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GAS SUPPLY SYSTEM AND CORRECTION METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to a correction of a relationship between a pressure
of a gas inside a fuel tank in a vehicle and an output voltage of a pressure sensor at the

time when the pressure is measured by the pressure sensor.

2. Description of Related Art

[0002] A vehicle employing hydrogen as a source of energy is provided with a
hydrogen gas storage tank. The pressure in the hydrogen gas storage tank is monitored
by, for example, a pressure sensor (e.g., see Japanese Patent Application Publication No.
2005-325950 (JP-A-2005-325950)).

[0003] A hydrogen gas storage tank in a fuel-cell-powered vehicle stores therein
hydrogen at an extremely high pressure equal to or higher than about 70 MPa. In some
cases, therefore, there is employed a pressure sensor designed, for example, to detect a
pressure applied to a membrane (a diaphragm) as a degree of deformation of the
membrane using a strain sensor and generate an output voltage corresponding to an
amount of strain. In such a pressure sensor, hydrogen may dissolve into the diaphragm
of the pressure sensor to cause the diaphragm to expand. In this case, it may be difficult
to correctly determine a pressure of the hydrogen gas storage tank based on the output

voltage of the pressure sensor.

SUMMARY OF THE INVENTION
[0004] The invention makes it possible to correct a relationship between a
pressure in a fuel tank (a hydrogen gas storage tank, a gas cylinder) and an output voltage

of a pressure sensor.

CONFIRMATION COPY
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[0005] A first aspect of the invention relates to a gas supply system that includes
a fuel tank to which a gas is supplied from a gas tank of a gas station; a gas flowmeter
that measures an amount of the gas supplied from the gas tank to the fuel tank; a
temperature sensor that measures a temperature of the gas in the fuel tank; a pressure
sensor that measures a pressure of the gas in the fuel tank and generates an output signal
in accordance with the pressure; and a control portion that corrects a relationship between
the pressure applied to the pressure sensor and a value of the output signal. The control
portion acquires a first temperature of the gas in the fuel tank, a first pressure of the gas in
the fuel tank, and a first output signal value of the pressure sensor corresponding to the
first pressure before supply of the gas, the control portion acquires a first amount of the
gas in the fuel tank using a volume of the fuel tank, the first temperature, and the first
pressure, the control portion acquires a second amount of the gas in the fuel tank after
supply of the gas, through integration of a measurement value obtained by the gas
flowmeter during supply of the gas, the control portion acquires a second temperature of
the gas in the fuel tank, a second pressure of the gas in the fuel tank, and a second output
signal value of the pressure sensor corresponding to the second pressure after supply of
the gas, the control portion calculates a third pressure of the gas in the fuel tank using the
volume of the fuel tank, the second amount of the gas, and the second temperature, and
the control portion corrects the relationship between the output signal of the pressure
sensor and the pressure in the fuel tank using the first pressure, the first output signal
value, the third pressure, and the second output signal value.

[0006] In the gas supply system according to the above-described aspect, the
control portion may correct the relationship between the output signal of the pressure
sensor and the pressure in the fuel tank by changing a pressure corresponding to the
second output signal value from the second pressure to the third pressure. Thus, in this
aspect, the relationship between the output voltage of the pressure sensor and the pressure
in the fuel tank is corrected by changing the pressure corresponding to the second output
signal value from the second pressure to the third pressure. Therefore, it is possible to

correctly determine the pressure based on the output voltage.
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[0007] In the gas supply system according to the above-described aspect, the

control portion may correct the relationship between the output signal of the pressure
sensor and the pressure in the fuel tank when a ratio of the second pressure to the third
pressure is equal to or smaller than a predetermined first ratio, or equal to or larger than a
predetermined second ratio. In this aspect, when a difference between the second
pressure and the third pressuré is small, it is not necessary to carry out the correction.

[0008] In the gas supply system according to the above-described aspect, a
pressure reducing valve may be connected to a side of the fuel tank, the side being
opposite to a side of the fuel tank, which is connected to the gas station, the pressure
sensor may be a first pressure sensor that measures a pressure of the gas on one side of
the pressure reducing valve, on which the fuel tank is located, the gas supply system may
further include a second pressure sensor that measures a pressure of the gas on another
side of the pressure reducing valve, the other side being opposite to the one side, and the
control portion may correct the relationship between an output signal of the first pressure
sensor and the pressure in the fuel tank using an output signal value of the first pressure
sensor as the first output signal value and a pressure obtained from the second pressure
sensor as the first pressure, when a pressure obtained from the first pressure sensor is
equal to or lower than a predetermined pressure and a pressure downstream of the
pressure reducing valve is equal to a pressure upstream of the pressure reducing valve,
the pressure downstream of the pressure reducing valve being a pressure of the gas that
has passed through the pressure reducing valve, and the pressure upstream of the pressure
reducing valve being a pressure of the gas that has not passed through the pressure
reducing valve. In this aspect, the relationship between the output voltage of the first
pressure sensor and the pressure in the fuel tank is corrected by changing the first
pressure. Therefore, it is possible to correctly determine the pressure based on the
output voltage.

