
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date

3 February 2011 (03.02.2011) WO 2011/012937 Al

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
F17C 5/00 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,

PCT/IB2010/001443 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,

16 June 2010 (16.06.2010) NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,
SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,

(25) Filing Language: English TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every

(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,

2009-177498 30 July 2009 (30.07.2009) JP GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(71) Applicant (for all designated States except US): TOY¬ TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
OTA JIDOSHA KABUSHIKI KAISHA [JP/JP]; 1, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Toyota-cho, Toyota-shi, Aichi-ken, 47-8571 (JP). LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
(72) Inventor; and

GW, ML, MR, NE, SN, TD, TG).
(75) Inventor/Applicant (for US only): MORI, Tomoyuki

[JP/JP]; c/o Daihatsu Motor Co., Ltd., 2-1-1, Momozono, Published:
Dceda-shi, Osaka, 563-0045 (JP).

— with international search report (Art. 21(3))
(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

(54) Title: GAS FILLING SYSTEM

(57) Abstract: A gas filling system (1) includes a vehicle

F I G . 3 (3) having a gas tank (30), and a gas station (2) that sup
plies the gas tank (30) with gas. The vehicle (3) includes a
controller (46) having a filling protocol that specifies a
method of control on the gas station (2) side that is used
when the gas is filled into the gas tank (30). The gas sta
tion (2) controls filling of the gas into the gas tank (30) ac
cording to the filling protocol provided by the controller
(46). A filling protocol specific to the vehicle (3) is used
and therefore, it is made possible to perform filling adapt
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GAS FILLING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a gas filling system for filling gas from a gas

station into a gas tank mounted on a vehicle.

2. Description of the Related Art

[0002] At the time of filling, a gas-fueled vehicle, on which a gas tank is

mounted, such as a fuel cell vehicle, pulls into a gas station and the gas tank is filled with

the fuel gas from a filling nozzle. In a gas filling system described in Japanese Patent

Application Publication No. 2004-828211 (JP-A-2004-828211), the pressure and the

temperature in the gas tank are detected via sensors before starting filling and the

detected data are transmitted to the gas station. A central controller on the gas station

side calculates the amount of filling based on the received data. After starting filling,

the central controller on the gas station side receives the pressure in the gas tank from the

vehicle side to monitor whether a specified pressure is reached, to which the gas tank of

the vehicle should be charged. When the specified pressure is reached, filling is ended.

[0003] When the fuel gas is hydrogen gas, there is a phenomenon that the

temperature increases as filling progresses. The more the filling flow rate is increased,

the steeper the increase in the gas tank temperature becomes. Thus, there is a fear that

the temperature in the gas tank quickly increases and reaches the design temperature

(85°C, for example) and filling of a specified amount of gas cannot be completed. On

the other hand, when the filling flow rate is reduced, although the rapid increase in

temperature is suppressed, the filling time becomes long. In this respect, in

JP-A-2004-828211, although the calculation of the filling amount is considered,

consideration is given neither to the filling flow rate nor to the filling time.



[0004] In addition, there are various kinds of gas tanks, having different heat

dissipation capacities, for example. It is expected in the future that gas tanks with

improved heat dissipation capacities will be developed. With a gas tank having a high

heat dissipation capacity, it is possible to increase the filling flow rate and reduce the

filling time. In JP-A-2004-828211, however, filling is performed without taking the

characteristics of the gas tank into consideration and therefore, filling is not improved

with the improvement of the characteristics of the gas tank at present and in the future.

SUMMARY OF THE INVENTION

[0005] The invention provides a gas filling system, with which it is possible to

optimize the filling of gas into a gas tank.

[0006] A gas filling system according to the invention includes a vehicle having

a gas tank, and a gas station that supplies the gas tank with gas, wherein the vehicle has a

vehicle-side controller having a filling protocol that specifies a method of control,

performed on the gas station side, that is used to fill the gas into the gas tank, and the gas

station controls filling of the gas into the gas tank according to the filling protocol

provided by the vehicle-side controller.

[0007] According to the invention, the vehicle-side controller has the filling

protocol, so that it is possible to use the filling protocol determined in consideration of

individual statuses on the vehicle side (characteristics of the gas tank, for example).

When the filling protocol specific to each vehicle is used, it is possible to perform the

filling adapted to the gas tank of the vehicle and it is therefore possible to complete filling

a predetermined filling amount (the filling amount for a full tank or the amount of gas to

be filled that is designated) of gas in a minimum period of time. In addition, it is

necessary neither to prepare the filling protocol nor to renew the prepared filling protocol

for each vehicle on the gas station side. Thus, it is made possible to perform the

optimum filling operation for the future vehicles (gas tanks).

