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[571 ABSTRACT

A method and a controller for supplying a fuel to a plurality
of cylinders of an internal combustion engine, in which
engine operation conditions including the operating tem-
perature of the engine are detected by various sensors
attached to the engine and by using a microcomputer, and
the fuel is successively supplied by being injected to the
engine cylinders based on the detected engine operation
conditions. The timing of fuel injection into each of the
pluratity of cylinders is [shifted from an exhaust stroke
period to a suction stroke period according to the operating
temperature of the engine among the detected engine opera-
tion conditions] set in a suction stroke period at the time of
the engine starting in a low temperature condition, and is
shifted to an exhaust stroke period as the level of the engine
temperature rises.

12 Claims, 9 Drawing Sheets
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METHOD AND CONTROLLER FOR
SUPPLYING FUEL TO CYLINDERS OF
MULTICYLINDER INTERNAL
COMBUSTION ENGINE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

This invention relates to a method of supplying fuel to a
plurality of cylinders of an internal combustion engine and,
more particularly, to a method and a controller for supplying
fuel to cylinders of a multicylinder internal combustion
engine while controlling fuel injection valves provided in
association with the respective cylinders.

A sequential fuel injection control system in which fuel
injection valves provided in association with cylinders are
sequentially controlled in synchronism with the rotation of
the engine to supply fuel is known as a conventional fuel
supply system for multicylinder internal combustion
engines. For this sequential fuel injection control, blowing
start control, ie., control of fuel injection starting and
blowing termination, i.e., control of injection termination are
effected, as described, for example, on page 1004 of Jidosha
Gijutsu, VOL. 39, No. 9, 1985. In this control system,
however, the fuel injection rate and the injection timing are
determined by the engine load determined from the intake
air flow rate and the engine revolutions and so on. Ordi-
narily, fuel injection is effected during the exhaust stroke at
each cylinder except for a transition period when the load is
abruptly changed.

That is, in this conventional system, fuel injection into
each cylinder of the internal combustion engine is controlled
in such a manner that the required fuel injection rate is first
obtained based on Qa/N which is a quotient of the intake air
flow rate Qa corresponding to the engine load and the engine
revolutions N, corrected with various correction coefficients,
and injection is effected during the exhaust stroke at each
cylinder in consideration of the injection period determined
according to the fuel injection rate.

This conventional system entails a problem of an increase
in the amount of total exhaust carbon compound (THC)
components of exhaust gas and, hence, problems of an
increase in the fuel consumption and deterioration in the
operating performance at the time of starting of the engine
or, more particularly, during warm-up started from a low
temperature condition.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
a method and a controller for supplying fuel to the cylinders
of a multicylinder internal combustion engine which method
and controller are capable of improving the exhaust gas
composition, reducing the fuel consumption and improving
the operating performance at the time of starting of the
engine or, more particularly, during an operation of starting
and warming up the engine in a low temperature condition,

To achieve this object, according to the present invention,
there is provided a method of supplying fuel to the cylinders
of a multicylinder internal combustion engine, in which
engine operation conditions including the operating tem-
perature of the engine are detected and the fuel is succes-
sively supplied by being injected to each of the engine
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2

cylinders based on the detected engine operation conditions,
the method comprising [shifting] seting the timing of fuel
injection into each of the plurality of cylinders [from an
exhaust stroke peried to a suction stroke period according to
the operating temperature of the engine among the detected
engine operation conditions. in a suction stroke period at the
time of engine starting in a low temperature condition, and
is shifted to an exhaust stroke period at the level of the
engine temperature rises.

To achieve the above object, there is also provided a
method of supplying a fuel to cylinders of a multicylinder
internal combustion engine, in which engine operation con-
ditions are detected and the fuel is successively supplied by
being injected to each of the engine cylinders based on the
detected engine operation conditions, the method compris-
ing injecting the fuel into intake air flowing into each
cylinder of the engine at least under a predetermined engine
operation condition.