[0009] In the gas supply system according to the above-described aspect, the
control portion may calculate the first amount of the gas using the volume of the fuel tank,

the first temperature, and the first pressure, may calculate the second amount of the gas
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using the volume of the fuel tank, the second temperature, and the second pressure, and
may correct the measurement value obtained by the gas flowmeter, when a ratio of the
second pressure to the third pressure is equal to or smaller than a predetermined third
ratio, or equal to or larger than a predetermined fourth ratio. In this aspect, when the
difference between the second pressure and the third pressure, the measurement value
obtained by the flowmeter is corrected.

[0010] A second aspect of the invention relates to a correction method for
correcting a relationship between a pressure applied to a pressure sensor connected to a
fuel tank and an output signal of the pressure sensor. The correction method includes
acquiring a first temperature of the gas in the fuel tank, a first pressure of the gas in the
fuel tank, and a first output signal value of the pressure sensor corresponding to the first
pressure before supply of the gas; acquiring a first amount of the gas in the fuel tank
using a volume of the fuel tank, the first temperature, and the first pressure; acquiring a
second amount of the gas in the fuel tank after supply of the gas, through integration of a
measurement value obtained by the gas flowmeter during supply of the gas; acquiring a
second temperature of the gas in the fuel tank, a second pressure of the gas in the fuel
tank, and a second output signal value of the pressure sensor corresponding to the second
pressure after supply of the gas; calculating a third pressure of the gas in the fuel tank
using the volume of the fuel tank, the second amount of the gas, and the second
temperature; and correcting the relationship between the output signal of the pressure
sensor and the pressure in the fuel tank using the first pressure, the first output signal
value, the third pressure, and the second output signal value.

[0011] The invention may be realized in various aspects. For example, the
invention may be realized as a gas supply device, a gas supply method, and a method of

correcting a detected value of a pressure in a tank during supply of a gas.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Features, advantages, and technical and industrial significance of

exemplary embodiments of the invention will be described below with reference to the
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accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is an illustrative view showing a configuration of a gas supply system
according to the first embodiment of the invention;

FIG. 2 is an illustrative view showing a configuration of a pressure sensor;

FIG. 3 is an illustrative view showing a state in which a pressure inside a gas
cylinder is high;

FIG. 4 is an illustrative view showing a relationship between an amount of a gas in
the gas cylinder and the pressure of the gas;

FIG. 5 is an illustrative view showing a relationship between a pressure and a sensor
output voltage;

FIG. 6 is a flowchart showing an operation in the first embodiment of the invention;

FIG. 7 is an illustrative view showing a configuration in the second embodiment of
the invention;

FIG 8 is an illustrative view showing a relationship between a pressure and an
output voltage of a pressure sensor in the second embodiment of the invention;

FIG. 9 is a flowchart of an operation in the second embodiment of the invention;
and

FIG. 10 is a flowchart of an operation in the third embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0013] FIG 1 is an illustrative view showing a configuration of a gas supply
system according to the first embodiment of the invention. The gas supply system
includes a gas station 10 that supplies a gas, and a vehicle 20 that is supplied with the gas.
The gas station 10 includes a gas tank 100, a valve 110, a nozzle 120, a gas pipe 130, a
control device 140, a communication device 150, and a flowmeter 160. The vehicle 20
includes a fuel tank (although referred to also as "a gas cylinder" in this embodiment of
the invention, the fuel tank of the invention is not limited to "the gas cylinder") 200, a
pressure reducing valve 210, a receptacle 220, a gas pipe 230, an ECU 240 for supply and

communication, a communication device 250, a temperature sensor 260, a pressure
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sensor 270, and a fuel cell 300.

[0014] In the gas station 10, the gas tank 100 and the nozzle 120 are connected
to each other by the gas pipe 130, and the gas pipe 130 is provided with the valve 110.
The nozzle 120 of the gas station 10 is connected to the receptacle 220 of the vehicle 20,
and the receptacle 220 is connected to the gas cylinder 200 via the gas pipe 230. The
gas cylinder 200 is connected to the fuel cell 300 via the pressure reducing valve 210.
In this embodiment of the invention, the gas in the gas tank 100 is supplied to the gas
cylinder 200 via the valve 110, the gas pipe 130, the nozzle 120, the receptacle 220, and
the gas pipe 230.

[0015]  The flowmeter 160 of the gas station 10 is connected to the gas pipe 130
to measure a flow rate of the gas flowing through the gas pipe 130 per unit time. The
temperature sensor 260 of the vehicle 20 measures a temperature of the gas in the gas
cylinder 200. The pressure sensor 270 measures a pressure of the gas in the gas cylinder
200.

