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ABSTRACT OF THE DISCLOSURE

There are discloSed a fuel injection control system,
a fuel injectiori control method, and an engine control unit
for an internal combustion engine, which are capable of
accurately controlling a fuel injection amount according
to chariges in a valve overlap period due to changes in a
cam phase . thereby ensuring proper engine performance . The
fuel injection control system for an internal combustion
engine which is Capable of changing a valve overlap period
by changing a cain phase includes an ECU. The ECU calculates
a cam phase difference between the present value and the
immediately preceding value of the cam phase (amount of
change in the valve overlap period), calculates a wall
surface temperature of intake ports, and sets a basic fuel
injection time period based on an intake pipe absolute
pres sure and an engine rotational speed. The ECUcalculates
a final fuel injection time period by correcting the basic
fuel injection time period according to the cam phase

difference and wall surface temperature of the intake ports.
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FUEL INJECTION CONTROL SYSTEM,
FUEL INJECTION CONTROL METHOD, AND ENGINE CONTROL UNIT
FOR INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

Field of the Invention'

This invention rélates to a fuel injection control
system, a fuel injectidn control\method, and an engine
control unit, for an internal combustion engine which 1s
capable of changing at least one of the cam phase of each
intake cam and that of each exhaust cam, relative to a
crankshaft of the engine, to thereby change a valve overlap
period ;during which both the intake valve and the exhaust
valve aj:‘e bpen , thefuelinjectioncontrol systemcont rolliag

the amount of fuel injected into the engine.

Description of the Prior Art

Conventionally;;a fuel injection control system of
the above—mentioned kind was proposed e.g. by Japanese
Laid-Open Patent Publication (Kokai) No. 2000-1793581. The
engine \in_corporating the disclosed fuel inject'ion control
system includes a cam pha‘se change mechanism. The cam.phase
change mechanism is of a hydraulically driven type Wthh
is supplled with hydraullc pressure sSo as to change a cam

phase, which is indicative of an amount of advancement of

an intake cam shaft relative to an exhaust cam sha-ft, such
that tha cam phase becomes equal to a target cam phase. 1In
the process, since the cam phase change mechanism is
hydraulically driven, ‘the cam phase does not change
1nstantaneously, but changes progressively toward the

target cam phase with a response delay. To overcome the
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problems resulting from this response delay, in this fuel
injection control system, when the engine is in a
transitional operatingcondition fromahigh-load operation
to a low-load operation during deceleration, an injection
amount-increasing coefficient for increasing the~fuel;
injection amount is calculated in the following manner: An
actual load on the engine is calculated based on the intake
pipe pressure, and a target load on the same is ca‘lculated
based onzthe opening degree of a throttle valve'and the
rotational speedof the engine . Then , 1T 1sdetermined based
on the difference between the calculated actual load and
target load whether or not the engine is in a transitional
Operating condition froma high-load operation to a low-load
0peration. Further, it is determined whether or not the
cam phase is in a transitional state for decreasing toward
the target cam phase for the low-load operation of the engine
(i.e. changlng in a retardlng direction). If the engine
and the cam phase are both in the respective transitional
condition and transitional state, the injection‘
amount-increasing coefficient is caloulated, based on the
engine rotational speed, the actual load, and the cam phase,
according to an increase in the amount of intake air. Then,
an increase in the fuel injection amount is controlled by
- using the injection amount- -increasing coefficient. Thus,
the problems caused by the delay in response of the cam phase
change mechan:l.sm, including a stall and a misfire of the
engine, are prevented, and stable combustion ismaintained.
In the above :Lnternal combustion engine, the response
delay of the cam phase change mechanism causes the cam phase
Cto continuously decrease toward the target cam phase in the
retardlng direction even durlng an intake stroke, to thereby
reduce the valve overlap period during the intake stroke,

whereby an internal EGR amount (remaining gas quantity) lS
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reduced. Asaresult, the temperature of anair-fuel mixture
falls, resulting in 'a:decrease in the temperature of‘the
wall surface of intake ports, which causes an increase in
the amount of fuel adhering to the wall surface of the intake
port. Further, the decrease in the valve overlap period
' means an increase inasubstant ialoreff edtive valve-opening
time period of the int:ake val've, which causes an increaSe
in the amount of intakei air. The above changes in the state
of the air-fuel mixture within a combustion chamber are
conspicuous especially when the difference bétween the cam
phase and the target cam phase is large. In the above fuel
injection control system, however, since the injectioﬁ

amount-ihcreasing'coefficient iscalculated.simply'baséd
on the engine rotational speed, the actual load, and the
cam phasé, the fuel ihjection amount cannot be prOperly
controlléd in response to the changes in the state of the
air-fuel mixture causéd by the continuous decreaSé in the
cam phase in the retarding direction during the intake stroke ,
which causes déviation of the air-fuel ra'tio of the air-fuél
mixXxture from a 'target air-fﬁel ratio. This can result 1n o
a lowered engine output, increased emissions and decreased
fuel economy, and hence makes it impossible to provide

adequate engine performance. Further, the above-described
conventional fuel injection control system performs the
above control only when the cam phase is on the decrease,

but cannot perform control when the cam phase is on the

increase.

SUMMARY OF THE INVENTION

It i1s an object of the invention to provide a fuél
injection control system, a fuel injection control method,

and an engine controlunit, for an internal combustion engine
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whichiscapable of accuratelycontrolling the fuel injection
amount " in response to@a change in a valve overlap period
due to a change in a cam phase, thereby ensuring excellent
engine:perfonmance.. ‘ '

To attain the abo;ve object, according toa first aspeot
of the present invention, there is provided a fuel injection
control system for an internal combustion engine including
intake valves, intake cams for opening and closing the intake
cams, respectively, exhaust valves, exhaust cams for opening
and closing the exhaust cams, respectively, and a crankshaft
connected to the intake cams and the exhaust cams, the engine
being.capable of changing at least one of a cam phase of |
each intake cam and a cam phase of each exhaust cam, relat ive
to a crankshaft of the engine, to thereby change a valve
overlap period, and causing fuel injection toward intake
ports of the engine.