To achieve the above object, there is also provided a fuel
supply controller for a multicylinder internal combustion
engine, including: a detection means for detecting engine
operation conditions including the operating temperature of
the engine; a control means for determining the rate at which
the fuel is supplied to each of the plurality of engine
cylinders and the fuel injection timing by being supplied
with a signal from the detection means; and a fuel injection
means for successively injecting the fuel to each of the
engine cylinders by controlling valve opening based on a
fuel injection control signal supplied from the control
means: wherein the control means is supplied with an engine
temperature output signal from the engine condition detec-
tion means and [shifis] sets the fuel injection timing, based
on the fuel injection control signal [from an exhaust stroke
period to a suction stroke period] , in a suction stroke period
at the time of engine starting in a low temperature condition,
and is shifted to an exhaust stroke period as the level of the
engine temperature rises, according to the level of the
engine temperature output signal.

The present invention is based on the results of various
experiments which indicate that a fuel injected during an
exhaust stroke when the engine is in a low temperature
condition is not evaporated but becomes attached to inner
surfaces of intake pipes to be supplied in a liquid state to the
interior of the cylinder.

The means for achieving the object of the present inven-
tion [shifts] sets the fuel injection timing [toward] in the
suction stroke period at the time of engine starting in a low
temperature condition to prevent injected fuel from attach-
ing to intake pipe walls, thereby directly supplying atomized
fuel to flows of intake air. The fuel supply performance at the
time of low temperature engine starting is thereby improved
as well as fuel consumption and operating performance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B, and 1C are timing charts showing the
timing of injecting fuel to each of cylinders of a multicyl-
inder internal combustion engine based on a fuel supply
method in accordance with an embodiment of the present
invention with respect to cases where the temperature of
cooling water is —30° C., 0° C,, and 60° C., respectively;

FIG. 2 is a block diagram of the system of a fuel supply
controller for supplying a fuel based on the fuel supply
method of the present invention;

FIG. 3 is a perspective view of a crank angle sensor of the
fuel supply controller shown in FIG. 2;
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FIG. 4 is a block diagram showing the internal construc-
tion of a control unit of the fuel supply controller shown in
FIG. 2 as well as electrical connections between input/
output components;

FIG. § is a flow chart of a control program of the operation
of the control unit for in accordance with the fuel supply
method of the present invention;

FIGS. 6 and 7 are graphs showing the contents of data
stored in a storage table used in the control flow shown in
FIG. 5;

FIG. 8 is a time chart of the content of the control flow
shown in FIG. §;

FIGS. 9 to 11 are cross-sectionals views of engines,
showing the results of experiments on which the present
invention is based:

FIG. 9 shows the conventional method in which fuel is
injected during an exhaust stroke;

FIG. 10 shows a state of the engine shown in FIG. 9
during a suction stroke;

FIG. 11 shows a state of fuel injection in an engine in
accordance with the present invention;

FIG. 12 is a timing chart showing a conventional fuel
supply method,;

FIG. 13A is a graph of characteristics of the change in the
amount of total exhaust carbon compound (THC) compo-
nents according to the conventional method; and

FIG. 13B is a graph corresponding to FIG. 13A, showing
the change in the amount of exhaust nitrogen oxide com-
ponents.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

A preferred embodiment of the present invention will be
described below along with the prior art with reference to the
accompanying drawings.

In the above-described conventional system described on
page 1004 of Jidosha Gijutsu, VOL. 39, No. 9, 1985, fuel
injection into each cylinder of the internal combustion
engine is controlled in such a manner that, as shown in the
timing chart of FIG. 12, the required fuel injection rate is
first calculated based on Qa/N which is a quotient of the
intake air flow rate Qa corresponding to the engine load and
the engine revolutions N, corrected with various correction
coefficients, and the injection is effected during the exhaust
stroke at each cylinder, as indicated by hatching in the
timing chart, in consideration of the injection period deter-
mined according to the fuel injection rate.

