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Description
Title of the invention:Improvement to a device for converting to bioethanol,
arranged to produce a modified injection signal

Technical field

[0o1] The invention relates to the field of motor vehicles, and more particularly in this
field to devices for converting direct or indirect fuel-injection engines initially intended
to operate with a first fuel, an unleaded fuel for example, to bioethanol. Such converting
devices allow a user to make an engine operate with a second fuel of composition
different from a composition of the first fuel, the second fuel for example being a
bioethanol fuel or a mixture of an unleaded fuel and a bioethanol fuel. Such converting
devices more precisely allow the time for which injectors remain open to be controlled,
insofar as the use of bioethanol requires additional fuel to be injected to obtain a similar
performance to that obtained with an unleaded fuel. These converting devices are
designed to be transparent to the usual ECU (acronym of Engine Control Unit) of the
engine, which must be able to operate correctly whether or not the device for converting
to bioethanol is active, and whether the engine is being powered with unleaded fuel or
with bioethanol.

0021 As known, such a converting device is arranged to receive an injection signal
delivered by the ECU and to transmit, to the injectors of the engine, an adapted injection
signal that ensures more fuel is injected into the engine. In order to adapt the original
injection signal, the converting device notably takes into account the type of engine and
the type of fuel used. The injection signal is most often a current control signal, which
allows an injector to be controlled open then to be kept open for a sufficient injection
time to deliver to the engine the fuel it needs. Known converting devices are generally
specific to a given type of engine, and at the very most only manual adjustment of a
parameter using a potentiometer during installation of the converting device in the
vehicle is envisioned.

03] Known converting devices are generally not very effective, notably for the
following reasons.

[004] In fuel-injection engines, with which at the present time most motor vehicles on
the road are equipped, depending on the technology and on the power of the engine,
the injection signals are very specific and differ greatly from one engine or from one
type of engine to another, not only in the waveform (also called the wave profile) of the
signals, but also in the amplitude and duration of the signals. These signals are periodic
signals, with a frequency proportional to engine speed (in rpm). In addition, in a given
engine, over a period (also referred to as an injection cycle), the injection signals may
in practice vary enormously in amplitude and in duration; they may have a voltage that
may reach a few tens to one hundred volts, and a current that may at points be
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comprised between a few amps and a few tens of amps and that is zero or almost zero
at the end of the injection period. Thus, a conventional converting device configured
once and for all during its manufacture can be used only for one type of engine, and it
is necessary to provide as many converting devices as there are types of engine.
[005] In addition, at the present time, engine manufacturers are optimizing engine
operation by developing means for regulating fuel consumption in real time, taking into
account the fuel used but also how the engine is used and the conditions of use of the
engine. Thus, in motor vehicles for example, the engine control unit produces the
original injection signals taking into account in real time notably the power demanded
from the engine and/or engine load and optionally ambient temperature. As a result,
the waveform, amplitude and duration of the original injection signals vary in real time
in each injection cycle during use of the engine. Under these highly variable conditions
a conventional converting device may modify the original injection signal at an
inopportune moment during the injection cycle, running the risk of causing needless
excess fuel consumption, or even of damaging the engine.
ooe] Patent application PCT/EP2019/085468 describes a converting device and
method, in which, in each injection cycle, an end time of the original injection signal is
detected and the complementary injection signal is delivered to the injector after the
end time of the original injection signal. This technical solution improves the time of
injection of the complementary signal so that passage from the original signal to the
complementary signal is as transparent as possible to the injector.
[0o7] The waveform, amplitude and duration of the complementary injection signal are
also dependent on initial parameters obtained during prior tests on the engine or on a
family of engines, and stored in the converting device during installation of the device
on the vehicle. This technical solution allows a complementary injection signal that is
better adapted to a given engine to be delivered.
[0o8] However, experiments have shown that this technique is insufficient to optimize
operation of the engine and its energy consumption depending on the actual use of the
engine.

