount’ of the cross leakage for the fuel cell; and the judgmerit
means may judge the presence of a gas leak, based on the gas consumption
amount and the actual injection amount of the reaction gas by the injector.

[0022] According to this structure, it is possible to set the operational
state of the injector (the opening amount of the valve of the injector (its gas
passage area), the opening time period of the valve of the injector (its gas
injection time period) and the like) according to the operational state of the

fuel cell (the amount of electricity generation by the fuel cell (the electrical
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power, the electrical current, and the voltage), the temperature of the fuel cell,
the abnormality state of the fuel cell syétem, the abnormality state of the fuel
cell main body, and so on). Accordingly, it is possible to change the supply
pressure of the fuel gas in an appropriate manner according to the
operational state of the fuel cell, so that it becomes possible to enhance the
responsiveness.

[0023] Furthermore; the judgment means may judges the presence of an
abnormality in the gas supply system from the difference between the gas
consumption amount by the gas supply system (for example, the gas
consumption amount due to generation of electricity by the fuel cell) and the
injection amount from the injector. Due to this, it is possible to perform
rapid abnormality detection for the gas supply system, even during
generation of electricity by the fuel cell. While the gas consumption amount
by the gas supply system is the consumption amount of fuel gas due to, for
example, generation of electricity by the fuel cell, it may also include an
amount of cross leakage of fuel gas within the fuel cell from an anode to a
cathode, an amount of fuel gas which is emitted during purging fuel OFF gas
which is discharged from the fuel cell to the outside, and so on.

[0024] In this fuel cell system, the judgment means may judge an
abnormality in the hydrogen gas supply system.

[0025] When this structure is employed, it is possible to detect an
abnormality in the hydrogen gas supply system due to a gas leak from the
pipes, a valve fault, an injector fault or the like during the generation of
electricity by the fuel cell within a short time period, and it is possible to deal |
with this abnormality in a rapid manner, while maintaining a satisfactory
state of electricity generation by the fuel cell.

[0026] A second aspect ofrthe present invention relates to a moving object.
This moving object includes such a fuel cell system.

[0027] According to this type of structure, with a moving object in which is
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mounted a fuel cell system whose responsiveness to changes of the supply
pressure of the fuel gas according to the operational state of the fuel cell is
high, it is possible rapidly to perform abnormality detection for the gas
supply éystem during generation of electricity by the fuel cell.

[0028] A third aspect of the present invention relates to abnormality
judgment method which drives an injector, which is provided in a gas supply
system for supplying reaction gas to the fuel cell and which adjusts the state
of the reaction gas at the upstream side of this gas supply system and
supplies the adjusted reaction gas to its downstream side, according to the
operational state of the fuel cell. This method includes a step of calculating
a target operational amount for the injector, a step of detecting a physical
quantity within the gas supply system, and a step of judging the presence of .-

-an abnormality in the gas supply system, based on the target operational
amount and the physical quantity.

[0029] According to the present invention, it becomes possible to perform
abnormality detection for the gas supply system rapidly, even during

electricity generation by the fuel cell.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0030] The foregoing and further objects, features and advantages of the
invention will become apparent from the following description of preferred
embodiments with reference to the accompanying drawings, wherein like
numerals are used to represent like elements and wherein: |

Fig. 1 is a structural diagram of a fuel cell system according to a first
embodiment of the present invention;

Fig. 2 is a control block diagram for explanation of the layout of the control
device shown in Fig. 1;

Fig. 3 is a flow chart for explanation of abnormality detection processing by
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the control device shown in Fig. 1;

Fig. 4a is a graph showing a target injection amount Q, Fig. 4b is a graph
showing an injector amount accumulated value V, Fig. 4c is a graph showing
a pressure increase AP, and Fig. 4d is a graph showing a range Ps of an
estimated pressure P;

Fig. ba is a graph showing an actual measurement value Pr of a secondary
side pressure during an open fault, Fig. 5b is a graph showing the actual
measurement value Pr of the secondary side pressure during a closed fault,
and Fig. 5c is a graph showing the actual measurement value Pr of the
secondary side pressure during normal times;

Fig. 6 is a graph for explanation of a method of gas leak detection by the
control device shown in Fig. 1; |

Fig. 7 is a graph for explanation of the setting of a threshold value which is
used in this gas leak detection; and

Fig. 8 is a graph for explanation of another example of a gas leak detection

method.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0031] In the following, a first embodiment of the present invention will be
explainéd with reference to the drawings. In this embodiment,A it will be
supposed that the explanation relates to an example in which the present
invention is applied to an onboard electricity generation system for a fuel cell
vehicle (a moving object).

[0032] First, the structure of this fuel cell system 1 according to this
embodiment of the present invention will be explained with reference to Fig.
1.

[0033] As shown in Fig. 1, this fuel cell system 1 comprises a fuel cell 10

which receives supply of reaction gases (oxidant gas and fuel gas) and
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generates electrical power. Furthermore, this fuel cell system 1 comprises:
an oxidant gas pipework system 2 which supplies air, as oxidant gas, to the
fuel cell 10; a hydrogen gas pipework system 3 which supplies hydrogen gas,
as fuel gas, to the fuel cell 10; and a control device 4 (a control means or
judgment means) which performs integrated control of the system as a whole.

