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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a fuel cell sys-
tem employed in, for example, stationary power gener-
ation apparatuses, or power supplies for automobile.

2. Description of the Related Art

[0002] In recent years, concern about environmental
problems has been increasing on a global scale, under
the influence of global warming, acid rain, and so on, due
to carbon acid gas. So, in a field of power supply devel-
opment, attention has been focused on a fuel cell system
capable of energy change which is highly efficient and
keeps the environment clean without emission of carbon
acid gas.
[0003] Fig. 9 is a view schematically showing an ex-
ample of a construction of the conventional fuel cell sys-
tem.
[0004] Referring now to Fig. 9, a conventional fuel cell
system 600 comprises, within a package 51, a fuel supply
device 52, a fuel cell 53, and a DC/AC (direct current-to-
alternate current) converter 54. The fuel supply device
52 is configured to supply a hydrogen-rich gas containing
plentiful hydrogen (hereinafter referred to as hydrogen-
rich gas) to the fuel cell 53. The fuel cell 53 is configured
to carry out power generation to output a DC (direct cur-
rent) of a predetermined voltage, using the hydrogen-rich
gas supplied from the fuel supply device 52, The DC/AC
converter 54 is configured to convert the DC of the pre-
determined voltage which is output from the fuel cell 53
into an AC of the predetermined voltage, and to output
the AC. The package 51 is provided with an inlet 56 to
which a fan 55 is attached, and an air outlet 58 to which
a combustible gas detector 57 which detects a combus-
tible gas is attached (see Japanese Laid-Open Patent
Application Publication No. Hei 03-254070, Fig. 1).
[0005] When the fuel cell system 600 is operated to
generate an electric power, the fuel supply device 52 first
generates the hydrogen-rich gas, and then supplies the
hydrogen-rich gas to the fuel cell 53 through a predeter-
mined pipe. The fuel cell 53 generates an electric power
using the hydrogen-rich gas supplied from the fuel supply
device 52. The DC of the predetermined voltage gener-
ated in the fuel cell 53 is input to the DC/AC converter
54. The DC/AC converter 54 converts the DC of the pre-
determined voltage input from the fuel cell 53 into the AC
of the predetermined voltage. Thereby, the AC of the
predetermined voltage is output from the fuel cell system
600.
[0006] During an operation of the fuel cell system 600,
ambient air is suctioned from the inlet 56 into the package
51 by using the fan 55, and the air in the interior of the
package 51 is exhausted from the air outlet 58 to outside

of the package 51 through the combustible gas detector
57. This is because, if the combustible gas such as the
hydrogen-rich gas leaks from the fuel supply device 52
and/or the fuel cell 53, such a leakage combustible gas
is exhausted from the air outlet 58 to outside of the pack-
age 51, and the combustible gas detector 57 detects the
leakage of the combustible gas, so that the operation of
the fuel cell system 600 is stopped, and some appropriate
actions are taken, for example, information indicating a
warning is displayed, in order to avoid dangerous explo-
sion and so on.
[0007] In the conventional fuel cell system 600, the
combustible gas detector 57 is capable of accurately de-
tecting the leakage of the combustible gas so long as the
combustible gas detector 57 is functioning properly. In
other words, safety of the fuel cell system 600 can be
ensured so long as the combustible gas detector 57 is
functioning properly. However, if the detection capability
of the combustible gas detector 57 degrades, for exam-
ple, after an elapse of time, and hence detection sensi-
tivity of the combustible gas detector 57 to the combus-
tible gas degrades, the leakage of the combustible gas
cannot be detected accurately. In such a case, safety of
the fuel cell system 600 cannot be ensured. Especially
when the detection sensitivity of the combustible gas de-
tector 57 to the combustible gas significantly degrades,
the combustible gas detector 57 is incapable of detecting
even the leakage of the combustible gas with a concen-
tration which exceeds an upper limit of an allowable
range. In this case, since safety measures cannot be
taken for the fuel cell system 600, it may be highly prob-
able that the fuel system 600 malfunctions, for example.
[0008] The safety of the fuel cell system 600 may be
ensured by inspecting the combustible gas detector 57
on a regular basis or by forcibly replacing the combustible
gas detector 57, assuming that the above-mentioned
condition would take place. In that case, however, main-
tenance such as inspection and replacement of the com-
bustible gas detector 57 must be carried out, irrespective
of whether or not the combustible gas detector 57 is func-
tioning properly. This may lead to increased cost in main-
tenance of the fuel cell system 600.
[0009] US 2003/0008185 A1 discloses a fuel cell using
a hydrogen sensor that detects hydrogen density in a
vicinity of the fuel cell. Based on values detected by said
sensor and on the amount of hydrogen leakage at the
current operating pressure and on the characteristics of
the fuel cell, an operating pressure is predicted at which
the hydrogen leakage amount from the fuel cell will not
exceed a predetermined value, and the fuel cell is oper-
ated while limiting the operating pressure to below the
predicted operating pressure.
[0010] JP 08031436 A discloses a package type fuel
cell power generation plant, with the following constitu-
tion: What is provided is a combustible gas detector and
a control device. When the control device determines
that concentration of combustible gas increases to be
closer to an allowable limit based on the detection signal
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from the detector, it outputs a control signal to an auto-
matically operating door to open the automatically open-
ing door, so that ventilation air quantity of the package
is increased. The concentration of the combustible gas
can thus be set to be under explosion lower limit.

SUMMARY OF THE INVENTION

[0011] The present invention has been developed un-
der the circumstances, and an object of the present in-
vention is to provide a fuel cell system capable of ensur-
ing safety associated with leakage of a combustible gas
and of reducing a maintenance cost.
[0012] In order to achieve the above described object,
according to one aspect of the present invention, there
is provided a fuel cell system comprising, within a pack-
age, a fuel cell stack; a hydrogen-rich gas supply means
configured to supply a hydrogen-rich gas; a combustible
gas detector configured to detect leakage of a combus-
tible gas which is the hydrogen-rich gas or a raw fuel gas
which is a raw material of the hydrogen-rich gas within
the package; a combustible gas guide pipe through which
the combustible gas is guided into the space within the
package; and a controller; wherein the controller is con-
figured to inject the combustible gas intermittently
through the combustible gas guide pipe, and to perform
a self-diagnostic process as to whether or not the com-
bustible gas detector is functioning properly. In accord-
ance with such a construction, since the fuel cell system
is configured to self-diagnose the function of the com-
bustible gas detector based on the gas actually used in
the fuel cell system, malfunction or the like of the com-
bustible gas detector can be reliably avoided.
[0013] The combustible gas guide pipe may be con-
figured to branch from a combustible gas passage and
to have an end positioned in the vicinity of the combus-
tible gas detector, and the controller may be configured
to inject the combustible gas intermittently toward the
combustible gas detector through the combustible gas
guide pipe, and to perform a self-diagnostic process as
to whether or not the combustible gas detector is func-
tioning properly. In accordance with such a construction,
since the fuel cell system is configured to self-diagnose
the function of the combustible gas detector, malfunction
or the like of the combustible gas detector can be avoid-
ed.
[0014] In this case, the hydrogen-rich gas supply
means may be a reformer configured to generate the
hydrogen-rich gas from the raw fuel gas. In such a con-
struction, it is not necessary to install a device such as a
hydrogen tank, which requires replacement, in the fuel
cell system.
[0015] The combustible gas guide pipe may be con-
figured to branch from a position in a raw fuel gas supply
passage connected to an inlet of the reformer. In such a
construction, the raw fuel gas can be guided into the com-
bustible gas guide pipe.
[0016] The combustible gas guide pipe may be con-