[0008] The vehicle may have a vehicle-side communication device connected to

the vehicle-side controller and the gas station may include a station-side communication



device that receives the filling protocol from the vehicle-side communication device and

a station-side controller that is connected to the station-side communication device and

controls the filling of the gas into the gas tank according to the filling protocol received.

With this configuration, it is possible to establish a communication between the vehicle

and the gas station and therefore, it is possible to easily transmit the filling protocol

stored on the vehicle side to the gas station.

[0009] A configuration may be employed, in which the gas station includes a

gas supply source, a compressor that compresses the gas supplied from the gas supply

source, an accumulator that stores the gas compressed by the compressor, and a dispenser

that supplies the gas tank with the gas supplied from the accumulator, and at least one of

the gas supply source, the compressor, the accumulator, and the dispenser is controlled

according to the filling protocol. With this configuration, the devices on the gas station

side are controlled according to the filling protocol that has been prepared on the vehicle

side and therefore, filling adapted to the vehicle is performed.

[0010] The dispenser may have a control valve that controls a flow rate of the

gas supplied to the gas tank according to the filling protocol. With this configuration,

the flow rate of the gas filled into the gas tank is easily controlled.

[0011] The filling protocol may be determined based on a characteristic of the

gas tank. The characteristic of the gas tank may be heat dissipation capacity of the gas

tank. In this case, it is possible to perform filling according to the filling protocol

determined in consideration of the heat dissipation capacity of the gas tank and it is

therefore possible to suitably suppress the increase in temperature of the gas tank.

Examples of the characteristic of the gas tank include the characteristic that affects the

gas tank, such as the cooling characteristic that varies depending on the position of the

gas tank on the vehicle, for example.

[0012] The gas filling system of the invention may further include a display

device that displays an indication that the filling of the gas into the gas tank is being

performed or has been performed according to the filling protocol provided by the

vehicle-side controller. With this configuration, the filling operator can visually confirm



that the filling is being performed or has been performed according to the filling protocol

provided from the vehicle side.

[0013] A configuration may be employed, in which at least one of the vehicle

and the gas station has a filling information input section for inputting filling information,

and the gas station controls the filling of the gas into the gas tank according to the filling

information input into the filling information input section. In this case, it is possible to

input desired filling information and therefore, filling is performed that is favorable for

the filling operator. Note that the filling information includes at least one of the filling

amount and the filling time.

[0014] A configuration may be employed, in which the vehicle has a sensor that

acquires information on the inside of the gas tank, the station-side communication device

also receives, from the vehicle-side communication device, the information acquired by

the sensor, and the station-side controller determines a filling flow rate according to the

filling protocol received by the station-side communication device and the information on

the inside of the gas tank in performing control. With this configuration, it is possible to

perform filling according to the state in the gas tank to be filled. In addition, because

the information on the inside of the gas tank is acquired, it is possible to perform control

of the filling flow rate more accurately as compared to the case where such information is

estimated.

[0015] A configuration may be employed, in which the sensor acquires the

information on the inside of the gas tank at the time of starting filling and during filling

and, based on the information on the inside of the gas tank during filling, the station-side

controller changes the filling flow rate that was determined based on the information on

the inside of the gas tank at the time of starting filling. With this configuration, it is

possible to perform filling according to the state of the inside of the gas tank that is being

filled.

[0016] The sensor may include at least one of a temperature sensor and a

pressure sensor. In this case, when it is detected that the temperature of the gas tank is

high, for example, it is possible to restrict further increase in temperature in the gas tank



by reducing the filling flow rate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The foregoing and further objects, features and advantages of the

invention will become apparent from the following description of example embodiments

with reference to the accompanying drawings, wherein like numerals are used to

represent like elements and wherein:

FIG 1 is a schematic diagram of a gas filling system according to a first

embodiment;

FIG. 2 is a configuration diagram of the gas filling system according to the first

embodiment;

FIG 3 is a flow chart showing a flow of a filling operation in the gas filling system

according to the first embodiment;

FIG 4 is a diagram showing an example of a filling flow rate map used in the filling

operation according to the first embodiment;

FIG. 5 is a configuration diagram of a gas filling system according to a second

embodiment;

FIG. 6 is a flow chart showing a flow of a filling operation in a gas filling system

according to a reference example; and

FIG. 7 is a configuration diagram of a gas filling system according to a reference

example.

DETAILED DESCRIPTION OF EMBODIMENTS

[0018] Gas filling systems according to example embodiments of the invention

will be described below with reference to the attached drawings. An example of the gas

filling system will be herein described, in which hydrogen gas is filled from a gas station

into a gas tank of a fuel cell vehicle equipped with a fuel cell system. As generally

known, the fuel cell system includes a fuel cell that generates electricity through

electrochemical reaction between fuel gas (hydrogen gas, for example) and oxidant gas



(air, for example).

