wo 2020/058845 A1 | NI 0000 KO Y000 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wer Orgmiation 2 0 OO0 OO0 YO A0

International Bureau

/ (10) International Publication Number
(43) International Publication Date = WO 2020/058845 Al
26 March 2020 (26.03.2020) WIRPOIPCT
(51) International Patent Classification: (72) Inventors: CANE, Marcello, c/o M.TM. SRL. CON
FO02D 41/20 (2006.01) F02D 41/00 (2006.01) UNICO SOCIO, Via La Morra, 1, 12062 Cherasco (CN)
F02D 19/06 (2006.01) (IT). BERTONE, Dario; c/o M. T M. SR.L. CON UNICO

SOCIO, Via La Morra, 1, 12062 Cherasco (CN) (IT). RE,
Fabrizio; c/o M. T.M. SR.L. CON UNICO SOCIO, ViaLa
Morra, 1, 12062 Cherasco (CN) (IT).

(74) Agent: SPALLA, Pietro et al.; c/o Studio Torta S.p.A., Via
Viotti, 9, 10121 Torino (IT).

(21) International Application Number:
PCT/IB2019/057818

(22) International Filing Date:
17 September 2019 (17.09.2019)
(25) Filing Language: ftalian (81) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
. AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(30) Priority Data: CA. CH, CL. CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
102018000008651 17 September 2018 (17.09.2018) IT DZ. EC, EE, EG, ES, FL. GB, GD, GE, GII, GM, GT. IIN,
(71) Applicant: M.T.M. S.R.L. CON UNICO SOCIO [IT/IT]; HR, HU, ID, I, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
Via La Morra, 1, 12062 Cherasco (CN) (IT). KR, KW, KZ, LA, LC,LK,LR,LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: ESTIMATION CIRCUIT OF THE INJECTION TIME IN A COMBUSTION CHAMBER OF A DIRECT INJECTION
ENGINE AND CONTROL DEVICE INCLUDING THE SAME

100,

FIG. 3 \

(57) Abstract: Estimation circuit (112) couplable to an injection system (3, 6, 7, 8, 9, 12, 14) including: a control unit (3), which
generates a driving signal (V4, V_); and a first injector (7; 7A) couplable to the control unit so as to receive the driving signal and inject,
in response, a first fuel into a combustion chamber (11) during a time interval having a duration equal to an injection time (t;). The
estimation circuit (112) includes: a capacitor (110), which, when the estimation circuit is coupled to the injection system, is subjected
to a voltage (VC) that depends on the driving signal; and a comparator circuit (120), which generates an output signal (V) based on
the comparison between the voltage (V) and at least one threshold (Vs), the output signal being indicative of the injection time.

[Continued on next page]



WO 2020/058845 A |11} 00 0000 O 00 0O

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))
— in black and white; the international application as filed

contained color or greyscale and is available for download
Jrom PATENTSCOPE



10

15

20

25

WO 2020/058845 PCT/IB2019/057818

“"ESTIMATION CIRCUIT OF THE INJECTION TIME IN A COMBUSTION

CHAMBER OF A DIRECT INJECTION ENGINE AND CONTROL DEVICE

INCLUDING THE SAME”

CROSS REFERENCE TO RELATED PATENT APPLICATIONS

This application <c¢laims priority from Italian Patent
Application No. 102018000008651 filed on 17/09/2018, the
entire disclosure of which 1s incorporated herein by
reference.

TECHNICAL FIELD

The present invention relates to an estimation circuit of
the injection time 1in a combustion chamber of a direct
injection engine and to a control device including the
same.

PRIOR ART

As already  known, direct injection engines include
electromechanical systems that allow fuel to be injected
into one or more combustion chambers of a <car. 1In
particular, the fuel injected into these engines is, for
example, petrol (primary fuel) or a mixture of petrol and
an additional fuel (alternative fuel), such as, for
example, methane or LPG (in liquid or gaseous form). In the
following, reference 1s made to an alternative fuel 1in
gaseous form (defined hereinafter as gas) without losing

its general character.
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Figure 1 schematically shows a direct injection system
(hereinafter defined briefly as system) 1 of known type,
which uses a mixture of petrol and gas as fuel to be
injected into a combustion chamber 11.

In detail, the system 1 comprises: a first and a second
engine control unit (ECU) 3, 5; and a first and a second
plurality of injectors (in particular, electro-injectors)
7, 9, electrically coupled, respectively, to the first and
to the second ECUs 3, 5. Moreover, the first and the second
plurality of injectors 7, 9 are designed to inject petrol
and gas respectively into the combustion chamber 11 and
into an intake manifold 13, which in turn is connected to
the combustion chamber 11 by means of one or more intake
valves (not shown).

Fach injector of the first and of the second plurality of
injectors 7, 9 has a positive terminal and a negative
terminal.

In particular, each injector of the first plurality of
injectors 7 is electrically coupled to the first ECU 3 by
means of a first and of a second driving 1line 6, 8,
respectively connected to the negative terminal and to the
positive terminal of said injector of the first plurality
of injectors 7.

Analogously, each injector of the second plurality of

injectors 9 is electrically coupled to the second ECU 5 by
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means of a third and of a fourth driving line 12, 14,
respectively connected to the negative terminal and to the
positive terminal of said injector of the second plurality
of injectors 9.

In the system 1, the positive terminals of sub-assemblies
(for example, pairs) of injectors of the first plurality of
injectors 7 may share the same second driving line 8. In
this way, the positive terminals of sub-assemblies of
injectors of the first plurality of injectors 7 are
simultaneously driven by the corresponding first ECU 3. On
the other hand, by way of example, the positive terminals
of the injectors of the second plurality of injectors 9 are
respectively connected to a corresponding fourth driving
line 14.

The first ECU 3 regulates, in use, the petrol injection
into the combustion chamber 11 by controlling the first
plurality of injectors 7 by means of the first and of the
second driving lines 6, 8. Analogously, the second ECU 5
regulates the gas injection into the intake manifold 13 by
controlling the second plurality of injectors 9 by means of
the third and of the fourth driving lines 12, 14.