figured to branch from a position in a hydrogen supply
passage extending between the reformer and an anode
of the fuel cell stack, and the raw fuel gas is used under
a stopped state of the reformer and the hydrogen-rich
gas is used during an operation of the reformer as a gas
injected toward the combustible gas detector. By doing
so, the kind of the gas injected toward the combustible
gas detector can be selected according to an operating
state of the fuel cell system.
[0017] The combustible gas guide pipe may be con-
figured to branch from a position in an exhausted hydro-
gen passage connected to an anode of the fuel cell stack,
and the raw fuel gas filled within the fuel cell stack to
purge the hydrogen-rich gas when an operation of the
fuel cell stack terminates is used as a gas injected toward
the combustible gas detector. By doing so, since utiliza-
tion efficiency of the raw fuel gas is improved, the raw
fuel gas can be effectively utilized.
[0018] The controller may be configured to close a raw
fuel gas valve provided in a raw fuel gas supply passage
when said combustible gas detector continues to detect
the combustible gas after an elapse of predetermined
time after the controller terminates injection of the com-
bustible gas. By doing so, it is possible to inhibit the com-
bustible gas from continuing to flow irrespective of the
failure of the valve configured to be opened and closed
to control the flow of the combustible gas.
[0019] An exhaust fan may be provided in the package
in the vicinity of the combustible gas detector, and con-
figured to dilute the injected combustible gas with ambi-
ent air and to exhaust the diluted combustible gas to out-
side of the package. Since the combustible gas injected
toward the combustible gas detector is sufficiently diluted
with air and then exhausted to outside the package, the
combustible gas can be exhausted safely.
[0020] The controller may be configured to operate the
exhaust fan intermittently during a stopped state of the
fuel cell system to allow leakage of the combustible gas
to be monitored during the stopped state of the fuel cell
system. Since the leakage of the combustible gas can
be also monitored under the stopped state of the opera-
tion of the fuel cell system, the safety of the fuel cell sys-
tem can be ensured.
[0021] The controller may be configured to perform the
self-diagnostic process in such a manner that the con-
troller determines that life of the combustion gas detector
has expired when detection sensitivity of the combustible
gas detector to the injected combustible gas varies from
an initial value and becomes outside an allowable range,
and prohibits an operation of the fuel cell system. Since
the operation of the fuel cell system is prohibited when
the life of the combustible gas detector gas has expired,
the safety of the fuel cell system can be ensured.
[0022] The controller may further cause a warning to
be displayed when determining that the life of the com-
bustible gas detector has expired. Thereby, since the
warning is displayed when the life of the combustible gas
detector has expired, the safety of the fuel cell system
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can be ensured.
[0023] The controller may be configured to set an in-
jection interval of the combustible gas longer when a var-
iation in the detection sensitivity of the combustible gas
detector from an initial value is smaller than a predeter-
mined value, and to set the injection interval shorter when
the variation is larger than the predetermined value.
Since the self-diagnostic process is carried out depend-
ing on the state of the combustible gas detector, degra-
dation of the function of the combustible gas detector can
be accurately recognized.
[0024] The controller may be configured to predict the
life of the combustible gas detector from the self-diag-
nostic process, and to communicate information regard-
ing the predicted life to a maintenance operator. By doing
so, since the life of the combustible gas detector can be
predicted in advance, a cost associated with mainte-
nance can be reduced.
[0025] The above and further objects and features of
the invention will more fully be apparent from the following
detailed description with accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Fig. 1 is a view schematically showing a construction
of a fuel cell system according to a first embodiment
of the present invention;
Fig. 2 is a flowchart showing self-diagnostic steps
for a combustible gas detector according to the first
embodiment of the present invention;
Fig. 3 is a view schematically showing a construction
of a fuel cell system according to a second embod-
iment of the present invention;
Fig. 4 is a flowchart showing self-diagnostic steps
for a combustible gas detector according to the sec-
ond embodiment of the present invention;
Fig. 5 is a view schematically showing a construction
of a fuel cell system according to a third embodiment
of the present invention;
Fig. 6 is a flowchart showing self-diagnostic steps
for a combustible gas detector according to the third
embodiment of the present invention;
Fig. 7 is a view schematically showing a construction
of a fuel cell system according to a fourth embodi-
ment of the present invention;
Fig. 8 is a view schematically showing another con-
struction of the fuel cell system according to the
fourth embodiment of the present invention; and
Fig. 9 is a view schematically showing an example
of a construction of the conventional fuel cell system.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0027] Hereinafter, preferred embodiments of the
present invention will be described with reference to the

drawings.

(Embodiment 1)

[0028] Fig. 1 is view schematically showing a construc-
tion of a fuel cell system according to a first embodiment
of the present invention.
[0029] First of all, a construction of a fuel cell system
100 according to the first embodiment of the present in-
vention will be described with reference to the drawings.
[0030] Referring now to Fig. 1, the fuel cell system 100
comprises, within a package 18 provided with an inlet 19
and an outlet 20, a reformer 1 equipped with a burner 2
and configured to generate a hydrogen-rich gas, i.e.,
function as a hydrogen-rich gas supply means, a fuel cell
stack 7 including an anode 8 and a cathode 9 and con-
figured to generate an electric power using the hydrogen-
rich gas and air, three-way valves 15 and 16 configured
to change passages of the hydrogen-rich gas or the like,
valves 25a and 27a configured to open and close pas-
sages of a raw fuel gas or the like, a raw fuel gas valve
26 configured to open and close a passage of the raw
fuel gas, a branch portion 24a at which the passage of
the raw fuel gas branches, a combustible gas detector
22 configured to detect a combustible gas, an exhaust
fan 21 configured to ventilate the interior of the fuel cell
system 100, an air blower 13 configured to supply the air
to the fuel cell stack 7, and a controller 17 configured to
suitably control operations of these components. As used
herein, the term "hydrogen-rich gas" includes pure hy-
drogen.
[0031] A raw fuel gas supply passage 4, which is a
combustible gas flow passage, is connected to an inlet
3 of the reformer 1. The raw fuel gas valve 26, the branch
portion 24a, and the valve 27a are provided at predeter-
mined positions of the raw fuel gas supply passage 4. A
combustible gas guide pipe 23 extends from the branch
portion 24a, and the valve 25a is provided at a predeter-
mined position of the combustible gas guide pipe 23. A
tip end of the combustible gas guide pipe 23 is positioned
in the vicinity of the combustible gas detector 22. The
exhaust fan 21 is positioned adjacently to the combusti-
ble gas detector 22, The exhaust fan 21 is configured to
suction the air within the package 18 and to exhaust the
air from the outlet 20. It will be appreciated that the tip
end of the combustible gas guide pipe 23 may be located
at any position within the package 18 other than the vi-
cinity of the combustible gas detector 22, which enables
a self-diagnostic function described later to be per-
formed.
[0032] A hydrogen-rich gas supply passage 6 is con-
nected to an outlet 5 of the reformer 1. An end of the
hydrogen-rich gas supply passage 6 is connected to the
anode 8 of the fuel cell stack 7, An exhausted hydrogen
passage 10 extends from the anode 8, and an end of the
exhausted hydrogen passage 10 is connected to the
burner 2 equipped in the reformer 1. The three-way
valves 15 and 16 are provided at predetermined positions
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of the hydrogen-rich gas supply passage 6 and the ex-
hausted hydrogen passage 10, respectively. The three-
way valve 15 is connected to the three-way valve 16
through a bypass 14. And, an air supply passage 11 ex-
tends from the air blower 13, and an end of the air supply
passage 11 is connected to the cathode 9 of the fuel cell
stack 7. An exhausted air passage 12 extends from the
cathode 9 to outside of the package 18.
[0033] The controller 17 and above the components
of the fuel cell system 100 are interconnected through
predetermined wires 28 (entire of which are not illustrated
in Fig. 1). And, the controller 17 is configured to properly
control the components of the fuel cell system 100 by
using the predetermined wires 28. Thereby, the fuel cell
system 100 operates.
[0034] Subsequently, a basic operation of the fuel cell
system 100 according to the first embodiment will be de-
scribed with reference to the drawings.
[0035] The raw fuel gas, for example, methane, flows
within the raw fuel gas supply passage 4 and into the
reformer 1 through the inlet 3. The raw fuel gas within
the reformer 1 is heated by the burner 2. Thereby, the
raw fuel gas is converted into the hydrogen-rich gas
through a predetermined reforming reaction. The hydro-
gen-rich gas containing plentiful hydrogen (hydrogen-
rich gas) is supplied to the anode 8 of the fuel cell stack
7 through the hydrogen-rich gas supply passage 6.
Meanwhile, the air from the air blower 13 is supplied to
the cathode 9 of the fuel cell stack 7 through the air supply
passage 11. Within the fuel cell stack 7, a chemical re-
action between hydrogen contained in the hydrogen-rich
gas and oxygen contained in air is conducted using the
hydrogen-rich gas and the air. Through the chemical re-
action between hydrogen and oxygen, a DC of a prede-
termined voltage is output from the fuel cell stack 7. Ex-
cess air, remaining unconsumed after the chemical re-
action, is exhausted from the fuel cell stack 7 to outside
of the package 18 through the exhausted air passage 12
connected to the cathode 9. And, excess hydrogen-rich
gas, remaining unconsumed after the chemical reaction,
is supplied to the burner 2 through the exhausted hydro-
gen passage 10 connected to the anode 8. In the burner
2, the hydrogen-rich gas supplied through the exhausted
hydrogen passage 10 is used as a heating fuel of the
reforming reaction for generating the hydrogen-rich gas.
By the way, in an initial stage of the operation of the fuel
cell system 100, sufficient hydrogen required for power
generation in the fuel cell stack 7 is not generated in the
reformer 1, and the hydrogen-rich gas supplied from the
reformer 1 contains catalyst poisoning component such
as carbon monoxide. For this reason, in the initial stage
of the operation of the fuel cell system 100, the three-
way valves 15 and 16 are operated to allow the hydrogen-
rich gas supply passage 6 to be connected to the ex-
hausted hydrogen passage 10 through the bypass 14 so
that the hydrogen-rich gas containing low-content hydro-
gen is supplied to the burner 2 rather than the fuel cell
stack 7. Also, within the package 18, air flow is caused

