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0 ~(57)Abstract: Themethod fordiagnosing afault in apressuregauge of ahydrogen charging system according to one 
embodiment of the present invention is characterized in: charging a hydrogen fuel into a fuel cell automobile in which 
hydrogen fuel is used as a power source, through a dispenser from an accumulator in which the hydrogen fuel is accumu
lated; acquiring pressures measured by a plurality of pressure gauges disposed at different positions on a hydrogen fuel
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channel between the accumulator and an outlet of the dispenser at a timing at which the flow amount of the hydrogen fuel 
being charged becomes equal to or lower than a threshold value at a stage near the end of charge; determining, on the 
basis of the acquired pressure values, whether or not the deviations between the pressures are within a threshold value; 
and outputting the determining result.  
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DESCRIPTION 

TITLE OF THE INVENTION 

5 METHOD FOR DIAGNOSING FAILURE IN PRESSURE GAUGE 

OF HYDROGEN FILLING SYSTEM AND 

METHOD FOR CALIBRATING PRESSURE GAUGE 

OF HYDROGEN FILLING SYSTEM 

10 TECHNICAL FIELD 

[0001] This application is based upon and claims the 

benefit of priority from JP 2018-058795 (application 

number) filed on March 26, 2018 in Japan. The contents 

described in JP 2018-058795 are incorporated in the present 

15 application.  

[0002] The present invention relates to a method for 

diagnosing a failure in a pressure gauge of a hydrogen 

filling system and a method for calibrating a pressure 

gauge of a hydrogen filling system, for example, a method 

20 for diagnosing failures of a plurality of pressure gauges 

disposed in a flow passage of hydrogen fuel from an 

accumulator to a dispenser.  

BACKGROUND ART 

25 [0003] As fuel for vehicles, in addition to conventional 

fuel oils such as gasoline, recently, hydrogen fuel has 

attracted attention as a clean energy source. As a result, 

fuel cell vehicles (FCVs) powered by the hydrogen fuel have 

been developed. In order to popularize the fuel cell 

30 vehicle (FCV), it is necessary to expand hydrogen stations 

capable of rapidly filling the fuel cell vehicle with the 

hydrogen fuel. At the hydrogen station, in order to 

rapidly fill the FCV vehicle with the hydrogen fuel 

(hydrogen gas), a multi-stage accumulator including a
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plurality of accumulators for accumulating the hydrogen 

fuel compressed to a high pressure by a compressor is 

disposed. By performing filling via a dispenser (measuring 

device) while switching the accumulator to be used, a 

5 pressure difference between a pressure inside the 

accumulator and a pressure of a fuel tank of the FCV 

vehicle is greatly maintained, and the FCV vehicle is 

rapidly filled with the hydrogen fuel by the pressure 

difference from the accumulator to the fuel tank (see 

10 Patent Literature 1, for example).  

[0004] Here, a plurality of pressure gauges are disposed 

in the middle of the flow passage for supplying the 

hydrogen fuel from the multi-stage accumulator disposed at 

the hydrogen station to the FCV vehicle via the dispenser.  

15 The plurality of pressure gauges are required by law to 

have a calibration inspection every two years. The 

pressure gauge of the hydrogen station is generally 

calibrated at a factory by removing it. However, there is 

a problem that it is not possible to grasp failures 

20 occurring within a two-year period until a next legal 

inspection, after the calibration. If the pressure gauge 

is removed and a calibration inspection is performed at the 

factory, separately from the legal inspection, within the 

period until the next legal inspection, this requires cost 

25 and time. Further, during the inspection, an operation of 

a filling system of the hydrogen station is stopped. For 

this reason, a method capable of confirming accuracy at low 

cost during a normal operation is demanded.  

[0005] Here, a method for diagnosing a failure of the 

30 pressure gauge in the dispenser according to whether or not 

a pressure of the side of an inlet in the dispenser is 

equal to a pressure of a precooler outlet in the dispenser, 

by opening a shut-off valve in the dispenser in a state in 

which a filling port coupling at a tip of a nozzle of the
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dispenser is not connected to the fuel tank of the FCV 

vehicle, that is, a value incorporated in the filling port 

coupling is closed is disclosed (see Patent Literature 2, 

for example). However, in the above method, in addition to 

5 a filling operation to the FCV vehicle, a valve operation 

is required for checking, and it is difficult to confirm 

the pressure gauge on the upstream side of the dispenser.  

(Prior Art Documents) 

10 (Patent Literature) 

[0006] Patent Literature 1: JP-A-2015-197700 

Patent Literature 2: JP-A-2015-021573 

SUMMARY OF INVENTION 

15 (Technical problem) 

[0007] Accordingly, one aspect of the present invention 

provides a method capable of confirming accuracy of a 

plurality of pressure gauges disposed at least in a flow 

passage from an accumulator to the inside of a dispenser at 

20 low cost by using a normal operation.  

(Solution to Problem) 

[0008] According to one aspect of the present invention, a 

method for diagnosing failure in a pressure gauge of a 

25 hydrogen filling system includes: 

filling a fuel cell vehicle powered by hydrogen fuel 

with the hydrogen fuel from an accumulator, in which the 

hydrogen fuel is accumulated, via a dispenser; and 

acquiring pressure values measured by a plurality of 

30 pressure gauges disposed at different positions in a flow 

passage of the hydrogen fuel between the accumulator and an 

outlet of the dispenser at timing when a flow rate of the 

hydrogen fuel to be filled at a stage close to an end of 

the filling becomes a threshold value or less, determining
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whether or not a deviation between the pressure values is 

within a threshold value on the basis of acquired pressure 

values, and outputting a determination result, 

wherein the hydrogen fuel is accumulated in a multi

5 stage accumulator including the accumulator, and 

the plurality of pressure gauges is provided at least 

at a position adjacent to each accumulator of the multi

stage accumulator, near an inlet in the dispenser, and near 

an outlet in the dispenser.  

10 [0009] According to another aspect of the present 

invention, a method for diagnosing failure in a pressure 

gauge of a hydrogen filling system includes: 

filling a fuel cell vehicle powered by hydrogen fuel 

with the hydrogen fuel from an accumulator, in which the 

15 hydrogen fuel is accumulated, via a dispenser; and 

at timing when a pressure gauge closest to an outlet 

of the dispenser in a plurality of pressure gauges disposed 

at different positions in a flow passage of the hydrogen 

fuel between the accumulator and the outlet of the 

20 dispenser indicates a highest value during the filling of 

the hydrogen fuel, acquiring pressure values measured by 

the plurality of pressure gauges, determining whether or 

not a deviation between the pressure values is within a 

threshold value on the basis of acquired pressure values, 

25 and outputting a determination result, 

wherein the hydrogen fuel is accumulated in a multi

stage accumulator including the accumulator, and 

the plurality of pressure gauges is provided at least 

at a position adjacent to each accumulator of the multi

30 stage accumulator, near an inlet in the dispenser, and near 

an outlet in the dispenser.  

[0010] Optionally, the filling of the hydrogen fuel is 

performed for a plurality of fuel cell vehicles on 

different dates, and the method further includes:
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acquiring pressure values measured by a plurality of 

pressure gauges disposed at different positions in a flow 

passage of the hydrogen fuel between the accumulator and 

just before a shut-off valve of the dispenser at timing 

5 when the shut-off valve of the dispenser is closed after a 

flow passage of the hydrogen fuel between the accumulator 

and the fuel cell vehicle filled with the hydrogen fuel is 

temporarily opened before starting the filling of the 

hydrogen fuel, for each time each of the plurality of fuel 

10 cell vehicles is filled with the hydrogen fuel, and 

recording the pressure values in association with dates; 

and 

determining whether or not a pressure change in 

transition of each pressure value recorded on a different 

15 date is within a threshold value, for each of the plurality 

of pressure gauges, and outputting a determination result.  

[0010a] According to another aspect of the present 

invention, a method for diagnosing failure in a pressure 

gauge of a hydrogen filling system includes: 

20 filling a fuel cell vehicle powered by hydrogen fuel 

with the hydrogen fuel from an accumulator, in which the 

hydrogen fuel is accumulated, via a dispenser; and 

acquiring pressure values measured by a plurality of 

pressure gauges disposed at different positions in a flow 

25 passage of the hydrogen fuel between the accumulator and an 

outlet of the dispenser at timing when a flow rate of the 

hydrogen fuel to be filled at a stage close to an end of 

the filling becomes a threshold value or less, determining 

whether or not a deviation between the pressure values is 

30 within a threshold value on the basis of acquired pressure 

values, and outputting a determination result, 

wherein the filling of the hydrogen fuel is performed 

for a plurality of fuel cell vehicles on different dates, 

further comprising:
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acquiring pressure values measured by a plurality of 

pressure gauges disposed at different positions in a flow 

passage of the hydrogen fuel between the accumulator and 

just before a shut-off valve of the dispenser at timing 

5 when the shut-off valve of the dispenser is closed after a 

flow passage of the hydrogen fuel between the accumulator 

and the fuel cell vehicle filled with the hydrogen fuel is 

temporarily opened before starting the filling of the 

hydrogen fuel, for each time each of the plurality of fuel 

10 cell vehicles is filled with the hydrogen fuel, and 

recording the pressure values in association with dates; 

and 

determining whether or not a pressure change in 

transition of each pressure value recorded on a different 

15 date is within a threshold value, for each of the plurality 

of pressure gauges, and outputting a determination result.  