[0034] This fuel cell 10 has a stack structure in which the required
number of individual cells which receive supply of reaction gases and
generate electricity are stacked. The electrical power generated by the fuel
cell 10 is supplied to a PCU (Power Control‘ Unit) 11. This PCU 11
comprises an inverter disposed between the fuel cell 10 and a traction motor
12 and a DC-DC converter and the like. Furthermore, an electrical current
sensor is fitted to the fuel cell 10 for detecting the electrical current which is
being generated. |

[0035] The oxidant gas pipework system 2 comprises: an air supply flow
passage 21 which supplies oxidant gas (air) to the fuel cell 10 after it has
been humidified by a humidifier 20; an air exhaust flow passage 22 which
leads oxidized OFF gas which has been exhausted from the fuel cell 10 to the
humidifier 20; and an exhaust flow passage 23 for leading the oxidized OFF
gas from the humidifier 21 to the outside. In the air supply flow passage 21,
there is provided a compressor 24 which takes in oxidant gas in the
atmosphere and compresses it and sends it to the humidifier 20.

[0036] The hydrogen gas pipework system 3 comprises: a hydrogen tank
30, which constitutes a fuel supply source, and which stores hydrogen gas at
high pressure; a hydrogen supply flow passage 31 which serves as a fuel
supply flow passage for supplying hydrogen gas from the hydrogen tank 30 to
the fuel cell 10; and a circulation flow passage 32 for returning hydrogen OFF
gas which has been exhausted from the fuel cell 10 back to the hydrogen
supply flow passage 31. This hydrogen gas pipework system 3 is the gas

supply system in this first embodiment of the present invention.
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[0037] It should be understood that, as a fuel supply source, instead of the
hydrogen tank 30, it would also be possible to employ a reformer which
generates hydrogen-rich reformed gas from a hydrocarbon type fuel, and a
high pressure gas tank which stores this reformed gas generated by this
reformer in a high pressure state. Furthermore, it would also be acceptable
to arrange to employ a tank containing a hydrogen storage alloy as the fuel
supply source.

[0038] In the hydrogen supply flow passage 31, there are provided an
interception valve 33 which either intercepts or permits supply of hydrogen
gas from the hydrogen tank 30, regulators 34 which adjust the pressure of
this hydrogen gas, and an injector 35. Furthermore, at the upstream side of
the injector 35, there are provided a primary side pressure sensor 41 and a
temperature sensor 42 which detect the pressure and the temperature of the
hydrogen gas in the hydrogen supply flow passage 31.

[0039] Furthermore, at the upstream side of the point at which the
hydrogen supply flow passage 31 and the circulation flow passage 32 come
together, and at the downstream side of the injector 35, there is provided a
secondary side pressure sensor 43 which detects the pressure of the hydrogen
gas in the hydrogen supply flow passage 31.

[0040] The regulators 34 are devices which regulate this upstream side
pressure (the primary pressure) to a secondary pressure which is set in
advance. In this embodiment, mechanical pressure reduction valves which
reduce the primary pressure are employed as the regulators 34. As for the
structure of these mechanical pressure reduction Valyes,‘ a conventional
structure may be employed, having a body which is formed with a back
pressure chamber and a pressure regulation chamber separated from one
another 'by a diaphragm. Moreover, the primary pressure within the
pressure regulation chamber may be reduced to a predetermined pressure by

the back pressure within the back pressure chamber, so as to create the
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secondary pressure.

[0041] As shown in Fig. 1, in this embodiment, by disposing two of the
regulators 34 at the upstfeam side of the injector 35, it becomes possible
effectively to reduce the pressure at the upstream side of the injector 35.
Due to this, the freedom for design of the mechanical construction of the
injector 35 (i.e. of the valve body, the body, the flow passage, the drive device
and so on thereof) is enhanced. |

[0042] Furthermore, it is possible to reduce the pressure on the upstream
side of the injector 35. Due to this, it is possible to prevent any difficulty
occurring in shifting of the valve\ body of the injector 35, which might be
caused by increase of the pressure difference between the pressuré at the
upstream side of the injection 35 and the pressure at the downstream side
thereof. Accordingly, along with it becoming possible to widen the pressure
adjustment range for the pressure on the downstream side of the injector 35,
it also becomes possible to suppress decrease of the responsiveness of the
injector 35.

[0043] The injector 385 is an opening/closing valve of an
electromagnetically driven type. In this injector 35, a valve body is directly
driven by an electromagnetic driving force and is separated from a valve seat
at a predetermined drive cycle. Due to this, it is possible to adjust the gas

-state, such as the gas flow amoﬁnt and the gas pressure and so on. Along
with the injector 35 comprises a valve seat which has an injection hole which
injects gaseous fuel such as hydrogen gas or the like, it also comprises a
nozzle body which guides this gaseous fuel so as to supply it to this injection
hole, and a valve body which is housed and supported so as to be shiftable in
its axial direction (the direction of gas flow) of the nozzle body, and which
opens and closes the injection hole.

