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The present invention is a fuel cell system including a fuel 
(21) Appl. No.: 12/086,770 cell, an injector which is provided in a hydrogen Supply 
(22) PCT Filed: Nov. 22, 2006 channel of the fuel cell and which adjusts a gas state of an 

upstream side of the hydrogen Supply channel to Supply a gas 
(86). PCT No.: PCT/UP2006/323866 toward a downstream side, and a control device which drives 

and controls the injector. The control device controls an 
S371 (c)(1), operation of the injector based on a driving state of an asso 
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FUEL CELL SYSTEMAND METHOD FOR 
OPERATING THE SYSTEM 

TECHNICAL FIELD 

0001. The present invention relates to a fuel cell system in 
which a gas Supply channel of a fuel cell is provided with an 
injector, and a method for operating the system. 

BACKGROUND ART 

0002. At present, a fuel cell system including a fuel cell 
which receives Supply of a reactive gas (a fuel gas and an 
oxidizing gas) to generate a power has been Suggested and put 
to practical use. Such a fuel cell system is provided with a fuel 
Supply channel for Supplying, to the fuel cell, the fuel gas 
Supplied from a fuel Supply source Such as a hydrogen tank. 
0003 Moreover, in general, the fuel supply channel is 
provided with a pressure adjustment valve (a regulator) which 
reduces, to a constant value, a Supply pressure of the fuel gas 
from the fuel Supply source, in a case where the Supply 
pressure is remarkably high (e.g., see Japanese Patent Appli 
cation Laid-Open No. 2004-342386). 

DISCLOSURE OF THE INVENTION 

0004. However, in a pressure adjustment valve disclosed 
in Patent Document 1, a Supply pressure of a fuel gas is fixed 
owing to a structure of the valve, so that it is difficult to 
quickly change the Supply pressure of the fuel gas based on an 
operating situation (i.e., a response property is low), and Such 
precise pressure adjustment as to change a target pressure in 
multiple stages cannot be performed. 
0005 Moreover, in the fuel cell system, a noise level of the 
whole system is remarkably low even in the operating situa 
tion, so that when an operation sound is generated in each 
operation device, the sound mightbea harsh noise, depending 
on the circumstances. Therefore, there is a demand for a 
system in which the Supply pressure of the fuel gas can 
appropriately be changed based on an operation state of a fuel 
cell and in which awareness of a noise can be suppressed. 
0006. The present invention has been developed in view of 
Such a situation, and an object thereof is to provide a highly 
responsive fuel cell System in which a Supply pressure of a 
fuel gas can appropriately be changed based on an operation 
state of a fuel cell and in which an operator does not easily 
care about an operation Sound, and a method for operating the 
system. 
0007 To achieve the above object, a fuel cell system 
according to the present invention is a fuel cell system com 
prising: a fuel cell which receives Supply of a gas to generate 
a power; an injector which is provided in a gas Supply channel 
of the fuel cell and which adjusts a state of the gas on an 
upstream side of the gas Supply channel to Supply the gas to a 
downstream side; and control means for driving and control 
ling the injector, the control means being configured to con 
trol an operation of the injector based on a driving state of an 
associated device including the fuel cell system. 
0008 According to such a constitution, an operation state 
(an opening rate of a valve body of the injector (a gas passage 
area), and an opening time of the valve body of the injector (a 
gas injection time) or the like) can be set based on an opera 
tion state of the fuel cell (an amount of a power to be gener 
ated by the fuel cell (a power, a current and a Voltage), a 
temperature of the fuel cell, an abnormal state of the fuel cell 
system, an abnormal state of a fuel cell main body or the like). 

Jan. 29, 2009 

Therefore, a gas state (a Supply pressure) of a fuel gas can 
appropriately be changed based on the operation state of the 
fuel cell, so that a response property can be improved. 
0009. It is to be noted that the “gas state' is a state (a flow 
rate, a pressure, a temperature, a molecular concentration or 
the like) of the gas, and especially includes at least one of the 
gas flow rate and the gas pressure. 
0010 Moreover, the control means controls the operation 
of the injector based on the driving state of the associated 
device including the fuel cell system, so that the injector can 
be operated, for example, in a state in which an operation 
Sound of the injector does not easily become harsh, and it can 
be prevented that the operation sound of the injector becomes 
harsh. 

0011. The associated device including the fuel cell system 
corresponds to, for example, a Surrounding electronic device 
including the fuel cell system. In this case, examples of the 
electronic device include a pump, a motor and a fan. When the 
fuel cell system is mounted on a mobile body, the electronic 
device can be interpreted as a traction motor, an inverter, a 
converter or the like. 
0012. The controlling of the operation of the injector is, for 
example, allowing or limiting (prohibiting) of the operation 
of the injector, changing of a drive cycle of the injector or the 
like. For example, a noise frequency due to pulsation of the 
associated device (e.g., the pump) is matched with a drive 
frequency of the injector, the injector is operated at a peak of 
a radiant Sound from the associated device, or the operation of 
the injector is limited (prohibited) in a case where the radiant 
Sound from the associated device has a predetermined value 
or less. 

0013. In the fuel cell system, the control means may con 
trol the operation of the injector based on the radiant sound 
generated in accordance with the driving of the associated 
device. 

0014 When such a constitution is employed, for example, 
the operation Sound of the injector is Superimposed on the 
radiant Sound from the associated device, whereby the opera 
tion sound of the injector can be hidden or obscured by the 
radiant Sound from the associated device, and it can be pre 
vented that the operation sound of the injector becomes harsh. 
0015. As the associated device, for example, a pump 
which supplies a fluid to the fuel cell can be applied. As the 
pump, an air compressor which feeds an oxidizing gas under 
pressure to the fuel cell is applicable. 
0016. Moreover, when the fuel cell system is mounted on 
a mobile body, as the driving State of the associated device, an 
operation state of a fan for use in cooling the fuel cell or a 
motor, or a blower for use in blowing air from an air condi 
tioner of a passenger chamber may be applied. 
0017. When such a constitution is employed, for example, 
the operation Sound of the injector is Superimposed on the 
radiant sound from the fan or the like, whereby the operation 
sound of the injector can be hidden or obscured by the radiant 
sound from the fan or the like, and it can be prevented that the 
operation Sound of the injector becomes harsh. 
0018 Moreover, when the fuel cell system is mounted on 
the mobile body, as the driving state of the associated device, 
a movement state of the mobile body, for example, a move 
ment speed or an accelerated State may be applied. 
0019. In a case where such a constitution is employed, 
when the movement speed is high, the injector is operated, 
whereby the operation sound of the injector can be hidden or 
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obscured by a running Sound (e.g., noises oftires on a road or 
a hissing Sound), and it can be prevented that this operation 
Sound becomes harsh. 
0020. Furthermore, the injector is operated in the acceler 
ated State, that is, an environment during acceleration in 
which generation of the hissing Sound generated in accor 
dance with the movement (the acceleration) of the mobile 
body, a noise during braking or the like is not easily noticed, 
whereby it can be prevented that this operation sound 
becomes harsh. It is to be noted that the accelerated state of 
the mobile body has correlation with respect to a generated 
current of the fuel cell, a demanded load (a demanded amount 
of the power to be generated) from an electric load (e.g., the 
motor) connected to the fuel cell or an accelerator open rate, 
so that the operation of the injector may be controlled based 
on at least one of these factors. 
0021. In addition, in the fuel cell system, the control 
means may control the drive frequency of the injector based 
on the frequency of the radiant sound from the associated 
device. 
0022. When such a constitution is employed, for example, 
the drive frequency of the injector is matched with the fre 
quency of the radiant Sound from the associated device, or the 
frequency of the radiant Sound from the associated device is 
set to an integral multiple of the drive frequency of the injec 
tor, whereby the operation sound of the injector can be hidden 
or obscured by the radiant sound from the associated device, 
and it can be prevented that the operation sound of the injector 
becomes harsh. 
0023. Moreover, for example, a phase of the drive fre 
quency of the injector is appropriately displaced from that of 
the radiant Sound from the associated device, that is, the 
injectoris operated in an environment in which the generation 
of the noise is not easily noticed, whereby the operation Sound 
of the injector is not noticed, and it can be prevented that the 
operation Sound of the injector becomes harsh. 
0024. In the fuel cell system, the control means may 
change a permissible range of a pressure deviation of the 
injector based on the driving State of the associated device 
including the fuel cell system. 
0025 To change the permissible range of a pressure devia 