This is because, as represented by exhaust gas character-
istics shown in FIGS. 13A and 13B, the amounts of exhaust
gas components (on the ordinate of the graphs of FIGS. 13A
and 13B), i.e., nitrogen oxides (NOx) and total carbon
compounds (THC) including carbon monoxide and hydro-
carbons (HC) are greatly influenced by the fuel injection
timing. For example, if the time at which fuel injection is
terminated is set in the suction period while the engine is
operating in an ordinary operating range, NOx components
in the exhaust gas are reduced as shown in FIG. 13B, but the
THC components are increased as shown n FIG. 13A and the
engine output is reduced simultaneously. The reason for this
effect may be that, if the fuel is injected during the suction
stroke of the engine, it is ignited before it is sufficiently
evaporated and mixed with air in the cylinder. The abscisas
of the graphs shown in FIGS. 13A and 13B represent the
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4

crank angle (CA), i.c., the angle of the crankshaft to indicate
the fuel injection timing.

The above-described conventional system entails a prob-
lem of an increase in the amount of THC components in
exhaust gas and, hence, problems of an increase in the fuel
consumption and deterjoration in the operating performance
at the time of starting of the engine or, more particularly,
during half warm-up started from a low temperature condi-
tion.

The results of experiments conducted as a basis for the
present invention will be described before the description of
an embodiment of the present invention.

Ordinarily, the supply of fuel to cylinders of a multicyl-
inder internal combustion engine is effected as described
below. As shown in FIG. 9, fuel is jetted from a fuel injection
valve 4 attached to each of intake pipes 2 of an engine 1 in
the vicinity of a cylinder intake opening 3 toward an
umbrella-like portion of an intake valve 5§ which is attached
to a cylinder head portion so as to be movable generally
along the axial direction of a cylinder 8. At this time, the
operation cycle of the engine 1 is at an exhaust stroke with
respect to that cylinder; the exhaust valve 6 is open and the
piston 7 is in an up stroke.

During the exhaust stroke, if the engine 1 is cool because,
for example, it has been just started, most of the fuel jetted
from the fuel injection valve 4 is not evaporated but, in a
liquid state, attached to and accumulated on inner wall
portions of the intake pipe 2 and peripheral portions of the
intake valve §, as indicated by hatching in FIG. 9.

When the operation of the engine 1 proceeds into a
suction stroke, the exhaust valve 6 is closed while the intake
valve S, which has been closed, is opened, as shown in FIG.
10. A certain amount of air according to the throttle opening
is thereby introduced into the cylinder 8 via an air cleaner
(not shown). At this time, part of the fuel attached and
accumulated in a liquid state as described above flows along
an inner wall surface of the cylinder 8 (as indicated by a
reference symbol C in FIG. 10), while the rest of fuel is
mixed in flows of air drawn into the cylinder 8 as droplets
having comparatively large sizes (as indicated by a reference
symbol D) to be introduced into the cylinder 8. In this case,
a great part of the fuel supplied to the interior of the cylinder
8 remains in a liquid state without being evaporated, and it
is therefore impossible to completely burn the fuel even by
high-energy ignition, resulting in deterioration of the
exhaust gas composition (more specifically, an increase in
the THC content of the exhaust gas) as well as a reduction
in the engine power output. Under such a condition, in the
conventional system, the rate at which the injected fuel is
evaporated is low and the mixture of the air and the fuel in
the cylinder 8 is in a lean gas state. As a result, the
combustion is weak, the contents of carbon monoxide and
hydrocarbons are increased, and the fuel consumption is
increased.

Conventionally, to cope with this problem, the fuel supply
system is improved in various ways based on, for example,
increasing the fuel injection rate. Under the existing circum-
stances, however, it is not possible to avoid deterioration of
the exhaust gas composition and an increase in the fuel
consumption.