The fuel injection control system according to the
firstaspectof theinventionischaracterizedbycomprising:

Valve overlap change amount-detecting means for
detecting an amount of\.\ change in the valve overl.ap' period;

wall surface temperature-detecting means for
detecting a wall surface temperature of the intake \portjs;

- operating condition—detectingmeans for detecting
operating conditions of the engine; ' |

- fuelinjection amount -settingmeans forsettinga fuel
injection amount according to the detected operating '
conditions; and ' '

fuel injection amount-correcting means for
correcting the set 'fuel injection amount according to the
‘detected amount of change in the valve overlap period and
the detected wall surface temperature of the intake ports; .

In this fuel injection control system, when the valve

overlap period is changed due to a change in the cam phase,
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the fuel injection amount i1s set accordihg to the detected
operating conditions of the engine, and then the fuel
injection amount thus set is corrected according to the
amount of change in the valve overlap period and the wall
surface temperature o‘f the intake ports. 1In this case, the
amount of change in the va]'.veoverlap period 1s a parameter
in which changes in an internal EGR amount and the amouht
of intake air due to the change in the valve overlap pericd
are reflected, while the wall surface temperature of the
intake 'ports is a parameter in which a change in the amount
of fuel adhering to the'wail surface of the intake port,
due to the change in the valve overlap period is reflected.
Therefore, by correcting the fuel injection amount according
to these parameters, it 1is possible to accurately control
the fuel injection amount by reflecting the changes in the
internal EGR amount, the amount of intake air, and the amount
of fuel adhering -tc the wall surface, due to a continuous
or progressive change 1n the valve overlap period, whereby
apprcpriate engine performance dependent on the actual state
of an eir-fuel mixture within the combustion chamber can
be achieved. It should be noted that throughout the present
specification, "detection of the amount of change in'the
valve overlap period” and "detection of the‘wallgsurface
temperature of the intakepcrts " include not only detect ions
performed directly by.Sensors,-but also estimaticns by
erithmetic operations.

Preferably , the fuel in jectioncontrol system further
comprises atmospheric pressure—detecting means for
detectingan atmo.sphericpressure , and second fuel injection
amount-correcting means' for correcting the fuel injection
amount:accordihg to the detected atmospheric pressure.

' In general, with a change in the atmospheric pressure,

back pressure on the exhaust side of the engine changes,
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which causes a change in the amount of gas remaining in the
combustlon chamber and a resultant change in the amount of
:Lntake. air. In short the atmospherlc pressure is a
parameter in which the change in the amount of intake air
is reflected. According to this preferred embodiment, the
- fuel injection amount is corrected according to the
atmospheric pres sure , wh.ereby the fuel injection amount can
be properly calculatedbyreflecting the change in the amount
of intake air due to the change in the atmospheric pressure .
This enables further accurate control of the fuel injection
amount . '

Preferably, the fuel injection amount-correcting
means corrects the fuel injection amount such that when the
amount of change in the ‘valVe overlap period shows an increase
in the :valve overlap period, the fuel injection amount 1s
reduced, whereas when the amount of change in the valve
overlap period Sh0ws a decrease in the valve overlap period,
the fuel injection amount 1s increased.

When the valve overlap period is on the increase, the
internal EGR amount is increasing and the amount of intake
air is decreasing, and when the valve overlap period is on
the decrease, the internal EGR amount is decreasing and the
amount of intake air 1s increasing. According to this
preferred embodiment, when the amount of change in the valve
overlap period shows an increase in the valve overlap period,
the fuel injection amount is corrected such that it is

decreased, which enables more accurate control of the fuel
injection amount. On the other hand, when the amount of
change' in the valve overlap period shows a decrease in the
valve overlap period, the fuel injection amount is corrected
such that it is increased, which also enables more accurate

control of the fuel injection amount.

To attain the above object, according to a second
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aspect of the :anent:l.on there is prov1ded a fuel :LnJectJ.on
control system for an 1nternal combustion engine 1nclud1ng
intake valves, intake cams for openingandclosing the intake
cams, respectively, exhaust valves, exhaust cams for opening
- and closing the exhaust cams, respectively, anda crankshaf t
connected to the intake cams and the exhaust cams, the engine
being capable of changing at least one of a cam phase of
each intake cam and a cam phase of each exhaust cam, relative
to a crankshaft of the engine, to thereby change a valve
overlap period, and causing fuel injection toward intake
ports of the engine.

The fuel injection control system according to the
second aspect of the invention is characterized by :
comprising:

a.valve overlap'Change amount-detecting module for
detectlng an amount of change in the valve overlap perlod

a wall surface temperature detecting module for
detectlng a wall surface temperature of the intake ports;

an operating condition-detecting module for
detectrng operating conditions of the engine; '

a.fuel.injection amount-setting module for setting
a fuel injection amount according to the detected operating
conditions- and ‘

a fuel injection amount-correcting module for
correct:Lng the set fuel injection amount according to the
detected amount of change in the valve overlap period and
the detected wall surface temperature of the intake ports

Accordlng to the second aspect of the invention, the
same advantageous effects as provided by the first aspect
of the invention can be obtained. '

Preferably, the fuel injection control system further
comprises an atmospheric pressure-detecting module For

detecting an atmospheric pressure, and a second fuel
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injection amount-correcting module for correcting the fuel
injection amount according to the detected.atmOSpherio
pressure;' ‘

According to this preferred embodiment, the same
advantageous effects as provided by the corresponding-
preferredembodiment of the first aspect of the invention
can be obtained. -

Preferably,.the fuel injection amount-correcting
mOdulecorrects the fuel injection amount such that when
‘the amount of change in the valve overlap period shows an
increase in the valve overlap period, the fuel injection
amount is reduced, whereas when the amount of change in the
valve overlap period shows a decrease in the Valve overlap
period, the fuel injection amount is increased. '

According to this preferred embodiment, the same
advantageous effects as provided by the corresponding
preferred embodiment of the first aspect of the invention
can befObtained.

