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(54) Device for driving an injector in an internal combustion engine

(57) A device for driving an injector (2) in an internal
combustion engine (3) in which a current wave (Iinj)
which is variable over time, which comprises an initial
section (T1, T2, T3) substantially of a pulse type and
having a relatively high current intensity (Iinj), an inter-

mediate section (T4) during which the current intensity
(Iinj) is rapidly reduced to substantially zero values and
a final section (T5) having a substantially constant and
relatively low current intensity (Iinj), is caused to circu-
late through a control circuit (4) of the injector (2).
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Description

[0001] The present invention relates to a device for
driving an injector in an internal combustion engine, and
in particular for driving an injector of a direct petrol in-
jection system, to which the following description will
make explicit reference without, however, departing
from its general nature.
[0002] Petrol engines provided with direct fuel injec-
tion, i.e. engines in which the petrol is injected directly
into the cylinders by appropriate injectors, each of which
is normally disposed in the port of a respective cylinder
and is current-driven by a driving device, have recently
been introduced into the market.
[0003] Known driving devices are adapted to cause a
current wave which is variable over time, which has an
initial section substantially of a pulse type and having a
relatively high current intensity, and a final section hav-
ing a substantially constant and relatively low current
intensity, to circulate via an injector control circuit.
[0004] Known driving devices of the type described
above are not able accurately to implement small injec-
tion times, i.e. having a very short final section (typical
of the idling of the engine) because of the high energy
stored in the inductive components of the control circuit
of the injector during the above-mentioned initial section
substantially of a pulse type and having a relatively high
current intensity; this stored energy often prevents ef-
fective closure of the injector at the end of the final cur-
rent section, and prolongs the opening of the injector for
a certain time interval after the end of this final current
section.
[0005] DE-19746981-A1 discloses a method of driv-
ing a magnetic fuel injection valve for an internal com-
bustion engine; the method involves discharging the
charge stored in a storage device into the injection valve
at the start of the drive process and increasing the
charge by recharging between two injections. The injec-
tion process is divided into at least a first and a second
partial injection process, and between two partial injec-
tions recharging is interrupted or stopped when certain
conditions prevail.
[0006] The object of the present invention is to provide
a device for driving an injector in an internal combustion
engine which is free from the drawbacks described
above and which is, moreover, simple and economic to
embody.
[0007] The present invention therefore relates to a de-
vice for driving an injector in an internal combustion en-
gine as claimed in claim 1.
[0008] The present invention will now be described
with reference to the accompanying drawings, which
show some non-limiting embodiments thereof, in which:

Fig. 1 is a diagrammatic view of the control device
of the present invention;
Fig. 2 is a diagrammatic view of an actuation circuit
of the control device of Fig. 1;

Fig. 3 shows the time curve of some electrical mag-
nitudes characteristic of the circuit of Fig. 2;
Fig. 4 shows the time curve of some electrical mag-
nitudes characteristic of the device of Fig. 1;
Fig. 5 is a diagrammatic view of a variant of the ac-
tuation circuit of Fig. 2;
Fig. 6 shows the time curve of some electrical mag-
nitudes characteristic of the circuit of Fig. 5;
Fig. 7 shows the time curve of some electrical mag-
nitudes characteristic of the circuit of Fig. 2 in a dif-
ferent embodiment alternative to that of Fig. 3.