FIG. 11 shows a state in which fuel is injected when the
cycle of the engine 1 is at a suction stroke. In this case, as
is apparent from FIG. 11, the fuel injected through the fuel
injection valve 4 is mixed in an atomized state with intake
air and is drawn into the cylinder 8 of the engine. Accord-
ingly, in comparison with injection during the exhaust stroke
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shown in FIGS. 9 and 10, the evaporation of fuel can be
promoted. At the same time, the non-uniformity of distri-
bution of the fuel in the cylinder 8 owing to the attachment
or the like can be reduced and the formation of air/fuel
mixture gas can be remarkably improved.

A fuel supply controller for a multicylinder internal
combustion engine in accordance with the present invention
will be described below with reference to the drawings.

First, the overall system of the controller will be described
with reference to FIG. 2. Air introduced through an inlet 2
of an air cleaner 11 passes through a filter 11, passes through
a hot wire air flow meter 13, and flows through a duct 14
disposed downstream thereof, a throttle body 15 including a
throttle valve 15A for controlling the intake air flow rate to
enter a collector 16. The air absorbed in the collector 16 is
distributed to intake pipes 18 connected to respective cyl-
inders of a multicylinder internal combustion engine 1 and
is drawn into each cylinder of the engine 1.

On the other hand, a fuel is drawn from a fuel tank 19 and
pressurized by a fuel pump 20 and is introduced to fuel inlets
of fuel injection valves 23 through a fuel damper 21 and a
fuel filter 22. Part of the fuel introduced to the fuel injection
valves 23 via the fuel filter 22 is led to a fuel pressure
regulator 24 and is retumned to the fuel tank 19. By the
operation of this fuel pressure regulator, the pressure of the
pressurized fuel supplied to the fuel injection valves 23 is
controlled so as to be constant. The fuel is injected into the
intake pipes from the injection valves 23. In accordance with
the present invention, as is apparent from FIG. 2, the fuel
injection valves 23 are attached to wall portions of the intake
pipes 18 in the vicinity of intake ports of the cylinders. The
fuel injection valves are provided for the respective cylin-
ders of the multicylinder engine to control the fuel supply
rate for each cylinder. Thus, a multi-point injection (MPI)
system is constructed.

The reference symbol 29 in FIG. 2 designates a water
temperature sensor for detecting the temperature of water for
cooling the engine 1.

This embodiment will be described below in detail. An
electrical signal output from the air flow meter 13 and
representing the intake air flow rate is supplied to a control
unit 25 described later in detail. A throttle sensor 26 for
detecting the opening of the throttle valve 15A of the throttle
body 15 is attached to the throttle body 15. A signal output
from the throttle sensor 26 is also supplied to the control unit
25,

A distributor 28 is disposed in the vicinity of the engine
(on the left hand side of the engine 1). The distributor 28
incorporates a crank angle sensor for detecting the crank
angle speed of the engine. For example, this crank angle
sensor has a construction such as that designated by a
reference symbol 155 in FIG. 3. That is, small apertures 72
are formed at predetermined angular intervals in a metallic
disk 71 attached to a crankshaft 70 of the engine 1, and a
light emitting element 73 and a light receiving element 72
are disposed on the opposite sides of the disk to output a
signal proportional to the angle of rotation of the crankshaft
70. In addition to the small apertures 72 formed at the
predetermined angular intervals, an aperture 75 larger than
the small aperture 72 is formed in the metallic disk 71 of the
crank angle sensor 155 in a position comesponding to a
predetermined angle of the crankshaft to produce a reference
position signal for indicating the reference position in asso-
ciation with the signal representing the angle of rotation.

These output signals are also supplied to the control unit
25. Other sensors, e.g., a water temperature sensor for
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detecting the temperature of engine cooling water and an O,
sensor for detecting the oxygen concentration in exhaust gas
are provided, although they are not shown in FIG. 2, The
control unit 25 is supplied with signals representing engine
operation conditions from the above-described various sen-
sors, effects predetermined arithmetic processing and drives
various actuators for optimum control according to the
engine operation conditions. For example, as also shown in
FIG. 2, the control unit 25 controls a power transistor
attached to a side portion of an ignition coil 27 and serving
to control the supply of high-tension ignition voltage to each
cylinder by switching on/off, the fuel injection values 23 for
injecting and supplying the fuel into the cylinders of the
engine 1, and the operation of the fuel pump 20.