Toattain the above object, aco01 ~ding to a thlrd aspect
of the :|.nventlon there is provided a fuel 1n3ect:1_on control
method for an internal combustion engine including intake
valves, intake cams for opening and closing the intake cams,
respectively, exhaust valves, exhaust cams for opening and
closing the ex.haust cams, respectively, and a crankshaft
connected to the intake cams and the exhaust cams, the engine
being capable of changing at least one of a cam phase of
each in-tak_e cam and a cam phase of each exhaust cam, relative
to a crankshaft of the engine, to thereby change a valve
overlap perlod and caus:.ng fuel injection toward 1ntake
ports of the engine.

The fuel 1njection'control method according to the

third aspect of the J.nventlon is characterized by compris :Lng

the steps of:



CA 02367745 2002-01-16
HO0-3300

detecting'an amount of change in the valve overlap
period; ' ' ' '
detecting'a'wall'surface temperature of the intake
ports;
detecting.operating conditions of the engine;-
setting a fuel_injection amount according to the
detected operating conditions; and
- correcting the set fuel injection amount according
Lo the detected amount of change in the valve overlap period
and the detected wall surface Temperature of the intake
ports. .
According to the third aspect of the invention, the
same advantageous effects as provided by the first aspeCt
‘of the invention can be obtained. ' ‘
Preferably, the fuel injection control method further
comprises the steps of detecting an atmospheric pressure,
‘and correcting the fuel 'injection amount according to the
detected atmospheric pressure. .
' According to this preferred embodiment, the;same
advantageous effects as provided by the correspondlng

preferred embodlment of the first aspect of the invention

can be obtained.

Preferably, the step of correcting the fuel 1nJ ection
amount includes correctlng the fuel injection amount such
- that when the amount of change in the valve overlap period.
shows an increase in the valve overlap period, the fuel
1njection amount is reduced, whereas when the amount of
change in the valve overlap period shows a decrease in the
valveoverlap period, the fuel injectionamount is increased.

According to this preferred embodiment, the same
advantageous effects as provided by the correspOnding

preferred embodlment of the first aspect of the J.nventlon

can be obtalned
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To attain the above object, according to a fourth
aspect of the invention, there is provided an' engine control
unit including a control program for causing a coniputer to
carry out fuel injection control for an internal combustien
engine '.including intake :valves , 1ntake cams for opening and
closing thelintake.cams, respectively, exhaust valves;
exhaust cams for opening and closing the exhaust cams;
respectively, and a crankshaft connected to the intake cams
and the exhaust cams, the engine being capable of changing
at least one of a cam.phase of each intake cam and a cam
phase of each exhaust cam, relative to a crankshaft of the
engine, to thereby change avalve overlap period, and causing
fuel injection toward_intake ports of the engine. '

The engine contrOl unit according to the fourth aspect
of the inVention 1s characterized in that the control program
causes the computer to detect an amount of change in the
valve overlap period, detect a wall su:rface temperature of
the intake ports, detect operatingconditions of the internal
combustion engine, set a fuel injection amount according
to the detected operating 'conditions, and correct the set
fuel injection amount according to the detected amount of
change;in the Valve overlap period and the detected wall
surface temperature of the intake ports.

According to the fourth aspect of the invention, the
same advantageous effects as provided by the first aspect
of the.invention can be obtained. '

Preferably, the program further causes the cOmputer
to detect an.atmospheric pressure, and correct the fuel
injection amount according to the detected atmOSpheric
pressure. ‘

' Aceording to this preferred embodiment, the same
advantageous effects as provided by the correspondingf

preferred embodiment of ‘the first aspect of the invention
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can be obtalned

Preferably, in correctlng the fuel injection amount
the program causes the computer to correct the fuel injection
amount such that when the amount of change in the valve overlap
period shows an increase in the valve overlap period, the
fuel in jection amount is reduced, whereas when the amount
of change in the valve' overlap period shows a decrease in
the valve overlap ﬁeried; the fuel injection amount ie
increased; |
' According to this preferred embodiment, the same
advantegeous effects as provided by the corresponding;
preferred embodiment of the first aspect of the invention
can be obtained. _ _

The above and other objects, features, and adva.ntages
of the inventionwill become more apparent from the £ ollowing
detailed‘description‘takeh in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram schematically showing the
arrangement of an internal combustion engine incorporating
a fuel j_njection control system according to an embodimeht
of the invention; :

FIG. 2 is a flowchart showing a routine of a fuel
injection control process carried out by the FIG. 1 fuel
injection control system-

FIG 3is aflowchart show:Lng a subroutine for carrylhg
out a step S3 in FIG. 2; |

FIG. 4 shows an example of a DCAIN-KDCA table for use &
in calculatlng a cam phase change amount- dependent

correction coefflclent KDCA

FIG. 5 shows an example of a TCVT-KTCDCA table for
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use incalculatinga portwall surface temperature-dependeht
correction coefficient KTCDCA;

FIG. 6 shows an example of a PA-KPACDCA table for use
in caICulating an atmospheric pressure-dependent \
correction coefficient KPADCA; and '

FIG. 7 is a timing chart showing examples of changes
in the cam phase change amount-dependent correction :
coefficient KDCA and other related values during execution

of the.FiG. 2 control process.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The invention will now be described in detail with
referehce to drawings showing an embodiment thereof.
Referring first to FIG. 1, there is schematically shown the
arrangement of a fuel~injection control system 1 for an
internal combustion engine, according to the embodiment of
the inVentio:n. As shown in the figure, the fuel injectien
controi system 1 includes an ECU (Electronic Control Unit)
2. The ECU 2 carries outvarious controls including fuel
injection control independence on operating conditions ef
the internal combustion engine (hereinaf ter simply ref e:rred
"to as “the eng'ine") 3 as described in detail hereinaftej:.

The engine 3 1is a four-stroke cycle DOHC gasoline
engine, which includesan intake camshaft 6 and an exhaust
camshaft 7. The intake camshaft 6 has intake cams 6a (only
one of which is shown) for opening and closing ihtake valves
4, while the exhaust camshaft 7 has exhaust cams 7a (oniy
one of which is shown) for opening and closing exhaust valves
5. The intake and exhaust camshafts 6, 7 are connected to
a crankshaft 9 by a timing ehain, not shown, for rotating
through 360 degrees as the crankshaft 9 rotates through 720

degrees. A cam phase change mechanism 8 (VTC) is arranged
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at one end of the intake camshaft 6. .