Description of the invention

[009] The invention provides a new device for converting a fuel-injection engine initially
intended to operate with a first fuel, said converting device allowing a user to make the
engine operate with a second fuel of composition different from a composition of the
first fuel, the second fuel for example being a bioethanol fuel, said new device not
having any or some of the drawbacks of known prior-art converting devices such as
described above.
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[010] To this end, the invention provides a new converting device arranged to deliver,

on the basis of an original injection signal received from an engine control unit, an

adapted injection signal to an injector of the engine.

[011] The converting device according to the invention is characterized in that it

comprises:

- a circuit for analyzing the original injection signal, comprising a circuit for
measuring the original injection signal and a detecting circuit arranged to detect an
end time of the original injection signal when the measured signal decreases and
drops below an end threshold,

- a signal generator arranged to produce a complementary injection signal
starting from the end time of the original injection signal, and

- a switching circuit arranged to, in succession, transmit the original injection
signal to the injector then deliver the complementary injection signal to the injector,
the original injection signal and the complementary injection signal together forming
the adapted injection signal.

0121 The converting device according to the invention is characterized in that the
analyzing circuit also comprises an updating circuit arranged to update a value of the
end threshold depending on the measured signal. The device according to the invention
thus allows a complementary injection signal to be delivered at the end of the original
injection signal and, by updating the value of the end threshold depending on the
original injection signal, the converting device takes into account in real time any
variations in the duration of the injection signal throughout operation of the engine; thus,
the detection of the end of the original signal is more precise than in prior-art devices,
and hence the complementary injection signal is always delivered at the moment that
is most opportune for the engine, including during variations in the operating conditions
of the engine.

[013] Preferably, the updating circuit is also arranged to determine, in a regulating
phase of the original injection signal, a maximum value Vmax and a minimum value
Vmin of the measured signal, and arranged to update a value of a high threshold HT
and a value of a low threshold LT depending on the maximum value Vmax and on the
minimum value Vmin of the measured signal, respectively, and the signal generator
may be arranged to produce the complementary injection signal SC such that it varies
between the high threshold HT and the low threshold LT. Updating the high and low
thresholds in real time allows the amplitude of the complementary injection signal to be
adjusted in real time during operation of the engine. The converting device thus
delivers, in real time, a complementary signal that has an amplitude as close as
possible to the actual amplitude of the original injection signal such as measured in its
regulating phase during operation of the particular engine in which the converting
device is installed; the complementary signal thus extends the original signal in a
manner that is transparent as possible to the engine and under the actual operating
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conditions of the engine; the effectiveness of the converting device is thus further
optimized.
[014] The updating circuit may be arranged to determine, in the regulating phase of
the original injection signal, an updated period P of the measured signal, and the signal
generator may be arranged to produce the periodic complementary injection signal
such that it has a period P. The converting device thus delivers, in real time, a
complementary signal that has a waveform (periodic signal) as close as possible to the
actual waveform of the original injection signal such as measured; the effectiveness of
the converting device is thus further optimized.
[015] According to another embodiment, the updating circuit is arranged to update the
value of the end threshold FT, according to the relationship FT = Vmin -
E*(Vmax-Vmin), where E is a predefined tolerance parameter.
[016] The invention also relates to a converting method comprising using a converting
device such as described above.
0171 The invention thus provides a converting device that employs self-adapting
thresholds, which are updated in real time to take into account real-time operating
conditions of the engine. The converting device according to the invention thus
produces an optimized adapted injection signal, perfectly adapted to the properties of
the second fuel, to the engine and to its real-time operation.

Brief description of the fiqures

[018] The invention will be better understood, and other features and advantages of
the invention will become apparent, in light of the following description of examples of
implementation of the invention. These examples are non-limiting. The description
should be read with reference to the appended drawings, in which:

[019] [Fig. 1]is a simplified electrical schematic of the device according to the invention
in its environment;

[020] [Fig. 2] is an electrical schematic detailing the device according to the invention;
[021] [Fig. 3] shows one example of variation in the injection control signal delivered
to an injector of an engine, by a known converting device;

[022] [Fig. 4] shows one example of variation in the injection control signal delivered
to an injector of an engine, by a converting device according to the invention;

[023] [Fig. 5] is a schematic representation of the main steps of a method according
to the invention.

