United States Patent [151
Sugiyama et al.

[11] 4,388,906
[45] Jun. 21, 1983

[54] FUEL INJECTED ENGINE CONTROL
DEVICE AND METHOD PERFORMING
WALL-ADHERED FUEL ACCOUNTING

[75] Inventors: Shinichi Sugiyama; Takayoshi
Nakatomi, both of Susono, Japan

[73] Assignee: Toyota Jidosha Kabushiki Kaisha,
Aichi, Japan
{21] Appl. No.: 375,196
[22] Filed: May 5, 1982
[30] Foreign Application Priority Data
Jul. 6, 1981 [JP]  Japan .....oeecmccerense 56-105338
[51] Imt, CL3 F02B 3/00
[52] US. CL .coeccicrecneneneis 123/492; 123/480;
123/493
[58] Field of Search .........cccecernecnrin 123/492, 493, 480
[56] References Cited

U.S. PATENT DOCUMENTS

4,086,884 5/1978
4,245,605 1/1981
4,266,275 5/1981
4,327,682 5/1982
4,357,923 11/1982

Primary Examiner—Ronald B. Cox
Attorney, Agent, or Firm—Stevens, Davis, Miller &
Mosher

[57] ABSTRACT
A method for controlling an internal combustion engine
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with a fuel injection valve fitted to its intake manifold.
Repeatedly a first quantity representing the desired
amount of fuel to be supplied to the combustion cham-
bers in the next fuel injection pulse, a second quantity
representing the proportion of fuel in one pulse which
will adhere to the walls of the intake system, and a third
quantity representing the proportion of fuel adhering to
these walls which will be sucked off into the combus-
tion chambers between two successive pulses are deter-
mined, based upon sensed values of certain operational
parameters. Simultaneously, at proper injection time
points in the engine’s operational cycle, first from the
third quantity and a fourth quantity representing the
total fuel amount adhering to the walls a fifth quantity
representing the actual fuel amount sucked off from the
walls between two successive pulses is determined; then
from the first, second, and fifth quantities a sixth quan-
tity representing the actual fuel amount to be injected in
the next pulse is determined; then from the sixth and
second quantities a seventh quantity representing the
actual amount of fuel from the next pulse that will ad-
here to the walls is determined; next the fourth quantity
is updated by adding the seventh and subtracting the
fifth quantity, and next the fuel injection valve is opened
for a time corresponding to the sixth quantity. A device
is also explained, incorporating an electronic computer,
which practices this method.

18 Claims, 15 Drawing Figures
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1

FUEL INJECTED ENGINE CONTROL DEVICE
AND METHOD PERFORMING WALL-ADHERED
FUEL ACCOUNTING

BACKGROUND OF THE INVENTION

The present invention relates to a control device and
method for an internal combustion engine equipped
with a fuel injection system; and more particularly re-
lates to a control device, incorporating a plurality of
sensors and an electronic control computer which re-
ceives signals from said sensors and which controls said
fuel injection system of said internal combustion engine,
said control device accurately and appropriately con-

trolling the amount of fuel supplied by said fuel injec-

tion system during various and diverse operational con-
ditions of the internal combustion engine so as to pro-
vide good engine operational characteristics, and to a
control method for said internal combustion engine
equipped with a fuel injection system, said control
method being practiced by said device.

Fuel injection is becoming a more and more popular
method of fuel supply to gasoline internal combustion
engines of automotive vehicles nowadays. This is be-
cause of the inherently greater accuracy of metering of
liquid fuel by fuel injection techniques as opposed to the
metering of liquid fuel available in a carburetor type
fuel supply system. In many cases the advantages ob-
tained by this greater accuracy of fuel metering pro-
vided by a fuel injection system outweigh the disadvan-
tage of the increased cost thereof. For example, this
better fuel metering enables engine designers to pro-
duce engines with higher compression ratio and more
spark advance, which can lead to increased perfor-
mance - characteristics, such as increased power, in-
creased torque, and better engine elasticity.

Because a fuel injection system can accurately deter-
mine the amount of fuel to be supplied to the airfuel
mixture intake system of the vehicle in a wide variety of
engine operational conditions, it is possible to operate
the engine in a way which generates substantially lower
levels of harmful exhaust emissions such as NOx, HC,
and CO; and in fact it is possible to satisfy the legal
requirements for cleanliness of vehicle exhaust gases,
which are becoming more and more severe nowadays,
without providing any exhaust gas recirculation for the
engine. This is very beneficial with regard to drivability
of the engine, especially in idling operational condition.
Further, because of the higher efficiency of fuel meter-
ing available, this allows leaner airfuel mixture opera-
tion of the engine with still acceptable drivability. With
fuel injection provided to a vehicle type, more consis-
tent exhaust emission results are available from vehicles
coming off the assembly line at the factory, without
complicated, troublesome, and expensive ‘individual
adjustments. Further, the warmup control of the vehi-
cle is highly flexible, i.e. can be flexibly adjusted to a
wide variety of engine warming up conditions, which
contributes considerably to the achieved exhaust emis-
sion results.