As shown in FIG. 4, the control unit 25 is constituted by
a multi-processor unit (MPU) 151, a rewritable nonvolatile
memory (EP-ROM) 152, a random access memory (RAM)
153, and an LSI circuit component supplied with the signals
representing the engine operation conditions detected by the
various sensors and outputting control signals for driving
various actuators, i.e., an I/O LSI 154. More specifically, the
170 LS1 154 is supplied with signals output from the air flow
meter 13, the crank angle sensor 155, an idle switch 156, a
starter switch 157, an O, sensor 158, the water temperature
sensor 29, a battery voltage sensor 160 and the throttle
sensor 26. These signals may be supplied through an analog-
digital (AD) converter incorporated in the /O LSI or
through an external AD converter. The control units 25 then
effects predetermined calculations with the MPU 151, the
EP-ROM 152, and the RAM 153 and controls the operations
of the fuel injection valve 23 which are engine control
actuators, the power transistor attached to the ignition coil
27 and the fuel pump 20.

The operation of the control unit described above will be
described below in detail. Referring to the flow chart of FIG.
5, the temperature Tw of engine cooling water is read in step
100, and, in step 101 a table previously stored is searched for
a pulse width remaining rate Kr for determining the percent
of a part of a fuel injection pulse width Ti set the period of
a suction stroke on the basis of the engine cooling water
temperature Tw. FIG. 6 shows an example of data stored in
this table. That is, when the engine cooling water tempera-
ture Tw is low, the pulse width remaining rate Kr is large
(e.g., 100% at about —30° C.). As the engine cooling water
temperature Tw rises, the pulse width remaining rate Kr
becomes reduced. For example, it is set to 50% at about 10°
C. and is set to 0% at about 60° C.

Next, in step 102, an intake air flow rate Qa is fetched
from the signal ocutput from the hot wire air flow meter 13.
In step 103, the number of engine revolutions N is obtained
from the signal output from the crank angle sensor. There-
after, in step 104, a time T, for four engine strokes (suction,
compression, explosion, and exhaustion strokes) is obtained
by using N obtained in the preceding step. In step 105, a
maximum injection end time Tmax is obtained by using N.
The maximum injection end time Tmax designates the limit
of the fuel injection end point, and the object of determining
this limit is to prevent occurrence of intake fuel residue
owing to a response delay. For example, the maximum
injection end time Tmax is determined with respect to the
number of engine revolutions N, as shown in FIG. 7. When
N is small (when the engine rotates at a low speed), Tmax
is large; when N is large (when the engine rotates at a high
speed), Tmax is small. Numerical data on this relationship is
previously stored in the memory, and Tmax is searched for
by using N as a parameter.

In step 106, a mixture ratio correction coefficient COEF is
calculated from various parameters representing the engine
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operation conditions (e.g., the engine cooling water tem-
perature and the output from the O, sensor). In step 107, a
final injection pulse width Ti is obtained by the following
equation:

m

Ti=Kx—%E— % COEF + TS

where Ti represents the fuel injection pulse width, K repre-
sents a modification coefficient, Qa represents the intake air
flow rate, COEF represents the mixture ratio correction
coefficient, and TS represents an ineffective pulse width.