to occur in a way that ambient air is suctioned from the
inlet 19 and exhausted from the outlet 20 by using the
exhaust fan 21. By doing do, if the combustible gas such
as the raw fuel gas or the hydrogen-rich gas containing
hydrogen leaks from the reformer 1, the fuel cell stack 7
or the like, this combustible gas is exhausted from the
outlet 20 immediately to outside the package 18 by using
the exhaust fan 21. Also, when the combustible gas de-
tector 22 equipped in the vicinity of the exhaust fan 21
detects abnormality regarding leakage of the combusti-
ble gas, the controller 17 closes the raw fuel gas valve
26 to cause the fuel cell system 100 to stop operation.
Further, the controller 17 causes a warning to be dis-
played and so on as desired so that information indicating
abnormality may be presented to a user of the fuel cell
system 100.
[0036] Subsequently, a self-diagnostic process re-
garding a function of the combustible gas detector 22 in
the fuel cell system 100 according to the first embodiment
of the present invention will be described with reference
to the drawings.
[0037] Fig. 2 is a flowchart showing self-diagnostic
steps for the combustible gas detector 22 of the first em-
bodiment of the present invention.
[0038] When the fuel cell system 100 carries out a self-
diagnostic process regarding the function of the combus-
tible gas detector 22, the controller 17 closes the valve
27a (Step S1) and opens the raw fuel gas valve 26 and
the valve 25a (Step S2), under a stopped state of power
generation, for example. Under this condition, the con-
troller 17 injects the raw fuel gas, which is a combustible
gas, for example, methane, from the tip end of the com-
bustible gas guide pipe 23 toward the combustible gas
detector 22 in a little amount and continuously (Step S3).
At this time, if the combustible gas detector 22 outputs a
voltage corresponding to a combustible gas concentra-
tion within a predetermined range to the controller 17,
the controller 17 determines that the combustible gas
detector 22 is functioning properly, and terminates the
self-diagnostic process (YES in Step S4). On the other
hand, when the combustible gas detector 22 has degrad-
ed after an elapse of time and thereby detection sensi-
tivity of the combustible gas detector 22 to the combus-
tible gas is low, the output voltage of the combustible gas
detector 22 becomes not higher than a voltage corre-
sponding to combustible gas concentration within the
predetermined range, although the fuel gas is injected
toward the combustible gas detector 22 as described
above (NO in Step S4). From this, the controller 17 rec-
ognizes that the combustible gas detector 22 is not func-
tioning properly. When the output voltage of the combus-
tible gas detector 22 is outside the predetermined allow-
able range, the controller 17 determines that the life of
the combustible gas detector 22 has expired, and takes
appropriate safety measures for ensuring safety of the
fuel cell system 100, for example, by displaying informa-
tion regarding prohibition of the operation of the fuel cell
system 100, a warning, etc (Step S5).
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[0039] The series of self-diagnostic process in the fuel
cell system 100 may be carried out during a power gen-
eration operation, as well as during the stopped state of
the power generation operation. In that case, the control-
ler 17 opens the valve 25a, the raw fuel gas valve 26,
and the valve 27a in Step S2. Under this condition, the
raw fuel gas is supplied to the reformer 1 and the hydro-
gen-rich gas generated in the reformer 1 is supplied to
the fuel cell stack 7. Thereby, the fuel cell stack 7 carries
out power generation to output the DC of the predeter-
mined voltage. And, when the controller 17 recognizes
that the output voltage of the combustible gas detector
22 becomes not higher than the voltage corresponding
to the combustible gas concentration within the prede-
termined range (NO in Step S4), the controller 17 takes
appropriate measures for ensuring safety of the fuel cell
system 100 by displaying a warning, etc, and by closing
the valve 26 (Step S5).
[0040] It may be considered that the safety of the fuel
cell system 100 can be satisfactorily ensured without con-
tinuously carrying out the self-diagnostic process (i.e.,
injection of the combustible gas toward the combustible
gas detector 22 in Step S3). In other words, the safety
of the fuel cell system 100 can be ensured by carrying
out the self-diagnostic process intermittently, for exam-
ple, once every other day or every several days. None-
theless, if the variation in the output voltage of the com-
bustible gas detector 22 during the self-diagnostic proc-
ess increases, the controller 17 determines that the life
of the combustible gas detector 22 will expire soon, and
decreases a time interval at which the combustible gas
is injected toward the combustible gas detector 22, thus
effectively ensuring the safety of the fuel cell system 100.
[0041] In the self-diagnostic process of the fuel cell
system 100, the combustible gas such as methane is
injected within the package 18 although the amount is
small (Step S3). So, it is necessary to exhaust the com-
bustible gas to outside of the package 18 after diluting
the injected combustible gas by mixing with ambient air
by using the exhaust fan 21 so that the concentration of
the combustible gas becomes not higher than a lower
limit at which explosion may take place. By doing so, the
safety of the fuel cell system 100 can be ensured.
[0042] Also, consideration should be given to a case
where the passage cannot be closed by the valve 25a
due to its failure during injection of the combustible gas
in the self-diagnostic process in the fuel cell system 100.
In this case, if the combustible gas detector 22 continues
to detect the combustible gas even after an elapse of
predetermined time after the controller 17 outputs a sig-
nal to terminate the injection of the combustible gas, the
controller 17 outputs a signal to close the raw fuel gas
valve 26. Since the controller 17 closes the raw fuel gas
valve 26 even when the valve 25a cannot close the pas-
sage due to its failure, the safety of the fuel cell system
100 can be ensured.
[0043] Further, the controller 17 may operate the ex-
haust fan 21 intermittently during the stopped state of