In detail, each 1injector of the first plurality of
injectors 7 is controlled by a first integrated logic 16,
incorporated in the first ECU 3. Analogously, each injector

of the second plurality of injectors 9 1is controlled by a
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second integrated logic 26 incorporated in the second ECU
5. Moreover, the 1injectors of the first plurality of
injectors 7 operate independently of each other.
Analogously, the 1injectors of the second plurality of
injectors 9 operate independently of each other.

The second ECU 5 further comprises, for each injector of
the first plurality of injectors 7: a corresponding
emulation load 17 (for example, a coil) having a first and
a second terminal 18, 19; and a corresponding switch 24,
arranged between a corresponding first central unit output
terminal 20 of the first integrated logic 16 and the first
driving line 6 of the corresponding injector of the first
plurality of injectors 7.

In particular, the switch 24 1is able to electrically
connect the corresponding first central unit output
terminal 20 with the negative terminal of the corresponding
injector of the first plurality of injectors 7 (closing
step) or with the second terminal 19 of the emulation load
17 (opening step). In detail, the closing and opening steps
of the switch 24 are controlled by the second integrated
logic 26 (the connection between the switch 24 and the
second integrated 1logic 26 1is not shown). The first
terminal 18 of the emulation load 17 is connected to a
corresponding second central unit output terminal 21 of the

first integrated logic 16 and to the second driving line 8
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connected to the corresponding injector 7.

The switch 24 is a solid-state device, for example a pair
of MOSFET transistors with attached driving circuitry.

Fach injector of the first and of the second plurality of
injectors 7, 9 is electrically equivalent to a series of an
inductor with inductance 1,1 and, respectively, Li,2 and a

resistor with resistance Ri,1 and, respectively, Ri,2 (not
shown). For example, the inductance L:,1, Li,2 is between 1
mH and 2 mH and the resistance Ri,i1, Ri,2 1s between 1Q and
2Q. Moreover, each injector of the first or of the second
plurality of injectors 7, 9 has a respective time constant
Ti,1 and Ti,2, defined, in a known way, as the ratio between
the inductance Li,1, Li,2 and the resistance Ri,1, Ri,2 of said
injectors; for example, the time constants 7T1i,1, 7Ti,2 have
values between 0.3 ms and 2 ms, for example 1 ms.

Furthermore, the emulation load 17 is modelled at the
circuit level as a series of an inductor and a resistor
(not shown), having respectively the inductance Lem and the
resistance Rem. In particular, the inductance Lenm is of the
same order of magnitude as the inductance Li,1 of the first
plurality of injectors 7. Moreover, the inductance Lem 1S
characterized by a time constant Tem, defined as the ratio
between the inductance Lex and the resistance Ren. In some

cases, the inductance Lem can vary, for example, up to -50%

or + 100% with respect to the inductance Li,1, such
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variations not significantly modifying the operation and,or
performance of the system 1. In practice, the time constant
Temn Of the emulation load 17 is typically comprised in an
interval Tt:i,1 + AT, with AT comprised between -0.5*T1i,1 and
Ti,1.

In use, the system 1 can operate according to different
operating steps, as described below. In particular, for
reasons of clarity and ease of understanding, reference
will be made to the operation of a single injector,
indicated in Figure 1 with the reference number 7A,
belonging to the first plurality of injectors 7, without
however losing general character. In fact, the same
considerations apply to the other injectors of the same
first plurality of injectors 7, which can operate
simultaneously or sequentially with respect to the injector
7TA. Hereinafter it is further assumed that the gas
injection follows the petrol injection (namely that there
is no overlap between the command of the petrol injection
and the gas 1injection). However, 1in some cases, the gas
injection can be carried out during the petrol injection
command, namely the second ECU 5 can control the second
plurality of injectors 9 so that the gas injection is at
least partly temporally superimposed to the petrol
injection command by the first plurality of injectors 7.

In a first step, the second integrated logic 26 controls



10

15

20

25

WO 2020/058845 PCT/IB2019/057818

the switch 24 so as to close it and make the second
terminal 19 of the emulation load 17 floating. In this way,
from an operational point of view, the emulation load 17 is
disconnected from the first ECU 3, while the negative
terminal of the injector 7A 1is connected to the first
central unit output terminal 20 of the first ECU 3 by means
of the first driving line 6.

In this first step, the injector 7TA receives a voltage
driving signal, for example a pulsed signal (e.g., to a
first approximation, a square wave). The driving signal
generates, 1in turn, a current I, which flows into the
injector 7A. By means of this driving signal, the injector
7A is controlled so as to inject petrol into the combustion
chamber 11 during a time interval having a duration equal
to a first injection time ti, set by the first ECU 3.
Operationally, a precise estimation of the first injection
time ti1 is given by the time elapsing between the instant
(indicated as the first threshold instant ts1) in which the
current I 1in the injector 7A exceeds a first threshold
current Isi1 (equal, for example, to the minimum value of
the current I sufficient to open the injector 7A) and the
time instant (indicated as the second threshold instant
fs2) in which the current I falls below a second threshold
current Is» (namely, when the current I is no longer able

to keep the injector 7A open). The second threshold current
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Is2 1is, for example, equal to or lower than the first
threshold current Isi.

Moreover, when the injector 7A 1is controlled to introduce
the petrol into the combustion chamber 11, the remaining
injectors 7 of the first plurality can be inactive, 1i.e.
the first ECU 3 does not supply the driving signal to said
injectors. Therefore, the remaining injectors 7 of the
first plurality are subjected to zero voltage. For this
purpose, the corresponding first and second central unit
output terminals 20, 21 have the same voltage.
Alternatively, the remaining 1injectors of the first
plurality of injectors 7 can be activated simultaneously
with the injector 7A so as to 1inject petrol into the
combustion chamber 11 for the same first injection time ti.
To a first approximation, and 1in particular in stationary
conditions, the first injection time ti is the same for any
injector of the first plurality of injectors 7.

Moreover, in this first step, the second ECU 5 controls the
second plurality of injectors 9 so that they are inactive
during the petrol injection.