tion, for example, a first control state in which an opening/ 
closing operation of the injector is subjected to feedback 
control based on a deviation between a detected value of a 
secondary pressure of the injector and a target control value 
may be changed to a second control state in which execution 
of the feedback control is prohibited to raise the pressure to a 
predetermined target pressure at a time when the secondary 
pressure of the injector lowers to a predetermined lower limit 
pressure. 
0026. Moreover, to change the permissible range of a pres 
Sure deviation, for example, a first control state in which when 
a deviation between a detected value of a secondary pressure 
of the injector and a target control value is less than a prede 
termined value, the deviation is regarded as “0”, whereas 
when the deviation has the predetermined value or more, an 
opening/closing operation of the injector is subjected to feed 
back control based on the deviation may be changed to a 
second state in which the predetermined value is increased as 
compared with the first control state. 
0027. When the permissible range of a pressure deviation 

is changed as described above, the number of operation times 
of the injector decreases, and as a result, the generation of the 
harsh operation sound can be inhibited. 
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0028. Furthermore, when the fuel cell system is mounted 
on the mobile body, the control means may change the per 
missible range of a pressure deviation of the injector only 
during an idle operation of the mobile body. 
0029 When such a constitution is employed, it is possible 
to reduce the number of the operation times of the injector 
during an idle operation having high quietness as compared 
with another operation state. 
0030. In a case where the radiant sound generated in accor 
dance with the driving of the associated device is reduced, the 
control means may prohibit the operation of the injector until 
a secondary pressure of the injector lowers to a predetermined 
lower limit pressure. 
0031 When such a constitution is employed, the number 
of the operation times of the injector in a situation where 
higher quietness is demanded can be reduced. 
0032 Moreover, when the secondary pressure of the injec 
tor lowers to the lower limit pressure, the control means may 
allow the operation of the injector to raise the secondary 
pressure to a predetermined pressure. 
0033. When such a constitution is employed, a time from 
a time when the secondary pressure of the injector raises to 
the predetermined pressure to a time when the secondary 
pressure lowers to the lower limit pressure next can be earned, 
and eventually, the number of the operation times of the 
injector can be reduced. 
0034. The fuel cell system of the present invention is a fuel 
cell system mounted on a mobile body, comprising: a fuel cell 
which receives Supply of a gas to generate a power; an injector 
which is provided in a gas Supply channel of the fuel cell and 
which adjusts a state of the gas on an upstream side of the gas 
Supply channel to Supply the gas to a downstream side; and 
control means for controlling an operation of the injector 
based on a movement state of the mobile body. 
0035 Moreover, the injector may include an inner channel 
which connects an upstream side of the injector to a down 
stream side thereof, a valve body which is movably arranged 
in the inner channel and in which an opening area of the inner 
channel is varied based on a movement position of the valve 
body, and a valve body driving section which drives the valve 
body with an electromagnetic driving force. 
0036. A method for operating a fuel cell system according 
to the present invention is a method for operating a fuel cell 
system including a fuel cell which receives Supply of a gas to 
generate a power and an injector which is provided in a gas 
supply channel of the fuel cell and which adjusts a state of the 
gas on an upstream side of the gas Supply channel to Supply 
the gas to a downstream side, the method comprising: con 
trolling an operation of the injector based on a driving state of 
an associated device including the fuel cell system. 
0037 According to such a constitution, the injector is 
operated, for example, in a state in which the operation Sound 
of the injector does not easily become harsh, whereby it can 
be prevented that the operation sound of the injector becomes 
harsh. 
0038 According to the present invention, there can be 
provided a highly responsive fuel cell system in which a 
Supply pressure of a fuel gas can appropriately be changed 
based on an operation state of a fuel cell and in which an 
operator does not easily care about an operation Sound of an 
injector, and a method for operating the system can also be 
provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0039 FIG. 1 is a constitution diagram of a fuel cell system 
according to an embodiment of the present invention; 



US 2009/002922.6 A1 

0040 FIG. 2 is a control block diagram showing a control 
configuration of a control device of a fuel cell system shown 
in FIG. 1; 
0041 FIG. 3 is a sectional view of an injector of the fuel 
cell system shown in FIG. 1; 
0042 FIG. 4 is a time chart showing the control configu 
ration of the control device of the fuel cell system shown in 
FIG. 1: 
0043 FIG. 5 is a time chart showing the control configu 
ration of the control device of the fuel cell system shown in 
FIG. 1: 
0044 FIG. 6 is a flow chart showing an operation method 
of the fuel cell system shown in FIG. 1; 
0045 FIG. 7 is a constitution diagram showing a modifi 
cation of the fuel cell system shown in FIG. 1; and 
0046 FIG. 8 is a constitution diagram showing a modifi 
cation of the fuel cell system shown in FIG. 1. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0047 A fuel cell system 1 according to an embodiment of 
the present invention will hereinafter be described with ref 
erence to the drawings. In the present embodiment, an 
example in which the present invention is applied to a car 
mounted power generation system of a fuel cell vehicle (a 
mobile body) will be described. 
0048 First, a constitution of the fuel cell system 1 accord 
ing to the embodiment of the present invention will be 
described with reference to FIG. 1. 
0049. As shown in FIG. 1, the fuel cell system 1 according 

to the present embodiment includes a fuel cell 10 which 
receives Supply of a reactive gas (an oxidizing gas and a fuel 
gas) to generate a power, and the system also includes an 
oxidizing gas piping system 2 which Supplies air as the oxi 
dizing gas to the fuel cell 10, a hydrogen gas piping system3 
which Supplies a hydrogen gas as the fuel gas to the fuel cell 
10, a control device (control means) 4 which integrally con 
trols the whole system and the like. 
0050. The fuel cell 10 has a stack structure in which a 
required number of unitary cells for receiving the Supply of 
the reactive gas to generate the power are laminated. The 
power generated by the fuel cell 10 is supplied to a power 
control unit (PCU) 11. The PCU 11 includes an inverter 
arranged between the fuel cell 10 and a traction motor 12, a 
DC-DC converter and the like. Moreover, a current sensor 13 
which detects a current during the power generation is 
attached to the fuel cell 10. 
0051. The oxidizing gas piping system 2 includes an air 
Supply channel 21 which Supplies the oxidizing gas (air) 
humidified by a humidifier 20 to the fuel cell 10, an air 
discharge channel 22 which guides, to the humidifier 20, an 
oxidizing off gas discharged from the fuel cell 10, and an 
exhaust channel 23 for guiding the oxidizing off gas from the 
humidifier 20. The air supply channel 21 is provided with an 
air compressor 24 which takes the oxidizing gas from atmo 
spheric air to feed the gas under pressure to the humidifier 20. 
0052. The hydrogen gas piping system3 includes a hydro 
gen tank 30 as a fuel Supply source which stores the hydrogen 
gas having a high pressure (e.g., 70 MPa), a hydrogen Supply 
channel 31 as a fuel Supply channel for Supplying the hydro 
gen gas of the hydrogen tank 30 to the fuel cell 10, and a 
circulation channel 32 for returning, to the hydrogen Supply 
channel 31, a hydrogen off gas discharged from the fuel cell 
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10. The hydrogen gas piping system 3 is one embodiment of 
a fuel Supply system of the present invention. 
0053. It is to be noted that instead of the hydrogen tank 30, 
a reformer which forms a hydrogen-rich reformed gas from a 
hydrocarbon-based fuel, and a high-pressure gas tank which 
brings the reformed gas formed by this reformer into a high 
pressure state to accumulate the pressure may be employed as 
the fuel Supply source. Alternatively, a tank having a hydro 
gen occluded alloy may be employed as the fuel Supply 
SOUC. 