[0011] In still another aspect of the present invention, 

a method for diagnosing failure in a pressure gauge of a 

hydrogen filling system includes: 

20 filling a fuel cell vehicle powered by hydrogen fuel 

with the hydrogen fuel from an accumulator, in which the 

hydrogen fuel is accumulated, via a dispenser; and 

at timing when a pressure gauge closest to an outlet 

of the dispenser in a plurality of pressure gauges disposed 

25 at different positions in a flow passage of the hydrogen 

fuel between the accumulator and the outlet of the 

dispenser indicates a highest value during the filling of 

the hydrogen fuel, acquiring pressure values measured by 

the plurality of pressure gauges, determining whether or 

30 not a deviation between the pressure values is within a 

threshold value on the basis of acquired pressure values, 

and outputting a determination result, 

wherein the filling of the hydrogen fuel is performed 

for a plurality of fuel cell vehicles on different dates,
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further comprising: 

acquiring pressure values measured by a plurality of 

pressure gauges disposed at different positions in a flow 

passage of the hydrogen fuel between the accumulator and 

5 just before a shut-off valve of the dispenser at timing when 

the shut-off valve of the dispenser is closed after a flow 

passage of the hydrogen fuel between the accumulator and the 

fuel cell vehicle filled with the hydrogen fuel is 

temporarily opened before starting the filling of the 

10 hydrogen fuel, for each time each of the plurality of fuel 

cell vehicles is filled with the hydrogen fuel, and recording 

the pressure values in association with dates; and 

determining whether or not a pressure change in 

transition of each pressure value recorded on a different 

15 date is within a threshold value, for each of the plurality 

of pressure gauges, and outputting a determination result.  

[0012] Optionally, a method for calibrating a pressure 

gauge of a hydrogen filling system may include 

20 performing the filling, and the determining and the 

outputting in the method for diagnosing failure in the 

pressure gauge of the hydrogen filling system as described 

above, the plurality of pressure gauges including two 

pressure gauges including two pressure gauges disposed in 

25 parallel near the outlet of the dispenser; and 

automatically calibrating a pressure gauge diagnosed 

as a failure in the plurality of pressure gauges as the 

determination result, on the basis of one of the two 

pressure gauges.  

30 [0013] According to another aspect of the present 

invention, a method for diagnosing failure in a pressure 

gauge of a hydrogen filling system includes 

sequentially filling a plurality of fuel cell 

vehicles powered by hydrogen fuel with the hydrogen fuel on
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different dates from an accumulator, in which the hydrogen 

fuel is accumulated, via a dispenser; 

acquiring pressure values measured by a plurality of 

pressure gauges disposed at different positions in a flow 

5 passage of the hydrogen fuel between the accumulator and 

just before a shut-off valve of the dispenser at timing 

when the shut-off valve of the dispenser is closed after a 

flow passage of the hydrogen fuel between the accumulator 

and the fuel cell vehicle filled with the hydrogen fuel is 

10 temporarily opened before starting the filling of the 

hydrogen fuel, for each time each of the plurality of fuel 

cell vehicles is filled with the hydrogen fuel, and 

recording the pressure values in association with dates; 

and 

15 determining whether or not a pressure change in 

transition of each pressure value recorded on a different 

date is within a threshold value, for each of the plurality 

of pressure gauges, and outputting a determination result.  

20 [0014] According to another aspect of the present 

invention, a method for calibrating a pressure gauge of a 

hydrogen filling system includes 

filling a fuel cell vehicle powered by hydrogen fuel 

with the hydrogen fuel from an accumulator, in which the 

25 hydrogen fuel is accumulated, via a dispenser; 

at timing when a shut-off valve of the dispenser is 

closed and shut off after the filling ends and a flow 

passage on a side of an outlet of the dispenser is opened 

to an atmosphere, determining whether or not a pressure 

30 gauge in a depressurization portion of the dispenser in a 

plurality of pressure gauges disposed at different 

positions in a flow passage of the hydrogen fuel between 

the accumulator and the outlet of the dispenser indicates a 

zero gauge pressure; and
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automatically calibrating the pressure gauge in the 

depressurization portion of the dispenser, when the 

pressure gauge does not indicate the zero gauge pressure.  

5 (Advantageous Effects of Invention) 

[0015] According to one aspect of the present invention, 

it is possible to confirm accuracy of a plurality of 

pressure gauges disposed at least in a flow passage from an 

accumulator to the inside of a dispenser at low cost by 

10 using a normal operation. Therefore, it is possible to 

diagnose failures occurring within a two-year period until 

a next legal inspection.  

BRIEF DESCRIPTION OF THE DRAWINGS 

15 [0016] FIG. 1 is an example of a configuration diagram 

showing a configuration of a hydrogen filling system of a 

hydrogen station in Embodiment 1.  

FIG. 2 is a configuration diagram showing an 

example of an internal configuration of a control circuit 

20 that controls the entire hydrogen filling system in 

Embodiment 1.  

FIG. 3 is a flowchart showing main steps of a 

hydrogen filling method in Embodiment 1.  

FIG. 4 is a diagram showing an example of recording 

25 data of an initial pressure in Embodiment 1.  

FIG. 5 is a diagram illustrating a filling method in 

a case of performing differential pressure filling of 

hydrogen fuel by using a multi-stage accumulator in 

Embodiment 1.  

30 FIG. 6 is a diagram showing an example of recording 

data of an end pressure in Embodiment 1.  

FIG. 7 is a flowchart showing main steps of a 

hydrogen filling method in Embodiment 2.  

FIG. 8 is an example of a configuration diagram
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showing a configuration of a hydrogen filling system of a 

hydrogen station in Embodiment 3.  

DESCRIPTION OF EMBODIMENTS 

5 (Embodiment 1) 

[0017] FIG. 1 is an example of a configuration diagram 

showing a configuration of a hydrogen filling system of a 

hydrogen station in Embodiment 1. In FIG. 1, a hydrogen 

filling system 500 is disposed in a hydrogen station 102.  

10 The hydrogen filling system 500 includes a multi-stage 

accumulator 101, a dispenser 30, a compressor 40, and a 

control circuit 100. The multi-stage accumulator 101 

includes a plurality of accumulators 10, 12, and 14 in 

which a use lower limit pressure is set to multiple levels.  

15 In the example of FIG. 1, the three accumulators 10, 12, 

and 14 configure the multi-stage accumulator 101. In the 

example of FIG. 1, for example, the accumulator 10 

functions as a 1st bank having a low use lower limit 

pressure. The accumulator 12 functions as a 2nd bank 

20 having an intermediate use lower limit pressure, for 

example. The accumulator 14 functions as a 3rd bank having 

a high use lower limit pressure, for example. However, the 

present invention is not limited thereto. The accumulators 

used in the 1st bank to the 3rd bank are replaced as 

25 needed. In the hydrogen station 102, a curdle, an 

intermediate accumulator, and/or a hydrogen production 

apparatus (not shown) are also disposed. Further, a 

hydrogen trailer (not shown) for filling and delivering 

hydrogen gas arrives at the inside of the hydrogen station 

30 102.  

[0018] Further, in FIG. 1, the suction side of the 

compressor 40 is connected to the curdle, the intermediate 

accumulator, the filling tank of the hydrogen trailer, or 

the hydrogen production apparatus described above by a
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pipe.  

[0019] The discharge side of the compressor 40 is 

connected to the accumulator 10 via a valve 21 by a pipe.  

Similarly, the discharge side of the compressor 40 is 

5 connected to the accumulator 12 via a valve 23 by a pipe.  

Similarly, the discharge side of the compressor 40 is 

connected to the accumulator 14 via a valve 25 by a pipe.  

[0020] Further, the accumulator 10 is connected to the 

dispenser 30 via a valve 22 by a pipe. Further, the 

10 accumulator 12 is connected to the dispenser 30 via a valve 

24 by a pipe. Further, the accumulator 14 is connected to 

the dispenser 30 via a valve 26 by a pipe. As such, the 

dispenser 30 is commonly connected to the accumulators 10, 

12, and 14 configuring the multi-stage accumulator 101.  

15 [0021] In FIG. 1, a shut-off valve 36, a flowmeter 37, a 

cooler 32 (precooler), a shut-off valve 38, an emergency 

detachment coupler 41, and a control circuit 43 are 

disposed in the dispenser 30. Further, a nozzle 44 

extending to the outside of the dispenser 30 is disposed in 

20 the dispenser 30. The dispenser 30 sends the hydrogen fuel 

(hydrogen gas) supplied from the multi-stage accumulator 

101 to the cooler 32 via the shut-off valve 36 and the 

flowmeter 37. At that time, a flow rate of the hydrogen 

fuel supplied from the multi-stage accumulator 101 per unit 

25 time is controlled by a flow rate adjustment valve (not 

shown), and is measured by the flowmeter 37. Then, the 

hydrogen fuel is cooled to, for example, -40°C by the 

cooler 32. The cooled hydrogen fuel passes through the 

shut-off valve 38, the emergency detachment coupler 41, and 

30 the nozzle 44, and a fuel tank 202 mounted on an FCV 

vehicle 200 is filled with the hydrogen fuel using a 

pressure difference. Further, the control circuit 43 is 

configured to be able to communicate with an on-board 

device 204 in the FCV vehicle 200 (fuel cell vehicle (FCV)
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powered by the hydrogen fuel) that has arrived at the 

hydrogen station 102. For example, the control circuit 43 

is configured to be able to perform wireless communication 

using infrared rays. Further, the control circuit 43 is 

5 connected to the control circuit 100 that controls the 

entire hydrogen filling system 500.  

[0022] Further, in the hydrogen filling system 500 in FIG.  

1, a plurality of pressure gauges are disposed at different 

positions in a flow passage of the hydrogen fuel between 

10 the multi-stage accumulator 101 and an outlet of the 

dispenser 30. Specifically, a pressure (Al) in the 

accumulator 10 is measured by a pressure gauge 11. A 

pressure (A2) in the accumulator 12 is measured by a 

pressure gauge 13. A pressure (A3) in the accumulator 14 

15 is measured by a pressure gauge 15. A pressure (B) in the 

middle of a pipe connecting the multi-stage accumulator 101 

and the dispenser 30 is measured by a pressure gauge 19.  

