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(57) Abstract: In a fuel injection control device, a learning value compensating for a steady deviation between an actual air-fuel ra -
tio and a target air-fuel, ratio is updated through an air-fuel ratio feedback control during engine operation, and a fuel injection
amount is corrected using the learning value. If fuel having been replenished is detected at the time of engine starting, a correction
amount is added to the learning value. Here, in a case where the learning value is a value which is included in a predetermined range,
the correction amount is set to "0" and engine starting is performed by using the learning value as it is. Meanwhile, in a case where
the learning value is a value which is not included in the predetermined range, the learning value is corrected to a value equal to a
boundary value of the predetermined range by the correction amount, and engine starting is performed.
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FUEL INJECTION CONTROL DEVICE
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a fuel injection cpntrol device for controlling a
fuel injéction amount.
2.‘Descri/ption ‘of Related Art
‘ [0002] In a fuel injection control device describ_ed in Japanese Patent Application
Publication’ No. 2000-170581 @Jp 2000-170581 A), a lgaming value conipensating for a

steady deviation between an actual air-fuel ratio and a target air-fuel ratio is updated

- through an air-fuel ratio feedback control during engine operatibn, and a fuel injection

amount is corrected by using the learning value.

[0003]  If fuel Which is different in a fuel pfoperty from fuel stored in a fuel tank
is re_plenished, the fuel property of the fuél stored in the fuel tank varies before fuel _
replenishment and after fuel replenishment. " For this rénson, if in an engine operation
after fuel replénishment, a fuel injectjon.amountv is corrected by using the learning value
updated before fuel replenishment, there is a concern that poor pombustion may occur due -
to the actual air-fuel ratio being deviated frnm the target air-fuel ratio. ,

[0004] " In the fuell injection control device described in JP 2000-170581 A, the
stored learning value is cleared and replaced with a substitute value on the condition tnat a

poor combustion state is detected.

SUMMARY OF THE INVENTION
[0005] . In the fuel injection control deyice described in JP 2000-170581 A, in a ”

case where a poor combustion state is detected, the stored learning value is cleared, and

therefore, at the time of the s'tar’_t'of fuel injection using fuel after fuel replenishment, there

'is a concern that poor combustion may still occur.

[0006] A fuel injection control device capable of 'swibtching.fuel which is used
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during engine operation is also known. However, in such a fuel injection control device,

not only when starting an engine, but also when switching fuel which is used during engine

operation and starting fuel injection using fuel after replenishrnent, there is a concern that

‘poor combustion may likewise occur.

[0007]  In a case where gaseous fuel such as natural gas, alcohol mixed fuel in

‘which a fuel property changes according to alcohol concentration, or the like is used as fuel,

the fuel property of fuel which is replenished is often not constant. For this reason, such a
problem easily occurs particularly in a case of using gaseous fuel or a case of using alcohol
mixed fuel. | “

[0008]  The present invention provides a fuel injection control device in which it

is possible to prevent poor combustion from occurring due to the replenishment of fuel

which is different in fuel property from fuel which is stored, at the tirne of the start of fuel
injéction using fuel after the fuel replenishment. |

| [0009] | ‘According to a first aspect of the present invention, there is provided a
fuel injection control device including: an electronic control unit configured to - (a)

update and store a learning value compensating for a stead)} deviation between an actual

. air-fuel ratio and a target air-fuel ratio through an air-fuel ratio feedback control during

operation of an engine, (b) correct a fuel injection amount by using the learning value, (c) '
detect whether or not fuel is replenished, (d) start fuel injection by using a stored learning |
value and fuel after being replenished, when the stored learning value at a timing when the
electronic control unit determines that fuel is replenished is included in a predetermined
range _from a first p‘redetermin‘edl value to a second predetermined value, the first
pfedetermined value being a value used when an amoiint increase correction (if fuel is
performed, the second predetermined value being aivalue used when an amount decrease
correction of fuel is performed, and (¢) correct the stored learning value to a value in the

predetermined range and start fuel injection by using fuel after being replenished, when the

" stored learning value af the timing when the electronic control unit determines that fuel is

replenished is not included in the predetermined range.

[0010]  In a case where fuel stored in a fuel tank is fuel having a fuel property in
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~ which an air-fuel ratio is shifted toward the rich side, the learning value is updated to a -

value on the amount decrease correction side through a feedback control. In contrast, in a

' case where the fuel is fuel having a fuel property in which an air-fuel ratio is shifted toward

- the lean side, the learning value is updated to a value on the amount increase correction

side through the feedback control. Then, in a case where the fuel property of the fuel

stored in the fuel tank is significantly biased toward the rich side or the lean side, the

~ learning value also becomes a value significantly biased toward the amount increase
~ correction side or the amount decrease correction side, and thus a correction amount of the

fuel injection amount increases.

[0011] When the'stored learning value is significantly biased toward the amount
increase correction side‘, in a case where fuel replenishment is performed, and thus the fuel
property stored in the fuel tank éhanges from the lean side t.0 the rich sidé; the fuel
injecticin amount becomes excessive at the time of the starf of fuel injection using fuel after
tlie fuel replenishment, and the air-fuel ratio is significantly shifted toward the rich side,
zind thus poor combustion occurs. Furthér, when the stored learning value is significantly .
biased toward the amount decrease correction side, in a case where fuel replenishment is
performed, anil thus the fuel property stored in the fuel tank changes from vthe_ rich side to
the lean side, the fuel injection amount is insufficient at thé timeiof the start of fuel
injection using fuel after the fuel replenishment, and the air-fuel ratioh is significantly
shifted toward the lean side, and thusﬂpoor combustion occurs.

[0012] At;c_ording to the above configuration, inlai case where the‘ learning value
stored at the point in time when fuel has been replenished is biased toward the amount
increase correction side or the amount decrease correction side enough to exceed the
predetermined range, the learning value is corrected to a value in the predetermined range.

[0013]  For this reason, even if the fuel property in the fuel tank changes due to

performing fuel replenishment, it is possible to prevent occurrence of poor combustion by

) pféveiitin'g"'fhé air-fuel ratio at the time of the start of fuel injection using fuél after fuel

ieplenishment from being significantly shifted toward the rich side or the lean side.

-[0014]  Further, in the above fuel injeciion control device, when the leeirning value
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stored at the point in time when fuel has been replenished is a value in the predetermined
ran'ge ahd 1is not very biased toward the amount increase correctioh s‘ide or the amount
decrease correction-side, the cbr;ection of the stored leafning value is not performed and
the stored learning value-is maintained as it is.

[0015] = In the learning value, in addit}i.on'to a steady shift of the air-fuel ratio ,due'

to abdifferend.e in the fuel property of fuel which is used, a steady shift of the air-fuel ratio

due to a shift of the fuel inj‘ection amount due to manufacturing variation, a temporal
change, or the like of a component such as a fuel injection valve is also reflected.
Therefore, it is not preférable-to recklessly correct the learning value each time fuel is
replenished. -

[0016]  According to the above configuration, in a case of being in a situation in

~ which the learning value stored at the point in time when fuel has been replenished is not

very biased toward the amount increase correction side or fhe amount decrease correction
side and it is difficult for poor c'ombustion to occur even if the learning value stored befdre
fuel replenishment is used as it is, the learning Val'ué stored before fuel replenishment is
maintained as. it is even at the time of the start of fuel injection using fuel after fuel
replenishment. Therefore, it is possible to prevent occurrence of poér combustion at the
time 6f the start of fuel injection using fuel after fue\l‘ replenishment, without recklessly
éorrecting the Iearning value with a steady shift of the air-fuel ratio including factors other
than a fuel property reflected therein.

[0017] As a boundary value on the am(_iunt increase correction side of the
predetermined range, for example, a limit value on the amount increase correction side of

the learning value in which it is possible to perform engine operation even if the richest

fuel is injected may be adopted. The first predetermined value may be a limit value when

‘the engine operates even in a case where fuel containing combustible components in a

predetermined amount or more is used.