0054 The hydrogen supply channel 31 is provided with a 
shut valve 33 which shuts or allows the supply of the hydro 
gen gas from the hydrogen tank 30, a regulator 34 which 
adjusts the pressure of the hydrogen gas, and an injector 35. 
On an upstream side of the injector 35, a primary pressure 
sensor 41 and a temperature sensor 42 which detect a pressure 
and a temperature of the hydrogen gas in the hydrogen Supply 
channel 31, respectively, are provided. Furthermore, on a 
downstream side of the injector 35 which is an upstream side 
of a joining portion of the hydrogen Supply channel 31 and the 
circulation channel32, there is provided a secondary pressure 
sensor 43 which detects a pressure of the hydrogen gas in the 
hydrogen Supply channel 31. 
0055. The regulator 34 is a device which adjusts an 
upstream pressure (a primary pressure) of the regulator into a 
beforehand set secondary pressure. In the present embodi 
ment, a mechanical pressure reduction valve which reduces 
the primary pressure is employed as the regulator 34. As a 
constitution of the mechanical pressure reduction valve, a 
known constitution may be employed which has a housing 
provided with a back pressure chamber and a pressure adjust 
ment chamber formed via a diaphragm and in which the 
primary pressure is reduced into a predetermined pressure 
owing to a back pressure of the back pressure chamberto form 
a secondary pressure in the pressure adjustment chamber. 
0056. In the present embodiment, as shown in FIG. 1, two 
regulators 34 are arranged on the upstream side of the injector 
35, whereby the upstream pressure of the injector 35 can 
effectively be reduced. Therefore, a degree of freedom in 
design of a mechanical structure (a valve body, a housing, a 
channel, a driving device and the like) of the injector 35 can be 
raised. 
0057 Moreover, the upstream pressure of the injector 35 
can be reduced, so that it can be prevented that the valve body 
of the injector 35 does not easily move owing to increase of a 
pressure difference between the upstream pressure and a 
downstream pressure of the injector 35. Therefore, a variable 
pressure adjustment range of the downstream pressure of the 
injector 35 can be broadened, and lowering of a response 
property of the injector 35 can be inhibited. 
0058. The injector 35 is an electromagnetic driving type 
opening/closing valve in which the valve body is directly 
driven with an electromagnetic driving force in a predeter 
mined drive cycle and disposed away from a valve seat, 
whereby a gas state such as a gas flow rate or a gas pressure 
can be adjusted. The injector 35 includes the valve seat having 
an injectionhole which injects a gas fuel Such as the hydrogen 
gas, and also includes a nozzle body which Supplies and 
guides the gas fuel to the injection hole, and the valve body 
movably received and held in an axial direction (a gas flow 
direction) with respect to this nozzle body to open and close 
the injection hole. 
0059. In the present embodiment, the valve body of the 
injector 35 is driven by a solenoid which is an electromag 
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netic driving device, and a pulse-like excitation current Sup 
plied to this solenoid can be turned on or off to switch an 
opening area of each injection hole in two stages, multiple 
stages, a continuous (stepless) manner or a linear manner. 
0060 Agas injection time and a gas injection timing of the 
injector 35 are controlled based on a control signal output 
from the control device 4, whereby a flow rate and a pressure 
of the hydrogen gas are precisely controlled. In the injector 
35, the valve (the valve body and the valve seat) is directly 
driven with the electromagnetic driving force to open or 
close, and a drive cycle of the valve can be controlled into a 
highly responsive region, so that the injector has a high 
response property. 
0061. In the injector 35, to supply the gas with a demanded 
flow rate to the downstream side of the injector, at least one of 
an opening area (an open rate) and an opening time of the 
valve body provided in a gas channel of the injector 35 is 
changed, whereby a flow rate (or a hydrogen molecular con 
centration) of the gas to be Supplied to the downstream side (a 
fuel cell 10 side) is adjusted. 
0062. It is to be noted that the valve body of the injector 35 

is opened or closed to adjust the gas flow rate, and the pressure 
of the gas to be supplied to the downstream side of the injector 
35 is reduced as compared with the gas pressure on the 
upstream side of the injector 35, so that the injector 35 can be 
interpreted as a pressure adjustment valve (a pressure reduc 
tion valve, a regulator). Moreover, in the present embodi 
ment, the injector can be interpreted as a variable pressure 
adjustment valve capable of changing an adjustment amount 
(a reduction amount) of the upstream gas pressure of the 
injector 35 so that the pressure meets a demanded pressure in 
a predetermined pressure range based on a gas demand. 
0063. It is to be noted that in the present embodiment, as 
shown in FIG. 1, the injector 35 is arranged on the upstream 
side of a joining portion A1 of the hydrogen Supply channel 
31 and the circulation channel 32. Moreover, as shown by 
broken lines in FIG. 1, in a case where a plurality of hydrogen 
tanks 30 are employed as a fuel supply source, the injector 35 
is arranged on the downstream side of a portion (a hydrogen 
gas joining portion A2) in which the hydrogen gases Supplied 
from the hydrogen tanks 30 are joined. 
0064. The circulation channel 32 is connected to a dis 
charge channel 38 via a gas-liquid separator 36 and an 
exhaust discharge valve 37. The gas-liquid separator 36 col 
lects a water content from the hydrogen off gas. The exhaust 
discharge valve 37 operates based on a command from the 
control device 4 to discharge (purge), from the system, the 
water content collected by the gas-liquid separator 36 and the 
hydrogen off gas including impurities in the circulation chan 
nel 32. 

