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[57] ABSTRACT

A system for producing a signal for marking cylinders
for control of a phased sequential multipoint injection in
an engine including a crankshaft sensor for providing a
marking of passings of a top dead center for each of the
cylinders and a system for detecting combustion mis-
fires. The system includes the following successive
steps. First, injection of fuel for a predetermined refer-
ence cylinder is stopped. An occurrence of a combus-
tion misfire for the predetermined reference cylinder is
then detected. The moment of stopping of the injection
and the moment of detecting the combustion misfire is
then compared, and the moment of passing of the intake
or firing top dead center for the predetermined refer-
ence cylinder is identified. A signal for marking cylin-
ders in phase with the top dead center signal is then
produced, initialized at the moment of passing an intake
or firing top dead center of the reference cylinder and
resuming the sequence of the combustions.

6 Claims, 3 Drawing Sheets
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PROCESS OF MARKING CYLINDERS FOR
CONTROL OF AN ELECTRONIC INJECTION
SYSTEM OF AN INTERNAL COMBUSTION
ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a process making it possible
to generate a marking signal, representative of the oper-
ation of various cylinders of an internal combustion
engine having several cylinders, this signal being specif-
ically intended for the control of an electronic fuel
injection system of the sequential multipoint type.

The invention relates more specifically to a process
for generating a signal making possible the marking of
the position of each of the various cylinders in the
course of their operating cycle and in particular their
passing at the intake Top Dead Center position to phase
the injection accurately.

2. Discussion of the Background

To improve the operation of internal combustion
engines from the viewpoint of performances and from
the viewpoint of the emission of pollutants, many fuel
injection systems have been developed. Among them, it
is possible to cite the multipoint indirect injection sys-
tems with electronic control, such as the RENIX sys-
tem or such as the L (or LH)-Jetronic system marketed
by the BOSCH company.

One of the essential characteristics of the multipoint
electronic injection is its intermittent operation, the
injectors are actually periodically actuated: at least once
per engine cycle, or else in the case of a four-stroke
engine once during two crankshaft revolutions or 720°
of angle. Two methods of opening the injectors have
been developed: simultaneous actuation and sequential
actuation.

Simultaneous or Full-Group injection consists in in-
jecting the amount of fuel, determined by the electronic
control device, by making all the injectors operate at
the same time. The actuation of the injectors can be
performed once per cycle (one injection every two
crankshaft revolutions) or twice per cycle (one injec-
tion per crankshaft revolution). This last solution sim-
plifies the management of the electronic control device
which controls the injectors as a single control stage is
necessary.

However, the Full-Group operating mode exhibits
the drawback of injecting the fuel while an intake valve
is still in an open position. Now, experience shows that
the injection is not desirable when there is an open
valve because it brings about an increase of emissions of
pollutants as the injected fuel wets the plug and causes
a poor initiation of the combustion.

Sequential injection consists in injecting the amount
of fuel by actuating successively and in a given order
the various injectors so as to inject best in each cylinder
relative to the corresponding intake phase. The sequen-
tial injection is phased when the opening phase of each
injector ends before the opening of the intake valve of
the corresponding cylinder.

Phased sequential injection gives excellent results in
terms of pollution control. Actually, the phased sequen-
tial injection makes it possible, by precisely controlling
the moment of injection cylinder by cylinder, to elimi-
nate under almost all operating conditions of the engine
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the direct injection of fuel in a cylinder by the open
valve.

However, the multipoint electronic injection systems
of the phased sequential type exhibit the drawback of
producing a significant additional expense relative to a
standard electronic injection installation of the “Full
Group” type where all the injectors are activated simul-
taneously.

Actually, the phased sequential type systems particu-
larly need to have very accurate means of marking the
course of the engine cycle in each of the cylinders to
make it possible for the electronic engine control unit to
calculate and to control the output of each injector at a
predetermined suitable moment, apart from the opening
period of the corresponding valve.

It is customary, as is disclosed in French patent appli-
cation FR-A-2,441,829, to mark, on a disk (or target)
integral with the crankshaft, the angular position zones
corresponding to-a determined phase of the stroke of
the various pistons. The disk exhibits marking elements
placed along its periphery, such as teeth of different
length, and which in passing in front of a stationary
receiving element generate electric impulses making it
possible to produce a signal marking the passing at the
Top Dead Center position of a specific piston.

Such a marking device proves insufficient, however,
for performing the control of a phased sequential injec-
tion.