7 7 [0018] " In a'case where fuel having a fuel property in which the air-fuel ratio is

shifted toward the rich side is injected in a state where the learning value is a value on the

amount increase correction side, the fuel injection amount becomes excessive, and thus



10

15

20

25

WO 2015/079310 ‘ » ‘ PCT/IB2014/002587

5

poor combustion easily occurs.  On the contrary, according to the above configuration, the
boundary value on the amount increase correction side of the predetennlned range is» the‘
limit value on the amount increase correction side of the learning value in which it is
possible to perform engine operation even if the richest fuel that is fuel in which the
air-fuel ratio is shifted toward the richest side, and the richest fuel can be repleni'shed, is
injected. Then, in a case where the learning value stored at the point in time when fuel
has been replenished is a value further on the arnount increase correction side than the
predetermined range, the stored learning value is corrected to a value in the predetermined
range. For this reason, even if the‘property of fuel in the fuel tank changes‘ due to the
replemshment of fuel and thus becomes a fuel property in Wthh the air-fuel ratio is shifted
toward the rich side, it is difficult for the fuel injection amount to become €XCESSIVe, and
thus it is possible to prevent poor combustion at the timé of the start of fuel injection using
fuel after fuel replenishment. |

[0019] Further, ina case where the limit value on the amount increase correction
side of the learning value in which it is possible to 'perform engine operation even if the
richest fuel is injected, as described above, is adopted as the boundary value on the amount
increase correction s1de of the predetermmed range, for example when fuel having been
replemshed is detected by a detectron section and the learning value stored at the point in
time when fuel has been replenished is a value when performrng an amount increase
correct1on more than the predetermined range, the stored learning value may be corrected
to a value equal to the first predetermined value.

[(lOZO] According to the above configuration, the learning value is corrected to a
value in which even if the richest fuel is injected, it is difficult for the fuel injection amount |
to become excessive, and thus it is possible to make the correction amount of .the learning |
value as small as possrble even while preventmg the fuel 1n]ect10n amount from becoming

excessrve due to a change in a fuel property due to replemshment Therefore, it is

’p'o‘ssible “to minimize the correction "‘a"moun't “of the learning “value and make the

characteristic of the learning value before correction with a steady shift of the air-fuel ratio

including factors other than a fuel property reflected therein be reflected in the learnlng
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value after correction as mueli as possible.

[0021]  As a boundary value on the amount decrease correction side of the
predetermined range, for example, a limit value on the amount decreasé correction side of
the learning value-in which'it is p_ossible to perform engine eperation even if the leanest

fuel is injected may be adopted. The second predetermined value may be a limit value

when the engine operates even in a case where fuel containing inert components in a

predetermined amount or more is used.
[0022] = In a case where fuel having a fuel property in which the air-fuel ratio is
shifted toward the lean side is injected in a state where the learning value is a value on the’

amount decrease correction side, the fuel injection amount is insufficient, and thus poor

. combustion easily occurs. In contrast, according to the above configuration, the boundary

value on the amount decrease correction side‘o‘f the predetermined ‘r'angel is the limit value
on the amount decrease correction side of the learning value in which it is possible to
perform‘ engine operation even if the leanest fuel that is fuel in which ihe“"‘air-fuel ratio is
shifted towaid the leanest side, and the leanest fuel can be replenished, 1s injected.  Then,
ina ezise | where the leafning value stored blat the point in time when fuel has been
replenished is a value further on the ‘amount - decrease correetion side than. the
predetermined range, the stored learning value is corrected to a value in the predetermined
range. For this reason, even if the fuel property of fuel in the fuel tank changes due to the
replenishment of fuel and thus becomes a fuel property in which the air-fuel ratio is shifted
toward the lean side, itis. diffieult for the fuel injection aniount to beceme insufficient, and
thus it is possible to prevent poor cbmbustion at the time of the start of fuel injection using
fuel after fuel replenishment. V

[0023] Further, in a case where the limit value on the amount decrease correction _
side of the learningb value in which it.is possible to perform engine operation even if the |

leanest fuel is injected, as described above, is adopted as the boundary value on 'the amount

“decrease correction side of the predetermined range, for example, when fuel having been

replenished is detected by the detection section and the learning value stored at the point in

time' when fuel has been replenished is a value when performing an amount decrease
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correction more than the predetermined range, the stored learning value may be corrécted
to a value equal to the second predetermined value.
, [0024] » According to the above configuration, the learning value is corrected to a -
value in which even if the leanest fuel is injected, it is difficult for the fuel injection -
amount to become insufficient, and thus it is possible to make the correction amount of the |

learning value as small as possible even while preventing the fuel injection amount from-

becoming insufficient due to a change in fuel property due to replenishment. Therefore, it

is possible to minimize the correction amount of the learning value and make the

‘characteristic of the learning value before correction with a steady shift of the air-fuel ratio

including factors other than a fuél properiy reflected therein be reflectefl‘ in the learning
value after correction as much as possible. \ -

[0025] Furthcr the predetermined range may be made wider as, for'exurnple, the
ratio of a fuel replemshment amount to a fuel storage amount is lower. The lower the
ratio of the fuel replenishment amount to the fuel storage amount after fuel replenishment
the smaller a change in fuel proper_ty due to fuel replenishment becomes. |

[0026]  According to the above cpnfiguration, a predetermined range that is a

range in which the correction of the learning value is not performed becomes wider as a

change in fuel_ property is smaller.  For this reason, a change in fuel property is small, and

thus even if the learning value is not corrected, when the possibility of engine operation

being pérformed by starting fuel injection using fuel after fuel replenishnien_t is high, the
predetermined range is made wide, and thus it becomes difficult for the correction of the
learning value to be performed. That is, according to the above configuration, it is

possible to increase or decrease an opportunity to correct the learning value in accordance

~with the degree of'c_hange in fuel piope,,rty due to fuel replenishment, and it is possible to

prevent excessive correction of the learning value.

[0027] Accprding to a second aspect of the present invéntion, there is provided a

" fuel injection control device including: an electronic control unit configured to (a) update

and store a learning value compensatmg for a steady deviation between an actual air-fuel

ratio and a target air-fuel ratio through an air-fuel ratlo feedback control during operation
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of an éngine, (b) correct a fuel injection amount by using the learning value, (c) detect

whether or not fuel is replenished, (d) start fuel injection using fuel after being replenished

- and a fuel injection amount corrected based on a stored leamingtvalue_when the stored

learning value at ‘a timing when the electronic control unit determines that fuel ‘is

replenished is included in a predetermined range from a first predetermined value to a

- .second predetermined value, the first predetermined value being a value used when an

‘amount increase correction of fuel is performed, the second predetermined value being a

value used when an amount decrease correction of fuel is .performed, and (e) start fuel
injection using fuel after being replenished and a fuel injection amount in a predetermined '
injection amount range when the stored leammg value at a timing when the electronic
control unlt determmes that fuel is replenished is not mcluded in the predetermined range, _- :

the predetermined injection amount range being a range of a fuel injection amount

 corrected by the learning value in the predetermmed range

[0028] As described above, in a case where when the stored learnmg value is

significantly biased toward the amount increase correction side, fuel replemshment is

performed, and thus a fuel property stored in the fuel tank changes from the lean side to the
rich side, the fuel injection amount becomes excessive at the time of the start of fuel
injection using fuel after fuel repl'enishment and the air-fuel ratio is significantly shifted
toward the rich side, and thus poor combustion occurs. - Further, in a case where when the

stored learmng value is srgnrfrcantly biased toward the amount decrease correction side,

~ fuel replenrshment is performed and thus the fuel property stored in the fuel tank changes

from the r1ch side to the lean srde, the fuel rnjectlon amount is insufficient at the trme of

- the start of fuel 1n]ect10n using fuel after the fuel replenlshment and the air-fuel ratio is

51gn1frcantly shifted toward the lean side, and thus poor combustion occurs.
[0029] In the above confrguratron in a case where the learning Value stored at the

point in time when fuel has been replenished is biased toward. the amount increase

"“correction side or the émbuht"decre‘ase‘correction side enough to exceed the predetermined’

range, the fuel injection amount is corrected to a fuel 1n]ect10n amount in a predetermmed

m] jection amount range.
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[0030]  For this reason, even if the fuel property in the fuel tank changes due to

- fuel replenishment being performed, it is possible to prevent occurrence of poor

combustion by preventing the air-fuel ratio at the time of the start of fuel injection using
fuel after fuel replenishment from being significantly shifted toward the rich side. or th,e.
lean side. /

"~ [0031] ‘Furthér, in the above fuel injection control device, when the learning value

- stored at the point in time when fuel has been replenished is a value in the predetermined

range and is not very biased toward the amount i.ncrease» correction side or the amount
decrease correction side, fuel is injected by using the fuel injectibn amount with a
correction to the amount increase side or the amount decrease side by the stored learning
valué performed,thereon. | |

‘[0032] - As described above, in the Iearning value, in addition to a steady shift of
the air-fuel ratio due to a difference in the fuel prppefty. of fuel which is used, a steady shift
of ﬁhe air-fuel ratio due to a shift of the fuel injection amount due to manufacturing
variaytion, a temporal change, or the like of a component such as the fuel injection valve is
also reﬂcct‘ed. Therefore, in the fuel injection amount corrected by using the 1earning'
value, a steady shift of the air-fuel ratio due to various factors including factors other than a
fuel property'is reflected. Thefef_ofe, it is not preferable to recklessly cbrrec_t the fuel
injection amount corrected by using the learning value.