[0009] In Fig. 1, a device for the control of four injec-
tors 2 of known type (shown in Fig. 1 as INJECTOR1,
INJECTOR2, INJECTOR3, INJECTOR 4) of an internal
combustion engine 3 (shown diagrammatically) provid-
ed with four cylinders (not shown) disposed in line is
shown overall by 1. Each injector 2 is provided at the
location of the port of a respective cylinder (not shown)
of the engine 3 in order directly to inject a predetermined
quantity of petrol into this cylinder.
[0010] As shown in Fig. 2, each injector 2 is current-
driven and is provided with a control circuit 4 provided
with a pair of terminals 5 and 6; in order to actuate an
injector 2 it is necessary to cause an electric current of
predetermined intensity to circulate through the respec-
tive control circuit 4. It has been observed in experimen-
tal tests that the control circuit 4 of each injector 2 com-
prises electrical components of inductive and of resis-
tive type. The flow of petrol injected by each injector 2
during its opening phase is substantially constant and
therefore the quantity of petrol injected by the injector 2
into the respective cylinder (not shown) is directly pro-
portional to the opening time of this injector 2.
[0011] The control device 1 is supplied by a battery 7
of the engine 3 and comprises a control unit 8, which is
provided with a control member 9, a converter 10 sup-
plied by the battery 7, a safety member 11 and a power
stage 12.
[0012] The control unit 9 dialogues with a control unit
13 (typically a microprocessor) of the engine 3 in order
to receive the desired opening time value Tinj (directly
proportional to the desired value of the quantity of fuel
to be injected) and the injection start time from this con-
trol unit 13 for each injector 2 and for each engine cycle.
On the basis of the data received from the control unit
13, the control member 9 controls the power stage 12
which actuates each injector 2 by causing a predeter-
mined electric current Iinj (variable over time) to circu-
late through the respective control circuit 4 by applying
a voltage Vinj (variable over time) to the heads of the
corresponding terminals 5 and 6.
[0013] The power stage 12 receives the control sig-
nals from the control member 9 and is supplied both di-
rectly from the battery 7 with a voltage Vbatt nominally
equal to 12 Volt, and from the converter 10 with a voltage
Vtank nominally equal to 80 Volt. The converter 10 is a
d.c.-d.c. converter of known type which is able to raise

1 2



EP 1 473 453 A2

3

5

10

15

20

25

30

35

40

45

50

55

the voltage Vbatt of the battery 7 to the voltage Vtank of
80V.
[0014] The safety member 11 is able to dialogue with
both the control member 9 and the power stage 12 so
as to verify, using methods described below, the correct
actuation of the injectors 2.
[0015] As shown in Fig. 2, the power stage 12 com-
prises, for each injector 2, a respective drive circuit 14
which is connected to the terminals 5 and 6 of the re-
spective control circuit 4 and is controlled by the control
member 9 in order to cause a predetermined electric
current Iinj to circulate through this control circuit 4.
[0016] Each drive circuit 14 comprises a transistor 15
controlled by the control member 9 and adapted to con-
nect the terminal 5 of the respective control circuit 4 to
an intermediate terminal 16 which is connected to the
voltage Vbatt of the battery 7 via a non-return diode 17
and is connected to the voltage Vtank of the converter
10 via a transistor 18 controlled by the control member
9. Each drive circuit 14 further comprises a transistor 19
controlled by the control member 9 and adapted to con-
nect the terminal 6 of the respective control circuit 4 to
a common earth 20, and two recirculation diodes 20 and
22 connected respectively between the terminal 5 and
the earth 20 and between the terminal 6 and the inter-
mediate terminal 16. According to a preferred embodi-
ment shown in Fig. 2, the transistors 15, 18, 19 are of
MOS type.
[0017] A shunt resistor 23 provided with a measure-
ment terminal 24 is inserted between the transistor 19
and the earth 20; by measuring the voltage at the termi-
nals of the resistor 23 (i.e. the voltage existing between
the measurement terminal 24 and the earth 20) it is pos-
sible to measure the intensity of the current Iinj when
the transistor 19 is conducting. According to a further
embodiment (not shown), the shunt resistor 23 is con-
nected directly to the terminal 6 in order continuously to
measure the intensity of the current Iinj. According to a
further embodiment (not shown), the shunt resistor 23
is connected upstream of the transistor 19 rather than
downstream of the transistor 19 as shown in Fig. 2.
[0018] As shown in Figs. 2 and 3, an injection phase
of an injector 2 is described below with particular refer-
ence to the time curve of the current Iinj circulating via
the terminals 5 and 6 of the respective control circuit 4
and the time curve of the voltage Vinj at the heads of
these terminals 5 and 6.
[0019] Initially, the transistors 15, 18 and 19 are all
deactivated, the control circuit 4 is isolated, the current
Iinj has a zero value and the injector is closed.
[0020] To start the injection phase, the transistors 15,
18 and 19 are simultaneously caused to conduct, then
the terminal 5 is connected to the voltage Vtank via the
transistors 15 and 18, the terminal 6 is connected to the
earth 20 via the transistor 19 and the voltage Vinj is
equal to Vtank. In these conditions, the current Iinj in-
creases rapidly for a time T1 up to a peak value Ip and
the injector 2 opens and starts to inject petrol.