power generation operation to monitor the leakage of the
combustible gas all the time. This is very effective in en-
suring the safety of the fuel cell system 100.
[0044] In the self-diagnostic process of the fuel cell
system 100, the controller 17 may communicate the in-
formation regarding the combustible gas concentration,
output from the combustible gas detector 22, to a main-
tenance operator or the like so that the maintenance op-
erator or the like can predict the life of the combustible
gas detector 22. By doing so, appropriate measures can
be taken, for example, the combustible gas detector 22
is replaced, before the life of the combustible gas detector
22 expires and thereby the fuel cell system 100 fails or
stops.
[0045] As should be appreciated from the foregoing,
in accordance with the first embodiment, even when the
detection sensitivity of the combustible gas detector 22
to the combustible gas degrades after an elapse of time,
the safety of the fuel cell system 100 can be ensured by
carrying out the self-diagnostic process involving detect-
ing the life of the combustible gas detector 22, and by
taking appropriate measures. In addition, unnecessary
maintenance such as inspection and replacement of the
combustible gas detector 22 for ensuring the safety of
the fuel cell system 100 need not be carried out. Conse-
quently, maintenance cost can be reduced compared to
the conventional fuel cell system.

(Embodiment 2)

[0046] Fig. 3 is a view schematically showing a con-
struction of a fuel cell system according to a second em-
bodiment of the present invention. In Fig. 2, the same
reference numerals as those in Fig. 1 of the first embod-
iment denote the same or corresponding parts, which will
not be further described.
[0047] In the second embodiment, a branch portion
24b and a valve 27b are provided at predetermined po-
sitions of the hydrogen-rich gas supply passage 6 con-
necting the reformer 1 to the anode 8 of the fuel cell stack
7. The combustible gas guide pipe 23 extends from the
branch portion 24b. A valve 25b is provided at a prede-
termined position of the combustible gas guide pipe 23.
Only the raw fuel gas valve 26 is provided at a predeter-
mined position of the raw fuel gas supply passage 4. In
other construction, the second embodiment is substan-
tially identical to the first embodiment.
[0048] A self-diagnostic process regarding a function
of the combustible gas detector 22 in the fuel cell system
200 of the second embodiment will be described with
reference to the drawings.
[0049] Fig. 4 is a flowchart showing self-diagnostic
steps for the combustible gas detector 22 according to
the second embodiment of the present invention.
[0050] In the second embodiment, when performing
self-diagnostic process as to whether or not the combus-
tible gas detector 22 is functioning properly after deter-
mining that the power generation operation is in the
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stopped state (NO in Step S6), the controller 17 closes
the valve 27b (Step S7), and opens the valve 25b and
the raw fuel gas valve 26 (Step S8). And, the controller
17 injects the raw fuel gas that has flowed through the
reformer 1 in small amount toward the combustible gas
detector 22 through the combustible gas guide pipe 23
(Step S9). If the combustible gas detector 22 outputs a
voltage within a proper detection range of the raw fuel
gas to the controller 17, the controller 17 determines that
the combustible gas detector 22 is functioning properly,
and terminates the self-diagnostic process (YES in Step
S10). On the other hand, if the combustible gas detector
22 has degraded after an elapse of time and the detection
sensitivity of the combustible gas detector 22 to the raw
fuel gas is low, the output voltage of the combustible gas
detector 22 becomes not higher than the voltage within
the proper detection range although the raw fuel gas is
injected toward the combustible gas detector 22 (NO in
Step S10). From this, the controller 17 recognizes that
the combustible gas detector 22 is not functioning prop-
erly. And, the controller 17 determines that the life of the
combustible gas detector 22 has expired, and takes ap-
propriate safety measures for ensuring safety of the fuel
cell system 200, for example, by displaying information
regarding prohibition of the operation of the fuel cell sys-
tem 200, displaying a warning, etc (Step S11).
[0051] On the other hand, when performing the self-
diagnostic process after determining that the fuel cell sys-
tem 200 is carrying out the power generation operation
(YES in Step S6), the controller 17 opens the raw fuel
gas valve 26, the valves 25b and 27b (Step S12). Under
this condition, the controller 17 injects the hydrogen-rich
gas which is the combustible gas, in small amount toward
the combustible gas detector 22 (Step S13) while sup-
plying the hydrogen-rich gas to the fuel cell stack 7. If the
combustible gas detector 22 outputs a voltage within a
proper detection range of the hydrogen-rich gas to the
controller 17, the controller 17 determines that the com-
bustible gas detector 22 is functioning properly, and ter-
minates self-diagnostic process (YES in Step S14). On
the other hand, when the combustible gas detector 22
has degraded after an elapse of time and thereby detec-
tion sensitivity of the combustible gas detector 22 to the
hydrogen-rich gas is low, the output voltage of the com-
bustible gas detector 22 becomes not higher than the
voltage within the proper detection range, although the
hydrogen-rich gas is injected toward the combustible gas
detector 22 (NO in Step S14). At this time, the controller
17 also recognizes that the combustible gas detector 22
is not functioning properly. And, the controller 17 deter-
mines that the life of the combustible gas detector 22 has
expired, and takes appropriate safety measures for en-
suring safety of the fuel cell system 200, for example, by
displaying information regarding prohibition of the oper-
ation of the fuel cell system 200, displaying a warning,
etc (Step S15).
[0052] Thus, in the fuel cell system 200 of the second
embodiment, the raw fuel gas is injected toward the com-

bustible gas detector 22 during the stopped state of the
power generation operation of the fuel cell system 200,
while the hydrogen-rich gas is injected toward the com-
bustible gas detector 22 during the power generation op-
eration. And, as shown in the Step S6 in Fig. 4, the kind
of the gas injected toward the combustible gas detector
22, i.e., whether the fuel gas or the hydrogen-rich gas is
injected toward the combustible gas detector 22, is de-
termined based on whether or not the fuel cell system
200 is carrying out the power generation operation. This
is because the hydrogen-rich gas is not generated in the
reformer 1 in an initial state of an operation of the reformer
1.
[0053] Generally, the combustible gas detector 22 re-
sponds to any kind of combustible gases. But, its detec-
tion sensitivity, i.e., the detection output voltage with re-
spect to a predetermined gas concentration varies ac-
cording to a component (kind) of gases. Accordingly, in
order to accurately detect time-lapse degradation of the
combustible gas detector 22, it is necessary to perform
the self-diagnostic process for each of kinds of the com-
bustible gases used in the fuel cell system 200. Accord-
ingly, in the second embodiment, the self-diagnostic
process is carried out using the raw fuel gas before the
reforming reaction and the hydrogen-rich gas after the
reforming reaction, which may leak into the interior of the
package 18, and it is thus possible to detect degradation
of the detection sensitivity of the combustible gas detec-
tor 22 to the leakage of these gases, which may occur
after an elapse of time. In this case, since the range of
the voltage output from the combustible gas detector 22
varies according to the kind (component) of the injected
gases, the range of the output voltage is changed ac-
cording to the kind (component) of the injected gases for
the purpose of proper determination. By doing so, the
safety of the fuel cell system 200 can be reliably ensured.