[0033] - Ac’c;ording to the above configuration, in a case of’ being in a situafi_on in
which the learning‘value stored at the point in time when fuel has been replenished is not
very biased toward the amount increase correct’ion side or the amount decrease correction
side and it is difficult for poor combustion to occur even if the ’fu‘elvinjection amount
corrected by using the learning \}alue étored before fuel repienishment is used as it is, the
fuel injection amount correctéd by using the learning value is used as it is. Therefore, it is

possible to prevent occurrence of poor combustion at the time of the start of fuel ihjection

- using fuel after fuel replenishment, without recklessly correcting the fuel injection amount

“corrected by using the learning value with a steady shift of the air-fuel ratio including

factors other than a fuel property reflected therein.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0034]  Features, advantages, and technical and industrial significance of

exemplary embodiments of the invention will be described below with reference to the

. accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a configurétion diagram showing schematic configurations of ‘a fuel
injection control device of an embodiment and an internal combustion engine;

FIG. 2 is a ﬂowchaii showing the processing prbcedure of correction processing;

FIG.‘ 3 is a map which defines the relationship between a learning value at the point in
time when fuel has been replenished and a correction amount of the learning value by the
correction processing; and |

FIG. 4isa map Whi(_:ﬁ defines the relationship between the learn‘ing’ value at ’the‘ point
in tirﬁe when fuel has been replenished and the correction amount of the learning value by

the correction processing in another embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS
[0035] Hvereinafter, an embodiment of a fuel injection contrpl device will be
described with reference to FIGS. 1 to 3. As shown in FIG. 1, in an intake passage 12 of

an mtemal combustion engine 10, a throttle valve 14, an opening degree of which is

'ad]usted accordmg to an accelerator operatlon aspect, and a fuel 1nJect10n valve 25 which

injects fuel are provided. An air-fuel mixture composed of intake air having passed

through the throttle valve 14 and fuel injected from the fuel injection valve 25 is supphed
to a combustion chamber 11 and burned in the combustion chamber 11.
[0036] A fuel injection control device 20 supplies compressed natural gas (CNG)'

that is an example of gaseous fuel to the internal combustion engine 10 as fuel by the fuel

- injection valve 25. In the fuel injection control device 20, the fuel supplied from a fuel

 tank 21 which stores CNG therein to fuél piping 22 i Supplied from the fuel piping 22 to a

delivery pipe 24 through a pressure regulator 23. Then, the fuel is supplied'from the

delivery pipe 24 to the fuel injection valve 25, whereby the fuel is injeéted from the fuel
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injection valve 25 into the intake passage 12.

[0037] In the internal combustion engine 10, various sensors for detecting an
operating state thereof, switches, and the like are provided. As the various sensors, for
example’b, a rotationél speed senser 31 for detecting the rotational speed Qf a crankshaft (an
engine speed), an air flow meter 32 for detecting the amount of air which is sucked into the
combustion chamber 11 (a suction ai.r amount), and a water tenipeiziture sensor 33 for
detecting the temperature of cooling water (a cooling water temperature) of the internal
combustion engine 10 are provided. Further, an air-fuel ratio sensor 34 which detects
oxygen concentration of exhaust gés in an exhaust passage 13, and an accelerator sensor 35 |
for detecting an operation amount of an accelerator pedal 40 (an a'cceleraitor operation
amount) are provided. | Then, a pressure sensor 36 which detects the intemal pressure of
the fuel tank 21, and an ignition switch 37 which is operated when si’arting the internal
combustion engine 10 or when stopping the internal combustion engine 10‘are provided.

In addition, as described above, the fuel injection control device 20 ”u'ses CNG that is

V géseous’ fuel as fuel, and therefore, the smaller the amount of fuel stored in the fuel tank 21

~ (a fuel storage amount) becomes, the lower the internal pressure of the fuel tank 21

becomes. Therefore, the pressure sensor 36 functions as a detection‘ section which detects
the amount of fuel stored in the fuel tank 21 (the fuel storage amount).

[0038] Output signals of these various sensors' are innu_t to an electronic control
unit 30 which executes a fuel injection control for controlling the fuel injection valve.25, as-
described later, thereby fun(_:tioning as a portion of the fuel injection control device 20.
The electronic control unit 30 is provided with a central processing unit (CPU) and a

memory. In the memory, various control programs, a map which is referred to when

| executing these various control programs, and the like are stored. Further, in the

electronic control unit 30, various calculations are performed based on the output signals of

" the various sensors and various engine controls relating to an operation of the internal

' 'combustion engine 10 are executed based on thé calculation results.

[0039] As the various engme controls, a fuel mjection control for controlling the

- fuel injection Valve 25 can be given as an example. = In the fuel injection control, a basic
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fuel injection amount for making an air-fuel ratio of the air-fuel mixture be a desired ratio

- (for example, a theoretical air-fuel ratio) is calculated based on an engine load and an

engine speed and the product obtained by multiplying the basic fuel injection amount by

the sum of a feedback correction coefficient KF and a learning value KG is calculated as a

fuel injection amount. In addition, the engine load is calculated based on the suction air -

amount and the engine speed.

[0040] _ The feedback correction coefficient KF and the learning value KG are
calculated through an air-fuel ratio feedback control during engine operation. The
calculation of the feedback cofrection coefficient KF is performed based on a difference
between an actual air-fuel ratio which is determined from oxygen concentration that is

detected by the air-fuel ratio sensor 34 (an actual air-fuel ratio) and a target air-fuel ratio.

~Specifically, in a case where the actual air-fuel ratio is a value further on the rich side than
‘the target air-fuel ratio, a predetermined amount is subtracted from the feedback correction

~ coefficient KF, and in a case where the actual air-fuel ratio is a value on the lean side, a

predetermined amount is added to the feedback correction coefficient KF. Further, the
learni'ng of the learning value KG which is a Vahll"e reflecting a steady deviation between
the actual air-fuel ratio and the target_vair-fuel ratio is executed based on the feedback
correction coefficient KF calculated in this way. Then, a steady deviation amount

between the feedback correction coefficient KF and its basic value (=¢1.0") is

“compensated by the learning value KG. In addition, the learnihg processing of the

learning value KG is executed if the feedback correction coefficient KF deviates from the

basic value by a predetermined amount. In the learning processing of the learning value

- KG, the updating of the learning value KG is performed by calculating the averége value of

the feedback correction coefficient KF in the most recent predetérmihéd period and adding
a value obtained by subtracting “1.0” from the ‘average value, to the learning value KG:

The‘updated' learning value KG is stored in the memory of the electronic control unit 30.

“If the updating of the learning value KG is performed in this way, the feedback correction =~

' coefficient KF is reset to the basic value.