Actually, for a four-stroke internal combustion en-
gine, the crankshaft executes two complete revolutions
(or 720° of angle) before a given piston regains the same
operating position in the engine cycle. As a result, from
observation alone of the rotation of the target integral
with the crankshaft, it is not possible, a priori, to supply
information on each cylinder without an uncertainty of
two power strokes in the cycle (the marking of the Top
Dead Center position covering both the intake phase
and the firing phase).

Since the precise determination of the position of
each cylinder in the cycle is not able to be deduced from
the rotation of the crankshaft alone, a search for addi-
tional information is therefore necessary to know
whether the cylinder is in the first or in the second half
of the engine cycle (intake then compression phases
during the first crankshaft revolution, firing and expan-
sion phases during the second revolution).

To obtain such additional information, marking ele-
ments carried by a transmitting disk which rotates two
times slower than the crankshaft are conventionally
used. For this purpose, it is possible to place this trans-
mitting disk on the camshaft or else on the shaft of the
ignition distributor which is driven by a reduction gear
of ratio 4 from the crankshaft.

Conventionally therefore, the camshaft (or else the
driving pulley of the camshaft) is equipped with a target
showing a reference point which works with a station-
ary sensor for delivering a frequency signal equivalent
to “1” during the first half of the cycle and “0” during
the second half. The combination of signals coming
from the crankshaft sensor and from the camshaft sen-
sor makes it possible for the system to control a phased
sequential injection.

Such angular marking systems using both a crank-
shaft sensor and a camshaft sensor are relatively bulky,
costly, and have a delicate assembly. Further, in the
case where one of the sensors breaks down, i.e., in a
degraded operating mode of the engine, the conven-
tional measuring systems do not make it possible to
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provide enough information on the control system of
the electronic injection of the engine, hence a risk of
misadjustment of the latter.

SUMMARY OF THE INVENTION

This invention has as its object to overcome the diffi-
culties of the known marking systems, necessary for the
use of the phased sequential injection systems, propos-
ing a simple and effective marking process which does
not require any specific position sensor.
The process for producing a signal for marking cylin-
ders, according to the-invention, relates to the control
of a multipoint injection of the phased sequential type,
for a multicylinder internal combustion engine. This
signal makes possible for each cylinder the marking of a
precise moment of the course of the engine cycle such
as the intake Top Dead Center or the firing Top Dead
Center. The engine comprises, on the one hand, a ring
gear integral with the crankshaft which works with at
least one sensor to provide a signal making possible the
marking of the passings at the Top Dead Center of the
various cylinders of the engine and, on the other hand,
a system for detecting the combustion misfires able to
provide a signal making possible the marking of the
combustion misfires occurring in the various cylinders.
According to the invention, the process for produc-
ing a signal for marking cylinders is characterized by
the following steps:
stopping the injection of the fuel for a given reference
cylinder of the engine at a precise moment and for
a given period;

observation, thanks to the signal for detecting com-
bustion misfires, of the occurrence of a misfire for
the reference cylinder following the noninjection
and from the moment of detecting the misfire;

calculation of the number of Top Dead Centers sepa-
rating the moment of stopping of the injection for
the reference cylinder and the moment of detecting
the combustion misfire which results from this
stopping and identification by deduction, from the
moment of passing at the intake or firing Top Dead
Center of the reference cylinder;

production of the signal for marking cylinders, the
latter, in phase with the Top Dead Center signal,
being initialized at the moment of passing the in-
take or firing Top Dead Center of the reference
cylinder and resuming the sequence of the combus-
tions in the cylinders.

According to another characteristic of the process
for producing a signal for marking cylinders that is the
object of the invention, the stopping of the injection for
the reference cylinder occurs after the performance of a
whole number of engine cycles counting from the first
passing at the Top Dead Center.

According to another characteristic of the process
for producing a signal for marking cylinders, object of
the invention, the stopping period of the injection for
the reference cylinder is an engine cycle.

According to another characteristic of the process
for producing a signal for marking cylinders according
to the invention, the identification step consists in ana-
lyzing the number of Top Dead Centers separating the
moment of stopping of the injection of the reference
cylinder and the moment of detection. This number of
Top Dead Centers is directly connected to the position
of the reference cylinder in the cycle during the mo-
ment of stopping of the injection, i.e., intake Top Dead
Center or firing Top Dead Center.
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According to another characteristic of the process,
the signal for marking cylinders is generated from the
starting of the engine, in phase with the Top Dead
Center signal. The cylinder marking signal is then arbi-
trarily initialized intake or firing Top Dead Center,
during the first passing at the Top Dead Center of the
reference cylinder.

