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APPARATUS FOR CONTROLLING THE FUEL SUPPLY OF AN INTERNAL

COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

1, Field of the Invention

[0001)  The present invention relates to a fuel supply control device for an internal
combustion engine that is applied to a fusl supply unit including a first injector and a
second injector for supplying fuel to a combustion chamber of the interndl combustion

engine.

2. Description of Related Art

[0002]  For example, as described in Japanese Patent Application Publication No.
2003-293807 (JP 2003-293807 A), a bifuel internal combustion engine has been proposed
which can perform combustion control using both gasoline and CNG. The bifuel internal
combustion engine is implemented by providing a gasoline supply path from a gasoline
tank to a gasoline injector (first fuel injection valve) and a CNG supply path from a CNG
tank to a CNG injector (second fuel injecticn valve), JP 2003-293807 A proposes that the
combustion control is automatically switched to combustion control using the gasoline
injector when the amount of CNG remaining decreases while performing combustion
contiol using the CNG injector.

[0003]  On the other hand, as desctibed in Japanese Patent Application Publication
No. 2008-231938 (JP 2008-231938 A), an internal combustion engine has been proposed
in which a manua] switching valve which is shut off when component replacement is
carried out is disposed between a fuel tank storing LPG and a delivery pipe connected to an

injector (paragraph “0030").

SUMMARY OF THE INVENTION
[0004]  In a bifuel internal combustion engine, it is assumed that a component

such as a CNG injector must be replaced. In order to replace a component such as a CNG
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injector, it is necessary to remove CNG in a supply passage for supplying CNG to the CNG
injector before the replacement of components, This can be implemented by providing 4
shutoff valve proposed in JP 2008-231938 A, shutting off the shutoff valve, gnd then
performing combustion control of the internal combustion engine through fuel injection
control using the CNG injector. As deséribed above, in the internal combustion engine in
which automatic switching to the conbustion control using the gasoline injector is carried
out with a decrease in the amount of CNG remaining, since the combustion control using
the gasoline injector is carried out after the switching, CNG is not injectc& from the CNG
injector. Acco;dingly, the use of the combustion control technique using the CNG :
injector may cause the work of removing CNG not to be satisfactorily carried out.

[0005]  The invention provides a fuel supply control device for an internal
combustion engine that can satisfactorily remove gaseous fuel in a fuel supply passage for
supplying the gaseous fuel to an injector through the use of combustion controi using the
injector.

[0006]  According to an aspect of the invention, there is provided a fucl supply
control device for an internal combustion engine.

Technicél Idea 1

The fuel supply control device includes a first injector, a first shutoff valve, a second
injector, and an ¢lectronic cdntroi unit, The first _injectof is configured to supply gaseous
fuel to a combustion chamber of the iﬂternal combustion engine. The first shutoff valve ,
is configured to shu‘t off a fuel supply passage between a first reservoir unit and the First
injector. The first reservoir unit is configured to store the gés‘eous fuel to be supplied to
the first injector. The second injector is conﬁg'ured to supply fuel to the combﬁstion
engine. A first passage that is a passage between the first shutoff valve and the first
injector out of the fuel supply passage is different from a second passage for supplying fuel
to the_sccond’ injector, The electronic control unit is configured to ‘perform a switching
process of switching a mode in which combustion control of the internal combustion
engine by fuel injection control using the first injector is performed to a mode in which

combustion control of the i‘ntemal}combustion engine by fuel injection control using the
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second injector is performed, The electronic control unit is configured to inhibit the .
performing of the switching process when a communication state of the fuel supply
passage is an closed state in which th;: first shutéff valve shuts off the fuel supply passage
and the combustion control using the first irjector is performed.
{00071 In the fuei supply control device, the cbmbysﬁon control using the first
injector ié performed when the shutoff valvs is switched to the closed state. Accordingly,

it-is possible 10 consume the gaseous fuel in- the first passage by the combuslionrcontrol.

‘When the switching process is performed by the electronic control unit, the combustion

control using the first injector is not performed and thus the gaséous fuel in the first
passage may not be consumed. Accordingly, it is possible to suppress such a situation by
inhibiting the performiug of the SWitching process and to satisfactorily remove the gaseous
fuel in the first passage,

[0008]  Technical Idea 2

The fuel supply control device may further include a second reservoir unit and a

pressure sensor, The second reservoir unit may be configured to store fuel to be supplied

to the second injector. The pressure senscr may be configured to detect a pressure in the

first passage. The electronic control wnjt.may. _bé configured to perform the switching .
process when the combustion control using the first injector is performed and it is
determined that the pressure detected by the pressure sensor decreases.

[0009]  When the shutoff valve is switched to the closed state and the combustion
control using the first injector is performed, the' pressure in the first passage decreases.
When the pressure detected by the pressure sensor decreases and the performing of the
switching process by the electronic contro! unit is not inhibited, the switching pioccss is
performed by the electronic control unit.

[0010]  Technical Idea 3

In the fuel supply control device, the electronic control unit may be configured to
inhibit the performing of the switching process when the first shutoff valve is in the closed
state and the combustion control using the first injector is performed even when it is

determimed that the pressure detected by the pressure sensor decreases.

PCT/IB2014/002762
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[0011]  Technical dea 4

In the fuel supply cbntrol device, the electronic control unit may be configured to
perform the switching process when it is determined that the fuel injection control using
the first injector is abnormal,

[0012] In the fuel supply control device, when it ‘is determined that the fuel
injection control using the first injector is abnormal, the switching pfocess_ is performed by
,t:h;: clectronic control unit. Accordingly,-when the shuteff valve.is switch§d to the closed
siate; the combustion conirol usihg the first injector is performed, and it is determined that
there is abnormality, there is a possibility that the gaseous fuel in the first péssage will not -
be temoved depending on the combustion control using the first injector by performjng the
éwitching process. | Accordingly, the process of inhibiting the performing of the switching
pfocéss is panicﬁlaﬂy useful.