Then, in step 108, fuel injection start timing Tinjst is
calculated by the following equation based on Ti obtained
above:

Tinjst=%T~(1-Kr)Ti 2

In step 109, the fuel injection end point is limited. That is,
if Tmax ZTinjst+Ti, the process directly proceeds to step
111, or, if Tmax<Tinjst+Ti, Tinjst is corrected based on the
following equation:

Tinjst=Tmax~Ti 3)

In step 111, the fuel injection start timing Tinjst after
limiting the fuel injection end point is set in a register. This
register starts incrementing from zero (0) when supplied
with a signal representing a reference point (e.g., a bottom
dead center (BDC) 110° behind a reference signal for each
cylinder) used as a basis for the fuel injection control for
each cylinder. The register produces an output signal when
the increment value coincides with the above-mentioned set
data. This output signal is supplied as an injection signal to
the corresponding fuel injection valve 23. In step 112, Ti
obtained in step 107 is set in an injection termination
register. This injection termination register is connected to
the above injection start register. When the injection start
register outputs an injection signal, the injection termination
register starts incrementing the count value from zero (0).
When this incremented value (data) and the value (data) set
in the injection termination register become equal to each
other, the injection termination register stops the injection
signal output to the fuel injection valve.

Next, the content of the control process in accordance
with the above-described flow, i.e., formation of the injec-
tion signal for controlling opening/closing of each fuel
injection valve will be described below with reference to
FIG. 8. In a section A of FIG. 8, the stroke status of the
engine, i.c., a sequence of four strokes, compression, explo-
sion, exhaustion, and suction strokes, is shown. The line B
shown in FIG. 8 represents the angle signal supplied from
the crank angle sensor (to indicate, for example, angles
stepped by 1°). The following control is conducted on the
basis of the bottom dead center (BDC) (not shown) lagging
behind the reference signal for each cylinder by 110°.

T, calculated in step 104 of FIG. 5 represents the period
of time for the above four strokes and can be obtained by
using the following equation:

T=K/N O]
where k is a constant.

The fuel injection pulse width Ti calculated in step 107
represents the pulse width of the injection signal indicated
by the line C in FIG. 8. Ti' represents a part of the fuel
injection pulse width Ti overlapping the time region corre-
sponding to the suction stroke. The relationship between the
pulse remaining rate Kr and Ti and Ti' is expressed as
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A value of 100% of Kr in accordance with this equation
means that no part of the pulse signal appears during the
exhaust stroke and that the whole of this signal appears after
the suction stroke has been started.

The fuel injection start timing Tinjst in the above equa-
tions represents the passage of time from the reference point
(BDC), and the time before the start of the suction stroke is
expressed as %T,. The following equation is therefore estab-
lished:

WUl + W =Tinjst + T, = 6)

Kr — Ti from equation (5) is substitued in equation
(6), thereby expressing Tinjst as follows

Tinjst = %T, -t — Kn)Ti )

As is apparent from this equation, the fuel injection start
timing Tinjst can be easily obtained from the fuel injection
pulse width Ti and the pulse width remaining rate Kr.

As shown in FIG. 8, Tmax which is the limit of the fuel
injection end point limits the trailing end of the fuel injection
pulse width Ti indicated by the line C (i.e., Tinjst+Ti), and
there is no possibility of on state afier Tmax.

The fuel supply based on this control is as shown in FIGS.
1A, 1B, and 1C. That is, in case where the engine is started
in a low temperature condition (for example, engine cooling
water temperature Tw=—30° C.), the fuel injection valve for
supplying the fuel to each cylinder injects the fuel during the
suction stroke at each cylinder. As the engine is thereafter
heated up during operation, the fuel injection timing of the
fuel injection valve is shifted from the suction stroke period
to the exhaust stroke period, as shown in FIG. 1B. That is
when the engine cooling water temperature Tw is 0° C., the
pulse remaining rate Kr is about 70%.

After the engine cooling water temperature Tw has been
further increased, and when it becomes, for example, 60° C.,
the fuel injection timing of the fuel injection valve is
completely shifted to the exhaust stroke period, as shown in
FIG. 1C. After the engine cooling water temperature Tw has
been further increased and when it becomes, for example,
80° C., the fuel injection timing of the fuel injection valve
is returned to the injection timing for ordinary operation.

