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Description

[0001] The present invention relates to an electronic
fuel injection device for an internal-combustion engine
for a vehicle, and more particularly to an electronic fuel
injection control device which can perform precise cor-
rection of a fuel injection amount according to atmos-
pheric pressure even in a multiple throttle valve type in-
ternal-combustion engine by changing an atmospheric
pressure correction coefficient for the fuel injection
amount according to a load condition of the internal-
combustion engine.

[0002] Japanese Patent Laid-open No. Hei 1-100335
has proposed a fuel injection device which can perform
atmospheric pressure correction for a fuel injection
amount without the use of an atmospheric pressure sen-
sor. In the conventional fuel injection device, a reference
value of variables in a given atmospheric condition is
stored by using at least an engine speed as a parameter.
Further, a signal corresponding to the parameter is in-
put, and an output from air amount measuring means or
limiting means is input. Further, atmospheric pressure
correction computing means for computing an atmos-
pheric pressure correction value in a given operational
conditionis provided, and a limited value of the variables
is corrected with the atmospheric pressure correction
value by the limiting means.

[0003] In a control device designed to compute a fuel
injection amount according to an engine speed and an
intake air amount, especially, an intake manifold vacu-
um, the fuel injection amount cannot sometimes be pre-
cisely corrected in the case where the fuel injection
amount does not linearly change with the intake mani-
fold vacuum corrected for computation in proportion to
a decrease in atmospheric pressure at a highland. Par-
ticularly in a multiple throttle valve type internal-combus-
tion engine, the linear relation between intake air
amount and intake manifold vacuum is lost in a high-
load condition of the engine. Therefore, if accurate at-
mospheric correction is not performed, a desired engine
output cannot be obtained at a highland.

[0004] FIG. 19 is an illustration showing an example
of the above-mentioned contents. In a single throttle
valve type engine shown in FIG. 19(a), an intake mani-
fold vacuum PB is detected by an intake manifold vac-
uum sensor, and an atmospheric pressure is detected
by an atmospheric pressure sensor (not shown). As
shown in FIG. 19(b), a PB correction value at a highland
is calculated according to the ratio between a reference
(lowland) atmospheric pressure and an actual atmos-
pheric pressure (e.g., highland atmospheric pressure),
and a fuel injection amount is set according to the PB
correction value calculated above, thereby allowing
substantially good atmospheric pressure correction.
[0005] However, in a multiple throttle valve type en-
gine shown in FIG. 19(c), the linear relation between in-
take air amount and intake manifold vacuum PB is lost
in a high-load condition of the engine. Accordingly, it is
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necessary to correct a fuel injection amount. Further, in
a configuration that the load condition of the engine is
detected according to intake manifold vacuum, and a
fuel injection amount characteristic L in a low-load con-
dition and a fuel injection amount characteristic H in a
high-load condition are switched each other according
to the detected load condition, there occurs a problem
such that if a switching point between these character-
istics L and H is not varied with variations in atmospheric
pressure, a fuel amount demanded by the engine in run-
ning at a highland, for example, cannot be supplied.
[0006] US-A-5,095,877 discloses an electronic fuel
injection control device in accordance with the preamble
of claim 1. There, whether the engine is in a low load
condition or a high load condition, is decided according
to the intake manifold vacuum. EP 0 535 671A discloses
a similar device, wherein the basic fuel amount is cor-
rected by coefficients which are a function of the engine
load and a function of atmospheric pressure, respective-
ly.

[0007] Itis accordingly an object of the present inven-
tion to provide an electronic fuel injection control device
which can perform correction of a fuel injection amount
according to atmospheric pressure with a high accuracy
over the whole range from a low-load condition to a high-
load condition.

[0008] According to the invention whether the engine
is in the low-load condition or the high-load condition is
decided according to the intake manifold vacuum, and
a criterion of decision of the low-load condition or the
high-load condition varies with a change in the atmos-
pheric pressure.

[0009] A demanded fuel injection amount according
to intake manifold vacuum in a low-load condition is dif-
ferent from that in a high-load condition. According to
the present invention, the atmospheric pressure correc-
tion coefficients in the low-load condition and the high-
load condition of the engine are provided, and the at-
mospheric pressure correction coefficient to be used is
changed according to the load condition of the engine.
Accordingly, atmospheric pressure correction for a fuel
injection amount can be properly performed over the
whole range from the low-load condition to the high-load
condition.

[0010] Whetherthe engine is in the low-load condition
or the high-load condition is decided according to intake
manifold vacuum, and a criterion of this decision varies
with a change in atmospheric pressure. Accordingly, a
fuel injection amount can be properly corrected accord-
ing to wide variations in atmospheric pressure from at a
lowland to at a highland.

[0011] Particularly in a multiple throttle valve type en-
gine, the linear relation between intake air amount and
intake manifold vacuum is lost in a high-load condition,
and it is therefore necessary to correct a fuel injection
amount. According to the present invention, two kinds
of atmospheric pressure correction coefficients different
in characteristics according to engine load condition are
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provided, and these coefficients are selectively used ac-
cording to the load condition to thereby allow accurate
atmospheric pressure correction.

[0012] Further, in deciding the low-load condition or
the high-load condition according to intake manifold
vacuum, the criterion of decision of either load condition
is varied with variations in atmospheric pressure accord-
ing to the present invention. Accordingly, even in run-
ning at a highland where atmospheric pressure is low,
the load condition can be properly decided to allow prop-
er atmospheric pressure correction.

[0013] A preferred embodiment of the present inven-
tion will be described with reference to the attached
drawings, in which

FIG. 1is an electric system diagram of an electronic
fuel injection control device according to the present
invention;

FIG. 2 is a perspective view showing the arrange-
ment of essential components in a motorcycle in-
cluding the electronic fuel injection control device
according to the present invention;

FIG. 3 is a block diagram showing the general con-
figuration of an electronic fuel injection control unit;

FIG. 4 is a functional block diagram showing the ba-
sic function of the electronic fuel injection control
unit;

FIG. 5 is a flowchart showing the basic operation of
the electronic fuel injection control unit;

FIG. 6 is a functional block diagram of atmospheric
pressure correction coefficient setting means;

FIG. 7 is a graph showing an example of the con-
tents of an atmospheric pressure correction coeffi-
cient table;

FIG. 8 is a flowchart showing the operation of the
atmospheric pressure correction coefficient setting
means;

FIG. 9 is a graph showing an example of an intake
air temperature correction coefficient;

FIG. 10 is a graph showing an example of a cooling
water temperature correction coefficient;

FIG. 11 is a block diagram showing a preferred em-
bodiment of basic injection amount computing
means and acceleration increase coefficient com-
puting means;

FIG. 12 is a graph showing the operation of map
designating means;
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FIG. 13 is a flowchart showing the operation of ac-
celeration correcting means;

FIG. 14 is a graph showing the relation between
throttle opening and acceleration correction coeffi-
cient;

FIG. 15 is a flowchart showing the whole operation
of the electronic fuel injection control device;

FIG. 16 is a flowchart showing a preferred embod-
iment of atmospheric pressure correction;

FIG. 17 is a graph showing an example of a starting
atmospheric pressure correction coefficient;

FIG. 18 is a graph showing an example of a second
atmospheric pressure correction coefficient and

FIG. 19 is an illustration showing problems in the
prior art.

[0014] FIG. is an electric system diagram of an elec-
tronic fuel injection control device 1 according to the
present invention, and FIG. 2 is a perspective view
showing the arrangement of essential parts in a motor-
cycle including the electronic fuel injection control de-
vice 1.