Detailed description of embodiments of the invention

[024] As stated above, the invention relates to (fig. 1) a converting device 1 suitable
for converting a fuel-injection engine to a second fuel such as a bioethanol fuel or a
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mixture of an unleaded fuel and bioethanol fuel. The converting device is arranged to
deliver, on the basis of an original injection signal S| received from an engine control
unit ECU, an adapted injection signal SM to an injector 5 of the engine.
[025] Figures 1-2 show one possible embodiment of a converting device according to
the invention, deliberately simplified for the sake of clarity.
[026] As inthe converting device of D1, a pair of input cables connects the control unit
ECU to positive and negative (or ground) input terminals of the converting device (fig.
1) and a pair of output cables connects positive and negative (or ground) output
terminals of the converting device to the injector 5.
0271 The converting device comprises (fig. 2):

- a circuit (60) for analyzing the original injection signal (Sl), comprising a circuit
(61) for measuring the original injection signal and a detecting circuit (67) arranged to
detect an end time (Tf) of the original injection signal when the measured signal
decreases and drops below an end threshold (FT),

- a signal generator (70) arranged to produce a complementary injection signal
(SC) starting from the end time of the original injection signal, and

- a switching circuit (80) arranged to, in succession, transmit the original
injection signal (SI) to the injector then deliver the complementary injection signal
(SC) to the injector, the original injection signal (SI) and the complementary injection
signal (SC) together forming the adapted injection signal (SM).
[028] In the example shown (fig. 2) the negative input and output terminals of the
converting device are electrically connected to each other. The measuring circuit 61 is
here arranged to measure the instantaneous current flowing between the negative input
and output terminals of the converting device, i.e. in the connection for feeding back
the injection signal from the injector 5 to the control unit ECU. The circuit 61 delivers a
measured signal that is an image of the original injection signal SI: an amplitude of the
measured signal is proportional to an amplitude of the original injection signal SI, and
a duration, a period and an end time Tf of the measured signal are identical to a
duration, a period and an end time of the original injection signal Sl, respectively.
[029] The measuring circuit 61, the detecting circuit (comparator 67), the signal
generator 70 and the switching circuit 80 are, for example, produced according to the
teaching of D1. Figures 3 and 4 schematically show the variation over time in the
original injection signal Sl (solid lines) delivered by the control unit ECU, and the
variation over time in the complementary signal SC (dashed lines) such as produced
by the signal generator 70, the resulting signal corresponding to the adapted injection
signal SM such as delivered to the injector 5 (a single injection cycle has been shown).
Figure 3 shows the signal SM produced by a converting device according to the
teaching of D1, in a critical situation. Figure 4 shows in a similar manner the variation
in the adapted injection signal SM produced by the converting device according to the
invention.
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[030] In practice, as stated above, the original injection signals Sl (solid lines) differ
quite a lot from one engine to another and depending on the operating conditions of the
engine, not only in their waveforms but also in their amplitudes or in their durations.
However, all of them have a first phase A corresponding to a command to open the
injector, followed by a second phase B (commonly called the holding phase),
corresponding to a command to keep the injector open. In the first phase, the current
increases from a minimum value, conventionally zero amps, passes through a
maximum value and then decreases. The maximum value is of the order of a few amps
to a few tens of amps, depending on the engine. In the second phase B, the current is
regulated and oscillates between two values, a minimum value and a maximum value,
a jet of pressurized fuel being sprayed into the injector throughout the second phase B.
During the regulating phase B of the original injection signal, the amplitude of the
original signal may vary substantially from one engine to another: the difference
between the maximum value and the minimum value of the original injection signal
(difference commonly called the holding amplitude) may thus vary from zero (no or very
few oscillations) to a few tens of amps.
[031] In the converting device of D1, the end of the original injection signal is detected
when the original injection signal decreases and drops below an end threshold FTO (fig.
3). The threshold FTO is predefined, and stored in the converting device at the time of