Further, an internal combustion engine equipped
with a fuel injection system can be operated in such a
way as to be substantially more economical of gasoline
than a carburetor type internal combustion engine. This
is again because of the. greater accuracy available for
determination of the amount of fuel to be supplied to the
intake system of the vehicle over a wide variety of
engine operational conditions. Since it is possible to
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operate the engine at the stoichiometric air/fuel ratio,
and to apply closed loop control to the fuel injection
control system, it is possible to reduce the amount of
spark retardation, and also the above mentioned dis-
pensing with exhaust gas recirculation is possible, and
both of these have significant beneficial effects with
regard to fuel consumption. Further, with a fuel injec-
tion type fuelair mixture supply system, it is possible to
cut off fuel supply entirely when the engine is operating
in an overrun mode, which again results in a signifi-
cantly reduced consumption of fuel. Nowadays, with
the increased cost of fuel and the wider demand for fuel
economical vehicles, and with legal requirements
which are being introduced in some countries relating
to fuel economy of automotive vehicles, these consider-
ations are more and more becoming very important. In
addition, by the introduction of a fuel injection type
fuel-air mixture supply system, a engine of smaller pis-
ton displacement can replace an engine with larger
piston displacement which is provided with a carbure-
tor type fuel supply system, while providing the same
output power, and again this reduces fuel consumption:
By the introduction of a fuel injection type fuel-air
mixture supply system, also, in many. cases it is possible
to switch an engine from premium grade type fuel oper-
ation to operation on lower grade or regular type fuel,
while still providing the same output power, which is
economical of the more expensive premium grade type
fuels. ' .

Some types of fuel injection system for internal com-
bustion engines utilize mechanical control of the
amount of injected fuel. An example of this mechanical
fuel amount control type of fuel injection system is the
so called K-jetronic type of fuel injection system. How-
ever, nowadays, with the rapid progress which is being
attained in the field of electronic control systems, vari-
ous arrangements have been proposed in which elec-
tronic control circuits make control decisions as to the
amount of fuel that should be supplied to the internal
combustion engine, in various engine operational condi- -
tions. Such electronic fuel injection systems are becom-
ing much more popular, because of the more flexible
way in which the fuel metering can be tailored to vari-
ous different combinations of engine operational condi-
tions. The most modern of these electronic fuel injec-
tion systéms use a microcomputer such as an electronic
digital computer to regulate the amount of fuel injected
per one engine cycle, and it is already conventionally
known to use the microcomputer also to regulate vari-
ous other engine functions such as the provision of
ignition sparks for the spark plugs.

In an electronic fuel injection system, the control
system requires of course to know the moment by mo-
ment current values of certain operational parameters of
the internal combustion engine, the amount of injected
fuel being determined according to these values. The
current values of these operational parameters are
sensed by sensors which dispatch signals to the elec-
tronic control system via A/D converters and the like.
In such an arrangement, electric signals are outputted
by such an electronic control system to an electrically
controlled fuel injection valve, so as to open it and close
it at properly determined instants separated by proper
time intervals; and this fuel injection valve is provided
with a substantially constant supply of pressurized gaso-
line from a pressure pump. This pressurized gasoline, "

when the fuel injection valve is opened, and during the - -
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time of such opening, is squirted through said fuel injec-
tion valve into the intake manifold of the internal com-
bustion engine upstream of the intake valves thereof.
Thus, the amount of injected gasoline is substantially
proportional to the time of opening of the fuel injection
valve, less, in fact, an inoperative time required for the
valve to open. Sometimes only one fuel injection valve
is provided for all the cylinders of the internal combus-
tion engine, or alternatively several fuel injection valves
may be provided, up to one for each cylinder of the
engine, according to design requirements.

The first generation fuel injection systems were of the
so called D-jetronic type, in which the main variables
monitored by the electronic fuel injection control sys-
tem are the revolution speed of the internal combustion
engine and the vacuum, or depression, present in the
intake manifold of the internal combustion engine
downstream of the throttle valve mounted at an inter-
mediate position therein due to the suction in said intake
manifold produced by the air flow passing through the
intake manifold of the internal combustion engine to
enter the combustion chambers thereof after being
mixed with liquid fuel squirted in through the fuel injec-
tion valve or valves. From these two basic measured
internal combustion engine operational parameters, a
basic amount of gasoline to be injected into the intake
system of the internal combustion engine is determined
by the control system, and then the control system
controls the fuel injection valve so as to inject this
amount of gasoline into the engine intake system. Other
variables, such as intake air temperature, engine temper-
ature, and others, are further measured in various imple-
mentations of the D-jetronic system and are used for
performing corrections to the basic fuel injection
amount.