Further, in the dispenser 30, a pressure (Cl) near an inlet 

of the dispenser 30 supplied to the dispenser 30 is 

20 measured by a pressure gauge 27. Further, a pressure (C2) 

near the outlet of the dispenser 30 is measured by a 

pressure gauge 28. In the example of FIG. 1, the pressure 

gauge 27 measures a pressure of the upstream side (primary 

side) of the shut-off valve 36 located on the primary side 

25 of the cooler 32. The pressure gauge 28 measures a 

pressure near the emergency detachment coupler 41 on the 

secondary side of the cooler 32. Pressure data measured by 

each pressure gauge is output to the control circuit 100 at 

all times or at a predetermined sampling cycle (for 

30 example, 10 msec to several seconds). In other words, the 

control circuit 100 monitors the pressure measured by each 

pressure gauge at all times or at a predetermined sampling 

cycle (for example, 10 msec to several seconds). Further, 

a pressure (D) of the fuel tank 202 mounted on the FCV



13 

vehicle 200 is measured by a pressure gauge 206 mounted on 

the FCV vehicle 200. As will be described later, the 

pressure of the fuel tank 202 mounted on the FCV vehicle 

200 is monitored at all times or at a predetermined 

5 sampling cycle (for example, 10 msec to several seconds) 

while the communication between the on-board device 204 and 

the control circuit 43 is established.  

[0023] In a state where the hydrogen fuel accumulated in 

the curdle, the intermediate accumulator, or the tank of 

10 the hydrogen trailer is decompressed to a low pressure (for 

example, 0.6 MPa) by each regulator (not shown) controlled 

by the control circuit 100, the hydrogen fuel is supplied 

to the suction side of the compressor 40. Similarly, the 

hydrogen fuel produced by the hydrogen producing apparatus 

15 is supplied to the suction side of the compressor 40 at a 

low pressure (for example, 0.6 MPa). Under the control of 

the control circuit 100, the compressor 40 supplies the 

hydrogen fuel supplied at low pressure to the accumulators 

10, 12, and 14 of the multi-stage accumulator 101 while 

20 compressing the hydrogen fuel. The compressor 40 performs 

compression until the internal pressure of each of the 

accumulators 10, 12, and 14 of the multi-stage accumulator 

101 becomes a predetermined high pressure (for example, 82 

MPa). In other words, the compressor 40 performs 

25 compression until a secondary side pressure POUT of the 

discharge side becomes a predetermined high pressure (for 

example, 82 MPa). Whether a partner supplying the hydrogen 

fuel to the suction side of the compressor 40 is the 

curdle, the intermediate accumulator, the hydrogen trailer, 

30 or the hydrogen production apparatus may be determined by 

control of the control circuit 100. Similarly, whether a 

partner to which the compressor 40 supplies the hydrogen 

fuel is the accumulator 10, 12, or 14 may be determined by 

controlling opening / closing of the corresponding valves
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21, 23, and 25 disposed on the respective pipes by the 

control circuit 100. Alternatively, control may be 

performed so that the hydrogen fuel is supplied two or more 

accumulators at the same time.  

5 [0024] In the example described above, the case where 

control is performed so that a pressure PIN for supplying 

the hydrogen fuel to the suction side of the compressor 40 

is reduced to a predetermined low pressure (for example, 

0.6 MPa) has been shown. However, the present invention is 

10 not limited thereto. The hydrogen fuel accumulated in the 

curdle, the intermediate accumulator, or the hydrogen 

trailer may be supplied to the suction side of the 

compressor 40 without reducing the pressure or at a 

pressure higher than a predetermined low pressure (for 

15 example, 0.6 MPa), and may be decompressed.  

[0025] The hydrogen fuel accumulated in the multi-stage 

accumulator 101 is cooled by the cooler 32 in the dispenser 

30 and is supplied from the dispenser 30 to the FCV vehicle 

200 arriving at the inside of the hydrogen station 102.  

20 [0026] FIG. 2 is a configuration diagram showing an 

example of an internal configuration of the control circuit 

that controls the entire hydrogen filling system in 

Embodiment 1. In FIG. 2, a communication control circuit 

50, a memory 51, a reception unit 52, an end 

25 pressure/temperature calculation unit 54, a system control 

unit 58, a determination unit 59, a pressure recovery 

control unit 61, a supply control unit 63, a bank pressure 

reception unit 66, dispenser information reception unit 67, 

a pressure measurement/extraction unit 68, a comparison 

30 unit 70, a determination unit 71, a comparison unit 72, a 

determination unit 73, an output unit 74, a monitor 76, and 

storage devices 80, 84, and 86 such as magnetic disk 

devices are disposed in the control circuit 100. The 

pressure recovery control unit 61 has a valve control unit
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60 and a compressor control unit 62. The supply control 

unit 63 has a dispenser control unit 64 and a valve control 

unit 65. Each "unit" such as the reception unit 52, the 

end pressure/temperature calculation unit 54, the system 

5 control unit 58, the determination unit 59, the pressure 

recovery control unit 61 (the valve control unit 60 and the 

compressor control unit 62), the supply control unit 63 

(the dispenser control unit 64 and the valve control unit 

65), the bank pressure reception unit 66, the dispenser 

10 information reception unit 67, the pressure 

measurement/extraction unit 68, the comparison unit 70, the 

determination unit 71, the comparison unit 72, the 

determination unit 73, and the output unit 74 includes a 

processing circuit, and an electric circuit, a computer, a 

15 processor, a circuit board, or a semiconductor device is 

included in the processing circuit. Further, a common 

processing circuit (same processing circuit) may be used 

for each "unit". Alternatively, a different processing 

circuit (separate processing circuit) may be used. Input 

20 data required in the reception unit 52, the end 

pressure/temperature calculation unit 54, the system 

control unit 58, the determination unit 59, the pressure 

recovery control unit 61 (the valve control unit 60 and the 

compressor control unit 62), the supply control unit 63 

25 (the dispenser control unit 64 and the valve control unit 

65), the bank pressure reception unit 66, the dispenser 

information reception unit 67, the pressure 

measurement/extraction unit 68, the comparison unit 70, the 

determination unit 71, the comparison unit 72, the 

30 determination unit 73, and the output unit 74, or 

calculated results are stored in the memory 51 each time.  

[0027] Further, a conversion table 81 showing a 

correlation between FCV information such as the pressure, 

the temperature, and the volume of the fuel tank 202
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mounted on the FCV vehicle 200, a remaining amount of the 

hydrogen fuel corresponding to the FCV information, and 

filling information such as a final pressure and a final 

temperature for filling the fuel tank 202 with the hydrogen 

5 fuel is stored in the storage device 80. Further, a 

correction table 83 for correcting a result obtained from 

the conversion table 81 is stored in the storage device 80.  

[0028] Here, as described above, the plurality of pressure 

gauges 11, 13, 15, 19, 21, and 23 disposed in the middle of 

10 the flow passage for supplying the hydrogen fuel from the 

multi-stage accumulator 101 disposed in the hydrogen 

station 102 to the outlet of the dispenser 30 are required 

by law to have a calibration inspection every two years.  

The pressure gauge in the hydrogen station 102 is generally 

15 calibrated at a factory by removing it. However, 

conventionally, it is not possible to grasp failures 

occurring within a two-year period until a next legal 

inspection, after the calibration. If the pressure gauge 

is removed and a calibration inspection is performed at the 

20 factory, separately from the legal inspection, within the 

period until the next legal inspection, this requires cost 

and time. Further, during the inspection, an operation of 

the hydrogen filling system 500 of the hydrogen station 102 

is stopped. For this reason, a method capable of 

25 confirming accuracy at low cost during a normal operation 

is demanded. Therefore, in Embodiment 1, failures of the 

plurality of pressure gauges 11, 13, 15, 19, 21, and 23 are 

diagnosed by using the normal operation of the hydrogen 

filling system 500.  

30 [0029] FIG. 3 is a flowchart showing main steps of a 

hydrogen filling method in Embodiment 1. In FIG. 3, the 

hydrogen filling method in Embodiment 1 executes a series 

of steps such as an FCV information reception step (S102), 

an end pressure calculation step (S104), an entire flow
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passage instantaneous opening step (S110), an initial 

pressure measurement step (S114), a data recording step 

(S116), a filling step (S120), a flow rate determination 

step (S122), an end pressure measurement (extraction) step 

5 (S126), a data recording step (S130), a pressure recovery 

step (S131), an end pressure failure determination step 

(S132), and an initial pressure failure determination step 

(S140). The end pressure failure determination step (S132) 

executes a difference calculation step (S134) and a 

10 pressure difference determination step (S136) as internal 

steps. The initial pressure failure determination step 

(S140) executes a difference calculation step (S142) and a 

pressure difference determination step (S144) as internal 

steps. Among these steps, the failure diagnosis method for 

15 the pressure gauges 11, 13, 15, 19, 21, and 23 of the 

hydrogen filling system 500 in Embodiment 1 executes a 

series of steps such as the initial pressure measurement 

step (S114), the data recording step (S116), the flow rate 

determination step (S122), the end pressure measurement 

20 (extraction) step (S126), the data recording step (S130), 

the end pressure failure determination step (S132), and the 

initial pressure failure determination step (S140).  

[0030] As the FCV information reception step (S102), the 

reception unit 52 receives FCV information regarding the 

25 fuel tank 202 (hydrogen storage container) mounted on the 

FCV vehicle 200 from the on-board device 204 mounted on the 

FCV vehicle 200 (fuel cell vehicle (FCV)) powered by the 

hydrogen fuel. Specifically, the following operation is 

performed. When the FCV vehicle 200 arrives at the inside 

30 of the hydrogen station 102 and the nozzle 44 of the 

dispenser 30 is fixed to a reception port (receptacle) of 

the fuel tank 202 of the FCV vehicle 200 by a user or an 

operator of the hydrogen station 102, communication between 

the on-board device 204 and the control circuit 43 (relay
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device) is established. When the communication is 

established, the FCV information such as the current 

pressure and temperature of the fuel tank 202 and the 

volume of the fuel tank 202 is output the on-board device 

5 204 is output (transmitted) in real time, from the on-board 

device 204. The FCV information is relayed by the control 

circuit 43 and transmitted to the control circuit 100. In 

the control circuit 100, the reception unit 52 receives the 

FCV information via the communication control circuit 50.  

10 The FCV information is monitored at all times or at 

predetermined sampling intervals (for example, 10 msec to 

several seconds) while the communication between the on

board device 204 and the control circuit 43 is established.  

The received FCV information is stored in the storage 

15 device 80 together with reception time information. The 

control circuit 100 also receives an outside air 

temperature measured by a thermometer (not shown).  