[0044] In this embodiment, the valve body of the injector 85 is driven by a

solenoid, which is an electromagnetic drive device, and, by an excitation
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electrical current in pulse form, which is fed to this solenoid, going ON and
OFF, it is arranged to be able to change over the opening area of the injection
hole in two stages, or in many stages, or continuously (steplessly), or linearly.
By the gas injection time and the gas injection timing of the injector 35 being
controlled by the control signal which is outputted from the control device 4,
it is possible for the flow amount and the pressure of the hydrogen gas to be
controlled at high accuracy.

[0045] The injector 35 is a device of which the valve (the valve body and
the valve seat) is directly driven to open and close by electromagnetic drive
force.. This valve is endowed with high responsiveness, since it is possible to
control its drive cycle up to the high response region.

[0046] In order to supply the gas flow amount which is requested to the
downstream thereof, the injector 35 varies at least one of the opening area
(the opening amount) and the opening time period of the valve body which is
provided in the gas flow passage of this injector 35. By doing this, the gés
flow amount (or the hydrogen molar density) which is supplied to its
downstream side (the side of the fuel cell 10) is adjusted.

[0047] It should be understood that, along with the gas flow amount being
adjusted by the opening and closing of the valve body of the injector 35, the
gas pressure which is supplied to the downstream of the injector 35 is also
reduced below the gas pressure upstream of the injector 35. Due to this, the
injector 35 may also be considered as a pressure regulation valve (a pressure
reduction valve or a regulator).

[0048] Moreover, in this enibodiment, the injector 35 could also be
considered as a variable pressure adjustment valve which can vary the
amount of pressure regulation (the pressure reduction amount) of the gas
pressure upstream of the injector 35, so as, according to the gas demand, to
correspond with the requested pressure to within a predetermined pressure

range.
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[0049] Tt should be understood that, in this embodiment, as shown in Fig.
1, the injector 35 is positioned more to the upstream side than the point Al
where the hydrogen supply flow passage 31 and the circulation flow passage
32 come ttogether. Furthermore, as shown by the broken lines in Fig. 1, if a
plurality of hydrogen tanks 30 are employed as the fuel supply source, the
injector 35 should be positioned more to the downstream side than the
position (the hydrogen gas point of confluence A2) where the hydrogen gas
flows which are supplied from each hydrogen tanks 30 come together.

[0050] The circulation flow passage 32 connects to an exhaust flow
passage 38 through a gas-liquid separator 36 and an exhaust drainage valve
37. This gas-liquid separator 36 is a device for recovering the moisture from
the hydrogen OFF gas. And, by operating according to a command from the
control device 4, the exhaust drainage valve 37 purges to the outside the
moisture which has been recovered by the gas-liquid separator 36, and the
hydrogen OFF gas, including impurities, within the circulation flow passage
32.

[0051] Furthermore, in the circulation flow passage 32, there is provided a
hydrogen pump 39 which pressurizes the hydrogen OFF gas within the
circulation flow passage 32 and expels it towards the side of the hydrogen
supply flow passage 31. It should be understood fhat the hydrogen OFF gas
which is exhausted via the exhaust drainage valve 37 and the exhaust flow
passage 38 is diluted by a diluter 40, and flows into the oxidized OFF gas in
the exhaust flow passage 23.

[0052] The control device 4 detects the amount of actuation of an
acceleration actuation device (an accelerator or the like) which is provided to
the vehicle, receives control information such as the requested acceleration
value (for example, the requested electrical energy amount from a load device
such as the traction motor 12 or the like) and the like, and controls the

operation of various types of device in the system.
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[0053] It should be understood that the load devices does nof only refer to
the traction motor 12; it is a generic term for any device which is collectively
dubbed an electricity consumption device, including an auxiliary device which
is required for operating the fuel cell 10 (such as, for example, the compressor.
24, the hydrogen pump 39, the motor of a cooling pump, and the like), the
actuator used in various types of device which participate in the running of
the vehicle (such as, for example, a transmission, a wheel control device, a
steering device, a suspension device, or the like), an illumination device, and
audio device, or fhe like.

[0054] The control device 4 comprises a computer system not shown in the
figure. This computer system comprises a CPU, a ROM, a RAM, a HDD, an
input and output interface, a display, and the like. Furthermore, various
types of computer operation are implemented by various types of computer
program which are recorded in the ROM being read in by the CPU and being
executed.

[0055] In concrete terms, as shown in Fig. 2, based on the operational
state of the fuel cell 10 (i.e. on the electrical current which is being generated
by the fuel cell 10, as detected by the electrical current sensor 13), the control
device 4 calculates (in a fuel consumption amount calculation function: B1)
the amount of hydrogeﬁ gas which is being consumed by the fuel cell 10
(hereinafter termed the "hydrogen consumption amount"). In this
embodiment, this hydrogen consumption amount is calculated at each
calculation cycle of the control device 4 by using a particular calculation
equation which specifies the relationship between the electrical current of the
fuel cell 10 and the hydrogen consumption amount.