In a second step, the second integrated logic 26 controls
the switch 24 of the injector 7A to open it. In this way,
the second terminal 19 of the emulation locad 17 1is
connected to the first central unit output terminal 20,

while the negative terminal of the injector 7A keeps
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floating. In this second step, the driving signal of the
first ECU 3 generates, to a first approximation, the same
driving signal used in the first step. However, the driving
signal does not reach the injector 7A, which, therefore, is
not ordered to inject further petrol into the combustion
chamber 11. Furthermore, to a first approximation, the
emulation load 17 1s crossed by a current (indicated in
Figure 1 with I') approximately equal to the current I.

The aforementioned switching of the switch 24 of the
injector 7A takes place when the second ECU 5 detects the
presence of conditions (for example, temperature and
pressure) required by the system 1 for the gas injection;
these conditions are detected by an integrated sensor
system (not shown) in the system 1, in a per se known
manner.

During the second step, each injector of the second
plurality of injectors 9 1is controlled by a corresponding
driving signal, for example a voltage driving signal, by
the second integrated logic 26, so as to inject gas into
the 1intake manifold 13. In this regard, the negative
terminal of each injector of the second plurality of
injectors 9 is connected to a corresponding first central
unit output terminal 27 of the second integrated logic 26
through the corresponding third driving line 12.

Furthermore, the positive terminal of each injector of the
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second plurality of injectors 9 1is connected to a
corresponding second central unit output terminal 28 of the
second integrated logic 26, through the respective fourth
driving line 14. In this way, the second integrated logic
26 is able to send to each injector of the second plurality
of injectors 9 the corresponding driving signal, so that it
injects gas into the intake manifold 13 and therefore into
the combustion chamber 11, during a time interval having a
duration equal to a second injection time tz, which is
calculated in a per se known manner based on parameters
such as for example, in addition to the first injection
time ti, the type of gas, the temperature and the pressure
of the gas 1in the injectors of the second plurality of
injectors 9, as well as based on engine parameters, such
as, for example, engine revolutions and load. Therefore,
the second injection time tz2 1s the time in which the
second ECU 5 controls each injector of the second plurality
of injectors 9 so as to inject an amount of gas which
depends, 1n a per se known manner, on the amount of petrol
injected by each injector of the first plurality of
injectors 7. In particular, by changing the type of fuel,
the engine parameters of the engine remain unchanged, so
that the engine maintains a regular operation even during
the transition from petrol to gas supply.

Operationally, the second ECU 5 estimates the <first
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injection time ti; subsequently, the second ECU 5
calculates the second injection time t:.

Figure 2 shows time trends of electrical quantities
characteristic of the system 1. In particular, reference
will be made to a system operating solely on petrol, as
previously described with reference to the first step.

In particular, Figure 2 shows the following electrical
quantities: the voltages on the positive and negative
terminal of the injector 7A, indicated respectively with V.
(graph 30) and V- (graph 38), and whose difference defines
the driving signal of the injector 7A; and the current I in
the injector 7A (graph 42). In particular, the voltages V-
and Vi are generated by the first integrated logic 16,
respectively on their first and second central unit output
terminals 20, 21; moreover, the first integrated logic 16
implements a voltage driving.

In greater detail, depending on the voltages V- and Vi, and
therefore on the driving signal 1imposed by the first
integrated logic 16, it is possible to generally identify
four steps: a peak step, a hold step, a demagnetization
step and an off step.

In detail, the system 1 is initially in the off step
(namely when the first ECU 3 does not supply the driving
signal to the injector 7A), in which the wvoltages Vi, V-

are both equal, for example 7.5 V, so that the potential
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difference (indicated hereinafter with AV) between the
positive terminal and the negative terminal of the injector
7TA is zero. Therefore, the corresponding current I is zero.
A subsequent time instant t: corresponds to the beginning
of the peak step, in which the positive terminal of the
injector 7A 1s brought, e.g. to about 67 V; on the other
hand, the negative terminal of the 7A injector is grounded
(i.e. =zero voltage). In this way, the 7A injector is
opened. In the peak step, the current I in the injector 7A
rises quickly (portion 44 of the third graph 42) until
reaching, for example, 10A at a time instant ti. In this
case, the injector 7A, having an electrical behaviour
equivalent to that of an inductor, is gradually charged by
the current I.

After the time instant tis there is the hold step, in which
the voltage Vi of the injector 7A is first zero, so as to
partially discharge the 1injector 7A, and then varies
according to a pulsed waveform, not necessarily periodic,
such as e.g. a square wave form, with wvalues ranging
between 0 V and 13 V (the latter value being provided for
example by a battery not shown). In this way, the current I
varies according to a saw-tooth pattern with values
comprised between, for example, 3A and 4A. In the hold
step, the voltage V- is still zero.

With regard to the off step, it involves that the voltage
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drop AV is about zero, so that the solenoid wvalve
corresponding to the injector 7A remains closed. Moreover,
before the beginning of the off step, the inductor
representing the injector 7A is discharged thanks to the
use of demagnetization pulses (described below). In Figure
2, the current I is zeroed in a time instant ts.

With regard to the demagnetization step, it consists in the
inversion of the sign of the driving signal of the injector
7A. In particular, one or more demagnetization pulses are
applied to the negative terminal of the injector 7A, thus
keeping the positive terminal grounded, so that the
injector 7A tends to close and, therefore, the current I
quickly drops to reach a desired wvalue, not necessarily
ZEYro. For example, these demagnetization pulses have
maximum values of about 70 V and durations equal to or less
than 100 ps. In this way, the inductor representing the
injector 7A is temporarily forced to discharge, causing a
sharp decrease in the current I.

Given the above, Figure 2 shows a first demagnetization
pulse 40A, which is generated during the hold step,
starting from a time instant te (portion 46 of graph 42). A
second demagnetization pulse 40B 1is generated just before
the start of the off step, starting from a time point tr,
so as to cause a sharp decrease in the current I, which, as

mentioned above, is extinguished at the time instant ts. In
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general, the following refers to an injection cycle to
indicate the operations carried out in the time interval
between the time instants t: and ts.

Again with reference to Figures 1 and 2, referring, as
previously mentioned, to the current I' to indicate the
current flowing in the emulation load 17 (for example, with
a positive direction towards the switch 24), to a first
approximation it would have the same trend described with
reference to the current I, 1f the switch 24 were open
during the 1injection <c¢ycle. In this case, the petrol
injection would not actually take place, but the current I’
could still be used to determine an estimation of an
injection emulation time tem, equal to the first injection
time t:.

