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(57) Abréegée/Abstract:
An apparatus Is described for actuating at least one piezoelectric actuating drive (1) of an Injection nozzle for an Internal

combustion engine, comprising a control device (6) which cyclically actuates a charging circuit and a discharging circuit (2, 3) of
the piezoelectric actuating drive (1) . In order to enable a power-increasing actuation of the piezoelectric actuating drive (1) it Is
proposed that a capacitive equivalent load (9), which Is connected to a charging stage (13) and electrically simulates the
piezoelectric actuating drive (1), and an additional discharging stage (/) for piezoelectric actuating drive (1) and a changeover
switch (8) which can be actuated by a control circuit (11) are provided, which switch connects the equivalent load (9) or the
plezoelectric actuating drive (1) to the discharging circuit (3) which Is controlled via the control device (6), and that after it has been
decoupled from the discharging circuit (3) the piezoelectric actuating drive (1) can be discharged with a delay, via the additional
discharging stage (/) which can be actuated by the control circuit (11), depending on at least one parameter which changes with

the loading of the Internal combustion engine.
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ABSTRACT OF THE DISCLOSURE

An apparatus for actuating at least one piezoelectric actuating
drive of an injection nozzle for an internal combustion engine

An apparatus is described for actuating at least one piezoelectric actuating
drive (1) of an injection nozzle for an internal combustion engine, comprising a
control device (6) which cyclically actuates a charging circuit and a discharging
circuit (2, 3) of the piezoelectric actuating drive (1) . In order to enable a power-
increasing actuation of the piezoelectric actuating drive (1) it is proposed that a
capacitive equivalent load (9), which is connected to a charging stage (13) ana
electrically simulates the piezoelectric actuating drive (1), and an additional dis-
charging stage (7) for piezoelectric actuating drive (1) and a changeover switch
(8) which can be actuated by a control circuit (11) are provided, which switch
connects the equivalent load (9) or the piezoelectric actuating drive (1) to the
discharging circuit (3) which is controlled via the control device (6), and that af-
ter it has been decoupled from the discharging circuit (3) the piezoelectric actu-
ating drive (1) can be discharged with a delay, via the additional discharging
stage (7) which can be actuated by the control circuit (11), depending on at
least one parameter which changes with the loading of the internal combustion

engine.

(Fig. 1)
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An apparatus for actuating at least one piezoelectric actuating
drive of an injection nozzle for an internal combustion engine

1. Field of the Invention

The invention relates to an apparatus for actuating at least one piezoelectric
actuating drive of an injection nozzle for an internal combustion engine, com-
prising a control device which cyclically actuates a charging circuit and a dis-

charging circuit of the piezoelectric actuating drive.

2. Description of the Prior Art

Injection nozzles for internal combustion engines with piezoelectric actuating
drives for actuating the jet needles are characterized by very short switching
times, so that the fuel quantities injected into the combustion chamber can be
controlled on the basis of program depending on the load of the internal com-
bustion engine. For this purpose, the piezoelectric elements of the actuating
drives, which elements are arranged behind one another in the manner of a
stack, are charged via a charging circuit and discharged via a discharging cir-
cuit, leading to an opening and closing of the injection nozzles. The time se-
guence of the charging and discharging process is ensured with the help of a
control device which triggers the charging and discharging process accordingly,
which usually occurs depending on the saved characteristic maps for the re-
spective loads of the internal combustion engine, so that the control program
determines the fuel quantity injected into the combustion chamber through the

opening times of the injection nozzles and thus also the power of the internal
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combustion engine to a certain extent. In order to increase the injected fuel quantity
for increasing power in a dependent manner, the opening times of the injection
nozzles would have to be extended accordingly, thus requiring a massive intervention
In the control program of the control device for charging and discharging the

piezoelectric actuating drives.

SUMMARY OF THE INVENTION

Some embodiments of the invention may provide an apparatus of the kind mentioned
above for actuating at least one piezoelectric actuating drive of an injection nozzle for
an internal combustion engine in such a way that an increase in power for the internal
combustion engine can be achieved with comparatively simple means without having
to intervene in the control program of the control device for charging and discharging

the piezoelectric actuating drives.