[0031] As the end pressure calculation step (S104), the 

end pressure/temperature calculation unit 54 reads the 

20 conversion table 81 from the storage device 80, and 

calculates and predicts a final pressure PF and a final 

temperature corresponding to the pressure, temperature, and 

volume of the fuel tank 202 and the outside air temperature 

at the time of initial reception, which have been received.  

25 Further, the end pressure/temperature calculation unit 54 

reads the correction table 83 from the storage device 80, 

and corrects a numerical value obtained by the conversion 

table 81. When only data of the conversion table 81 has a 

large error in an obtained result, the correction table 83 

30 may be provided on the basis of a result obtained by an 

experiment or a simulation. The calculated final pressure 

PF and final temperature are output to the system control 

unit 58.  

[0032] Here, in the hydrogen filling system 500, as one of
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the normal operations, when the communication between the 

on-board device 204 and the control circuit 43 is 

established, before the hydrogen filling of the FCV vehicle 

200 is started, the initial pressure of the hydrogen fuel 

5 in the flow passage of the hydrogen fuel from the multi

stage accumulator 101 to the FCV vehicle 200 filled with 

the hydrogen fuel is checked. Therefore, the following 

operation is performed.  

[0033] As the entire flow passage instantaneous opening 

10 step (S110), after the flow passage of the hydrogen fuel 

from the first bank, for example, the accumulator 10 to the 

FCV vehicle 200 filled with the hydrogen fuel is 

temporarily opened, the shut-off valve 36 of the dispenser 

30 is closed. In other words, the flow passage is opened 

15 for a moment. The system control unit 58 controls the 

dispenser control unit 64 and the valve control unit 65.  

The dispenser control unit 64 communicates with the control 

circuit 43 of the dispenser 30 via the communication 

control circuit 50, and opens the shut-off valves 36 and 38 

20 in the dispenser 30. In synchronization with this, the 

valve control unit 65 opens the valve 22 via the 

communication control circuit 50. The valves 24 and 26 are 

closed. By such valve control, the flow passage of the 

hydrogen fuel from the first bank, for example, the 

25 accumulator 10 to the FCV vehicle 200 filled with the 

hydrogen fuel is opened. Then, immediately, the dispenser 

control unit 64 communicates with the control circuit 43 of 

the dispenser 30 via the communication control circuit 50, 

and closes the shut-off valve 36 in the dispenser 30. The 

30 shut-off valve 38 may be synchronized and closed together.  

As a result, the hydrogen fuel is supplied from the 

accumulator 10 to the fuel tank 202 for a moment. The 

pressure data measured by the pressure gauges 11, 13, 15, 

and 19 during the operation is received by the bank
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pressure reception unit 66 and stored in the storage device 

84 in association with the date and time of reception.  

Similarly, the pressure data measured by the pressure 

gauges 27 and 23 is received by the dispenser information 

5 reception unit 67 via the control circuit 43 and stored in 

the storage device 84 in association with the date and time 

of reception.  

[0034] As the initial pressure measurement (extraction) 

step (S114), at timing when the shut-off valve 36 of the 

10 dispenser 30 is closed after temporarily opening the flow 

passage of the hydrogen fuel from the 1st bank (for 

example, the accumulator 10) to the FCV vehicle 200 filled 

with the hydrogen fuel, the pressure measurement/extraction 

unit 68 measures the pressures measured by the plurality of 

15 pressure gauges 11 (13 or 15), 19, and 27 disposed at 

different positions in the flow passage of the hydrogen 

fuel between the accumulator 10 and just before the shut

off valve 36 of the dispenser 30. Specifically, the 

pressure measurement/extraction unit 68 extracts the 

20 pressures measured by the plurality of pressure gauges 11 

(13 or 15), 19, and 27 at the timing immediately after the 

flow passage is opened for a moment in the entire flow 

passage instantaneous opening step (S110), from the storage 

device 84.  

25 [0035] As the data recording step (S116), the pressure 

measurement/extraction unit 68 records each of the 

extracted (input, or acquired) pressures, which are 

measured by the plurality of pressure gauges 11 (13 or 15), 

19, and 27, in association with the date and time.  

30 Specifically, the pressure measurement/extraction unit 68 

records each of the pressures measured by the plurality of 

pressure gauges 11 (13 or 15), 19, and 27 at the timing 

when the flow passage is opened for a moment in the entire 

flow passage instantaneous opening step (S110), which have
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been extracted from the storage device 84, in the storage 

device 86 as recording data of the initial pressure in 

association with the date and time.  

[0036] FIG. 4 is a diagram showing an example of the 

5 recording data of the initial pressure in Embodiment 1. In 

FIG. 4, pressures measured on different dates are recorded.  

A case where pressures Al, A3, C2, and D are not recorded 

in the recording data of the initial pressure when a date 

is "2017/10/1" is shown. This indicates that the 

10 accumulator 12 of the multi-stage accumulator 101 has been 

used as the 1st bank at the time of measuring the initial 

pressure. Therefore, pressures Al and A3 of the other 

accumulators 10 and 14 are excluded from recording. Since 

the pressure after closing the shut-off valve 36 is 

15 recorded as the initial pressure, the pressures C2 and D of 

the secondary side from the shut-off valve 36 are also 

excluded from recording. Further, a case where the 

pressures A2, A3, C2, and D are not recorded in the 

recording data of the initial pressure when dates are 

20 "2017/11/1", "2017/12/1", and "2018/1/1" is shown. This 

indicates that the accumulator 10 of the multi-stage 

accumulator 101 has been used as the 1st bank at the time 

of measuring the initial pressure. Therefore, the 

pressures A2 and A3 of the other accumulators 12 and 14 are 

25 excluded from recording. The pressures C2 and D of the 

secondary side from the shut-off valve 36 are also excluded 

from recording as described above. In Embodiment 1, it is 

not necessary to record a plurality of initial pressure 

data on the same day or in a few days because it is desired 

30 to diagnose whether or not each pressure gauge has a 

failure over time. For a plurality of FCV vehicles 200 

that have arrived at different days and times for being 

filled with the hydrogen fuel, each time each FCV vehicle 

200 is filled with the hydrogen fuel, the initial pressure
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may be measured and the recording data may be accumulated, 

before starting to fill the FCV vehicle 200 with the 

hydrogen fuel. For example, the recording data of the 

initial pressure may be accumulated every week, every 

5 month, or every few months. Of course, although an amount 

of data increases, a plurality of data on the same day or 

in a few days may be recorded.  

[0037] On the other hand, as one of the normal operations, 

each time the FCV vehicle 200 arrives even on the same day, 

10 the system control unit 58 reads the pressures measured by 

the plurality of pressure gauges 11, 13, 15, 19, and 27 at 

the same timing, from the storage device 84, and determines 

whether or not a pressure of the FCV vehicle 200 arrived 

for being filled with hydrogen is within a range that does 

15 not interfere with hydrogen filling. If each pressure is 

within the range that does not interfere with hydrogen 

filling, the filling operation is advanced. As described 

above, the recording data of the initial pressure to be 

used for the failure diagnosis can be acquired by using the 

20 normal operation.  

[0038] As the filling step (S120), the FCV vehicle 200 is 

filled with the hydrogen fuel from the multi-stage 

accumulator 101 in which the hydrogen fuel has been 

accumulated through the dispenser 30.  

25 [0039] FIG. 5 is a diagram illustrating a filling method 

in a case of performing differential pressure filling of 

the hydrogen fuel by using the multi-stage accumulator in 

Embodiment 1. In FIG. 5, a vertical axis represents a 

pressure and a horizontal axis represents a time. In the 

30 case of performing the differential pressure filling of the 

hydrogen fuel on the FCV vehicle 200, the accumulators 10, 

12, and 14 of the multi-stage accumulator 101 are normally 

accumulated in advance at the same pressure P0 (for 

example, 82 MPa). On the other hand, the pressure of the
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fuel tank 202 of the FCV vehicle 200 that has arrived at 

the hydrogen station 102 becomes a pressure Pa. A case 

where filling starts for the fuel tank 202 of the FCV 

vehicle 200 from the above state will be described.  

5 [0040] First, the filling starts from the 1st bank, for 

example, the accumulator 10 to the fuel tank 202.  

Specifically, the following operation is performed. Under 

the control of the system control unit 58, the supply 

control unit 63 controls the supply unit 106, and supplies 

10 the hydrogen fuel from the accumulator 10 to the fuel tank 

202 of the FCV vehicle 200. Specifically, the system 

control unit 58 controls the dispenser control unit 64 and 

the valve control unit 65. The dispenser control unit 64 

communicates with the control circuit 43 of the dispenser 

15 30 via the communication control circuit 50, and controls 

the operation of the dispenser 30. Specifically, the valve 

control unit 90 opens the shut-off valves 36 and 38 in the 

dispenser 30. Then, the valve control unit 65 outputs a 

control signal to the valves 22, 24, and 26 via the 

20 communication control circuit 50, and controls 

opening/closing of each valve. Specifically, the valve 22 

is opened and the valves 24 and 26 are kept closed. As a 

result, the hydrogen fuel is supplied from the accumulator 

10 to the fuel tank 202. The hydrogen fuel accumulated in 

25 the accumulator 10 by the pressure difference between the 

accumulator 10 and the fuel tank 202 moves to the side of 

the fuel tank 202 at a desired flow rate per unit time 

(filling speed), and the pressure of the fuel tank 202 

gradually increases as indicated by a dotted line Pt.  

30 Accordingly, the pressure (graph indicated by "1st") of the 

accumulator 10 gradually decreases. Then, at a point of 

time when a time Ti elapses from the start of filling, 

which falls outside a use lower limit pressure of the 1st 

bank, an accumulator used in the 2nd bank, for example, the
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accumulator 12 is switched from the accumulator 10.  

Specifically, the valve control unit 65 outputs a control 

signal to the valves 22, 24, and 26 via the communication 

control circuit 50, and controls opening/closing of each 

5 valve. Specifically, the valve 24 is opened, the valve 22 

is closed, and the valve 26 is kept closed. As a result, 

since the pressure difference between the accumulator 12 

and the fuel tank 202 increases, the filling speed can be 

kept high.  