[0041] . Then, in the fuel injection control, as deScribed above; the stored learning
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~ value KG is added to the feedback correctio‘n coefficient KF and the sum and the basié fuel

injection amount are multiplied together, whereby the basic fuel injection amount is
corrected. A value obtained by correcting the basic fuel injection amount in this way is

calculated as a fuel injectibn amount. Then, fuel injection time, that is, opening time of

- the fuel injection valve 25 is calculated based on the fuel injection amount and the fuel

injection valve 25 is driven so as to bev opened, based on the fuel injection time. In this
way, fuel in an amount equiyalent to the fuel injectibn ‘amount is injectéd from the fuel
injection valve 25, thereby being supplied to the combustion chambervll of the internal
combustion engine 10. | | |

[0042] Here, CNG contains fnethane as its main conllpone.nt.' However, there is a
case where in addition té a combustible component such as propane except for methane, a

lot of inert gases which do not contribute to combustion,. such as nitrogen or carbon

dioxide, are also contained therein. As the degree of influence on the air-fuel ratio

characteristics in gaseous fuel material such as CNG, that is, as an index indicating a fuel

property, there is a Wobbe index W. The Wobbe index W is an index which is defined by

. Equétion (1) below by using a calorific value H per unit mass of fuel and a specific gravity

A of fuel on the basis of air.

r

[0043] W=HAWA ...(1). Then, the relationship between the Wobbe index W and

' an excess air ratio A is defined by Equation (2) below.

[0044]  Aoc1/W ... (2). That is, according to the above Equations (1) and (2), for

_example, CNG in which the content of inert gas is small is large in Wobbe index W, and

CNG in which the confenf of inert gas is 1arge is smaH in Wobbe index W. In CNGs
which are different in Wobbe index W from each other in this manner‘,'the excess ai_r Tatios
A also become different from each other

[0045] For thls reason, if CNG which is different in Wobbe 1ndex W from the
CNG stored in the fuel tank 21 is replenlshed to the fuel tank 21, the Wobbe index W of

"~ ‘the CNG stored in the fuel tank 21 "varies before fﬁél’"r’éplehish’fhéﬁt':'and ‘after fuel

replenishment‘.

| [0046] For example, in a case where CNG stofed in the fuel tank 21 has a fuel
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prope;ty"in which the Wobbe index W‘is large and the air-fuel ratio is shifted tOward the -
rich side, the learning value< KG is updated to a value on the amount decrease correction
side through the air-fuel ratio feedback control. In contrast, in a case where CNG stored
in the fuel tank 21 is fuel having a fuel property in which the Wobbe index W is small and |
the air-fuel ratio is shifted toward fhe lean side, the le}amh»lg value KG is updated to a value

on the amount increase correction side through the air-fuel ratio feedback control. Then,

- in a case where the ‘Wobbe index W of CNG stored in the ﬁ‘lel témk 21 is significantly

small or large and the fuel property thereof is significantly biased toward the lean side o'rv”
the rich side, the learning value KG also becomes a value significantly biased toward the
amount increase correction side or the amount decrease correction side, and thus a
corréction amouﬁt of the fuel injeétion c;amount is increased. v

[0047]  1f CNG which is small in Wobbe index W is replenished to the fuel tank
21 in a situation in which the learning value KG is updated as a value on the amount
decrease correction side, the excess air ratio A of CNG which is injected from the fuel
injection valve 25 increases. For this reason, if the fuel injection amount is corrected
based on the learning value KG stored after fuel replenishment, the actual air-fuel ratio is
shifte_d’ from the target air-fuel ratio to the lean side. In pafticular, in a case where when

the stored learning value KG is significantly biased toward the amount decrease correction

“side, fuel replenishment is performéd, and thus the fuel property of CNG stored in the fuel

tank 21 changes to the 1eah Side, the fuel injection amount is insufficient when starting fuel
injection using fuel after fuel réplenishment, and the air-fuel ratio is Significantly shifted
toward the lean side, and thus poor combustion occurs. ,

t0048] Further, if CNG which is large in Wobbe index W is replenished to the f\;cl
tank 21 in a situation in which the léarning value KG is updated as--a value on the amount
increase correction side, the excess air ratio A of CNG which is injected.from the fuel

injection valve 25 decreases. For this reason, if the fuel injection amount is corrected

“based on the learning value KG stored after fuel replenishment, the actual aif-fuel ratio is

shifted from the target air-fuel ratio to the rich side. In particular, in-a case where when'

the stored learning value KG is significantly biased toward the amount increase correction
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side, fuel replenishment is performed, and thus the fuel property of CNG stored in the fuel

- tank 21 changes to the rich side, the fuel injection amount becomes excessive when

starting fuel injection using fuel after fuel replenishment, and the air-fuel ratio is
significantly shifted toward the rich side, and thus poor combustion occurs.
[0049] _-Therefore, in this embodiment, the stored learning Value KG is corrected

by performing correction processing by the electronic control unit 30. - Hereinafter, the

“correction processing will be described. In addition, the correction processing is executed

by the electronic control unit 30 on the condition that it is at the time of engine starting, .
that is, on the condition that the ignition switch 37 has been operated from an en'ginevstop
state. |

| [0050] As shown in FIG. 2, if the correction processing is started, first, whether or
not fuel has been replenished to the fuel tank 21 is determined (Step S110). Here, a

determination that fuel has been replenished to the fuel tank 21 is made on the condition

that a determination that the fuel storage amount of the fuel tank 21 has increased to

greater than or equal to a predetermined amount during engine stop is made based on a
detection‘Valde of the Ipressur'e sensor 36. In a case where a determination that an
increase amount of the fuel storage amount of the fuel tank 21 is less than a predetermined
amount is made, it is assumed that fuel is not replenished to the fuel tank 21 (Step S110: |
NO), and thus this processing is temporarily ended.

[0051] In a case where the fu'el‘storage‘ amount of the fuel tank 21 has inereased
tolgreater than or equal to a predetermined emount, a determinati'on that fuel haS been
replenished to the erl tank 21 is made (Step S110: YES), and a correction amount C is
added to the stored learning value KG (Step 8120).’ The magnitude of the correction
amount C'is ‘set based on a map shown in FIG. 3 in which the relationship between the
stored learning anue KG and the correction amount C is defined.

[0052]  As shown in FIG. 3, according to the map, in a case where the learning

“value KG stored at the time of engine starting, that is, stored at the point in time when fuel

“has been replenished to the fuel tank 21 is a value which is included in a predetermined

range L, “0” (zero) is set as the correction amount C. That is, in a case where the learning
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value KG stored at the time of engine starting is a value further on the amount increase
correction side (hereinafter referred to as a rich side) than a bouhdary value KGb1 on the
amount decrease correction side (hereinafter referred to l as a lean side) of the
predetermined range L and is a value further on the lean side than a boundary value KGb2
on the rich side of the predetermined range L, “0” (zero) is set as the correction amount.
Further, also in a case where the learnihg value KG stored at the time of engine starting is a
value equal to the boundary value KGb1 of the ;rredetermined range L or.‘a value equal to
the boundary value KGb2, “0” (zero) is set as the correction amount. If “0” (zero) is set
as the correction amount C in this manner, everr if the correction amount C is added to the
stored learning value KG, the learning value KG is not corrected. For this reason, in this
case, fuel 1n]ect10n using fuel after fuel replemshment is stated by using the learning value
KG stored before fuel replemshment as it is, and thus engine starting is performed

[0053] In‘ contrast, in a case where the learning value KG stored at the time of
engine starting is slgnificantly biased toward the lean side and is‘a value further on the lean
side than the boundury value KGb1 on the lean side of the predetermlnecl range L, a value |
greater than “0” (zero) is set as the correction amount C according to the stored learning
value KG. In addition, in the map shown in FlG. 3, in a case where the learning value KG
stored. at the time of enginey starting is a value further on the lean side than the boundary

value KGbl, the learning value KG is corrected to the boundary value KGbl by the

correetion of the correction amount C. For example, as shown in FIG. 3, when the

learning value KG stored at the time of ehgiue starting is a predetermined value KG1 that
is a value further on the lean side than the boundary value KGbl, a predetermlned amount
C1 that is a value larger than “0” (zero) is set as the correction amount‘C. Then, the set
predetermined amount C1 is added to the stored learning value KG. In this way, the
learning value KG is updated to the boundary value KGb1 that is the learning value KG

further on the rich side than the learning value KG stored before fuel replenishment.

