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WASHINGTON’ DC 20005 (Us) A fuel cell system (1) is provided With a fuel cell (10); a fuel 
supply system (3) for supplying the fuel cell (10) With a fuel 
gas; an injector (35) for adjusting a pressure on the upstream Assignee: TOYOTA J IDOSHA . . 

KABUSHIKI KAISHA side of the fuel supply system (3) and supplymg the gas 
. ’ downstream; a control means (4) for controllmg the mjector 

Toyota'shl (JP) (35) to be driven in a prescribed drive cycle. The control 
means (4) sets the operation status of the injector (35) corre 

Appl NO . 12/085 167 sponding to the operation status of the fuel cell (10). The 
' " ’ operation status of the injector (opening degree of an injector 

valve (gas passing area), open time of the injector valve (gas 
PCT Filed; N0“ 24, 2006 injecting time) and the like) can be set corresponding to the 

operation status of the fuel cell (electricity generated by the 
fuel cell (power, current and voltage), fuel cell temperature, 

PCT No.: PCT/JP2006/324038 abnormal state of the fuel cell system, abnormal state of the 
fuel cell main body, and the like). Thus, supply pres sure of the 

§ 371 (c)(1), fuel gas can be suitably changed corresponding to the opera 
(2), (4) Date: May 16, 2008 tion status of the fuel cell, and response can be improved. 
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FUEL CELL SYSTEM AND MOBILE 
ARTICLE 

BACKGROUND 

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

[0002] Fuel cell systems having a fuel cell for receiving 
reactant (fuel and oxidizing) gases to generate electricity have 
been proposed and are currently being put to practical use. 
Such fuel cell systems are provided With a fuel supply ?oW 
path to How fuel gas supplied from a fuel supply source such 
as a hydrogen tank to the fuel cell. 

[0003] Moreover, a pressure regulating valve (regulator) is 
generally provided in the fuel supply ?oW path to decrease the 
supply pressure to a constant value When the fuel gas supply 
pressure from the fuel supply source is extremely high. In 
recent years, a technique has been proposed (refer to Japanese 
Patent Application Laid-open No. 2004-139984, for 
example) for varying the supply pressure of the fuel gas in 
response to the operating state of the system by providing a 
mechanical variable pressure regulating valve (a variable 
regulator) for varying the supply pressure of the fuel gas in the 
fuel supply ?oW path betWeen tWo levels, for example. 

SUMMARY 

[0004] With a mechanical variable regulating valve such as 
described in the patent above, hoWever, not only does the 
construction make it dif?cult to quickly vary the fuel gas 
supply pressure (that is, the responsiveness is loW), high 
precision regulation such as varying the target pressure 
among multiple levels is not possible. 
[0005] Moreover, conventional mechanical variable pres 
sure regulating valves are large and heavy because they have 
relatively complex constructions, and they are expensive to 
manufacture. Because conventional mechanical variable 
pressure regulating valves are simply for varying the fuel gas 
supply pressure, a separate shut-off valve is further required 
for shutting off the fuel gas supply. This leads to the problem 
of an increase in the siZe of the system (increased equipment 
space) and equipment expenses. 
[0006] With the foregoing circumstances in vieW, it is an 
object of the present invention to provide a fuel cell system 
With a high responsiveness capable of suitably varying the 
fuel gas supply state (supply pressure and the like) in response 
to the operating state of the fuel cell. 
[0007] In order to achieve the above-mentioned object, the 
fuel cell system according to the present invention comprises 
a fuel cell, a fuel cell supply system for supplying fuel gas to 
the fuel cell, an injector for regulating the gas state upstream 
in the fuel supply system and supplying the gas doWnstream, 
and control means to drive and control the injector at a pre 
determined drive cycle, Wherein the control means sets the 
Working state of the injector in response to the operating state 
of the fuel cell. 
[0008] According to such a construction, the Working state 
of the injector (the degree of opening of the injector valve 
body (gas passage area), the opening time of the injector valve 
(gas injection time), and the like) can be set according to the 
operating state of the fuel cell (the electricity generation 
quantity of the fuel cell (poWer, current, and voltage), the 
temperature of the fuel cell, an abnormal state of the fuel cell 
system, an abnormal state of the fuel cell main unit, and the 
like). Accordingly, the fuel gas supply pressure can be suit 
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ably varied in response to the operating state of the fuel cell, 
improving the responsiveness. The “gas state” means the state 
of gas expressed by How rate, pressure, temperature, mol 
concentration, or the like, and in particular includes at least 
one of the gas ?oW rate and the gas pressure. 

[0009] In the above-mentioned fuel cell system, the fuel 
supply system has a fuel supply ?oW path for ?oWing fuel gas 
supplied from the fuel supply source to the fuel cell, and the 
injector can be disposed in this fuel supply ?oW path. 
[0010] Furthermore, in the above-mentioned fuel cell sys 
tem, a regulator can be disposed betWeen the fuel supply 
source and the injector. 

[0011] If such a constitution is adopted, even if the fuel gas 
supply pressure from the fuel supply source is high, the sup 
ply pressure can be decreased by the regulator, so the pres sure 
upstream of the injector can be decreased. Consequently, the 
dif?culty in moving the injector valve body due to the 
increase in differential pres sure of the pres sures upstream and 
doWnstream of the injector can be alleviated. As a result, the 
drop in the responsiveness of the injector can be curbed. 
[0012] In the above-mentioned fuel cell system, the fuel 
supply system can have a fuel supply ?oW path for supplying 
fuel gas supplied from the fuel supply source to the fuel cell, 
and a circulation ?oW path for returning fuel off-gas dis 
charged from the fuel cell to the fuel supply ?oW path. In this 
case, the injector is preferably disposed upstream of the join 
ing section of the fuel supply ?oW path and the circulation 
?oW path. 
[0013] If such a constitution is adopted, the impact of the 
joining pressure of the fuel gas ?oWing inside the fuel supply 
?oW path and the fuel off-gas ?oWing inside the circulation 
?oW path can be curbed. Furthermore, even if the gas ?oW 
inside the circulation ?oW path is obstructed due to freeZing 
of residual moisture in the circulation ?oW path or the like, the 
fuel gas supply pressure can be regulated Without being 
affected by the freeZing. 
[0014] Furthermore, in the above-mentioned fuel cell sys 
tem, the control means preferably calculates the static ?oW 
rate up stream of the injector based on the gas state thereat and 
sets the Working state of the injector in response to the static 
?oW rate. 