According to another characteristic of the process of
marking cylinders according to the invention, the step
of producing the signal consists in verifying whether
this signal emitted from the starting of the engine corre-
sponds to the actuality of the course of the engine cycle
in the cylinders and in reinitializing this signal, if the
initial arbitrary selection is erroneous.

BRIEF DESCRIPTION OF THE DRAWING

The objects, aspects and advantages of this invention
will be understood better according to the description
given below of an embodiment of the invention applied
to a four-stroke and four-cylinder engine, this embodi-
ment being given by way of nonlimiting example, with
reference to the accompanying drawing, in which:

FIG. 1 is a structural diagram of the engine control
device incorporating the process that is the object of
this invention;

FIG. 2A-C exhibits the various timing diagrams
characterizing the process that is the object of this in-
vention;

FIG. 3 is a block diagram detailing the various steps
of the process that is the object of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 specifies the configuration of an engine con-
trol system using the process of marking cylinders ac-
cording to this invention. Only the constituent parts
necessary for the understanding of the invention have
been represented.

The internal combustion engine of the four-stroke
and four-cylinder in-line type, referenced 1, is equipped
with a multipoint injection device by which each cylin-
der is supplied with fuel by a specific electro-injector 5.
The opening or sequential actuation of each electro-
injector 5 is controlled by an engine control system 7,
which determines the amount of fuel injected depend-
ing on the operating conditions.

Engine control system 7 conventionally comprises a
computer comprising a CPU, a random access memory
(RAM), a read-only memory (ROM), analog-to-digital
converters (A/D) and various input and output inter-
faces. This engine control system receives input signals,
performs operations and generates output signals partic-
ularly intended for injectors.

Of the input signals, there appear in particular those
emitted by a crankshaft sensor 22 to synchronize the
moments of injection with the operation of the engine.

This sensor 22, of the type, for example, with variable
reluctance, which is mounted stationary on the frame of
the engine, is associated with a2 measuring ring gear 12,
integral with the inertia flywheel and comprising a
certain number of marks. Sensor 22 delivers a signal Dn
representative of the advance of the teeth carried by the
ring gear and more particularly of the speed of advance
of these teeth, i.e., representative of the instantaneous
speed of the flywheel. This signal Dn, having a fre-
quency proportional to the speed of advance of the
teeth of ring gear 12, is processed by means described
below for producing a signal DETEC for detecting
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combustion misfires and a signal TDC marking the
passing at the Top Dead Center position of the cylin-
ders of the various cylinders. The existence of a particu-
lar mark, of the missing tooth type carried by ring gear
12, makes it possible to identify the passing at the Top
Dead Center of cylinders no. 1 and no. 4, on the one
hand, and of cylinders no. 2 and no. 3, on the other hand
(the firing order conventionally being of the 1-3-4-2
type).

It should be noted that in the example shown of an
in-line four-cylinder four-stroke engine, exhibiting a
firing order according to the sequence 1-3-4-2, cylinders
no. 1 and no. 4 (or no. 2 and no. 3) pass simultaneously
to the Top Dead Center position but with phases differ-
ent from the engine cycle, one then being in intake
phase and the other in firing phase.

According to FIG. 2, the principle of the process of
marking the course of the work cycle in each of the
cylinders of the engine according to the invention is
then the following. Signal Dn emitted from the starting
of the engine by sensor 22 and particularly derivative
signal TDC makes it possible to proceed to the control
of the injectors thanks to the markings of the Top Dead
Centers of each of the cylinders. To do this, a signal
NOCYL synchronized with signal TDC and providing
the marking of the intake Top Dead Centers of the
various cylinders is used. This signal NOCYL is arbi-
trarily initialized at 1, at the first detection of the passing
at the Top Dead Center of cylinders no. 1 and no. 4,
then it is incremented (modulo four) at each Top Dead
Center.

Taking into account the arbitrary selection per-
formed during the initialization of signal NOCYL, two
possibilities are offered: either signal NOCYL is well
phased, the reference Top Dead Center having been
used in the initialization of the signal corresponding
well to an intake Top Dead Center of cylinder no. 1, or
signal NOCYL is poorly phased, the reference Top
Dead Center corresponding to an intake Top Dead
Center of cylinder no. 4.