10 [0041] Then, the hydrogen fuel accumulated in the 

accumulator 12 by the pressure difference between the 2nd 

bank, for example, the accumulator 12 and the fuel tank 202 

moves to the side of the fuel tank 202 at a desired flow 

rate per unit time (filling speed), and the pressure of the 

15 fuel tank 202 gradually increases as indicated by the 

dotted line Pt. Accordingly, the pressure (graph indicated 

by "2nd") of the accumulator 12 gradually decreases. Then, 

at a point of time when a time T2 elapses from the start of 

filling, which falls outside a use lower limit pressure of 

20 the 2nd bank, an accumulator used in the 3rd bank, for 

example, the accumulator 14 is switched from the 

accumulator 12. Specifically, the valve control unit 65 

outputs a control signal to the valves 22, 24, and 26 via 

the communication control circuit 50, and controls 

25 opening/closing of each valve. Specifically, the valve 26 

is opened, the valve 24 is closed, and the valve 22 is kept 

closed. As a result, since the pressure difference between 

the accumulator 14 and the fuel tank 202 increases, the 

filling speed can be kept high.  

30 [0042] Then, the hydrogen fuel accumulated in the 

accumulator 14 by the pressure difference between the 3rd 

bank, for example, the accumulator 14 and the fuel tank 202 

moves to the side of the fuel tank 202 at a desired flow 

rate per unit time (filling speed), and the pressure of the
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fuel tank 202 gradually increases as indicated by the 

dotted line Pt. Accordingly, the pressure (graph indicated 

by "3rd") of the accumulator 14 gradually decreases. Then, 

filling is performed until the pressure of the fuel tank 

5 202 becomes a calculated final pressure PF (for example, 65 

to 81 MPa) by the accumulator 14 to be the 3rd bank.  

[0043] Here, the FCV vehicle 200 arriving at the hydrogen 

station 102 is not limited to a case where the pressure of 

the fuel tank 202 is sufficiently low. When the pressure 

10 of the fuel tank 202 is higher than, for example, 1/2 of 

the pressure when the tank is full, for example, the two 

accumulators 10 and 12 may be sufficient. Furthermore, 

when the pressure of the fuel tank 202 is high, for 

example, one accumulator 10 may be sufficient. The 

15 pressure of the fuel tank 202 is monitored as a part of the 

FCV information at all times or at predetermined sampling 

intervals while the communication between the on-board 

device 204 and the control circuit 43 is established.  

Then, the system control unit 58 ends the filling when the 

20 current pressure of the fuel tank 202 defined by the FCV 

information reaches the final pressure PF. Specifically, 

under the control of the system control unit 58, the 

dispenser control unit 64 closes the shut-off valves 36 and 

38 via the control circuit 43.  

25 [0044] While the hydrogen filling is performed, flow rate 

data of the hydrogen fuel measured by the flowmeter 37 in 

the dispenser 30 (flow rate data per unit time: filling 

speed) is output to the control circuit 100 at all times or 

at a predetermined sampling cycle (for example, 10 msec to 

30 several seconds). In the control circuit 100, the 

dispenser information reception unit 67 receives the flow 

rate data via the communication control circuit 50, and 

stores the flow rate data in the storage device 84 in 

association with the reception date and time.
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[0045] As the flow rate determination step (S122), the 

determination unit 59 determines whether or not a flow rate 

F of the hydrogen fuel to be filled at a stage close to the 

filling end has become a threshold value F' or less.  

5 Specifically, the following operation is performed. As the 

current pressure of the fuel tank 202 approaches the final 

pressure PF, the pressure difference decreases, so that the 

flow rate of the flowing hydrogen fuel gradually decreases.  

At a final stage, since the pressure difference between the 

10 3rd bank, for example, the accumulator 14 and the fuel tank 

202 is small, filling is continuously performed until the 

pressure of the fuel tank 202 reaches the final pressure PF 

with the flow rate close to zero. Therefore, the 

determination unit 59 reads the flow rate data from the 

15 storage device 84, and determines whether or not the flow 

rate F is the threshold value F' or less, for example, 100 

g/min or less, preferably 50 mg/min or less, at a stage 

before closing the shut-off valves 36 and 38. When the 

flow rate F is the threshold value F' or less, for example, 

20 100 g/min or less, preferably 50 mg/min or less, the flow 

rate F can be substantially regarded as zero, which means 

that the pressure difference between the accumulator 14 and 

the fuel tank 202 is substantially eliminated. Therefore, 

the pressures A3 (Al or A2), B, Cl, C2, and D at this 

25 timing should be almost the same values.  

[0046] As the end pressure measurement (extraction) step 

(S126), at timing when the flow rate F of the hydrogen fuel 

to be filled at the stage close to the filling end becomes 

the threshold value F' or less, the pressure 

30 measurement/extraction unit 68 measures the pressures 

measured by the plurality of pressure gauges 15 (11 or 13), 

19, 21, and 23 disposed at different positions in the flow 

passage of the hydrogen fuel between the accumulator 14 and 

the outlet of the dispenser 30. Specifically, the pressure
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measurement/extraction unit 68 extracts the pressures 

measured by the plurality of pressure gauges 15 (11 or 13), 

19, 27, and 28 at the timing when the flow rate F becomes 

the threshold value F' or less in the flow rate 

5 determination step (S122), from the storage device 84.  

Further, the pressure measurement/extraction unit 68 

extracts the pressure D of the fuel tank 202 of the FCV 

vehicle 200 at the same timing from the storage device 80.  

[0047] As the data recording step (S130), the pressure 

10 measurement/extraction unit 68 records each of the 

extracted (input, or acquired) pressures, which are 

measured by the plurality of pressure gauges 15 (11 or 13), 

19, 27, 28, and 206, in association with the date and time.  

Specifically, the pressure measurement/extraction unit 68 

15 records each of the pressures A3 (Al or A2), B, Cl, and C2 

measured by the plurality of pressure gauges 11 (13 or 15), 

19, and 27 at the timing when the flow rate F becomes the 

threshold value F' or less in the flow rate determination 

step (S122), which have been extracted from the storage 

20 device 84, in the storage device 86 as recording data of 

the end pressure in association with the date and time.  

Further, the pressure measurement/extraction unit 68 

records the pressure D of the fuel tank 202 of the FCV 

vehicle 200 at the timing when the flow rate F becomes the 

25 threshold value F' or less in the flow rate determination 

step (S122), in the storage device 86 as recording data of 

the end pressure in association with the date and time.  

[0048] FIG. 6 is a diagram showing an example of the 

recording data of the end pressure in Embodiment 1. In 

30 FIG. 6, each pressure measured at a certain date is 

recorded. In the example of FIG. 6, each pressure measured 

when a date is "2018/1/20" is recorded. In the example of 

FIG. 6, a case where the pressures Al and A2 are not 

recorded is shown. This indicates that the accumulator 14
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of the multi-stage accumulator 101 has been used as the 3rd 

bank at the time of measuring the end pressure. Therefore, 

the pressures Al and A2 of the other accumulators 10 and 12 

are excluded from recording. In Embodiment 1, it is not 

5 necessary to record a plurality of end pressure data on the 

same day or in a few days because it is desired to diagnose 

whether or not each pressure gauge has a failure over time.  

The end pressures of the plurality of FCV vehicles 200 

arrived for being filled with the hydrogen fuel on 

10 different dates and times may be measured, and the 

recording data may be accumulated. For example, the 

recording data of the initial pressure may be accumulated 

every week, every month, or every few months. Of course, 

although an amount of data increases, a plurality of data 

15 on the same day or in a few days may be recorded.  

[0049] As described above, the filling (supply) of the 

hydrogen fuel into the fuel tank 202 of the FCV vehicle 200 

ends, the nozzle 44 of the dispenser 30 is removed from the 

reception port (receptacle) of the fuel tank 202 of the FCV 

20 vehicle 200, and the user leaves the hydrogen station 102 

after paying cost according to the filling amount, for 

example.  

[0050] On the other hand, due to the filling, the hydrogen 

fuel in each of the accumulators 10, 12, and 14 is reduced 

25 and the pressure is reduced.  

[0051] As the pressure recovery step (S131), a pressure 

recovery mechanism 104 recovers the pressure of each of the 

accumulators 10, 12, and 14. The compressor 40 and the 

valves 21, 23, and 25 configure the pressure recovery 

30 mechanism 104. First, the system control unit 58 selects a 

supply source of the hydrogen fuel to be connected to the 

suction side of the compressor 40 from the curdle, the 

intermediate accumulator, the hydrogen trailer, or the 

hydrogen production apparatus (not shown). Then, under the
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control of the system control unit 58, the pressure 

recovery control unit 61 controls the pressure recovery 

mechanism 104, and recovers the pressure of each of the 

accumulators 10, 12, and 14. Specifically, the following 

5 operation is performed. In the accumulator of each bank 

used for filling the fuel tank 202 of the FCV vehicle 200, 

the pressure may also be recovered during filling.  

However, since there is not enough time to recover the 

pressure to a prescribed pressure, the pressure should be 

10 recovered after filling. Since the 1st bank, the 2nd bank, 

and the 3rd bank are switched in this order, first, the 

pressure of the accumulator 10 to be the 1st bank is 

recovered. The valve control unit 60 opens the valve 21 

from a state where the valves 21, 23, and 25 are closed.  

15 [0052] Then, the compressor control unit 62 drives the 

compressor 40, sends the hydrogen fuel of the low pressure 

(for example, 0.6 MPa) from the supply source of the 

hydrogen fuel while compressing the hydrogen fuel, and 

fills the accumulator 10 with the hydrogen fuel until the 

20 pressure of the accumulator 10 becomes a predetermined 

pressure P0 (for example, 82 MPa), thereby recovering the 

pressure of the accumulator 10.  

[0053] Next, the valve control unit 60 closes the valve 

21, and opens the valve 23 instead.  

25 [0054] Then, the compressor control unit 62 drives the 

compressor 40, sends the hydrogen fuel of the low pressure 

(for example, 0.6 MPa) while compressing the hydrogen fuel, 

and fills the accumulator 12 with the hydrogen fuel until 

the pressure of the accumulator 12 becomes the 

30 predetermined pressure P0 (for example, 82 MPa), thereby 

recovering the pressure of the accumulator 12.  