[0015] Injection discrepancies due to variance in the gas 
state upstream of the injector can thereby be curbed When 
supplying fuel gas. 
[0016] Furthermore, in the above-mentioned fuel cell sys 
tem, the control means can set the inactive injection time of 
the injector based on the gas state upstream of the injector. 

[0017] Furthermore, in the above-mentioned fuel cell sys 
tem, a pres sure sensor can be disposed at a pres sure regulation 
position, Where pressure regulation is required in the fuel 
supply system. Additionally, the control means can calculate 
a pressure differential decrease correction ?oW rate for 
decreasing the deviation betWeen the target pressure value at 
the pressure regulation position set based on the operating 
state of the fuel cell and a detection pres sure value detected by 
the pressure sensor, and set the Working state of the injector 
based on the above-mentioned pressure differential decrease 
correction ?oW rate. Additionally, the control means can cal 
culate the fuel consumption quantity in the fuel cell based on 
the operating state thereof, and set the Working state of the 
injector based on the fuel consumption quantity and the 
above-mentioned pressure differential decrease correction 
?oW rate. 
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[0018] The Working state of the injector (the injection ?oW 
rate, for example) can thereby be set such as to decrease the 
deviation betWeen the target pressure value and the detection 
pressure value so that the detection pressure value approaches 
the target pressure value. 

[0019] Additionally, in the above-mentioned fuel cell sys 
tem, the control means can calculate a proportional -type pres 
sure differential decrease correction ?oW rate by multiplying 
the proportional gain to the deviation betWeen the target pres 
sure value and the detection pressure value. Additionally, the 
control means can calculate an integrated-type pressure dif 
ferential decrease correction ?oW rate by multiplying the 
integrated gain by the integrated value of the deviation 
betWeen the target pressure value and the detection pressure 
value. In such a case, the control means can vary at least one 

of the proportional gain and the integrated gain based on the 
operating state of the fuel cell (for example, decreasing the 
proportional gain or integrated gain as the quantity of elec 
tricity generated by the fuel cell decreases). 
[0020] This makes it possible to modify the calculation 
mode of the pres sure differential decrease correction ?oW rate 
based on the operating state of the fuel cell to suitably control 
the injector, so the fuel gas can be stably supplied in a Wide 
range of operating states. 
[0021] When the proportional gain or integrated gain used 
in calculating the proportional-type or integrated-type pres 
sure differential decrease correction ?oW rate is set to a con 

stant value, the fuel gas supply pressure from the injector 
folloWs the target pressure value With a constant responsive 
ness even if the operating state of the fuel cell changes. 
HoWever, if the proportional gain or the integrated gain simi 
lar to that during a high load is adopted in an operating state 
Where the electricity generation quantity of the fuel cell is 
relatively loW (during a loW load), the fuel gas supplied from 
the injector is not adequately consumed by the fuel cell, so 
pulsation may occur in the fuel supply system, and the supply 
state of the fuel gas may thereby become unstable. By making 
at least one of the proportional gain and integrated gain, for 
example, loWer during a loW load than during a high load, the 
occurrence of pulsation can thereby be curbed. If a propor 
tional gain or integrated gain similar to that during a loW load 
is adopted during a high load, the fuel gas supplied from the 
injector is consumed by the fuel cell in a large quantity, and 
the supply quantity of the fuel gas may therefore be inad 
equate, decreasing the responsiveness to the target pressure 
value. By making at least one of the proportional gain and 
integrated gain, for example, higher during a high load than 
during a loW load, the responsiveness to the target pressure 
value can be improved. As a result, the fuel gas can be stably 
supplied in a Wide range of operating states (during a loW load 
and a high load). 
[0022] Additionally, in the above-mentioned fuel cell sys 
tem, the control means can calculate and update the target 
pressure value at the pres sure regulation position based on the 
operating state of the fuel cell at predetermined intervals. The 
pressure differential corresponding correction ?oW rate cor 
responding to the deviation betWeen the previously calculated 
target pres sure value and the currently calculated target pres 
sure value can be calculated, as can the injection ?oW rate of 
the injector by adding that pressure differential correspond 
ing correction ?oW rate, the above-mentioned fuel consump 
tion quantity, and the above-mentioned pressure differential 
decrease correction ?oW rate. 
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[0023] The injection ?oW rate of the injector can thereby be 
quickly modi?ed to correspond to ?uctuation in the target 
pressure value and further improve the responsiveness. If the 
pressure differential corresponding correction ?oW rate is not 
taken into consideration, all of the deviations betWeen the 
target pressure values and detection pressure values due to 
?uctuation in the target pressure value need to be compen 
sated With the pressure differential decrease correction ?oW 
rate, Which may cause an increase in the value of the pressure 
differential decrease correction ?oW rate and delay control of 
the injector, but if the pressure differential corresponding 
correction ?oW rate corresponding to the ?uctuation compo 
nent of the target pressure value is used, the increase in the 
value of the pressure differential decrease correction ?oW rate 
can be curbed, making quick control of the injector possible. 
[0024] Additionally, in the above-mentioned fuel cell sys 
tem, the control means can calculate the static ?oW rate 
upstream of the injector based on the gas state thereat, and 
calculate a basic injection time of the injector by multiplying 
the drive cycle by a value obtained by dividing the injection 
?oW rate of the injector by the static ?oW rate. Furthermore, 
the control means can set the inactive injection time of the 
injector based on the gas state upstream of the injector, and 
can calculate the entire injection time thereof by adding the 
above-mentioned basic injection time and the above-men 
tioned inactive injection time. 
[0025] Additionally, a mobile article according to the 
present invention comprises the above-mentioned fuel cell 
system. 
[0026] According to such a constitution, a fuel cell system 
is provided, capable of suitably varying the fuel gas supply 
pressure in response to the operating state of the fuel cell, so 
a mobile article having a high responsiveness can be pro 
vided. 

[0027] According to the present invention, a fuel cell sys 
tem With a high responsiveness can be provided, capable of 
suitably varying the fuel gas supply state (supply pressure and 
the like) in response to the operating state of the fuel cell. 

DESCRIPTION OF DRAWINGS 

[0028] FIG. 1 is a constitution vieW of the fuel cell system 
according to the embodiment of the present invention; 
[0029] FIG. 2 is a control block diagram for explaining the 
control modes of the control device of the fuel cell system 
shoWn in FIG. 1; 
[0030] FIG. 3 is a map for representing the relationship of 
the electricity generation current of the fuel cell of the fuel 
cell system shoWn in FIG. 1 and the proportional gain used 
When calculating a feed back correction ?oW rate; 
[0031] FIG. 4 is a ?oWchart for explaining the operation of 
the fuel cell system shoWn in FIG. 1; and 
[0032] FIG. 5 is a construction vieW shoWing an alternative 
embodiment of the fuel cell system shoWn in FIG. 1. 