The cam phase change mechanism 8 is operated by
hydraulic pressure supplied thereto, to continuously
advance or retard a phase angle (hereinaf ter simply ref erred
to as "the cam phase”) CAIN of the intake cam 6a relative
to the crankshaft 9, _Whereby the opening/closing timing of
each intake valve 4 isadvancedorretarded. When the opening
timing of the intake valve 4 is advanced a valve overlap
period during which both the intake valve 4 and the exhaust
valve 5are openis increased , whereas when the opening timing
is retarded, the valve overlap period is decreased.

Further, the cam phase change mechanism 8 is connected
to a solenoid control valve 10 which is driven by a drive
signal from the ECU 2 for supplying hydraulic pressure from
an hydraulic pump, not Shown, of a lubricating system,, not
shown, of the engine 3 to the cam phase change mechanism
8 according to a duty ratio DOUT of the drive signal. This -
causes the cam phase change mechanism 8 to advance or retard
the cam phase CAIN. '

A cam angle sensor 20 is arranged at the other end
of the intake camshaft 6, opposite to the one end at which
the cam phase change mechanism 8 1s arranged. The cam angle
Sensor ::20' (valve overlap change amount-—detecting means) is
compriSed e.g. of a magnet rotor and an MRE (magnetic
resistance element) pickup, and delivers a CAMsignal, Wthh
lS a pulse 31gnal to the ECU 2 whenever the intake camshaft
6 rotates through a predetermlned cam angle (e.g. one
degree) . '

Further, injectors 13 (only one of which 1s shown )
and an intake plpe absolute pressure sensor 21 are inserted
1nto an intake pipe 11 of the engine 3 at respectlve locatlons
downstream of a throttle valve 12. The 1n3ectors 13 are

each arranged in a manner directed toward an intake port
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not shown, of each cylinder, not shown, and driven by adrive
 signal from the ECU 2, to inject fuel toward the intake port.
The intake pipe absolute pressure sensor 21 (operating
condition-detecting means) formed e.g. by a semiccnductcr
pressure sensor senses an intakepipeabs_olute pressure PBA
within the intake pipe 11, and delivers a signal indicative
of the sensed absolute pressure PBA to the ECU 2.
Further, an englne coolant temperature sensor 22
formed e.g. by a thermlstor is mounted in a cvylinder block
of the englne 3. The engine coolant temperature sensor 22
(wall eurface temperatnrewdetecting means) senses a
temperature (engine coolant temperature TW) of an engine
coolant circulating within the cylinder block of the engine
3 and supplies a signal indicative of the sensed engine
coolant temperature TW to the ECU 2. o '
Mounted to thecrankshaft 9 of the engine 3 is a crank |
angle pOSition sensor 23 (valve overlap change '
amcuntédetecting-means, operating condition-detecting
means) which delivers to the ECU 2 a CRK signal and a TDC
signal, which are both pulse 51gnals in accordancewith |
rotatlon of the crankshaft 9. '
Each pulse of the CRK signal is generated whenever
the crankshaft rotates' through a predetermined angle (e.g.
30 degrees). The ECU 2 determines a rotational speed
(hereinafter referred to as "the engine rotational speed”)
NE of the engine 3, based on the CRK signal, and at the same
time calculate\s the .carﬁ phase CAIN, based on the CRK signal
and the aforementioned CAM signal from the cam angle senscr
20. The TDC signal indi-cate_s that thepistonl4ina 0ylinder
is ina p:redetermined crank anglepositionimmediately before
a top dead center (TDC) position at the start of the 1ntake
stroke ‘and each pulse of the TDC s:l.gnal i1s generated whenever

the crankshaft rotates through a predetermined angle.
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Further, connected to the ECU‘2 are an 1lntake air
temperature sensor 24 (Wall surface temperature-detecting
means) and an atmospheric pressure sensor 25 (atmospheric
pressure-detecting means). The sensors 24, 25 detect en
intake air temperature TA and an atmospheric press-ure PA,
respectively, and deliver to theECU 2 reSpective signals
indicative of the sensed intake air temperature TA and
atmospheric pressure PA.

The ECU 2 (valve overlap change amount-detectingmeans,
wall surface temperature-detecting means, operating
condition—-detecting means, fuel injeci:ionamount'—'setting
means, fuel injection emoun‘t-correcting means, second fuel
injection amount-correcting means) is formed by a
microcomputer including an I/0 interface, a CPU, a RAM and
a ROM. The CPU receives the signals from the sensors 20
to 25 via the I/O inte_rface. The ECU 2 determines an
operating condition of the engine 3 based on these s-ignals ,
and sets the duty ratio DOUT of the solenoid control valve
10; the fuel injection time period TOUT over which the
injector 13 opens, and so forth, according to a\control
program stored beforehand in the ROM, and data sfo'red 1n
the RAM. Further, the ECU 2outputsdrive signals indicat i\}e
of the duty ratio DOUT, ‘the fuel injection time period TOUT,
etc. to \.thereby control the camphase CAIN, the fuel inject ion ]
and soforth.