[0055] Next, the valve control unit 60 closes the valve 

23, and opens the valve 25 instead.  

[0056] Then, the compressor control unit 62 drives the
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compressor 40, sends the hydrogen fuel of the low pressure 

(for example, 0.6 MPa) while compressing the hydrogen fuel, 

and fills the accumulator 14 with the hydrogen fuel until 

the pressure of the accumulator 14 becomes the 

5 predetermined pressure PO (for example, 82 MPa), thereby 

recovering the pressure of the accumulator 14.  

[0057] As described above, even when the next FCV vehicle 

200 arrives at the hydrogen station 102, the hydrogen fuel 

can be similarly supplied. By sequentially filling the 

10 plurality of FCV vehicles 200 with the hydrogen fuel on 

different dates, recording data of the initial pressure on 

a plurality of dates is accumulated. Similarly, recording 

data of the end pressure on a plurality of dates is 

accumulated.  

15 [0058] As the end pressure failure determination step 

(S132), at timing when the flow rate F of the hydrogen fuel 

to be filled at the stage close to the filling end becomes 

the threshold value F' or less, the control circuit 100 

inputs (acquires) the pressures measured by the plurality 

20 of pressure gauges disposed at different positions in the 

flow passage of the hydrogen fuel between the accumulator 

14 and the outlet of the dispenser 30, determines whether 

or not a deviation between the pressures is within a 

threshold value on the basis of acquired pressure values, 

25 and outputs a determination result. Specifically, the 

following operation is performed.  

[0059] As the difference calculation step (S134), the 

comparison unit 70 reads the recording data of the end 

pressure from the storage device 86, and calculates a 

30 deviation between the recorded pressures Al to C2. Since 

the final pressure PF is different for each FCV vehicle 

filled with the hydrogen fuel, it is difficult to set a 

reference pressure uniquely. Therefore, for example, one 

of the recorded pressures Al to C2 is used as the reference
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pressure, and a difference between each of the recorded 

pressures Al to C2 and the reference pressure is 

calculated. Alternatively, the pressure D of the fuel tank 

202 of the FCV vehicle 200 is used as the reference 

5 pressure, and the difference between each of the recorded 

pressures Al to C2 and the reference pressure is 

calculated.  

[0060] As the pressure difference determination step 

(S136), the determination unit 71 determines whether or not 

10 the difference between each of the recorded pressures Al to 

C2 and the reference pressure, which has been calculated 

for each pressure, is within an allowable value Pthl.  

Simultaneous failures of the plurality of pressure gauges 

do not normally occur. Therefore, when the difference is 

15 within the allowable value Pthl, it is determined that the 

corresponding pressure gauge is normal. Conversely, when 

the difference is not within the allowable value Pthl, it 

is determined that the corresponding pressure gauge is out 

of order. If it is determined that two or more pressure 

20 gauges are simultaneously out of order, the pressure gauge 

of which the pressure is used as the reference pressure may 

be changed to another pressure gauge and the same 

processing may be performed. In the example of FIG. 6, 

only the pressure Cl greatly decreases as compared with the 

25 other pressures. Therefore, the difference between the 

pressure Cl and the reference pressure increases.  

Therefore, it can be determined that the pressure gauge 27 

measuring the pressure Cl is out of order. A determination 

result is output to, for example, the monitor 76 to be 

30 displayed on the monitor 76, together with a measurement 

date. Alternatively/additionally, the measurement result 

is output from the output unit 74 to the outside via the 

communication control circuit 50.  

[0061] As described above, failures of the plurality of
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pressure gauges disposed in the flow passage from the 

accumulator 14 to the inside of the dispenser 30 can be 

diagnosed by using the end pressure obtained by using the 

normal operation of hydrogen filling. In other words, 

5 accuracy of the plurality of pressure gauges can be 

confirmed. Therefore, it is possible to diagnose failures 

occurring within a two-year period until a next legal 

inspection. Further, when the recording data of the end 

pressure is accumulated on different dates, a transition of 

10 measurement accuracy of each pressure gauge can be known.  

Therefore, it is possible to obtain an index for when the 

failure occurs during the two-year period. Further, when a 

degree of the failure does not satisfy required accuracy of 

the legal inspection, the pressure gauge can be 

15 replaced/repaired without waiting for a next legal 

inspection.  

[0062] As the initial pressure failure determination step 

(S140), for each of the pressures measured by the plurality 

of pressure gauges 11 (13 or 15), 19, and 27 disposed at 

20 different positions in the flow passage of the hydrogen 

fuel between the accumulator 10 (12 or 14) and just before 

the shut-off valve 36 of the dispenser 30, the control 

circuit 100 determines whether or not a pressure change in 

the transition of each pressure recorded at a different 

25 date for each pressure gauge is within a threshold value, 

and outputs a determination result. Specifically, the 

following operation is performed. The initial pressure 

failure determination step (S140) is executed when 

recording data of a plurality of initial pressures with 

30 different dates obtained when the plurality of FCV vehicles 

200 arrive for being filled with the hydrogen on different 

dates is accumulated.  

[0063] As the difference calculation step (S142), the 

comparison unit 72 reads the recording data of the initial
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pressure from the storage device 86, and calculates a 

deviation between measurement values of the same pressure 

gauge for each of the recorded pressures Al to Cl. For 

example, each of the pressures Al to Cl in recording data 

5 recorded at one of a plurality of dates is used as the 

reference pressure, and for each of the pressures Al to Cl 

to be recorded, a difference between the measurement value 

of the same pressure gauge and the corresponding reference 

pressure is calculated.  

10 [0064] As the pressure difference determination step 

(S144), the determination unit 73 determines whether or not 

the difference between each of the recorded pressures Al to 

Cl and the reference pressure, which has been calculated 

for each pressure, is within an allowable value Pth2.  

15 Therefore, when the difference is within the allowable 

value Pth2, it is determined that the corresponding 

pressure gauge is normal. Conversely, when the difference 

is not within the allowable value Pth2, it is determined 

that the corresponding pressure gauge is out of order. In 

20 the example of FIG. 4, a pressure B measured on "2018/1/1" 

greatly decreases as compared with the pressures B measured 

on other dates. Therefore, the difference between the 

pressure B and the reference pressure increases.  

Therefore, at a point of time "2018/1/1", it can be 

25 determined that the pressure gauge 19 that has measured the 

pressure B is out of order. A determination result is 

output to, for example, the monitor 76 to be displayed on 

the monitor 76, together with a measurement date.  

Alternatively/additionally, the measurement result is 

30 output from the output unit 74 to the outside via the 

communication control circuit 50.  

[0065] As described above, failures of the plurality of 

pressure gauges disposed in the flow passage from the 

accumulator 10 to the inside of the dispenser 30 can be
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diagnosed by using the initial pressure obtained by using 

the normal operation of hydrogen filling. In other words, 

accuracy of the plurality of pressure gauges can be 

confirmed. Therefore, it is possible to diagnose failures 

5 occurring within a two-year period until a next legal 

inspection. Further, when the recording data of the 

initial pressure is accumulated on different dates, a 

transition of measurement accuracy of each pressure gauge 

can be known. Therefore, it is possible to obtain an index 

10 for when the failure occurs during the two-year period.  

Further, when a degree of the failure does not satisfy 

required accuracy of the legal inspection, the pressure 

gauge can be replaced/repaired without waiting for a next 

legal inspection.  

15 [0066] Here, in the example described above, the case 

where both the failure diagnosis based on the end pressure 

and the failure diagnosis based on the initial pressure are 

performed has been described. However, the present 

invention is not limited thereto. Only one of the failure 

20 diagnosis based on the end pressure and the failure 

diagnosis based on the initial pressure may be performed.  

[0067] Further, in the failure diagnosis based on the end 

pressure, since the data of the accumulator to be the final 

bank is recorded, the accumulator to be the final bank in 

25 the multi-stage accumulator 101 is operated instead, so 

that the failure of the pressure gauge of each accumulator 

can be diagnosed. Conversely, in the failure diagnosis 

based on the initial pressure, since the data of the 

accumulator to be the 1st bank is recorded, the accumulator 

30 to be the 1st bank in the multi-stage accumulator 101 is 

operated instead, so that the failure of the pressure gauge 

of each accumulator can be diagnosed.  

[0068] As described above, according to Embodiment 1, it 

is possible to confirm accuracy of the plurality of
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pressure gauges disposed at least in the flow passage from 

the accumulator to the inside of the dispenser at low cost 

by using the normal operation. Therefore, it is possible 

to diagnose failures occurring within a two-year period 

5 until a next legal inspection.  

(Embodiment 2) 

[0069] In Embodiment 1, a case where determination timing 

of an end pressure is timing when a flow rate F becomes 

10 equal to or less than a threshold value F' at which the 

flow rate F can be regarded as substantially zero has been 

described. However, a determination method is not limited 

thereto. In Embodiment 2, a configuration in which the 

determination timing of the end pressure is performed by 

15 another determination method will be described. A 

configuration of a hydrogen filling system of a hydrogen 

station in Embodiment 2 is the same as that in FIG. 1.  

[0070] FIG. 7 is a flowchart showing main steps of a 

hydrogen filling method in Embodiment 2. FIG. 7 is the 

20 same as FIG. 3 except that a peak determination step (S124) 

is performed instead of a flow rate determination step 

(S122). Contents other than points specifically described 

below are the same as those in Embodiment 1.  

[0071] The contents of each step from an FCV information 

25 reception step (S102) to a filling step (S120) are the same 

as those in Embodiment 1.  