[0021] When the current Iinj reaches the value Ip, a
current control (which uses the measurement of the cur-
rent Iinj performed using the resistor 23) maintains the
current Iinj within an amplitude range ∆Ip centred on a
mean value Ipm for a time T2 by acting on the control
of the transistor 19 which switches cyclically between a
conducting state and a deactivated state. During the
conducting state of the transistor 19, the terminal 5 is
connected to the voltage Vtank via the transistors 15
and 18, the terminal 6 is connected to the earth 20 via
the transistor 19, the voltage Vinj is equal to Vtank and
the value of Iinj increases; whereas during the deacti-
vated state of the transistor 19, the recirculation diode
22 starts to conduct and short-circuits the terminals 5
and 6 via the transistor 15, the voltage Vinj is zero and
the value of Iinj decreases. The intensity of the current
Iinj is measured only when the transistor 19 is conduct-
ing, since the measurement resistor 23 is disposed up-
stream of the transistor 19; however, the time constant
of the control circuit 4 is known and constant, and there-
fore the control member 9 is able to calculate when the
current Iinj reaches the lower limit (Ipm-∆Ip/2) and the
transistor 19 must be caused to conduct again.
[0022] After the current Iinj has remained substantial-
ly at the value Ip for the time T2, the control member 9
causes the transistors 15 and 19 to continue to conduct
and deactivates the transistor 18, and therefore the ter-
minal 5 is connected to the voltage Vbatt via the tran-
sistor 15 and the diode 17, the terminal 6 is connected
to the earth 20 via the transistor 19 and the voltage Vinj
is equal to vbatt. In these circumstances, the current Iinj
drops slowly for a predetermined time T3 to a value IpF;
at this point the control member 9 simultaneously deac-
tivates all three transistors 15, 18 and 19 and, as a result
of the current Iinj that cannot be instantaneously can-
celled out, the recirculation diode 21 and, in an inverse
manner, the transistor 18 start to conduct, with the result
that the terminal 5 is connected to the earth 20 via the
recirculation diode 21, the terminal 6 is connected to the
voltage Vtank via the recirculation diode 22 and the tran-
sistor 18, the voltage Vinj is equal to -Vtank and the cur-
rent Iinj decreases rapidly.
[0023] It should be noted that the transistor 18 starts
to conduct in an inverse manner as a result of the char-
acteristics of the MOS junction, which has a parasitic
diode disposed in parallel with this junction and adapted
to be biased in an inverse manner with respect to the
junction.
[0024] After a time T4 sufficient substantially to cancel
out the current Iinj, the control member 9 brings to and
maintains the current Iinj substantially at a value Im
causing the transistor 15 to continue to conduct and act-
ing on the control of the transistor 19 which switches
cyclically between a conducting state and a deactivated
state. In this situation, the transistor 19 is current-driven
to maintain the current Iinj within an amplitude range
∆Im centred on Im for a time T5 according to the meth-
ods described above. At the end of the time T5, all the
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transistors 15, 18 and 19 are deactivated and the current
Iinj rapidly returns to zero according to the methods de-
scribed above.
[0025] Once the current Iinj returns to zero and re-
mains at a zero value for a predetermined time, the in-
jector 2 closes and stops injecting petrol. As clearly
shown in Fig. 3, the sum of the times T1, T2, T3, T4, T5
is equal to the total injection time Tinj, i.e. to the total
time during which the injector 2 remains open.
[0026] It will be appreciated from the above that dur-
ing the injection phase, the control circuit 4 is traversed
by a current wave which is variable over time and com-
prises an initial section (corresponding to the time inter-
vals T1, T2 and T3) which is substantially of a pulse type
and has a relatively high current intensity Iinj equal to
the peak value Ip, an intermediate section (correspond-
ing to the time interval T4) during which the current in-
tensity Iinj is rapidly reduced to substantially zero values
and a subsequent final section (corresponding to the
time interval T5) which has a relatively low current in-
tensity Iinj equal to a value Im.
[0027] The initial section of the current wave Iinj com-
prises a first part (corresponding to the time interval T1),
in which the intensity of the current Iinj increases rapidly
to the value Ip, a second part (corresponding to the time
interval T2), in which the intensity of the current Iinj is
maintained substantially constant and equal to the value
Ip, and a third part (corresponding to the time interval
T3) in which the intensity of the current Iinj progressively
diminishes.
[0028] The initial section of pulse type is character-
ised by a rapid increase of the intensity of the current
Iinj to high values and is necessary to ensure rapid
opening of the injector 2; in order rapidly to open the
injector 2 a high force (proportional to the square of the
current intensity Iinj) is needed so that mechanical iner-
tia and both static and dynamic friction can be rapidly
overcome. Once open, the injector 2 needs a relatively
low force to remain open and therefore during the final
phase the current Iinj is maintained at the relatively low
value Im.
[0029] During the intermediate phase, the current is
cancelled out for an extremely short period which is not
sufficient to allow the injector 2 to close again as a result
of the system's mechanical inertia; the current Iinj needs
to be cancelled out to discharge the energy accumulat-
ed during the initial phase in the inductances of the con-
trol circuit 4. In this way, even when the time T5 is ex-
tremely low, i.e. when the total injection time Tinj is small
(typically during idling), the injector 2 closes again ex-
actly at the end of the time T5 and does not remain open
for a longer time as a result of the energy stored in the
inductances during the initial phase.
[0030] It will be appreciated from the above that the
current Iinj is maintained substantially constant (less a
tolerance equal to ∆Ip/2 and ∆Im/2) during the time in-
tervals T2 and T5 using a "chopper" technique, i.e. by
applying a positive voltage (Vtank or Vbatt) and a zero