' Further in a case where the stored learning Value KG is larger in shift from the boundary

value KGb1 to the lean side than the predetermined Value KG1, a value larger than the

predetermined amount C1 is set as the correction amount C. In a case where the stored
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learning value KG is smaller in shift from the boundary value KGbl to the lean side than

. the predefe'rmined value KG1, a value smaller than the predetermined amount C1 is set as
the correction amount C.  Then, the correction amount C set in this manner is added to the

" stored learning Value KG, whereby the learning Valué‘KG is updated to the boundary value:

KGbl. In this manner, in a case where the leaining value KG stored at the time of engine
startmg is a value further on the lean side than the boundary value KGbl the magmtude of
the correction amount C is set such that such a shift is ellmlnated according to the amount
of shift of the stored learning value KG from the boundary value KGb1 to the lean side.
Then, the correction of the stored learning value KG is performed by the set correctlon
amount C and fuel mjectron usmg fuel after fuel replemshment is started by usmg the
corrected learning value.KG, and thus engine starting is performed.

[0054]  Further, in a case where the learning value KG stored at the time of engine '
starting is significantly biased toward the rich side and is a Vatue further on the rich side
than the boundary value KGb2 on the rich side of the predetermined range L, a'value ’
smaller than “0” (zero) is set as the correction amount C according to the stored learning
value KG: In addition, in-the map shown in FIG. 3, in a case where the learning value KG

stored at the time of engine starting is a value further on the rich side than the boundary

‘value KGb2, the learning value KG is corrected to the boundary value KGb2 by the

correction of the correction amount C. - For example, as shown in FIG. 3, when the .
leaming value KG stored at the time of engine ‘s‘tarting is a predetermined value KG2 that
is a value further on the rieh side than the boundary value KGb2, a predetermined amount
C2 that is a value smaller than“ “0” (éero) is set as the correction anrount C. - .Then, the set
predetermmed amount C2 is added to the stored learnlng value KG. In this way, the
learning value KG is updated to the boundary value KGb2 that is the learning value KG
Vfurther.on the lean side than the learnmg value KG stored before fuel replemshme'nt.

Further, in a case where the stored learning.value KG is larger in shift from the boundary

- value KGb2 to the rich side than the’ predet’e'rrﬁined value KG2, a vilue smaller than the

predetermined amount C2 is set as the correction armount C. In a case where the stored

learning value KG is smaller in shift from the boundary value KGb2 to the rich side than
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the predetermined value KG2, a value larger than the predetermined amount C2 is sct as
the correction amount C. Then, tne correction amount C set in this manner is added to the
stored learning value KG, whereby the learning value KG is updated to the boundary value
KGb2. In this manner, in a case where the learning value KG stored at the time of engine
starting is a value further on the rich side tnan thé boundary value KGb2, the magnitude of
thé correction amount C is set such that such a shift is eliminated, according to the arnount
of shift of the stored learning value KG from the boundary value KGb2 to the rich side.
Then, the chrection of the stored learning value KG is pefformed by the set correction
amount‘C, and fuel injection using fuel after fuel replenishment is started by using ther
nonected learning value KG, and thus engine starting is performed. |

[0055] In addition, the. bonndaty V-alue KGbl on the lean side of the
prédétefmined_range Lissettoa limit value on the lean'side of the learning value KG in
which even if the leanest fuel ié injected, it is possjble to perform engine starting, that is, it

is possible to perform the first engine operation after fuel replenishment to the fuel tank 21

is made. The leanest fuel is CNG having a property in which the content of inert gas such

as nitrogen or carbon dioxide is the greatest, among CNG capable of being replenished,

and is equivalent to CNG in which the excess air ratio A becomes the largest in a case

where the same amount is burned under the same conditions.  Then, the limit value on.the

~ lean side of the learning value KG in which it is possible to perform engine operation in a

case of injecting" the 16anest fuel is calculated by an experiment or the like, and the
calculated lfmit value is set as the boundary value KGb1. - )

. [0056] " Further, the bonndary value KGb2 on ‘the rich.s‘id'e of the predetermined
range L is set to a limit value on the rich side of the learning.vaIUe KG in which even if the
richest fuel is injected, it is 'possibl‘e to perfdrm engine starﬁng, that is, it is poss»ible to
perform the first enginé opérafion after fuel replenishment to the fuel tank 21 is made.

The richest fuel is CNG having a property in which the content of inert gas such as

N .n’itr‘ogen or carbon dioxide is the smallest and the content of a combustible component such

as propane is the greatest, among CNG capable of being replenished, and is equivalent to

CNG in which the excess air ratio A becomes the smallest in a case where the same amount
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_is burned under the same conditions. Then, the limit value on the rich side of the learning

value KG in which it is possible to perform engine operation in a case of injecting the
richest fuel is calculated by an experiment or the like, and the calculated limit value is set
as the bduﬁdary value KGb2.

[0057)  After the correction amount C set based on the map shown in FIG. 3 in this

| ‘way is added to the learning value KG, this processing‘is temporarily ended. In the fuel

injection control device 20 of this embodiment, the stored learning value KG is corrected
through such correction procéssing.

[0058]  Next, an operation by the fuel 'injection control device 20 of this

-~ embodiment will be describéd. In a case where fuel having been replenished through the -

correction processing described with re.ference to FIG. 2 is detected and the learning value
KG stored at the point in time when fuel has been replenishéd is biased tdward the tich -
side. or th_e lcar‘l side enough to exceed the predétermined range L, the correction amount C
is ad.ded,‘ Whe_reby the learning value KG is corrected t6 a value equal to the boundary
value KGbl or KGb2 of the predetcrmihed range L. In contrast, in a éase where fuél
having been réplehishéd through the correction prdcessing described with reférence to FIG.
2 is detected and the learning value KG stored at the pbint in time when fuel has béen
replenished is a value in the predetemﬁned rangé L, the correétidn amount C is made to be
“0” (zero). As a result, the correction of the stored learning value KG is not performed
and the stored learning value KG is maintained as it is. |

. [0059]  According to the fuel injection control device 20 described above, the
folldwiﬁg effects can be exhibited. (1) In a case where fuel having been replenished ‘is

detected and the learning value KG stored at the point in tir_n'ev when fuel has been

.replenished is biased toward the rich side or the lean side enough to exceed the

predetermined range L, the .leafning value KG is corrected to a value equal to the boundary

- value. KGb1 or KGb2 of the predetermined range L.

" [0060] " For this reason, even if the fuel property of fuel in the fuel tank 21 changes

due to fuel replenishment being performed, it is possible to prevent occurrence of poor

~combustion by preventing the air-fuel ratio at the time of the start of fuel injection using
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fuel after fuel replenishment from beihg significantly shifted toward the rich side or the
lean side. |

[0061]  (2) When the learning value KG stored at the point in time when fuel has

" been replenished is a value in the predetermined range L and is not very biased toward the

rich side or the lean side, the correction of the stored learning value KG is not performed
and the stored learning value KG is maintained‘as itis. | ‘

(0062] ‘In thc learning value KG, in addition to é steady shift of the air-fuel fatio‘
due to a difference in the fuel property of fuel which is used; a steady shift of the air-fuel
ratio due to a shift éf the fuel injection amdunt due to manufacturing variation, a tempbral
change, or the like of a coﬁlponf_:'nt such as the fuel injection valve 25 is also reflected.
Therefofe, it is not preferable to recklessly correct the learning valué KG each time fuel is
replenished. |

| [0063] | According to the fuel injection control device 20 described above, in a
case of being in a situation in which it is difficult for poor combustion to occur e_:ven‘ if the

learning value KG stored at the point in time when fuel has been replenished is used as it is,

the learning value KG stored before fuel replenishment is maintained as it is even at the

time of the start of fuel injection using fuel after fuel replenishment. Therefore, it is
possible .to prevent occurrence of poor combustion at the time of the start of fuel injectibn
using- fuel after fuel replenishment, Without reckléssly cb‘rrecting the ‘.leaming' value KG
with a steady shift of the air-fuel ratio including factots other than a fuel property reflected
therein. | |