(Embodiment 3)

[0054] Fig. 5 is a view schematically showing a con-
struction of a fuel cell system according to a third em-
bodiment of the present invention. In Fig. 5, the same
reference numerals as those in Fig. 1 of the first embod-
iment denote the same or corresponding parts, which will
not be further described.
[0055] In a fuel cell system 300 of the third embodi-
ment, a branch portion 24c and a valve 27c are provided
at predetermined positions of the exhausted hydrogen
passage 10 connecting the anode 8 of the fuel cell stack
7 to the burner 2. The combustible gas guide pipe 23
extends from the branch portion 24c. A valve 25c is pro-
vided at a predetermined position of the combustible gas
guide pipe 23. Only the raw fuel gas valve 26 is provided
at a predetermined position of the raw fuel gas supply
passage 4. In other respects, the third embodiment is
substantially identical to the first embodiment.
[0056] A self-diagnostic process regarding a function
of the combustible gas detector 22 in the fuel cell system
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300 of the third embodiment will be described with refer-
ence to the drawings.
[0057] Fig. 6 is a flowchart showing self-diagnostic
steps for the combustible gas detector 22 according to
the third embodiment of the present invention.
[0058] In the third embodiment, when performing the
self-diagnostic process as to whether or not the combus-
tible gas detector 22 is functioning properly after deter-
mining that the fuel cell system 300 is carrying out the
power generation operation (YES in Step S16), the con-
troller 17 opens the valve 27c, the valve 25c and the raw
fuel gas valve 26 (Step S17). And, the controller 17 injects
the hydrogen-rich gas that has flowed through the anode
8 of the fuel cell stack 7, i.e., the hydrogen-rich gas re-
maining unconsumed after a power generation reaction
in the fuel cell stack 7, in small amount toward the com-
bustible gas detector 22 through the combustible gas
guide pipe 23 (Step S18). As in the second embodiment,
if the combustible gas detector 22 outputs a voltage within
a proper detection range of the hydrogen-rich gas to the
controller 17, the controller 17 determines that the com-
bustible gas detector 22 is functioning properly, and ter-
minates the self-diagnostic process (YES in Step S19).
On the other hand, if the combustible gas detector 22
has degraded after an elapse of time and the detection
sensitivity of the combustible gas detector 22 to the hy-
drogen-rich gas is low, the output voltage of the combus-
tible gas detector 22 becomes not higher than the voltage
within the proper detection range although the hydrogen-
rich gas is injected toward the combustible gas detector
22 (NO in Step S19). From this, the controller 17 recog-
nizes that the combustible gas detector 22 is not func-
tioning properly. And, the controller 17 determines that
the life of the combustible gas detector 22 has expired,
and takes appropriate safety measures for ensuring safe-
ty of the fuel cell system 300, for example, by displaying
information regarding prohibition of the operation of the
fuel cell system 300, a warning, etc (Step S20).
[0059] By the way, when the operation of the fuel cell
system 300 is terminated, the hydrogen-rich gas remain-
ing within the passages of the reformer 1, the fuel cell
stack 7 and so on is purged therefrom by using nitrogen
or the like for the purpose of safety. When the fuel cell
system is used at home or the like, an alternative gas
such as the raw fuel gas is used as a purge gas instead
of nitrogen, because it is difficult to supply nitrogen. In
the third embodiment, when performing the self-diagnos-
tic process as to whether or not the combustible gas de-
tector 22 is functioning properly after determining that
the power generation operation is in the stopped state
(NO in Step S16), first, the controller 17 exhausts the raw
fuel gas filled within the fuel cell stack 7 therefrom (Step
S21). Then, the controller 17 injects the exhausted raw
fuel gas in small amount toward the combustible gas de-
tector 22 through the combustible gas guide pipe 23 (Step
S22). In other words, the self-diagnostic process regard-
ing the function of the combustible gas detector 22 is
performed using the raw fuel gas which is a combustible

gas. In this case, as in the second embodiment, if the
combustible gas detector 22 outputs a voltage within a
proper detection range of the raw fuel gas to the controller
17, the controller 17 determines that the combustible gas
detector 22 is functioning properly, and terminates the
self-diagnostic process (YES in Step S23). On the other
hand, if the combustible gas detector 22 has degraded
after an elapse of time and the detection sensitivity of the
combustible gas detector 22 to the raw fuel gas is low,
the output voltage of the combustible gas detector 22
becomes not higher than the voltage within the proper
detection range although the raw fuel gas is injected to-
ward the combustible gas detector 22 (NO in Step S23).
From this, the controller 17 recognizes that the combus-
tible gas detector 22 is not functioning properly. And, the
controller 17 determines that the life of the combustible
gas detector 22 has expired, and takes appropriate safety
measures for ensuring safety of the fuel cell system 300,
for example, by displaying information regarding prohi-
bition of the operation of the fuel cell system 300, a warn-
ing, etc (Step S24).
[0060] Thus, in accordance with the third embodiment,
since self-diagnostic process regarding the function of
the combustible gas detector 22 is carried out using the
hydrogen-rich gas remaining unconsumed after the pow-
er generation reaction in the fuel cell stack 7 or the raw
fuel gas filled in the fuel cell stack 7 to purge the hydrogen-
rich gas, the total exhaust amount of the combustible gas
such as the hydrogen-rich gas, the raw fuel gas, and the
like can be reduced. Also, in accordance with the third
embodiment, the safety of the fuel cell system 300 can
be reliably ensured.

(Embodiment 4)

[0061] In the above described first to third embodi-
ments, the reformer is used as a device configured to
generate and supply the hydrogen-rich gas, and the hy-
drogen-rich gas is supplied to the fuel cell stack 7. Alter-
natively, the reformer may be replaced by a hydrogen
tank which supplies pure hydrogen to the fuel cell stack
7. In a fourth embodiment, as described below, the hy-
drogen tank is used instead of the reformer.
[0062] In the fourth embodiment, a construction in
which the hydrogen tank is equipped within the package
of the fuel cell system and a construction in which the
hydrogen tank is equipped outside of the package of the
fuel cell system will be described.
[0063] First, the construction of the fuel cell system in
which the hydrogen tank is equipped within the package
will be described.
[0064] Fig. 7 is a view schematically showing a con-
struction of the fuel cell system equipped with the hydro-
gen tank within the package according to the fourth em-
bodiment of the present invention. In Fig. 7, the same
reference numerals as those in Eg. 1 of the first embod-
iment denote the same or corresponding parts, which will
not be further described.
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[0065] Referring now to Fig. 7, a fuel cell system 400
according to the fourth embodiment comprises, within
the package 18, a hydrogen tank 29 which is a hydrogen-
rich gas supply means. The hydrogen tank 29 is filled
with, for example, compressed hydrogen. And, one end
of the hydrogen-rich gas supply passage 6 is connected
to an exit 5 of the hydrogen tank 29, and the other end
thereof is connected to the anode 8 of the fuel cell stack
7. The branch portion 24b and the valve 27b are provided
at predetermined positions of the hydrogen-rich gas sup-
ply passage 6. The combustible gas guide pipe 23 is
connected to the branch portion 24b. The valve 25b is
provided at a predetermined position of the combustible
gas guide pipe 23. Since the hydrogen tank 29 is used
as the hydrogen-rich gas supply means in the fourth em-
bodiment, components used to supply the raw fuel gas,
for example, the raw fuel gas supply passage 4, the raw
fuel gas valve 26, the branch portion 24a, the valve 27a,
and so on, are omitted. In addition, the burner 2 of the
first to third embodiments is omitted. Because of the ab-
sence of the burner 2, the hydrogen-rich gas remaining
unconsumed after the power generation reaction in the
fuel cell stack 7, is exhausted from the fuel cell stack 7
to outside of the fuel cell system 400 through, for exam-
ple, the exhausted hydrogen passage 10. Further, since
pure hydrogen is supplied to the fuel cell stack 7 in the
fourth embodiment, the three-way valves 15 and 16, and
the bypass 14 are omitted. In other respects, the fourth
embodiment is substantially identical to the second em-
bodiment.
[0066] Subsequently, the construction of the fuel cell
system equipped with the hydrogen tank outside of the
package will be described.
[0067] Fig. 8 is a view schematically showing a con-
struction of a fuel cell system equipped with the hydrogen
tank outside of the package according to the fourth em-
bodiment of the present invention. In Fig. 8, the same
reference numerals as those in Fig. 1 of the first embod-
iment denote the same or the corresponding parts, which
will not be further described.
[0068] Referring to Fig. 8, the fuel cell system 500 of
the fourth embodiment is not equipped with the hydrogen
tank 29 as the hydrogen-rich gas supply means. Instead,
the hydrogen tank 29 is provided outside of the package
18 of the fuel cell system 500. And, the hydrogen tank
29 is connected to the branch portion 24b of the fuel cell
system 500 through the extended hydrogen-rich gas sup-
ply passage 6. In the fourth embodiment, the hydrogen-
rich gas supply passage 6 serves as the hydrogen-rich
supply means in the fuel cell system 500. In other re-
spects, the fuel cell system 500 is identical to the fuel cell
system 400 of the fourth embodiment.
[0069] In the fuel cell systems 400 and 500 so con-
structed, self-diagnostic process regarding the function
of the combustible gas detector 22 is carried out using
the pure hydrogen supplied from the hydrogen tank 29.
Specifically, the valves 25b and 27b are suitably operated
so that the pure hydrogen supplied from the hydrogen