DETAILED DESCRIPTION 

[0033] A fuel cell system 1 according to an embodiment of 
the present invention is described beloW With reference to the 
draWings. In the present embodiment, an example is 
described in Which the present invention is applied to an 
on-board electricity generation system of a fuel cell vehicle S 
(mobile article). 
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[0034] First, the constitution of the fuel cell system 1 
according to the embodiment of the present invention is 
described using FIGS. 1 to 3. 
[0035] The fuel cell system 1 according to the present 
embodiment comprises a fuel cell 10 for receiving a supply of 
reactant (oxidizing and fuel) gases and generating electric 
poWer, and the fuel cell 10 comprises an oxidizing gas pipe 
system 2 for supplying air as the oxidizing gas to the fuel cell 
10, a hydrogen gas pipe system 3 for supplying hydrogen gas 
as the fuel gas to the fuel cell 10, and a control device 4 for 
controlling the overall system in an integrated manner as 
shoWn in FIG. 1. 
[0036] The fuel cell 10 has a stack construction for receiv 
ing the supply of reactant gases made by layering a required 
number of single cells for generating electricity. The electric 
poWer generated by the fuel cell 10 is supplied to a poWer 
control unit (PCU) 11. The PCU 11 comprises an inverter, a 
DC-DC converter, and the like disposed betWeen the fuel cell 
10 and a traction motor 12. Additionally, a current sensor 13 
for detecting current during electricity generation is mounted 
in the fuel cell 10. 
[0037] The oxidizing gas pipe system 2 comprises an air 
supply ?oW path 21 for supplying oxidizing gas (air) humidi 
?ed by a humidi?er 20 to the fuel cell 10, an air discharge ?oW 
path 22 for guiding oxidation off-gas discharged from the fuel 
cell 10 to the humidi?er 20, and an air exhaust ?oW path 23 for 
externally guiding the oxidation off-gas from the humidi?er 
21. The air supply ?oW path 21 is provided With a compressor 
24 for taking oxidizing gas in the atmosphere and pressure 
feeding it to the humidi?er 20. 
[0038] The hydrogen gas pipe system 3 comprises a hydro 
gen tank 30 as the fuel supply source for storing high-pressure 
(such as 70 MPa) hydrogen gas, a hydrogen supply ?oW path 
31 as a fuel supply ?oW path for supplying the hydrogen gas 
in the hydrogen tank 30 to the fuel cell 10, and a circulation 
?oW path 32 for returning hydrogen off-gas discharged from 
the fuel cell 10 to the hydrogen supply ?oW path 31. The 
hydrogen gas pipe system 3 is one embodiment of the fuel 
supply system in the present invention. A reformer for gen 
erating hydrogen-rich reformed gas from fuel of a hydrocar 
bon system and a high-pressure gas tank for accumulating the 
reformed gas generated by the reformer in a high-pressure 
state may be adopted as the fuel supply source in place of the 
hydrogen tank 30. Additionally, a tank having a hydrogen 
occlusion alloy may be adopted as the fuel supply source. 
[0039] The hydrogen supply ?oW path 31 is provided With 
a shut-off valve 33 for shutting off and alloWing the supply of 
hydrogen gas from the hydrogen tank 30, a regulator 34 for 
regulating the pressure of the hydrogen gas, and an injector 
35. Additionally, a primary side pressure sensor 41 and a 
temperature sensor 42 for detecting the pres sure and tempera 
ture of the hydrogen gas inside the hydrogen supply ?oW path 
31 are provided upstream of the injector 35. Additionally, a 
secondary side pressure sensor 43 for detecting the hydrogen 
gas pressure inside the hydrogen supply ?oW path 31 is pro 
vided upstream of the joining section of the hydrogen supply 
?oW path 31 and the circulation ?oW path 32, doWnstream of 
the injector 35. 
[0040] A regulator 34 is a device for regulating the 
upstream pressure (primary pressure) to a preset secondary 
pressure. In the present embodiment, a mechanical decom 
pression valve for reducing the primary pres sure is adopted as 
the regulator valve 34. A publicly knoWn construction may be 
adopted for the mechanical decompression valve, having a 

Sep. 17,2009 

housing formed With a back pressure chamber and a pressure 
regulation chamber separated by a diaphragm for reducing 
the primary pressure in the pressure regulation chamber by a 
predetermined pressure to the secondary pressure by means 
of the back pressure inside the back pressure chamber. In the 
present embodiment, the pressure upstream of the injector 35 
can be effectively decreased by disposing tWo of the regula 
tors 34 upstream of the injector 35 as shoWn in FIG. 1. The 
design of the mechanical construction (such as the valve 
body, the housing, the How path, and the drive apparatus) of 
the injector 35 can be made less restrictive. Additionally, 
because the pressure upstream of the injector 35 can be 
reduced, it is possible to alleviate the dif?culty of moving the 
valve body of the injector 35 due to an increase in the differ 
ential pressure of the pressures upstream and doWnstream of 
the injector 35. It is therefore possible to increase the variable 
regulation Width of the pressure doWnstream of the injector 
35 and curb the decrease in responsiveness of the injector 35. 
[0041] The injector 35 is an electromagnetically driven on 
off valve capable of regulating gas ?oW rate and gas pressure 
by directly driving the valve body With an electromagnetic 
drive force at predetermined drive cycles and isolating the 
valve body from the valve seating. The injector 35 comprises 
a valve seating having an injection hole for injecting hydro 
gen gas and other gas fuels as Well as comprising a nozzle 
body for guiding and supplying the gas fuel to the injection 
hole and a valve body housed and maintained movable in the 
axial direction (the gas ?oW direction) of the nozzle body for 
opening and closing the injection hole. The valve body of the 
injector 35 is driven by a solenoid, for example, and can 
sWitch the surface area of the opening of the injection hole 
betWeen tWo or more levels by means of turning on and off a 
pulse-type exciting current supplied to the solenoid. By con 
trolling the gas injection time and timing of the injector 35 
With a control signal outputted from the control device 4, the 
How rate and pressure of the hydrogen gas can be controlled 
With high precision. The injector 35 directly drives the valve 
(valve body and seating) to open and close With an electro 
magnetic driving force and has a high responsiveness because 
its drive cycle can be controlled up to a region of high respon 
siveness. 