Following this, a second generation of fuel injection
systems has been developed, which is of the so called
L-jetronic type, in which the main variables monitored
by the electronic fuel injection control system are the
revolution speed of the internal combustion engine and
the amount of air flow passing through the intake mani-
fold of the internal combustion engine to enter the com-
bustion chambers thereof after being mixed with liquid
fuel squirted in through the fuel injection valve or
valves. This air flow amount is measured by an air flow
meter of a design which has become developed, located
at an intermediate point in the intake manifold. From
these two basic measured internal combustion engine
operational parameters, again a basic amount of gaso-
line to be injected into the intake system of the internal
combustion engine is determined by the control system,
and then the control system controls the fuel injection
valve so as to inject this amount of gasoline into the
engine intake system. Other variables, such as intake air
temperature, engine temperature, and others, are again
further measured in various implementations of the
L-jetronic system, and are used for performing correc-
tions to the basic fuel injection amount. This L-jetronic
fuel injection control system is currently well known
and is nowadays fitted to a large number and variety of
vehicles.

One refinement that has been made to the L-jetronic
fuel injection system has been to perform a control of
the fuel injection amount based upon feedback from an
air/fuel ratio sensor or O2 sensor, which is fitted to the
exhaust manifold of the internal combustion engine and
which detects the concentration of oxygen in these
exhaust gases, again in a per se well known way. This
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feedback control homes in on a proper amount of fuel
injection, so as to provide a stoichiometric air/fuel ratio
for the intake gases sucked into the cylinders of the
engine, and for the exhaust gases of the engine, but the
starting point region over which the homing in action of
such a feedback control system is effective is limited,
and therefore the determination of the approximately
correct amount of fuel to be injected by the fuel injec-
tion valve is still very important, especially in the case
of transient operational conditions of the engine.

One difficulty that has occurred with such normal
spark ignition engines which are equipped with either
the D-jetronic form of electronic fuel injection system
or the L-jetronic form of electronic fuel injection sys-
tem is that, if the fuel injection system calculates the
amount of fuel which it is desired to inject into the
combustion chambers of the engine in the next pulse of
fuel injection, and then simply controls the fuel injec-
tion valve or valves in the engine air intake system so as
to inject this amount of fuel into the air intake system on
this next pulse, the engine will be substantially properly
operated during steady operational conditions, but dur-
ing acceleration or deceleration the engine will not
receive the proper amount of fuel. This is because of the
effect of fuel adhering to the wall surfaces of the air
intake passage, and of the intake ports.

Considering this phenomenon in more detail, since in
such a D-jetronic or L-jetronic fuel injection system the
supply of liquid fuel is not vaporized or finely atomized
as in a carburetor type fuel supply system, but is
squirted directly into the air intake passage of the engine
through the fuel injection valve which cannot atomize
the fuel very well, therefore quite a large quantity of
liquid fuel tends to accumulate in liquid form on the
wall surfaces of the air intake passage and of the intake
ports. Of course, also some of this liquid fuel tends to
get swept off or sucked off into the combustion cham-
bers of the engine. In completely steady state operation
of the engine, these two effects, i.e. the fuel accumula-
tion or adhering effect and the fuel sucking off effect,
tend to cancel one another out. However, during rap-
idly changing operational conditions of the engine,
these two effects by no means cancel one another out,
and prior art types of fuel injection systems in which no
consideration was given to the effect of adhesion of fuel
on the wall surfaces of the air intake passage and of the
intake ports, and the effect of sucking off of said fuel,
are not able to provide proper operation of the internal
combustion engine.

These two effects are illustrated respectively in FIG.
12 and FIG. 13 of the accompanying drawings, in
which like reference numbers denote like parts. In these
figures, the reference numeral 3 denotes the cylinder
head of an internal combustion engine, the reference
numeral § denotes a combustion chamber defined under
said cylinder head 3, between said cylinder head 3 and
a piston not shown in the figures, the reference numeral
6 denotes an intake port formed in said cylinder head 3,
the reference numeral 8 denotes an intake valve of a
poppet type which controls communication between
said intake port 6 and said combustion chamber 5, the
reference numeral 11 denotes the intake manifold of the
engine which is clamped to said cylinder head 3, and the
reference numeral 20 denotes the fuel injection valve of
the engine which is fitted in said intake manifold 11. In
FIG. 12 the system is shown in its operational mode in
which the fuel injection valve 20 is injecting fuel in a
squirt into the intake manifold 11, with the intake valve


























































