[0013]  Technical Idea 5

In the fuel quply control device, the electronic control unit may be contigured to
open the first shutoff valve when the mode in which the combustion control .using the first

injector is performed is selected. The electronic control unit may be configured (o receive

an input of a forcible shutoff command for shutting off the first shutoff valve instead of

opexﬁng the first shutoff vafve.

[OOiﬂ' In the.fuel supply control device, an opening control unit has a function o'f’
performing the combustion control using the first injectdr by causing the first injector and
the reservoir unit 10 communicate with each other. When the gascous fuel in the first
passage is intended to be removed, the process of opening the shutoff valve by the opening -
control unit serves to interfere with the removing of the gaseous fuel. Accordingly, by
providing an input unit and enabling holding of the closed state of the shutoff valve when
the combustion control using the first injector is performed, it is possible to satisfactorily

suppress a state where the process of removing the gaseous fuel in the first passége is

* interfered with by the opening control usit.

[0015]  Technical Idea 6

The fuel supply control device may further include a regulator and a second shutoff

PCT/IB2014/002762
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valve, The regulator may be disposed in the first passage. The §econd shﬁtoﬁf valve
may be &isposed in th'c first passage botween the first shutoff valve and the regulator. | The
electronic control unit may. be configured to inhibit the performing of the switching
process when the combustion control using the first injector is performed in a state where
the second shutoff valve is opened and the first shutoff valve is shut off,

[0016]  In the fuel supply control device, the combustiqn control using the first
injector is pcrfonncd in the state where the sccond shutoff valve is in the open s;ate and the
first shutoff valve is in the closed state. In this state, the first passage that is a passage
located downstream of tlig first shutoff valve and connected to the first injector is not
divided into two parts by the second shutoff valve, Accordingly, by performing the
combustion control using the ﬁrst injector iﬁ this state, it is possible to satisfactorily

1emove the gaseous fuel in the firsit passage.

. BRIEF DESCRIPTION OF THE DRAWINGS

[0017]  Features, advantages, and technical | and industrial significance of
excmplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which iike nwmerals denote like elements, and wherein:

FIG. 1 is a diagram iilustrating a configuration of a system according to a first
embodiment of the invention; |

FIG. 2 is a flowchart illustrating a process flow of a CNG combustion control process
according to the first embodiment; |

" FIG. 3 is a flowchart illustrating a process flow of a switching process to 2 mode In

“ which gasoline combustion control is performed accordiag to the first embodiment;

" FIG 4 is a flowchart illustrating a process flow of a process of inhibiting the

switching process; and

FIG. 5isa flowchart {llustrating a process flow of a switching process to a mode in

which gasoline combustion control is perforined according to a second embodiment,

DETAILED DESCRIPTION OF EMBODIMENTS
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[0018)  First Embodiment
- Hereinafter, a fuel supply control device of an internal combustion engine according
to a first embodiinen; of the invention will be described with reference to the
accompanying drawings, |
~ [0019]  An internal combustion engine 10 illustrated in BIG: 1 is a bifuel internal
combustion engine that can use, as fuel, c,ompfessed natural gas (CNG) as gaseous fuel and
gasoline us liquid -fuel which. is- altemativé fuel to the CNG. -In this embodiment, -a.
multi-eylinder internal combustion engine is considered ag the internal combustion engine
10, but 0!11)7' one cylindcr is explicitly illustrated in the dréwing.

[0020] The intake gas passage 12 of the internal combustion engine 10 is
provided-with a CNG injector 14 and a gasoline injector 16. In the intake gas paséage 12,
a fuel-air mixture including the fuel injected from the CNG injector 14 or the gasqlinc
injector 16 into the intake gas passage 12 and the intake air is generated. The fuel-air
mixture js introduced into the combustion chamber 20 by opening the intake gas valve 18.
In a combustion chamber 20, when the fuel-air mixture is combysted by ignition with an

ignition plug 22, the combustion energy is converted into rotational energy of a crank shaft

26 mechanically connected to driving wheels (not illustrated) of a vehicle via a piston 24,

Thereaﬁer, by opening an cxhaust gas valve 28, the fuel-air mixture provided. to the
combustion is discharged ag exhaust gas to an exhaust gas passage 30.

"[0021] A fuel supply unit for supplying fucl to the combustion chamber 20 of the
intemalloombustion engine iO will be described below, CNG supplied to the CNG
injector 14 is reserved in a CNG tank 50. The CNG in the CNG tank 50 is supplied to a
CNQ delivery pipe G4 via a high-pressure passage 56 and a low-pressure passage 62. The
CNG in the CNG delivery pipe G4 is injected into the intake gas p;lssngé 12 from the CNG
fnjector 14 correspondirig to each cylinder. A manual switching valve 52 which is a
manual-driving type of switching valve and an electro;nagnetic-driving type of first shutoff
valve 54 are diéposed between the CNG tank 50 and the. high-pressure passage 56. .