[0042] In the present embodiment, the injector 35 is dis 
posed upstream of a joining section A1 of the hydrogen sup 
ply ?oW path 31 and the circulation ?oW path 32 as shoWn in 
FIG. 1. If a plurality of hydrogen tanks 30 are adopted as the 
fuel supply source as shoWn With the dashed lines in FIG. 1, 
the injector 35 is disposed doWnstream of the section Where 
the hydrogen gas supplied from the hydrogen tanks 3 0 joins (a 
hydrogen gas joining section A2). 
[0043] A discharge ?oW path 38 is connected to the circu 
lation ?oW path 32 through a gas-liquid separator 36 and a 
Water/air exhaust valve 37. The gas-liquid separator 36 col 
lects moisture from the hydrogen off-gas. The Water/ air 
exhaust valve 37 operates in response to a command from the 
control device 4 to externally exhaust (purge) the moisture 
collected by the gas-liquid separator 36 and the hydrogen 
off-gas comprising impurities in the circulation ?oW path 32. 
Additionally, a hydrogen pump 39 for pres surizing the hydro 
gen gas inside the circulation ?oW path 32 and feeding same 
to the hydrogen supply ?oW path 31 side is provided in the 
circulation ?oW path 32. The hydrogen off-gas exhausted 
through the air/Water exhaust valve 37 and the discharge ?oW 
path 38 is diluted by a diluter 40 and joins the oxidation 
off-gas inside the air exhaust ?oW path 23. 
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[0044] The control device 4 detects the amount of operation 
of an acceleration operation member (an accelerator or the 
like) provided in the fuel cell vehicle S, receives control 
information such as the acceleration request value (the elec 
tricity generation quantity requested from a load device such 
as the traction motor 12, for example), and controls the opera 
tion of each apparatus in the system. The load device refers 
collectively to poWer consuming devices including auxiliary 
devices required to operate the fuel cell 10 (such as the com 
pressor 24, the hydrogen pump 39, and a motor for a cooling 
pump, for example), actuators used in devices involved in 
running the fuel cell vehicle S (such as a transmission, a Wheel 
control device, a steering device, and a suspension device), an 
air conditioner (A/C) for the passenger space, illumination, 
audio devices, and the like in addition to the traction motor 12. 
[0045] The control device 4 is constructed from a computer 
system not illustrated. The computer system comprises a 
CPU, a ROM, a RAM, a hard disk drive, an I/O interface, and 
a display, and can implement various control operations When 
the CPU reads and executes control programs Written in the 
ROM. 

[0046] In further detail, the control device 4 calculates the 
quantity of hydrogen gas consumed by the fuel cell 10 (here 
inafter, referred to as the “hydrogen consumption quantity”) 
based on the operating state of the fuel cell 10 (the current 
value detected by the current sensor 13 When the fuel cell 10 
is generating electricity) as shoWn in FIG. 2 (fuel consump 
tion quantity calculation function: B1). In the present 
embodiment, a speci?c calculation formula for expressing the 
relationship of the current value of the fuel cell 10 and the 
hydrogen consumption quantity is used to calculate and 
update the hydrogen consumption quantity every calculation 
cycle of the control device 4. 
[0047] Additionally, the control device 4 calculates a target 
pressure value of the hydrogen gas (the target gas supply 
pressure to the fuel cell 10) at a position doWnstream of the 
injector 35 based on the operating state of the fuel cell 10 (the 
current value detected by the current sensor 13 When the fuel 
cell 10 is generating electricity) (target pressure value calcu 
lation function: B2). In the present embodiment, a speci?c 
map for expressing the relationship of the current value and 
the target pressure value of the fuel cell 10 is used to calculate 
and update the target pressure value at the position (the pres 
sure regulation position Where pressure regulation is 
requested) Where the secondary side pressure sensor 43 is 
disposed every calculation cycle of the control device 4. 
[0048] Additionally, the control device 4 calculates a feed 
back correction ?oW rate based on the deviation betWeen the 
calculated target pres sure value and the pres sure value (detec 
tion pressure value) at the position doWnstream (pressure 
regulation position) of the injector 35 detected by the second 
ary side pressure sensor 43 (feed back correction ?oW rate 
calculation function: B3). The feed back correction ?oW rate 
is the hydrogen gas ?oW rate (pressure differential decrease 
correction ?oW rate) added to the hydrogen consumption 
quantity in order to decrease the deviation betWeen the target 
pressure value and the detection pressure value. 

[0049] In the present embodiment, a PI-type feed back con 
trol rule is used to calculate and update the feed back correc 
tion ?oW rate each calculation cycle of the control device 4. In 
further detail, the control device 4 calculates the proportional 
type feed back correction ?oW rate (proportion term PIKPXe) 
by multiplying the proportional gain (KP) by the deviation (e) 
betWeen the target pressure value and the detected pressure 

Sep. 17,2009 

value, calculates the integral-type feed back correction ?oW 
rate (integral term I:KI><](e)dt) by multiplying the integrated 
gain (K,) by the time integral value of the deviation (] (e)dt), 
and calculates the feed back correction ?oW rate including 
these values added in. 

[0050] Additionally, the control device 4 modi?es the value 
of the proportional gain (KP) used in calculating the propor 
tional-type feed back correction ?oW rate according to the 
operating state of the fuel cell 10. The control device 4 in the 
present embodiment sets the proportional gain to a loWer limit 
value (Kpl) When the electricity generation current value of 
the fuel cell 10 is less than a ?rst threshold value (A1) and sets 
the proportional gain to an upper limit value (Kpz) When the 
electricity generation current value of the fuel cell 10 exceeds 
a second thresholdvalue (A2) (A2>A1) as shoWn in the map of 
FIG. 3. The control device 4 linearly varies the proportional 
gain from the loWer limit value (KP l) to the upper limit value 
(Kpz) in proportion to the electricity generation current value 
such as to increase monotonically When the electricity gen 
eration current value of the fuel cell 10 is betWeen the ?rst 
threshold value (Al) and the second threshold value (A2). 
That is, if the electricity generation current value of the fuel 
cell 10 is betWeen the ?rst and second threshold values, the 
value of the proportional gain decreases as the electricity 
generation current value decreases, and if the electricity gen 
eration current value is beloW the ?rst threshold value, the 
proportional gain is set to a ?xed (loWer limit) value. Also, if 
the electricity generation current value of the fuel cell 10 is 
betWeen the ?rst and second threshold values, the value of the 
proportional gain increases as the electricity generation cur 
rent value increases, and if the electricity generation current 
value exceeds the second threshold value, the proportional 
gain is set to a ?xed (upper limit) value. The ?rst and second 
threshold values as Well as the upper and loWer limit values 
may be suitably set according to the speci?cations and the like 
ofthe fuel cell 10. 