As anticipated above, the second ECU 5 estimates the first
injection time t: (or the injection emulation tTime ten),
i.e. the duration of the fime interval in which the
injector 7A is open and injects (would inject) petrol into
the combustion chamber 11. The electric quantity indicative
of the state of closure/opening of the injector 7A, and
therefore more significant for determining the first
injection time ti, 1is the current I. Different solutions
are available to measure the current I and then estimate
the first injection time t:.

According to a first known solution, a shunt element (not
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shown) 1s arranged along the first driving line 6, between
the first central unit output terminal 20 and the switch
24. In particular, the shunt element is a resistor with
resistance Rsn, for example, between 20mQ and 200mQ.

In use, when the first ECU 3 drives the injector 7A (or the
emulation load 17, in the case of gas injection), the shunt
element 1is crossed by a current that generates a voltage
drop AVsn proportional to the current I (or current I').
This voltage drop AVesh 1s typically amplified by a
differential amplifier or Dby instrumentation and then
compared with one or more threshold voltages by a threshold
comparator. At the end of the comparison, the comparator
supplies an output voltage to the second ECU 5, which
estimates the first injection time ti.

Unfortunately, this solution has some disadvantages. 1In
fact, the shunt element is designed to have a low
resistance value Rsh, SO as not to significantly affect the
driving of the first plurality of injectors 7 (or of the
emulation load 17). Consequently, the shunt element 1is
crossed by currents of high value (even in the order of
tens of amps, as previously shown with reference to Figure
2), making it difficult to «correctly dissipate heat.
Furthermore, the voltage drop AVehn 1s of a few mV and,
therefore, must be amplified by the differential amplifier

or by instrumentation. In particular, the instrumentation
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amplifier must be insensitive to the common mode, which has
a value, for example, of the order of 60-100V. However, it
is difficult to find on the market instrumentation
amplifiers or threshold comparators capable of meeting this
requirement. Therefore, it is complex to design a shunt
element and an amplifier or comparator suitable for the
purpose with discrete components and reduced production
costs.

Another solution uses a Hall sensor, rather than a shunt
element, to detect the current I. In particular, according
to this other solution, the Hall sensor is arranged between
the first central unit output terminal 20 and the switch
24,

In use, the detection of the current I with the Hall sensor
occurs in a similar way to the detection obtained by means
of the shunt element. 1In particular, the Hall sensor
generates a voltage output, referred to ground and
proportional to the current I (or to the current I’ in the
case of driving the emulation load 17). Subsequently, the
voltage output is directly compared with one or more
threshold voltages from a threshold comparator. The output
of the comparator is then supplied to the second ECU b5,
which estimates the first injection time ti. The Hall
sensor does not introduce significant additional voltage

drops on the system 1 and 1s almost insensitive to the
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common mode.

However, this other solution also has disadvantages. In
particular, it 1s difficult to find a Hall sensor capable
of detecting relatively small currents (for example, of a
few amperes) without introducing noise into the
measurement. Furthermore, the Hall sensor has a slow
response at the output, especially if it is necessary to
filter the measurement to reduce the noise. Moreover, Hall
sensors are typically quite expensive.

GB 2521820 describes a method for determining the
derivative of a signal to detect the movement of a solenoid
armature. GB 2521820 provides, among other things, the
possibility of detecting the current flowing in a solenoid
by using a resistor and a differential amplifier.

EP 1533503 describes a device for controlling electro-
actuators with detection of the instant of completion of
the actuation.

It follows that methods and systems that are simple and
inexpensive to manufacture and that can accurately estimate
the first injection time ti1 and consequently allow the
second injection time t: to be determined are not known.

OBJECT OF THE INVENTION

The object of the present invention 1is to provide an
estimation circuit for the injection time that at least

partially overcomes the drawbacks of the prior art.
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The present invention provides an estimation circuit, a
control device including the same and an estimation method,
as defined in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a Dbetter understanding of the present invention,
preferred embodiments thereof will be now described purely
by way of non-limiting example with reference to the
attached drawings, in which:

- Figure 1 shows a block diagram of a direct petrol and gas
injection system;

- Figure 2 shows trends over time of electrical dquantities
characteristic of the system of Figure 1;

- Figure 3 shows a block diagram of an injection system
including the present control device;

- Figure 4 shows trends over time of characteristic
quantities of the system of Figure 3;

- Figures 5-8 and 11 show equivalent circuits of injection
systems including further embodiments of the present
control device;

- Figure 9 shows a block diagram of a variant of the system
of Figure 3; and

- Figure 10 shows ftrends over time of characteristic
quantities of the system of Figure 9.

PREFERRED EMBODIMENT OF THE INVENTION

Figure 3 schematically shows a direct injection system
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(hereinafter briefly defined as system) 100, which uses a
mixture of petrol and gas as fuel. Elements shown in Figure
3 corresponding to elements already shown in Figure 1 are
indicated with the same reference numbers and will not be
further described. Moreover, to facilitate the
understanding of the present invention, the second
plurality of injectors 9 is not shown. In addition, the
following refers, by way of example, to a system operating
in one of the combustion chambers of an endothermic
controlled ignition engine with direct injection.

In detail, the system 100 comprises a measuring circuit
112, incorporated in the second ECU (here indicated with
505) and described in the following only with regard to the
portion coupled to the injector 7A, without thereby losing
its general character. The second ECU 505 represents a
control device. In particular, the second ECU 505 and the
second plurality of injectors 9 connected to 1t can be
electrically interposed between the first ECU 3 and the
injectors of the first plurality 7, in a transparent manner
with regard to the operation of the first ECU 3 and in a
releasable manner. Furthermore, considering each injector
of the first plurality 7, the second ECU 505 1is
electrically interposed between the terminals of this
injector and the first and second central unit output

terminal 20, 21.
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In the following description, reference 1s made, for
simplicity’s sake, to the case in which the second ECU 505
is always coupled to the first ECU 3.

In greater detail, the measuring circuit 112 includes: a
measurement resistor 105 having a first terminal connected
to the second driving line 8 and then to the second control
unit terminal 21 of the first integrated logic 16; and a
measurement capacitor 110 having a first terminal,
connected to a second terminal of the measurement resistor
105, with which it forms a common node 125, and a second
terminal, connected to the first central unit output
terminal 20 of the first integrated logic 16.