[0022) A regulaitor 60 reducing the pressure of the CNG supplied from the CNG

tank 50 via an electromagnetic-driving type of second shutoff valve 58 to a predetermined
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pressure is disposed downstream of the high-pressure passage 56, thie CNG depressurized
o the predetermined pressure is supplied to the CNG delivery pipe 64 via the low-pressure
passage 62. In ad‘dition, in this embodiment, the s‘econd shutoff valve 58 and the
regulator 60 are integrally formed with each other. -

[0023] A high-pressure pressure sensor 72 is disposed upstream of the regulator
60, and a low-pressure pressure sensor 74 Is disposed downstream of.the regulator 60. In
additiqn, the- high-pressure pressure sensor 72 detects- the pressure in the. high~pressure ~
passage 56 upstream of the second shutoff valve 58 as a high-pressure detection value PH,
The lbw—pressure pressure sensor 74 detects the pressure in the low-pressure pﬁssage 62 as
a Iow-préssurg detection value PL.

[0024]  On the other hand, the gesoline supplied to the gasoline injecior 16 is
reversed in a gasolipe tank 40. The gasoline in the gasoline tank 40 is suctioned by a fuel
pump 4é and i$ supplied to a gasoline delivery pipe 46 via a gasoline supply passage 44,
Tt}e gasoline in the gasoline delivery p_ipc 46 is injected into the intake gas passage 12
from the gasoline injector 16 corresponding to cach cylinder. ‘ |

[0025] = An ECU 70 is an electronic control unit configured to perform control

(combustion control of the internal combustion engine 10) of combusting the fuel-air

mixture in the combustion chamber 20 by outputting operation signals MS to various

actuators such as the first shutoff valve 54, the second shutoff valve 58, the CNG injector

14, the gasoline injector 16, the ignition plug 22, and the fuel pump 42, The ECU 70 is
connected 1o a selection switch 76 used for a user to select any one of a mode in which
combustion control of the internal combustion engine 10 by fuel injection control using the
CNG injector 14 is performed and a mode in which combustion conttol of the internal
combustion engine 10 by fuel injection control using the gasoline injector 16 is performed.
Accoidingly, the ECU 70 determines one of the mode in which the combustion control
using the CNG is performed and the mode in which the corbustion control using 'the
gasoline is performed, in consideration of the operation of the selection switch 76,

[0026] When the mode In which the combustion control using the'CNG is
performed is employed to perform the combustion control, the ECU 70 causes the CNG

PCT/IB2014/002762
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injector 14 and the CNG tank'SO to communicate with each other by switching the first
shutoff valve 54 and the second shutoff valve 58 to an operi state, in principle. Then, the
ECU 70 switches the CNG injector 14 to inject the CNG into the intake gas ﬁassége 12
from the CNG injector 14. On the other han'd, when the mode in which the combustion
'controlusmg the gasoline injector 16 is performed is craployed to pbrform the combustion
control, the ECU 70 driyes the fuel pump 42 to supply the gasoline in the gasoline tank 40

Ao the gaso‘linc injector 16. - -Then, the ECU. 70 switches the gasoline injector 16 to inject -

the gasoline into the intake gas passage 12 from the gasoline injector 16, When the
combustion control using the CNG injector 14 is not perforined, the ECU 70 shuts off the -
connection between the CNG injector 14 and the CNG tank 50 by switching the first
shutoff valve 54 -aﬁd the second shutoff val,ve‘ 58 to an closed state. In addition, it is
preferable that the first shutoff valve 54 and the’ sec'ond shutoff vélve 58 be of a
normally-shut type.

- [0027]  Even when the mode in which the conbustion control using the CNG
injector 14 is performed is instructed by a user’s operation of the sclection switch ‘76, the
ECU 70 automatically switches the mode to the mode in which the combustion control
llsit‘lg’ the gasoline injector 16, is petformed under a predetermined .condition. In this
embodiment, the predetermined condition is a condition in which it is determined when the
amount of CNG remainihg in the CNG tank SO decreases. This is intended to avoid a
state where requested dynamic power is not applied to the driving wheels by stoppage of-
the internal combustion engine 10 (so-called engine stall),

[0028)  The ECU 70 includes a terminal Tf to which a command signal (forcible

| shutoff command) for forcibly shutting off the first shutoff valve 54 is input from the

outside, This is intended to shut off the communication between the CNG tank 50 and
the high-pressure passage 56 at the time of replacement of a component such as the
regulator 60, the CNG delivery pipe 64, or the CNG injector 14, In addition, the manual
switching valve 52 in addition to the first shutoff valve 54 can be used to shut off the
communication bétween the CNG tank 50 and the high-pressure passage 56.  However, in

this embodiment, it is assumed that a sensor for detecting the open/closed state of the
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manual switching valve 52 is not provided. Accordingly, even when the ‘manual

s(;vitching valve 52 is switched to the closed state, the ECU 70 cannot recognize the”stat‘c,

" One object of inputting a forcibly-open/closed command from the terminal Tf is to allow

the ECU 70 to recognize that the communication between the CNG tank and the
high-pressure passage 56 is shut off for the purpose of replacement of a component. '

[0029)  The process when the mode in which the combustion control using the

-CNG injector 14- is performed-is selected and the switching process when the mode in -

which the combustion coiitrol using the gasoline injector 16 is pbrformed is selected will
be described below,
| [0030] FIG. 2 illustrates a broccss flow of the combustion control vsing the CNG

injéctor 14.  This process flow is repeatedly performed, for éxample, with a-

- predetermined cycle by the ECU 70, In this series of processes, the ECU 70 first

determines whether the mode in which the combustion control using the CNG is performed
is selected by the operation of the selection switch 76 (S10). When it is determined that
the mode in 'which the combustion control using the CNG is performed is selected (YES in
siep Sin, the ECU 70 determines whether the first shutoff valve 54 is in the state