[0016] The ECU 240 for supply and communication, which belongs to the
vehicle 20, acquires the temperature of the gas in the gas cylinder 200 from the
temperature sensor 260, and acquires the pressure of the gas in the gas cylinder 200 from
the pressure sensor 270. In this case, the ECU 240 for supply and communication
acquires output voltages of the temperature sensor 260 and the pressure sensor 270, and
calculates a temperature and a pressure from these output voltages. The ECU 240 for
supply and communication sends the temperature and pressure of the gas in the gas
cylinder 200 and a volume of the gas cylinder 200 to the control device 140 of the gas
station 10 via the communication device 250 and the communication device 150 of the
gas station 10. The communication device 150 includes an infrared light-emitting
portion and an infrared light-receiving portion, which are provided in the vicinity of the
nozzle 120, and the communication device 250 includes an infrared light-emitting portion
and an infrared light-receiving portion, which are provided in the vicinity of the
receptacle 220. When the nozzle 120 and the receptacle 220 are coupled to each other,

the communication device 150 and the communication device 250 may communicate
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with each other through infrared communication. The control device 140 of the gas
station 10 controls the opening/closing of the valve 110 on the basis of the temperature
and pressure of the gas in the gas cylinder 200, thereby controlling the supply of the gas
from the gas tank 100 to the gas cylinder 200. Further, the control device 140 acquires a
flow rate of the gas from the flowmeter 160 and integrates the acquired flow rate, thereby
calculating an amount of the gas supplied from the gas tank 100 to the gas cylinder 200.

[0017] FIG. 2 is an illustrative view showing a configuration of the pressure
sensor 270. The pressure sensor 270 includes a stem 271, a glass layer 274, and a
sensor chip 276. The stem 271 is a generally cylindrical metallic member and is
equipped, at a top portion thereof, with a diaphragm (a thin film portion) 272. The glass
layer 274 is arrahged in contact with the diaphragm 272, and the semsor chip 276 is
arranged in contact with the glass layer 274. A single-crystal piezoresistor can be
employed as the sensor chip 276. When the pressure inside the pressure sensor 270
becomes high, the diaphragm 272 expands outward to deform the sensor chip 276 via the
glass layer 274. The sensor chip 276 generates a voltage in accordance with an amount
of deformation thereof. The ECU 240 for supply and communication determines a
pressure based on a value of this voltage.

[0018] FIG. 3 is an illustrative view showing a state in which the pressure inside
the gas cylinder 200 is high. In the case where the pressure of the gas cylinder 200 is
high, the partial pressure of hydrogen in the gas cylinder 200 is high. In this case, part
of the hydrogen dissolves into the diaphragm 272. As a result, the diaphragm 272
expands, and a stress resulting from the expansion of the diaphragm 272, as well as the
pressure, is applied to the sensor chip 276. Accordingly, when determining a pressure of
the gas in the gas cylinder 200 based on a value of an output voltage of this sensor chip,
the ECU 240 for supply and communication is required to correct the pressure in
consideration of the stress resulting from the expansion of the diaphragm 272.

[0019] FIG. 4 is an illustrative view showing a relationship between an amount
of the gas in the gas cylinder and the pressure of the gas. In general, the pressure

increases as the amount of the gas in the gas cylinder increases, and the pressure
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increases as the temperature of the gas rises. Given that V (m?®), P (Pa), T (K), and n
(mol) represent the volume of the gas cylinder, the pressure, the temperature, and the
amount of the gas respectively, there is established a relationship:

PV =nRT - (1)

This equation (1) is referred to as the equation of state of ideal gas. A constant R
is referred to as a gas constant, and R = 8.31 JK'mol™. An intermolecular force is
applied between molecules of the gaé, and the size of the molecules cannot be ignored.
In general, therefore, the equation of state of real gas is used.

[0020] An equation (2) indicates an example of the equation of state of real gas

(the van der Waals' equation of state).
an2
P+— |V -nb)=nRT - (2)
2

In the equation (2), "+an’/V>" in the first term is set taking into account the
intermolecular force (the van der Waals force), and "-nb " in the second term is set taking
into account a decrease in a space where molecules move. Coefficients “a” and “b” are
referred to as van der Waals coefficients. In the case where the gas is hydrogen, the van
der Waals coefficient “a” is 24.8><10'3Pa_m6m01‘2, and the van der Waals coefficient “b”
is 26.7x10"°m’mol .

[0021] Given that V, Py, Ty, and N; represent the volume of the gas cylinder 200,
the pressure, the temperature, and the number of moles of the gas before the supply of the

gas respectively, an equation (3) shown below is obtained from the equation (2).

2
an,

P+ (V-N,b)=N,RT, - (3)

By acquiring the volume V, the pressure Py, and the temperature T; and substituting
the acquired values for V, Py, and T; in the equation (3) respectively to find a solution, the
number of moles Ny can be calculated.

[0022] Given that P3, T, and N> represent the pressure, the temperature, and the
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number of moles of the gas after the supply of the gas respectively, an equation (4) shown

below is obtained from the equation (2).

2
aN,

P+ =3 (V —N,b)= N,RT, - (4)

An equation (5) is obtained when the equation (4) is modified.

2

p _ N.RT, _aN,

= - (5)
TV-Np V?