[0056] Furthermore, based on the operational state of the fuel cell 10 (i.e.
on the electrical current which is being generated by the fuel cell 10, as
detected by the electrical current sensor 13), the control device 4 calculates

(in a target pressure value calculation function: B2) a target pressure value
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for the hydrogen gas at a position downstream of the injector 35 (a target gas
supply pressure for the fuel cell 10). In this embodiment, this target
pressure value at the position where the secondary side pressure sensor 43 is .
located (the pressure adjustment position, which is the position at which
pressure adjustment is requested) is calculated and updated at each
calculation cycle of the control device 4, by using a particular map which
specifies the relationship between the electrical current of the fuel cell 10 and
the target pressure value.

[0057] Moreover, the control device 4 calculates a feedback correction flow
amount (in a feedback correction flow amount calculation function: B3), based
on the deviation between the target pressure value which is calculated as
described above, and the detected pressure value at a position downstream of
the injector 35 (the pressure adjustment position) as detected by the
secondary side pressure sensor 43. This feedback correction flow amount is
a hydrogen gas flow amount (a pressure difference reduction correction flow
amount) added to the hydrogen consumption amount, in order to reduce the
deviation between the target pressure value and the detected pressure value.
In this embodiment, this feedback correction flow amount is calculated and
updated at each calculation cycle of the control device 4, by using a target
tracking type control rule, like PI (Proportional Integral) control or the like.

[0058] Yet further, the control device 4 calculates a feed for§vard correction
flow amount (in a feed forward correction flow amount calculation function:
B4) which corresponds to the deviation between the target pressure value
which was calculated at the time before and the target pressure value which
has been calculated at this time. This feed forward correction flow amount
is an amount of fluctuation of the hydrogen gas flow amount originating in
fluctuation of the target pressure value (a correction flow amount
corresponding to the pressure difference). In this embodiment, this feed

forward correction flow amount is calculated and updated at each calculation
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cycle of the control device 4, by using a particular calculation equation which
specifies the relationship between the deviation of the target pressure value
and the feed forward correction flow amount.

[0059] Even further, the control device 4 calculates a static flow amount
upstream of the injector 35 (in a static flow amount calculation function: B5),
based on the gas state upstream of the ihjector 35 (i.e. on the pressure of the
hydrogen gas as detected by the primary side pressure sensor 41 and the
temperature of the hydrogen gas as detected by the temperature sensor 42).
In this embodiment, this static flow amount is calculated and updated at each
calculation cycle of the control device 4, by using a calculation equation which
specifies the relationship between the pressure and the temperature at the
upstream side of the injector 35, and the static flow amount.

[0060] Still further, the control device 4 calculates an ineffective injection
time of the injector 35 (in an ineffective injection time period calculation
function: B6), based on the gas state upstream of the injector 35 (i.e. on the
pressure and temperature of the hydrogen gas), and on the applied voltage.
Here by the ineffective injection time, is meant the time period which is
required, from when the injector 35 receives the control signal from the
control device 4, until actual injection is initiated. In this embodiment, this
ineffective injection time is calculated and updated at each calculation cycle
of the control device 4, by using a map which specifies the relationship
between the pressure and the temperature of the hydrogen gas on the
upstream side of the injector 35 and the applied voltage, and the ineffective
injection time.

[0061] Furthermore, the control device 4 calculates an injection flow
amount for the injector 35 (in an injection flow amount calculation function:
B7) by adding together the hydrogen consumption amount, the feedback
correction flow amount, and the feed forward correction flow amount. And

the control device 4, along with calculating a basic injection time for the
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injector 35 by multiplying a value, which is obtained by dividing the injection
flow amount of the injector 35 by the static flow amount, by the drive period
of the injector 35, also calculates a total injection time for the injector 35 (ina
total injection time period calculation function: B8) by adding together this
basic injection time and the ineffective injection time. Here, the drive period
is the period of the step type waveform (the ON/OFF waveform) which
specifies the opened and closed state of the injectidn hole of the injector 35.
In this embodiment, this drive period by the control device 4 is set to a

constant value.

[0062] And the control device 4 outputs a control signal for implementing
the total injection time for the injector 35 which has been calculated
according to the above procedui‘e. By doipg this, the gas injection time and
the gas injection timing of the injector 35 are controlled, so as to adjust the
flow amount and pressure of the hydrogen gas supplied to the fuel cell 10.

[0063] During normal operation of the above described fuel cell system 1,
hydrogen gas from the hydrogen tank 30 is supplied via the hydrogen supply
flow passage 31 to the fuel electrodes of the fuel cell 10. Furthermore, air
which has been humidity regulated is supplied via the air supply flow
passage 21 to the oxidant electrodes of the fuel \cel‘l 10. Electricity
generation is performed by these supplies of hydrogen gas and air. At this
time, the electrical power taken out from the fuel cell 10 (the reque‘sted
electrical power) is calculated by the control device 4, and it is arranged for .
hydrogen gas and air to be supplied to the fuel cell 10 in amounts
cori'esponding to the amount of electricity generated. In this embodiment,
the pressure of the hydrogen gas which is supplied to the fuel cell 10 during
this type of normal operation is controlled at high accuracy.

[0064] Here, in the above described fuel cell system 1, during supply of
hydrogen gas to the fuel cell 10, the control device 4 performs abnormality

detection processing to detect the presence or absence of an abnormality in
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the hydrogen gas pipework system 3 (ie. to decide on whether or not an
abnormality is present). This fault detection processing for the injector 35 in
this embodiment will now be described with reference to Fig. 3.