[0019] As shown in FIG 1, the gas filling system 1 includes a hydrogen station

2, which functions as the gas station, for example, and a fuel cell vehicle 3 supplied with

the hydrogen gas from the hydrogen station 2.

[0020] As shown in FIG 2, the hydrogen station 2 has clustered cylinders (gas

supply source) 11 that store hydrogen gas, a filling nozzle 12 that discharges hydrogen

gas into an on-board gas tank 30, and a gas line 13 that connects the clustered cylinders

11 and the filling nozzle 12. The filling nozzle 12, which is a part also referred to as a

filling coupling, is connected to a receptacle 32 of the vehicle 3 when the hydrogen gas is

filled. The filling nozzle 12 and the receptacle 32 constitute a connection unit that

connects the hydrogen station 2 and the gas tank 30.

[0021] The gas line 13 is provided with: a compressor 14 that pressurizes and

discharges the hydrogen gas supplied from the clustered cylinders 11; an accumulator 15

that stores the hydrogen gas that has been pressurized to a predetermined pressure by the

compressor 14; a precooler 18 that precools the hydrogen gas supplied from the

accumulator 15; and a dispenser 19 that supplies the hydrogen gas from the precooler 18

to the filling nozzle 12, in this order from the clustered cylinders 11 side. The hydrogen

station 2 includes a communication device 21, a display device 22, an ambient

temperature sensor 23, and a controller 24. Various devices are electrically connected to

the controller 24. Although not illustrated, a cutoff valve that opens the gas line 13

during filling is provided in or downstream of the accumulator 15 or in the dispenser 19.

[0022] The precooler 18 cools the hydrogen gas that is supplied from the

accumulator 15 at approximately room temperature, to a predetermined low temperature

(-200C, for example) by heat exchange. The type of the heat exchange in the precooler

18 may be any of the indirect type, the intermediate medium type, and the regenerative

type and one of the publicly known structures may be used. For example, the precooler

18 has a pipeline portion, through which the hydrogen gas flows, and in the precooler 18,

the pipeline portion is housed in a container, in which coolant flows, so that heat is

exchanged between the hydrogen gas and the coolant. In this case, the cooling



temperature of the hydrogen gas may be controlled by controlling the amount and the

temperature of the coolant supplied to the container.

[0023] The dispenser 19 includes a flow rate control valve 16 that controls the

flow rate of the hydrogen gas supplied to the filling nozzle 12 and a flow meter 17 that

measures the flow rate of the hydrogen gas. The flow rate control valve 16 is an

electrically driven valve and includes a stepping motor, for example, as the driving power

source. The degree of opening of the flow rate control valve 16 is changed by the

stepping motor according to the command from the controller 24, so that the flow rate of

the hydrogen gas is controlled. In this way, the filling flow rate, at which the hydrogen

gas is filled into the gas tank 30, is controlled. The thus-controlled filling flow rate is

measured by the flow meter 17 and the controller 24 receives the measurement result and

feedback-controls the flow rate control valve 16 so as to achieve a desired filling flow

rate. It is also possible to use another flow rate controller than the flow rate control

valve 16.

[0024] The communication device 21 has a communication interface for

performing wireless communication, such as infrared data communication, for example.

The communication device 21 is provided in the filling nozzle 12. The display device

22 displays various pieces of information, such as information on the filling flow rate

during filling, on a screen. The display device 22 may be equipped with an operation

panel for selecting or designating the desired filling amount on the display screen. The

display device 22 may be provided in part of the body casing that houses the dispenser 19

(see FIG. 1).

[0025] The controller 24 is made up of a microcomputer including a central

processing unit (CPU), a read only memory (ROM), and a random access memory

(RAM) therein. The CPU performs desired calculations according to the control

program to perform various processes and control operations. The ROM stores the

control program executed by the CPU and control data. The RAM is mainly used as

various workspaces for performing control processes. The controller 24 is electrically

connected to the clustered cylinders 11, the compressor 14, the accumulator 15, and the



precooler 18, for example, in addition to the communication device 21 etc. that are

connected to the controller 24 via control lines expressed by chain lines in FIG. 2 and

controls the whole of the hydrogen station 2. In addition, the controller 24 transmits the

information obtainable in the hydrogen station 2 to the vehicle 3 via the communication

device 21.

[0026] The vehicle 3 includes the gas tank 30 and the receptacle 32. The gas

tank 30 is a fuel gas supply source for supplying fuel to the fuel cell. The gas tank 30 is

a high-pressure tank capable of storing hydrogen gas at 35 MPa or 70 MPa, for example.