Some embodiments of the invention are such that a capacitive equivalent load, which
IS connected to a‘charging stage and electrically simulates the piezoelectric actuating
drive, and an additional discharging stage for piezoelectric actuating drive and a
changeover switch which can be actuated by a control circuit are provided, which
switch connects the equivalent load or the piezoelectric actuating drive to the
discharging circuit which is controlled via the control device, and that after it has been
decoupled from the discharging circuit the piezoelectric actuating drive can be

discharged with a delay, via the additional discharging stage which can be actuated
by the control circuit, depending on at least one parameter which changes with the

loading of the internal combustion engine.

Since as a result of this measure in the case of a po.wer—increasing' extension of the
opening intervals of the'injection nozzies the provided control device for the -,‘
plezoelectric actuating drives of the injection nozzles are switched over to capacitive

equivalent loads which electrically simulate said piezoelectric actuating
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drives, the equivalent loads can be discharged by the control device instead of
the piezoelectric actuating drives, so that input variables are obtained for the
control device as would be present without any increase in power. It is there-
fore not necessary to intervene in the control sequence of the control device.
The actuation of the piezoelectric actuating drives for power-increasing exten-
sion of the opening intervals of the injection nozzles occurs via a separate con-
trol circuit which, when necessary, not only switches over the discharging cir-
cuit controlled by the control device for the respective piezoelectric actuating
drive with the help of a changeover switch to the charged equivalent load, but
also connects the piezoelectric actuating drive to an additional discharging

stage in-order to discharge the same in a delayed manner and to thus ensure a
respective extension of the injection interval of the injection nozzle. The exten-
sion time depends on parameters changing with the loading of the internal
combustion engine, as is known per se In power-increasing extensions of the
injection interval. The control circuit is used to actuate the additional discharg-
iIng stages for the piezoelectric actuating drives based on a program depending
on such parameters on which a respective power increase is made dependent
and which trigger the control circuit. The charging of the piez.oelectric actuating
drives after its discharge occurs principally via the charging circuit actuated by
the control device. The charging of the equivalent loads is usually made via a
separate charging stage, which is not mandatofy however. '

In order to ensure that the equivalent loads are connected via the changeover ‘
switch with the discharging circuit before the actuation of the discharging circuit
by the control device, the control circuit can actuate the changeover switch de-
pending on the voltage characteristic of a preceding actuation cycle. It can be
assumed that in directly successive actuation cycles there are no substantial
changes concerning the voltage characteristics, so that on the basis of the volt-
age characteristic of a preceding actuation cycle it is possibie to ensure a
timely changeover of the discharging circuit which is actuated by the control '

device to the equivalent load.
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According to another embodiment of the invention, there is provided an apparatus for
actuating at least one piezoelectric actuating drive of an injection nozzle for an
iInternal combustion engine, comprising a control device which cyclically actuates a
charging circuit and a discharging circuit of the piezoelectric actuating drive; wherein
a capacitive equivalent load, which is connected to a charging stage and electrically
simulates the piezoelectric actuating drive, and an additional discharging stage for
piezoelectric actuating drive and a changeover switch which can be actuated by a
control circuit are provided, which switch connects the equivalent load or the
piezoelectric actuating drive to the discharging circuit which is controlled via the
control device, and wherein after it has been decoupled from the discharging circuit
the piezoelectric actuating drive can be discharged with a delay, via the additional
discharging stage which can be actuated by the control circuit, depending on at least

one parameter which changes with a loading of the internal combustion engine.
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BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the invention is shown by way of example in the drawings,

wherein:

Fig. 1 shows an apparatus in accordance with an embodiment of the invention
for actuating at least one piezoelectric actuating drive of an injection nozzle for

an internal combustion engine in a schematic block diagram;

Fig. 2 shows an illustration corresponding to Fig. 1 of an embodiment of an ap-
paratus in accordance with the invention, and |

Fig. 3 shows the voltage and current progression during an actuating cycle of a
piezoelectric actuating drive.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