[0015] The electronic fuel injection control device 1 in-
cludes an electronic fuel injection control unit 3 for con-
trolling a timing of energization of each of four injectors
(fuel injection valves) 2, for example, to control a fuel
injection amount, and various sensors for detecting an
operational condition of an engine 4. The engine 4 is of
a V-shaped, four-cylinder, multiple throttle valve type.
[0016] A battery power source BAT is connected at its
negative electrode to a vehicle body ground. When a
combination switch (ignition switch) CSW becomes on,
the supply voltage of the battery power source BAT is
supplied through a fuse F1, the combination switch
CSW, and a fuse F2 to a kill sensor KS, thereby making
the kill sensor KS operative. The kill sensor KS has a tilt
angle sensor, so that when the motorcycle is tilted be-
yond a predetermined angle, the kill sensor KS cuts off
an exciting current flowing through a kill relay KR.
[0017] When the combination switch CSW is on, a kill
switch KSW interposed between the fuse F2 and the kill
relay KR is on, and the tilt angle of the motorcycle is
within the predetermined angle, an exciting current is
supplied through the kill sensor KS to an exciting coil of
the kill relay KR, so that the contacts of the kill relay KR
becomes on and the supply voltage of the battery power
source BAT is supplied to a power input terminal B+ of
the electronic fuel injection control unit 3, a solenoid of
each injector 2, and a variable intake solenoid valve 5.
Accordingly, when the kill switch KSW is off, the vehicle
cannot be operated. In this preferred embodiment, the
supply voltage is supplied to the electronic fuel injection
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control unit 3 through two kinds of fuses F3 and F4 hav-
ing different breaking characteristics.

[0018] The electronic fuel injection control unit 3 in-
cludes a fuel pump driving circuit (not shown), so that
an exciting current is supplied from an output terminal
FPC of the fuel pump driving circuit to an exciting coil of
a fuel cut relay FCR to close the contacts of the fuel cut
relay FCR and thereby supply the supply voltage of the
battery power source BAT to a fuel pump FP, thus oper-
ating the fuel pump FP. Accordingly, when the tilt angle
of the vehicle exceeds the predetermined angle, the
supply of power to the electronic fuel injection control
unit 3 is stopped by the operation of the kill sensor KS,
and simultaneously the supply of power to the fuel pump
FP is also stopped by the operation of the kill sensor KS.
[0019] The electronic fuel injection control unit 3 fur-
ther includes a variable intake valve driving circuit (not
shown) to drive the variable intake solenoid valve 5 ac-
cording to a drive signal 5a from an output terminal T5
of the variable intake valve driving circuit.

[0020] The electronic fuel injection control unit 3 fur-
ther includes injector driving means (see reference nu-
meral 52 shown in FIG. 3) to control fuel injection from
each injector 2 according to an injector drive signal out-
put from a terminal T2n of the injector driving means.
[0021] The electronic fuel injection control unit 3 fur-
ther includes a reference power supply (not shown) with
a common negative potential VR-, for supplying two ref-
erence voltages VR1 and VR2. The first reference volt-
age VR1 is supplied to an atmospheric pressure sensor
S1, a rear intake manifold vacuum sensor S2, and a
front intake manifold vacuum sensor S3, thereby obtain-
ing voltage signals VPA, VPBR, and VPBF respectively
corresponding to an atmospheric pressure, rear intake
manifold vacuum, and front intake manifold vacuum.
[0022] The first reference voltage VR1 is further sup-
plied through an intake air temperature detection refer-
ence resistor (not shown) provided in the electronic fuel
injection control unit 3 to an intake air temperature sen-
sor S4, thereby obtaining a voltage signal VTa corre-
sponding to an intake air temperature according to a di-
vided voltage between the reference resistor and a heat-
sensitive resistor element in the intake air temperature
sensor S4. The intake air temperature sensor S4 is lo-
cated in an air cleaner provided in the vicinity of the en-
gine.

[0023] The first reference voltage VR1 is further sup-
plied through a water temperature detection reference
resistor provided in the electronic fuel injection control
unit 3 to a water temperature sensor S5, thereby obtain-
ing a voltage signal VTw corresponding to an engine
cooling water temperature according to a divided volt-
age between the reference resistor and a heat-sensitive
resistor element in the water temperature sensor S5.
[0024] Inside each intake passage extending from the
air cleaner to the corresponding cylinder of the engine
4, a throttle valve SV is provided and each injector 2 is
located in the vicinity of the corresponding throttle valve
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SV. A throttle opening sensor S6 for detecting a throttle
opening 6 TH is connected to a rotating shaft of the throt-
tle valve SV. The second reference voltage VR2 is sup-
plied to the throttle opening sensor S6 to obtain a volt-
age signal V 6 TH corresponding to the throttle opening.
[0025] The second reference voltage VR2 is further
supplied to an idle mixture adjuster 6, so that divided
voltages obtained by variable resistors 6a to 6d in the
idle mixture adjuster 6 respectively provided for the four
cylinders are respectively supplied to idle injection
amount adjustment input terminals ID1 to ID4 of the
electronic fuel injection control unit 3. The electronic fuel
injection control unit 3 decides a fuel injection amount
atidling for each cylinder according to each voltage sup-
plied from the idle mixture adjuster 6.

[0026] The electronic fuel injection control unit 3 has
a terminal T8 for inputting an intake valve opening/clos-
ing timing pulse 8a output from a cam pulse generator
8 cooperating with a cam pulser rotor 7, thereby detect-
ing a fuel injection timing. The electronic fuel injection
control unit 3 further has a terminal T10 for inputting a
crank rotation pulse signal 10a output from a crank pulse
generator 10 cooperating with a crank pulser rotor 9,
thereby computing an engine speed. The control unit 3
further has a terminal DG which is a ground terminal for
a digital signal system.

[0027] The electronic fuel injection control unit 3 com-
putes an engine speed according to the crank rotation
pulse signal 10a, and generates a tachometer driving
signal 11a according to the engine speed computed
above to drive a tachometer 11. The electronic fuel in-
jection control unit 3 generates a water temperature
gauge driving signal 12a according to a detection output
from the water temperature sensor S5 to drive a water
temperature gauge 12. Further, the electronic fuel injec-
tion control unit 3 generates a display control signal 13a
to control the display of an indicator 13.

[0028] In this preferred embodiment, when the com-
bination switch CSW is on, the supply voltage of the bat-
tery power source BAT is supplied through a fuse F5 to
a speed sensor 14, and a speedometer 16 provided at
a meter portion 15 is directly driven by a speed detection
signal 14a from the speed sensor 14. Accordingly, as
far as the combination switch CSW is on, the indication
of vehicle speeds by the speedometer 16 can be made
even if the electronic fuel injection control unit 3 is not
powered.

[0029] FIG. 3 is a block diagram showing the whole
configuration of the electronic fuel injection control unit
3.

[0030] The electronic fuel injection control unit 3 is
configured by using a microcomputer system, and in-
cludes various correction coefficients setting means 20,
basic injection amount computing means 30, accelera-
tion increase coefficient computing means 40, fuel in-
jection amount setting means 51, injector driving means
52, AID converter 53, average vacuum computing
means 54, engine speed computing means 55, and map
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designating means 56.

[0031] The A/D converter 53 converts the voltage sig-
nals VPA, VPBR, VPBF, VTa, VTw, and V 6 TH respec-
tively corresponding to an atmospheric pressure, intake
manifold vacuum (rear), intake manifold vacuum (front),
intake air temperature, cooling water temperature, and
throttle opening detected by the sensors S1 to S6 into
corresponding digital data PA, PBR, PBF, Ta, Tw, and
6TH.

[0032] The average vacuum computing means 54
computes an average vacuum PBH of the rear and front
intake manifold vacuums PBR and PBF, and supplies
the average vacuum PBH to the basic injection amount
computing means 30 and the acceleration increase co-
efficient computing means 40.

[0033] The engine speed computing means 55 com-
putes an engine speed according to a pulse period of
the crank rotation pulse signal 10a to output engine
speed data (which will be hereinafter referred to simply
as engine speed).

[0034] FIG. 4 is a functional block diagram showing
the basic function of the electronic fuel injection control
unit 3.

[0035] Also shown in FIG. 3, the electronic fuel injec-
tion control unit 3 includes the various correction coef-
ficients setting means 20 for generating various correc-
tion coefficients Kpa, Kta, and Ktw; the basic injection
amount computing means 30 for computing a basic in-
jection amount Ti; the acceleration increase coefficient
computing means 40 for computing an acceleration in-
crease coefficient Kacc; the fuel injection amount setting
means 51 for generating a fuel injection amount Tout
obtained by multiplying the basic injection amount Ti and
the acceleration increase coefficient Kacc; and the in-
jector driving means 52 for controlling an energization
time (or energization duty) of each injector 2 according
to the fuel injection amount Tout.