tank 29 is injected in small amount toward the combus-
tible gas detector 22 through the combustible gas guide
pipe 23. In this manner, the function of the combustible
gas detector 22 is self-diagnosed. In the fourth embodi-
ment, the safety of the fuel cell systems 400 and 500 can
be reliably ensured as in the first to third embodiments.
[0070] As should be appreciated from the foregoing,
in accordance with the present invention, since the fuel
cell systems 100 to 500 carries out the self-diagnostic
process regarding the detecting function of the combus-
tible gas of the combustible gas detector 22, it is possible
to avoid malfunction or the like of the combustible gas
detector 22. In particular, in accordance with the present
invention, since the function of the combustible gas de-
tector 22 is self-diagnosed using the pure hydrogen, the
hydrogen-rich gas or the raw fuel gas of the hydrogen-
rich gas actually used in the fuel cell systems 100 to 500,
rather than combustible gases which are not actually
used in the fuel cell systems 100 to 500 (e.g., simulated
gases of the pure hydrogen, the hydrogen-rich gas or the
raw fuel gas of the hydrogen-rich gas for use in power
generation in the fuel cell systems 100 to 500, or other
inspection gases for use in self-diagnosis), the self-diag-
nostic process regarding the function of the combustible
gas detector 22 can be carried out accurately and reliably.
In other words, the self-diagnostic process regarding the
function of the combustible gas detector 22 can be ideally
carried out. With such a configuration, the safety of the
fuel cell systems 100 to 500 can be reliably ensured.
[0071] While the fuel cell systems have been thus far
described in the first to fourth embodiments, the present
invention is, as a matter of course, applicable to systems
equipped with combustible gas detectors within packag-
es thereof, as well as the above-described fuel cell sys-
tems. In such systems, the effects provided by the
present invention are also obtained.
[0072] Numerous modifications and alternative em-
bodiments of the invention will be apparent to those
skilled in the art in view of the foregoing description. Ac-
cordingly, the description is to be construed as illustrative
only, and is provided for the purpose of teaching those
skilled in the art the best mode of carrying out the inven-
tion.

Claims

1. A fuel cell system comprising, within a package,
a fuel cell stack;
a hydrogen-rich gas supply means configured to
supply a hydrogen-rich gas;
a combustible gas detector configured to detect leak-
age of a combustible gas which is the hydrogen-rich
gas or a raw fuel gas which is a raw material of the
hydrogen-rich gas within said package;
a combustible gas guide pipe through which the com-
bustible gas is guided into the space within said pack-
age; and

15 16 



EP 1 521 325 B1

10

5

10

15

20

25

30

35

40

45

50

55

a controller;
wherein said controller is configured to inject the
combustible gas intermittently through said combus-
tible gas guide pipe, and to perform a self-diagnostic
process as to whether or not said combustible gas
detector is functioning properly.

2. The fuel cell system according to Claim 1, wherein
said combustible gas guide pipe is configured to
branch from a combustible gas passage and to have
an end positioned in the vicinity of said combustible
gas detector, and
said controller is configured to inject the combustible
gas intermittently toward said combustible gas de-
tector through said combustible gas guide pipe, and
to perform a self-diagnostic process as to whether
or not said combustible gas detector is functioning
properly.

3. The fuel cell system according to Claim 2, wherein
said hydrogen-rich gas supply means is a reformer
configured to generate the hydrogen-rich gas from
the raw fuel gas.

4. The fuel cell system according to Claim 3, wherein
said combustible gas guide pipe is configured to
branch from a position in a raw fuel gas supply pas-
sage connected to an inlet of said reformer.

5. The fuel cell system according to Claim 3, wherein
said combustible gas guide pipe is configured to
branch from a position in a hydrogen supply passage
extending between said reformer and an anode of
said fuel cell stack, and the raw fuel gas is used under
a stopped state of said reformer and the hydrogen-
rich gas is used during an operation of said reformer
as a gas injected toward said combustible gas de-
tector.

6. The fuel cell system according to Claim 3, wherein
said combustible gas guide pipe is configured to
branch from a position in an exhausted hydrogen
passage connected to an anode of said fuel cell
stack, and the raw fuel gas filled within said fuel cell
stack to purge the hydrogen-rich gas when an oper-
ation of the said fuel cell system terminates is used
as a gas injected toward said combustible gas de-
tector.

7. The fuel cell system according to Claim 2, wherein
said controller is configured to close a raw fuel gas
valve provided in a raw fuel gas supply passage
when said combustible gas detector continues to de-
tect the combustible gas after an elapse of predeter-
mined time after said controller terminates injection
of the combustible gas.

8. The fuel cell system according to Claim 2, wherein

an exhaust fan is provided in said package in the
vicinity of said combustible gas detector, and con-
figured to dilute the injected combustible gas with
ambient air and to exhaust the diluted combustible
gas to outside of said package.

9. The fuel cell system according to Claim 8, wherein
said controller is configured to operate said exhaust
fan intermittently during a stopped state of said fuel
cell system to allow leakage of the combustible gas
to be monitored during the stopped state of said fuel
cell system.

10. The fuel cell system according to Claim 2, wherein
said controller is configured to perform the self-diag-
nostic process in such a manner that said controller
determines that life of said combustion gas detector
has expired when detection sensitivity of said com-
bustible gas detector to the injected combustible gas
varies from an initial value and becomes outside an
allowable range, and prohibits an operation of said
fuel cell system.

11. The fuel cell system according to Claim 10, wherein
said controller further causes a warning to be dis-
played when determining that the life of said com-
bustible gas detector has expired.

12. The fuel cell system according to Claim 10, wherein
said controller is configured to set an injection inter-
val of the combustible gas longer when a variation
in the detection sensitivity of said combustible gas
detector from an initial value is smaller than a pre-
determined value, and to set the injection interval
shorter when the variation is larger than the prede-
termined value.