voltage cyclically to the heads of the control circuit 4 (i.
e. between the terminals 5 and 6). This control tech-
nique has major advantages as it makes it possible ex-
tremely accurately to maintain the desired current value
(Ip or Im) and at the same time to reduce overall dissi-
pation losses to a minimum.
[0031] According to a different embodiment shown in
Fig. 7 (which shows the time curves of the current Iinj
circulating through the terminals 5 and 6 of the respec-
tive control circuit 4 and the time curve of the voltage
Vinj at the heads of these terminals 5 and 6), the first
part (corresponding to the time interval T1) of the above-
mentioned initial section of the current wave Iinj com-
prises an initial portion (corresponding to the time inter-
val T1a) in which the current Iinj is maintained substan-
tially constant and equal to a contained value (generally
lower, and in particular equal to approximately half of
the value Im) using a "chopper" technique (known and
described above), and a final portion (corresponding to
the time interval T1b) in which the current Iinj is caused
rapidly to rise to relatively high values (of the order of
magnitude of double the value Ipm) by applying the volt-
age Vtank uninterruptedly to the heads of the control cir-
cuit 4 (i.e. between the terminals 5 and 6).
[0032] It should be noted that the voltage Vbatt of the
battery 7 is equal to 12V, while the voltage Vtank of the
converter 10 has a nominal value preferably of between
60 and 90V; moreover, the actual value of the voltage
Vtank of the converter 10 may decrease with respect to
the initial nominal value during the driving of an injector
2 as a result of the load effect due to the respective con-
trol circuit 4.
[0033] Cyclically, the control unit 13 requests a verifi-
cation of the actual injection times Tinjeff of the injectors
2 from the safety member 11, so as to check whether
each injector 2 is injecting exactly (less a certain toler-
ance obviously) the quantity of petrol calculated by the
control unit 13 on the basis of commands received from
a driver and on the basis of the operating conditions of
the engine 3 into the respective cylinder (not shown).
This check is extremely important as in direct petrol in-
jection engines the torque generated depends directly
on the quantity of petrol injected (and therefore on the
actual injection time Tinjeff) and an incorrect driving of
the injectors 2 may cause the engine 3 to generate a
drive torque which is much higher than the drive torque
desired by the driver which would obviously be hazard-
ous for the driver.
[0034] In order to conduct a check of compliance with
the desired injection times Tinj, the control unit 13 sends
a request to the safety member 11 together with the de-
sired injection time values Tinj for each injector 2 in the
subsequent engine cycle; the safety member then
measures in sequence the actual injection times Tinjeff
of all the injectors 2 and, once these measurements
have been completed, compares each actual injection
time value Tinjeff with the respective desired injection
time value Tinj which has been calculated previously by
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the control unit 13.
[0035] Depending on the result of the comparison be-
tween each actual injection time value Tinjeff and the
respective desired injection time value Tinj, the control
member 11 decides whether or not to generate an error
signal. According to a preferred embodiment, the error
signal is generated if, for one injector 2 at least, the dif-
ference between the desired injection time value Tinj
and the actual injection time value Tinjeff is outside a
predetermined acceptability range. According to a fur-
ther embodiment, the error signal is generated on the
basis of a combination of the results of the comparisons
between the actual injection time values Tinjeff and the
desired injection time values Tinj of all the injectors 2.
[0036] According to a preferred embodiment, the ac-
tual injection time Tinjeff of an injector 2 is calculated
both by detecting the intensity of the current Iinj passing
through the respective control circuit 4 and by detecting
the control signal of the respective transistor 15 (as the
main transistor of the relative drive circuit 14). According
to a further embodiment, the actual injection time Tinjeff
of an injector 2 is calculated either by detecting the in-
tensity of the current Iinj passing through the respective
control circuit 4 or by detecting the control signal of the
respective transistor 15. According to a further embod-
iment, the actual injection time Tinjeff of an injector 2 is
calculated both by detecting the intensity of the current
Iinj passing through the respective control circuit 4 and
by detecting the control signal of all the transistors 15,
18 and 19 of the relative drive circuit 14.
[0037] Fig. 4 shows, for each injector 2, an example
of the wave shape of the intensity of the current Iinj and
of the control signal of the respective transistor 15 during
a control cycle performed by the safety member 11. At
the moment Tstart, the control unit 13 sends the request
to perform a control cycle to the safety member 11; at
this point, the safety member 11 disregards the injection
pulses already under way (INJECTOR1 and
INJECTOR4) and measures the actual injection time
Tinjeff for each injector 2 during the subsequent injection
pulses.
[0038] According to a further embodiment shown in
Fig. 5, a drive circuit 14 is adapted to drive two injectors
2 (for instance, as shown in Fig. 5, INJECTOR1 and
INJECTOR4) using two transistors 19 (shown in Fig. 5
by 19a and 19b and associated with INJECTOR1 and
INJECTOR4 respectively), each of which connects a re-
spective terminal 6 to the earth 20. In this way, it is pos-
sible to use a smaller number of overall components as
the transistors 15 and 18 of each drive circuit 14 are
shared by the control circuits 4 of two different injectors
2.
[0039] The operation of the drive circuit 14 of Fig. 5 is
completely identical to the above-described operation
of the drive circuit 14 of Fig.2; obviously, the transistor
19a is controlled to open the injector INJECTOR1, while
the transistor 19b is controlled to open the injector
INJECTOR4.