[0036] The various correction coefficients setting
means 20 includes atmospheric pressure correction co-
efficient setting means 21 for setting the atmospheric
pressure correction coefficient Kpa according to the at-
mospheric pressure PA; intake air temperature correc-
tion coefficient setting means 22 for setting the intake
air temperature correction coefficient Kta according to
the intake air temperature Ta; and cooling water temper-
ature correction coefficient setting means 23 for setting
the cooling water temperature correction coefficient Ktw
according to the cooling water temperature Tw.

[0037] The basic injection amount computing means
30 includes basic injection amount setting means 31
having a preliminarily registered injection amount map
or injection amount operation equation, etc., for gener-
ating a basic injection amount Tim under normal opera-
tional conditions (e.g., at 1 atmospheric pressure, a pre-
determined intake air temperature, and a predetermined
cooling water temperature); basic injection amount cor-
recting means 32 for generating the basic injection
amount Ti fit for present operational conditions by mul-
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tiplying the basic injection amount Tim and a total cor-
rection coefficient Ktotal; and basic injection amount
correction coefficient setting means 33 for generating
the total correction coefficient Ktotal obtained by multi-
plying the atmospheric pressure correction coefficient
Kpa, the intake air temperature correction coefficient
Kta, and the cooling water temperature correction coef-
ficient Ktw respectively output from the atmospheric
pressure correction coefficient setting means 21, the in-
take air temperature correction coefficient setting
means 22, and the cooling water temperature correction
coefficient setting means 23.

[0038] FIG. 5 is a flowchart showing the basic opera-
tion of the electronic fuel injection control unit 3. The
process of computing the fuel injection amount Tout is
started by interruption according to the crank rotation
pulse signal 10a. In step P1, the atmospheric pressure
correction coefficient Kpa is calculated. In step P2, the
intake air temperature correction coefficient Kta is cal-
culated. In step P3, the cooling water temperature cor-
rection coefficient Ktw is calculated. In step P4, the cor-
rection coefficients Kpa, Kta, and Ktw are multiplied to-
gether to give the total correction coefficient Ktotal. In
step P5, the basic injection amount Tim is set. In step
P6, the basic injection amount Tim and the total correc-
tion coefficient Ktotal are multiplied together to give the
corrected basic injection amount Ti. In step P7, the ac-
celeration increase coefficient Kacc is calculated. In
step P8, the corrected basic injection amount Ti and the
acceleration increase coefficient Kacc are multiplied to-
gether to give the fuel injection amount Tout.

[0039] FIG. 6 is a functional block diagram of the at-
mospheric pressure correction coefficient setting
means 21.

[0040] The atmospheric pressure correction coeffi-
cient setting means 21 includes two kinds of atmospher-
ic pressure correction coefficient tables 21a and 21b for
a low-load condition and a high-load condition; applica-
ble table selecting means 21c; load condition deciding
means 21d for deciding whether the operational condi-
tion of the engine is a low-load condition or a high-load
condition; and load condition decision threshold com-
puting means 21e for computing a decision threshold
for the load condition.

[0041] FIG. 7 is a graph showing an example of the
contents of each atmospheric pressure correction coef-
ficient table.

[0042] Anatmospheric pressure correction coefficient
KpaL for a low-load condition is stored in the low-load
atmospheric pressure correction coefficient table 21a,
and an atmospheric pressure correction coefficient
KpaH for a high-load condition is stored in the high-load
atmospheric pressure correction coefficient table 21b.
The horizontal axis in the graph represents atmospheric
pressure PA with a unit of mmHg (mercury column
height). At atmospheric pressures not less than 760
mmHg, both the correction coefficients KpalL and KpaH
are set to 1.0. The low-load atmospheric pressure cor-
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rection coefficient KpalL gently increases up to about 1.2
at the maximum with a decrease in atmospheric pres-
sure. The high-load atmospheric pressure correction
coefficient KpaH increases up to about 1.8 at the max-
imum with a decrease in atmospheric pressure.

[0043] The load condition deciding means 21d de-
cides whether the engine is in a high-load condition or
a low-load condition according to an intake manifold
vacuum, and the applicable table selecting means 21c
generates an applicable one of the atmospheric pres-
sure correction coefficients KpalL and KpaH as the at-
mospheric pressure correction coefficient Kpa accord-
ing to a decision output (low load/high load) 21f gener-
ated from the load condition deciding means 21d.
[0044] Even when the engine load condition is con-
stant, the intake manifold vacuum varies with variations
in atmospheric pressure. To cope with this fact, this pre-
ferred embodiment has a configuration that the intake
manifold vacuum (load condition decision threshold)
PBsud as a criterion of decision of a high-load condition
or a low-load condition is made variable with variations
in atmospheric pressure. To this end, the load condition
decision threshold computing means 21e performs the
following operation according to the atmospheric pres-
sure PA, and supplies the load condition decision
threshold PBsud obtained by this operation to the load
condition deciding means 21d.

PBsud = (PA/760) X PBsud0

PBsud: Load condition decision threshold

PA: Atmospheric pressure

PBsud0: Load condition decision threshold (e.g., 608
mmHg) at an atmospheric pressure of 760
mmHg

[0045] FIG. 8 is a flowchart showing the operation of

the atmospheric pressure correction coefficient setting
means 21.

[0046] In step P11, the atmospheric pressure - low-
load atmospheric pressure correction coefficient (PA -
Kpal) table is referred to, and a correction coefficient
KpaL corresponding to an atmospheric pressure detect-
ed by the atmospheric pressure sensor S1 is calculated.
As shown in FIG. 7, four correction coefficients KpaL
corresponding to four atmospheric pressures (e.g., 480,
580, 670, and 760 mmHg) are preliminarily stored in the
table, and any correction coefficient KpalL correspond-
ing to any atmospheric pressure between any two of the
above four points is calculated by interpolation. Similar-
ly, the high-load atmospheric pressure correction coef-
ficient KpaH is calculated.

[0047] Instep P13, the load condition decision thresh-
old PBsud corresponding to the present atmospheric
pressure PA is calculated. In step P14, the intake man-
ifold vacuum PB and the load condition decision thresh-
old PBsud are compared with each other. If the intake
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manifold vacuum PB is not less than the load condition
decision threshold PBsud, it is decided that the engine
is in a high-load condition, and in step P15, the high-
load atmospheric pressure correction coefficient KpaH
is set to the atmospheric pressure correction coefficient
Kpa. If the intake manifold vacuum PB is less than the
load condition decision threshold PBsud, it is decided
that the engine is in a low-load condition, and in step
P16, the low-load atmospheric pressure correction co-
efficient KpalL is set to the atmospheric pressure correc-
tion coefficient Kpa. Alternatively, the decision of the
load condition may be made in advance, and the calcu-
lation of the atmospheric pressure correction coefficient
may be made according to the load condition decided
above.

[0048] FIG. 9 is a graph showing an example of the
intake air temperature correction coefficient Kta. The in-
take air temperature correction coefficient Kta also has
characteristics different according to the load condition
of the engine.

[0049] FIG. 10 is a graph showing an example of the
cooling water temperature correction coefficient Ktw.
The cooling water temperature correction coefficient
Ktw also has characteristics different according to the
load condition of the engine.

[0050] FIG. 11 is a block diagram showing the config-
uration of the basic injection amount computing means
30 and the acceleration increase coefficient computing
means 40.

[0051] The basic injection amount setting means 31
for generating the basic injection amount Tim includes
two kinds of injection amount maps (tables) 31a and
31b, and basic injection amount map selecting means
31c for selecting/switching the map to be used accord-
ing to a usable map command 56a supplied from the
map designating means 56. While the basic injection
amount map selecting means 31c is so configured as to
select an output from either the injection amount map
31a or the injection amount map 31b as shown, the se-
lecting means 31c may be so configured as to switch
between the maps to be searched.