" [0064] (3) In a case where fuel having a fuel propefty in which the air-fuel raﬁo is
shifted toward the rich side is injected in é‘stéte where the learning value KG .is a value on . -

the rich side, the fuel injection amount becomes excessive, and thus poor combustion -

| easily occurs. - On the contrary, according to the fuel injection control device 20 described

above, the bo(mdary value KGb2 on the rich side of the predetermined range L becomes
the Iimit value on the rich side of the learning value KG in which it is possible to ’péffo'tm
engine operation even if the richest fuel that is fuel in which the air-fuel ratio is shifted

toward the Tichest side, and the richest fuel can be replenished, is injected. Then, in a
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case where the learning value KG stored at the point in time when fuel has been
replenished is a value further on the rich side than the predetermined range L, the stored

learning value KG is corrected to a value in the predetermined range L. For this reason,

even if the fuel property of fuel in. the fuel tank 21 changes due to the replenishment of fuel

and thus becomes a fuel property in which the air-fuel ratio is shifted toward the rich side,
it is diffiéult for the fuel injection amount to become excessive, and thus it is possible to
prevent poor combustion at the time of the start of fuel injection ﬁsing fuel after fuel
replenishfnent. |

[0065] (4) The léaming valué KG is corrected to a value equal to the boundary

.value ‘KGb2. that is a value in which even if the richest fuel is injected, it is difficult for the

' fuel injection amount to become excessive. In this way, it is possible to make the

qoﬁectibn amount of the learning value KG as small as pbésible in comparison with, for
examplc., é case of correcting the learning value KG tvo a value further on the;lean side than
the boundary value KGb2 in the predetermined range L, while preventing the fuel injection
arriount from‘b'ecomi'ng excessive due to a change in fuel property due to the replenishment
of fuel. Therefore, it is possrible to ininimizé_ the correction amount of the learning value
KG and to make ‘the characteristic of the learninvg value KG before ‘correction with a steady
shift of the air-fuel ratio including factors other than a fuel property reflected therein be
reflected in the learning value KG after correction as much as possible.

[0066] = (5) In a case where fuel having a fuel property in which the air-fuel ratio is
shifted toward the lean side is injected in a state where the learning Vbalue KGis a value on -
the lean‘sidé_, the fuel injectién amoUnt is insufficient, and ‘thus poor combustion easily
occurs. On the contrary, according to the fuel injection control device 20 described above,
the boundary value KGb1 on the lean side of the pr’edetermihéd ran.gev: L becomes the limit
value on the lean side of the learning» value KG in which it is possible to perform engine

operation even if the leanest fuel that'is fuel in which the air-fuel ratio is shifted toward the

“Teanest side, and the leanest fuel can be replenished, is injected. Then, in a case where the

learning value KG stored at the point in time when fuel has been replenished is a value

further on the lean side than the predetermined range L, the stored learning value KG is
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corrected to a value in the predetermined range L. For this reason, even if the fuel
property of fuel in the fuel tank 21 changes due to the replenishment of fuel and thus

becomes a fuel property in which the air-fuel ratio is shifted toward the lean side, it is

- difficult for the fuel injection amount to become insufficient, and thus it is possible to

prevént poor combustion at the time of the start of fuel injection using fuel after fuel
replenishment. |

. [0067] (6) The learning value KG is corrected to a value equal to the boundary
value KGb1 that is a value in which even if the leanest fuel is injected, it is difficult for the
fuel injection amount to become insufficient. In this way, it is possible to .make the
correction amount of the learning value KG as small as possible in comparisoh with, fof
example, a case of correcting the learning value KG to a value further on the rich side than
the boundary value KGb1 in the predetermined range L, while pre\}e'nting the fuel injection
amount f;om becoming insufficient due to a change in fuel property due to the
replenishment of fuel. Therefore, it is possible to minimize the correction amount of the

learning value KG and make the characteristic of the learning value KG before correction

with a steady shift of the air-fuel ratio including factors other than a fuel property reflected

therein be reflected in the learning value KG after correction as much as possible.

[0068]' In addition, the above-described embodiment can also be modified and

implemented as follows. In a case where the learning value KG stored at the point in time

~ when fuel has been replenished is a value further on the rich side than the predetermined

range L, a value which is set as the correction amount C may not be a value to correct the

learning value KG to the boundary value KGb2 of the pfedetermined range L. For
example, a i(alue to correct the storéd,leafning value KG to the value of the learning value
KG shifted slightly further to the lean side than the boundary value KGb2 may be set as the
correction amount C. Further, é value to corfect the stored iearning value KG to the value
(in the above-described embodiment, “0” (zero)) of the néutral learning value KG which is
biased toward neither the Tich side rior the lean éide'may'bé."'se't as the correction amount C.
In short, the magnitu'de» of the correction amount C éan be freeiy set as long as it is a value

to correct the stored learning value KG to a value in the predetermined range L.
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According to such a modified example, it is possible to exhibit the same effécts as the
effects (1) to _(3), (5), and (6) which can be obtained in the above-described embodiment.
[0069] In a case where the 1earning value KG stored at the point in time when
fuel has been replenished is a value further on the lean side than the predetermined range L,

a value which is set as the correction amount C may not be a value to correct the learning \

value KG to the bo.undary value KGb1 of the prede;termined range L. For example, a

value to correct the stored learning value KG to the value of the learning value KG shifted
slightly further to the rich side than the boundary value KGb1 may be set as the correction
amount C. quthcr,'a value to correct the stored learning value KG to the value (in the
above-described embodiment, “0” (zero)) of the neutral learning value KG which is biased

toward neitherthe rich side nor thé lean side may be set as the correction amount C. In .

~ short, the magnitude of the correction amount C can be freely set as long as it is a value to

correct the stored learning v‘alue KG to a value in the predetermined range L. According
to such a modified example, it is possible td exhibit the same effects as the effects (D to(5)
which can be obtained in the above-described embodiment. |

[0070]  The correction .amoun‘t C of the learning value KG may be set using a map
shown in FIG. 4. In the map shown in FIG. 4, the relationship between the learning value
KG and the cOrreétion amount C when fhe ratio of the fﬁel replenishnient amount in the
fuel storage amount is 100% is shown by a solid line. Further, the relationship between
the learning value KG and the correction amount C when the ratio of the tuel
replenishment amount in the fuel storage amo_uth is,SO% is shown by a two-dot chain line.
In addition,‘in FIG. 4, only the relationships between the learning valué KG and the
cofrection- amount C when the ratios of the’fuel replenishment amount are 100% énd 50%
are illustrated. However, in the actuai map, the relationship,betweén the learning value
KG aﬁd the correction amount C is set fof each case where the fuel _replenishmént am‘ount

is a predetermined ratio such as 10%. When the ratio of the fuel replenishment amount is

"100%, a range from the boundary valie KGbl on the lean side to the boundary value

KGb2 on the rich side is set as the predetermined range L. Then, the correction amount C

is set in the same manner as the above-described embodiment according to the learning
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value KG stored at the point in time when fuel has been replenished. In contrast, when

the ratio of the fuel replenishment amount is 50%, a range from a boundary value KGb21

on the lean side to a boundary value KGb22 on the rich side is set as a predetermined range

Lb. Then, in a case where the Ieaming value KG stored at the point in time when fuel has

been replenished is a value which is included in the predetermined range Lb, “0” (zero) is

set as the correction.amount C, whereby the correction of the learning value KG is not

performed and the stored learning value KG is used as it is. In a case where the learning

- value KG stored at the point in time when fuel has been replenished is a value which is not -

- included in the vpred‘etermined range Lb, a value larger than “0” (zero) or a value smaller

than “0” (zéro) is set as the correction amount C, as shown by a two-dot chain line, and the
eorrecti_on of the learning value KG is performed based on the correction amount C. The
boundary value KGb21 of the predetermined range Lb is a value further on the lean side

than the boundary value KGb1 of the predetermined range L. Further, the boundary value

- KGb22 of the predetermmed range Lb is a value further on the rich side than the boundary

value KGb2 of the predetermmed range L In thls manner, in this modified example, the

. lower the ratio of the fuel replenrshment amount to the fuel storage amount, the wider the

'above described predetermined range relating to the setting of the correction amount C

becomes. According to such a modified example, in addition to the same effects as‘_ the
effects (1) and (2) Whieh can be obtained in the above-described embodiment, the
following effects can be exhibited. | |

[0071] | £7) The lower the ratid of the fuel replenishment amount to the fuel storage
amount after fuel replenishment, the -smaller a change in fuel property due to fuel
replenishment becomes. According to this modified example, a predetermined range that
is a range in which the correction of the learning value KG is not performed becomes . -
wider as a change in the fuel property of ’fuel which 1s stored in the fuel tank 21 is smaller.