its installation in a vehicle. However, during operation, the original injection signal may
change and the threshold FTO may become inappropriate. Thus, in the example of fig.
3, where the value of the end threshold FTO is much lower than the minimum value of
the original signal in its regulating phase, the end of the original signal (time Tf0) is
detected late and hence the complementary signal is generated late. In another
example (not shown), where the value of the end threshold FTO is much higher than
the minimum value of the original signal in its regulating phase, the converting device
considers the original signal to have ended (time Tf) well before the actual end of the
original signal, interrupts transmission of the original injection signal and delivers an
inappropriate complementary signal, notably one having a duration much shorter than
the actual duration of the original signal. In both cases, the signal delivered by the
converting device causes poor operation of the injector.
0321 The invention improves the device of D1 so as to take account of the fact that
the original injection signal may vary over time, in duration and in amplitude, during
operation of an engine. To this end, the analyzing circuit 60 comprises an updating
circuit 68b arranged to determine parameters of the signal measured by the measuring
circuit 61, and to update in real time parameters necessary for production of the
complementary injection signal.
[033] According to one implemented variant, the analyzing circuit comprises a memory
68a for storing the measured signal, and the updating circuit 68b determines
parameters of the measured and stored signal. According to another variant (not
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shown), the updating circuit 68b determines parameters of the signal measured on the
fly, as the measurement is performed by the circuit 61.
[034] The updating circuit 68b may also be arranged to determine, in a regulating
phase of the original injection signal, a maximum value Vmax and a minimum value
Vmin of the measured signal, and arranged to update a value of a high threshold HT
and a value of a low threshold LT depending on the maximum value Vmax and on the
minimum value Vmin of the measured signal, respectively, and the signal generator 70
may be arranged to produce the complementary injection signal SC such that it varies
between the high threshold HT and the low threshold LT. Since the measured signal is
proportional in amplitude to the original injection signal, the maximum value Vmax and
the minimum value Vmin of the measured signal are proportional to a maximum value
and to a minimum value of the original injection signal Sl, respectively. Thus, the
complementary signal SC produced by the generator 70 varies between the same high
and low extremes as the original injection signal. As a safety measure, the circuit 68b
may be arranged to update the value of the high threshold HT to a ceiling value HTM if
it determines a maximum value Vmax higher than a maximum acceptable value.
Similarly, the circuit 68b may be arranged to update the value of the low threshold LT
to a floor value LTm if it determines a minimum value Vmin lower than a maximum
acceptable value. This ensure the circuits located downstream of the updating circuit
68b operate safely in case of malfunction of the updating circuit 68b or of circuits
located upstream of the updating circuit (for example the measuring circuit 61).
[035] The updating circuit 68b may also be arranged to determine, in the regulating
phase of the original injection signal, an updated period P of the measured signal, and
the signal generator 70 may be arranged to produce the periodic complementary
injection signal SC such that it has a period P. Thus, the complementary signal SC
produced by the generator 70 has the same waveform (periodic signal) as the original
injection signal.
[036] The updating circuit 68b is firstly arranged to update a value of the end threshold
FT depending on the signal measured by the measuring circuit 61.
[037] According to one implemented embodiment, the updating circuit 68b is arranged
to determine, in a regulating phase of the original injection signal, a maximum value
Vmax and a minimum value Vmin of the measured signal, and is arranged to update
the value of the end threshold FT so that FT = Vmin - E*(Vmax - Vmin), where E is a
predefined tolerance parameter. Experiments have shown that a tolerance parameter
E set to less than 5% ensures correct injector operation, and that a parameter E set to
less than or equal to 3% leads to optimum operation both of the injector and of the
converting device. As a concrete numerical example, given by way of example and in
no way limiting the invention, let an original injection signal S| the waveform of which is
similar to that shown in figure 4 be considered. In the regulating phase B, the original
signal Sl varies between a minimum value Vmin0 = 3.28 A and a maximum value