[0052] The relation between the average intake man-
ifold vacuum PBH, the engine speed NE, and the basic
injection amount Tim is preliminarily registered in the in-
take manifold vacuum - injection amount map 31a. On
the other hand, the relation between the throttle opening
0 TH, the engine speed NE, and the basic injection
amount Tim is preliminarily registered in the throttle
opening - injection amount map 31b. The basic injection
amount Tim registered in each of the injection amount
maps 31a and 31b is an injection amount at a predeter-
mined atmospheric pressure, a predetermined intake air
temperature, and a predetermined cooling water tem-
perature.

[0053] FIG. 12is a graph showing the operation of the
map designating means 56.

[0054] When the throttle opening 6 TH is relatively
large, the map designating means 56 generated a com-
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mand 56a demanding the use of the map according to
the throttle opening, whereas when the throttle opening
O0TH is relatively small, the map designating means 56
generates a command 56a demanding the use of the
map according to the intake manifold vacuum. When the
throttle opening 6 TH is large, the intake manifold vac-
uum is substantially approximate to the atmospheric
pressure, and a change in the intake manifold vacuum
is small. Therefore, in such a region, the injection
amount is obtained by using the throttle opening 6 TH
as a parameter. In another region where a change in the
intake manifold vacuum is remarkable, the injection
amount is obtained by using the intake manifold vacuum
as a parameter. Thus, a suitable injection amount can
be obtained over a wide range of operational condition.
[0055] AsshowninFIG. 11, the acceleration increase
coefficient computing means 40 includes throttle
change amount computing means 41; acceleration con-
dition deciding means 42; two kinds of increase coeffi-
cient maps (tables) 43a and 43b; increase coefficient
map selecting means 43c for selecting either the in-
crease coefficient map 43a or 43b to be used according
to the usable map command 56a supplied from the map
designating means 56; acceleration correcting means
44 for correcting an acceleration increase coefficient
KAM obtained by searching the map 43a or 43b, accord-
ing to an engine operational condition; and stepped cor-
recting means 45.

[0056] The throttle change amount computing means
41 computes a change amount (change rate) of throttle
opening per given unit time to generate a throttle open-
ing change amount (change rate) data (which will be
hereinafter referred to simply as throttle opening change
amount) A 6 TH.

[0057] The acceleration condition deciding means 42
decides whether or not the vehicle is in an accelerated
condition according to the engine speed NE, the throttle
opening 6TH, and the throttle opening change amount
A 6TH to generate an acceleration increase command
42a demanding the increase of fuel injection amount
and also generate acceleration continuation/termination
condition decision information 42b indicating whether
acceleration is continued or acceleration has been ter-
minated.

[0058] The acceleration condition deciding means 42
stops the output of the acceleration increase command
42a when the engine is inoperative, when the engine
speed NE is greatly high (e.g., at not less than 10000
rpm), or when the throttle opening 6 TH is not relatively
large (e.g., at less than 15 degrees).

[0059] The acceleration condition deciding means 42
decides that the vehicle is in an accelerated condition
to generate the decision signal 42b indicative of the ac-
celerated condition when the engine speed is in a pre-
determined range (e.g., at less than 10000 rpm), when
the throttle opening 6TH is in a predetermined range (e.
g., from not less than 15 degrees to less than the full
opening), and when the throttle opening change amount
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A 6 TH is relatively large (e.g., several degrees per 10
to 20 milliseconds).

[0060] Incontrast, the acceleration condition deciding
means 42 decides that the acceleration has been termi-
nated when the throttle opening 6TH becomes near to
the full opening (e.g., at about 85 degrees) after the ac-
celerated condition, or when the throttle opening change
amount A 6 TH becomes relatively small (e.g., less than
several degrees per 10 to 20 milliseconds) after the ac-
celerated condition.

[0061] Therelation betweenthe engine speed NE, the
intake manifold vacuum PB, the acceleration increase
coefficient, and the number of injections for acceleration
increase correction (which number will be hereinafter re-
ferred to as acceleration increase injections number) is
preliminarily registered in the intake manifold vacuum -
increase coefficient map 43a. Further, the relation be-
tween the engine speed NE, the throttle opening 6TH,
the acceleration increase coefficient, and the accelera-
tion increase injections number is preliminarily regis-
tered in the throttle opening - increase coefficient map
43b. Since the acceleration increase coefficient is set
according to the engine speed NE, acceleration in-
crease correction according to engine speed can be per-
formed even at acceleration from a low engine speed or
from a medium/high engine speed. Accordingly, as com-
pared with the case where an increase amount of fuel
to be injected at acceleration is set regardless of engine
speed, a more proper increase amount can be set ac-
cording to the present invention.

[0062] The acceleration correcting means 44 com-
putes a corrected acceleration increase coefficient KAH
by multiplying an acceleration correction coefficient KH
set according to the throttle opening 6TH and an accel-
eration increase coefficient KAH obtained by the search
of the map 43a or 43b, and then supplies the corrected
acceleration increase coefficient KAH to the stepped
correcting means 45 when the engine speed NE is me-
dium and the throttle opening 6 TH is in a predetermined
range.

[0063] FIG. 13is aflowchart showing the operation of
the acceleration correcting means 44, and FIG. 14 is a
graph showing the relation between the throttle opening
6 TH and the acceleration correction coefficient KH.
[0064] When the engine speed NE is in a predeter-
mined medium speed range (e.g., 4800 to 10000 rpm)
(P21), and when the throttle opening 6 TH is in a prede-
termined angle range (e.g., greater than an opening an-
gle at idling to less than a full opening angle) (P22), the
acceleration correcting means 44 searches the map
storing the relation between the throttle opening 6 TH
and the acceleration correction coefficient KH shown in
FIG. 14 (P23). Further, as far as the number of injections
for acceleration increase correction is not zero (P24),
the acceleration correcting means 44 generates the cor-
rected acceleration increase coefficient KAH obtained
by multiplying the acceleration correction coefficient KH
and the increase coefficient KAM obtained by the map
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search (P25).

[0065] When the engine speed NE and the throttle
opening 6 TH do not satisfy the above-mentioned cor-
rection conditions, the correction coefficient KAH is set
to 1.0 (P26), so that the acceleration increase coefficient
KAM obtained by the map search is output without any
change as the corrected acceleration increase coeffi-
cient KAH (P25).

[0066] As shown in FIG. 14, the correction coefficient
KH is set by multiplying by 1.05 the increase coefficient
KAM obtained by the map search over 10-90% of the
entire range of the throttle opening 6TH. Therefore, the
fuel injection amount at acceleration is increased in this
predetermined throttle opening range except a region
where the throttle opening 6TH is greatly small and a
region where the throttle opening 6TH is almost full,
thereby improving acceleration performance.

[0067] The stepped correcting means 45 corrects the
corrected acceleration increase coefficient KAH, so as
to prevent a rapid change in fuel injection amount to be
actually increased, and supplies an acceleration in-
crease coefficient KACC to the fuel injection amount set-
ting means 51 using a multiplier or the like. When ac-
celeration increase is not necessary, that is, when the
acceleration increase command 42a is not supplied
from the acceleration condition deciding means 42, the
stepped correcting means 45 generates 1.0 as the ac-
celeration increase coefficient KACC.

[0068] When the accelerationincrease command 42a
and the acceleration continuation/termination condition
decision output 42b indicative of a condition where ac-
celeration is continued are supplied, the stepped cor-
recting means 45 compares a value (e.g., 1.047) ob-
tained by adding a preset change data (e.g., 0.047) to
a previous output value 1.0 with the corrected acceler-
ation increase coefficient KAH output from the acceler-
ation correcting means 44. If the corrected acceleration
increase coefficient KAH is larger than the sum (e.g.,
1.047), the sum (e.g., 1.047) is output as the accelera-
tion increase coefficient KACC.

[0069] If the corrected acceleration increase coeffi-
cient KAH is smaller than the sum (e.g., 1.047), the cor-
rected acceleration increase coefficient KAH is output
as the acceleration increase coefficient KACC. This op-
eration is repeated while the acceleration continuation/
termination condition decision output 42b indicative of
the continuation of acceleration is being supplied. Ac-
cordingly, the acceleration increase coefficient KACC is
stepwise increased by every preset change data (e.g.,
0.047) up to the corrected acceleration increase coeffi-
cient KAH obtained by the acceleration correcting
means 44 as a target value, thereby preventing a rapid
increase in the acceleration increase coefficient KACC.
[0070] Alternatively, a present value of the accelera-
tion increase coefficient KACC may be increased by a
value obtained by multiplying a predetermined coeffi-
cient (e.g., 0.5) and a difference between a previous val-
ue of the acceleration increase coefficient KACC and
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the corrected acceleration increase coefficient KAH
supplied from the acceleration correcting means 44.
With this operation, the acceleration increase coefficient
KACC can be made quickly approach the corrected ac-
celeration increase coefficient KAH.