In the following, a fuel injection control process,
which is executed by the ECU 2, will be described. FIG.
2 shows a main routine for carrying out the control process,
whichis executedin synchronism with input of each TbC signal
pulse, for calculation of the fuel injection time period
TOUT. . " \

A,s'_shown in FIG. .2,'. in the present process, firsi:,

in a step S1, a basic fuel injection time period TIMAP (fuel
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injectioh amount) is calculated.by retrieval from a map,
not shown, according to the sensed engine rotational speed
NE and?intake pipe absoiuteipressure PBA. 1In this case,
as the map for t'he retrieval, there are provided e.g. three
maps, not shown, including one for use when the cam phase
CAIN is in 1ts full_ret_ard position, another for use when
the cam phase CAIN is in its optimum torgque position for
obtaining optimum.torQue, and the other for use when the
cam phase CAIN is in its optimum fuel economy position for
achieving‘ cptimum fuel economy. The optimum torque |
position and optimum fuel economy position of the cam phase
CAIN are set at a -timeploint when the engine 3 has entered
at predetermined operating condition after being warmed up.
The basic fuel injection time period TIMAP is calculated
by retrieving map valtles from the above maps according to
the eng?ine rotational speed NE and the intake pipe ébsolute
pressure PBA, and cart*Y:i.ng out interpolation based- on the
relationship between the actual value of the cam phase CAIN
in a cam phase range including the full retard position,
the optimumtorque positionandoptimumfuel economyposition,
and relevant values of the cam phase CAIN of the three
positions. | ' ' | .
' Then, in a step 'sz, ‘a total correction coefficient
KTOTAL is calculated. The total correction coefficient
KTOTAL is obtained by multiplying with each other various
correction coefficients-(e;g.'an intake air |
temperature-dependent'correction coefficient KTA, an
a‘tmospheric pressure-dependent correct icn coefficient KPA,
and a charging eff icien_cy-dependent correction coefficient
KET) which are calculated based on various parameters (e.g.
the intake air t.emperatlire TA, the atmospheric pressure PA
and the engine rotational speed NE) indicative of operatiﬁg

conditions of the engine 3.



CA 02367743 2002-01-16

HO0-3300
17

Then, in a step S3, a VTC total correction coefficient
KDVTC is caldulated The calculation process will be '
described in detail hereinafter.

Next, in a step S4, a total correction term'TTOTAL

is calculated The total correction term TTOTAL is obta:Lned

by adding together various correction terms (e. g an intake

air temperature-dependent correction term TTA and an
atmospheric pressure- dependent correction term TPA) which
| are calculated based on various parameters :Lndicative of
operating conditions of the engine 3. .
Then, in a .step S5, the fuel injection -time period
TOUT is calculated based on results of the calculations in

the steps S1 to S4, by using the following equation (1):
TOUT = TIMAP x KTOTAL x KDVTC + TTOTAL + TIVB .. (1)

wherein TIVB'represents an ineffective time-dependent;
correction term calculated based on a battery wvoltage,
followed by terminating the program.

Next, the KDVTC-calculating process executed in the
step S3 for calculating the VIC total correCtion coefficient
KDVTC will be described with reference to FIG. 3. In this
process, first, it 1is determined in a step S10 whether or
" not the engine 3 is in a starting mode. If the answer to
the gquestion is affirmative '(YE‘S) , 1.e. 1f the engine 3 is
in the Starting mode, the program proc’e;eds to a step S22,
wherein and the VTC total correction coefficient KDVTC -is
set to a valne of 1.0, folloWedby the program proceeding
to a step S23, referred to hereinafter. On the other hand
if the answer to the question of the step S10 is negative
(NO), i.e. if the eng:Lne 3 is in an operating mode other
than the start:l.ng mode, the program proceeds to a step Sll

wherein the difference between the present value CAIN of
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the cam phase and the immediately preceding value CAINT of
the same.is calculated as a cam phase difference DCAINT
(parameter indicative of the amount of change of the valve
overlap time period). .

Then, the program proceeds to a step S12, wherein the

differenCe between the present value CAINCMD of a target

cam phase and the J.mmedlately preced:Lng value CAINCMDT of

the same is calculated as a target cam phase dlfference
DCAINCMT. The target cam phase CAINCMD used here is
calculated in a calculation process, not shown, by retrieval
from a map, not shown, ~according to the engine rotatlonal
speed NE and the 1ntake pipe absolute pressure PBA. ‘
Then, the program proceeds to a step S13, wherein it
1s determined whether or 'not the absoclute value of the cam
phase difference DCAINT calculated in the step S11 is equal
to or larger than a predetermlned value DCAINTLT. If the

'answer.tO-the question is affirmative (YES), which means

that a change in the cam phase is large, the program proceeds
to a step S14, whereln a cam phase change amount DCAIN is
set to the cam phase dlfference DCAINT, followed by the
program proceedlng to a step 816 referred to herelnbelow.

On the other hand, 1f the answer to the questlon of

the step S13 is negative (NO), which means that the change

in the cam phase is cons:x.derably small the program proceeds

to a step S15, wherein the cam phase change amount DCAIN
1s set to the target cam phase dlfference DCAINCMT, followed |
by the program proceedlng to the step Sl6. The cam phase
change amount DCAIN 1S'used in fuel injection control as
descrlbed hereinafter, but when the change in the cam phase
is cons:Lderably small, the cam phase difference DCAINT is
liable to vary, and ‘hence if the cam phase change amount
DCAIN is set to the cam phase dlfference DCAINT in such a

state, the fuel 1n3ectlon control 1nev1tably becomes
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.unstable 'Therefore Ethe step S15 is executed to prevent
the fuel injection control from becoming unstable.

Then, in the step S16, a DCAIN-KDCA table shown in
FIG. 4 is looked up accordlng to the cam phase change amount
DCAIN, to thereby calculate a cam phase change
amount-dependent correction coefficient KDCA.

'As shown in the.figure,.the DCAIN-KDCA table 1s
configured such that.a table value of the cam phase change
~amount-dependent correction coefficient KDCA decreases as
the cam phase change amount DCAIN becomes larger. More
specifically, when the value of the cam phas-e change amount
DCAIN is equal to O, the-' cam phase change- amount-dependent
correction coefficient KDCA is set to 1.0, and Whenjthe same
is larger than 0, the correction coefficient KDCA is set '
to a value smaller than 1.0, while when the same is smaller
than 0, the correction coefficient KDCA is set to a value
larger than1.0. The reason for setting the cam phase change
amount dependent correctlon coefficient KDCA as above is
as follows: When the camphase change amount DCAIN is W1th;|_n .
a range of the positive values, the internal EGR amount is
increased and the amonnt of intake alr is reduced due to
an increase in the valve overlap period, and therefore, it

is required to correct the fuel injection time period such

that it becomes shorter, whereas when the cam phase change

amount DCAIN is within a range of the negative Values, the .
internal EGR amount is reduced and the amount of intake air
i1s increased due to a decrease in the valve overlap period
and therefore it is requ:l.red to correct the fuel injection
time perlod such that it becomes longer

| Then, the program proceeds to a step S17, wherein an
J.ntake air flow velocity KTCVT is calculated by retrleval
from a map, not shown, accord:l._ng to the engine rotational

speed NE and the.intake pipe absolute pressure PBA.
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Thereafter, the program proceeds to a step 818,. wherein a

wall sﬁrface temperature TCVT of the intake ports .
(hereihaftér reférred.to as “"the port wall surface .
temperature TCVT") is calculated by'using“the following

equation (2):
TCVT = KTCVT x TA + (1 - KTCVT) x TW coe (2)