[0051] When the proportional gain (KP) is set to a ?xed 
value, the supply pressure value of the hydrogen gas from the 
injector 35 attempts to folloW the target pressure value With a 
?xed responsiveness even When the operating state of the fuel 
cell 10 changes. If a proportional gain (KP) similar to that 
during a high load is adopted in an operating state Where the 
electricity generation quantity of the fuel cell 10 is relatively 
loW (during a loW load), the hydrogen gas supplied from the 
injector 35 is not adequately consumed by the fuel cell 10, so 
pulsation may occur in the hydrogen supply ?oW path 31 and 
the circulation ?oW path 32, causing instability in the hydro 
gen gas supply state. Occurrence of this pulsation may be 
curbed by making the proportional gain (Kpl) during a loW 
load (When the current value is less than the ?rst threshold 
value) smaller than the proportional gain (Kpz) during a high 
load (When the current value exceeds the second threshold 
value) as in the present embodiment. If a proportional gain 
(KP) similar to that during a loW load is adopted during a high 
load, the hydrogen gas supplied from the injector 35 is con 
sumed by the fuel cell 10 in a large quantity, so the supply 
quantity of the hydrogen gas may be inadequate, decreasing 
the responsiveness to the target pressure value. The propor 
tional gain (Kpz) during a high load may therefore be made 
larger than the proportional gain (KP 1) during a loW load as in 
the present embodiment, thereby improving the responsive 
ness to the target pressure value. As a result, hydrogen gas can 
be stably supplied in a Wide range of operating states (during 
a loW load and a high load). 
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[0052] Furthermore, the control device 4 calculates the feed 
forward correction ?ow rate corresponding to the deviation 
between the previously calculated target pressure value and 
the currently calculated target pressure (feed forward correc 
tion ?ow rate calculation function: B4). The feed forward 
correction ?ow rate is the amount of ?uctuation (pressure 
difference corresponding correction ?ow rate) in the hydro 
gen gas ?ow rate due to ?uctuation in the target pressure 
value. In the present embodiment, a speci?c calculation for 
mula for representing the relationship between the target 
pressure value deviation and the feed forward correction ?ow 
rate is used to calculate and update the feed forward correc 
tion ?ow rate every calculation cycle of the control device 4. 
[0053] Furthermore, the control device 4 calculates the 
static ?ow rate upstream of the injector 35 based on the gas 
state (the pressure of the hydrogen gas detected by the pri 
mary side pressure sensor 41 and the temperature of the 
hydrogen gas detected by the temperature sensor 42) 
upstream of the injector 35 (static ?ow rate calculation func 
tion: B5). In the present embodiment, a speci?c calculation 
formula for representing the relationship between the pres 
sure and temperature and the static ?ow-rate of the hydrogen 
gas upstream of the injector 35 is used to calculate and update 
the static ?ow rate every calculation cycle of the control 
device 4. 
[0054] Furthermore, the control device 4 calculates the 
inactive inj ection time of the injector 35 based on the gas state 
(the hydrogen gas pressure and temperature) and applied 
voltage upstream of the injector 35 (inactive injection time 
calculation function: B6). Here, the inactive injection time 
means the time required from when the injector 35 receives a 
control signal from the control device 4 until it actually starts 
injection. In the present embodiment, a speci?c map for rep 
resenting the relationship of the pres sure and temperature of 
the hydrogen gas upstream of the injector 35 as well as the 
applied voltage and inactive injection time is used to calculate 
and update the inactive injection time every calculation cycle 
of the control device 4. 
[0055] Furthermore, the control device 4 calculates the 
injection ?ow rate of the injector 35 by adding the hydrogen 
consumption quantity, the feed back correction ?ow rate, and 
the feed forward correction ?ow rate (injection ?ow rate 
calculation function: B7). Furthermore, the control device 4 
calculates the total injection time of the injector 35 by divid 
ing the injection ?ow rate of the injector 35 by the static ?ow 
rate and multiplying by the drive cycle of the injector 35 to 
calculate the basic injection time of the injector 35, then 
adding the basic injection time to the inactive injection time 
(total injection time calculation function: B8). Here, the drive 
cycle means the cycle of the step-shaped (on/off) waveform 
for representing the open and closed states of the injection 
hole of the injector 35. In the present embodiment, the drive 
cycle is set to a ?xed value by the control device 4. 
[0056] The control device 4 then outputs a control signal for 
implementing the total injection time of the injector 35 cal 
culated through the procedure described above, thereby con 
trolling the gas injection time and gas injection timing of the 
injector 35 and regulating the ?ow rate and pressure of the 
hydrogen gas supplied to the fuel cell 10. 
[0057] Next, the operation of the fuel cell system 1 accord 
ing to the present embodiment is described using the ?ow 
chart of FIG. 4. 
[0058] During normal operation of the fuel cell system 1, 
hydrogen gas from the hydrogen tank 30 is supplied to a fuel 
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electrode of the fuel cell 10 through the hydrogen supply ?ow 
path 31, and humidity-regulated air is supplied to an oxidiZ 
ing electrode of the fuel cell 10 through the air supply ?ow 
path 21, thereby generating electricity. The electricity drawn 
from the fuel cell 10 (the required power) is calculated by the 
control device 4, and the quantity of oxygen gas and air 
corresponding to that quantity of electricity generation are 
supplied into the fuel cell 10. In the present embodiment, the 
pressure of the hydrogen gas supplied to the fuel cell 10 is 
controlled to high precision during such normal operation. 
[0059] That is, ?rst, the control device 4 of the fuel cell 
system 1 detects the current value during electricity genera 
tion of the fuel cell 10 using the current sensor 13 (current 
detection step: S1). Next, the control device 4 calculates the 
quantity of hydrogen gas consumed by the fuel cell 10 (the 
hydrogen consumption quantity) based on the current value 
detected by the current sensor 13 (fuel consumption quantity 
calculation step: S2). 
[0060] Next, the control device 4 calculates the target pres 
sure value of the hydrogen gas at the position downstream 
(the pressure regulation position) of the injector 35 based on 
the current value detected by the current sensor 13 (target 
pressure value calculation step: S3). Then, the control device 
4 calculates the feed forward correction ?ow rate correspond 
ing to the deviation between the previously calculated target 
pressure value and the currently calculated target pressure 
value (feed forward correction ?ow rate calculation step: S4). 
[0061] Next, the control device 4 detects the pressure value 
of the position downstream (the pressure regulation position) 
of the injector 35 using the secondary side pressure sensor 43 
(pressure value detection step: S5). Then, the control device 4 
calculates the feed back correction ?ow rate based on the 
deviation between the target pressure value calculated in tar 
get pressure calculation step S3 and the pressure value (detec 
tion pressure value) detected in pressure value detection step 
S5 (feed back correction ?ow rate calculation step: S6). In 
feed back correction ?ow rate calculation step S6, the control 
device 4 uses the map of FIG. 3 to vary the proportional gain 
(KP) value in order to calculate the proportional-type feed 
back correction ?ow rate according to the electricity genera 
tion current value of the fuel cell 10 detected in current 
detection step S1. 
[0062] Next, the control device 4 calculates the injection 
?ow rate of the injector 35 by adding the hydrogen consump 
tion quantity calculated in fuel consumption ?ow rate calcu 
lation step S2, the feed forward correction ?ow rate calculated 
in feed forward correction ?ow rate calculation step S4, and 
the feed back correction ?ow rate calculated in feed back 
correction ?ow rate calculation step S6 (injection ?ow rate 
calculation step: S7). 
[0063] Next, the control device 4 calculates the static ?ow 
rate upstream of the injector 35 based on the hydrogen gas 
pressure upstream of the injector 35 detected by the primary 
side pressure sensor 41 and the hydrogen gas temperature 
upstream of the injector 35 detected by the temperature sen 
sor 42 (static ?ow rate calculation step: S8). The control 
device 4 then calculates the basic injection time of the injector 
35 by dividing the injection ?ow rate of the injector 35 cal 
culated in injection ?ow rate calculation step S7 by the static 
?ow rate calculated in static ?ow rate calculation step S8 and 
multiplying by the drive cycle of the indictor 35 (basic inj ec 
tion time calculation step: S9). 
[0064] Next, the control device 4 calculates the inactive 
injection time of the injector 35 based on the hydrogen gas 
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pressure upstream of the injector 35 detected by the primary 
side pressure sensor 41, the hydrogen gas temperature 
upstream of the injector 35 detected by the temperature sen 
sor 42, and the applied voltage (inactive injection time calcu 
lation step: S10). The control device 4 then calculates the total 
injection time of the injector 35 by adding the basic injection 
time of the injector 35 calculated in basic injection time 
calculation step S9 and the inactive injection time calculated 
in inactive injection time calculation step S10 (total injection 
time calculation step: S11). 
[0065] The control device 4 then controls the gas injection 
time and gas injection timing of the injector 35 by outputting 
a control signal relating to the total injection time of the 
injector 35 calculated in total injection time calculation step 
S11, regulating the ?oW rate and pressure of the hydrogen gas 
supplied to the fuel cell 10. 
[0066] The Working state (injection time) of the injector 35 
can be set in response to the operating state (current value 
during electricity generation) of the fuel cell 10 in the fuel cell 
system 1 according to the embodiment described above. 
Accordingly, the hydrogen gas supply pressure can be suit 
ably varied in response to the operating state of the fuel cell 
10, improving the responsiveness. Also, high precision pres 
sure regulation (regulation of the hydrogen gas supply pres 
sure to the fuel cell 10) is possible because the injector 35 is 
adopted as the ?oW rate regulating valve and variable pres sure 
regulating valve for the hydrogen gas. In further detail, 
because the injector 35 is able to regulate the injection time 
and injection timing of the hydrogen gas after receiving a 
control signal from the control device 4 in response to the 
operating state of the fuel cell 10, the pressure can be regu 
lated more rapidly and accurately than With a conventional 
mechanical variable pressure regulating valve. Furthermore, 
because the injector 35 is smaller and lighter as Well as less 
expensive than a conventional mechanical variable pressure 
regulating valve, the overall system can be made smaller and 
less expensive. 
[0067] Furthermore, because the regulator 34 is disposed 
betWeen the hydrogen tank 30 and the injector 35 in the fuel 
cell system 1 according to the embodiment described above, 
the pressure of the hydrogen gas supplied from the hydrogen 
supply source 30 can be decreased by the regulator 34 even 
When high. Accordingly, because the pressure up stream of the 
injector 35 can be reduced, it is possible to alleviate the 
dif?culty of moving the valve body of the injector 35 due to an 
increase in the differential pressure of the pressures up stream 
and doWnstream of the injector 35. The drop in the respon 
siveness of the injector 35 can therefore be curbed. 