[0071] The stepped correcting means 45 monitors the
number of increased injections according to an injection
signal 52b supplied from the injector driving means 52.
At the time the number of increased injections reaches
a predetermined increase injections number KN, the
stepped correcting means 45 returns the acceleration
increase coefficient KACC to 1.0.

[0072] Further, when the acceleration continuation/
termination condition decision output 42b indicative of
a condition where the acceleration has been terminated
is supplied prior to termination of the increased injection
by the predetermined increase injections number KN,
the stepped correcting means 45 computes a value ob-
tained by subtracting a preset change data (e.g., 0.047)
from a previous value of the acceleration increase co-
efficient KACC, and generates the difference as a
present value of the acceleration increase coefficient
KACC. This process of subtracting the preset change
data (e.g., 0.047) is repeated until the difference be-
comes not greater than 1.0. When the difference be-
comes not greater than 1.0, the stepped correcting
means 45 generates 1.0 as KACC.

[0073] The fuel injection amount setting means 51
multiplies the basic injection amount Ti output from the
basic injection amount computing means 30 and the ac-
celeration increase coefficient KACC supplied from the
stepped correcting means 45, and generates the result
of this multiplication as the fuel injection amount Tout.
[0074] The injector driving means 52 generates an in-
jector driving signal 52a having an injection time (or du-
ty) determined according to the fuel injection amount
Tout, in synchronism with the intake valve opening/clos-
ing timing signal 8a, and sequentially supplies this signal
52a to each injector 2. Accordingly, a predetermined
amount of fuel is sequentially injected from each injector
2 in synchronism with an intake valve opening/closing
timing.

[0075] FIG. 15is a flowchart showing the whole oper-
ation of the electronic fuel injection control device.
[0076] In step P31, the basic injection amount Ti is
computed by the basic injection amount computing
means 30. Thereafter, the process of acceleration in-
crease correction as shown by step P32 and subse-
quent steps is executed.

[0077] Instep P32, the operational condition of the en-
gine is decided. If the engine is inoperative in the case
of engine stall, for example, initialization shown by step
P50 is executed. If the engine is operative, it is decided
in step P33 whether or not the engine speed NE is in a
high-speed region. If the engine speed NE is in a high-
speedregion, e.g., notless than 10000 rpm, initialization
shown by step P50 is executed. If the engine speed NE
is less than 10000 rpm, for example, itis decided in step



15 EP 0 740 060 B1 16

P34 whether or not the throttle opening 6 TH is relatively
large. If the throttle opening 6TH is less than 15 degrees,
for example, initialization shown by step P50 is execut-
ed.

[0078] If the throttle opening 6 TH is not less than 15
degrees, it is decided that the vehicle is in an acceler-
ated condition or in an acceleration terminated condi-
tion, and the process of step P35 and subsequent steps
is next executed. In step P35, it is decided whether or
not the throttle opening 6TH is almost full. If the throttle
opening 6TH is not full (e.g., less than 85 degrees), and
the throttle opening change amount A 6TH is large (e.
g., 8 degrees/100 milliseconds) (step P36), it is decided
that the vehicle is in an accelerated condition to next
execute the acceleration increase correction process
shown by step P37 and subsequent steps.

[0079] In step P37, the increase coefficient map and
the correction coefficient map are searched, and the ac-
celeration increase coefficient KAM obtained by the
map search is multiplied by the correction coefficient KH
obtained by the map search to calculate the corrected
acceleration increase coefficient KAH. In step P38, a
preset change amount is added to a previous value of
the acceleration increase coefficient KACC (which value
will be hereinafter referred to simply as previous value).
In step P39, the sum obtained in step P38 and the cor-
rected acceleration increase coefficient KAH are com-
pared with each other. If the corrected acceleration in-
crease coefficient KAH is larger than the sum, the sum
is set as a present value of the acceleration increase
coefficient KACC (which value will be hereinafter re-
ferred to simply as present value) (P40), whereas if the
corrected acceleration increase coefficient KAH is
smaller than the sum, the corrected acceleration in-
crease coefficient KAH is set as the present value (P41).
[0080] Instep P42, anincrease flagis setto 1. In step
P43, the basic injection amount (the computed value ob-
tained in step P31) Ti is multiplied by the present value.
In step P44, fuel in an amount according to the product
obtained in step P43 is injected from each injector 2.
Then, the program returns to step P31 to repeat the
above series of processes.

[0081] If the throttle opening 6 TH is almost full, e.g.,
not less than 85 degrees (P35), or if the throttle opening
change amount A 8 TH is small (P36), it is decided that
the vehicle is in an acceleration terminated condition to
next execute the process of step P45 and subsequent
steps.

[0082] In step P45, the state of the increase flag is
checked. If the increase flag is 0, it is decided that the
vehicle is not in the acceleration terminated condition
after acceleration, so that initialization of step P50 is ex-
ecuted. If the increase flag is 1, the number of increased
injections is checked in step P46, in which if the number
of increased injections has already reached the number
of increased injections obtained by the search of the ac-
celeration increase coefficient map, initialization of step
P50 is executed. If the number of increased injections
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is 1 ormore, a preset change amount is subtracted from
the previous value in step P47. If the difference obtained
in step P47 becomes not greater than 1 (P48), the pro-
gram proceeds to step P50 to end the increase correc-
tion after acceleration. If the difference is not less than
1, the difference is set as the present value in step P49
to next execute the process of step P42 and subsequent
steps.

[0083] In this manner, when a rapid increase in the
throttle opening 6 TH to alarge value is detected in steps
P35 and P36, it is decided that the vehicle is in an ac-
celerated condition, and the process of increasing the
fuel injection amount for acceleration is then started.
However, a rapid increase in the fuel injection amount
is prevented, because the increase coefficient is in-
creased by every preset change amount up to the map
computed value as a target value in steps P39 to P41.
[0084] If the engine speed NE becomes very high (e.
g., notless than 10000 rpm) (P33), or if the throttle open-
ing 6 THis returned to less than 15 degrees, for example
(P34), the program proceeds to step P50 to execute in-
itialization such that the previous value is set to 0, the
present value is set to 1.0, the number of increased in-
jections is set to 0, and the increase flag is set to 0, thus
stopping the acceleration increase correction for fuel in-
jection amount.

[0085] Further, if the throttle opening 6TH becomes
almost full (P35), or if the throttle opening change
amount A 6 TH becomes small (i.e., the change be-
comes slow) (P36), it is decided that the acceleration
has been terminated, and the increase fuel injection
amount set in the accelerated condition is stepwise de-
creased by every preset change amount (P47 to P49),
thereby preventing a rapid decrease in fuel injection
amount just after termination of acceleration to avoid
lack of fuel injection amount.

[0086] While the above preferred embodiment has
the configuration of obtaining an injection amount by the
map search and controlling an injection time according
to the injection amount obtained above, the injection
time may be obtained by map search.

[0087] FIG. 16 is a flowchart showing a preferred em-
bodiment of atmospheric pressure correction.

[0088] This preferred embodiment shown in FIG. 16
is intended to ensure performance and improve starta-
bility when atmospheric pressure varies. In steps P51
and P52, a low-load atmospheric pressure correction
coefficient KpaL and a high-load atmospheric pressure
correction coefficient KpaH are respectively calculated
by referring to the atmospheric pressure correction co-
efficient (PA - Kpa) table shown in FIG. 7. In step P53,
a starting atmospheric pressure correction coefficient
Kpacr is calculated by referring to a starting atmospheric
pressure correction coefficient (PA - Kpacr) table.
[0089] FIG. 17 is a graph showing an example of the
starting atmospheric pressure correction coefficient
Kpacr.