[0072] As the peak determining step (S124), a 

determination unit 59 determines whether or not a pressure 

C2 of a pressure gauge 28 closest to an outlet of the 

30 dispenser 30 has reached a highest value during filling of 

hydrogen fuel. Specifically, the following operation is 

performed. As a current pressure of a fuel tank 202 

approaches a final pressure PF, the pressure C2 indicated 

by the pressure gauge 28 closest to the outlet of the
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dispenser 30, which is a pressure gauge closest to the fuel 

tank 202 on the side of a hydrogen station 102, also 

increases. Then, at a final stage, a third bank, for 

example, an accumulator 14 continuously performs filling 

5 until the pressure of the fuel tank 202 reaches the final 

pressure PF. Therefore, at a point of time when the 

pressure of the fuel tank 202 reaches the final pressure 

PF, the pressure C2 indicated by the pressure gauge 28 

closest to the outlet of the dispenser 30 also reaches the 

10 highest value (peak). It can be said that a state at this 

point of time is the same state as a state where the flow 

rate F is substantially zero in Embodiment 1, as a result.  

Therefore, the determination unit 59 reads pressure data of 

the pressure gauge 28 from a storage device 84, and 

15 determines whether or not the pressure C2 of the pressure 

gauge 28 has reached the highest value at a stage before 

closing the shut-off valves 36 and 38. When the pressure 

C2 converges at the highest value after a stage where a 

pressure of the current fuel tank 202 in FCV information is 

20 about to reach the final pressure PF, it may be determined 

whether or not the pressure has reached the highest value.  

This means that a pressure difference between the 

accumulator 14 and the fuel tank 202 has been substantially 

eliminated at this point of time. Therefore, the pressures 

25 A3 (Al or A2), B, Cl, C2, and D at this timing should be 

almost the same values.  

[0073] Then, as an end pressure measurement (extraction) 

step (S126), at timing when the pressure C2 of the pressure 

gauge 28 closest to the outlet of the dispenser 30 reaches 

30 the highest value during filling of the hydrogen fuel, a 

pressure measurement/extraction unit 68 measures pressures 

measured by a plurality of pressure gauges 15 (11 or 13), 

19, 21, and 23 disposed at different positions in a flow 

passage of the hydrogen fuel between the accumulator 14 and
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the outlet of the dispenser 30. Specifically, the pressure 

measurement/extraction unit 68 extracts, from the storage 

device 84, the pressures measured by the plurality of 

pressure gauges 15 (11 or 13), 19, 21, and 23 at the timing 

5 when the pressure C2 of the pressure gauge 28 closest to 

the outlet of the dispenser 30 reaches the highest value 

during filling of the hydrogen fuel. Further, the pressure 

measurement/extraction unit 68 extracts the pressure D of 

the fuel tank 202 of the FCV vehicle 200 at the same timing 

10 from the storage device 80.  

[0074] Then, as a data recording step (S130), the pressure 

measurement/extraction unit 68 records each of the 

extracted (input) pressures, which are measured by the 

plurality of pressure gauges 15 (11 or 13), 19, 21, 23, and 

15 206, in association with the date and time. Specifically, 

the pressure measurement/extraction unit 68 records each of 

the pressures A3 (Al or A2), B, Cl, and C2 measured by the 

plurality of pressure gauges 11 (13 or 15), 19, and 21 at 

the timing when the pressure C2 of the pressure gauge 28 

20 closest to the outlet of the dispenser 30 reaches the 

highest value during filling of the hydrogen fuel in the 

peak determination step (S124), which have been extracted 

from the storage device 84, in the storage device 86 as 

recording data of the end pressure in association with the 

25 date and time. Further, the pressure 

measurement/extraction unit 68 records the pressure D of 

the fuel tank 202 of the FCV vehicle 200 at the timing when 

the pressure C2 of the pressure gauge 28 closest to the 

outlet of the dispenser 30 reaches the highest value during 

30 filling of the hydrogen fuel in the peak determination step 

(S124) in the storage device 86 as recording data of the 

end pressure in association with the date and time. By 

this method, the same recording data of the end pressure as 

that in FIG. 6 can be obtained.
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[0075] The contents of each of a pressure recovery step 

(S131), an end pressure failure determination step (S132), 

and an initial pressure failure determination step (S140) 

are the same as those in Embodiment 1. In other words, in 

5 the end pressure failure determination step (S132), a 

control circuit 100 inputs (acquires) each of the pressures 

measured from the plurality of pressure gauges at the 

timing when the pressure gauge 28 closest to the outlet of 

the dispenser 30 indicates the highest value during filling 

10 of the hydrogen fuel, determines whether or not a deviation 

between the pressures is within a threshold value on the 

basis of acquired pressure values, and outputs a 

determination result.  

[0076] As described above, failures of the plurality of 

15 pressure gauges disposed in the flow passage from the 

accumulator 14 to the inside of the dispenser 30 can be 

diagnosed by using the end pressure obtained by using the 

normal operation of hydrogen filling. In other words, 

accuracy of the plurality of pressure gauges can be 

20 confirmed. Therefore, it is possible to diagnose failures 

occurring within a two-year period until a next legal 

inspection. Further, when the recording data of the end 

pressure is accumulated on different dates, a transition of 

measurement accuracy of each pressure gauge can be known.  

25 Therefore, it is possible to obtain an index for when the 

failure occurs during the two-year period. Further, when a 

degree of the failure does not satisfy required accuracy of 

the legal inspection, the pressure gauge can be 

replaced/repaired without waiting for a next legal 

30 inspection.  

[0077] Further, similarly to Embodiment 1, failures of the 

plurality of pressure gauges disposed in the flow passage 

from the accumulator 10 to the inside of the dispenser 30 

can be diagnosed by using the initial pressure obtained by
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using the normal operation of hydrogen filling. In other 

words, accuracy of the plurality of pressure gauges can be 

confirmed. Therefore, it is possible to diagnose failures 

occurring within a two-year period until a next legal 

5 inspection. Further, when the recording data of the 

initial pressure is accumulated on different dates, a 

transition of measurement accuracy of each pressure gauge 

can be known. Therefore, it is possible to obtain an index 

for when the failure occurs during the two-year period.  

10 Further, when a degree of the failure does not satisfy 

required accuracy of the legal inspection, the pressure 

gauge can be replaced/repaired without waiting for a next 

legal inspection.  

[0078] Here, in the example described above, the case 

15 where both the failure diagnosis based on the end pressure 

and the failure diagnosis based on the initial pressure are 

performed has been described. However, the present 

invention is not limited thereto. Similarly to Embodiment 

1, only one of the failure diagnosis based on the end 

20 pressure and the failure diagnosis based on the initial 

pressure may be performed.  

[0079] Further, in the failure diagnosis based on the end 

pressure, data of an accumulator to be a final bank is 

recorded. Therefore, similarly to Embodiment 1, the 

25 accumulator to be the final bank in a multi-stage 

accumulator 101 is operated instead, so that the failure of 

the pressure gauge of each accumulator can be diagnosed.  

Conversely, in the failure diagnosis based on the initial 

pressure, since data of an accumulator to be a 1st bank is 

30 recorded. Therefore, similarly to Embodiment 1, the 

accumulator to be the 1st bank in the multi-stage 

accumulator 101 is operated instead, so that the failure of 

the pressure gauge of each accumulator can be diagnosed.  

[0080] As described above, according to Embodiment 2, even
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when a determination method different from that in 

Embodiment 1 is used, it is possible to confirm accuracy of 

the plurality of pressure gauges disposed at least in the 

flow passage from the accumulator to the inside of the 

5 dispenser at low cost by using the normal operation.  

Therefore, it is possible to diagnose failures occurring 

within a two-year period until a next legal inspection.  

(Embodiment 3) 

10 [0081] FIG. 8 is an example of a configuration diagram 

showing a configuration of a hydrogen filling system of a 

hydrogen station in Embodiment 3. FIG. 8 is the same as 

FIG. 1 except that a pressure gauge 29 is disposed in 

parallel with a pressure gauge 28 for measuring a pressure 

15 (C2) near an outlet of a dispenser 30 in the dispenser 30, 

a depressurization line for branching a pipe connecting a 

shut-off valve 38 to an emergency detachment coupler 41 is 

disposed, and a valve 39 is disposed on the 

depressurization line.  

20 [0082] In Embodiment 3, after a filling step (S120) of 

filling an FCV vehicle 200 with hydrogen fuel via the 

dispenser 30 from the multi-stage accumulator 101 in which 

the hydrogen fuel is accumulated ends, the shut-off valve 

38 is closed and shut off. When the valve 39 is opened for 

25 opening to the atmosphere, it is determined whether or not 

the pressure gauge 28 (and the pressure gauge 29) (pressure 

gauge of a depressurization unit) measuring the pressure C2 

at timing of opening to the atmosphere indicates 0 MPa 

(gauge pressure). When the pressure gauge 28 (and the 

30 pressure gauge 29) indicates 0 MPa (gauge pressure), it is 

determined that the corresponding pressure gauge is normal.  

Conversely, when the pressure gauge 28 (and the pressure 

gauge 29) does not indicate 0 MPa (gauge pressure), it is 

determined that the corresponding pressure gauge is
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abnormal, and automatic calibration or the like is 

performed. A calibration amount is output to a monitor 76 

and displayed on the monitor 76, for example.  

Alternatively/additionally, the measurement result is 

5 output from the output unit 74 to the outside via the 

communication control circuit 50. In this case, in a 

control circuit 100, an automatic calibration unit (not 

shown) corrects (calibrates) a pressure value indicated by 

the pressure gauge (for example, the pressure gauge 28) 

10 determined to be abnormal to 0 MPa (gauge pressure) and 

records it, so that it is possible to automatically 

calibrate the pressure gauge (for example, the pressure 

gauge 28) determined to be abnormal.  

[0083] Further, in Embodiment 3, the pressure (C2) near 

15 the outlet of the dispenser 30 is measured by the two 

pressure gauges 28 and 29. Therefore, when a difference 

between the two pressures is within an allowable value 

Pth3, it is determined that the pressure gauge is normal.  

Conversely, when the difference is not within the allowable 

20 value Pth3, it is determined that one of the pressure 

gauges 28 and 29 is out of order. In that case, as 

compared with a pressure D of the fuel tank 202 of the FCV 

vehicle 200 at timing of an end pressure measurement in 

each of the above-described embodiments, it can be 

25 determined that the pressure gauge having one of the 

pressures indicated by the two pressure gauges 28 and 29, 

which has a larger pressure difference from the pressure D 

of the fuel tank 202, is out of order. In this case, in 

the control circuit 100, with the automatic calibration 

30 unit (not shown), a pressure value indicated by the 

pressure gauge (for example, the pressure gauge 28) 

determined to be out of order is corrected (calibrated) to 

a pressure value indicated by the normal pressure gauge 

(for example, the pressure gauge 29) and recorded, so that
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it is possible to automatically calibrate the pressure 

gauge (for example, the pressure gauge 28) to be out of 

order.  