, Then, the program proceeds to a step S19, wherein a
TCVT-KTCDCA table shown in FIG. 5 is looked up according
to the port wall sur’fag:e temperature TCVT obtained in the
step 518, to thereby ¢alculate a port wall surface
temperature-dependent.correction coefficient KTCDCA. As
shown in the figure, the TCVT-KTCDCA table 1is configuréd.
such that a table value of the port wall surface
temperatﬁre—dependenticorrection coefficient KTCDCA
decrease as the port wall surface temperature TCVT becomés
higher. The reason for setting the correction coefficient
KTCDCA as above is as fol_l'o-w's : Vaporizationof fuel injected
toward the intake port iis promoted as the port w_all~ surface '
temperature TCVT becomés higher, so that the amount of fuel
adhering to the wall surface of the intake port is reduced,
which causes an increase in the amount of fuel flow.-ing- into
the coxt__nbustion 'ch.ambe'r .' Accordingly, it is required tio
correct the fuel injection time period such that it becomes
shorter.

‘Then, the program_proceeds to a step S20, wherein a
'PA-KPADCA table shown in FIG. 6 is looked up according to
the'atmOSpheric pressure PA to thereby calculate the
‘atmospheric pressure-dependent correction coéfficienté
KPADCAg:iAs.shown in the figﬁre; the PA-KPADCA table is
configured\such that a table value of the atmospheric

pressure-dependent correction coefficient KPADCA increases
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as the atmospheric pressure PA becomes 'lower. The reason
for setting the correction coefficient KPADCA as above is
as follows: Back pressure on an exhaust side of the engine
falls as the atmospheric pressure PA becomes 1ower, i.e.
as the engine 3 is operating at a higher altitude » SO that
the amount of gas remeining in the combustien chamber
decreases, which causes an in.crea.s-e in the amount of intake
air. Accordingly, it :is required to correct the fuel:
injection time period such that 1t becomes longer.

Then the program proceeds to a step S21, wherein the
VTC total correction coefficient KDVTC is set to the product
of the cam phase change amount-dependent correction
coefficient KDCA, the port wall surface
temperature-dependent correction coefficient KTCDCA and
the atmespheric pressure-dependent correction coefficient

KPADCA calculated in the respectlve steps S16, Sl9 and 820
(KDVTC <« KDCA x KTCDCA X KPADCA) '

InastepS23 follow::.ng the step S21 or S22, the present
value CAIN of the camphase is set to an immediately precedihg
value CAINT., and the present va‘lue CAINCMD of the target
cam phase to an immediately preceding value CAINCMDT,
followed by term::.natlng the program.

FIG. 7 1is a tlm:l.ng chart showing an example of results
of the fuel injection control process described above. In
the illustrated example, the target cam phase CAINCMD is
set such that it is advanced at a constant advancing speed.
In the figure, for purposes of ease of Understanding, the
inclin'ation of each change in each of the target cam phaee
differenCe DCAINCMT, the cam phase change amouht-dependeﬁt
correctioh coefficient KDCA and the cam phase differenCe
DCAINT is shown to be gentler than it actually is.

As shown in the flgure first, when advancement of

the target cam phase CAINCMD is started (time t1), the target
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cam phase difference DCAINCMT is calculated accordingly as
a positive value within a predetermlned range, and the cam
phase change amOunt-dependent correction coefficient KDCA
is calculated by retrieVal from the FIG. 4 table according
to the cam phase change amount DCAIN which is set here to
the target cam phase difference DCAINCMT (NO to step 513 .
in FIG. 3), as a value smaller than a value of 1.0 within
a predetermined value :i:ange . Subsequently, due to a delay
in response of the cam phase change mechanism 8, the cam
phase CAIN starts advancingata time t2, i.e. in later timing
than the start of the advancement of the target cam phaSe
CAINCMD and accordlngly, the cam phase dlfference DCAINT
starts to be calculated as a positive value.

Then, at a time t3 when the cam phase difference DCAINT
has become equal to the predetermined value DCAINTLT, the

answer to the question of the step S13 becomes affirmative

(YES), and the cam phase change amount-dependent correction
coefficient .KDCA starts to be calculated based on the cam
phase differen_ce DCAINT from this time. It should be noted
that as shown in FIG. 7, at this time t3, the cam phase change
amount-:dependent COrrection coefficient KDCA' 1s set to: a
con51derably 1ncreased value since the cam phase difference
DCAINT 1is smaller than the target cam phase difference
DCAINCMT. Then, as the cam phase dlfference DCAINT
increases, the correctlon coefficient KDCA is progressurely
reduced untll the cam phase difference DCAINT and the
correction coefficient KDCA start to be calculated as
respective constant values. Then, the advancement of the
target cam phase CAINCMD is completed (time t4), and '
accordingly, the target cam phase d:l.fference DCAINCMT is
calculated as 0. Then, the advancement of the cam phase
is completed at a time t5 with a delay from the completion

of the:advancement of the target cam phase CAINCMD.
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Accordingly, the cam phase difference DCAINT starts
decreasing, and inversely to the above, at a time t6 when
the cam phase difference DCAINT has become smaller than the
predetermined value DCAINTLT, the cam phase change .
amount-}-dependent correction coefficient KDCA .starts to be
calculated as 1.0. '

As described above, during the advancement of the
target cam phase CAINCMD, the cam phase change
amount-dependent correctlon coeff1c1ent KDCA is held below
1.0, whereby the fuel injection time period TOUT is set to
a smaller value On the other hand, durlng retardatlon
not shown in the flgure of the target cam phase CAINCMD
the cam phase change amount -dependent correction
coefflclent KDCA is held above 1.0, whereby the fuel
1n3ect10n time period TOUT is set to a larger value.