[0068] Furthermore, because the injector 35 is disposed 
upstream of the joining section A1 of the hydrogen supply 
?oW path 31 and the circulation ?oW path 32 in the fuel cell 
system 1 according to the embodiment described above, the 
impact of the joining pressure of the hydrogen gas ?oWing 
inside the hydrogen supply ?oW path 31 and the hydrogen 
off-gas ?oWing inside the circulation ?oW path 32 can be 
curbed. Furthermore, even in the case Where the gas ?oW 
inside the circulation ?oW path 32 is impeded due to freezing 
of residual moisture in the circulation ?oW path 32 or the like, 
the hydrogen gas supply pressure can be regulated Without 
being affected by the freeZing. 
[0069] Furthermore, because the control device 4 calcu 
lates the static ?oW rate and the inactive injection time based 
on the gas state (pressure and temperature) upstream of the 
injector 35 and sets the Working state (injection time) of the 
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injector 35 With reference to said static ?oW rate and inactive 
injection time in the fuel cell system 1 according to the 
embodiment described above, it is possible to curb injection 
discrepancies based on variance in the gas state upstream of 
the injector 35 during hydrogen gas supply. 
[0070] Furthermore, because the control device 4 calcu 
lates the feed back correction ?oW rate to decrease the devia 
tion betWeen the target pres sure value at the pres sure regula 
tion position set based on the operating state (current value 
during electricity generation) of the fuel cell 10 and the detec 
tion pressure value detected by the secondary side pressure 
sensor 43, and sets the Working state (injection time) of the 
injector 35 based on the feed back correction ?oW rate in the 
fuel cell system 1 according to the embodiment described 
above, the detection pressure value approaches the target 
pressure value. 

[0071] Furthermore, because the control device 4 can 
modify the proportional gain (KP) used in calculating the feed 
back correction ?oW rate based on the electricity generation 
current value of the fuel cell 10 in the fuel cell system 1 
according to the embodiment described above, the injector 35 
can be suitably controlled in response to the operating state of 
the fuel cell 10. The hydrogen gas can therefore be stably 
supplied in a Wide range of operating states. 