10

15

20

25

30

35

40

WO 2022/208236 PCT/IB2022/052637
8
Vmax0 = 4 A, and Sl has a period P. The holding amplitude AclO of the original signal
is defined by the difference between the maximum value and the minimum value of the
signal Sl in the regulating phase: Acl0 = VmaxO0 - Vmin0 = 0.72 A. Since the measured
signal is proportional to the signal Sl, the values Vmin, Vmax and Acl = Vmax - Vmin
of the measured signal are respectively equal to: Vmax = K*Vmax0, Vmin = K*Vmin0
and Acl = K*(Vmax0 - Vmin0) where K is a coefficient of proportionality. Furthermore,
the end threshold FT=Vmin - E*(Vmax-Vmin) of the measured signal corresponds to
the end threshold FTO = VminO - E*(Vmax0-Vmin0) of the signal SlI, namely, in this
numerical example, FTO = 3.28 - 0.03 * (0.72) = 3.26 A if the tolerance parameter E is
equal to 0.03, i.e. to 3%.
[038] According to one alternative, the updating circuit is arranged to determine, in a
regulating phase of the original injection signal, a minimum value Vmin of the measured
signal, and is arranged to update the value of the end threshold FT according to the
relationship FT = Vmin - EO, where EO is a predefined tolerance parameter. This
alternative is easier to implement, but experiments have shown that it may yield poorer
results over time, notably if the original injection signal varies a lot during operation of
the engine.
[039] The switching circuit 80 delivers the complementary injection signal produced by
the generator 70 after having transmitted the original injection signal. In practice, the
complementary signal and the original signal are offset by a transition period PT longer
than the period P of the original signal. Where appropriate, the signal generator 70 is
preferably arranged to produce the periodic complementary injection signal SC of
period P such that the transition period PT (fig. 4) between the original injection signal
S| and the complementary injection signal SC is less than 1.2 times, and preferably
less than 1.1 times, the period P. The complementary signal is thus as transparent to
the injector as possible.
[040] According to one mode of implementation, the converting device according to
the invention also comprises a probe (not shown) arranged to measure a richness R of
the second fuel, and the signal generator 70 is arranged to produce the complementary
injection signal in such a way that its duration is dependent on the richness of the
second fuel and on the duration of the original injection signal.
[041] The duration of the complementary signal is for example equal to DIC = TX * DI,
where TX is an enrichment ratio and DI is a duration of the original injection signal.
[042] TX is a ratio dependent on the richness of the second fuel. It may also depend
on intrinsic parameters of the engine, on intrinsic parameters of the vehicle (e.g. weight,
etc.) in which the engine is installed, or even on how the engine is used (e.g. driven
most often in town or on the highway). In one example, the enrichment ratio is chosen
to be proportional to the measured richness of the second fuel: TX = TX0*(R0-R), where
RO and TXO are predefined initial values of richness and of enrichment ratio. The
enrichment ratio TX may be updated through a measurement of the richness R of the



10

15

20

25

30

35

40

WO 2022/208236 PCT/IB2022/052637
9
second fuel taken by the richness probe during the first injection cycle after the engine
is started, or indeed more regularly in each injection cycle throughout operation of the
engine. The enrichment ratio is chosen to be limited between TX = 0 to 40%, and
preferably between 10 and 30% to ensure the safety of the injector.
[043] DI is the duration of the original signal. In the example of figure 4, the duration
of the original signal is determined between the start time and the end time of the
original signal, i.e. between the start of phase A and the end of phase B of the original
signal. As a variant, in the device shown in figure 2, the duration of the original signal
is considered to be between the start and end of the regulating phase of the signal Sl:
a comparator 63a is arranged to detect the start of the regulating phase when the
measured signal decreases and drops below the high threshold HT, the comparator 67
detects the end of the regulating phase and a measuring circuit 63c determines the
injection duration DI corresponding to the time between the start and end of the
regulating phase of the signal Sl.
[044] For the sake of simplification, a single injector of an engine has been shown in
figure 1. In a conventional engine comprising N injectors, for example four or six
injectors, the schematic of figure 1 may be duplicated N times: the converting device
according to the invention then comprises N pairs of input terminals, each connected
to corresponding pairs of terminals of the control unit ECU, and N pairs of output
terminals, each connected to a pair of terminals of an injector; inside the converting
device, the analyzing circuit, the current generator and the switching circuit may
likewise be duplicated, this allowing each injector to be driven independently of the
others. As a variant, the device according to the invention may comprise N current
generators and N switching circuits, one current generator and one switching circuit
being associated with the electrical supply of one of the N injectors of the engine, and
a single analyzing circuit 60 for analyzing the original injection signal associated with
one of the N injectors and delivering analysis results (high threshold, low threshold,
etc.) to each of the N current generators.
[045] The analyzing circuit 60 may also comprise a communication interface 66,
arranged to exchange information with a remote terminal (displaying for example a
graphical interface for a user) by known means such as for example a wire link (e.g.
link via a USB cable) or a wireless link (e.g. a Bluetooth link). Lastly, the analyzing
circuit 60 may comprise a control circuit 65:

- arranged to receive all the signals delivered by the measuring circuit 61, the
comparator 67, the circuit 68 (comprising the memory 68a and the updating circuit
68b) and, where appropriate, by the comparator 63a and the measuring circuit 63c,

- arranged to receive parameters potentially provided by a user (such as an
identifier of the engine, the tolerance parameter E, initial values of the high threshold
HT, of the low threshold LT, of the end threshold FT, of the richness R and of the
enrichment ratio TX, the minimum value of the low threshold and the maximum value
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of the high threshold HT, the tolerance parameter E, the minimum value and the

maximum value of the enrichment ratio TX, etc. ) and

- arranged to produce a control signal for driving the signal generator 70.

[046] The control circuit 65 notably comprises a data memory, for storing predefined
parameters such as the tolerance parameter, the enrichment ratio, etc. The data
memory may also store a database containing, for every known engine (or type of
engine) as identified by an identifier, initial parameters associated with said engine such
as initial values of the high threshold HT, of the low threshold LT, and of the end
threshold FT, the minimum value of the low threshold and the maximum value of the
high threshold HT, the tolerance parameter E, the minimum value and the maximum
value of the enrichment ratio TX, etc. In the context of the invention, the data memory
may also store the updated values of the high and low thresholds HT, LT and/or of the
duration DCI of the complementary signal that are delivered by the updating circuit 68b
with a view to producing the complementary injection signal.

[0471 The control circuit 65 also comprises a program memory comprising a plurality
of code lines suitable for implementing the method according to the invention and for
driving all the circuits of the converting device, as described below.

[048] The converting device according to the invention may be used to implement a
converting method according to the invention, consisting in (fig. 5):

- ET1: measuring the original injection signal S| and detecting an end time Tf of
the original injection signal SI when the measured signal decreases and drops below
an end threshold FT,

- ET2: producing a complementary injection signal SC starting from the end
time of the original injection signal Sl, and

- ET3: in succession, transmitting the original injection signal Sl to the injector
then delivering the complementary injection signal SC to the injector, the original
injection signal S| and the complementary injection signal SC together forming the
adapted injection signal SM,
the method being characterized in that it also comprises a step ET4 of:

- ET4: updating a value of the end threshold depending on the measured
signal.

[049] Steps ET1 (analysis of the original injection signal Sl) and ET2 (production of
the complementary signal SC) are carried out in succession, and step ET3 (delivery of
the signal Sl and then of the signal SC) is carried out in parallel with steps ET1 and
ET2. Step ET4 (update of the end threshold) is carried out in parallel with step ET1,
step ET2 or step ET3. Step ET1 may also comprise storing the measured signal.

[050] Steps ET1 to ET3 are repeated in each injection cycle, i.e. in each cycle of the
original injection signal, preferably throughout operation of the engine.