As described above ~according to the fuel injectiOn
control system1 of the present invention, the fuel :Lnjectlon
time period TOUT is calculated by multiplying the bas:Lc fuel
injection time perlod TIMAP, which is calculated based on
the engine rotational speed NE and the intake pipe absolute
pressure PBA, by the VTC total correction coeff i-cient KDVTC
as the product of the cam phase change amount-dependent
correction coefficient KDCA, the port wall surface
temperatureedependent.correction-coefficient_KTCDCA and
the atmospheric pressure--dependent correction coefficient
KPADCA. - '

In the present embodiment, when the absolute value
of the cam phase difference DCAINT is equal to or larger
than the predetermined value DCAINTLT, the cam phase change
amount dependent correctlon coefficient KDCA is calculated
based on the cam phase difference DCAINT which is a parameter

:Lndlcatlve of the amount of change in the valve overlap time

perlod, and hence it 1s possible to calculate the fuel
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injection time per:l.od TOUT while contlnuously and properly
reflecting changes in the 1nternal EGR amount and the amount
of intake air due to the continuous or progress:l.ve change
in the valve overlap period. In particular, the cam phase
change ﬁamount-dependent correction coeff icient KDCA is set
to a smaller value as the cam phase difference DCAINT.
increaSes . As aresult , as long as the cam phase -differenCe
DCAINT is in the range of the positive values, which means
the valve overlap peri?od is increased, the fuel injection
time period TOUT is properly corrected such that the same
becomes Shorter in accordance with an increase in the
internal EGR amount and a decrease in the amount of intake
air. On the other hand, a’s long as the cam phase differenCe
DCAINT is in the range of the negative values Wthh means
the valve overlap perlod is decreased the fuel 1n3ectlon
time period TOUT is properly corrected such that the same
.becomes longer in accordance wlth a decrease in the 1nternal
EGR amount and an increase in the amount of intake air.
Further, the use of the port-wall surface

temperature-dependent correction coefficient KTCDCA makes
1t possible to calculate the fuel injection time period TOUT
while successively and properly reflecting changes in the
port wall surface temperature and hence changes in the amount
of fuel adhering to the wall surf ace of the intake port which
are caused by Changes in the valve overlap period. Further
the use of the atmospher:n.c pressure- dependent correctlon
coefflclent KPADCA makes it possible to calculate the fuel
inj ectJ.on time perlod TOUT while success:Lvely and prOperly
reflecting changes in the amount of intake air caused by
changes in the atmospherlc pressure PA. Thus, the fuel
‘1n3ectlon-amount can be controlled with high aCCuracy
Although in the above embodlment the cam phase CAIN

of each 1ntake cam 6a lS controlled by the cam phase change
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mechanism 8, this is not limitative but the cam phase of
each exhaust cam 7a relative to the crankshaft 9 may be
controlled by the cam;phase Change mecha‘nism 8. 1In this
case as well, the fuel :injection control executed based cn
the amount of change in the cam phase of the exhaust cam
7a, 1. e the amount of change in the valve overlap perlod
provides the same effects described above. Further,
needless to say, the-cam.phases of the respective intake
and exhaust cams 6a, 7a may be both controlled. ‘
It should be noted that parameters indicative of
operatlng conditions of the engine are not limited to the

engine rotational speed NE and the intake pipe absolute

pressure PBA, but any_parameter, such as the intake air

temperature TA or the like, indicative of an operating

condition of the engine may be employed.

It is further understood by those skilled in the art

- that the foreg01ng is a preferred embodiment of the 1nven't:|.on

and that various changes and modifications may be made

without departing from the spirit and scope thereof.
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What is claimed is:

1. A fuel injection control system for an internal
combustion engine including in_take valves, intake cams for
opening and closing the intake cams, reépectively, exhaust
valves, exheust cams for openling and closing the exhaust
cams, reSPeetively, and a cranvkshaft connected to the intake
cams and:the exhaust cams, the engine%being capable of
changing:at._least one of a cam phase of each intake cam and
a cam phase of each exhaust cam, relative to a crankshaft
of the engine, to thereby change a valve overlap period,
and causing fuel injection toward intake ports of the engine,

' the fuel injection control systemﬁcomprising:

valve:overlap change amount-detecting means for
d_eteCting an amount of c‘hange in the valve overlap period;
' wall surface temperature%detectingmeans for '
detecting a wall surface temperature of the intake ports;

operating condition-detecting means for detecting
operating conditions of the engine; ' \

fuel injection amount-settingmeans for setti‘-ng'a fuel
injection amount according to.the detected operating
conditions; and

fuel injection amount-correcting means for
correcting the set fuel injection amount according to the
detected amount of change in the wvalve everlap period and
the detected wall surface temperature ef the 1ntak—e ports.

2. Afuelinjectioncontrol system accord:l.ng toclaim
1, further comprlslng

atmospher:l__c pressure-detecting means for detecting
an atmospheric pressure- and ' .

. second fuel 1nJect10n amount-correcting means for

correctlng the fuel injectlon amount according to the

detected atmospheric pressure.
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3. Afuelinjectioncontrol system according toclaim
1, wherein said fuel injection amount-correcting means
corrects the fuel injection amount such that when the amount
of change in the valve overlap period shows an increase in
the valve overlap period, the fuel injection amount 1is
reduced,\whereas when the amount of change 1in the valve
overlap period shows a decrease 1n the valve overlap period,
the fuel'injection amount is increased.

4. ~ Afuelinjectlion contrcl system according toclaim
2, wherein said fuel injection amountecorrecting means
corrects the fuel injection amount such that when the amount
of change in the valve overlap period shows an increase in
the valve overlap period, the fuel injection amount is
reduced,'whereas when the amount of change in the valve
overlap period shows a decrease in the valve overlap period,
the fuel injection amount is increased.