(forcibly-closed state) where it is forcibly shut off by the input of the forcibje shutoff

command from the terminal Tf (S12).  When it is determined that the first shutoff valve
54 is not in the forcibly-closed state (NO in step $12), the ECU 70 ‘opens the first shutoff
valve 54 (314). | ‘

[0031]  When the first shutoff valve 54 is opencd, the ECU 70 opens the second

- shutoff valve 58 (S16) and performs the combustion control of the internai combustion

.engine 10 by the fuel injection control using the CNG injector 14 (S18). On the other

hand, when it is determined that the first shutoff valve 54 is in the forcibly-closed state
(YES in stép $12), the ECU 70 does not perform the process of opcniﬁg the first shutoff
valve 54, but opens the second shutoff valve 58 (§16) and performs the combustion control
of the internal combustion engine 10 by the fuel injection control using the CNG injector
14 (518).

[0032] The BCU 70 temporarily ends the series of pracesses when the process of
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step S18 is completed or the determination result of Step S10 is négative. FIG 3
illustrates a proceés flow of the switching procesé for the combustion control using the
gasoline injector 16. This process flow is repeatedly performed, for example, with a
predetermined cycle by the ECU 70, |
[0033]  In this series of processes, the ECU 70 first determines whether the

combustion control using the CNG injector 14 is performed (S20). When it is determined

that the combustion control using the CNG injector: 14 is-performed (YES in step S20), the

'ECU 70 determines whether the low-pressure detection value PL js smaller than a

low-pressure threshold value PthL (S22). When it is determined that the low-pressure
detection value PL is smaller tﬁan the low-pressure threshold value PthL (YES in step 522),
the BCU 70 determines whether the high-pressuré detection value PH is smaller than; a
high-pressure threshold value PthH (S24). When it is determined that the high—,prcssure.
detection value PH is smaller than the high-pressure threshold value PthH (YES in step
§24), the ECU 70 determines that the amount of CNG remaining in the CNG tank 50 s
small (326).

[0034]  Here, the use of both the high-prcssurg detecllion value RH and the

low-pressure.détection value PL for determining whether the amount of CNG remaining in

the CNG tank 50 is small is intended to distinguish abnormality -of leakage on the
dowustream side of the regulator 60 from the smallness of the amount of CNG remaining,

That is, when the amount of CNG remaining is small and the amount of CNG-to be

..supplied to the CNG injector 14 is inéufficient, the low-pressuré detection value PL

decreases.  However, wheq leakage occurs in the low-pressﬁre passage 62 or the like, the
density of CNG in the low-pressure pa.ssagc 62 also decreases and thus tﬁe low-pressure
detection value PL decreéscs. However, in this case, since the high-pressure passage 56 is
supplied with CNG from the CNG tank 50, the decrease of the density is not marked.
Accordingly, by using both the high-pressure detection value PH and the low-pressure
detection value PL, the case in which the amount 6f CNG remaining is small‘and the éase
in which leakage occurs in the low-pressure passage 62 or the like can be disﬁnguishgd

from each other.
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[0035]  When it is determined that the amount of CNG remaining is small, the
ECU.70 pcrfbrms the switching process of automatically switching the mode to the mode
in which the combustion control using the gasoline injector 16 is performed (S28).

Accordingly, even when the mode in which the combustion contro! using the CNG injector

.14 is performed is selected by the operation of the selection switch 76, the combustion

control using the gasoline injector 16 is performed. The ECU 70 temporarily ends this
serics -of processes when the switching process is performed or-when the -determination.
results of steps S20 to 524 are negative,

10036} According to the process flow of FIG. 3, since the amount of CNG
remaining in the CNG tank 50 is small and thus the mode is switched to the mode in which
the combustion control using the gasoline injector 16 is performed, it is possible to
satisfactorily avoid the engine stall. However, when the work of removing the CNG in
the high-pressure passage 56 or the low-pressure passage 62 is performed by the
combustion control using thq CNG injector 14 while switching the first shutoff valve 54 to
the forcibly-closed state for tﬁc purpose of replacementl of a component such as the
regulator 60 or the CNG injector 14, tl{e process flow illustrated in FIG 3 may interfere
with the work.,

[0037}  Accordingly, in this embodiment, when the combustion control using the
CNG injector 14 is performed while forcibly shutting off the first shutoff valve 54, the
switching pfocess for the combustion control ﬁsing the gasoline injector 16 is inhibited.
Specifically, when the forcibly shutoff command of the first shutoff valve 54 is input to the
terminal :I‘f, the switching process is inhibited.

[0038]  FIG, 4 illustrates a process flow of the process of inhibiting the switching
process, which is performed by the ECU 70.  This process flow is repeatedly pc;rformed,.
for example; with a predetennincd cycle. That is, in this scries of processes, the ECU 70
first determines whether the first shutoff valve 54 is in the forcibly-closéd state in reéponse
to the input of the forcible shutoff command to the términql Tf (S30). When it is
determined. that the first shutoff valve 54 s not in tﬁc forcibly-closed state (NO in step'
$§30), the BCU 70 sets the high-pressure threshold value PthH to a high-pressure fuel

PCT/IB2014/002762
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shortage determination value PHO and sets the low-pressure threshold value PthL to a
low=pressure fuél shortage determination value PLO (S32), Here, the high-pressure fuel
shortage determination value PHO is set depending on the ‘pres’sure value in the
high-pressure passage 56 assumed when the amount of CNG remaining in the CNG tank
6 50 is small, and is particularly set to a value greayter than the conceivable lowest value.
Here, the conceivable lowest value 'is a value of the pressure in the high;pressure passage
56 that is assumed to-be acquired by-swilching the CNG injector 14 after the amount of
CNG remaining in the CNG tank SO becomes zero.  On the other hand, the low-pressure
fuel shortage determination value PLO is set depending on the pressure value ip the

10 ’low~pressure passage 62 assumed whvcn the amount of CNG remaining in the CNG tank 50
i§ small, and is particularly set to avalve greater than the conceivable Jowest value. Here,
lﬁe concelvable lowest value is a value of the préssure in the low-pressure passage 62 that
is assumed to be acquired by switching the CNG injector 14 after the amount of CNG

| remaining in the CNG tank 50 becomes zero.