[0090] The starting atmospheric pressure correction
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coefficient Kpacr is set to 1.0 at a lowland, and is de-
creased with a decrease in atmospheric pressure. At a
highland where atmospheric pressure is low, a fuel in-
jection amount is decreased with a decrease in fuel
amount required by the engine, thereby improving the
startability of the engine.

[0091] In step P54, the map designating command
56a is checked. If the intake manifold vacuum (PB) map
is designated, the load condition decision threshold PB-
sud according to a present amount pressure is calculat-
ed in step P55, and a load condition is decided accord-
ing to a present average intake manifold vacuum PBH
in step P56. If the engine is in a high-load condition, the
high-load atmospheric pressure correction coefficient
KpaH is set to the atmospheric pressure correction co-
efficient Kpa (step P57), whereas if the engine is in a
low-load condition, the low-load atmospheric pressure
correction coefficient KpalL is set to the atmospheric
pressure correction Kpa (step P58).

[0092] In step P59, the bank condition of the engine
is checked. If the rear bank (e.g., #1 and #3 cylinders of
a V4-engine) is subjected to load, the rear intake man-
ifold vacuum PBR is used to search a second atmos-
pheric pressure correction coefficient table (PB - CPAB
table) and calculate a second atmospheric pressure cor-
rection coefficient CPAB in step P60. If the front bank
(e.g., #2 and #4 cylinders of a V4-engine) is subjected
to load, the front intake manifold vacuum PBF is used
to search the second atmospheric pressure correction
coefficient table (PB - CPAB table) and calculate the
second atmospheric pressure correction coefficient
CPAB. A back pressure applied to each exhaust port
changes with load, and a rate of this change at a high-
land is different from that at a lowland. Accordingly, the
fuel injection amount is corrected by using the second
atmospheric pressure correction coefficient CPAB.
[0093] FIG. 18 is a graph showing an example of the
second atmospheric pressure correction coefficient
CPAB.

[0094] As apparentfrom FIG. 18, the larger the intake
manifold vacuum PB, the larger the second atmospheric
pressure correction coefficient CPAB.

[0095] In step P62, the atmospheric pressure correc-
tion coefficient Kpa obtained according to the load con-
dition of the engine is multiplied by the second atmos-
pheric pressure correction coefficient CPAB to obtain a
total atmospheric pressure correction coefficient KPA.
[0096] Ifitis decided in step P54 that the throttle (TH)
map is used, the starting atmospheric pressure correc-
tion coefficient Kpacr is set to the total ' atmospheric
pressure correction coefficient KPA in step P63, thereby
adjusting the fuel injection amount in using the throttle
map according to atmospheric pressure. Accordingly,
the performance of the engine can be ensured even at
a highland or the like where atmospheric pressure is low.
The starting atmospheric pressure correction coefficient
Kpacr is used both at starting and in using the throttle
map.
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[0097] Finally, the total correction coefficient Ktotal is
calculated by using the total amount pressure correction
coefficient KPA obtained above. Therefore, fuel can be
injected in an amount according to the load condition of
the engine even when atmospheric pressure varies, so
that the engine performance can be ensured in running
even at a highland where atmospheric pressure is low.
Furthermore, also at starting the engine, the fuel injec-
tion amount is controlled according to atmospheric pres-
sure, so that a good startability of the engine can be en-
sured even at a highland. Further, also in the condition
where the basic injection amount is obtained by using
the intake manifold vacuum (PB) map, atmospheric
pressure correction for injection amount is performed to
allow injection of fuel in an amount according to engine
load condition. Accordingly, the engine performance
can be ensured in running even at a highland where at-
mospheric pressure is low.

[0098] To perform correction of a fuel injection amount
according to atmospheric pressure with a high precision
over the whole range from a low-load condition to a high-
load condition of an engine even when the engine is a
multiple throttle valve type engine.

[0099] In an electronic fuel injection control device for
performing ccrrection of a basic fuel injection amount
set according to intake manifold vacuum, according to
atmospheric pressure, atmospheric pressure correction
coefficient setting means 21 includes atmospheric pres-
sure correction coefficient tables 21a and 21b prelimi-
narily storing atmospheric pressure correction coeffi-
cients KpaL and KpaH respectively for a low-load con-
dition and a high-load condition, and applicable table se-
lecting means 21c¢. Load condition deciding means 21d
decides an engine load condition according to intake
manifold vacuum PB, and the applicable table selecting
means 21c selects either the atmospheric pressure cor-
rection coefficient Kpal or KpaH according to a decision
output 21f from the load condition deciding means 21d.
Load condition decision threshold computing means
21e can vary a load condition decision threshold PBsud
according to atmospheric pressure PA.

Claims

1. An electronic fuel injection control device (1) of an
internal combustion engine (4), performing correc-
tion of a basic fuel injection amount (Tout) set ac-
cording to at least an intake manifold vacuum (PBR,
PBF), according to an atmospheric pressure (PA)
and according to an atmospheric pressure correc-
tion coefficient (Kpa) which varies with a change in
said atmospheric pressure (PA); wherein
it further comprises atmospheric pressure correc-
tion coefficients (KpaL, KpaH) which vary with a
change in said atmospheric pressure (PA), and said
atmospheric pressure correction coefficients
(KpaL, KpaH) are to be selectively used as the at-
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mospheric pressure correction coefficient (Kpa) in
accordance with a low-load condition and a high-
load condition of said engine (4),

characterized in that whether said engine (4) is in
said low-load condition or said high-load condition
is decided according to said intake manifold vacu-
um (PBR, PBF), and a criterion of decision of said
low-load condition or said high-load condition varies
with a change in said atmospheric pressure (PA).

Patentanspriiche

1.

Elektronische Kraftstoffeinspritzsteuervorrichtung
(1) eines Verbrennungsmotors (4) zur Durchfiih-
rung einer Korrektur einer Basis-Kraftstoffeinspritz-
menge (Tout), die gemal zumindest einem An-
saugkrimmerunterdruck (PBR, PBF), gemaR ei-
nem Atmospharendruck (PA) und geman einem At-
mospharendruck-Korrekturkoeffizienten (Kpa), der
mit einer Anderung in dem Atmospharendruck (PA)
variiert, gesetzt ist; worin

sie ferner Atmospharendruck-Korrekturkoeffizien-
ten (KpalL, KpaH) aufweist, die mit einer Anderung
in dem Atmospharendruck (PA) variieren, und die
Atmosphérendruck-Korrekturkoeffizienten (Kpal,
KpaH) gemaf einem Niederlastzustand und einem
Hochlastzustand des Motors (4) selektiv als der At-
mospharendruck-Korrekturkoeffizient (Kpa) zu ver-
wenden sind,

dadurch gekennzeichnet, dass gemalt dem An-
saugkrimmerunterdruck (PBR, PBF) entschieden
wird, ob der Motor (4) in dem Niederlastzustand
oder dem Hochlastzustand ist, und ein Entschei-
dungskriterium des Niederlastzustands oder des
Hochlastzustands mit einer Anderung in dem Atmo-
spharendruck(PA) variiert.

Revendications

Dispositif de commande électronique d'injection de
carburant (1) d'un moteur a combustion interne (4)
effectuant une correction de la quantité de base
d'injection de carburant (Tout) fixée conformément
a au moins une dépression de collecteur d'admis-
sion (PBR, PBF), par rapport a une pression atmos-
phérique (PA) et conformément a un coefficient de
correction de pression atmosphérique (Kpa) qui va-
rie avec un changement de ladite pression atmos-
phérique (PA),

dans lequel

il comporte en outre des coefficients de cor-
rection de pression atmosphérique (Kpal, KpaH)
qui varient avec un changement de ladite pression
atmosphérique (PA), et lesdits coefficients de cor-
rection de pression atmosphérique (KpaL, KpaH)
sont utilisés sélectivement en tant que coefficient
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de correction de pression atmosphérique (Kpa)
conformément a un état a faible charge et un état a
charge élevée dudit moteur (4),

caractérisé en ce qu'on décide que le mo-
teur

(4) est dans ledit état a faible charge ou ledit
état a charge élevée conformément a ladite dépres-
sion de collecteur d'admission (PBR, PBF), et un
critére de décision dudit état a faible charge ou dudit
état a charge élevée varie avec un changement de
ladite pression atmosphérique (PA) .