The hydrogen gas in the gas tank 30 is supplied to the fuel cell via the supply pipeline

(not shown). The supply of hydrogen gas to the gas tank 30 is performed by the

hydrogen station 2 via the receptacle 32 and a filling pipeline 34. The filling pipeline 34

is provided with, for example, a check valve 36 for preventing the hydrogen gas from

flowing backward. A temperature sensor 40 and a pressure sensor 42 detect the

temperature and the pressure, respectively, of the hydrogen gas in the gas tank 30 and are

provided in the supply pipeline or the filling pipeline 34.

[0027] The vehicle 3 includes: a communication device 44 that transmits and

receives various pieces of information to and from the communication device 21 of the

hydrogen station 2; a controller 46 made up of a microcomputer similarly to the

controller 24 of the hydrogen station 2; and a display device 48 that displays various

pieces of information on a screen. The communication device 44 is compatible with the

communication device 21 and the communication device 44 has a communication

interface for performing wireless communication, such as infrared data communication,

for example. The communication device 44 is incorporated into the receptacle 32 or is

fixed in a lid box of the vehicle 3 so that it is possible to establish communication

between the communication devices 44 and 21 in a state where the filling nozzle 12 is

connected to the receptacle 32. The number of the communication device(s) 44 and the

number of the communication device(s) 21 each may be one. However, one of these

numbers may be set greater than the other to ensure that a communication is established

at the time of connection. The controller 46 receives the results of detection from



various sensors including the temperature sensor 40 and the pressure sensor 42 and

controls the vehicle 3 based on the results. The controller 46 transmits the information

obtainable in the vehicle 3 to the hydrogen station 2 via the communication device 44.

The display device 48 can be used as part of the car navigation system, for example.

[0028] In the above-described gas filling system 1, when hydrogen gas is filled

into the gas tank 30 of the vehicle 3, first, the filling nozzle 12 is connected to the

receptacle 32. Then, the hydrogen station 2 is activated. Upon the activation, the

hydrogen gas stored in the accumulator 15 is discharged from the filling nozzle 12 to the

gas tank 30, whereby the hydrogen gas is filled into the gas tank 30. In the gas filling

system 1 of the first embodiment, an instruction as to what type of control should be used

in performing filling is provided from the vehicle 3 to the hydrogen station 2.

[0029] Next, with reference to the flow chart of FIG 3, the control of the filling

in the gas filling system 1 will be described.

[0030] First, when the filling operator connects the filling nozzle 12 to the

receptacle 32 (step Sl), a wireless communication is established between the hydrogen

station 2 and the vehicle 3. After the connecting operation, the vehicle 3 reads in the

tank pressure and the tank temperature. The tank pressure is the pressure of the

hydrogen gas in the gas tank 30 and is detected by the pressure sensor 42. The tank

temperature is the temperature of the hydrogen gas in the gas tank 30 and is detected by

the temperature sensor 40. The signals indicative of the results of detection of the tank

pressure and the tank temperature are supplied to the controller 46. The controller 46

temporarily stores the detected data of the tank pressure and the tank temperature into the

RAM, for example.

[0031] Next, the detected data of the tank pressure and the tank temperature and

the filling protocol are transmitted from the vehicle 3 to the hydrogen station 2 via

communication (step S2). This is performed by the controller 46, which simultaneously

transmits the detected data of the tank pressure and the tank temperature and the filling

protocol to the communication device 21 of the hydrogen station 2 with the use of the

communication device 44.



[0032] Next, the controller 24 of the hydrogen station 2 reads in the filling

protocol received by the communication device 21 and filling is started based on the

detected data of the tank pressure and the tank temperature, which are received

simultaneously with the filling protocol (step S3). It should be noted that although not

described in detail above, before starting filling, the filling operator performs the filling

starting operation, by which the discharge of hydrogen gas from the hydrogen station 2

into the gas tank 30 of the vehicle 3 is allowed. When the preparation for filling on the

hydrogen station 2 side has been completed, the hydrogen station 2 is activated and

filling is started.

[0033] The filling protocol will now be described. The filling protocol is

stored in the storing section (ROM, for example) in the controller 46 of the vehicle 3.

The filling protocol specifies the method of control, performed on the hydrogen station 2

side, that is used to fill the hydrogen gas into the gas tank 30 of the vehicle 3. The

devices controlled according to the filling protocol are those on the gas line 13 of the

hydrogen station 2 and the devices may include the clustered cylinders 11, the filling

nozzle 12, the compressor 14, the accumulator 15, the flow rate control valve 16, and the

precooler 18. Various control operations can be performed, such as control of the

amount of ejection from the filling nozzle 12, variation of the operational state (discharge

amount and discharge pressure) of the compressor 14, selective discharge of hydrogen

gas from a designated accumulator when there are a plurality of the accumulators 15,

adjustment of the degree of opening of the flow rate control valve 16, and control of the

cooling temperature of the hydrogen gas in the precooler 18. Examples of the

manipulated variable or the controlled variable that is manipulated or controlled

according to the filling protocol include the filling flow rate (filling speed), at which the

hydrogen gas is filled into the gas tank 30, and the rate of increase in pressure in the gas

tank 30.