In greater detail, the measurement resistor 105 has a
resistance Rp, for example, between 50Q and 1MQ, for
example 10kQ. This wvalue of Rx means that the presence of
the measurement resistor 105 does not substantially modify
the operation of the injectors 7, of the emulation loads 17
and of the relative currents described above.

The measurement capacitor 110 has a capacity Cn, for
example between 100pF and 10uF, for example 47nF. In
addition, the measurement capacitor 110 has a time constant
Tm approximately equal to the product between the
capacitance Cn and the resistance Rn o0f the measurement
resistor 10b5.

The measurement circuit 112 further comprises a threshold
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generator 115, which generates a threshold voltage Vs and
has a first terminal connected to the first central unit
output terminal 20 of the first integrated 1logic 16.
Furthermore, the measuring circuit 112 comprises a
threshold comparator 120, which has a first and a second
input, respectively connected to a second terminal of the
threshold generator 115 and to the common node 125.

In the present embodiment, the measurement capacitor 110
has a capacity such that its own time constant 1w is such
that the voltage trend at the ends of the measurement
capacitor 110 (hereinafter indicated with V¢) reproduces to
a first approximation the trend of the current I in the
injector 7A. For this purpose, the time constant 1In
approximates the time constant t:,1 of the inductor Li,1 of
the injector 7A. For example, the time constant Tn may be
included in the interval [0.5*t:,1 - 2*71i,1]. Furthermore,
the time constant Tn of the measurement capacitor 110 may
be included in the interval [0.5*Ten — 2*Tem], Wwhere, as
explained above, Tem indicates the time constant of the
emulation load 17.

In use, the system 100 operates according to the steps
described with reference to Figure 1. Moreover, for a
simpler exposition, reference is made only to the operation
of the injector 7A, without however losing general

character.
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In particular, in the aforementioned first step (i.e. when
the switch 24 is closed), the first integrated logic 16
applies the aforementioned voltages V- and Vi respectively
on its first and second central unit output terminal 20,
21. Consequently, a current I* (supplied by the first ECU
3) enters the second central unit output terminal 21, while
on the first central unit output terminal 20 there is a
current of approximately -I*.

A first part of the current I* flows in the measurement
resistor 105 and loads the measurement capacitor 110, which
is subject to the time-varying voltage V¢. To a first
approximation, the first part of the current I* 1is
negligible. A second part of the current I* flows in the
injector 7A, thus constituting the aforementioned current
I. Furthermore, since the time constant twm of the
measurement capacitor 110 is approximately equal to the
time constant Ti,1 of the injector 7A (or of the emulation
load 17), the voltage Ve has a trend over time, to a first
approximation, equal to the trend over time of the current
I in the injector 7A. Consequently, based on the voltage
Ve, it 1s possible to estimate the first injection time t:.

In the same way, 1n the second step (i.e. when the switch
24 is open and the emulation load 17 is connected to the
first central unit output terminal 20), the first

integrated logic 16 applies again the aforementioned
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voltages V- and Vs. Therefore, the emulation load 17 is
traversed by the current I’, which is approximately equal
to the current I. Furthermore, the measurement capacitor
110 and the measurement resistor 105 are subjected to the
same electrical stimuli (i.e., they are flown through by
the same current) to which they were subjected during the
first step. Consequently, the voltage Ve on the measurement
capacitor 110 follows the same trend followed during the
first step. Therefore, based on the voltage V¢, it is still
possible to estimate the aforementioned injection time ten.

In general, the following refers to a possible injection
time ti1’ to indicate the duration of the time interval in
which petrol injection can occur for each injection cycle.
Therefore, the possible injection time ti’ is independent
of the closing state of the switch 24. In practice, 1f the
switch 24 remains closed for the entire duration of the
possible injection time ti’, this latter coincides with the
aforementioned first injection time ti; vice versa, if the
switch 24 remains open for the entire duration of the
possible injection time ti’, this latter coincides with the
aforementioned injection emulation time tex. The possible
injection time t:’ 1s therefore indicative of the voltages
V- and Vi, but does not depend on the state of the switch
24. Furthermore, the possible injection time ti’ can be

determined based on the voltage Vec.
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The voltage V¢ of the measurement capacitor 110 is compared
with the threshold wvoltage Vs of the threshold generator
115 by the threshold comparator 120. After the comparison,
the threshold comparator 120 sends to the second integrated
logic 26 an output voltage Vou, starting from which the
second integrated logic 26 estimates the possible injection
time ti’ and calculates the second injection time t».
Subsequently, in a per se known manner, the second
integrated logic 26 controls the injectors 9 so as to
inject the desired amount of gas.

In greater detail, the output voltage Veur is a logic signal
indicative of time instants tsi1*, ts2* in which the voltage
Ve respectively exceeds the threshold voltage Vs and
becomes lower than the threshold voltage Vs. To a first
approximation, the time instants tsi*, ts2* are respectively
equal to the time instants ts1, Ts2, as qualitatively shown
in Figure 4. Therefore, the possible injection time ti:’ can
be estimated as equal to the difference between the time
instants tsi1* and ts2*.

In detail, Figure 4 shows trends of electrical gquantities
characteristic of the system of Figure 3. In particular,
electrical quantities of Figure 4 corresponding to
electrical quantities of Figure 2 are indicated in Figure 4
with the same reference numbers and not further described.

Unlike what is shown in Figure 2, 1in which the feeding
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cycle took place with the switch 24 permanently closed,
Figure 4 refers to the case in which, during the feeding
cycle, and in particular during the hold step, the switch
24 switches from closed to open. In detail, the switch 24
switches in a time instant tsw.

Given the above, Figure 4 shows the trend of the current I*
present on the second central unit output terminal 21
(fourth graph 142). This trend has a first portion 144,
comprised between the time instants ts and tsw, and a second
portion 146, comprised between the time instants tsw and ts.
The trend of the current I and of the current I in the
emulation load 17 are respectively equal, to a first
approximation, to the aforementioned first and second
portions 144, 146 of the current I*.