16 [0039]  On the other hand, when it is determined that the .first shutoff valve 54 is
in the forcibly-closed state. (YES in step S30), the ECU 70 sets the lu‘gh-prcssm:e threshold
value PthH to a switching-inhibiting determination value PH1 and sets.. the low-pressure
threshold value PthL to a switching-inhibiting dctetminétion value PL1 (S34). Here, the
switching-inhibitiné determination value PHI is set to a Qalue smaller than the

20 high-preésurg fuel shorfag’e determination value PHO and is particularly set to be a value
‘smaller‘than the conceivable lowest value. On the othe} hand, the switching-inhibiting
determination value PL1 is set to a valué smaller than the low-pressure fuel shortage
determination value PLO and is particularly set to be a value smaller than the conceivable
lowest value. Here, the switching-inhibiting determination values PH1, PL1 can be

26  defined, for example, to be negative values when the unit in which the atmospheric
pressure is a predetermined positive reference value is cinployed as the unit of the
high-pressure detection value PH or the low-pressure detection value PL. Accordingly,
since the state where the determination results of steps $22, $24 of FIG. 3 are positive does

pot oceur, the switching process for the combustion control using the gasoline injector 16
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is inhibited.

[0040]  When the processes of steps $32, S34.are completed, the ECU 70
temporarily ends this series of ﬁrocesses. The operations of thig embodiment will be
described below,

[0041]  That is, when the forcibly shutoff command is not input to the terminal T
and the mode in which the combustion conirol using the CNG'injector 14 is performed is
sclédcd by-the-operation of the selection-switch 76, the mode-can be switched to the mode
in which the combustion control using the gasoline injector 16 is performed with the
decrease in the amount of CNG remaining in the CNG tank ‘50. On the other hand, when
the forcibly shutoff command is input to the terminal Tf and thus the first shutoff valve 54
is in the forcibly-closed state, the switchil;g process (S28) for the mode in which the
combustion control using the gasoﬁnc injector 16 is pe;fomlcd‘is inhibited by tilc setting of
the high-presswie threshold valué PthH or the low-préssure threshold value PthL (S34).
Accordingly, since the combustion control using the CNG injector 14 is not stopped due to
the. switching brocess, the CNG in the high-pressure passage 56, the low-prcssure passage
62, and the CNG injector’ 14 located downstream of the first shutoff valve 54 is consumed
in the fuel injection control using the CNG injector 14,

[0042] Accordipg to the above-mentioned embodiment, the following advantages
are obtained. (1) When the first shutoff valve 54 is in the forcibly-closed state, the
switching procéss for the mode in which the combustion control using the gasoline injector
16 is performed is inhibited by setting the high-pressure threshold value PthH and the

low-pressure threshold value PthL to the switching-inhibiting determination values PH1,

- PL1, respectively (FIG. 4). Accordingly, since the combustion control using the CNG

injector 14 can be continuously performed while the first shutoff valve 54 is in the -

forclbly-closed state, the CNG can be satisfactorily removed from the components such as

the CNG injector 14, the CNG delivefy pipe 64, and the regulator 60 before the

replacement of the components,
A[0043] (2) The ECU 70 is provided with the terminal Tf to which the forcibly

shutoff command is input. Accordingly, the ECU 70 can recognize that the combustion
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control using the CNG injector 14 is p&fomed in the state whete the communication
between the CNG tank 50 and the high-pressure passage 56 Is shut off. In addition, as
descrjt;cd abovg, the mandal switching valve 52 is not provided with & sensor for detecting
the switching state thereof. Accordingly, only on the basis of the fact that the manual
switching valve 52 is in the closed state and the combustion cont_roi using the CNG injector

14 is selected by the selection switch 76, the BCU 70 cannot recognize that the combustion

-control using the CNG injector 14 in ﬂxé state where the»communicatidn between the CNG

tank 50 and the high-pressurc passage 56 1s shut off is intended.
[0044] - (3) When the combustion control using the CNG injector 14 is performed

~ in the state where the communication between the CNG tank 50 and the high-pressure

passage 56 is shut off, the second shutoff valve 58 is ‘méintalned in the dpen ‘state.
Accordingly, it is possible to satisfactorily remove the CNG in the high-pressure passage
56. Accordingly, when the sccond shutoff v’alee 58 or the regulator 60 integrally formed
therewith is replaced, the state where a large amount of CNG is discharged from the
high-pressure passage 56 does not occur., | C

[0045] - Second Embodiment .

A second embodiment of the invention will be described below with referencs to the
accompanying dréwings with a focus on the differences from the first embodiment.