[0034] An example according to the first embodiment described below will be

described on the assumption that the device controlled with the use of the filling protocol

is the flow rate control valve 16 and the controlled variable controlled with the use of the



filling protocol is the filling flow rate. The filling protocol in this case includes a filling

flow rate map. As shown in FIG 4, the filling flow rate map is a map, in which the

vertical axis indicates the tank pressure and the horizontal axis indicates the tank

temperature and is set for each vehicle 3. For example, vehicles A, B, and C that are

different from each other are provided with filling flow rate maps Ma, Mb, and Mc for

the vehicles A, B, and C, respectively.

[0035] The filling flow rate (Al, A2, and so on in the filling flow rate map Ma)

in the filling flow rate maps is a flow rate that enables the hydrogen gas to be filled into

the gas tank 30 smoothly at a high speed under given conditions of the tank pressure and

the tank temperature so that the temperature in the gas tank 30 is prevented from reaching

a predetermined upper limit value (85°C, for example). In the filling flow rate map Ma,

the tank pressure is set at intervals of 10 MPa and the tank temperature is set at intervals

of 10°C. However, these intervals may be arbitrarily set.

[0036] In the filling flow rate map, the filling flow rate may be increased as the

tank pressure increases. In addition, the filling flow rate may be increased as the tank

temperature decreases. For example, among the filling flow rates Al to H8 in the filling

flow rate map Ma, the filling flow rate Hl (tank pressure: 80MPa and tank temperature:

-300C) is the highest and the filling flow rate A8 (tank pressure: lOMPa and tank

temperature: 400C) is the lowest. When a reduced filling flow rate is used in the case of

a low tank pressure or a high tank temperature in this way, it is possible to complete

filling in a minimum period of time while the temperature in the gas tank 30 is prevented

from reaching an upper limit value.

[0037] The filling flow rate maps Ma, Mb, and Mc are determined based on the

characteristics of the gas tanks 30 on the vehicles A, B, and C, respectively. Specifically,

various gas tanks 30 are being developed and the heat dissipation capacity and the rate of

increase in temperature vary depending on the material, the surface area, the structure, etc.

thereof. For example, when aluminum is used for a liner of the gas tank 30, the heat

dissipation capacity of the gas tank 30 is better than the case when a resin, such as

polyethylene, is used for the liner. The heat dissipation capacity of the gas tank 30



varies depending also on the properties and the mixing ratio of the resin used for the resin

liner. In addition, the cooling characteristics of the gas tank 30 when it is cooled by the

vehicle running wind, etc. vary depending on the mounting position of the gas tank 30 in

the vehicle 3. Thus, characteristics of the gas tank 30 itself and characteristics that

affect the gas tank 30 are not necessarily the same in the existing vehicle 3 and in the

future vehicle 3.

, [0038] Thus, with regard to the filling flow rate maps Ma, Mb, and Mc stored in

the controller 46, those, in which the above characteristics of the gas tanks 30 mounted

on the vehicles A, B, and C are taken into consideration, are used. For example, in the

case of the vehicle A, of which the gas tank 30 is lined with aluminum, the value of the

filling flow rate is higher than in the case of the vehicle B, of which the gas tank 30 is

lined with resin, under the same conditions of the tank pressure and the tank temperature.

[0039] Returning back to FIG. 3, description will be made. In step S3

described above, the controller 24 of the hydrogen station 2 reads in the filling protocol,

specific to the vehicle 3, that is received via the communication device 21 and the

controller 24 determines the filling flow rate with the use of the filling flow rate map

included in the filling protocol, referring to the received tank pressure data and the

received tank temperature data. In the case of the vehicle A, for example, when the

received tank pressure is 40 MPa and the received tank temperature is 00C, D4 (m3/min)

is selected as the filling flow rate from the filling flow rate map Ma. Then, the

controller 24 starts filling so that the filling flow rate selected is reached, and the

controller 24 controls the degree of opening of the flow rate control valve 16 while

monitoring the results of measurement by the flow meter 17. In this way, the hydrogen

gas is filled into the gas tank 30 at the filling flow rate according to the tank pressure, the

tank temperature, and the characteristics of the gas tank 30.

[0040] During filling, the tank pressure and the tank temperature may be

acquired and these data may be sent to the hydrogen station 2 to update the filling flow

rate. Specifically, the controller 24 of the hydrogen station 2 may change the filling

flow rate determined at the time of starting filling in performing control by reselecting the



filling flow rate according to the tank pressure and the tank temperature acquired during

filling. In this way, it is possible to perform filling according to the state in the gas tank

30 that is being filled, or charged.