[0065] First (in a step SO1) the control device 4 makes an estimation of the
normal pressure range at the secondary side, which is the downstream side of
the injector 35. In this estimation of the normal pressure range, first, a
 target injector injection amount Q [NL/min] [sic] by the injector 385 is
obtained. In concrete terms, the total injection time, as obtained by adding
together the basic injection time and the ineffective injection time, is
accumulated for each calculation period previously described. And the
injectoxj injection amount (target injection amount) Q [NL/min] per unit time
(here, for one minute) is obtained based on this total injection time.

[0066] It should be understood that this injector injection amount Q
.ﬂuctuates according to the pressure and the temperature on the primary side,
which is the upstreafn side of the injector 35. Due to this, when obtaining
the injector injection amountQ, the control device 4 adds the elements of the
pressure and the temperature on the primary side, which is the upstream
side of the injector 35, which are detected by the primary side pressure sensor
41 and temperature 42, to the injector injection amount Q

[0067] And, as shown in Fig. 4a, the control device 4 sets ém upper limit
value and a lower limit value for the injector injection amount Q which has
been obtained, including an error as shown by the broken lines. Moreover,
as shown in Fig. 4b, by accumulating this injector injection amount Q for
which an upper limit Valile and a lower limit value have been set, the control
device 4 calculates an injector injection amount accumulated value V [NL]
including an upper limit and a lower limit as shown by the broken lines.

[0068] Next, along with the injector injection amount accumulated Value‘
V having the upper and lower limits, as shown in Fig. 4c, the control device 4

obtains a pressure increase AP having an upper limit and a lower limit shown
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by the broken lines. This pressure increase AP is estimated from a
conversion equation which has been obtained in advance, using the pipework
volume and temperature and the like on the secondary side, which is the
downstream side of the injector 35, including the hydrogen supply flow
passage 31, the interior of the fuel cell 10, and the circulation flow passage
32.

[0069] And the control device 4 fits the pressure increase AP having the
upper and lower limits to the secondary side pressure P before pressurization.
By doing this, as shown in Fig. 4d, it estimates a range Ps for the normal
pressure (the estimated pressure) P having an upper limit and a lower limit,
as shown by the broken lines.

[0070] Having estimated the ;z'ange Ps of the normal pressure P in the
above manner, the control device 4 judges (in a step S02 of Fig. 3), based on
the data from the secondary side pressure sensor 43, whether or not the
actual measurement value Pr of the secondary side pressure is greater than
the range Ps of the normal pressure P.

[0071] And if, as shown in Fig. 5a, as a result of this judgment, it has been
judged that the actual measurement value Pr of the secondary side pressure
1s greater than the range Ps for fhe normal pressure P, then the control .
device 4 judges that an OPEN side operational fault (an open fault) is present,
in which the valve of the injector 35 remains open. And, for example, an
error signal is outputted, so that a notification of this effect is issued with an
alarm (in a step S03 of Fig. 3).

[0072] Furthermore, if the result of the above described judgment is that
it has been judged that the actual measurement value Pr of the secondary
side pressure is not greater than the range Ps of the normal pressure P, then
the control device 4 judges (in a step S04 of Fig. 3) whether or not the actual
measurement value Pr of the secondary side pressure is smaller than the

range Ps of the normal pressure P.
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[0073] And if, as shown in Fig. 5b, the result of the above described
judgment is that it has been judged that the actual measurement value Pr of
the secondary side pressure is smaller thf;tn the range Ps of the normal
pressure P, then ﬁhe control device 4 judges that an CLOSED side operational
fault (a closed fault) is present, iﬁ which the valve of the injector 35 remains
closed. And, for example, an error signal is outputted, so that a notification
to this effect is issued with an alarm (in a step S05 of Fig. 3).

[0074] Furthermore, as shown in Fig. 5c, if it has been judged that the
actual measurement value Pr of the secondary side pressure is not smaller
than the range Ps of the normal pressure P, then the control device 4 judges,
as a result of the ébove described judgment (in the steps S02 and S04), that
the injector 35 is in its normal state, due to the fact that the actual
measurement value Pr of the secondary side pressure is within the range Ps
of the normal pressure P, and the above described judgments are terminated
and this injector fault judgment.processing is concluded.

[0075] With the fuel cell system 1 according to this embodiment as
explained above, it is possible to set the operational state of the quel injector
35 (i.e. its injection time) according to the operational state of the fuel cell 10
(i.e. according to its electrical current during generation of electricity).
Accordingly, it is possible to change the supply pressure of the hydrogen gas
in an appropﬁate manner according to the operational state of the fuel cell 10,
and it becomes possible to enhance the responsiveness. Furthermore, since
the injector 35 is employed as a flow amou_nt adjustment valve for the
hydrogen gas and also as a variable pressure adjustment valve, accordingly it
becomes possible to pei‘form pressure regulation (i.e. adjustment of the
supply pressure of the hydrogen gas to the fuel cell 10) at high accuracy.