[0046)  In the first embodiment, the predetermined condiiion for automatically
switching the mode 10 the mode in which the combﬁstion control using the gasoline
injector 16 is performed even when the mode in which the combustion control using the
CNG is performed is selected by the user’s operatibn of the sélcction switch 76 is set to the
determination result that the amount of CNG remaining in the CNG tank 50 is small. In
this embodiment, the predetermfnéd condition includes the determination result that there

accurs closed-fixed abnormality that the CNG injeélor 14 is maintained in the closed state

in spite of the opening of the CNG injector 14, This condition is intended to avoid the

state where dyﬁamic power requested for the driving wheels is insutficient by the stoppage
of the internal combustion engine 10 (so-called engine stall).

" [0047]  In this embodiment, when the closed-fixed abnormality Is determined but
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the first shutoff valve 54 is in the forcibly-closed state, the switching process for the

combustion conttol using the gasoline injector 16 is iqhi@ited.

[0048]  FIG S illustrates a process flow of the Switching process for the mode in
which the combustion control using the gasoline injector 16 is performed at the time of
'closed-ﬁxeci abnormality, This process flow is repeatedly performed, for example, with a
predetermined cycle by the ECU 70,

[0049) - - In this séries of processes, the ECU 70 first determines whether the mode
in which the combustion confrol using the CNG injector 14 is performed is sclected by the.
operati'on‘ of the selection switch 76 (840), When it is dctcrmiﬁcd that the mode in-which
the combustion control using the CNG injector 14 is performed is selected (YES in step

- 840), the ECU 70 determines whether the closed-fixed abnormality occurs in the CNG

injector 14 (S42). Here, the closed-fixed abnormality can Ee’ determined on the basis of
the variation in the rotation sf)ced of the crank shaft 26 or can be determined on the basis of
other known methods.

[0050)  When it is deté;mined that thp closed-fixed abnormality occurs (YES in
step S42), the ECU 70 determines whather the first shutoff valve 54 is in the
Sorcibly-closed state (S44). .. This process i§ intended to determine whether to inhibit the
switching process for the combustion control using the gasoline injector 16, When it is
determined that the first shutbff valve 54 is not in the forcibly-closed state (NO in step
S44), the ECU 70 switches the mode to the mode in which the mmbﬁstion contrdl using
the gasoline injector 16 is perfbrmed (S46). _ |

[0051] ' The ECU 70 temporarily ends this serles of brocesses when the switching
process for the mode in which the combustion contro} using the gasoline injector 10 is
p&formed is performed, when the determination results of steps S40, S42 are negative, or
when the detém:ination result of step S44 is positive. ‘

[0052]  The operational advantagevs of this embodiment will be_described below, .
When the determination result of step 44 is positive, the switching process for the mode
in which the combustion control using the gasoline injector 16 is performed is not

performed.  Accordingly, for example, when the first shutoff valve 54 is in the
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forcibly-closed state, the combustion control uging the CNG injector 14 is performed, and
£hc determination of closed-fixed abnormality is performed, the combustion control ﬁsing
the CNG injector 14 not causing the closed-fized abnormality out of the CNG injectors 14
is performed.

[0053]  When the ' determination of closed-fixed abnormality is performed, the
abnormality determination history thereof is generally stored in the BCU 70 until
replacement-is carried dut, Accordingly.‘ for example, when both of the first shutoff valve
54 and the second shutoff valve 58 are in the open state, the combustion cont‘rol using the
CNG injector 14 is performed, the determination of closed-fixed abnormality is performed,
and then the CNG injector 14 is replaced; the ECU 70 stores the closed-fixed abnormality
even at the time of performing the work of removing the CNG.  Accordingly, when the
forcible shutoff comhignd is not input to the terminal T¥, the switching process for the
mode in which the cumbustion‘ control using the gasoline injector 16-is performed is
performned by the process flow illustrated in FIG, 5. On the contrary, in this embodiment,
by inputting the forcibly shutoff command to the terminal Tf, the CNG in the CNG
delivery pipe 64 or the like can be removed by the combustion control uéing the CNG
injector 14 even when the internal combustion engine, 10 is restarted after it is determined
that the closed-fixed abnormality occurs in the CNG-injector 14,

[0054) Correspbndence betwéen Technical Ideas and Embodiments

Representative correspondence between the technical ideas described in the’
“SUMMARY OF THE INVENTION” and the embodiments will be described below.

[0055) Technic;\l Idea 1: The first injector corresponds to reference numeral 14,
the ‘reservoir unit corresponds to refercni:c numeral 50, the shutoff valve corresponds to

reference numeral 54, the second injector corresponds fo reference numeral 16, the first

ppassage corresponds to reference numerals 56, 62, and 64, the second passage correspohds

totrcference numerals 44, 46, the clectronic control unit corresponds to steps $28, $46, the
performance inhibition of the switching pracess corresponds to the setting in case of YES
in steps S34, $44, and the gascous fuel co}responds to CNG.

" Technical Idea 2: The first reservoir unit corresponds to reference numeral 50, the
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second reservoir unit corresponds to reference numeral 40, and the pressure detectjng unit
corresponds to reference numerals 72, 74,
Technical Idea 3:°The process in FIG 3 when the process of step S34 in FIG. 4 is
performed,
Technical Ides 4; see FIG. 5
Technical Idea 5: The opening control unit corresponds to step S14 and the input unit

-corresponds to«referm;lce numeral Tf,

: chhnical, Idea 6; The l’ﬁrst shutoff valve corresponds to reference numeral 54, the
regulator corresponds to reference numeral 60, and the sccond shutoff valve corresponds to
reference numeral 58,

Other Bmbodiments

The above-mentioned embodiments may be modified as follows.