Figure 4 further shows a fifth graph 150, representing the
trend of the voltage Ve of the measurement capacitor 110 in
the different operating steps described with reference to
Figure 2. In detail, the fourth graph 150 has a trend that,
to a first approximation, is the same as the one of the
fourth graph 142, in particular as regards the portions
close to the time instants t: and ts. On the other hand,
greater deviations occur close to the current peak and in a
portion subsequent to the time instant ts., due to the
switching of the switch 24, this latter deviation being

therefore absent when the switch 24 does not switch during
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the injection cycle.

Finally, Figure 4 further shows a sixth graph 152, relating
to an example of the output voltage Vout.

Thanks to the fact that the voltage V¢ on the measurement
capacitor 110 has, to a first approximation, a trend
proportional to the one of the current I*, the output
voltage Veur generated by the threshold comparator 120 is
still indicative of the possible injection time ti’,
regardless of the fact that, during the supply cycle, a
changeover of the switch 24 has occurred.

Figure 5 shows an embodiment of the threshold generator 115
in greater detail.

In particular, the threshold generator 115 comprises: a
current generator 160 connected to a threshold node 161 and
to a supply node 163, which is placed at a supply voltage
Vpp; and a threshold resistor 162, interposed between the
threshold node 161 and the first central unit output
terminal 20 of the first integrated logic 16. The threshold
resistor 162 has a resistance Rs equal, for example, to
47kQ.

The current generator 160 generates a threshold current
Ith, which, assuming that the comparator 120 has a high
impedance, flows in the threshold resistor 162, generating
a voltage drop on this latter. In this way, the threshold

resistor 162 has the threshold voltage Vs.
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In this embodiment, the current generator 160 1is, for
example, a current mirror.

Figure 6 shows another embodiment of the threshold
generator 115; in particular, elements shown in Figure 6
corresponding to elements shown in Figure 5 are indicated
in Figure 6 with the same reference numbers and not further
described.

The threshold generator 115 comprises: a threshold diode
170, arranged in series with the current generator 160; and
a threshold capacitor 172, arranged in parallel with the
threshold resistor 162. In particular, the threshold diode
170 has the cathode and the anode respectively connected to
the threshold node 161 and to the threshold current
generator 160. The threshold capacitor 172 has terminals
respectively connected to the threshold node 161 and to the
first central unit output terminal 20. Moreover, the
threshold capacitor 172 has a capacity Cs equal, for
example, to 10nF.

The present configuration 1s advantageously usable to
maintain the constant threshold voltage Vs in the presence
of demagnetization pulses 40AR, 40B. In fact, the
demagnetization pulses 40A, 40B may cause the threshold
voltage Vs to wvary significantly 1in the event of
malfunctions of the threshold current generator 160.

In particular, the threshold diode 170 allows a momentary
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interruption of the connection between the threshold
current generator 160 and the threshold resistor 162, so as
to prevent the threshold current Iuw from flowing towards
the supply node 163. Furthermore, the threshold capacitor
172 has a time constant 1s defined as the product between
the capacity Cs and the resistance Rs of the threshold
resistor 162. In order to maintain the constant threshold
voltage Vs during a demagnetization pulse, the time
constant 1s may be, for example, greater than five times
the duration of said demagnetization pulse. Moreover, this
configuration allows tolerating short periods of time in
which the supply voltage Vpp is lower than the voltage V-.
Figure 7 shows a further embodiment of the threshold
generator 115. In particular, elements shown in Figure 7
corresponding to elements shown in Figure 6 are indicated
in Figure 7 with the same reference numbers and not further
described.

The threshold generator 115 comprises a compensation
generator 180, which is a current generator with terminals
respectively connected to the first central unit output
terminal 20 and to the ground. Operationally, the
compensation generator 180 1is designed to discharge at
least part of the threshold current Iww to the ground,
starting from the first central unit output terminal 20.

This configuration can be advantageously used to reduce the
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interference of the measuring circuit 112 on the operation
of the first plurality of injectors 7. 1In fact, by
subtracting the threshold current Iwn from the first
central unit output terminal 20, it is possible to avoid
that part of the threshold current Iww flows towards the
negative terminal of the injector 7A.

Figure 8 shows a further embodiment of the threshold
generator 115. In particular, elements shown in Figure 8
corresponding to elements shown in Figure 7 are indicated
in Figure 8 with the same reference numbers and not further
described.

In detail, the system 100 comprises a first limitation
diode 201, such as for example a Zener diode. In
particular, the first limitation diode 201 has an anode and
a cathode respectively connected to the first central unit
output terminal 20 and to the common node 125,

For practical purposes, the first limitation diode 201
allows limiting the voltage V¢ at the ends of the
measurement capacitor 110, with the following advantages.
In detail, during the rapid increase of the current I in
the peak step, the injector 7A presents non-linear
phenomena due to magnetic saturation. Such phenomena,
mainly 1n the presence of high current wvalues I (for
example, 10A in the peak step), may cause sudden variations

of the aforementioned current I with respect to an ideal
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case. Moreover, these current variations I are faster also
with respect to the trend of the voltage Ve at the ends of
the measurement capacitor 110, since the voltage V¢ has a
behaviour c¢loser to an ideal case. Consequently, the
limitation of the voltage V¢ introduced by the first
limitation diode 201 allows avoiding a possible
overestimation of the possible injection time ti’.

Moreover, the system 100 of Figure 8 comprises a second and
a third limitation diode 203, 205 and a limitation resistor
207, arranged in series.

The cathode and the anode of the second limiting diode 203
are respectively connected to the cathode of the third
limiting diode 205 and to the common node 125. Furthermore,
the third limitation diode 205 is a Zener diode, whose
anode 1is connected to a first terminal of the limitation
resistor 207, whose second terminal 1is connected to the
second central unit output terminal 21.

Operationally, the configuration shown in Figure 8 allows
improving the behaviour of the system 100 for the reasons
described below.

In detail, the Applicant has observed how, in the off step,
the current I decreases faster than the voltage Ve at the
ends of the measurement capacitor 110. This discrepancy can
represent a further cause of overestimation of the possible

injection time ti’. This configuration represents a
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solution to the problem, since the second and third
limitation diodes 203, 205 and the limitation resistor 207
allow speeding up the discharge of the measurement
capacitor 110. In practice, the second limitation diode 203
disconnects the third limitation diode 205 in the charging
step, enabling it, together with the limitation resistor
207, only to discharge. On the other hand, the first
limitation diode 201 1limits the voltage only during the
charging step.