0065. Moreover, the circulation channel 32 is provided 
with a hydrogen pump 39 which pressurizes the hydrogen off 
gas in the circulation channel 32 to feed the gas toward the 
hydrogen Supply channel 31. It is to be noted that the gas in 
the discharge channel 38 is diluted by a diluter 40 to join the 
gas in the exhaust channel 23. It is to be noted that the 
hydrogen off gas discharged via the exhaust discharge valve 
37 and the discharge channel 38 is diluted by the diluter 40 to 
join an oxidizing off gas in the exhaust channel 23. 
0066. The control device 4 detects an operation amount of 
an acceleration operating device (an accelerator or the like) 
provided in a vehicle, and receives control information Such 
as a demanded acceleration value (e.g., a demanded power 
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generation amount from a load device Such as the traction 
motor 12) to control operations of various units in the system. 
0067. It is to be noted that the load device is a generic 
power consumption device including, in addition to the trac 
tion motor 12, an auxiliary device (e.g., the compressor 24, 
the hydrogen pump 39, a motor of a cooling pump or the like) 
required for operating the fuel cell 10, an actuator for use in 
any type of device (a change gear, a wheel control device, a 
steering device, a Suspension device or the like) associated 
with running of the vehicle, an air conditioning device (an air 
conditioner) of a passenger space, illumination or audio. 
0068 Among these devices or attached devices, a device 
which generates a radiant sound in accordance with driving 
corresponds to an associated device of the present invention, 
but the device is not limited to an illustrated device. 
0069. The control device 4 is constituted of a computer 
system (not shown). Such a computer system is constituted of 
a CPU, a ROM, a RAM, a HDD, an input/output interface, a 
display and the like, and the CPU reads any type of control 
program recorded in the ROM to execute the program, 
whereby various control operations are realized. 
0070 Specifically, as shown in FIG. 2, the control device 
4 calculates an amount (hereinafter referred to as the “hydro 
gen consumption') of the hydrogen gas consumed by the fuel 
cell 10 based on an operation state of the fuel cell 10 (a current 
value during power generation of the fuel cell 10 detected by 
the current sensor 13) (a fuel consumption calculating func 
tion: B1). In the present embodiment, the hydrogen consump 
tion is calculated and updated for each calculation cycle of the 
control device 4 by use of a specific calculation formula 
indicating a relation between the current value of the fuel cell 
10 and the hydrogen consumption. 
0071 Moreover, the control device 4 calculates a target 
pressure value (a target gas Supply pressure with respect to the 
fuel cell 10) of the hydrogen gas in a downstream position of 
the injector 35 based on the operation state of the fuel cell 10 
(the current value of the fuel cell 10 during the power gen 
eration detected by the current sensor 13) (a target pressure 
value calculating function: B2). In the present embodiment, 
the target pressure value in a position where the secondary 
pressure sensor 43 is arranged (a pressure adjustment position 
as a position where pressure adjustment is demanded) is 
calculated and updated for each calculation cycle of the con 
trol device 4 by use of a specific map indicating a relation 
between the current value of the fuel cell 10 and the target 
pressure value. 
0072 Furthermore, the control device 4 calculates a feed 
back correction flow rate based on a deviation between the 
calculated target pressure value and a detected pressure value 
in the downstream position (the pressure adjustment position) 
of the injector 35 detected by the secondary pressure sensor 
43 (a feedback correction flow rate calculating function: B3). 
The feedback correction flow rate is a hydrogen gas flow rate 
(a pressure difference reducing correction flow rate) to be 
added to the hydrogen consumption in order to reduce the 
deviation between the target pressure value and the detected 
pressure value. In the present embodiment, the feedback cor 
rection flow rate is calculated and updated for each calcula 
tion cycle of the control device 4 by use of a target follow-up 
type control of PI control or the like. 
0073. In addition, the control device 4 calculates a feed 
forward correction flow rate corresponding to a deviation 
between the previously calculated target pressure value and 
the presently calculated target pressure value (a feed forward 
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correction flow rate calculating function: B4). The feed for 
ward correction flow rate is a fluctuation (a pressure differ 
ence corresponding correction flow rate) of the hydrogen gas 
flow rate due to a fluctuation of the target pressure value. In 
the present embodiment, the feed forwardcorrection flow rate 
is calculated and updated for each calculation cycle of the 
control device 4 by use of a specific calculation formula 
indicating a relation between the deviation of the target pres 
sure value and the feed forward correction flow rate. 

0.074 Moreover, the control device 4 calculates an 
upstream static flow rate of the injector 35 based on an 
upstream gas state of the injector 35 (a hydrogen gas pressure 
detected by the primary pressure sensor 41 and a hydrogen 
gas temperature detected by the temperature sensor 42) (a 
static flow rate calculating function: B5). In the present 
embodiment, a static flow rate is calculated and updated for 
each calculation cycle of the control device 4 by use of a 
specific calculation formula indicating a relation between the 
upstream hydrogen gas pressure and temperature of the injec 
tor 35 and the static flow rate. 
0075. Furthermore, the control device 4 calculates an 
invalid injection time of the injector 35 based on the upstream 
gas State (the pressure and the temperature of the hydrogen 
gas) of the injector 35 and the applied voltage (an invalid 
injection time calculating function: B6). Here, the invalid 
injection time is a time required from a time when the injector 
35 receives a control signal from the control device 4 to a 
tome when injecting is actually started. In the present 
embodiment, the invalid injection time is calculated and 
updated for each calculation cycle of the control device 4 by 
use of a specific map indicating a relation among the pressure 
and temperature of the hydrogen gas on the upstream side of 
the injector 35, the applied voltage and the invalid injection 
time. 
0076. In addition, the control device 4 adds up the hydro 
gen consumption, the feedback correction flow rate and the 
feed forward correction flow rate to calculate an injection 
flow rate of the injector 35 (an injection flow rate calculating 
function: B7). Subsequently, the control device 4 multiplies, 
by a drive cycle of the injector 35, a value obtained by divid 
ing the injection flow rate of the injector 35 by the static flow 
rate to calculate a basic injection time of the injector 35, and 
adds up this basic injection time and the invalid injection time 
to calculate a total injection time of the injector 35 (a total 
injection time calculating function: B8). Here, the drive cycle 
is a stepped (on/off) waveform-like period indicating an 
opening/closing state of the injection hole of the injector 35. 
In the present embodiment, the control device 4 sets the drive 
cycle to a constant value. 
0077. Then, the control device 4 outputs a control signal 
for realizing the total injection time of the injector 35 calcu 
lated through the above-mentioned procedure, whereby the 
gas injection time and the gas injection timing of the injector 
35 are controlled to adjust the flow rate and the pressure of the 
hydrogen gas to be supplied to the fuel cell 10. 
0078. During a usual operation of the fuel cell system 1, 
the hydrogen gas is Supplied from the hydrogen tank 30 to a 
fuel electrode of the fuel cell 10 via the hydrogen supply 
channel 31, and the humidified and adjusted air is supplied to 
an oxidation electrode of the fuel cell 10 via the air supply 
channel 21, to generate a power. In this case, a power (a 
demanded power) to be extracted from the fuel cell 10 is 
calculated by the control device 4, and the hydrogen gas and 
air are supplied into the fuel cell 10 as much as amounts 
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corresponding to the amount of the generated power. In the 
present embodiment, a pressure of the hydrogen gas to be 
supplied to the fuel cell 10 during such a usual operation is 
precisely controlled. 
(0079. The above-mentioned injector 35 has a structure 
shown in FIG.3, and has a metal-made cylinder 54 constitut 
ing a part of the hydrogen Supply channel (a gas Supply 
channel)31 and provided with an inner channel 53 having one 
port portion 51 arranged on the side of the hydrogen tank 30 
of the hydrogen supply channel 31 and the other port portion 
52 arranged on the side of the fuel cell 10 of the hydrogen 
supply channel 31. This cylinder 54 is provided with a first 
passage portion 56 connected to the port portion 51, a second 
passage portion 57 connected to a side of this first passage 
portion 56 opposite to the port portion 51 and having a diam 
eter larger than that of the first passage portion 56, a third 
passage portion 58 connected to a portion of this second 
passage portion 57 opposite to the first passage portion 56 and 
having a diameter larger than that of the second passage 
portion 57, and a fourth passage portion 59 connected to a 
portion of the third passage portion 58 opposite to the second 
passage portion 57 and having a diameter Smaller than that of 
the second passage portion 57 and the third passage portion 
58, and these portions constitute the inner channel 53. 
0080 Moreover, the injector 35 has a valve seat 61 con 
stituted of a sealable member provided so as to surround an 
opening of the fourth passage portion 59 on the side of the 
third passage portion 58: a metal-made valve body 65 having 
a cylindrical portion 62 movably inserted into the second 
passage portion 57 and a bevel portion 63 having a diameter 
larger than that of the second passage portion 57 arranged in 
the third passage portion 58, the bevel portion 63 being pro 
vided with an oblique communication hole 64; a spring 67 
having one end inserted into the cylindrical portion 62 of the 
valve body 65 and the other end engaged with a stopper 66 
formed in the first passage portion 56 to allow the valve body 
65 to abut on the valve seat 61, thereby blocking the inner 
channel 53; and a solenoid (an electromagnetic driving 
device, a valve body driving section) 69 which moves the 
valve body 65 against an urging force of the spring 67 until the 
valve body abuts on a stepped portion 68 of the third passage 
portion 58 on the second passage portion 57 side, whereby the 
valve body 65 is disposed away from the valve seat 61 to 
connect the inner channel 53 in the communication hole 64. 