051 Regarding step ET4:
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- step ET4 may be carried out during a first cycle of the original injection signal;
this makes it possible to update at least the end threshold of the original injection
signal at the moment the engine is started; and/or

- step ET4 may be repeated in each cycle of the original injection signal; this
makes it possible to update in real time at least the end threshold of the signal SI
during operation of the engine.
[052] Preferably, in step ET4, in a regulating phase of the original injection signal, a
maximum value Vmax and a minimum value Vmin of the measured signal are
determined and a value of a high threshold HT and a value of a low threshold LT are
updated depending on the maximum value Vmax and on the minimum value Vmin of
the measured signal, respectively, and, in step ET2, the complementary injection signal
is produced such that it varies between the high threshold (HT) and the low threshold
(LT).
053] Also preferably, in step ET4, in a regulating phase of the original injection signal,
an updated period of the measured signal is determined and, in step ET2, the periodic
complementary injection signal (SC) is produced such that it has a period P.
[054] In step ET4, the value of the end threshold FT may be updated so that FT =
Vmin - E*(Vmax - Vmin), where E is a predefined tolerance parameter.
[055] The method may also comprise a parameterizing step ETO01, consisting in
selecting at least one parameter from a set of parameters comprising: a parameter
identifying the engine, a parameter identifying the type of engine, a parameter
identifying a fuel, a parameter identifying a type of fuel, the tolerance parameter, an
initial value of the high threshold HT, an initial value of the low threshold LT, an initial
value of the end threshold FT, an initial value of the enrichment ratio TX.
[056] The initial values of the high threshold HT, of the low threshold LT, of the end
threshold FT and/or of the enrichment ratio TX are used the first time steps ET1 to ET3
are carried out; in parallel, the values of the high threshold HT, of the low threshold LT,
of the end threshold FT and/or of the enrichment ratio TX are determined and updated
in step ET4 by the updating circuit 68b (acquisition). The updated values of the high
threshold HT, of the low threshold LT, of the end threshold FT and/or of the enrichment
ratio TX are then available for the following injection cycles, and re-updated regularly
by the updating circuit.
0571 The parameterizing step ET01 may be performed by a user, for example using
a user interface (also called a human/machine interface or H/M interface) allowing the
user to enter parameters or initial parameter values necessary for the operation of the
converting device. These initial parameters then make it possible to calibrate the
measuring circuits, to parameterize the threshold-determining circuit, the control circuit,
etc.
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List of reference signs
5 injector
6 control unit

60 analyzing circuit

61 current-measuring circuit

63a comparator

63c time-measuring circuit

65 control circuit

66 communication interface

67 comparator

68 circuit comprising a memory 68a and an updating circuit 68b
70 signal generator

80  switching circuit

81, 82first and second protective devices

A, B first phase and second phase of an original injection signal
Sl original injection signal

SC  complementary injection signal

SM  adapted injection signal

HT, LT, FT high threshold, low threshold, end threshold

HS, LS signals produced by the comparators 63a, 63b
Vmax, Vmin maximum value, minimum value of the measured signal
E tolerance parameter

R richness

TX  enrichment ratio

DI duration of the initial injection signal

DIC duration of the complementary injection signal
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CLAIMS

1. A device (1) for converting a fuel-injection engine initially intended to operate with
a first fuel, said converting device allowing a user to make the engine operate with a
second fuel of composition different from a composition of the first fuel, the second fuel
for example being a bioethanol fuel or a mixture of unleaded fuel and bioethanol fuel,
said converting device being arranged to deliver, on the basis of an original injection
signal (SI) received from an engine control unit (ECU), an adapted injection signal (SM)
to an injector (5) of the engine, said converting device (1) comprising:

- a circuit (60) for analyzing the original injection signal (Sl), comprising a circuit
(61) for measuring the original injection signal and a detecting circuit (67) arranged to
detect an end time (Tf) of the original injection signal when the measured signal
decreases and drops below an end threshold (FT),

- a signal generator (70) arranged to produce a complementary injection signal
(SC) starting from the end time of the original injection signal, and

- a switching circuit (80) arranged to, in succession, transmit the original
injection signal (SI) to the injector then deliver the complementary injection signal
(SC) to the injector, the original injection signal (SI) and the complementary injection
signal (SC) together forming the adapted injection signal (SM),
the converting device being characterized in that the analyzing circuit (60) also
comprises an updating circuit (68b) arranged to update a value of the end threshold
(FT) depending on the measured signal.