[0084] A method for calibrating the pressure gauge of the 

5 hydrogen filling system in Embodiment 3 includes steps of a 

failure diagnosis method for the pressure gauge of the 

hydrogen filling system in each of the above-described 

embodiments. Preferably, a plurality of pressure gauges 

include two pressure gauges disposed in parallel near the 

10 outlet of the dispenser 30, and the method further includes 

a step of, as a determination result, automatically 

calibrating a pressure gauge diagnosed as a failure among 

the plurality of pressure gauges, on the basis of one of 

the two pressure gauges. Specifically, the following 

15 operation is performed. Since it is usually unlikely that 

the two pressure gauges 28 and 29 fail at the same time, 

the failure diagnosis in each of the above-described 

embodiments is performed. For a pressure gauge determined 

to be out of order among a plurality of pressure gauges 

20 disposed at different positions in a flow passage of the 

hydrogen fuel between the multi-stage accumulator 101 and 

the outlet of the dispenser 30, a measured pressure value 

is corrected (calibrated) and recorded by the automatic 

calibration unit (not shown), on the basis of one of the 

25 two pressure gauges 28 and 29, so that the pressure gauge 

to be out of order is automatically calibrated. When it is 

determined that one of the two pressure gauges 28 and 29 is 

out of order, it goes without saying that the other 

determined to be normal is used as a reference.  

30 [0085] For the automatic calibration, preferably, 

pressures are compared with pressure D of fuel tanks 202 in 

a plurality of different FCV vehicles 200, and the 

automatic calibration is performed when a pressure 

difference from the pressures D of the fuel tanks 202 in
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all the FCV vehicles 200 is larger than a threshold value.  

Since it is usually unlikely that the pressure gauges in 

the fuel tanks 202 of all the FCV vehicles 200 fail, the 

accuracy of determining the presence/absence of a failure 

5 can be improved by comparing the pressure gauge with the 

pressure gauges of the plurality of FCV vehicles 200 that 

arrive at random.  

[0086] The embodiments have been described with reference 

to the specific examples. However, the present invention 

10 is not limited to these specific examples. For example, in 

the above-described examples, the case where the multi

stage accumulator 101 including the three accumulators 10, 

12, and 14 is used to fill one FCV vehicle with the 

hydrogen fuel has been described. However, the present 

15 invention is not limited thereto. According to the volumes 

of the accumulators 10, 12, and 14 and the like, more 

accumulators may be used to fill one FCV vehicle with the 

hydrogen fuel. Alternatively, two accumulators may be used 

to fill one FCV vehicle with the hydrogen fuel.  

20 [0087] Further, descriptions of parts and the like that 

are not directly necessary for explanation of the present 

invention, such as the device configuration and the control 

method, are omitted. However, the necessary device 

configuration and control method can be appropriately 

25 selected and used.  

[0088] Further, all failure diagnosis methods for a 

pressure gauge of a hydrogen filling system including the 

elements of the present invention and capable of being 

appropriately designed and changed by those skilled in the 

30 art are included in the scope of the present invention.  

INDUSTRIAL APPLICABILITY 

[0089] The present invention relates to a failure 

diagnosis method for a pressure gauge of a hydrogen filling
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system and a calibration method for the pressure gauge of 

the hydrogen filling system, and the prevent invention can 

be used for a method for diagnosing failures of a plurality 

of pressure gauges disposed in a flow passage of hydrogen 

5 fuel from an accumulator to a dispenser, for example.  

[0090] Throughout this specification, unless the context 

requires otherwise, the word "comprise" or variations such 

as "comprises" or "comprising", will be understood to imply 

the inclusion of a stated integer or group of integers but 

10 not the exclusion of any other integer or group of 

integers.  

REFERENCE SIGNS LIST 

[0091] 10, 12, 14 Accumulator 

15 11, 13, 15, 19, 27, 28, 29 Pressure gauge 

21, 23, 24, 25, 26, 39 Valve 

30 Dispenser 

32 Cooler 

36 Shut-off valve 

20 37 Flowmeter 

38 Shut-off valve 

40 Compressor 

41 Emergency detachment coupler 

43 Control circuit 

25 50 Communication control circuit 

51 Memory 

52 Reception unit 

54 End pressure/temperature calculation unit 

58 System control unit 

30 59 Determination unit 

60, 65 Valve control unit 

62 Compressor control unit 

64 Dispenser control unit 

66 Bank pressure reception unit
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67 Dispenser information reception unit 

68 Pressure measurement/extraction unit 

70 Comparison unit 

71 Determination unit 

5 72 Comparison unit 

73 Determination unit 

74 Output unit 

76 Monitor 

80, 84, 86 Storage device 

10 100 Control circuit 

101 Multi-stage accumulator 

102 Hydrogen station 

104 Pressure recovery mechanism 

106 Supply unit 

15 200 FCV vehicle 

202 Fuel tank 

204 On-board device 

500 Hydrogen filling system
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CLAIMS 

1. A method for diagnosing failure in a pressure gauge of 

a hydrogen filling system comprising: 

5 filling a fuel cell vehicle powered by hydrogen fuel 

with the hydrogen fuel from an accumulator, in which the 

hydrogen fuel is accumulated, via a dispenser; and 

acquiring pressure values measured by a plurality of 

pressure gauges disposed at different positions in a flow 

10 passage of the hydrogen fuel between the accumulator and an 

outlet of the dispenser at timing when a flow rate of the 

hydrogen fuel to be filled at a stage close to an end of the 

filling becomes a threshold value or less, determining 

whether or not a deviation between the pressure values is 

15 within a threshold value on the basis of acquired pressure 

values, and outputting a determination result, 

wherein the hydrogen fuel is accumulated in a multi

stage accumulator including the accumulator, and 

the plurality of pressure gauges is provided at least 

20 at a position adjacent to each accumulator of the multi

stage accumulator, near an inlet in the dispenser, and near 

an outlet in the dispenser.
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2. A method for diagnosing failure in a pressure gauge of 

a hydrogen filling system comprising: 

filling a fuel cell vehicle powered by hydrogen fuel 

with the hydrogen fuel from an accumulator, in which the 

5 hydrogen fuel is accumulated, via a dispenser; and 

at timing when a pressure gauge closest to an outlet 

of the dispenser in a plurality of pressure gauges disposed 

at different positions in a flow passage of the hydrogen 

fuel between the accumulator and the outlet of the dispenser 

10 indicates a highest value during the filling of the hydrogen 

fuel, acquiring pressure values measured by the plurality of 

pressure gauges, determining whether or not a deviation 

between the pressure values is within a threshold value on 

the basis of acquired pressure values, and outputting a 

15 determination result, 

wherein the hydrogen fuel is accumulated in a multi

stage accumulator including the accumulator, and 

the plurality of pressure gauges is provided at least 

at a position adjacent to each accumulator of the multi

20 stage accumulator, near an inlet in the dispenser, and near 

an outlet in the dispenser.
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3. The method according to claim 1, 

wherein the filling of the hydrogen fuel is performed 

for a plurality of fuel cell vehicles on different dates, 

further comprising: 

5 acquiring pressure values measured by a plurality of 

pressure gauges disposed at different positions in a flow 

passage of the hydrogen fuel between the accumulator and 

just before a shut-off valve of the dispenser at timing when 

the shut-off valve of the dispenser is closed after a flow 

10 passage of the hydrogen fuel between the accumulator and the 

fuel cell vehicle filled with the hydrogen fuel is 

temporarily opened before starting the filling of the 

hydrogen fuel, for each time each of the plurality of fuel 

cell vehicles is filled with the hydrogen fuel, and recording 

15 the pressure values in association with dates; and 

determining whether or not a pressure change in 

transition of each pressure value recorded on a different 

date is within a threshold value, for each of the plurality 

of pressure gauges, and outputting a determination result.  

20 4. The method according to claim 2, 

wherein the filling of the hydrogen fuel is performed 

for a plurality of fuel cell vehicles on different dates,
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further comprising: 

acquiring pressure values measured by a plurality of 

pressure gauges disposed at different positions in a flow 

passage of the hydrogen fuel between the accumulator and 

5 just before a shut-off valve of the dispenser at timing when 

the shut-off valve of the dispenser is closed after a flow 

passage of the hydrogen fuel between the accumulator and the 

fuel cell vehicle filled with the hydrogen fuel is 

temporarily opened before starting the filling of the 

10 hydrogen fuel, for each time each of the plurality of fuel 

cell vehicles is filled with the hydrogen fuel, and recording 

the pressure values in association with dates; and 

determining whether or not a pressure change in 

transition of each pressure value recorded on a different 

15 date is within a threshold value, for each of the plurality 

of pressure gauges, and outputting a determination result.  

5. A method for calibrating a pressure gauge of a hydrogen 

filling system comprising: 

20 performing the filling, and the determining and the 

outputting in the method for diagnosing failure in the 

pressure gauge of the hydrogen filling system according to
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claim 3, the plurality of pressure gauges including two 

pressure gauges disposed in parallel near the outlet of the 

dispenser; and 

automatically calibrating a pressure gauge diagnosed 

5 as a failure in the plurality of pressure gauges as the 

determination result, on the basis of one of the two pressure 

gauges.  

6. A method for calibrating a pressure gauge of a hydrogen 

10 filling system comprising: 

performing the filling, and the determining and the 

outputting in the method for diagnosing failure in the 

pressure gauge of the hydrogen filling system according to 

claim 4, the plurality of pressure gauges including two 

15 pressure gauges disposed in parallel near the outlet of the 

dispenser; and 

automatically calibrating a pressure gauge diagnosed 

as a failure in the plurality of pressure gauges as the 

determination result, on the basis of one of the two pressure 

20 gauges.
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