I0081. As described above, in the injector 35, during driv 
ing for connecting the inner channel 53, the metal-made valve 
body 65 moves in the metal-made cylinder 54 to abut on the 
stepped portion 68 of the cylinder 54, so that an operation 
Sound is generated. Such an operation Sound becomes harsh 
for an operator Such as a driver or a passenger as the case may 
be. In particular, the injector 35 of the present embodiment is 
a gas state variable Supply device of an electromagnetic driv 
ing system driven at a high frequency, so that the operation 
Sound of the injector is a remarkable noise. 
I0082 To solve the problem, in the present embodiment, 
while satisfying the above-mentioned control conditions, the 
control device 4 drives and controls the injector 35 in accor 
dance with a driving state of an associated device as follows. 
For example, the control device drives and controls the injec 
tor 35 in accordance with an operation state of the air com 
pressor (the associated device, a pump) 24 as one of the 
auxiliary devices. That is, the air compressor 24 generates 
pulsation of Suction and discharge to generate the operation 
Sound (a radiant sound) corresponding to the pulsation. 



US 2009/002922.6 A1 

0083 Specifically, in a root type air compressor, a rotary 
fourth or eighth operation Sound is generated at a frequency of 
40 Hz, during 1600 rotations, at a frequency of 80 Hz, during 
1200 rotations, and at a frequency of 120 Hz during 1800 
rotations. In a scroll type air compressor, a rotary primary 
operation Sound is generated at a frequency of 10 HZ during 
1600 rotations, at a frequency of 20 Hz, during 1200 rotations, 
and at a frequency of 30 Hz during 1800 rotations. In a screw 
type air compressor using four-tooth rotor and six-tooth rotor, 
a rotary sixth operation Sound is generated at a frequency of 
60 Hz during 1600 rotations, at a frequency of 120 Hz, during 
1200 rotations, and at a frequency of 180 Hz during 1800 
rotations. Therefore, the injector 35 is driven at a frequency 
of for example, about 100 Hz or less based on such a fre 
quency of the operation sound of the air compressor 24. 
0084. In a case where the drive frequency of the injector 35 

is controlled based on the frequency of the operation Sound 
accompanying the pulsation of the air compressor 24 indicat 
ing the operation state of the air compressor 24, for example, 
the frequency (a noise frequency due to pump pulsation) of 
the operation Sound of the air compressor 24 including a 
phase is manufactured with the drive frequency of the injector 
35. 

0085 That is, in a case where the operation sound of the air 
compressor 24 is generated at a frequency shown in FIG. 4(a), 
as shown in FIG. 4(b), at a peak of the operation sound of the 
air compressor 24, the injector 35 is driven at a timing t1 of 
rising of the operation sound of the air compressor 24, and the 
driving of the injector 35 is stopped at a timing t2 before a 
noise level of the air compressor 24 lowers. 
I0086 That is, the drive frequency of the injector 35 is 
matched with the frequency of the operation sound of the air 
compressor 24, whereby the valve of the injector 35 can be 
opened while the sound of the air compressor 24 is emitted. In 
consequence, the operation sound of the injector 35 is muffled 
by the operation sound of the air compressor 24 which emits 
a larger operation Sound, and could not be heard by the pas 
senger. Here, in a case where the injector 35 is driven at a 
rising timing of the operation sound of the air compressor 24, 
the noise of the injector 35 during the driving when the noise 
is largest can more effectively be muffled. 
0087 Moreover, when the drive frequency of the injector 
35 is controlled based on the frequency of the operation sound 
of the air compressor 24, the frequency of the operation sound 
of the air compressor 24 is set to an integral multiple of the 
drive frequency of the injector 35, and the phases are 
matched. 
0088. That is, as shown in FIG. 4(c), control is performed 
every other generation of the operation Sound of the air com 
pressor 24 so that at the peak of the operation Sound of the air 
compressor 24, the injector 35 is driven at the rising timing t1 
of the operation Sound of the air compressor 24, and the 
driving of the injector 35 is stopped at a lowering timing t3 of 
the operation Sound of the air compressor 24. At this time, 
while the sound of the air compressor 24 is emitted, the valve 
of the injector 35 is kept to open, whereby an injection amount 
is increased. 
0089. In consequence, the injector 35 can be driven so that 
the frequency of the operation Sound of the air compressor 24 
becomes the integral multiple (double in FIG. 4(c)) of the 
drive frequency of the injector 35, whereby the operation 
sound of the injector 35 can be hidden or obscured by the 
operation sound of the air compressor 24 in the same manner 
as described above, and it can be prevented that the operation 
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sound of the injector 35 becomes harsh. In addition, the 
number of the driving times of the injector 35 can be reduced, 
and it can further be prevented that the operation sound of the 
injector 35 becomes harsh. 
0090. Furthermore, in a case where the drive frequency of 
the injector 35 is controlled based on the frequency of the 
operation sound of the air compressor 24, for example, the 
frequency of the operation Sound of the air compressor 24 is 
set to be equal to the drive frequency of the injector 35, and the 
phases are appropriately displaced. For example, as shown in 
FIG. 4(d), for example, the phase of the drive frequency of the 
injector 35 is displaced from that of the operation sound of the 
air compressor 24 So that the operation sound is generated 
between peak generation intervals (tA and t5) of the operation 
Sound of the air compressor 24. 
0091. As described above, the injector 35 is operated so 
that the operation Sound is periodically stably generated 
together with the operation Sound of the air compressor 24. 
That is, the injector 35 can be operated in an environment in 
which the generation of the noise is not easily noticed, 
whereby the operation sound of the injector 35 is not cared, 
and it can be prevented that the operation sound of the injector 
35 becomes harsh. 
0092. It is to be noted that the injector 35 may be driven so 
that the operation sound is generated between the generation 
intervals of the operation sound of the air compressor 24, but 
the injector may be driven substantially in the center of the 
intervals as long as the operation Sound of the air compressor 
24 is eliminated. 