EP 0 740 060 B1

3IA30 T044NOD
NOILJA(N T304

P/ 4
S CRE
oN 9
//% g ot ;_1
: o0l
8 MR —= =199 1ivn 10810
UL BUVK g/ P9 29 89 09 %[ oL NoaN
a @uﬂu@ﬂu ¥al 1304 JIN0YLIIM
. g YOLVHINDD 35d WY uwﬂﬁLmHmm“
= Qi
- . TNLVAINIL HILVA
L ) Lo >\ RLYIIL
as MIA iy IN
YOSN3S H N 2{ A HOMYA
ONIN34O \ _ J8IA— TOHNYH VLN
NLLOWHL |~ HEdA———  HinvA
WSS B _F <nm>>/ OI0INVH IIVIN
s A
TII0u 2Ty 1 o p— I US54 HASTHLY
HOSN3S J WHSHY == || ##—|UT |
N W L ="
b 4 D
¥OLIINI Bl=== § +g -g
YOSNIS WONIVA OI0INYA INVINI INOYJ : _ \
¥OSNIS WRMJVA QI04INYW INVINI ¥V S L4 Lvg £
dWNd 1304 44 P R MS) - 7
= e = ., 71 14
B 1 ~— A 2l oy
LD ” ¥

12



EP 0 740 060 B1

dOLYYINID 3STNd WY

JOSN3S TiiX W1 TN

X

JOLYYINID 35T INVY)
0l JOSN3S
RNLVYIHIL HILYM

JOSNIS WNNJYA
QI04INVI
IAVLINI INOY

ES

4osN3s
ONIN3dO
I1LL08HL

m : .
LIND 08INOD NOILDIME \ g
1304 JINOYLIIT3 (S 43Lsnray
[AY YOSNIS RNSSId JANLXIW 3101
QION3T0S INAVINI YOSNIS WNNIVA JYIHASOWLY ¥4
J1aVIIVA QT0JINYW IV INI ¥V AV 10D 134

HOSNIS JUNLY43dNL
Y VLN 7 614

13



EP 0 740 060 B1

TYNDIS DNIWIL

D@ INISOT3/BNINIdO
INTVA VN

Do . VNIIS 35104
NOILYL0Y VY

HLOA ONINIJO 3T1L10¥HL

M]A JNLYYIdWIL 43LVM ON00D

BIA  JUNLVYIdWIL YV INVIN

49dA  WNNIVA OI04INVH IVIN

YGdA  WRNIVA GI0INYH DIVINI

SN mmd
SNV I
SNV 1 ONLLNAWOD
- INILNAHO) 3N} 0334 WM
L& INIDI430)
— 220 7 xvam
= Y == NOLLYY TV [+
= . =5 SNVIW
= W o] E 2 ONILYNDISI0
401N &= | 0O dVH
= ST
S ONLLNGWOD [~
§ . INAOWY 35
Z 25 ] o . s
JSve 19
_ mw o had]
MY — SNYIH ONLLNWO)
BN T KNMOVA 20vyaAy] HLB| .
mnx Pt B W
SNV ==
SINIDIH30) mm“ =
NOLLJ2Y40)
m\ 02— show ¥ad
LIND 04LNO) vd

NOILJArNI 7304 JINOYLIIH

£b1y

VdA UNSSIYd JYIHASOWLY

14



EP 0 740 060 B1

07

N ] wzgzm N 0334S INION3
-t NILNAKO) IN3IDI4430)
= sm| % ISYININ NOLLVHI IV
= SNV3K mSZ WONDVA Q0AINVH
2 MARD oo Z2a8| ) HEd  “3yvin 3ovaany
& : SNV3W SNV3IW INILLIS
) f I Mo | 9L s e H
. - 16 ONN3O T1LLOMHL
l 76 | | vownsve
R R A
o] |t [
P “ o). | ML) [=—t— ML ANLVHIAHIL ¥3LVM INITOO)
1 wniveear |
SNVIH ONILNGWO) . . L] warvm onnom
INNOHY NOILDINI JSvE € _ Ant
[ swvan omuis v SNVIWONLLIS |
I3 T o] NGRS N _ Bl RNLVYINIL MY IWVLN
_ SO wnwviaaL| |
._. NOLLDIINI JISVE [+ | S 3N e 22
LNY TO4LNGD NI :wﬂ\\ -I.I.Ii.ia i S ONLLES fut— 38d nnavA G0NV HVLN LNORS
AN A edyLH o0 —— U8d WNIVA TOANYW IHVINI V3
-~ RANSSd vd UNSSId IUHISORLY
02— 1| JuHdSonLy | |

SNV3W ONILLIS SIN3IJ430)
NOILJ3440] SNORYA

1014

X

-

i

15



EP 0 740 060 B1

Fig.5

(" CRANK INTERRUPTION )

!

CALCULATION OF ATMOSPHERIC PRESSURE

Pl~ COEFFICIENT Kpa
p9—_| CALCUCATION OF WTAKE AR TEMPERATURE
CORRECTION COEFFICIENT Kta
p3 CALCULATION OF COOLING WATER TEMPE-
RATURE CORRECTION COEFFICENT Ktw
PL~  Ktotal=—KpaxKtaXKtw
o SETTING OF BASIC INJECTION
AMOUNT Tim (MAP)
P6 ~— Ti~—Tim X Ktotal
SETTING OF ACCELERATION INCREASE
PI~— COEFFICENT Kacc

Tout=— TixKacc

(' CRANK INTERRUPTION )

16



ATMOSPHERIC
PRESSURE

EP 0 740 060 B1

Fig.b

2]\\\\ f210

LOW-LOAD ATMOSPHERIC

PA ——¢—{PRESSURE CORRECTION

INTAKE MANIFOLD

COEFFICIENT TABLE

ATMOSPHERIC PRESSURE CORRECTION
COEFFICIENT SETTING MEANS

APPLICABLE TABLE
SELECTING MEANS

///Zlc

(Z]b

HIGH-LOAD ATMOSPHERIC
PRESSURE CORRECTION
COEFFICIENT TABLE

(21d

VACUUM
PB

—

LOAD CONOITION

Kpal
ATMOSPHERIC
CORRECTION
o (REFFICIENT
T Kpa
|
KpaH :
[
I
|

211
LOW LOAD /HIGH LOAD

DECIDING MEANS

LOAD CONDITION

LOAD CONDITION
DECISION THRESHOLD
COMPUTING MEANS

\\~219

17

DECISION THRESHOLD



ATMOSPHERIC PRESSURE
CORRECTION COEFFICIENT Kpa

ATMOSPHERIC PRESSURE CORRECTION COEFFICIENT {PA-Kpa) TABLE

2.0
1.8
1.6
1.4
1.2
1.0

EP 0 740 060 B1

Fig.7

KpaH HIGH-LOAD

Kpal LOW-LOAD

| 1 1 1
500 600 700 800
760
ATMOSPHERIC PRESSURE (mmHg) —

18



EP 0 740 060 B1

Fig.8

(. SIRT )

P1 ¥

“~— CALCULATION OF LOW -LOAD ATMOSPHERIC PRESSURE
CORRECTION COEFFICIENT Kpal (PA - Kpal TABLE )

]

P]\Z CALCULATION OF HIGH-LOAD ATMOSPHERIC PRESSURE
CORRECTION COEFFICIENT KpaH (PA - KpaH TABLE )

{

CALCULATION OF LOAD CONDBITION DECISION THRESHOLD
PBsud = (PA/760)xPBsud0

P14

DECISION OF
LOAD CONDITION
PB > PBsud

(HIGH LOAD) P16
v [

Kpa——KpaH Kpa=—Kpal

:

C END )

N (LOW LOAD)

19



—
N

EP 0 740 060 B1

Fig.9

JEN
O

o
oo

INTAKE AIR TEMPERATTURE
CORRECTION COEFFICIENT ( Kta )

KtaH ( HIGH LOAD )

Ktal ( LOW LOAD )

—
O

(OOLING WATER TEMPERATURE
CORRECTION COEFFICIENT ( Ktw )