5. A fuel injection control system for an internal
combustion engine including intake valves, intake?cams for
opening and closing the intake cams, respectively , exhaust
valves, exhaust cams for opening and closing the exhaust
cams, respectively, anda crankshaft connected to tne intake
cams and:the exhaust cams, the engine being capeble of
changing at least one of a cam phase of each intake cam and
a cam phase of each exhaust cam, relative to a crankshaft
of the engine, to thereby change a valve overlap period,
and causing fuel injection toward intake ports of the engine,

the fuel injection control system comprising:

a valve overlap change amount-detecting module for
detecting an amount of change in the valve overlap period;

a wall surface temperature-detecting module for
detecting a wall surface temperature of the in'take ports;

an Operating conditionsdetecting-module fcr

detecting operating conditions of thecengine;
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a fuel injection:amount-_-setting module for setting
a fuel injection amount according to the detected operating
conditions; and - ‘ |

a fuel injection amount-correcting module for
correcting the set fuel injection amount acco_:r:dihg to the
detected amount of change in the valve overlap period and
the detected wall surface temperature of the intake ports.

6. Afuelinjectioncontrol systemaccordingtoclaim
5, further comprising: ' '

an atmospheric pressure-detecting module for
detecting an atmosPheric pressure; and '

' a second fuel injection amount-correcting module for
correcting the fuel injection amount according to the
detected-atmospheric pressure.

7. Afuelinjectioncontrol systemaccordingtoclaim
5, wherein said fuel ihjection amount-correcting module
corrects the fuel injection amount such that when the amount
of change in the valve overlap period shows an increase in
the valve overlap period ,the fuel injection amount is
reduced, whereas when the amount of change 1in the valve
Overlap period shows a decrease in the valve overlap period,
the fuel injection amount is increased. '

8 . : Afuelinjectioncontrol system accordingtoclaim
6, wherein said fuel injection amount%correcting.module
corrects the'fuel injj ection'amount such that when the amount
of change in the valve overlap period shows an increase in
the valve overlap pericd, the fuel injection amount is
reduced, whereas when the amount of change in the valve
overlap period shows a decrease in the valve overlap; period,
the fuel injection'amount is l1ncreased.

9. A fuel injection control method for an internal
combustion engine including intake valves, intake cams for

opening and closing the intake cams, respectively, :*exhaust
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valv_es:-, exhaust cams for opening and elosing. the exhaust
cams, respedtively, and a crankshaft connected to the intake .
cams and the exhaust Cams, the engine being capable of

changihg at least one of a cam phase of each intake cam and
a cam phase of each exhaust cam, relative to a cfanksha-ft
of the engine, to thereby change a valve overlap_ period,
and causing fuel injection toward ihtake ports of the engine,

the fuel injection control method comprising the steps

of:
detecting an amount of change in the valve overlap
period; ‘ :
detecting a wall surface temperature of the intake
ports; '

detecting operating conditions of the engine;

setting a fuel 1n3ect10n amount accordlng to the
detected operatlng conditions; and

correctlng‘the set fuel injection amount according
to the detected amount of change in the valve overlap peried
ahd the detected wall surface temperature of the intake
ports. '

10. A fuel injection control method according to
claim 9, further comprising the'steps of:

detecting an atmospheric pressure; and

correcting the fuel injection amount accerdihg to the
detected atmospheric pressure.

ll._.A fuel injection control method according to
claim 9, wherein the step of correctlng the fuel J.njectlon
amount 1ncludes correcting the fuel 1njection amount such
that when the amount of change in the valve overlap period
shows an increase in the valve overlap period, the fuel
injection’amount is reduced, whereas when the amount of
change in the valve overlap period shows a decrease in the

valveoverlapperiod, the fuel injectionamount is increased.
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12. A fuel injection control method according to
claim 10,j wherein the step of correcting the fuel injection
amount includes correcting the fuel injection amount such
that when the amount of change in the valve overlap period
shows an increase in the valve overlap period, the fuel
1nJectlon amount is reduced, whereas when the amount of
change in the valve overlap period_shows a decrease in the
valve oVerlap period, the fuel injectionamount is increas ed.

13; An engine control unit including a control
program for causing a computer to carry out fuel injection
control for an internal cornbustion engine including intake
valves, intake cams for opening and closing the intake-icams ’
respectively, exhaust valves, exhaust cams for opening and
closing the exhaust cams, respectively, and a crankshaft
connected to the intake cams and the exhaust cams, the engine
being capable of changing at'least one of a cam phase of
each intake cam and a cam phase of each exhaust cam, relative
to a crankshaft of the engine, to thereby changeia valve
overlap period, and causing fuel injection toward intake
ports of the engine, ' |

wherein the control program causes the computer to
detect an amount of change in the valve overlap period, detect
a wall surface temperature of the intake ports,{deteot
operating conditions of the internal combustion engine, set
a fuel injection amount according to the detected operating
conditions, and correct the set fuel injection amount
according to the detected amount of change in the valve
overlap period and the detected wall surface temperature
of the 1ntake ports.

14. An engine control unit according to claim 13,
wherein the program further causes the computer to detect
an atmospherlc pressure and correct the fuel 1njectlon

amount according to the detected atmospherlc pressure.
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15. An engine control unit according to claim 13,
wherein in correcting the fuel injection amount, thé'program
causes the corﬁputer to correct the fuel injectiQn amount
‘such that when the amount of change in the valvé overlap
period shows. an increase 1in the valve oVerlap period, the
fuel injection amount is reduced, whereas when the amount
of changé in the valve .ov.erlap period shows a ;dedrease in
the valve overlap period, the fuel injection amount is
increased. -

16. An engine control unit according to claim 14,
wherein in cdrrecting the fuel injection a.mount', the program
causes the computef to correct the fuel injection amount
such that'whenhthe amount of change in the valve{overlap
period shows an increase 1n the valve overlap perﬁiod, the
fuel injection amount is reduced, whereas when the amount
of charige in the valve overlép \period shows a decrease in
the|va1ve overlap'period, the fuel injection améunt is

increased.
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