Figure 9 shows a further embodiment of the system 100,
which 1s now described with reference only to the
differences with respect to the embodiment shown in Figure
3.

In detail, the system 100 comprises a correction circuit
130, which has two inputs connected to the negative and
positive terminals of the injector 7A. In particular, the
correction circuit 130 is a demagnetization pulse detector,
namely 1t generates and supplies to the second integrated
logic 26 of the second ECU 505 a detection signal
indicative of the starting instants of the demagnetization
pulses 40A, 40B. The second integrated logic 26 of the
second ECU 505 then calculates an improved estimation of
the possible injection time ti’, which is estimated as the
time elapsing between the time instant tsi1* and the time

instant tar when the last demagnetization pulse 40B begins
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before the time instant ts2*. This solves the problem
described below with reference to Figure 10.

In detail, in addition to examples of trends of the voltage
Ve, of the current I* and of the output voltage Veur, Figure
10 shows an example of the trend of the voltage V.,
indicated with 132 and including a pair of respective
demagnetization pulses 40A', 40B'. In this regard, the
Applicant has observed that, during the off step, the
voltage Ve on the measurement capacitor 110 decreases more
slowly than the current I. Therefore, an overestimation
(indicated with ti1"*) of the possible injection time may
occur.

Figure 11 shows another embodiment of the present system,.
In detail, Figure 11 shows a system 300 having a general
structure similar to the one of the system 100 shown in
Figure 7, so that parts identical to those shown and
described with reference to Figure 7 are indicated in
Figure 11 with the same reference numbers.

In particular, the system 300 has an additional measurement
circuit 112', which is the same as the measuring circuit
112, except for the differences described below.
Consequently, the elements of the additional measurement
circuit 112' are indicated with the same reference numbers
as the corresponding elements of the measuring circuit 112

with the addition of an apex. Furthermore, the additional
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measurement circuit 112’ connects to the first and second
central unit output terminal 20, 21 of the first ECU 3 in
the same way as the measurement circuit 112.

In detail, the additional measurement circuit 112' is such
that an additional threshold voltage Vs' greater than the
threshold voltage Vs 1s set on the threshold resistor 162'.
To a first approximation, the voltages Ve and Ve' have the
same trend, proportional to the current I* generated on the
second central unit output terminal 21 of the first ECU 3.
The output voltage Vouw' 1s 1ndicative of time instants
Ts1**, Ls2** 1in which the voltage V¢’ respectively exceeds
the threshold voltage Vs' and Dbecomes lower than the
threshold voltage Vs’. Moreover, the second integrated
logic 26 estimates the possible injection time ti’ as equal
to the time interval between the time instants tsi** and
ts2*.

The present embodiment is advantageously usable in the case
in which, before the peak step, the voltage V. is non-zero
(for example has a pulsed trend), in which case the
beginning of the possible injection time ti’ could be
incorrectly anticipated with respect to the actual
occurrence of the peak step, if only the threshold voltage
Vs were available.

The present control device, represented by the second ECU

505, has several advantages.
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In particular, the present control device includes a
circuit for estimating the injection time that allows
obtaining an efficient and precise estimation of the petrol
injection time, comparing a voltage signal with one or more
thresholds without having to resort to direct current
measurements. Moreover, the estimation circuit uses
discrete components and therefore is inexpensive, with low
power consumption and a reduced need to dissipate heat. In
addition, the estimation circuit is composed of small sized
components that are easy to find.

Moreover, as already previously mentioned, the control
device does not interfere with the normal operation of the
direct injection system, since it is inserted between the
first ECU and the first plurality of injectors 1in a
transparent manner with respect to the first ECU, namely
without causing any modification in the operation of this
latter.

Finally, it 1s clear that modifications and wvariations can
be made to the estimation circuit described and illustrated
herein without thereby departing from the protective scope
of the present invention, as defined in the attached

claims.
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CLATMS
1. An estimation <circuit (112) couplable to an
injection system (3, 6, 7, 8, 9, 12, 14) that comprises:

— a control unit (3) configured to generate a driving
signal (Vi, V.);

- a first injector (7; 7A) couplable to the control
unit so as to receive the driving signal and to inject, in
response, a first fuel 1into a combustion chamber (11)
during a time interval having the same duration as an
injection time (ti):;

salid estimation circuit (112) comprising:

- a first capacitor (110), which, when the estimation
circuit is coupled to the injection system, is subjected to
a first voltage (V¢) that depends on the driving signal;
and

— a comparator circuit (120) configured to generate a
first output signal (Vour) based on the comparison between
sald first wvoltage (V¢) and at least a first threshold
(Vs), said first output signal being indicative of said
injection time.

2. The estimation c¢ircuit according to <claim 1,
wherein the control unit (3) comprises a first and a second
node (20, 21) and 1is configured to generate a first and a
second electric signal (V:, V-), respectively on the first

and on the second node, said driving signal being based on
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the first and the second electric signal; and wherein the
first injector (7; 7A) has a first and a second terminal;
and wherein, when it is coupled to the injection system (3,
o, 7, 8, 9, 12, 14), the estimation circuit (112) 1is
electrically interposed between the first and the second
terminal of the first injector and the first and the second
node of the control unit; said estimation circuit further
comprising a first resistor (105); and wherein, when the
estimation circuit is coupled to the injection system, the
first capacitor (110) and the first resistor are connected

between said first and second nodes.

3. The estimation circuit according to claim 2,
wherein the first capacitor (110) has a first terminal,
coupled to the first resistor (105), and a second terminal,
configured to be coupled to said first node (20); said
estimation circuit (112) further comprising a threshold
generator (160, 162; 160, 162, 170, 172; 160, 162, 170,
172, 180, 201, 203, 205, 207) including:

- a second resistor (162), having a first terminal
coupled to the second terminal of the first capacitor; and

— a first current generator (160) configured to inject
a threshold current (Iw) 1into a second terminal of the
second resistor, so that a first reference voltage (Vs;
Vs') 1is set on the second resistor;

and wherein the comparator circuit (120) is configured
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so that said first threshold (Vs; Ve') 1is based on said
first reference voltage.