[0076] In other words, since the injector 35 receives a control signal from
the control device 4, and is able to adjust the injection time and the injection

timing for the hydrogen gas according to the operational state of the fuel cell
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10, accordingly it is able to perform pressure adjustment more quickly and
moreover more accurately than a mechanical variable pressure.adjustment
valve of the related art. . Furthermore, since the injector 35 is compact and
light in weight as compared with a mechanical variable pressure adjustment
valve of the related art, and moreover is lower in price, accordingly it is
possible to implement reduction in the size and in the cost of the system as a
whole.

[0077] Moreover, with the fuel cell system 1 according to the embodiment
explained above, the control device 4 judges the presence of an abnormality (a~
fault) in the injector 35, as an abnormality in the hydrogen gas pipework
system 3, from the range Ps of the estimated normal pressure P Whi;:h is
deduced from the injector injection amount @ which is the target injection
amount for the injector 35, and the actual measurement pressure P‘ in the
hydrogen gas pipework system 3. Due to this, it is possible rapidly to
perform fault detection for the injector 35 which is located in the hydrogen
gas pipework system 3, even during generation of electricity by the fuel cell
10.

[0078] In other words, if such an injector 35 is employed, then, as
compared to the case of employing a mechanical regulator according to the
related art as a pressure reduction (pressure regulation) unit which is
disposed in the hydrogen pipework system 8, it is possible to ascertain the
injection amount (or the injection time) for the injector 35 as described above.
Due to this, when judging the presence or absence of an abnormality, it is not
necessary to wait until the gas pressure in the hydrogen gas piﬁework system
3 stabilizes, as the case with a bressure descent method or the like according
to the related art, so that it is possible to diagnose whether or not an
abnormality is present in a short time period, during ‘the time period that it
takes for the gas pressure in the hydrogen pipework system 3 to stabilize.

[0079] In particular, the control device 4 can detect an abnormality due to
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an operational fault in the injector 35 of the hydrogen gas pipework system 3,
such as an open fault, a closed fault, or the iike, in a short time period while
the fuel cell 10 is generating electricity. Due to this, it is possible to deal
with this abnormality in a rapid manner, and to maintain a satisfactory state
of generation of electricity by the fuel cell 10.

[0080] Furthérmore, the secondary side pressure sensor 43 is pi'ovided n
thé hydrogén gas pipework system 3 at the downstream side of the injector 35.
Due to this, by actually measuring the pressure on the downstream side of
the injector 35, and based on the detection result from this secondary side
pressure sensor 43, it is possible to judge the presence of an abnormality in
the hydrogen gas pipework system 3 (in this embodiment, on an abnormality
of the injector 35) in a more accurate manner, from the actual measurement
value of this pressure, and from the target injection amount of the injector 35.

[0081] In the abnormality detection processing by the control device‘ 4 of
the fuel cell system 1 described above, it would also be possible to provide a
correction function which corrects (sets) the target injection amount for the
injector 35, based on the deviation between an estimated pressure which is
obtained from the target injection amount for the injector 35, and the
detected pressure in the hydrogen gas pipework system 3.

[0082] If this type of correction function is provided, it is still possible to
perform abnormality detection for the hydrogen gas pipeWork system 3 with
better accuracy, irrespective of iﬁdividual differences between injectors 35 or
secondary side pressure sensors 43 or the like, aﬁd of changes thereof over
time.

[0083] Next, the case of detection of (udging) a gas leak in the above
described fuel cell system 1, in particular in the hydrogen gas pipework
system 3, will be explained. |

[0084] The injection amount Q of hydrogen gas from the primary side to

the secbndary side of the injector 35 is the flow amount of hydrogen gas
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which is consumed by the fuel cell 10, and, as shown in Fig. 6, at normal
times, this gas consumption amount may be determined from the electrical
current consumption amount Qd for the fuel cell 10, and a cross leakage
amount Qc which leaks to the oxidant electrode side through an MEA
(M(e,mbrane Electrode Assembly) which has an electrolyte membrane.

f0085] By contrast, when an abnormality such as a gas leak or the like
occurs in the secondary side of the hydrogen gas pipework system 3 which is
its side downstream of the injector 35, as shown in Fig. 6, the injector
injection amount @ increases by just the gas leakage amount Qm.
Accordingly, the control device 4 monitors this injector injection amount Q,
and judgés that there is no gas leakage abnormality in the hydrogen gas
pipework system 3, if the injector injection amount Q is less than or equal to
a predetermined threshold value Qs.

[0086] On the other hand, if the injector injection amount Q is greater
than the predetermined threshold value Qs, then it is judged that a gas
leakage abnormality in the hydrogen gas pipework system 3 is present. If
this is the case, for example, an error signal may bé outputted and
notification to that effect may be given via an alarm. By doing this, it is
absolutely possible to detect any abnormality when a gas leak has occurred of
greater than or eqﬁal to a flow amount which is obtained by subtracting the
minimum injection amount at normal times from the maximum flow amount
of the threshold value Qs.

[0087] The injector injection amount Q fluctuates more or less along with
the error in the injection command amount foi‘ the injector 35 (the target
injection amount), along with the error in the electrical current sensor 13,
and along With increase of the cross leakage which accompanies deterioration
of the MEA. Accordingly, when setting the threshold value Qs of the injector
injection amount Q to judge that a gas leak is present, as shown in Fig. 7,

consideration is given to the error Qg in the injection command amount for
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the injector 35, and to the detection error Qdg in the electrical current sensor
13 and to the increase amount Qcg of cross leakage which accompanies
deterioration of the MEA.