0093 Moreover, when the operation sound of the air com 
pressor 24 is Small, for example, when a vehicle speed is less 
thana predetermined value and/or when the generated current 
of the fuel cell 10 is less than a predetermined value as in an 
idle operation, a load demand (demanded power generation) 
with respect to the fuel cell 10 is small. Even when the 
pressures of the hydrogen gas and air slightly change, the 
power generation stability is not influenced. In consequence, 
the operation of the injector 35 can be prohibited (limited) in 
Such a driven state of the air compressor 24. 
0094. That is, when the operation sound of the air com 
pressor 24 has a predetermined value or less, the injecting of 
the injector 35 is prohibited, whereas when the operation 
Sound of the air compressor 24 exceeds the predetermined 
value, the injector is driven as usual, whereby the operation 
sound of the injector 35 can be muffled by the operation sound 
of the air compressor 24. Such a noise countermeasure is 
especially effective in a situation in which quietness is rela 
tively high as in the idle operation, as compared with another 
operation state. 
(0095. However, the prohibition of the injecting of the 
injector 35 cannot be continued to be maintained. Therefore, 
when the operation Sound of the air compressor 24 has the 
predetermined value or less, the secondary pressure sensor 43 
to detect the pressure of the hydrogen gas in the hydrogen 
Supply channel 31 is monitored. In a case where the pressure 
of the hydrogen gas in the hydrogen Supply channel 31 
detected by the secondary pressure sensor 43 is a predeter 
mined pressure or less, during Such control as to drive the 
injector 35, the control is loosened so that a permissible range 
of a pressure deviation of the hydrogen gas in the hydrogen 
Supply channel 31 detected by the secondary pressure sensor 
43 enlarges as much as possible. 
0096. As an example in which the control is loosened so as 
to enlarge this permissible range of a pressure deviation, first, 
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a first control state in which an opening/closing operation of 
the injector 35 is subjected to feedback control based on a 
pressure deviation between a present value (a detected value) 
of a secondary pressure detected by the secondary pressure 
sensor 43 and a target value (a target control value) as in usual 
control is sometimes changed to a second control state in 
which when execution of such feedback control is daringly 
prohibited to raise the secondary pressure to a predetermined 
target pressure at a time when the secondary pressure of the 
injector 35 is lowered to a predetermined lower limit pressure. 
0097. Moreover, as a second example, a first control state 
in which when the pressure deviation between the present 
value (the detected value) of the detected secondary pressure 
of the injector 35 and the target value (the target control value) 
is less than the predetermined value, the deviation is regarded 
as “0”, whereas when the deviation has the predetermined 
value or more, the opening/closing operation of the injector 
35 is subjected to the feedback control is sometimes changed 
to a second state in which the predetermined value is 
increased as compared with the first control state, in other 
words, a dead Zone in which the pressure deviation is forcibly 
regarded as “O'” is broadened. 
0098. Furthermore, as a third example, a first control state 
in which an opening/closing operation of the injector 35 is 
controlled so that a drive cycle (a basic period) of the injector 
35 is constant is sometimes changed to a second control state 
in which an injection amount of the injector 35 per drive cycle 
is forcibly increased (or an injection time is lengthened) as 
compared with this first control state. 
0099. Then, as a fourth example, a first control state in 
which the opening/closing operation of the injector 35 is 
controlled so that an injection amount or an injection time of 
the injector 35 per one drive cycle (a basic period) becomes 
constant is sometimes changed to a second control state in 
which the one drive cycle (the basic period) is forcibly length 
ened as compared with the first control state. 
0100 Next, for example, the first example will specifically 
be described. During normal control shown in FIG. 5(a), the 
injector 35 is driven (injected) between time t11 and t12 based 
on the pressure deviation between the present value and the 
target value. With this driving, the pressure of the hydrogen 
gas in the hydrogen Supply channel 31 rises as shown in the 
drawing. On the other hand, in the first example shown in 
FIG. 5(b), the injector 35 is not driven as a result of the 
feedback control based on the above-mentioned pressure 
deviation, till time t13 when the pressure of the hydrogen gas 
in the hydrogen Supply channel 31 lowers to a predetermined 
lower limit value P,. However, the hydrogen gas pressure 
lowers to the lower limit value P, the injector 35 is driven 
between the time t13 and t14. 
0101 Then, when the pressure of the hydrogen gas in the 
hydrogen supply channel 31 during this driving (t13 and t14) 
is raised as much as possible (raised to, for example, a pre 
determined upper limit value (a predetermined target pres 
sure) P), a time t15 can be earned until the pressure next 
lowers to the predetermined lower limit value P, to restart 
driving the injector 35. Therefore, the number of emissions of 
the operation sound of the injector 35 can be reduced, and it 
can be prevented that the operation Sound becomes harsh. 
0102 Even in this case, when the operation sound of the 
air compressor 24 exceeds the predetermined value, the injec 
tor 35 is driven as usual, whereby the operation sound of the 
injector 35 can be muffled by the operation sound of the air 
compressor 24. 
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0103) As described above, when the operation sound of 
the air compressor 24 is Small, that is, as shown in FIG. 6. 
when the operation Sound of the air compressor 24 is Smaller 
than a predetermined lower limit value (step S1), control is 
loosened so as to enlarge the permissible range of a pressure 
deviation as much as possible (step S2). In a case where the 
number of the driving times of the injector 35 is reduced, 
when an accelerator open rate per unit time is increased in 
excess of a predetermined upper limit value (step S3: YES), 
the permissible range of a pressure deviation is set to a usual 
setting (step S4), and the injecting of the injector 35 may be 
performed as usual. 
0104 That is, the control of the step S2 in which the 
permissible range of a pressure deviation is set to be large 
based on the accelerator open rate may be released. In this 
case, drop of the gas pressure during vehicle acceleration can 
be prevented, and an acceleration response property and a 
product property can be improved. Needless to say, even in a 
case where the driving of the injector 35 is prohibited at a time 
when the operation Sound of the air compressor 24 is Small, 
the prohibition can be released based on the accelerator open 
rate. 

0105. It is to be noted that during the usual control, as 
described above, the feedback control is performed based on 
the pressure deviation obtained by “the present value minus 
the target value of the detected secondary pressure of the 
injector 35, and the value is brought close to the target value 
as much as possible while changing the target control value. 
However, as described above, when the operation sound of 
the air compressor 24 is Small, the load demand (the power 
generation demand) of the fuel cell 10 is small. It is some 
times assumed that even when the pressures of the hydrogen 
gas and the air slightly change, the power generation stability 
is not influenced. To solve the problem, in Such a case, the 
control state may be shifted from a usual control time as the 
first control state to the second control state in which a pres 
Sure control range is broadened as compared with the usual 
control time. 
0106 For example, in a case where an absolute value of 
the pressure deviation is a predetermined value or less while 
a target pressure adjustment width is maximized, the dead 
Zone in which the pressure deviation is regarded as “O'” is 
enlarged, and the pressure control range is broadened as com 
pared with the usual control, whereby an effect similar to the 
above effect can be obtained. This example corresponds to the 
second example in which the control is loosened so as to 
enlarge the permissible range of a pressure deviation. 
0107 Furthermore, a magnitude of the operation sound of 
the air compressor 24 Substantially has a proportionality rela 
tion with respect to the vehicle speed, so that the vehicle speed 
may be applied instead of the operation Sound of the air 
compressor 24, and the operation of the injector 35 can be 
controlled based on this vehicle speed. That is, when the 
vehicle speed is low, the operation Sound of the air compres 
Sor 24 is Small, and a running sound is Small. Therefore, in a 
case where the vehicle speed has a predetermined value or 
less, the injecting of the injector 35 is prohibited, or the 
control is loosened so as to enlarge the permissible range of a 
pressure deviation as much as possible, thereby reducing the 
number of the injecting times of the injector 35. 
0108. On the other hand, when the vehicle speed increase, 
the magnitude of the operation Sound of the air compressor 24 
enlarges, and a running Sound Such as a noise of a tire on a 
road or a hissing sound enlarges. Therefore, even in a case 
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where the vehicle speed exceeds the predetermined value and 
the injector 35 is driven as usual, the operation sound of the 
injector 35 can be muffled by the operation sound or the 
running Sound of the air compressor 24. Therefore, it can be 
prevented that this operation sound becomes harsh. 
0109 The vehicle speed substantially has a proportional 