4. The estimation circuit according to c¢laim 3,
wherein the threshold generator (160, 162; 160, 162, 170,
172; 160, 162, 170, 172, 180, 201, 203, 205, 207) further
comprises a second capacitor (172), coupled in parallel to
the second resistor (162).

5. The estimation circuit according to claim 3 or 4,
wherein the threshold generator (170, 172; 160, 162, 170,
172, 180, 201, 203, 205, 207) further comprises a first
diode (170), interposed between the current generator (160)
and the second resistor (162).

6. The estimation circuit according to any one of the
claims 3 to 5, wherein the threshold generator (160, 162,
170, 172, 180, 201, 203, 205, 207) further comprises a
second current generator (180), coupled to the first
terminal of the second resistor (162) and configured to
drain at least part of the threshold current (Itwn) that
flows in the second resistor.

7. The estimation circuit according to any one of the
claims 2 to 6, further comprising a first Zener diode
(201), coupled in parallel to the first capacitor (110).

8. The estimation circuit according to any one of the
claims 2 to 7, wherein the first terminal of the first

capacitor (110) is coupled to a first terminal of the first
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resistor (105), said estimation circuit (112) further
comprising a series circuit (203, 205, 207) coupled in
parallel to the first resistor (105) and including:

— a third resistor (207);

— a second Zener diode (205); and

— a second diode (203);

and wherein the anode of the second diode and the
cathode of the second Zener diode are turned towards the
first terminal of the first resistor.

9. A control device couplable to the injection system
(3, 6, 7, 8, 9, 12, 14) and comprising:

— the estimation circuit (112) according to any one of
the claims from 2 to 8, further comprising a switch (24);

- an inductive load (17); and

- a logic unit (26), couplable to a second injector
(9) that can be controlled so as to inject a second fuel,
different from the first fuel, towards the combustion
chamber, said logic unit being configured to control the
second injector (9) Dbased on said first output signal
(Vout) 5

- and wherein the switch (24) is controllable by the
logic unit so that, when the estimation circuit is coupled
to the injection system, the driving signal is applied
alternatively to the first injector (7) or to the inductive

load.
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10. The control device according to claim 9, wherein
the first capacitor (110) is configured to be charged, when
the control device (505) is coupled to the injection system
(3, o, 7, 8, 9, 12, 14), with a timing that depends on a
first time constant (Ten); and wherein the inductive load
(17) is configured so that, when the switch (24) applies
the driving signal to the inductive load, a corresponding
current (I') passes through the inductive 1load, said
current varying according to a respective timing that
depends on a second time constant (Tem); and wherein the
first time constant falls 1in the range [0.5%Ten — 2*Tem]
where Tem indicates said second time constant.

11. The control device according to claim 10, wherein
the logic unit (26) 1is configured to determine, based on
the first output signal (Vour), an initial instant (ts1*),
wherein the first voltage (V) exceeds the first threshold
(Vs), and a final instant (ts2*), wherein the first voltage
drops below the first threshold; and wherein the logic unit
(26) is configured to control the second injector (9) based
on said initial instant (ts1*) and final instant (Ls2*).

12. The control device according to claim 11, wherein
the first injector (7) is configured so that a current (I)
passes through the first injector when the first injector
receives the driving signal; and wherein the second

electric signal comprises a number of pulses configured to
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cause a reduction of the current that passes through the
first injector; said control device (505) further
comprising a detection circuit (130) configured to be
electrically coupled to the first injector (7) and to
detect an intermediate instant (tarf), wherein the last
pulse of the second electric signal occurs before the final
instant (ts2*); and wherein the logic unit (26) is further
configured to:

— calculate an 1improved estimation of said injection
time (t1) based on the 1initial instant (ts1*) and the
intermediate instant (tar); and

- control the second injector (9) based on the
improved estimation.

13. The control device according to any one of the
claims 9 to 12, further comprising:

- a third capacitor (110'), which, when the control
device (505) is coupled to the injection system (3, 6, 7,
8, 9, 12, 14), 1is subjected to a second voltage (V')
substantially equal to the first voltage (V¢); and

- an additional comparator (1207") configured to
generate a second output signal (Veur') based on the
comparison between said second voltage and a second
threshold (Vs') different from the first threshold;

and wherein the logic unit (26) 1is configured to

control the second injector (9) based on the first and on
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the second output signals.
14. A system comprising:

— the control device (505) according to claim 10; and

— the injection system (3, o6, 7, 8, 9, 12, 14);

and wherein the first injector (7) 1is configured so
that, when it receives the driving signal, a current (I)
that varies according to a timing depending on a third time
constant (t1i,1) passes through the first injector; and

wherein the first time constant Tmn falls within the range

[0.5%T:,1 — 2*7T:i,1], where Ti,1 indicates said third time
constant.
15. Method for determining an estimation of an

injection time in an injection system (100) couplable to a
combustion chamber (11) and comprising a first injector (7;
7TA) and a control unit (3), the first injector being
couplable to the control unit (3) so as to receive a
driving signal (Vy, V-) generated by the control unit and
inject, 1in response, a first fuel 1into the combustion
chamber during a time interval having a duration equal to
said injection time (ti);

said method comprising the steps of:

- coupling to the injection system a first capacitor
(110), so that said first capacitor is subjected to a first
voltage (V¢) that depends on the driving signal; and

- coupling to the injection system a comparator circuit
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(120), so that it generates a first output signal (Vout)
based on the comparison between said first voltage (Ve¢) and
at least a first threshold (Vs), said first output signal
being indicative of said injection time.

16. Method according to claim 15, wherein the control
unit (3) comprises a first and a second node (20, 21) and
is configured to generate a first and a second electrical
signal (Vs, V-.), respectively on the first and on the
second node, said driving signal being based on the first
and second electrical signals; and wherein the first
injector (7; 7A) has a first and a second terminal;

said method further comprising the steps of:

- connecting the first capacitor (110) and a first
resistor (105) between said first and second node, so that
they are interposed between the first and second terminal
of the first injector and the first and second node of the

control unit.
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