[0041] During the filling, at least one of the display device 22 of the hydrogen

station 2 and the display device 48 of the vehicle 3 may indicate that the filling is being

performed according to the filling protocol provided by the vehicle 3. With this

indication, the filling operator can confirm that the control is being performed after the

filling flow rate suitable for the vehicle 3 is selected.

[0042] Thereafter, when a predetermined filling amount of gas (the amount of

gas to be filled that is designated by the filling operator or the filling amount for a full

tank) has been filled into the gas tank 30, the supply of hydrogen gas from the hydrogen

station 2 is stopped and the filling is ended (step S4). Also after the completion of the

filling or only after the completion of the filling, the indication similar to the above

indication, that is, for example, the indication that the filling has been performed

according to the filling protocol provided by the vehicle 3 may be given on at least one of

the display devices 22 and 48.

[0043] It is preferable that, after the completion of filling, the storing section

(the above-described RAM, for example) of at least one of the controllers 24 and 46 of

the gas filling system 1 temporarily store the history of transmission and reception

between the communication device 44 and the communication device 21. The history

of transmission and reception preferably contains the history indicating that the

information containing the filling protocol has been transmitted from the communication

device 44 to the communication device 21 in step S2, for example. Such a

transmission/reception history may be stored in both of the hydrogen station 2 and the

vehicle 3. However, the transmission/reception history is preferably stored in the

vehicle 3. This is because it is possible to easily check whether the filling has been

performed according to the flow shown in FIG. 3, at the time of an official vehicle

inspection, for example. In other words, this is because if the transmission/reception

history is stored only in the hydrogen station 2, it is troublesome to acquire the



transmission/reception history concerning the filling of a particular vehicle 3 from the

hydrogen stations 2 that are interspersed at various locations.

[0044] Operations and effects of the gas filling system 1 according to the

above-described first embodiment will be described below. First, according to the first

embodiment, the vehicle 3 is provided with a filling protocol, the filling protocol is sent

to the hydrogen station 2 at the time of filling, and the hydrogen station 2 controls the

filling operation according to the filling protocol. Thus, when the vehicle 3 is provided

with the optimum filling protocol, it is possible to perform the filling adapted to the gas

tank 30 of the vehicle 3 without being affected by other vehicles. In particular, when the

filling protocol determined based on the characteristics of the gas tank 30 (heat

dissipation capacity, for example) is used, it is possible to raise the filling flow rate for

the gas tank 30 that is excellent in heat dissipation capacity and it is therefore possible to

perform a smooth filling in a shorter period of time while the temperature of the inside of

the gas tank 30 is prevented from exceeding an upper limit temperature.

[0045] In addition, because the filling protocol is provided from the vehicle 3 to

the hydrogen station 2, it is necessary neither to prepare the filling protocol on the

hydrogen station 2 side nor to renew the prepared filling protocol for each new vehicle

(gas tank). Thus, it is possible to perform the optimum filling updated according to the

progress of technology without impairing the merit of the technological progress of the

gas tank 30 etc.

[0046] The filling protocol provided by the vehicle 3 side is sent to the

hydrogen station 2 via communication. Thus, there is no need to manually input the

filling flow rate determined in the vehicle 3 into the hydrogen station 2. In addition,

when the type of communication is wireless communication, it is possible to reduce the

burden of the filling operator as compared to the case of the communication through wire.

Note that the communication through wire may be employed in the case of another

embodiment. In addition, because the history of transmission and reception through

communication is stored, it is possible to check whether the above-described optimum

filling has been performed, at the time of an official vehicle inspection.



[0047] In addition, because the tank pressure and the tank temperature are used

to determine the filling flow rate based on the filling flow rate map included in the filling

protocol, it is possible to perform filling according to the state in the gas tank 30 that is

the subject to be filled. In addition, because the tank pressure and the tank temperature

are actually acquired, it is possible to determine the more optimal filling flow rate as

compared to the case where these values are estimated. In an alternative embodiment,

control may be performed after determining the filling flow rate without taking one of or

both of the tank pressure and the tank temperature into consideration.

[0048] Next, with reference to FIG. 5, a gas filling system 1 according to a

second embodiment, mainly the difference thereof from the above first embodiment, will

be described. The difference from the first embodiment is that the vehicle 3 further

includes a filling information input section 50. The filling information input section 50

is used for input of the filling information by the filling operator. For example, the

filling information input section 50 may be part (operation panel) of the above-described

display device 48 to enable the selection or designation of the filling information.

However, the filling information input section 50 may be separate from the display device

48. The filling information may include the price to be paid for the filling (in this case,

the filling amount corresponds to the price) in addition to the filling amount and the

filling time.