[0040] During the main injection phase of an injector
(for instance INJECTOR1), the drive circuit 14 shown in
Fig. 5 also makes it possible to carry out a secondary
injection of the other injector (INJECTOR4); as is
known, this secondary injection is adapted to regener-
ate a catalyst device (known and not shown) disposed
on an exhaust (not shown) of the engine 3 by desul-
phurising this catalyst device by means of the tempera-
ture increase due to the combustion in the catalyst de-
vice of the petrol injected with the secondary injection.
[0041] The secondary injection of an injector (for in-
stance INJECTOR4) is carried out simply by causing the
relative transistor 19 (19b for INJECTOR4) to conduct;
according to further embodiments, the secondary injec-
tion may be carried out by keeping the transistor 18 con-
stantly deactivated (Fig. 6b) or by causing the transistor
18 to conduct (Fig. 6a). The difference between the two
solutions lies in the fact that in one case (transistor 18
constantly deactivated), the current wave Iinj of the sec-
ondary injection has a gentler pulse (and therefore slow-
er and less accurate opening) as it is generated by a
voltage vinj equal to Vbatt and, in the other case (tran-
sistor 18 initially caused to conduct), the current wave
Iinj of the secondary injection has a much steeper pulse
as it is generated by a voltage Vinj equal to Vtank.
[0042] As shown in Fig. 6a, even when the transistor
18 is caused to conduct to initiate the secondary injec-
tion (INJECTOR4), the current Iinj of the main injection
(INJECTOR1) does not suffer variations of intensity with
respect to the preceding regime as the transistor 19 is
current controlled; when the transistor 18 is caused to
conduct, the steepness of the rising edge of the current
Iinj increases as a result of the increased driving voltage
and the current control increases the rapidity of switch-
ing in order always to maintain the current Iinj within the
range ∆Im, centred on Im.
[0043] Lastly, as shown in Fig. 6a, the above-de-
scribed intermediate section of cancelling out of the cur-
rent Iinj by deactivating the transistors 15, 18 and 19b
can also be carried out for the secondary injection
(INJECTOR4); in this case the current Iinj of the main
injection (INJECTOR1) suffers a momentary, but not
particularly high, downturn as the transistor 19a of the
main injection (INJECTOR1) continues to conduct.
[0044] According to a preferred embodiment, the
power stage 12 is formed as modules (not shown); in
particular it comprises a first module provided with the
transistors 15 and 18 and the diodes 17 and 20 and a
second module provided with the transistor 19, the di-
ode 21 and the resistor 23. In order to provide a drive
circuit 14 of the type shown in Fig. 2 for controlling a
single injector 2, a first and a second module are con-
nected together, while in order to provide a drive circuit
14 of the type shown in Fig. 5 for the control of two in-
jectors 2, a first and a pair of second modules are con-
nected together.
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Claims