13. The fuel cell system according to Claim 11, wherein
said controller is configured to set an injection inter-
val of the combustible gas longer when a variation
in the detection sensitivity of said combustible gas
detector from an initial value is smaller than a pre-
determined value, and to set the injection interval
shorter when the variation is larger than the prede-
termined value.

14. The fuel cell system according to Claim 10, wherein
said controller is configured to predict the life of said
combustible gas detector from the self-diagnostic
process, and to communicate information regarding
the predicted life to a maintenance operator.

15. The fuel cell system according to Claim 11, wherein
said controller is configured to predict the life of said
combustible gas detector from the self-diagnostic
process, and to communicate information regarding
the predicted life to a maintenance operator.
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Patentansprüche

1. Brennstoffzellensystem, umfassend, innerhalb einer
Einheit:

ein Brennstoffzellenstapel;
eine Zufuhreinrichtung für wasserstoffreiches
Gas, konfiguriert, um ein wasserstoffreiches
Gas zuzuführen;
ein Detektor für brennbares Gas, konfiguriert,
um Verlust eines brennbaren Gases zu erfas-
sen, welches das wasserstoffreiche Gas oder
ein rohes Brenngas ist, das ein Rohmaterial des
wasserstoffreichen Gases innerhalb der Einheit
ist;
ein Führungsrohr für brennbares Gas, durch
welches das brennbare Gas in den Raum inner-
halb der Einheit hineingeführt wird; und
ein Steuergerät;

worin das Steuergerät konfiguriert ist, um das brenn-
bare Gas intermittierend durch das Führungsrohr für
brennbares Gas einzuspeisen und einen Selbstdia-
gnoseprozess durchzuführen, ob der Detektor für
brennbares Gas ordnungsgemäß arbeitet oder
nicht.

2. Brennstoffzellensystem nach Anspruch 1, worin
das Führungsrohr für brennbares Gas konfiguriert
ist, um sich aus einem Durchlass für brennbares Gas
zu verzweigen und ein Ende aufzuweisen, das in der
Umgebung des Detektors für brennbares Gas posi-
tioniert ist, und
das Steuergerät konfiguriert ist, um das brennbare
Gas intermittierend zu dem Detektor für brennbares
Gas durch das Führungsrohr für brennbares Gas
einzuspeisen und einen Selbstdiagnoseprozess
durchzuführen, ob der Detektor für brennbares Gas
ordnungsgemäß arbeitet oder nicht.

3. Brennstoffzellensystem nach Anspruch 2, worin die
Zufuhreinrichtung für wasserstoffreiches Gas ein
Reformer ist, konfiguriert, um das wasserstoffreiche
Gas aus dem rohen Brenngas zu erzeugen.

4. Brennstoffzellensystem nach Anspruch 3, worin das
Führungsrohr für brennbares Gas konfiguriert ist, um
sich aus einer Position in einem Zufuhrdurchlass für
rohes Brenngas zu verzweigen, der mit einem Ein-
lass des Reformers verbunden ist.

5. Brennstoffzellensystem nach Anspruch 3, worin das
Führungsrohr für brennbares Gas konfiguriert ist, um
sich aus einer Position in einem Wasserstoffzufuhr-
durchlass, der sich zwischen dem Reformer und ei-
ner Anode des Brennstoffzellenstapels erstreckt, zu
verzweigen, und das rohe Brenngas bei einem an-
gehaltenen Zustand des Reformers verwendet wird

und das wasserstoffreiche Gas während eines Be-
triebs des Reformers als ein zu dem Detektor für
brennbares Gas eingespeistes Gas verwendet wird.

6. Brennstoffzellensystem nach Anspruch 3, worin das
Führungsrohr für brennbares Gas konfiguriert ist, um
sich aus einer Position in einem abgesaugten Was-
serstoffdurchlass, der mit einer Anode des Brenn-
stoffzellenstapels verbunden ist, zu verzweigen, und
das rohe Brenngas, das innerhalb des Brennstoff-
zellenstapels verfüllt ist, um das wasserstoffreiche
Gas zu reinigen, wenn ein Betrieb des Brennstoff-
zellensystems abbricht, als ein dem Detektor für
brennbares Gas eingespeistes Gas verwendet wird.

7. Brennstoffzellensystem nach Anspruch 2, worin das
Steuergerät konfiguriert ist, um ein Ventil für rohes
Brenngas, vorgesehen in einem Zufuhrdurchlass für
rohes Brenngas, zu schließen, wenn der Detektor
für brennbares Gas fortfährt, das brennbare Gas
nach einem Verstreichen einer vorherbestimmten
Zeitspanne zu erfassen, nachdem das Steuergerät
die Einspeisung des brennbaren Gases abgebro-
chen hat.

8. Brennstoffzellensystem nach Anspruch 2, worin ein
Absauggebläse in der Einheit in der Umgebung des
Detektors für brennbares Gas vorgesehen ist und
konfiguriert ist, um das eingespeiste brennbare Gas
mit Umgebungsluft zu verdünnen und das verdünnte
brennbare Gas an die Außenseite der Einheit abzu-
saugen.

9. Brennstoffzellensystem nach Anspruch 8, worin das
Steuergerät konfiguriert ist, um das Absauggebläse
intermittierend während eines angehaltenen Zu-
stand des Brennstoffzellensystems zu betreiben, um
zu ermöglichen, dass Verlust des brennbaren Gases
während des angehaltenen Zustands des Brenn-
stoffzellensystems überwacht wird.

10. Brennstoffzellensystem nach Anspruch 2, worin das
Steuergerät konfiguriert ist, um den Selbstdiagnose-
prozess auf so eine Weise durchzuführen, dass das
Steuergerät bestimmt, dass die Nutzungsdauer des
Detektors für brennbares Gas abgelaufen ist, wenn
die Erfassungssensitivität des Detektors für brenn-
bares Gas zu dem eingespeisten brennbaren Gas
von einem Anfangswert schwankt und sich außer-
halb eines erlaubten Bereichs entwickelt, und einen
Betrieb des Brennstoffzellensystems untersagt.

11. Brennstoffzellensystem nach Anspruch 10 worin das
Steuergerät des Weiteren eine Warnung herbeiführt,
die anzuzeigen ist, wenn es bestimmt, dass die Nut-
zungsdauer des Detektors für brennbares Gas ab-
gelaufen ist.
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12. Brennstoffzellensystem nach Anspruch 10 worin das
Steuergerät konfiguriert ist, um ein Einspeisungsin-
tervall des brennbaren Gases länger festzulegen,
wenn eine Schwankung in der Erfassungssensitivi-
tät des Detektors für brennbares Gas von einem An-
fangswert kleiner als ein vorherbestimmter Wert ist,
und den Einspeisungsintervall kürzer festzulegen,
wenn die Schwankung größer als der vorherbe-
stimmte Wert ist.

13. Brennstoffzellensystem nach Anspruch 11 worin das
Steuergerät konfiguriert ist, um ein Einspeisungsin-
tervall des brennbaren Gases länger festzulegen,
wenn eine Schwankung in der Erfassungssensitivi-
tät des Detektors für brennbares Gas von einem An-
fangswert kleiner als ein vorherbestimmter Wert ist,
und den Einspeisungsintervall kürzer festzulegen,
wenn die Schwankung größer als der vorherbe-
stimmte Wert ist.

14. Brennstoffzellensystem nach Anspruch 10, worin
das Steuergerät konfiguriert ist, um die Nutzungs-
dauer des Detektors für brennbares Gas aus dem
Selbstdiagnoseprozess vorherzusagen und Infor-
mationen hinsichtlich der vorhergesagten Nutzungs-
dauer an einen Wartungsbedienungsperson zu
übermitteln.