[0088] In this manner, with the fuel cell system 1 according to the
embodiment described above, since the presence of a gas leak abnormality in
the hydrogen gas pipework system 3 is judged from the difference between
the target injection amount for the injector 35 and the gas consumption
amount by the hydrogen gas pipework system ‘3, accordingly the control
device 4 is able rapidly to perform abnormality detection processing for the
hydrogen gas pipework system at the same time as pressurization processing,
even during generation of electricity by the fuel cell 10, and it is accordingly
possible to shorten the time period which is required for gas leak detection.

[0089] Due to this, it is possible to detect an abnormality due to gas
léakage in the hydrogen gas pipework system 3 during generation of
electricity by the fuel cell 10 in a short time period, and it is possible to deal
with this abnormality rapidly and to maintain a satisfactory state of
generation of electricity by the fuei cell 10.

[0090] Next, an example of yet another method for detecting a gas leak in
the hydrogen gas pipework system 3 of the fuel system 1 will be explained.

[0091] Here, first, as shown in Fig. 8, an anticipated pressure increase
value Pm on the secondary side is obtained from the injection amount Q of
hydrogen gas from the primary side to the secondary side by the injector 35.
Next, the actual measurement pressure increase value Pr on the secondary
side, which is obtained from the secondary side pressure sensor 43 when
hydrogen gas is actually injected by the injector 35 to the secondary side of
the hydrogen gas pipework system 3, and the anticipated pressure increase
value Pm which has been obtained in advance, are compared together.

[0092] And, if this actual measurement pressure increase value Pr has

fallen below the anticipated pressure increase value Pm by less than or equal
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to a predetermined value, then it is judged that there is a gas leakage in the
hydrogen gas pipework system 3. And, along with this judgment, for
example, an error signal may be outputted and notification to that effect may
be given via aﬁ alarm. Furthermore, during normal operation of the fuel cell
system 1, the value of the injector injection amount when no gas leakage is
present may be always learned and corrected, the deviation of this injection
amount may be calculated, the range of this deviation may be taken as a
judgment range, and the presence of a gas leakage may be detected based on
this judgment range.

[0093] In this case, the control device 4 judges that a gas 1eak‘ is present 1n
the hydrogen gas pipework system, if the injector injection amount has fallen
below the judgment range which has been obtained. And, for example, an
error signal may be outputted and notification to that effect may be given via
an alarm. By doing this, it is possible to perform abnormality detection for
the hydrogen gas pipework system 3 rapidly and with better accuracy, at the
same time as performing pressurization processing, even during generation of
electricity by the fuel cell 10, and it is thus possible to shorten the time period
which is required for gas leakage detection.

[0094] Moreover, during intermittent operation of the fuel cell system 1 at
predetermined intervals, it would also be acceptable always to calculate and
to correct the cross leakage amount in the MEA, to calculate a pressure
descent amount according to this cross leakage, and to detect the presence of
a gas leak based on this pressure descent amount. In this case, the control
device 4 judges the presence of a gas leak in the hydrogen gas pipework
system 3 if the pressure descent exceeds the pressure descent amount due to
cross leakage. And, for example, an error signal may be outputted and
notification to that effect may be given via an alarm.

[0095] In the case described above as well, it is possible to perform

abnormality detection for the hydrogen gas pipework system 3 rapidly and
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with better accuracy, at the same time as performing pressurizétion
processing, even during generation of electricity by the fuel cell 10, and it is
thus possible to shorten the time périod which is required for gas leakage
detection.

[0096] In the above gas leakage detection processing, it would also be
acceptable to arrange to perform more accurate gas leak detection, by
increasing the pressure at the secondary side of the injector 35 so as to‘
enhance the sensitivity of the gas leakage detection.

[0097] It should be understood that it is a matter of course for the
abnormality detection in the embodiment described above to be perforxhed,
not only during pressurization of the hydrogen gas pipework system 3 as
during initial starting operation, bﬁt also during pressurization of the
hydrogen gas pipework system 3 during intermittent operation which is
performed during normal operation. Furthermore, it is not limited to the
hydrogen gas pipework system 3; for example, it could also be applied to the
oxidant gas pipework system 2.

[0098]. Here by intermittent operation is meant an operating mode in
which, during low load operation, such as, for example, during idling, or
during slow speed running, or during regenerative braking or the like, the
generation of electricity by the fuel cell 10 is temporarily stoppéd, and
electrical power supply is performed from an electrical accumulation means
such as a battery or a capacitor or the like to the load (the vehicle motor and
various types of auxiliary machinery and the like) ,‘

[0099] Although, in the above described embodiment, an example was
shown in which the secondary side pressure sensor 43 was disposed at a
position (the pressure adjustment position: the position at which adjustment
of pressure is required) which was downstream of the injector 35 in the
hydrogen supply flow passage 31 of the hydrogen gas pipework system 3, it

would also be acceptable, for example, to position the secondary side pressure
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sensor in the neighborhood of the hydrogen gas inlet of the fuel cell 10 (on the .
hydrogen supply flow passage 31), or in the neighborhood of the hydrogen gas
outlet of the fuel cell 10 (on the circulation flow passage 32), or in the
neighborhood of the hydrogen gas outlet of the hydrogen pump 39 (on the
circulation flow passage 32). Furthermore, it would also be acceptable to
arrange to position it on.the upstream side of the injector 35.