[0056]  “Setting for Removing CNG"

The setting for perforning the combustion control using the CNG iujector 14 to
remove the CNG is not limited to the setting.that the first shutoff v’alvé 54 is switched to
the closed sltate.‘ For example, thé'manual switching valve 52 may be switched to the
closed state,, . ‘In,this cage, by inputting a signal indicating that the manual swjtching, valve,
52 is shut off instcad of inputting the forcible shutoff corﬁmand from the terminal T, the
ECU 70 can reéogni‘ze that the manuél switching valve 52 is in the closed state. ‘A sensor
for dctécting the open/closed of the manual switching valve 52 instead of the input to the
terminal Tf may be provided and the ECU 79 may receive the ;)utput value of the sensor.

[0057)  The passage for removing the CNG is not limited to both the high-pressure
passage 56 and the low-pressure passage 62.  For example, only the low-pressure passage
62 may be set. In this case, since the combustion control is performed whilc switching
the second shutoff valve 58 to the closed state, the high-pressure detection value PH does
not decrease. Accordingly, even without performi'ng the procless of step S34 of FIG. 4,
the mode is not switched to the mode in which thé combustion control using the gasoline
injector 16 is performed by the process flow illustrated in FIG. 3. However, for example,

in the configuration in which it is determined that leakage occurs in the low-oressure
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passage 62 when the high-pressure detection value PH is high and the low-pressuze

detection value PL is low and the mode is switched to the mode in which the combustion
control using the gasoline injector 16 Is performed, the inhibiting of the switching process
is effective.

[0058]  The performing of the combustion control using the CNG injector 14 in
the state where t'he first shutoff valve 54 ‘is shutoff is not limited to the premise that an
intenﬁonal.-operation is performed on-the onboard system from the outside. For example,
when it is,detemined that the closed-fixed abnormality occurs in the CNG injector 14, the
combustion control using the CNG injector 14 may be au@omatically petformed in the state
wﬁm‘e the first shutoff valve 54 is shut 0Xf 5o as to remove the CNG in the low-pressure
passage 62 or the fﬁgh~pressure passage 56. .In this case, it is preferable that the
co_mbus;ion' control for removing the CNG be performed at the time of fuel cut, for

example, by satisfying a performance condition in which an accelerator pedal is released,

the rotation speed of the crank shaft 26 is equal to or higher than a prescribed speed, and

the like. For example, when the torqﬁe command value for the crank shaft 26 is about

zero, fine combustion control (pulsation suppressing process) for suppressing a variation in

.Joad torque of the. crank. shaft. 26 due.to a variation in stroke. of intake, compression,

combustion, and exhaust may be performed using the CNG injcc{or 14.  Accordingly,
when a target torque for the érank shaft 26 is great, a disabled state based thereon can be
avoided and the process of removing the CNG can be performed. In this case, the
éQvi;ching process for the combustion control using the gasoline injector 16 only has to be
inhibited on the condition that the pulsation subprcssing process Is performed.

[0059]  “Process of Inhibiting Performing of Switching Process”

In the first embociiment, when the first shutoff valve 54 is shut off by the input of the

forcible shutoff command, the proéess flow of FIG. 3 for determining whether to perform

the switching process for the mode in which the combustion control using the gasoline
injector 16 is performed may not be performed.

[0060]  In the first embodiment (FIG. 4), when the first shutoff valve 54 ig shut

~down by the input of the forcible shutoff command, the high-pressure threshold value PthH -
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and the low-pressure threshold value PthL are set t0 non-conceivable low pressure values,
but the invention is not limited to this configuration. ‘F'or example, the threshold values
mmay be set to a value corresponding to the atmospheric pressure.  Accordingly, since the
CNG in the high-pressure passage 56 or thev CNG ih the low-presshre passage 62 is alAmost '
removed and ihe high-pressure detection value PH and the low-pressure detection value PL
are almost the atmospheric pressure, the switching procéss for the mode in which the
combuystion. control using “-the gasoline injector 16 is. performed s perfomled.»‘
Accordingly, for .e'xample, before stopping the internal combustion engine 10 for

replacement of a component, the rotational energy of the crank shaft 26 generated through

‘the combustion control using the gasoline injector 16 can be converted into electric energy

for use, or the like. In this case, it is possible to substantially inhibit the performing of the
switching process when the( first shutoff valve 54 is shut off and the combustion control
using the CNG injector 14 is performed.

[0061)  “Iuput Unic”

The inpui wmit 38 not limited to the terminal Tf to which a signal such as the forcible
shutoff command is input.' For example, the input unit may'be a switch of which a
pressing opetation, gives the forcible shutdown command or the like.

[0062]  “Internal Combustion Engine”

In the first embodiment, the internal combustion engine 10 is not a multi-cylinder but
a single cylinder. In other words, in the second cmﬂodiment, the number of cylinders of
the internal combustion cngine is not limited, as long as a particular number of Eylinc!ers is
not'assumed. | .

[0063] The bifuel internal combustion engine is not limited to the internal
combustion enging that cau'perform the combus’tion control using the CNG injector 14 as
the first injector a;ld the gasoline injector 16 as th;a second injector. For example, the
gaseous fuel injected from the first injector may be hydrogen gas, diméthyl ether (DME),
or the like. 'When the gaseous fuel is DME, it is preferable that the liquid fuel injected

~ from the second injector be diesel oil.