1. A device for driving an injector (2) in an internal
combustion engine (3), the injector (2) comprising
a control circuit (4) provided with a first and a sec-
ond terminal (5; 6) and the device (1) comprising an
actuator circuit (14) adapted to cause a current
wave (Iinj) which is variable over time, which com-
prises an initial section (T1, T2, T3) having a rela-
tively high current intensity (Iinj) and a subsequent
final section (T5) having a relatively low current in-
tensity (Iinj) to circulate through a control circuit (4)
of the injector (2), the device being characterized
in that the actuator circuit (14) comprises first tran-
sistor means (15, 18) for connecting the first termi-
nal (5) to a voltage generator (7; 10), second tran-
sistor means (19) for connecting the second termi-
nal (6) to an earth (20) of the voltage generator (7;
10) and recirculation diodes (21; 22) enabling the
discharge of the inductances of the control circuit
(4).

2. A device as claimed in claim 1, in which the first tran-
sistor means (15) comprise a pair of transistors (15,
18) for selectively connecting the first terminal (5)
to a first and a second voltage generator (7; 10),
which are able to generate a first and a second volt-
age value different from one another.

3. A device as claimed in claim 2, in which the first volt-
age generator (7) a battery generating the first volt-
age substantially equal to 12V; the second voltage
generator (10) is a d.c-d.c. converter, which is at-
tached to the battery (7) and generates the second
voltage between 60 and 90V.

4. A device as claimed in claim 2 or 3, in which a first
recirculation diode (21) connects the first terminal
(5) to the earth (20) and a second recirculation di-
ode (22) connects the second terminal (6) to the
voltage generator (7; 10).

5. A device as claimed in one of claims 1 to 4, in which
the transistors (15, 18, 19) are of MOS type.

6. A device as claimed in one of claims 1 to 5, and
adapted also to drive a further injector (2) compris-
ing a respective control circuit (4) provided with a
first and a second terminal (5; 6), the first terminal
(5) of the further injector (2) being connected to the
first terminal (5) of the injector (2) and the actuator
circuit (4) comprising second transistor means
(19b) for connecting the terminal (6) of the further
injector (2) to the earth (20).

7. A device as claimed in one of claims 1 to 6, in which
the actuator circuit (14) is formed by connecting at
least two modules, the first of which comprises the

first transistor means (15; 18) and the second of
which comprises the second transistor means (19).

8. A device as claimed in one of claims 1 to 7, in which
are provided control means for rapidly reducing the
current intensity (Iinj) to substantially zero values
during an intermediate section (T4) between the
first and second sections (T1, T2, T3; T5).
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