[0100] In the embodiment- described above, an example was shown of
abnormality detection based on the target injection amount for the injector 35
and the detected pressure in the hydrogen gas pipework system 3, but it
would also be acceptable to employ, as the térget operational amount for the
injector 35, instead of the target injection amount, a target valve opening
amount, a target valve opening time, a target pressure, a target flow amount,
or a target injection time; or, furthermore, it would also be acceptable to
employ, as the detected physical quantity of the hydrogen gas pipework
system 3, instead 6f the detected pressure, a detected temperature, a detected
flow amount or an amount of change of these.

[0101] Although, in the embodiment described above, an example was
shown in which the fuel cell system was mounted to a fuel cell vehicle, it
would also be possible to mount this fuel cell system to various types of
moving oi)ject othel‘f than a fuel cell vehicle (such as a robot, a ship, an
aircraft or the like). Furthermore, it would also be acceptable to arrange to
apply this fuel cell system to an electricity generation system for stationary
use, which is used as a facility for electricity generation in a building (a house

or business premises or the like).
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CLAIMS

1. A fuel cell system comprising: a fuel cell, an injector which is provided in
a gas supply system for supplying reaction gas to the fuel cell and which
adjusts a state of the reaction gas at the upstream side of the gas supply
system and supplies the adjusted reaction gas to the downstream side of the
gas supply system, and control means for controlling the injector according to
an operational state of the fuel cell, comprising:

judgment means for judging a presence of an abnormality in the gas
supply system, based on a target operational amount for the injector, and a

physical quantity detected within the gas supply system.

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

pressure detection meéns for detecting a pressure within the gas supply
system, wherein

the judgment means judges the presence of the abnormality in the gas
supply system, based on a target injection amount for the injector, and the

detected pressure within the gas supply system.

3. The fuel cell system according to claim 1 or 2, wherein
the control means corrects the target injection amount, based on a
difference between an estimated pressure obtained from the target injection

amount, and the detected pressure within the gas supply system.

4. The fuel cell system according to any one of claims 1 to 3, wherein
the gas supply system is a hydrogen gas supply system which supplies

hydrogen to the fuel cell.

5. The fuel cell system according to any one of claims 1 to 4, wherein
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the judgment means judges the presence of the abnormality of the injector,
by whether an actual measurement value of the pressure which is detected at
the downstream side of the injector is within a normal pressure range for the

reaction gas by the injector.

6. The fuel cell system according to any one of claims 1 to 5, wherein
the judgment means judges the presence of the abnormality of the gas
supply system, based on a difference between gas consumption amount in the

gas supply system and actual injection amount by the injector.

7. The fuel cell system according to claim 6, wherein

the gas consumption amount includes at least one of an error in injection
command amount to the injector, an error in a detection of an electrical
current generated by the fuel cell, and an increasing amount for the cross
leakage of the fuel cell; and

the judgment means judges the presence of a gas leak, based on the gas
consumption amount and the a{ctual injection amount of the reaction gas by

the injector.

8. The fuel cell system according to claim 4, wherein
the judgment means judges the presence of the abnormality in the

hydrogen gas supply system.

9. A moving object comprising:

the fuel cell system according to any one of claims 1 to 8.

10. Abnormality judgment method for a fuel cell, which drives an injector,
which is provided in a gas supply system for supplying reaction gas to the

fuel cell and which adjusts a state of the reaction gas at the upstream side of

29



WO 2007/069010 PCT/IB2006/003304

the gas supply system and supplies the adjusted reaction gas to the
downstream side of the gas supply system, according to an operational state
of the fuel cell, comprising: |

calculating a target operational amount for the injector;

detecting a physical quantity within the gas supply system; and

judging a presence of an abnormality in the gas supply system, based on

the target operational amount and the physical quantity.

11. A fuel cell system, comprising:

a fuel cell;

an injector that is provided in a gas supply system for supplying reaction
gas to the fuel cell, and that adjusts a state of the reaction gas at the
upstream side of the gas supply system and that supplies the adjusted
reaction gas to the downstream side of the gas supply system;

a physical quantity detection device that detects a physical quantity Within
the gas supply system;

a control device that controls the injector according to an operational state
of the fuel cell; and

a judgment device that judges a presence of an abnormality in the gas
supply system, based on a target operational amount for the injector, and the

detected physical quantity.

12. Abnormality judgment method for a fuel cell, comprising:

calculating a target operaﬁonal amount for an injector which adjusts a
state of reaction gas and supplies the adjusted reaction gas to the fuel cell;

detecting a physical quantity within a gas supply system for supplying the
reaction gas; and

judging a presence of an abnormality in the gas supply system, based on

the calculated target operational amount and the detected physical quantity.
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FIG.3
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