It should be noted herein that the amount N, of the gas after the supply of the gas is
equal to N;+AN. N represents the number of moles of the gas in the gas cylinder 200
before the supply of the gas. AN represents the amount of the newly supplied gas, and
can be easily calculated through integration of a measurement value obtained by the
flowmeter 160 of the gas station 10. The temperature T, can be measured by the
temperature sensor 260. Accordingly, the pressure P; can be calculated using the
equation (5).

[0023] It should be noted that in the case where the gas cylinder 200 is formed
of a material such as a metal, the volume V of the gas cylinder may be large as a result of
expansion of the gas cylinder at certain temperatures. In the equation (5), accordingly,
the pressure P3 may be calculated in consideration of the expansion of the gas cylinder
200 due to certain temperatures. Furthermore, since the pressure P; is higher than fhe
atmospheric pressure, the gas cylinder 200 may expand due to a difference between a
pressure inside the gas cylinder 200 and a pressure outside the gas cylinder 200. In this
case, the pressure P is temporarily calculated using the equation (5), the volume V of the
gas cylinder 200 is corrected referring to the pressure P; and the atmospheric pressure,
and the pressure P3 is calculated again according to the equation (5) using the corrected
volume V. This process may be repeated, and a pressure at the time when a change in

the calculated pressure P; has fallen into a certain range may be regarded as the pressure

Ps.
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[0024] FIG. 5 is an illustrative view showing a relationship between a pressure
and a sensor output voltage. Broken lines (a straight line passing through points Q1 and
Q2) indicate a relationship between the pressure and the sensor output voltage before the
correction in this embodiment of the invention is carried out, and a solid line (a straight
line passing through the point Q1 and a point Q3) indicates a relationship between the
pressure and the sensor output voltage after the correction in this embodiment of the
invention is carried out. Before the correction is carried out, the pressure of the gas
cylinder 200 is equal to P; before the supply of the gas, and the sensor output voltage at
this moment is equal to E; (the point Q1). It is assumed that the sensor output voltage
has become equal to E; after the supply of the gas. In this case, the pressure P after the
supply of the gas is determined using a graph showing a relationship between the
pressure and the sensor output voltage (the point Q2).

[0025] It should be noted herein that there is no need to correct the pressure
when the pressure P, and the pressure P3 are substantially equal to each other. However,
as described with reference to FIG. 3, it becomes impossible to correctly determine the
pressure based on the sensor output voltage when the pressure becomes high.
Accordingly, the relationship between the sensor output voltage and the pressure is
corr.ected using the pressure calculated using the equation (5). More specifically, a point
corresponding to the pressure P3 and the output voltage E, is used as a point on a
high-pressure side (the point Q3). It should be noted that although an example where P3
is higher than P, (P3 > P,) is described in this embodiment of the invention, there may be
a case where P3 is lower than P, (P; < P;) when another graph is used to indicate the
relationship between the pressure and the sensor output voltage before the correction.
By carrying out this correction, an equation representing a relationship between the
pressure and the output voltage of the pressure sensor 270 is expressed by a straight line
passing through the points Q1 and Q3, and thus, the pressure of the gas in the gas
cylinder 200 can be correctly determined based on the output voltage of the pressure
sensor 270. Thus, when the gas is consumed through the operation of a fuel cell (not

shown), the pressure of the gas in the gas cylinder 200 can be correctly determined based
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on the output voltage of the pressure sensor 270.

[0026] FIG. 6 is a flowchart showing an operation in the first embodiment of the
invention. In step S600, the ECU 240 for supply and communication, which belongs to
the vehicle 20, is activated. The ECU 240 for supply and communication may be
activated when a driver or an operator of the gas station 10 opens a lid (not shown) of the
receptacle 220. Then in step S605, the ECU 240 for supply and communicationS
activates the communication device 250, the temperature sensor 260, and the pressure
sensor 270. In step S610, the operator of the gas station 10 inserts the nozzle 120 of the
gas station 10 into the receptacle 220 of the vehicle 20. Thus, the gas can be supplied
from the gas station 10 to the vehicle 20. When the nozzle 120 and the receptacle 220
are coupled to each other, the communication device 150 of the gas station 10 and the
communication device 250 of the vehicle 20 can communicate with each other.

[0027] In step S615, the ECU 240 for supply and communication acquires the
temperature T; and pressure P; of the gas inside the gas cylinder 200 and the output
voltage E; from the temperature sensor 260 and the pressure sensor 270, and sends these
acquired values and the volume V of the gas cylinder 200 to the control device 140 of the
gas station 10. It should be noted that the value of the volume V of the gas cylinder 200
is obtained in advance from design data on‘the gas cylinder 200, and is stored in, for
example, the ECU 240 for supply and communication.