[0064]  The bifuel internal combustion engine is not particularly limited and, for
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example, an internal combustion engine that can select one of three or more types of fuel
ang perform the combustion control using an injectof injecting the selected fuel may be
used,

[0065]  The fuel injpcted from ihe first injector has not to be different from the
fuel injected from the second injector.  For example, é fuel injector for sin‘gle gaseous fuel
may be uged which includes a passage for supplying an injector injecting the fuel into the
-intake gas p'assage@%with fuel-of which the pressure is lowered by the regulator and a
passage for supplying an injector injecting he fuel into the combustion chamber with the
fuel without ﬁ.assing through the regulator. In this case, by providing the passages with
shutoff valves, respectively, the gaseous fuel of the corresponding passage can be rembved
by thla fuel injection control when any one of the injéctor injecting the fuel into the intake
gos passage 12 and the injector injecting the fuel into the cbmbustion chamber is replaced,
At this time, in performing the switching process for the mode in which the combustion

control using the other injector is performed when the pressure in the fuel supply passage

s lowered during performing of the combustion control uging any one injector, or the like,

there is a possibility that the gaseous fuel will not be removed by the combustion control.

. Accordingly, the inhibiting of the performing of the switching process is cffective.

[0066] “Abnormality of Fuel Injection Control”

' The abnormality of the fuel injection control is not limited to the closed-fixed
abnormality of the CNG injector 14. For example, when. gas leaks from the low-pressure
passage 62 or the like and t)he'amount of gas leaking is small, it may be necessary to
rapidly or sufficiently removve‘ the CNG for thé purpose of replacement of a componeﬁt
without waiting for the decrease in 'the‘ amount of CNG in the low-pressure passége 62 or
the like due to the leakage. Acoordingly: in performing the switching 'process for the
mode in which the combustion control using the gasoline injector 16 is performed at the
time of leakage of gas, the inhibiting of the performing of the switching process for the.
combustion control using the gasoline inje.ctor,lGlin the same way as described in the
above-mentioned embodiments is effective.

[0067)  “Second Shutoff Valve 58”
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108 reguiaor ov ana we second shutoff valve 58 are not integrally formed with each
other necessarily.- Even when both are not integrally formed, there is a merit that it is
possible to aﬁpropriately cope with a situatlon in which the replacement of a component is
carrled out on the high-pressure passage 56 side, by maintaining the Vsecond shutoff valve
58 in the open state at the time of setting the first shutoff valve 54 to the forcibly-closed

state and performing the combustion control using the CNG injector 14. The second

- shutoff valve 58 is not necessarily providéd.

‘[0068] ~ “Others”

The intc;nal combustion cngine 10 is not limited to mechanical connectlop to the
drlving wheels, For example, an internal combustion engine mounted on a series hybfid
vehicle may be used, In this case, the engine stall due to gas shortage or the like is not
severs only by mechanically connecting int.ernal combustion engine to the driving wheels,
but it méy be considered that the internal combustion engine is provided with an autométic
switching function of switching the mode in which the combustién control using the CNG
injector 14 is performed to the mode in wkich the combustion control using the gasoline
im‘ectgr 16 is performed in continuously performing the combustion control for power
generation, In this case, the process of inhibiting the performing ’o'f the switching process

is effective,
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CLAIMS;

1. A fuel supply control device for an internal combustion engine, the fuel supply
control device comprising:

*a first injector configured to supply gaseous fuel to a combustion chamber of the
internal combustion engine;

& first shutoff valveconfigured to shut off a fuel supply- passage between a first
reservoir wnit and the first injector, the first reservoir unitv being configured to store the
gaseous fuel to be supplied to the first injector;

a second ‘injector' configured to supply fuel to the combustion engine, a first passage
that is a passage bctweeli the first shutoff valve and the first injectof vout of the fuel supply
passage being different from a second passage for supplyi,ng» fuel to the second injcctbt;
and

an‘elec;tronic control unit configured ta perform a switching process of switching a
mode in which combustion control of the intemnal m@busﬁon engine by fuel injection
control using the first injector is performed to a mode in which combustion control of the
internal combustion engine by fuel injection cantrol using the s,ccong injector is performed,
}he electronic control unit being configured to inhibit the pérformlng of the switching
process when a communication state of the fuel supply passage is a closed state in which
the first shutoff valve shuts off the fuel supply passage and the cémbustion control using

the first injector is performed.

2. The fuél supply control device according to claim 1, further comprising:

a second reservoir unit configured to store fuel to be supplied to the second injector;
and

& pressure sensor configured to detect a pressure in the first passage,

‘wherein the electronic control unit is configured to perform the switching process
when the combustion control-using the first injector is performed and the pressure detected

by the pressure sensor decreases.
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3. The fuel supply control device according to claim 2, wherein the electronic control
unit is configured to inhibit the performing of the switching process when the first shutoff
valve is in the closed state and the combustion control using the first injector is performed

even when'the pressure detected by the pressure sensor decreases,

4. The fuel supply control device according to claim 1, wherein the electronic control
unif is configured to perform the switching process when tHe electronic control unit

determines that the fuel injection control using the first injector is abnormal,

5. The fuel supply control device according to any one of claims 1 to 4, wherein the
electronic control unit is configured to perform an open control of the first shutoff valve
when the mode in which the combustion control using the first injector is performed is
selected, and

whetein the electronic control unit is configured to receive an input of a forcible
shutoff command for shutting off the first shutoff valve without performing the open

control of the firsf_ shutoff valve,

6. The fuel supply control device according to any one of claims 1 to 5, funhér
comprising:

a regulator disposed in the first passage; and

a second shutoff valve disposed in the fitst passage between the first shutoff valve
and the regulator,

wherein the electronic control unit is configurcd to inhibit the performing of the
switching process when the combustion coutrol using the first injector is performed in a

state where the sccond shutoff valve is opened and the first shutoff valve is closed.
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FIG.3
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FIG.9
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