2. The converting device as claimed in claim 1, wherein the updating circuit (68b) is
also arranged to determine, in a regulating phase of the original injection signal, a
maximum value Vmax and a minimum value Vmin of the measured signal, and
arranged to update a value of a high threshold HT and a value of a low threshold LT
depending on the maximum value Vmax and on the minimum value Vmin of the
measured signal, respectively, and wherein the signal generator (70) is arranged to
produce the complementary injection signal (SC) such that it varies between the high
threshold (HT) and the low threshold (LT).

3. The converting device as claimed in either of claims 1 and 2, wherein the updating
circuit (68b) is also arranged to determine, in the regulating phase of the original
injection signal, an updated period P of the measured signal, and wherein the signal
generator (70) is arranged to produce the periodic complementary injection signal (SC)
such that it has a period P.

4. The converting device as claimed in claim 3, wherein the signal generator (70) is
arranged to produce the periodic complementary injection signal (SC) of period P such
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that a transition period PT between the original injection signal (Sl) and the

complementary injection signal (SC) is less than 1.2 times, and preferably less than 1.1

times, the period P.

5. The device as claimed in one of the preceding claims, wherein the updating circuit
(68b) is arranged to determine, in a regulating phase of the original injection signal, a
maximum value Vmax and a minimum value Vmin of the measured signal, and is
arranged to update the value of the end threshold FT so that FT = Vmin - E*(Vmax -
Vmin), where E is a predefined tolerance parameter.

6. The device as claimed in claim 5, wherein the tolerance parameter E is chosen to
be less than 5% and preferably less than 3%.

7. The device as claimed in one of the preceding claims, also comprising a probe
arranged to measure a richness of the second fuel, the device being arranged to
produce the complementary injection signal in such a way that a duration thereof is
dependent on the richness of the second fuel.

8. A method for converting a fuel-injection engine initially intended to operate with a
first fuel, said converting method allowing a user to make the engine operate with a
second fuel of composition different from a composition of the first fuel, said converting
method comprising using a converting device as claimed in one of the preceding claims,
said device being arranged to receive an original injection signal from an engine control
unit (ECU) and to produce an adapted injection signal (SM), said converting method
comprising carrying out the following steps:

- ET1: measuring the original injection signal (SI) and detecting an end time
(Tf) of the original injection signal (S1) when the measured signal decreases and
drops below an end threshold (FT),

- ET2: producing a complementary injection signal (SC) starting from the end
time of the original injection signal (Sl), and

- ET3: in succession, transmitting the original injection signal (Sl) to the injector
then delivering the complementary injection signal (SC) to the injector, the original
injection signal (Sl) and the complementary injection signal (SC) together forming the
adapted injection signal (SM),
the method being characterized in that it also comprises a step ET4 of:

- ET4: updating a value of the end threshold depending on the measured
signal.

9. The method as claimed in claim 8, wherein steps ET1 to ET3 are repeated in each
cycle of the original injection signal.
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10. The method as claimed in one of claims 8 to 9, wherein step ET4 is carried out in
parallel with step ET1, step ET2 or step ET3.

11. The method as claimed in one of claims 8 to 10, wherein:
- step ET4 is carried out in a first cycle of the original injection signal and/or
- step ET4 is repeated in each cycle of the original injection signal.

12. The method as claimed in one of claims 8 to 11, wherein, in step ET4, in a
regulating phase of the original injection signal, a maximum value Vmax and a minimum
value Vmin of the measured signal are determined and a value of a high threshold HT
and a value of a low threshold LT are updated depending on the maximum value Vmax
and on the minimum value Vmin of the measured signal, respectively, and, in step ET2,
the complementary injection signal is produced such that it varies between the high
threshold (HT) and the low threshold (LT).

13. The method as claimed in one of claims 8 to 12, wherein, in step ET4, in a
regulating phase of the original injection signal, an updated period of the measured
signal is determined and, in step ET2, the periodic complementary injection signal (SC)
is produced such that it has a period P.

14. The method as claimed in claim 12, wherein, in step ET4, the value of the end
threshold FT is updated so that FT = Vmin - E*(Vmax - Vmin), where E is a predefined
tolerance parameter.