ity relation with respect to the number of the injecting times of 
the injector 35 and the number of the rotations of the air 
compressor 24, so that there is a merit that cooperative control 
is easily performed. It is to be noted that it is determined, 
depending on the vehicle, whether the running Sound or the 
operation sound of the air compressor 24 is large, so that it can 
be selected whether the operation sound of the injector 35 is 
muffled mainly by the running Sound or the operation Sound 
of the air compressor 24, depending on the vehicle. 
0110 Moreover, examples of the vehicle auxiliary device 
which can generate such a comparatively large operation 
sound as to muffle the driving sound of the injector 35 include 
the air compressor 24, additionally a blower which blows air 
from an air conditioner (an air conditioning device) in a 
vehicle chamber, or a radiator fan which cools cooling water 
for the fuel cell 10 outside the vehicle chamber. Therefore, the 
operation of the injector 35 may be controlled in the same 
manner as described above based on operation states of these 
devices instead of the air compressor 24, that is, an operation 
sound (a blowing sound) of the blower of the air conditioner 
oran operation sound of the radiator fan. However, the opera 
tion Sound of the air compressor 24 is usually largest, so that 
the injector may be controlled in accordance with an operat 
ing situation of the air compressor 24. 
0111. Furthermore, the magnitude of the operation sound 
of the air compressor 24 Substantially has a proportionality 
relation with respect to the generated current of the fuel cell 
10, and also substantially has a proportionality relation with 
respect to the demanded load of the motor, that is, the accel 
erator open rate (an accelerated/decelerated State), so that the 
accelerator open rate is applied instead of the operation Sound 
of the air compressor 24, and the operation of the injector 35 
may be controlled based on this accelerator open rate. 
0112 That is, when the accelerator open rate is small, the 
operation sound of the air compressor 24 is Small, so that in a 
case where the accelerator open rate has a predetermined 
value or less, the injecting of the injector 35 is prohibited, or 
the control is loosened so as to enlarge the permissible range 
of a pressure deviation as much as possible, thereby reducing 
the number of the injecting times of the injector 35. 
0113. On the other hand, when the accelerator open rate 
increases, the magnitude of the operation Sound of the air 
compressor 24 enlarges. Therefore, even in a case where the 
injector 35 is driven as usual at a time when the accelerator 
open rate exceeds the predetermined value, the operation 
sound of the injector 35 can be muffled by the operation sound 
of the air compressor 24. 
0114. Therefore, it can be prevented that this operation 
Sound becomes harsh. The accelerator open rate Substantially 
has a proportionality relation with respect to the number of 
the injecting times of the injector 35 and the number of the 
rotations of the air compressor 24, so that there is a merit that 
the cooperative control is easily performed. 
0115. It is to be noted that in a hybrid system provided with 
two power sources including the fuel cell 10 and a battery, the 
generated current of the fuel cell 10 sometimes does not have 
any proportional relation with respect to the demanded load 
of the motor, that is, the accelerator open rate. However, even 
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in this case, when the accelerator open rate is large, that is, the 
injector 35 is operated in an environment during acceleration 
where the generation of the noise is not easily cared, whereby 
it can be prevented that this operation Sound becomes harsh. 
0116. It is to be noted that the above-mentioned control is 
performed after completion of warm-up of the fuel cell 10 
(after releasing of output limitation). This is because before 
the warm-up, any power generation robust property with 
respect to the pressure is not seen in the fuel cell 10, and it is 
difficult to apply the control. 
0117. In the fuel cell system 1 described above according 
to the present embodiment, the operation state (the injection 
time) of the injector 35 can be set based on the operation state 
(the current value during the power generation) of the fuel cell 
10. Therefore, the Supply pressure of the hydrogen gas can 
appropriately be changed based on the operation state of the 
fuel cell 10, and a response property can be improved. More 
over, the injector 35 is employed as a flow rate adjustment 
valve of the hydrogen gas and a variable pressure adjustment 
valve, so that precise pressure adjustment (adjustment of the 
supply pressure of the hydrogen gas to the fuel cell 10) can be 
performed. 
0118. That is, the injector 35 can receive the control signal 
from the control device 4 based on the operation state of the 
fuel cell 10 to adjust the injection time and the injection 
timing of the hydrogen gas, so that the pressure adjustment 
can more quickly and exactly be performed as compared with 
a conventional mechanical variable pressure adjustment 
valve. Moreover, the injector 35 is small-sized, light 
weighted and inexpensive as compared with the conventional 
mechanical variable pressure adjustment valve, so that the 
whole system that is miniaturized and inexpensive can be 
realized. 

0119 Moreover, in the fuel cell system 1 according to the 
above-mentioned embodiment, the control device 4 controls 
the operation of the injector 35 based on the driving state of 
the associated device, so that the injector 35 can be operated 
in a state in which, for example, the operation Sound of the 
injector 35 does not easily become harsh, and it can be pre 
vented that the operation sound of the injector 35 becomes 
harsh. 

I0120 That is, the control device 4 controls the operation of 
the injector 35 based on the operation state of the air com 
pressor 24, whereby, for example, the operation sound of the 
injector 35 is superimposed on the operation sound of the air 
compressor 24. In consequence, the operation sound of the 
injector 35 can be hidden or obscured by the operation sound 
of the air compressor 24, and it can be prevented that the 
operation Sound of the injector 24 becomes harsh. 
I0121 The control device 4 may control the operation of 
the injector 35 based on the operation state of the air condi 
tioner. In this case, for example, when the operation Sound of 
the injector 35 is superimposed on the operation sound of the 
air conditioner, the operation sound of the injector 35 can be 
hidden or obscured by the operation sound of the air condi 
tioner, so that it can be prevented that the operation sound of 
the injector 35 becomes harsh. 
I0122) Moreover, the control device 4 may control the 
operation of the injector 35 based on the operation state of the 
radiator fan. In this case, for example, when the operation 
sound of the injector 35 is superimposed on the operation 
Sound of the radiator fan, the operation Sound of the injector 
35 can be hidden or obscured by the operation sound of the 
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radiator fan, so that it can be prevented that the operation 
sound of the injector 35 becomes harsh. 
0123. Furthermore, in the fuel cell system 1 according to 
the above-mentioned embodiment, in a case where the system 
is mounted on a mobile body, the control device 4 can control 
the operation of the injector 35 based on the vehicle speed. 
Therefore, for example, when the vehicle speed is high, the 
injector 35 is operated, whereby the operation sound of the 
injector 35 can be hidden or obscured by the running sound of 
the mobile body, and it can be prevented that this operation 
Sound becomes harsh. 
0.124. In addition, in the fuel cell system 1 according to the 
above-mentioned embodiment, in a case where the system is 
mounted on the mobile body, the control device 4 can control 
the operation of the injector 35 based on the accelerator open 
rate (the accelerated/decelerated state), so that the injector 35 
is operated, for example, at a time when the accelerator open 
rate is large, that is, in an environment during the acceleration 
where the generation of the noise is not easily cared. In 
consequence, it can be prevented that this operation Sound 
becomes harsh. 
0.125 Moreover, in the fuel cell system 1 according to the 
above-mentioned embodiment, the control device 4 can con 
trol the drive frequency of the injector 24 based on the fre 
quency of the operation Sound of the air compressor 24 as the 
auxiliary device, so that, for example, the drive frequency of 
the injector 35 is matched with the frequency of the operation 
Sound of the air compressor 24, or the frequency of the opera 
tion sound of the air compressor 24 is set to the integral 
multiple of the drive frequency of the injector 35. In conse 
quence, the operation sound of the injector 35 can be hidden 
or obscured by the operation sound of the air compressor 24, 
whereby it can be prevented that the operation sound of the 
injector 35 becomes harsh. 
0126 Furthermore, the injector 35 is operated, for 
example, in a case where the phase of the drive frequency of 
the injector 35 is appropriately displaced from the phase of 
the operation Sound of the air compressor 24, that is, in the 
environment where the generation of the noise is not easily 
cared. In consequence, the operation Sound of the injector 35 
is not noticed, and it can be prevented that the operation Sound 
of the injector 35 becomes harsh. 
0127. It is to be noted that in the above embodiment, the 
injector has been described in accordance with an example of 
the injector provided in the hydrogen supply channel 31 of the 
fuel cell system. However, the present invention is applicable 
to any other injector as long as the injector is provided in the 
gas Supply channel of the fuel cell system. 
0128. As shown in, for example, FIG.7, in a case wherean 
air Supply channel 21 for Supplying an oxidizing gas (air) to a 
fuel cell 10 is provided with a humidifying water supply 
injector 71 instead of the humidifier 20, the present invention 
is applicable to this injector. Alternatively, as shown in FIG.8. 
in a case where a hydrogen Supply channel 31 for Supplying a 
hydrogen gas to a fuel cell 10 is provided with a pneumatic 
regulator 72 instead of the injector, the present invention is 
applicable to a cathode air supply injector 73 for controlling 
a hydrogen pressure of this pneumatic regulator 72 with an air 
pressure or the like. 
0129. Moreover, in the above embodiment, an example in 
which the fuel cell system according to the present invention 
is mounted on the fuel cell vehicle has been described, but the 
fuel cell system according to the present invention may be 
mounted on any type of mobile body (a robot, a ship, an 
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airplane or the like) other than the fuel cell vehicle. The fuel 
cell System according to the present invention may be applied 
to a stationary power generation system for use as a power 
generation equipment for construction (housing, building or 
the like). 