In the above-described embodiment, the fuel injection
timing of each fuel injection valve is continuously changed
according to the change in the engine cooling water tem-
perature Tw. However, the manner of changing the injection
timing in accordance with the present invention is not
limited to this. For example, the injection timing may be
changed in a stepping manner with respect to a plurality of
ranges of engine cooling water temperatures set as desired.

In the above-described embodiment, since the function of
the fuel injection valve for injecting and supplying the fuel
to each engine cylinder resides in forming air/fuel mixture
gas by directly mixing atomized fuel in the air drawn into
each cylinder, the fuel and the air cannot be suitably mixed
and the desired effects cannot be obtained, if the particle size
of the injected fuel is excessively large. It has been con-
firmed by various experiments that good effects can be
obtained if the atomized particle size is 100 um or less. In
accordance with the above-described embodiment, there-
fore, fuel injection valves capable of forming injected fuel
particles having a size smaller than 100 um, e.g., 80 to 90 pm
are used. However, fuel injection valves capable of injecting
fuel with a 120 to 130 um fuel particle size may actually be
selected from fuel injection valves presently available to
achieve similar effects.
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As shown in FIG. 11, each injection valve may be
mounted so as to face the intake valve mounted at the upper
end of the cylinder, thereby making it possible to form a
suitable air/fuel mixture gas by mixing injected fuel in an
atomized state with intake air.

As can be clearly understood from the above description,
the method and the controller for supplying fuel to cylinders
of a multicylinder internal combustion engine make it pos-
sible to prevent deterioration of the exhaust gas composi-
tion, increase in the fuel consumption and deterioration of
the operating performance. According to the present inven-
tion, it is also possible to delay the timing of calculation of
the fuel supply rate by [shifting] setting the fuel injection
timing [from the exhaust stroke period to] in the suction
stroke period at the time of starting of the engine when the
change in the engine speed is particularly large, thereby
enabling the fuel to be supplied more precisely.

What is claimed is:

1. A method of supplying fuel to a plurality of cylinders
of an [intrnal] internal combustion engine, in which engine
operation conditions including the operating temperature of
the engine are detected and the fuel is successively supplied
by being injected to each of the engine cylinders based on
detected engine operation conditions, said method compris-
ing the steps of:

{shifting] serring the timing of fuel injection into each of
the plurality of cylinders [from an exhaust stroke period
to a section stroke period according to the operating
temperature of the engine among the detected engine
operation conditions] in a suction stroke period at the
time of engine starting in a low temperature condition,
and shifting the timing of fuel injection to an exhaust
stroke period progressively as the level of the engine
temperature rises,

when the rate of the fuel supply to each cylinder is
determined based on the detected engine operation
conditions, determining a limit of fuel injection end
[portion] point; and

controlling the fuel supply so that the termination point of
the fuel injection timing does not exceed the fuel
injection end point limit.

2. A method of supplying a fuel to a plurality of cylinders
of an internal combustion engine, according to claim 1,
wherein the shifting of the fuel injection timing includes
shifting the fuel injection start timing.

3. A method of supplying a fuel to a plurality of cylinders
of an internal combustion engine, according to claim 1,
wherein the fuel is injected so that the particle size of
atomized fuel is not larger than 120 pm.

4. A controller for controlling the supply of a fuel to a
plurality of cylinders of an internal combustion engine,
comprising:

detection means for detecting engine operation conditions
including the operating temperature of the engine;

control means for determining the rate at which the fuel
is supplied to each of the plurality of engine cylinders
and the fuel injection timing [be] by being supplied
with a signal from said detection means; and

fuel injection means for successively injecting the fuel to
each of the plurality of engine cylinders by controlling
valve opening based on a fuel injection control signal
supplied from said control means:

wherein said control means is supplied with an engine
temperature output signal from said engine condition
detection means and [shifts] sers the fuel injection
timing [based on] in a suction stroke period when the
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fuel injection control signal [from an exhaust stroke
pericd to a suction period according to] indicates that
the engine is to be started in a low temperature
condition, and shifts the fuel injection timing progres-
sively to an exhaust stroke period as the level of the
engine temperature output signal rises, and wherein
said controller outputs the fuel injection control signal
and a signal for determining a limit of the fuel injection
end poini, and controls valve opening of said fuel
injection means so that the limit of the fuel injection
end point is not exceeded.