[0072] Furthermore, because the control device 4 calcu 
lates and updates the target pressure value every predeter 
mined interval based on the operating state of the fuel cell 10, 
calculates the feed forWard correction ?oW rate correspond 
ing to the deviation betWeen the previously calculated target 
pressure value and the currently calculated target pressure 
value, and sets the Working state (injection time) of the inj ec 
tor 35 based on the feed forWard correction ?oW rate, the 
Working state of the injector 35 can be quickly varied in 
response to ?uctuation in the target pressure value, further 
increasing the responsiveness. If the feed forWard correction 
?oW rate is not adopted, it is necessary to compensate for all 
the deviations betWeen the target pressure values and the 
detection pressure values due to ?uctuation in the target pres 
sure value With the feed back correction ?oW rate, and there 
fore there is the risk of the feed back correction ?oW rate value 
increasing, and consequently control of the injector 35 may 
lag (the responsiveness may drop). In contrast, if a feed for 
Ward correction ?oW rate corresponding to the amount of 
?uctuation in the target pres sure value is used as in the present 
embodiment, the increase in the feed back correction ?oW 
rate value can be curbed, and control of the indictor 35 made 
faster. 

[0073] Furthermore, because the fuel cell vehicle S (mobile 
article) according to the embodiment described above is pro 
vided With a fuel cell system 1 capable of suitably varying the 
hydrogen gas supply pressure in response to the operating 
condition of the fuel cell 10, poWer can be outputted With high 
responsiveness for supplying to the traction motor 12 When 
there is a large acceleration demand in a short time period or 
When there is repeated acceleration and deceleration. Further 
more, the pressure regulation Width can be varied With preci 
sion With respect to the value of the required poWer, curbing 
Wasteful hydrogen consumption and hydrogen circulation, 
and decreasing fuel consumption. Furthermore, because the 
fuel cell vehicle S according to the present embodiment is 
provided With the fuel cell system 1 in Which the injector 35 
is adopted as the ?oW rate regulating valve and variable pres 
sure regulating valve, it can be made compact and inexpen 
s1ve. 
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[0074] In the embodiment described above, an example 
Was indicated in Which the circulation ?oW path 32 is pro 
vided in the hydrogen gas pipe system 3 of the fuel cell system 
1, but the discharge ?oW path 38 can be directly connected to 
the fuel cell 10 as shoWn in FIG. 5, for example, to eliminate 
the circulation ?oW path 32. In the. case Where this (dead 
ending) constitution is adopted as Well, operating effects 
similar to the embodiment described above can be obtained 
by controlling the Working state of the injector 35 With the 
control device 4 similarly to as in the embodiment. 

[0075] Furthermore, in the embodiment described above, 
an example Was indicated in Which the hydrogen pump 39 
Was provided in the circulation ?oW path 32, but an ejector 
may be adopted in place of the hydrogen pump 39. Further 
more, in the embodiment described above, an example Was 
indicated in Which the air/Water exhaust valve 37 for draining 
both air and Water Was provided in the circulation ?oW path 
32, but a Water drainage valve for externally draining Water 
collected by the gas-liquid separator 36 and an air exhaust 
valve for externally exhausting gas inside the circulation ?oW 
path 32 may be provided separately, With the exhaust air valve 
controlled by the control device 4. 
[0076] Furthermore, in the embodiment described above, 
an example Was indicated in Which the secondary side pres 
sure sensor 43 is disposed at a position doWnstream (the 
pressure regulation position: the position Where pressure 
regulation is required) of the injector 35 of the hydrogen 
supply ?oW path 31 of the hydrogen gas pipe system 3, and 
the Working state (injection time) of the injector 35 Was set 
such as to regulate the pressure (draW it closer to the prede 
termined target pressure value) at that position, but the posi 
tion at Which the secondary side pressure sensor 43 is dis 
posed is not limited thereto. 
[0077] For example, a position near the hydrogen gas inlet 
(on the hydrogen supply ?oW path 31) of the fuel cell 10, a 
position near the hydrogen gas outlet (on the circulation ?oW 
path 32) of the fuel cell 10, and a position near the outlet of the 
hydrogen pump 39 (on the circulation ?oW path 32) may be 
set as the pressure regulation positions, and secondary side 
pressure sensors disposed thereat. In such a case, a map is 
prepared in Which the target pressure value is recorded for 
each pressure regulation position Where a secondary pressure 
sensor is disposed, and the feed back correction ?oW rate is 
calculated based on the target pressure value recorded in the 
map and the pressure value detected by the secondary side 
pressure sensor (the detection pressure value). 
[0078] Furthermore, in the embodiment described above, 
an example is indicated in Which the shut-off valve 33 and the 
regulator 34 are provided in the hydrogen supply ?oW path 
31, but the shut-off valve 33 and the regulator 34 do not 
necessarily need to be provided as the injector 35 can function 
as a variable pressure regulating valve and function as a 
shut-off valve for shutting off the supply of hydrogen gas. 
Because the cut-off valve 33 and the regulator 34 can be 
eliminated if the injector 35 is adopted, the system can there 
fore be made further compact and inexpensive. 
[0079] Furthermore, in the embodiment described above, 
an example is indicated in Which the current value is detected 
during electricity generation of the fuel cell 10, and the target 
pressure value and the hydrogen gas consumption quantity 
are calculated based on the current value to set the Working 
state (injection time) of the injector 35, but another physical 
quantity indicating the operating state of the fuel cell 10 (such 
as the voltage value or poWer value during electricity genera 
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tion of the fuel cell 10 or the temperature of the fuel cell 10) 
may be detected, and the Working state of the injector 35 may 
be set according to that detected physical quantity. Further 
more, the mode of the operating state of the fuel cell 10 (such 
as a startup state, an intermittent operating state, a normal 
operating state, a purging state, an abnormal state of the fuel 
cell itself, or an abnormal state of the fuel cell system) may be 
determined by the control device, and the Working state (such 
as the degree of opening of the valve body of the injector 35 
(the gas passage area), and the opening time of the valve body 
of the injector 35 (the gas injection time)) of the injector 35 
may be set in response to the mode of those operating states. 
[0080] Furthermore, in the embodiment described above, 
an example is indicated in Which only the proportional gain 
(KP) used in calculating the proportional-type feed back cor 
rection ?oW rate is varied in response to the operating state of 
the fuel cell 10 (the current value during electricity genera 
tion), but the integrated gain (KI) used in calculating the 
integrated-type feed back correction ?oW rate may be varied 
instead in response to the operating state of the fuel cell 10. 
When doing so, the integrated gain (K,) may be set smaller as 
the electricity generation current value of the fuel cell 10 
decreases (the integrated gain (K,) may be set larger as the 
electricity generation current value of the fuel cell 10 
increases), for example. The injector 35 can thus be con 
trolled suitably in a Wide range of operating states of the fuel 
cell 10 to stably supply hydrogen gas. Furthermore, both the 
proportion gain (KP) and the integrated gain (K,) may be 
varied in response to the operating state of the fuel cell 10. 
[0081] Furthermore, in the embodiment described above, 
an example Was indicated in Which the proportional gain Was 
set in response to the current value during electricity genera 
tion of the fuel cell 10, but the proportional gain (KP) and the 
integrated gain (K,) may be set instead based on the poWer 
value and the voltage value during electricity generation of 
the fuel cell 10. When doing so, a map for representing the 
relationship betWeen the poWer value (voltage value) of the 
fuel cell 10 and the proportional gain (KP) and integrated gain 
(K,) may be used to set the proportional gain (KP) and the 
integrated gain (K,). 
[0082] In the embodiment described above, an example 
Was indicated in Which the map of FIG. 3 for indicating the 
relationship betWeen the electricity generation current value 
of the fuel cell 10 and the proportional gain Was used to set the 
proportional gain, but the relationship of the electricity gen 
eration current value and the proportional gain is not limited 
to a mode such as indicated in the map of FIG. 3. Furthermore, 
in the embodiment described above, an example Was indi 
cated in Which a PI-type feed back control rule Was used to 
calculate the feed back correction ?oW rate, but another target 
tracking-type control (a PID-type feed back control, for 
example) may be used instead to calculate the feed back 
correction ?oW rate. 
[0083] The fuel cell system according to the present inven 
tion can be mounted in a fuel cell vehicle as indicated in the 
embodiment described above and may be mounted in mobile 
articles other than a fuel cell vehicle (such as a robot, vessel, 
or aircraft) as Well. Furthermore, the fuel cell system accord 
ing to the present invention may also be applied to stationary 
electricity generation systems used as electricity generation 
equipment for structures (such as houses and buildings). 