INDUSTRIAL APPLICABILITY 

0.130. The present invention is broadly applicable to a fuel 
cell System (or a method for operating the system), which is 
highly responsive and capable of appropriately changing a 
Supply pressure of a fuel gas based on an operation state of a 
fuel cell, and in which an operator does not easily care about 
an operation sound of an injector. 

1-19. (canceled) 
20. A fuel cell system comprising: 
a fuel cell which receives Supply of a gas to generate a 

power, 
an injector which is provided in a gas Supply channel of the 

fuel cell and which adjusts a state of the gas on an 
upstream side of the gas Supply channel to supply the gas 
to a downstream side; and 

a control device for driving and controlling the injector, 
wherein the control device allows or prohibits an operation 

of the injector, or changes a drive cycle so as to hide or 
obscure an operation Sound of the injector from an 
operator by a radiant Sound of an auxiliary device 
required for operating the fuel cellora device attached to 
the auxiliary device which generates the radiant Sound in 
accordance with driving of the device. 

21. The fuel cell system according to claim 20, wherein the 
auxiliary device is a pump which supplies a fluid to the fuel 
cell. 

22. The fuel cell system according to claim 21, wherein the 
pump is an air compressor which feeds an oxidizing gas under 
pressure to the fuel cell. 

23. A fuel cell system which is mounted on a mobile body, 
comprising: 

a fuel cell which receives Supply of a gas to generate a 
power, 

an injector which is provided in a gas Supply channel of the 
fuel cell and which adjusts a state of the gas on an 
upstream side of the gas Supply channel to supply the gas 
to a downstream side; and 

a control device for driving and controlling the injector, 
wherein the control device allows or prohibits an operation 

of the injector, or changes a drive cycle so as to hide or 
obscure an operation Sound of the injector from an 
operator based on an operation Sound of an air condi 
tioner in a passenger chamber of the mobile body or a 
blowing Sound. 

24. A fuel cell system which is mounted on a mobile body, 
comprising: 

a fuel cell which receives Supply of a gas to generate a 
power, 

an injector which is provided in a gas Supply channel of the 
fuel cell and which adjusts a state of the gas on an 
upstream side of the gas Supply channel to supply the gas 
to a downstream side; and 

a control device for driving and controlling the injector, 
wherein the control device allows or prohibits an operation 

of the injector, or changes a drive cycle so as to hide or 
obscure an operation Sound of the injector from an 
operator based on an operation sound or a blowing Sound 
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of a fan for use in cooling the fuel cell or a motor or a 
blower for use in blowing air from an air conditioner in 
a passenger chamber. 

25. A fuel cell system which is mounted on a mobile body, 
comprising: 

a fuel cell which receives Supply of a gas to generate a 
power; 

an injector which is provided in a gas Supply channel of the 
fuel cell and which adjusts a state of the gas on an 
upstream side of the gas Supply channel to supply the gas 
to a downstream side; and 

a control device for driving and controlling the injector, 
wherein the control device allows or prohibits an operation 

of the injector, or changes a drive cycle based on a 
movement speed or an accelerated State of the mobile 
body so as to hide or obscure an operation Sound of the 
injector from an operator. 

26. The fuel cell system according to claim 20, wherein the 
control device controls a drive frequency of the injector based 
on a frequency of the radiant sound from an auxiliary device 
required for operating the fuel cell or a device attached to the 
auxiliary device which generates the radiant sound in accor 
dance with driving of the device. 

27. A fuel cell system comprising: 
a fuel cell which receives Supply of a gas to generate a 

power; 
an injector which is provided in a gas Supply channel of the 

fuel cell and which adjusts a state of the gas on an 
upstream side of the gas Supply channel to supply the gas 
to a downstream side; and 

a control device for driving and controlling the injector, 
wherein the control device changes a permissible range of 

a pressure deviation of the injector based on a radiant 
Sound from a device which generates the radiant Sound, 
and 

the permissible range of a pressure deviation is changed by 
changing a first control state in which an opening/clos 
ing operation of the injector is Subjected to feedback 
control based on a deviation between a detected value of 
a secondary pressure of the injector and a target control 
value to a second control state in which execution of the 
feedback control is prohibited to raise the pressure to a 
predetermined target pressure at a time when the sec 
ondary pressure of the injector lowers to a predeter 
mined lower limit pressure. 

28. A fuel cell system comprising: 
a fuel cell which receives Supply of a gas to generate a 

power; 
an injector which is provided in a gas Supply channel of the 

fuel cell and which adjusts a state of the gas on an 
upstream side of the gas Supply channel to supply the gas 
to a downstream side; and 

a control device for driving and controlling the injector, 
wherein the control device changes a permissible range of 

a pressure deviation of the injector based on a radiant 
Sound from a device which generates the radiant Sound, 
and 

the permissible range of a pressure deviation is changed by 
changing a first control state in which when a deviation 
between a detected value of a secondary pressure of the 
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injector and a target control value is less than a prede 
termined value, the deviation is regarded as “0”, whereas 
when the deviation has the predetermined value or more, 
an opening/closing operation of the injector is Subjected 
to feedback control based on the deviation to a second 
state in which the predetermined value is increased as 
compared with the first control state. 

29. The fuel cell system according to claim 27, which is 
mounted on a mobile body, 

wherein the control device changes the permissible range 
of a pressure deviation of the injector only during an idle 
operation of the mobile body. 

30. The fuel cell system according to claim 28, which is 
mounted on a mobile body, 

wherein the control device changes the permissible range 
of a pressure deviation of the injector only during an idle 
operation of the mobile body. 

31. The fuel cell system according to claim 20, wherein in 
a case where the radiant Sound from the device which gener 
ates the radiant sound is hidden or obscured from the operator, 
the control device prohibits the operation of the injector until 
a secondary pressure of the injector lowers to a predetermined 
lower limit pressure. 

32. The fuel cell system according to claim 31, wherein 
when the secondary pressure of the injector lowers to the 
lower limit pressure, the control device allows the operation 
of the injector to raise the secondary pressure to a predeter 
mined pressure. 

33. A fuel cell system which is mounted on a mobile body, 
comprising: 

a fuel cell which receives Supply of a gas to generate a 
power, 

an injector which is provided in a gas Supply channel of the 
fuel cell and which adjusts a state of the gas on an 
upstream side of the gas Supply channel to supply the gas 
to a downstream side; and 

a control device for allowing or prohibiting an operation of 
the injector or changing a drive cycle based on a move 
ment state of the mobile body so as to hide or obscure an 
operation Sound of the injector from an operator. 

34. The fuel cell system according to claim 20, wherein the 
injector includes an inner channel which connects an 
upstream side of the injector to a downstream side thereof, a 
valve body which is movably arranged in the inner channel 
and in which an opening area of the inner channel is varied 
based on a movement position of the valve body, and a valve 
body driving section which drives the valve body with an 
electromagnetic driving force. 

35. The fuel cell system according to claim 33, wherein the 
injector includes an inner channel which connects an 
upstream side of the injector to a downstream side thereof, a 
valve body which is movably arranged in the inner channel 
and in which an opening area of the inner channel is varied 
based on a movement position of the valve body, and a valve 
body driving section which drives the valve body with an 
electromagnetic driving force. 
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