[0049] In general, the input into the filling information input section 50 by the

filling operator is performed before the operation of connecting the filling nozzle 12 (step

Sl shown in FIG. 3). The filling information input into the filling information input

section 50 is transmitted from the vehicle 3 to the hydrogen station 2 with the information,

such as the filling protocol (step S2 shown in FIG. 2). Then, the controller 24 of the

hydrogen station 2 controls the filling of hydrogen into the gas tank 30 according to the

filling information transmitted (step S3 shown in FIG. 3).

[0050] Thus, according to the second embodiment, the operations and effects of

the first embodiment are achieved and in addition, the filling operator can control (select

or designate) the desired filling information, so that it is possible to perform the optimum



filling desired by the filling operator. Note that, in another form, the filling information

input section may be provided also in the hydrogen station 2 or only in the hydrogen

station 2. Also in this case, the filling information input section may be incorporated

into the display device 22.

<Modifications>

[0051] Next, two modifications of the gas filling system 1 that can be applied to

the above embodiments will be described. Each modification can be applied to the

embodiments either alone or in combination with another modification.

[0052] In a first modification, the tank pressure and the tank temperature may be

estimated when the filling flow rate is determined. In this case, the tank pressure and

the tank temperature can be estimated with the use of the device(s) on the gas filling

apparatus 2 side. For example, with regard to the tank pressure, a pressure sensor may

be provided in the gas line 13 of the hydrogen station 2 and the tank pressure may be

estimated based on the result of detection by the pressure sensor immediately after

starting filling. Meanwhile, the tank temperature may be estimated based on the result

of detection by the ambient temperature sensor 23 immediately after starting filling.

[0053] In a second modification, the number of gas tanks 30 may be plural.

When a plurality of gas tanks are mounted on the vehicle 3, the heat dissipation varies

depending on the mounting position and the amount of discharge from individual gas

tanks varies depending on the manner in which the gas is supplied to the fuel cell. Thus,

when there are a plurality of gas tanks 30, it is preferable that the filling flow rate be

determined from the filling flow rate map with the use of the information (tank

temperature and tank pressure) on the gas tank whose temperature is the highest or on the

gas tank whose pressure is the lowest among the plurality of gas tanks. In this way, it is

possible to complete filling a predetermined filling amount of gas in a short period of

time while preventing the temperature from reaching the upper limit temperature for

every gas tank.

[0054] In the case of the second modification, the tank temperature and the tank

pressure of each of the gas tanks may be acquired by providing each of the gas tanks with



the temperature sensor 40 and the pressure sensor 42 or may be acquired with the use of

one temperature sensor 40 and one pressure sensor 42 in total for all of the gas tanks.

Alternatively, as described in connection with the second modification, the tank

temperature and the tank pressure may be acquired by estimation for each of the gas

tanks.

<Reference Examples>

[0055] Last, two gas filling systems according to reference examples will be

described.

[0056] The first reference example relates to the case where the hydrogen

station 2 has several filling protocols. The filling operation flow of this case is shown in

FIG. 6. The step SIl shown in FIG 6 is the same as the step Sl shown in FIG3.

However, steps S12 and S13 slightly differ from steps S2 and S3 shown in FIG. 3.

[0057] Specifically, in step S12, the vehicle 3 transmits the signal indicative of

which one of several filling protocols stored in the hydrogen station 2 is to be used, that is,

the signal for selecting the filling protocol that is adapted to the vehicle 3 (characteristics

of the gas tank 30), to the hydrogen station 2 with the tank pressure data and the tank

temperature data.

[0058] In step S13, the hydrogen station 2 selects the filling protocol based on

the received signal. The hydrogen station 2 may perform control after determining the

filling flow rate with reference to the received tank pressure data and the received tank

temperature data with the use of the filling flow rate map included in the selected filling

protocol. Thus, also in the case of the gas filling system according to the first reference

example, the filling time is reduced because it is possible to use the filling protocol

suitable for the vehicle 3 without being affected by other vehicles.

[0059] A second reference example relates to the case where a separate gas tank

is filled independently of the vehicle. In this case, as shown in FIG. 7, correspondingly

to the communication device 21 provided in the filling nozzle 12 of the hydrogen station

2, a communication device 64 is provided in a metal cap 62 of a high pressure gas tank

60 or a valve assembly that is screw-connected to the metal cap 62 so that a wireless



communication is established when the filling nozzle 12 is connected to the metal cap 62

or the valve assembly.

[0060] The communication device 64 of the high pressure gas tank 60 stores the

filling protocol described in the description of the above embodiments and is designed to

transmit the stored filling protocol to the communication device 21 of the hydrogen

station 2. Alternatively, the communication device 64 is designed to transmit, to the

communication device 21, the signal indicative of which one of several filling protocols

stored in the hydrogen station 2 is to be used, which has been described in the description

of the first reference example. With such a configuration, it is possible to perform the

optimum filling of hydrogen gas from the hydrogen station 2 into the high pressure gas

tank 60. Thus, it is possible to reduce the burden of the filling operator and suppress the

occurrence of human error and the filling is completed in a short period of time.