1. A fuel cell system, comprising: a fuel cell; a fuel supply 
system for supplying fuel gas to the fuel cell; an injector for 
regulating a gas state upstream of the fuel supply system and 
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supplying the gas downstream; and a control device for driv 
ing and controlling the injector at a predetermined drive 
cycle, 

Wherein said control device sets a Working state of said 
injector in response to an operating state of said fuel cell. 

2. The fuel cell system according to claim 1, 
Wherein said fuel supply system has a fuel supply ?oW path 

for supplying fuel gas supplied from a fuel supply source 
to said fuel cell, and 

said injector is disposed in said fuel supply ?oW path. 
3. The fuel cell system according to claim 2, 
Wherein said fuel supply system has a regulator disposed 

betWeen said fuel supply source and said injector. 
4. The fuel cell system according to claim 1, 
Wherein said fuel supply system has a fuel supply ?oW path 

for supplying fuel gas supplied from the fuel supply 
source to said fuel cell, and a circulation ?oW path for 
returning fuel off-gas discharged from said fuel cell to 
said fuel supply ?oW path, and 

said injector is disposed upstream of a joining section of 
said fuel supply ?oW path and said circulation ?oW path. 

5. The fuel cell system according to claim 1, 
Wherein said control device calculates a static ?oW rate 

upstream of said injector based on the gas state upstream 
thereof and sets a Working state of said injector in 
response to the static ?oW rate. 

6. The fuel cell system according to claim 1, 
Wherein said control device sets an inactive injection time 

of said injector based on the gas state upstream of said 
injector. 

7. The fuel cell system according to claim 1, 
further comprising a pressure sensor disposed at a pressure 

regulation position at Which pressure regulation is 
required in said fuel supply system, 

Wherein said control device calculates a pressure differen 
tial decrease correction ?oW rate for decreasing a devi 
ance of a target pressure value at saidpressure regulation 
position set based on the operating state of said fuel cell 
and a detection pressure value detected by said pressure 
sensor, and sets a Working state of said injector based on 
the pressure differential decrease correction ?oW rate. 

8. The fuel cell system according to claim 7, 
Wherein said control device calculates a fuel consumption 

quantity in said fuel cell based on the operating state of 
said fuel cell, and sets a Working state of said injector 
based on the fuel consumption quantity and said pres 
sure differential decrease correction ?oW rate. 

9. The fuel cell system according to claim 8, 
Wherein said control device calculates and updates a target 

pressure value at said pressure regulation position every 
predetermined time period based on the operating state 
of said fuel cell, calculates a pressure differential corre 
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sponding correction ?oW rate corresponding to a devia 
tion betWeen a previously calculated target pressure 
value and a currently calculated target pressure value, 
and calculates an injection ?oW rate of said injector by 
adding the pressure differential corresponding correc 
tion ?oW rate, said fuel consumption quantity, and said 
pressure differential decrease correction ?oW rate. 

10. The fuel cell system according to claim 9, 
Wherein said control device calculates a static ?oW rate 

upstream ofsaid injector based on the gas state upstream 
thereof, and calculates a basic injection time of said 
injector by multiplying said drive cycle by a value 
obtained by dividing the injection ?oW rate of said injec 
tor by said static ?oW rate. 

11. The fuel cell system according to claim 10, 
Wherein said control device sets an inactive injection time 

of said injector based on the gas state upstream of said 
injector, and calculates a total injection time of the inj ec 
tor by adding said basic inj ection time and said inactive 
injection time. 

12. The fuel cell system according to claim 7, 
Wherein said control device calculates a proportional-type 

pressure differential decrease correction ?oW rate by 
multiplying a proportional gain by a deviance of said 
target pressure value and said detection pressure value, 
and varies the value of said proportional gain based on 
the operating state of said fuel cell. 

13. The fuel cell system according to claim 7, 
Wherein said control device calculates an integrated-type 

pressure differential decrease correction ?ow rate by 
multiplying an integrated gain by a deviance of said 
target pressure value and said detection pressure value, 
and varies the value of said integrated gain based on the 
operating state of said fuel cell. 

14. The fuel cell system according to claim 7, 
Wherein said control device calculates a proportional-type 

pressure differential decrease correction ?oW rate by 
multiplying a proportional gain by a deviance of said 
target pressure value and said detection pressure value, 
calculates an integrated-type pressure differential 
decrease correction ?oW rate by multiplying an inte 
grated gain by an integrated value of said deviance, and 
varies at least one of said proportional gain and said 
integrated gain based on the operating state of said fuel 
cell. 

15. The fuel cell system according to claim 14, 
Wherein said control device decreases at least one of said 

proportional gain and said integrated gain as the quantity 
of electricity generated by said fuel cell decreases. 

16. A mobile article, comprising the fuel cell system 
according to claim 1. 