[0028] In step S620, the control device 140 of the gas station 10 first calculates
the number of moles N; of the gas in the gas cylinder 200 before the supply of the gas
from the temperature T; and pressure P; of the gas inside the gas cylinder 200 and the
volume V of the gas cylinder 200, using the van der Waals' equation of state (refer to
Equation (3)). The control device 140 then opens the valve 110 to start supplying the
gas cylinder 200 with the gas. In step S625, the control device 140 acquires a flow rate
of the gas using the flowmeter 160, and acquires the gas supply amount AN, namely, the
amount of the gas supplied to the gas cylinder. In step S630, the control device 140
closes the valve 110 to stop supplying the gas cylinder 200 with the gas. As a condition

for stopping the supply of the gas, the control device 140 can adopt various conditions,
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for example, a condition that the gas supply amount AN should reach a certain amount, a
condition tha‘t the pressure of the gas in the gas cylinder 200, which is obtained from the
pressure sensor 270, should reach a predetermined value, and a condition that the
temperature of the gas in the gas cylinder 200, which is obtained from the temperature
sensor 260, should reach a predetermined value.

| [0029] In step S635, the ECU 240 for supply and communication acquires the
temperature T, and pressure P, of the gas inside the gas cylinder 200 and the output
voltage E; after the supply of the gas, and sends these acquired values to the control
device 140 of the gas station 10. It should be noted that the volume V of the gas
cylinder 200 has already been sent in step S615.

[0030] In step S640, the control device 140 of the gas station 10 calculates the
pressure P; of the gas in the gas cylinder 200 after the supply of the gas from the
temperature T, of the gas inside the gas cylinder 200, the volume V of the gas cylinder
200, and the amount of the gas N> (= N1+AN) in the gas cylinder 200 after the supply of
the gas, using the van der Waals' equation of state (refer to Equation (5)).

[0031] In step S645, the control device 140 compares the pressure P, obtained
from the ECU 240 for supply and communication and the pressure P; obtained from the
van der Waals' equation of state with each other, and determines whether a value P,/P; is
larger than x1 and smaller than x2. It should be noted herein that x1 is a value smaller
than 1, that x2 is a value larger than 1, and that x1 and x2 can be arbitrarily determined in
advance. It is possible to regard x1 as the first ratio of the invention, and x2 as the
second ratio of the invention. On the assumption that a correction is carried out when
the pressure P is higher or lower than the pressure P3 by 5% or more, x1 = 0.95 and x2 =
1.05. 'When P,/Ps is larger than x1, and smaller than x2 (x1 < P»/P; < x2), the contrql
device 140 shifts the processing to step S650 and the correction is not carried out. On
the other hand, when P»/P3 is equal to or smaller than x1, or P,/P; is equal to or larger
than x2 (Py/P3 =< x1 or x2 < P»/P3), the control device 140 shifts the processing to step
S655 and the correction is carried out. More specifically, as shown in FIG. 5, the control

device 140 changes the pressure corresponding to the output voltage E; from P; to Ps.
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In step S660, the control device 140 obtains a relational expression between the pressure
and the output voltage after the correction, and sends this relational expression to the
ECU 240 for supply and communication, which belongs to the vehicle 20. After that,
the ECU 240 for supply and communication, which belongs to the vehicle 20, can acquire
the pressure of the gas cylinder 200 based on the output voltage of the pressure sensor
270 using the post-correction relational expression. The pressure P; may be regarded as
the first pressure of the invention, the pressure P, may be regarded as the second pressure
of the invention, and the pressure P; may be regarded as the third pressure of the
invention. Further, the output voltage E; may be regarded as the first output signal
value of the invention, and the output voltage E; may be regarded as the second output
signal value of the invention.

[0032] As described above, according to this embodiment of the invention, the
pressure of the gas is corrected using the gas supply amount. Therefore, the pressure
can be correctly determined based on the output voltage of the pressure sensor 270 even
in the case where the diaphragm 272 of the pressure sensor 270 expands duerto the
dissolution of hydrogen into the pressure sensor 270.

[0033] Second Embodiment

FIG. 7 is an illustrative view showing a configuration of the second embodiment of
the invention. In the second embodiment of the invention, a pressure correction is
carried out not only in a high-pressure range but also in a low-pressure range. In the
first embodiment of the invention, the pressure sensor 270 is provided upstream of the
pressure reducing valve 210 of the vehicle 20. In the second embodiment of the
invention, pressure sensors are provided upstream and downstream of the pressure
reducing valve 210 respectively. Hereinafter, in order to distinguish between both the
pressure sensors, the pressure sensor upstream of the pressure reducing valve 210 will be
referred to as an upstream pressure sensor 270a, and the pressure sensor downstream of
the pressure reducing valve 210 will be referred to as a downstream pressure sensor 280.

[0034] FIG. 8 is an illustrative view showing a relationship between a pressure

and an output voltage of each of the pressure sensors in the second embodiment of the
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invention. Broken lines (a straight line passing through the points Q1 and Q2) indicate a
relationship between the pressure and the sensor output voltage before a correction in this
embodiment of the invention is carried out, and a solid line (a straight line passing
through the points Q4 and Q3) indicates a relationship between the pressure and the
sensor output voltage after the correction in this embodiment of the invention is carried
out. Since the points Q1, Q2, and Q3 are the same as in the first embodiment of the
invention, the point Q4 will be described. The point Q4 is a point corresponding to a
pressure Py, and the output voltage E;. It should be noted that the pressure Py is a value
of a pressure indicated by the downstream pressure sensor 280.