For this reason, a change in fuel property is small, and thus even if the learning value KG

"~ is not Corre’cte’d',""WHen the possibility of engine operation being performed by st'ar'ti}rg fuel

injection using fuel after fuel replenishment is high, a predetermined range is made wide,

and thus it becomes difficult for the correction of the learning value KG to be performed. |
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That is, according to the above-described modified example, it is possible to increase or

decrease an opportunity to correct the learhing ,value‘ KG in éccordance with the degree of
change‘in fuel property due to fuel replenishment, and it i;c, possible to prevent excessive
correction of the learning value KG.

[0072] The leamning value KG may be corrected by subtracting thve correction
amount C from the learning value KG. In such a mo’difieci example, as a map for setting
the correction amount C, a map in which the relationship between the _learning‘value KG

and the correction amount C is set to an inverse relationship with the mzip,shbwn in FIG. 3

or 4 is used. That is, the correction amount C when the learning value KG is a value

further on the rich side than the predetermined range L is changed to a positive value, and

“the correction amount- C when the learning value KG is a value further on the lean side

than the predetermined range L is changed to a negative value.

[0073] The 1earniﬁg value KG may be correded by multiplying thle learning Va'lue‘ ‘
KG by the correctién amount C. A map for setting thé correction arvn(')unt‘ C which is used
in such a modified example is a map in which the corre'ct'ion amount ‘C when the learning
value KG is a vélue in the predetermined range L is changed to “1” in the map éhoWn in
FIG. 3 or 4. Further, the chrection amount C wheﬁ the learning value KG is a value
further on ‘th>e rich side than the predeterminéd»range L is changéd to a positive value
smaller than “1”, and the cofrectio_n amount C when the leérning value KG is a value

further on the lean side than the pred_etermined range L is changed to a value larger than

. “1”

[0074]  The learning value KG may be corrected by dividing the learning value

'KG by the correction amount C. - A map for setting the correction amount C which is used

in-such a modified example is a map in which the correction amount C when the}learning
value KG is a value in the predetermined range L is changed to “1” in the map shown in

FIG. 3 or 4. Further, the correction amount C when the learning value KG is a value

- further on the rich side than the predetermined range Lis changed to a value large than “17,

and the correction amount C when the learning value KG is a value further on the lean side

than the predetermined range L is changed to a positive value smaller than “17.
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[0075] Instead of the correction of the learning value KG basedl oh the learning
\galﬁe. KG, the fuel ihjection amount may be corrected. Specifically, separ‘ately from the
feedback éorre'ction coefficient KF or the learning value KG, a correction term NF for
correéting the fuel injection amount is set. Then, thé correction term NF is set according
to the leaming value KG stored at the time of engine startirig, that is, stored at the point in
time wheﬂ fuel has been replenished, on the condition that fuel replenishment has been
made, and the fuel injection amount is corrected. When the stored learning value KG is a

value in the predetermined range L, the correction term NF is set to a value which does not . .

_correct the fuel injection amount to the amount increase side or the amount decrease side.

10

If the correction term NF is set in this manner, the correction of the fuel injection amount
by the correction term NF is not perform'ed and fuel is injected by using the fuel injection
amount in which a correction to the’amount increase side or the amount decrease side by

the stored learning value KG is performed. In contrast, when the stored learning value

'KG is a value shifted further to the lean side than the boundary value on the lean side of

- the predetermined range L, the correction term NF is set to a size to perform a correction to

increase the fuel injection amount. Then, when th_e stored learning value KG is a value
shifted further to the rich side than the boundary value on the rich side of :’the
predetermined range L, the correction term NF is set to a size to perform a correction to
decrease the fuel injection ‘ambount. If the size of the correction term NF is set in this
manher, the fuel injection amount is corrécted by the éorrection term NF so as to become
thé fuel injection ambunt when having been corrected by the léaming value KG in the
predetermiﬁed range L. That is, when a range of the corrected fuel injection amount
éorresponding to the predetermined range L of the léa}ning value KG is set to be a
predetermined injection amount range, fuel injection using fuel after fuel replenishment is
started by using the fuei injection amount in the-predetérmined injection amount range.

In addition, the predetermined injection amount range is a 'range from the fuel injection

“amount that is the least in amount, of the fuel injection amount which is calculated by a

correction using the learning value KG in the predetermined range L, to the fuel injection

amount that is the largest in amount. = Further, the correction term NF gradually
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‘approaches a value which does not correct the fuel injection amount, for each

predetermmed period dunng engine operatlon after the start of fuel injection usmg fuel

after fuel replenishment and after the elapse of a predetermined period of time from the

start of fuel injection using fuel after fuel replenishr’nent, the correction term NF becomes a

value which does not correct the fuel injection amount to the amount increase side or the

"amount decrease side. According to such a modified example, the following effects can

be exhibited.

[0076] (8) As described above, in a case where when the stored learning value

KG is significantly biased toward the rich side, fuel replenishment is performed and thus

the fuel property of fuel stored in the fuel tank 21 changes from the lean side to the rich

side, the fuel injection amount becomes excessive at the time of the start of fuel injection

‘using fuel after fuel replenishment, and the air-fuel ratio is significantly shifted toward the

rich side, and thus poor combustion occurs. - Furthe_r, in a case where when the stored
learning value KG is significantly biased toward the lean side, fuel vreplenishment is
performed and thus the fuel property of fuel stored in the fuel tank 21 changes from the

rich side to the lean side, the fuel 1n]ect10n amount is insufficient at the time of the start of

" fuel injection using fuel after fuel replenishment, and the air- fuel ratio is significantly

shifted toward the lean side, and thus poor combustion occurs.
- [0077] According to the above-described modified example, in a case where the

learning value KG stored ‘at the point in time when fuel nas been replenished is biased

“toward the rich side or the lean side enough to exceed the predetermined range, the fuel

injection amount is corrected to a fuel injection amount in the predetermined injection

.amount range.

[0078] For this reason, even if the fuel property of fuel in the fuel tank 21 changes
due to fuel replenishment being performed, it is possible to prevent occurrence of poor

combustion by preventing the air-fuel ratio at the time of the start of fuel injecti'on using

fuel after fuel replenlshment from bemg significantly shlfted toward the rich 51de or the

lean 51de

[0079]1  (9) In the fuel injeciion control device 20 according to the above modified
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example, when the learning value KG stored at the point in time when fuel has been
replenished is a value in a predetermined range and is not very biased toward the rich side
or the lean side, fuel is injected by ﬁsing a fuel injection amount with a correction to the
amount increase side or the amount decreasé side by the stored learning value KG
performed thereon.

[0080] ~ As described above, in addition to a steady shift of the éif-fuel ratio duebto
a differeﬂcé in the fuel probf;rty of fuel which is used, a ste.ady’: shift of the air-fuel ratio due
to a shift of the fuel injection'amouht due to manufacturing variation, a temporal change,
or the like of a co.mpon'ent such as the fuel injectidn valve 25 is also reflected in the

learning value KG 'Ther’efore, in the fuel injecfion amount corrected by using the

~ learning value KG, a steady shift of the air-fuel ratio due to various factors including

factors other than a fuel property is reflected. Therefore, it is not preférable to recklessly .
correct the fuel injectioh amount corrected by using the learning value KG. |

[0081]  According to th¢ a‘bove-descrl;bed‘ modified ekafnple,‘ in a case of being in
a situation in which it is difficult for poor combustion to occur even if the fuel injection
amount corrected by using the learning value KG siorg@ before fuel replenishment is used
as it is, the fuel injection amount corrected by ﬁsing the learning value KG is used as it is.
Therefore, it is possible to prevent occurrence of poor combustion at the time of the start of
fuel injection using fuel after fuel replenishment, without recklessly corfeéting the fuel
injection. amount corrected: by usi‘ng the learning value KG with a steady shift of the -
air-fuel ratio including factors other than a fuel property reflected therein. ’

[0082]  As the boundary Valvue KGb2 on the rich side of the predetermined range
L, values other than the limit vallue on the rich side of the learning value KG in which it is -
possible to ,perfoﬁn engine operation even if the richest fuel is injected may be set. For |
example, assuming that predetermined rich fuel having a fuel property shifted slightly

further to the lean side than the richest fuel is injected, a limit value on the rich side of the

" “learning value KG in Wthh it is possible to perform engine operation even if such = °

injection is made may be set as the boundary value KGb2.- According to sﬁch a modified

example, it is possible to exhibit the same effects as the effects (1), (2), (5), and (6) which
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can be obtained in the above-described embodiment.