To remove this uncertainty, the engine having been
started and operating for a certain number of cycles, a
combustion misfire is deliberately caused on a reference
cylinder, i.e., cylinder no. 1, by stopping the injection of
fuel in this cylinder for the entire length of an engine
cycle.

The next step then consists in marking, thanks to
means of detection used and particularly thanks to sig-
nal DETEC, the moment of occurrence of the combus-
tion misfire, the passing at the intake Top Dead Center
of cylinder no. 1 is then deduced from it by analysis of
the number of Top Dead Centers that have occurred
between the moments of stopping of the injection and
the moment of detection of the misfire.

This recognition of the intake Top Dead Center of
cylinder no. 1 having taken place, signal NOCYL is
corrected or not to make possible the marking of the
intake Top Dead Centers of the various cylinders, the
marking being necessary to the phased sequential injec-
tion.

By an operational diagram of an analog type, FIG. 3
describes the various constituent elements of an embodi-
ment of the process according to the invention.

Engine 1 is therefore equipped with a sensor 22
mounted stationary on the frame of the engine, this
sensor is associated with a measuring ring gear 12, inte-
gral with the inertia flywheel. At its periphery, ring
gear 12 comprises 58 identical teeth, which are sepa-
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rated by a reference tooth, which has a width triple that
of the other teeth. This tooth makes possible the mark-
ing of the Top Dead Center position of cylinders no. 1
and no. 4, on the one hand, and of cylinders no. 2 and
no. 3, on the other hand.

Sensor 22 delivers a first signal Dn representative of
the rotation of ring gear 22. A TDC signal characteris-
tic of the passing at the Top Dead Center position of the
various cylinders is deduced from it by a system for
processing signal 10. This signal TDC exhibits a leading
edge at each passing of the reference tooth (Top Dead
Center position of cylinders no. 1 and no. 4) as well as
at the passing of the thirtieth tooth following the refer-
ence tooth (Top Dead Center position of cylinders no.
2 and no. 3), this thirtieth tooth being located diametri-
cally opposite the reference tooth.

This signal TDC supplies a software counter 224 of
modulo 4 type which is incremented at each impulse
corresponding to the passing of a cylinder at the Top
Dead Center. During the starting of the engine, counter
224 is initialized by suitable means at value “1” from the
first impulse of signal TDC corresponding to the pass-
ing of the reference tooth in front of sensor 22.

The object of this counter 224 is to control the injec-
tion by indicating continuously, during the operating
phases of the engine, the cylinder number in intake
phase. To do this, counter 224 delivers a signal NOCYL
intended for demultiplexing unit 222 which controls
various injectors 5.

This demultiplexing system 222 has as its role to de-
termine as a function of signals INJ (coming from the
calculating unit of the injection calculator responsible
for working out the injection time for each of the cylin-
ders from the operating conditions of the engine) and
NOCYL, the injector to be actuated and the injection
period. The demultiplexing system decodes information
NOCYL as a function of the firing order which is a data
item of the engine: and thus, in the selected example of
the embodiment, value “1” coming from counter 224 is
associated with cylinder no. 1, value “2” with cylinder
no. 3, value “3” with cylinder no. 4 and value “4” with
cylinder no. 2.

Counter 224 further generates a signal CYC charac-
teristic of each return to state “1” for a second software
counter 221 which thus counts the number of complete
cycles of the engine. This counter 221 is reset to “0”
with each engine starting by a suitable command.

The contents of counter 221, NBCYC are processed
by comparator means 191 at a predetermined reference
value REFCYC (for example, 100) to produce a control
signal NO-INJ. This reference value REFCYC charac-
teristic of the engine, is optionally able to change de-
pending on the operation of the engine.

Signal NO-INJ has as its object to block the operation
of the injector corresponding to cylinder no. 1, taken
arbitrarily as reference cylinder, during a cycle, when
counter 221 has reached value REFCYC. To do this,
the output intended for injector no. 1 of demultiplexer
222 is connected with the output of comparator 191 to
the inputs of an AND gate 201, the output of AND gate
201 being connected to injector no. 1.

Simultaneously with the cutoff of injector no. 1, sig-
nal NO-INJ produces the turning on and the initializa-
tion of a third software counter 225. This counter is fed
with signal TDC and is therefore incremented at each
impulse corresponding to the passing of a cylinder at
the Top Dead Center. The initialization of counter 225
is performed so as to take value “1” from the first im-