15. Brennstoffzellensystem nach Anspruch 11, worin
das Steuergerät konfiguriert ist, um die Nutzungs-
dauer des Detektors für brennbares Gas aus dem
Selbstdiagnoseprozess vorherzusagen und Infor-
mationen hinsichtlich der vorhergesagten Nutzungs-
dauer an einen Wartungsbedienungsperson zu
übermitteln.

Revendications

1. Système de pile à combustible (100), comprenant,
à l’intérieur d’un boîtier (18),
un empilement (7) de piles à combustible ;
un moyen d’alimentation (1) en gaz riche en hydro-
gène, agencé pour fournir un gaz riche en
hydrogène ;
un détecteur (22) de gaz combustible agencé pour
détecter des fuites d’un gaz combustible, qui est le
gaz riche en hydrogène ou un gaz combustible brut
constituant une matière première du gaz riche en
hydrogène à l’intérieur dudit boîtier (18) ;
un tuyau de guidage (23) de gaz combustible par
l’intermédiaire duquel le gaz combustible est guidé
jusque dans l’espace intérieur dudit boîtier (18) ; et
un dispositif de commande (17) ;
ledit dispositif de commande (17) étant conçu pour
injecter par intermittence le gaz combustible via ledit
tuyau de guidage (23) de gaz combustible et pour
exécuter une procédure d’autodiagnostic afin de ju-

ger si, oui ou non, ledit détecteur (22) de gaz com-
bustible fonctionne correctement.

2. Système de pile à combustible (100) selon la reven-
dication 1, dans lequel
ledit tuyau de guidage (23) de gaz combustible est
agencé pour partir d’un passage de gaz combustible
et pour avoir une extrémité placée au voisinage dudit
détecteur (22) de gaz combustible, et
ledit dispositif de commande (17) est conçu pour in-
jecter par intermittence le gaz combustible vers ledit
détecteur (22) de gaz combustible via ledit tuyau de
guidage (23) de gaz combustible et pour exécuter
une procédure d’autodiagnostic afin de juger si, oui
ou non, ledit détecteur (22) de gaz combustible fonc-
tionne correctement

3. Système de pile à combustible (100) selon la reven-
dication 2, dans lequel ledit moyen d’alimentation en
gaz riche en hydrogène est un reformeur (1) agencé
pour produire le gaz riche en hydrogène à partir du
gaz combustible brut.

4. Système de pile à combustible (100) selon la reven-
dication 3, dans lequel ledit tuyau de guidage (23)
de gaz combustible est agencé pour partir d’un point
dans un passage d’alimentation (4) en gaz combus-
tible brut relié à une entrée (3) dudit reformeur (1).

5. Système de pile à combustible (100) selon la reven-
dication 3, dans lequel ledit tuyau de guidage (23)
de gaz combustible est agencé pour partir d’un point
dans un passage d’alimentation (6) en hydrogène
s’étendant entre ledit reformeur (1) et une anode (8)
dudit empilement (7) de piles à combustible, et le
gaz combustible brut est utilisé lorsque ledit refor-
meur (1) est à l’arrêt et le gaz riche en hydrogène
est utilisé pendant que ledit reformeur (1) fonctionne,
en tant que gaz injecté vers ledit détecteur (22) de
gaz combustible.

6. Système de pile à combustible (100) selon la reven-
dication 3, dans lequel ledit tuyau de guidage (23)
de gaz combustible est agencé pour partir d’un point,
dans un passage d’hydrogène évacué (10), relié à
une anode (8) dudit empilement (7) de piles à com-
bustible, et le gaz combustible brut qui remplit ledit
empilement (7) de piles à combustible pour purger
le gaz riche en hydrogène lorsque prend fin le fonc-
tionnement dudit système de pile à combustible
(100) sert de gaz injecté vers ledit détecteur (22) de
gaz combustible.

7. Système de pile à combustible (100) selon la reven-
dication 2, dans lequel ledit dispositif de commande
(17) est conçu pour fermer une vanne (26) de gaz
combustible brut présente dans un passage d’ali-
mentation en gaz combustible brut lorsque ledit dé-
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tecteur (22) de gaz combustible continue à détecter
le gaz combustible au terme d’un laps de temps pré-
déterminé après que ledit dispositif de commande
(17) a mis fin à l’injection du gaz combustible.

8. Système de pile à combustible (100) selon la reven-
dication 2, dans lequel un ventilateur extracteur (21)
est disposé dans ledit boîtier (18) au voisinage dudit
détecteur (22) de gaz combustible, et est agencé
pour diluer avec de l’air ambiant le gaz combustible
injecté et pour rejeter le gaz combustible dilué à l’ex-
térieur dudit boîtier (18).

9. Système de pile à combustible (100) selon la reven-
dication 8, dans lequel ledit dispositif de commande
(17) est conçu pour faire fonctionner par intermitten-
ce ledit ventilateur extracteur (21) pendant que ledit
système de pile à combustible (100) est à l’arrêt,
pour permettre une surveillance des fuites du gaz
combustible pendant que ledit système de pile à
combustible (100) est à l’arrêt.

10. Système de pile à combustible (100) selon la reven-
dication 2, dans lequel ledit dispositif de commande
(17) est conçu pour exécuter la procédure d’auto-
diagnostic de telle manière que ledit dispositif de
commande (17) détermine que ledit détecteur (22)
de gaz combustible est arrivé en fin de vie lorsque
la sensibilité de détection dudit détecteur (22) de gaz
combustible au gaz combustible injecté varie par
rapport à une valeur initiale et sort d’une marge ad-
missible, et empêche le fonctionnement dudit systè-
me de pile à combustible (100).

11. Système de pile à combustible (100) selon la reven-
dication 10, dans lequel ledit dispositif de commande
(17) provoque en outre l’affichage d’une alerte lors-
qu’il détermine que le détecteur (22) de gaz com-
bustible est arrivé en fin de vie.

12. Système de pile à combustible (100) selon la reven-
dication 10, dans lequel ledit dispositif de commande
(17) est conçu pour établir un plus long intervalle
d’injection du gaz combustible lorsqu’une variation
de la sensibilité de détection dudit détecteur (22) de
gaz combustible par rapport à une valeur initiale est
inférieure à une valeur prédéterminée, et pour établir
un plus court intervalle d’injection lorsque la variation
est supérieure à la valeur prédéterminée.

13. Système de pile à combustible (100) selon la reven-
dication 11, dans lequel ledit dispositif de commande
(17) est conçu pour établir un plus long intervalle
d’injection du gaz combustible lorsqu’une variation
de la sensibilité de détection dudit détecteur (22) de
gaz combustible par rapport à une valeur initiale est
inférieure à une valeur prédéterminée, et pour établir
un intervalle d’injection plus court lorsque la variation

est supérieure à la valeur prédéterminée.

14. Système de pile à combustible (100) selon la reven-
dication 10, dans lequel ledit dispositif de commande
(17) est conçu pour prédire la durée de vie dudit dé-
tecteur (22) de gaz combustible d’après la procédure
d’autodiagnostic, et pour communiquer à un opéra-
teur de maintenance des informations concernant la
durée de vie prédite.

15. Système de pile à combustible (100) selon la reven-
dication 11, dans lequel ledit dispositif de commande
(17) est conçu pour prédire la durée de vie dudit dé-
tecteur (22) de gaz combustible d’après la procédure
d’autodiagnostic et pour communiquer à un opéra-
teur de maintenance des informations concernant la
durée de vie prédite.
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