[0035] When a primary pressure upstream of the pressure reducing valve 210
falls to or below the regulated pressure value of the pressure reducing valve 210, a
secondary pressure downstream of the pressure reducing valve 210 and the primary
pressure upstream of the pressure reducing valve 210 become equal to each other.
However, because the pressure upstream of the pressure reducing valve 210 is measured
by the upstream pressure sensor 270a, and the pressure downstream of the pressure
reducing valve 210 is measured by the downstream pressure sensor 280, a pressure value
calculated from an output voltage indicated by the upstream pressure sensor 270a and a
pressure value calculated from an output voltage indicated by the downstream pressure
sensor 280 may be different from each other. It should be noted herein that the upstream
pressure sensor 270a has a pressure measurement range wide enough to range from a
pressure (a high pressure) at the time when the gas is supplied to the gas cylinder 200 to a
pressure (a low pressure) at the time when the gas is consumed. In contrast, the
downstream pressure sensor 280 measures a pressure downstream of the pressure
reducing valve 210. Therefore, the downstream pressure sensor 280 has a pressure
measurement range within a low-pressure range. Accordingly, the downstream pressure

sensor 280 is more reliable than the upstream pressure sensor 270a in measuring a low

pressure, especially a low pressure equal to or lower than the regulated pressure value of

the pressure reducing valve 210. In consequence, through the use of this feature, a value

P, of the upstream pressure sensor 270a is corrected on the basis of the value Py, indicated



10

15

20

25

WO 2012/023015 PCT/IB2011/001841
15

by the downstream pressure sensor 280 (the point Q1 — the point Q4), on the condition
that the primary pressure (an actual primary pressure) upstream of the pressure reducing
valve and the secondary pressure (an actual secondary pressure) downstream of the
pressure reducing valve be equal to each other. While the straight line passing through
the points Q1 and Q2 indicates the relationship between the pressure and the output
voltage before the correction, a straight line passing through the points Q3 and Q4
indicates the relationship between the pressure and the output voltage after the correction.

[0036] FIG. 9 is a flowchart of an operation of the second embodiment of the

.invention. The second embodiment of the invention is different from the first

embodiment of the invention in that steps (steps S900 to S920) for a correction process in
the low-pressure range are interposed between step S610 and step S615 of the first
embodiment of the invention.

[0037] In step S900, the ECU 240 for supply and communication measures the
pressure (the primary pressure) P, upstream of the pressure reducing valve 210 (the
output voltage E;), using the upstream pressure sensor 270a. In step S905, the ECU 240
for supply and communication determines whether or not the pressure P, is equal to or
lower than the regulated pressure value. This regulated pressure value can be calculated
in advance through, for example, an experiment. When the pressure P, is higher than
the regulated pressure value, the ECU 240 for supply and communication shifts the
processing to step S615, and thus, the correction in the low-pressure range is not carried
out. When the pressure P, is equal to or lower than the regulated pressure value, the
ECU 240 for supply and communication shifts the processing to step S910, and thus, the
correction in the low-pressure range is carried out.

[0038] The ECU 240 for supply and communication activates the downstream
pressure sensor 280 in step S910, and measures the pressure Py, (the secondary pressure)
downstream of the pressure reducing valve 210 in step S915. In step S920, the ECU
240 for supply and communication corrects the pressure in the low-pressure range.
More specifically, the ECU 240 for supply and communication regards the pressure Py, as

the pressure at the time when the output voltage of the upstream pressure sensor 270a is
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equal to E;.  The processes of steps S615 to S660 are performed thereafter.

[0039] It should be noted that in step S660, the control device 140 derives a
relational expression (refer to the line passing through the points Q3 and Q4) between the
pressure and the output voltage after the correction, and sends the derived relational
expression to the ECU 240 for supply and communication, which belongs to the vehicle
20. After that, the ECU 240 for supply and communication, which belongs to the
vehicle 20, can acquire a pressure of the gas cylinder 200 based on an output voltage of
the upstream pressure sensor 270a using the relational expression after the correction.

[0040] As described above, according to this embodiment of the invention, the
relationship between the pressure and the output voltage is corrected not only in the
high-pressure range but also in the low-pressure range. Therefore, the pressure can be
more correctly determined based on the output voltage.

[0041] Third Embodiment

In the first embodiment of the invention and the second embodiment of the
invention, a corrective expression is derived to correct the relationship between the
output voltage of the pressure sensor 270 or the upstream pressure sensor 270a and the
pressure, and the pressure is calculated from the output voltage of the pressure sensor 270
using this corrective expression. In the third embodiment of the invention, however, a
measurement value obtained by the flowmeter 160 is corrected instead of correcting the
relationship between the output voltage and the pressure. It should be noted that the
configuration of the gas supply system is the same as in the first embodiment of the
invention and the second embodiment of the invention and hence will not be described
below.