0 50 90
INTAKE AR TEMPERATURE Ta { °C)

Fig.10

KtwH { HIGH LOAD )

KtwlL ( LOW LOAD )

1 i

0 80
COOLING WATER TEMPERATURE Tw ( °C)

20



EP 0 740 060 B1

v
SNUNHD) LD A4\
JSYRINI NOLLYYITIY SNV3W INIDD30
09—"1 N NOILIGNO NOILYATTIY [~} 29
7
0Z7
ém LI e _ e
S, S5 d¥W INIDI30) J5VIHONI
= = ! ONIN3d0 311108H) SNV3H OMILNHO)
- =2 2= 1o o INNOKY JONVH J1LL0MH
= %2 P v v ssvaou 3 U
= z _ WONVA COINYH DIVIN | 17
to CLyy ] Copr 118 WL 8
¢ -0V ~"95 N
= T = W LS — =y oo |
= Tmm E7 T oowy v Jsve ~Ale; 11 ML |
_|PG| = zg| | [ aw : W KNgg
SANE =2 1T ok owan (o
= = Xf. gt 00 TUWIOML- | 11 | ¢ SNYIH ONLLNGHO) 184
= = | “2E (! _ o 1 WANJYA JOVHIAY 48d
= | yno _ = NOLLJIN - HODVA [C A
ol lc L = “ . I ETIE 00 _N.Nm
SNYIW NM wii N ME SNY3K g_E\m‘
# ONILLIS INNOWY SNYIW INILLIS g INFDEA30) NOIL)INH0D
NN B - W L PSS AMHISOHLY | ed
L 0E | TE4OMAINOILINAO) INDORY o7y N A e — o |
NOLLYLOY ¥NVY) gg | NOLJAIN J5v8 JWALVAIGHIL YV VLN
SNVIH ONLLSS
_1N30H430) NOIL)IHY0D Ml
L 6) J 1¥43d43L Y31V ONIO0)|

21



EP 0 740 060 B1

Fig.12

DESIGNATION OF MAP TO BE USED

P \\\\\\\\\\\\\\\\\\
USE MAP_ACCORDING
O TH T0 THROTTLE OPENING

THROTTLE
OPENING

ZUSE MAP ACCORDING TO INTAKE MANIFOLD VACUUM
0 NE

ENGINE SPEED

22



EP 0 740 060 B1

Fig.13

ACCELERATION CORRECTION (CORRECTION OF ACCELERATION
INCREASE COEFFICIENT OBTAINED BY MAP SEARCH)

P21

IS ENGINE SPEED IN N
MEDIUM SPEED RANGE
(4800 -10000 rpm) ?
P22
IS THROTTLE
OPENING IN PREDETERMINED N

RANGE (0 TO ABOUT
85 DEGREES) ?

P23
A

SEARCH MAP OF FIG. 14 TO OBTAIN

ACCELERATION CORRECTION

COEFFICIENT KH ACCORDING
70 THROTTLE OPENING

P26
v
KH=—1.0
y

P2L

IS THE NUMBER
OF INJECTIONS FOR
ACCELERATION INCREASE
CORRECTION 0 ?

st\ \Nl/

KAH-- KAMxKH

END

23



EP 0 740 060 B1

Fig.14

RELATION BETWEEN THROTTLE OPENING
AND CORRECTION COEFFICIENT

KH
CORRECTION COEFFICIENT
'y
1.05
1.00 | — —
0 10% %0 100%

O TH
THROTTLE OPENING

24



EP 0 740 060 B1

( START )

P 31~ COMPUTE BASK
INJECTION AMOUNT

P32
PERATIONAL~S,
CONDITION? —

Fig.15

ENGINE IS INOPERATIVE

ENGINE IS OPERATIVE
P33

NOT LESS THAN 10000 rpm

LESS THAN 10000 rpm
P3L

LESS THAN 15 DEGREES

NOT LESS THAN
15 DEGREES

P35

NOT LESS THAN 85 DEGREES

LESS THAN

85 DEGREES
P36 @

—_— LARGE
Pa7 [ CALCULATE KAH |
P36 _—~

¢

ADD CHANGE DATA T0
PREVIOUS VALUE

SMALL

P33

KAH
IS SMALLER

* C(OMPARE SUM
AND KAH

PL)

| PRESENT VALUE=-KAH |
PLO
M

KAH
IS LARGER
PRESENT VALUE=-SUM

THE NUMBER
OF INCREASED
INJECTIONS ?

PL7
) YNOT LESS THAN 1

SUBSTRACT CHANGE DATA
FROM PREVIOUS VALUE

NOT GREATER
PLB THAN 1

PLS ) NOT LESS THAN 1
PRESENT VALUE«-DIFFERENCE

Py

4

J e

PLE WeRease FLaG PSO~] Pprevious VALUE =— o
L3~ = PRESENT VALUE —=— 10
MULTIPLY BASIC INJECTION AMOUNT ,L’}E&“S’E%ER 0F
BY PRESENT VALUE MREASED
PLUE~_ ' INCREASE FLAG —— 0
INJECT FUEL 1N AN AMOUNT
ACCORDING TO PRODUCT

'

25



EP 0 740 060 B1

Fig.16
(. STRT )

P51
CALCULATING OF LOW-LOAD ATMOSPHERIC PRESSURE/
CORRECTION COEFFICIENT Kpal

¥ P52
CALCULATING OF HIGH-LOAD ATMOSPHERIC PRESSURE /
CORRECTION COEFFICIENT KpaH
1

CALCULATING OF STARTING ATMOSPHERIC PRESSURE / P53
CORRECTION COEFFICIENT Kpacr

P5L

USABLE MAP ? TH-HAP

/P55
CALCULATING OF LOAD CONDITION
DECISION THRESHOLD

PBsud =(PA/760)xPBsud0

DECISION OF

N LOW LOAD
LOAD CONDITION

P57 P58
Kpa = KpaH Kpa=—KpalL
J
P59
BANK CONDITION? FRONT BANK
P61

P60~ REAR BANK (

CALCULATION OF CPAB BY CALCULATION OF (PAB BY

USE OF REAR INTAKE USE OF FRONT INTAKE

MANIFOLD VACUUM MANIFOLD VACUUM
PBZ\ P63

KPA--Kpax(PAB KPA - Kpacr

T

C N )

26



STARTING ATMOSPHERIC PRESSURE

CORRECTION COEFFICIENT Kpacr

EP 0 740 060 B1

Fig. 17

STARTING ATMOSPHERIC PRESSURE CORRECTION COEFFICIENT
( PA - Kpacr ) TABLE

—
O
]

i 1 | 1
500 600 700 800
ATMOSPHERIC PRESSURE ( mmHg } —

27



SECOND ATMOSPHERIC PRESSURE
CORRECTION COEFFICIENT CPAB

EP 0 740 060 B1

Fig.18

SECOND ATMOSPHERIC PRESSURE CORRECTION COEFFICIENT
(PB - (PAB ) TABLE

RN
(W
¥

10}

560 360 160 0
INTAKE MANIFOLD VACUUM
~—— PA (mmHg)

28



EP 0 740 060 B1

Fig.18
(a) (b)
DEMANDED
THROTTLE VALVE FUEL CORRECTION AT

L
p [

ENGINE

f

<

AMOUNT s RATE

i

INTAKE MANIFOLD
VACUUM

v

INTAKE MANIFOLD
VACUUM SENSOR

(ORRECTED VALUE OF
PB AT HIGHLAND

MEASURED VALUE OF
PB AT HIGHLAND
HIGHLAND ATMOSPHERIC PRESSURE

REFERENCE (LOWLAND)
ATMOSPHERIC PRESSURE

SUBSTITUTED PB VALUE AT LOWLAND

(c) (d)

DEMANDED FUEL
THROTTLE VALVE AMO

UNT
i
SWITCHING POINT
| CHARACTERISTIC L l
ENGINE

CHARACTERISTIC H

INTAKE MANIFOLD
VACUUM

T

INTAKE MANIFOLD
VACUUM SENSOR

29

REFERENCE (LOWLAND)
ATMOSPHERIC PRESSURE[ ™~ -

> PB



	bibliography
	description
	claims
	drawings