[0061] In the case of filling a separate high pressure gas tank 60, instead of the

communication means, a combination of a data carrier and a reading device may be used.

Instead of the communication device 64, a data carrier, such as an IC tag, a bar code, or a

QR code is provided on the high pressure gas tank 60, for example. The location, at

which the data carrier is provided, may be the metal cap 62 or the valve assembly.

Alternatively, the data carrier may be provided on the outer surface of the tank body

(cylindrical portion) with the use of paint or a seal.

[0062] In this case, on the hydrogen station 2 side, instead of the communication

device 21, a reading device separate from the filling nozzle 12 (a bar code reader when

the data carrier is a bar code) is prepared. At the time of filling, the data recorded on the

data carrier, such as the filling protocol described in the description of the above

embodiments or the indication as to which one of several filling protocols stored in the

hydrogen station 2 is to be used, which has been described in the description of the above

first reference example, is read with the use of the reading device on the hydrogen station

2 side. In this way, it is possible to reduce the burden of the filling operator and perform

the optimum filling of the high pressure gas tank 60 as in the case of the form using the

communication.



[0063] The gas filling system 1 according to the invention may be used not only

in the case of hydrogen gas but also in the case of another gas, such as natural gas. In

addition, the gas filling system 1 can be applied not only to the vehicle 3, but also to a

mobile body, such as an air plane, a ship, or a robot, on which a gas tank to be filled with

gas supplied from the outside is mounted.

[0064] The invention has been described with reference to example

embodiments for illustrative purposes only. It should be understood that the description

is not intended to be exhaustive or to limit form of the invention and that the invention

may be adapted for use in other systems and applications. The scope of the invention

embraces various modifications and equivalent arrangements that may be conceived by

one skilled in the art.



CLAIMS:

1. A gas filling system including a vehicle having a gas tank, and a gas station that

supplies the gas tank with gas, the gas filling system being characterized in that:

the vehicle includes a vehicle-side controller having a filling protocol that specifies

a method of control, performed on the gas station side, that is used to fill the gas into the

gas tank; and

the gas station controls filling of the gas into the gas tank according to the filling

protocol provided by the vehicle-side controller.

2. The gas filling system according to claim 1, wherein:

the vehicle has a vehicle-side communication device connected to the vehicle-side

controller; and

the gas station includes a station-side communication device that receives the filling

protocol from the vehicle-side communication device and a station-side controller that is

connected to the station-side communication device and controls the filling of the gas

into the gas tank according to the filling protocol received.

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

the gas station includes a gas supply source, a compressor that compresses the gas

supplied from the gas supply source, an accumulator that stores the gas compressed by

the compressor, and a dispenser that supplies the gas tank with the gas supplied from the

accumulator; and

at least one of the gas supply source, the compressor, the accumulator, and the

dispenser is controlled according to the filling protocol.

4. The gas filling system according to claim 3, wherein the dispenser has a control

valve that controls a flow rate of the gas supplied to the gas tank according to the filling

protocol.



5. The gas filling system according to any one of claims 1 to 4, wherein the filling

protocol is determined based on a characteristic of the gas tank.

6. The gas filling system according to claim 5, wherein the characteristic of the gas

tank is heat dissipation capacity of the gas tank.

7. The gas filling system according to any one of claims 1 to 6, characterized by

further comprising a display device that displays an indication that the filling of the gas

into the gas tank is being performed or has been performed according to the filling

protocol provided by the vehicle-side controller.

8. The gas filling system according to any one of claims 1 to 7, wherein:

at least one of the vehicle and the gas station has a filling information input section

for inputting filling information; and

the gas station controls the filling of the gas into the gas tank according to the filling

information input into the filling information input section.

9. The gas filling system according to claim 2, wherein:

the vehicle has a sensor that acquires information on an inside of the gas tank;

the station-side communication device also receives, from the vehicle-side

communication device, the information acquired by the sensor; and

the station-side controller determines a filling flow rate according to the filling

protocol received by the station-side communication device and the information on the

inside of the gas tank in performing control.

10. The gas filling system according to claim 9, wherein:

the sensor acquires the information on the inside of the gas tank at the time of

starting filling and during filling; and,

based on the information on the inside of the gas tank during filling, the station-side



controller changes the filling flow rate that was determined based on the information on

the inside of the gas tank at the time of starting filling.

11. The gas filling system according to claim 9 or 10, wherein the sensor includes at

least one of a temperature sensor and a pressure sensor.
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