[0042] FIG. 10 is a flowchart of an operation of the third embodiment of the
invention. Until step S650, the operation of the third embodiment of the invention is
identical to that of the first embodiment of the invention and hence will not be described
below. When Po/Ps is equal to or smaller than x1, or P,/P; is equal to or larger than x2
(P2/P3 = x1 or x2 < Py/P3) in step S645, the processing shifts to step S1000. In step

S$1000, the control device 140 determines whether to correct the pressure or the flow rate.
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[0043] In step S1000, it is determined whether or not P,/P; is larger than y1 and
smaller than y2. It should be noted herein that y1 is a value smaller than x1, and that y2
is a value larger than x2. These values y1 and y2 can be calculated in advance through,

for example, an experiment. It is possible to regard y1 as the third ratio of the invention,

~and y2 as the fourth ratio of the invention. When P,/P3is larger than yl1 and smaller

than y2 (y1 < P,/P3 < y2), the processing shifts to step S655. In step S655, the control
device 140 corrects the pressure in the high-pressure rangé. In step S660, the control
device 140 derives a relational expression between the pressure and the output voltage
after the correction, and sends the derived relational expression to the ECU 240 for
supply and communication, which belongs to the vehicle 20. On the other hand, when
P,/P3 is equal to or smaller than y1, or Po/P3is equal to or larger than y2 (Po/P3< y1 or y2
< P,/P3), the processing shifts to step S1005. In step S1005, the control device 140
corrects the measurement value obtained by the flowmeter 160. More specifically, the
control device 140 calculates the gas supply amount AN, namely, the amount of the gas
newly supplied to the gas cylinder 200 using the equation of state of real gas (Equation
(2)), and compares this gas supply amount AN with a value obtained through integration
of the measurement value obtained by the flowmeter 160 (hereinafter, the value will be
referred to as “integrated value of the measurement value obtained by the flowmeter
160”) to correct the measurement value obtained by the flowmeter 160. More
particularly, the control device 140 calculates the first gas amount N; using the volume V,
the first temperature T, and the first pressure Py, and calculates the second gas amount
N; using the volume V, the second temperature T, and the second pressure P,. The
control device 140 calculates the gas supply amount AN using the first gas amount N;
and the second gas amount N>, and compares the gas supply amount AN with the
integrated value of the measurement value obtained by the flowmeter 160 to correct the
measurement value obtained by the flowmeter 160. When the pressure P, determined
using the relationship between the output voltage of the pressure sensor and the pressure
is different from the pressure P3 obtained through calculation by a certain value or more,

the flowmeter is considered to be in an abnormal state. Accordingly, in the third
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embodiment of the invention, when the pressure P, determined using the relationship
between the output voltage of the pressure sensor and the pressure is different from the
pressure P3 obtained through calculation by the certain value or more, the control device
140 corrects the measurement value obtained by the flowmeter 160.

[0044] As described above, the third embodiment of the invention makes it
possible to correct the flow rate as well as the pressure.

[0045] It should be noted that although the terms "gas tank" and "gas cylinder”
are used to signify a gas container of the gas station 10 and a gas container of the vehicle
20 respectively in each of the foregoing embodiments of the invention, this
terminological distinction is made simply for the sake of convenience to distinguish
between the two gas containers.

[0046] In each of the foregoing embodiments of the invention, the control
device 140 of the gas station 10 corrects the expression representing the relationship
between the output voltage of the pressure sensor 270 or the upstream pressure sensor
270a and the pressure. However, the ECU 240 for supply and communication, which
belongs to the vehicle 20, may acquire the number of moles AN representing the gas
supply amount from the control device 140, calculate the pressure P3 using Equation (5),
and correct the expression representing the relationship between the output voltage of the
pressure sensor 270 or the upstream pressure sensor 270a and the pressure.

[0047]  Although the van der Waals' equation of state is used as the equation of
state of real gas in this embodiment of the invention, it is also possible to use other
equations of state, for example, the virial equation, the Peng-Robinson equation of state,
and the Dieterici equation of state. Further, the control device 140 may use different
equations of state for the low-pressure range and the high-pressure range respectively.
For example, the Peng-Robinson equation of state is advantageous in calculating a
pressure in the high-pressure range.

[0048]  Although the embodiments of the invention have been described hitherto
on the basis of the examples, it should be noted that the foregoing embodiments of the

invention are intended not to limit the invention but to facilitate the understanding of the
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invention. It is obvious that the invention may be modified and improved without

departing from the invention and the scope of the claims, and that such equivalents are

included in the invention.
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CLAIMS:

1. A gas supply system comprising:

a fuel tank to which a gas is supplied from a gas tank of a gas station;

a gas flowmeter that measures an amount of the gas supplied from the gas tank to
the fuel tank;

a temperature sensor that measures a temperature of the gas in the fuel tank;

a pressure sensor that measures a pressure of the gas in the fuel tank and generates
an output signal in accordance with the pressure; and

a control portion that corrects a relationship between the pressure applied to the
pressure sensor and a value of the output signal, wherein

the control portion acquires a first temperature of the gas in the fuel tank, a first
pressure of the gas in the fuel tank, and a first output signal value of the pressure sensor
corresponding to the first pressure before supply of the gas,

the control portion acquires a first amount of the gas in the fuel tank using a volume
of the fuel tank, the first temperature, and the first pressure,

the control portion acquires a second amount of the gas in the fuel tank after supply
of the gas, through integration of a measurement value obtained by the gas flowmeter
during supply of the gas,

the control portion acquires a second temperature of the gas in the fuel tank, a
second pressure of the gas in the fuel tank, and a second output signal value of the
pressure sensor corresponding to the second pressure after supply of the gas,

the control portion calculates a third pressure of the gas in the fuel tank using the
volume of the fuel tank, the second amount of the gas, and the second temperature, and

the control portion corrects the relationship between the output signal of the
pressure sensor and the pressure in the fuel tank using the first pressure, the first output

signal value, the third pressure, and the second output signal value.

2. The gas supply system according to claim 1, wherein
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the control portion corrects the relationship between the output signal of the
pressure sensor and the pressure in the fuel tank by changing a pressure corresponding to

the second output signal value from the second pressure to the third pressure.

3. The gas supply system according to claim 1 or 2, wherein

the control portion corrects the relationship between the output signal of the
pressure sensor and the pressure in the fuel tank, when a ratio of the second pressure to
the third pressure is equal to or smaller than a predetermined first ratio, or equal to or

larger than a predetermined second ratio.

4. The gas supply system according to any one of claims 1 to 3, wherein

a pressure reducing valve is connected to a side of the fuel tank, the side being
opposite to another side of the fuel tank, which is connected to the gas station,

the pressure sensor is a first pressure sensor that measures a pressure of the gas on
one side of the pressure reducing valve, on which the fuel tank is located,

the gas supply system further includes a second pressure sensor that measures a
pressure of the gas on another side of the pressure reducing valve, the other side being
opposite to the one side, and

the control portion corrects the relationship between an output signal of the first
pressure sensor and the pressure in the fuel tank using an output signal value of the first
pressure sensor as the first output ‘signal value and a pressure obtained from the second
pressure sensor as the first pressure, when a pressure obtained from the first pressure
sensor is equal to or lower than a predetermined pressure and a pressure downstream of
the pressure reducing valve is equal to a pressure upstream of the pressure reducing valve,
the pressure downstream of the pressure reducing valve being a pressure of the gas that
has passed through the pressure reducing valve, and the pressure upstream of the pressure
reducing valve being a pressure of the gas that has not passed through the pressure

reducing valve.
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5. The gas supply system according to any one of claims 1 to 4, wherein

the control portion calculates the first amount of the gas using the volume of the
fuel tank, the first temperature, and the first pressure, calculates the second amount of the
gas using the volume of the fuel tank, the second temperature, and the second pressure,
and corrects the measurement value obtained by the gas flowmeter, when a ratio of the
second pressure to the third pressure is equal to or smaller than a predetermined third

ratio, or equal to or larger than a predetermined fourth ratio.

6. The gas supply system according to claim 3, wherein

the control portion calculates the first amount of the gas using the volume of the
fuel tank, the first temperature, and the first pressure, calculates the second amount of the
gas using the volume of the fuel tank, the second temperature, and the second pressure,
and corrects the measurement value obtained by the gas flowmeter, when a ratio of the
second pressure to the third pressure is equal to or smaller than a predetermined third
ratio, or equal to or larger than a predetermined fourth ratio,

the third ratio is smaller than the first ratio, and

the fourth ratio is larger than the second ratio.

7. The gas supply system according to claim 5 or 6, wherein

the control portion corrects the measurement value obtained by the gas flowmeter
by calculating a gas supply amount that is an amount of the gas supplied to the fuel tank
using the first amount of the gas and the second amount of the gas, and comparing the gas
supply amount with an integrated value of the measurement value obtained by the gas

flowmeter.

8. A correction method for correcting a relationship between a pressure applied to a
pressure sensor connected to a fuel tank and an output signal of the pressure sensor,
comprising:

acquiring a first temperature of the gas in the fuel tank, a first pressure of the gas in
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the fuel tank, and a first output signal value of the pressure sensor corresponding to the
first pressure before supply of the gas;

acquiring a first amount of the gas in the fuel tank using a volume of the fuel tank,
the first temperature, and the first pressure;

acquiring a second amount of the gas in the fuel tank after supply of the gas,
through integration of a measurement value obtained by the gas flowmeter during supply
of the gas;

acquiring a second temperature of the gas in the fuel tank, a second pressure of the
gas in the fuel tank, and a second output signal value of the pressure sensor
corresponding to the second pressure after supply of the gas;

calculating a third pressure of the gas in the fuel tank using the volume of the fuel
tank, the second amount of the gas, and the second temperature; and

correcting the relationship between the output signal of the pressure sensor and the
pressure in the fuel tank using the first pressure, the first output signal value, the third

pressure, and the second output signal value.
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