[0083]  As the boundary value KGb1 on the lean sidev of the predetermined range

- L, values other than the limit value on the lean side of the learning value KG in which it is

possible to perform engine operation evén if the leanest fuel is injected may be set. For
example, assuming that predetermined lean fuel having a fuel pfopérty shifted slightly
further to the rich side than the leanest fuel is injected, a limit value on the lean side of the
leaming value KG in which it is po,ssible to perform engine operation even if such
injection is made may be set as the boundary value KGb:l. According to such a vmodified
example, it is possible to exhibit the same effects as the effects 1) to ’(4) which can be
obtained in the above-described embodiment. | | | | |

[0084]  The fuel injection amount may be calculated by multiplying the basic fuel

. injection amount by a value obtained by multiplying the stored learning value KG by the

feedback correction coefficient KF. In such a form, the value of the neutral learning value

- KG which is biased toward neither the rich side nor the lean side becomes “1”, a value on.

the rich side becomes a value larger than “1”, and a value on the lean side becomes a value

smaller than “1”.

[0085] A fnethdd of calculating the correction amount of the learning valuAe KG or
the fuel injection amount is not limited to ihe calculation using a map. If it is possible to
correct the learning value KG or the fuel injection amo.un\t in the same aspect as _in'the
above-described embodiment or each modified example, fhc method of calculating the
correction amount can also be appropriately changed.

[0086] A config_uration may be made such that when the stored learning value KG
is a value in the predetermined range L, the calculation of thé cofrg:ction amount of the

learning value KG or the fuel injection amount is not performed, and when the stored

learning value KG is a value outside of the predetermined range L, the correction amount

of the learning value KG or the fuel injection amoﬁnt is calculated.
[0087] “In a casé where gaseous fuel such as natural gas, alcohol mixed fuel, the

fuel property of which changes according to alcohol concentration, or the like. is used as

.fuel, the fuel property of fuel which is replenished is not often constant. For this reason,
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it is also possible to apply the technical idea illustrated in the above-described embodiment
or each modified example to a fuel injection control device in which instead of CNG,

gaseous fuels other than CNG, or alcohol mixed fuel is used as‘fuel,_'and it is possible to

- exhibit the same effects. In addition, in a case of using alcohol mixed fuel as fuel, it is

preferable to detect whether or not fuel has been replenished, by using a float or the like

~which detects a fuel level in a fuel tank, instead of the pressure sensor 36.

[0088] It is also possible to apply the technical idea illustrated in the
above described embodlment or each modified example to a fuel injection control device

capable of performing injection by switching a plurality of fuels, and it is possible to

- exhibit the same effects. It is also possible to apply the technical idea illustrated in the

above- descrlbed embodiment or each modified example to, for example a fuel lnjectlon
control device in Wthh it is possible to switch used fuel between CNG and gasoline during
e_nglne operation. |

'[0_089] ‘In the fuelLinjection control -device in which switching of use fuel is

possible, the learning value is updated.for-each fuel. That is, the learning value for fuel

which is used is updated at the time of engine operation using the respective fuels. Then,
the fuel injection amounts of the respectlve fuels are corrected by using the learning value
updated for each type of fuel
[0090] For this reason, for example, in a case whe\re the same technical idea is
applied to.a fuel injection cont_rol device in which it is possible‘ to perform injection by
switching between CNGv and gasoline, when fuel having been replenished is detected and
the learning value for the fuel stored at the point in time when the fuel has been
replenished is not included in a predetermlned range, the learning value or the fuel
lnjectlon amount is corrected. In this way, when during engine operation, use fuel is
switched to fuel having been replenished, it is possible to start fuel m]ectlon using fuel
after fuel replenishment, with an appropriate fuel inj ectio_n amount. |
[0091] ~ In addition, when gaséous fnnel'sbilch""észNG'in'Which”a‘ fue]"pfépefty'bf
fuel which is replenished',is not often constant or alcohol fuel has been replenished, sucha .

correction according to whether or not the learning value stored at the point in time of
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replenishment is included in a predetermined range is performed, and when fuel such as
gasoline in which variation in fuel property is less has been replenished, a correction may

not be performed.
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CLAIMS:

1. A fuel injection control device comprising:
an electronic control unit configured to
" (a) update and store a learning value compensating for a steady deviation between an

actual air—fuel ratio and a target air-fuel ratio through an air-fuel ratio feedback control
during operation of an engine,

(b) correct a fuel injection arhount by using the learning value,

(c) detect whether or not fuel is replenished,

(d) start fuel injection by usi_hg a stored learning value and fuel after being
- replenished, '_when the stored learning value at a timing when the electronic Cbntroi unit
determines that fuel is replénished is included in a predete‘rmined range from a first
predetermined value to a second predetermined value, the first predetermined value being a
value used when an ‘amount increase correction of -fuel' is perfornﬁed, the second
predetermined value being a value used when an amount decrease correction of fuel is
performed, and

(e)‘ correct the stored l_éaming value to a value in the predetermined range and start
fuel injection by using fuél after being replenished, when the stored learning value at the
timing when the electronic control unit determines. that fuel is replenished is not included

in the predetermined range.

2. The fuel injection control device according to claim 1, wherein the first
predetermined value is a limit %(alue when the engine oberates even in a case where the
richest fuel is used, the richest fuel is fuel in which‘an air-fuel ratiQ‘ is shifted toward the
richest sid‘e, and the richest fuel can be replenished.
~ 3. The fuel injection control device according to claim 2, v'.Wherein' the electronic

\ ) _
control unit is configur'ed'tocorrect the stored learning value to a value equal to the first

predetermined value when the stored learning value at a timing when the electronic control
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unit determines that fuel is replenished is a value used when the amount increase correction

is performed beyond the predetermined range.

4. The fuel injection control device according to any one of claims 1 to 3, wherein the
second predetermined value is a limit value when the engine operates even in a case where
the leanest fuel is used, the leanest fuel is fuel in which an air-fuel ratio is shifted toward

the leanest side, and the leanest fuel can be replenished.

5. The fuel injection control device éccording to élaim 4, wherein the electronic
control unit is configured to correct the stored learning valuve to a value equal to the second
predeterm\ined value when the stored learning value at a timing when the electronic control
unit determines that fuel is replenishéd is a value used whenl‘the amount decrease

correction is performed beyond the predetermined range.

6. The fuel injection control device accdrding to claim 1, wherein- the electronic
control unit is configured to set the predetermined range to be wider as a ratio of a fuel

replenishment amount to a fuel storage amount is lower.

7. A fuel injection control device cbmpfisjng:

an electronic control unii configured td

(a) update and store a iea;ning value compenéating for a steady deviation between an
actual air-fuel ratio and a target air-fﬁel ratio through an éir-fuel ratio feedback control .
during operatioh of an engine, | -

(b) correct a fuel injection amount by using the learniﬂg value,

(c) detect whether or not fuel is replenished,

(d) start fuel injection using fuel after being r_eplenishe'd' and a fuel injection afnount
" corrected based on a Stb"re'd' léami'ﬁ'g value when the stored learning value at a timing when
the electronic control unit determines that fuel is repienished‘ is included in a

predetermined range from a first predetermined value to a second predetermined value, the
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first predetermined value being a value used when an amount increase correction of fuel is
pell'formed,’ the second predetermined value being a value used whenk'an amount decrease
coirection of fuell is performed, and |

(¢) start fuel injection using fuel after being replenished and a fuel injection amount
in a predetermined injection amount range when t‘he‘ stored learning value at a.fiming when
the electronic control unit determines that fuel is replerﬁshed is not included in the
prédetermi-ned range, the predetermined injection amount range being a range of a fuel

injection amount corrected by the learning value in the predetermined range.
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