5. An apparatus for supplying a fuel to a plurality of
cylinders of an internal combustion engine according to
claim 4, wherein the shifting of the fuel injection timing
effected by said controller includes shifting the fuel injection
start timing based on the fuel injection control signal.

6. An apparatus for supplying a fuel to a plurality of
cylinders of an intemal combustion engine according to
claim 4, wherein said fuel injection means includes a fuel
injector capable of injecting the fuel so that the particle size
of atomized fuel is not larger than 120 pym.

7. A method of supplying fuel to a plurality of cylinders
of an internal combustion engine, comprising the steps of;

detecting engine operating conditions including the oper-

ating temperature of the engine, intake air amount and
engine rotation speed;

determining a fuel injection period during which fuel is to

be injected to each of the cylinders based on said
detected engine operating conditions;

determining a fuel injection start time relative to a refer-

ence angle of the engine crankshaft for each cylinder
and based on a coefficient related to the operating
temperature of the engine so that said fuel injection
start time is shifted progressively from [an exbaust] a
suction stroke period toward [a suction] an exhaust
stroke period for a cylinder as the operating tempera-
ture of the engine increases;

determining a maximum limit for the end point of said

fuel injection period; and

when the end point of said fuel injection period exceeds

said maximum limit for a determined fuel injection
period and a determined fuel injection start time for a
given cylinder, shifting the fuel injection start time
toward said exhaust stroke period to prevent said end
point from exceeding said maximum limit.

8. A method according to claim 7, wherein, when the end
point of said fuel injection period exceeds said maximum
limit, shifting the fuel injection start time only to the extent
that said end point exceeds said maximum limit.

9. A method according to claim 7, wherein said fuel
injection start time Tinjst is determined from the following
relationship:

Tinjst=%T ~(1-Kr)Ti

where T, represents the period of time for four strokes of the
internal combustion engine, Ti is the fuel injection period
and Kr is a coefficient which is obtained from a table on the
basis of the detected operating temperature of the engine.
10. An apparatus for supplying fuel to a plurality of
cylinders of an internal combustion engine, comprising:
means for detecting engine operating conditions including
the operation temperature of the engine, intake air
amount and engine rotation speed,;
means for determining a fuel injection period during
which fuel is to be injected to each of the cylinders
based on said detected engine operating conditions;
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means for determining a fuel injection start time relative
to a reference angle of the engine crankshaft for each
cylinder and based on a coefficient related to the
operating temperature of the engine so that said fuel
injection start time is [shifted from an exhaust stroke
period toward a suction stroke period for a cylinder as
the operating temperature of the engine increases) set in
a suction stroke period at the time of engine starting in
a low temperature condition,

means for determining a maximum limit for the end point
of said fuel injection period; and

means for shifting the fuel injection start time toward said
exhaust stroke period to prevent said end point from
exceeding said maximum limit, when the end point of
said fuel injection period exceeds raid maximum limit
for a determined fuel injection period and a determined
fuel injection start time for a given cylinder.

10

15

12

11. An apparatus according to claim 10, wherein, when
the end point of said fuel injection period exceeds said
maximum limit, the fuel injection start time is shifted only
to the extent that said end point exceeds said maximum
limit.

12. An apparatus according to claim 10, wherein said fuel
injection start time Tinjst is determined from the following
relationship:

Tinjst=%T ~(1-Kr) Ti

where T, represents the period of time for four strokes of the
internal combustion engine, Ti is the fuel injection period
and Kr is a coefficient which is obtained from a table on the
basis of the detected operating temperature of the engine.
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