According to Fig. 1, the piezoelectric actuating drive 1 for an injection nozzle of
an internal combustion engine is charged via a charging .c,ircuit 2 and dis-
charged through a discharging circuit 3, with the charging circuit 2 and the dis-
charging circuit 3 being actuated via control switch 4, 5 by a control device 6.
The injection nozzle is opened with the charging of the piezoelectric actuating
drive 1 by closing the control switch 4 and it is kept open until the piezoelectric
actuating drive 1 is discharged via discharging circuit 3 by actuating the perti-
nent control switch 5. As is shown in Fig. 3, a voltage u builds up in the piezo-
electric actuating drive 1 during the charging, which drops again upon discharg-
ing. Accordingly, a charging current ii flows via the charging circuit 2-during the
build-up of the voltage u on the piezoelectric drive 1 and a discharging current
i which flows in the opposite direction to charging current i_ during the voltage
drop. In the illustrated injection interval of an injection nozzle, a pilot injection is

obtained during the interval t;, a main injection during interval t; and an after-
injection of fuel during an interval t;. If power is to be increased when neces-
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sary, the interval t; for the main injection is increased by an interval t, which re-
quires a time-delayed discharge of the piezoelectric actuating drive 1, as can
be seen from the progression of voltage u on the piezoelectric drive 1, as has

been added by hand with the broken line.

In order to ensure such an extension of the main injection by interval t, the con-
trol device 6 is not reprogrammed concerning the actuation of the control switch
5 for the discharging circuit 3, but instead the piezoelectric actuating drive 1 is
discharged via a separate discharging stage 7. For this purpose, a changeover
switch 8 Is provided which switches the discharging circuit 3 from the piezo-
electric actuating drive 1 to a capacitive equivalent load 9 which electrically
simulates the piezoelectric actuating drive 1, so that after the changeover of the
changeover switch 8 it is not the discharging actuating drive 1 which iIs dis-
charged but the equivalent load 9 via the discharging circuit 3 without having to
iIntervene In the control of the discharging circuit 3 by the control device 6. The
discharging current i of the equivalent load 9 flowing via the discharging circuit

3 corresponds to the discharging current of the piezoelectric actuating drive 1.

The plezoelectric actuating drive 1 i1s discharged delayed by interval t via the
discharging stage 7 in comparison with its actuation via the control device 6,
such that the control swiich 10 of said discharging stage 7 is actuated by an
additional control circuit 11 which is supplied with selected parameters chang-
iIng with the loading of the internal combustion engine such as the speed of the
iInternal combustion engine, the accelerator pedal position and the boost pres-
sure. The actuation of the control circuit 11 with at least one of these parame-
ters is indicated by the input arrow 12. Based on the control program underlying
the control circuit 11, 1t is determined depending on the applied parameters

whether a power increase Is to be made. If this is the case, the changeover

switch 8 is triggered by the control circuit 11 after the charging of the piezoelec-
tric actuating drive 1 via the charging circuit 2, so that the control device 6 is
made to believe that there Is a proper discharging of the piezoelectric actuating

drive 1 by a discharging of the equivalent load 9 while the discharging of the
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piezoelectric actuating drive 1 is made in a time-delayed manner via the addi-
tional discharging stage 7. Aftef the discharging of the piezoelectric actuating
drive 1 via the discharging stage 7, the changeover switch 8 needs to be
changed over again by the control circuit 11 in order to ensure the charging of
‘the piezoelectric actuating drive 1 via the charging circuit 2 actuated by the
control device 6. After the discharging of the equivalent load 9, it needs to be
charged again, which is achieved through a chargihg stage ‘13, whose control
switch 14 is triggered by the control Circuit 11. ' '

In order to prevent that an actuation of the changeover switch 8 occurs after the
triggering of the control switch 5 for the discharging circuit 3, a detector 15 is
provided for the voltage u applied to the piezoelectric actuating drive 1 and the
equivalent load 9. Since the control circuit 11 is connected wi{h said detector 15,
the voltage curve of the respective actuation cycles can be monitored via the
control circuit 11 and it is possible to estimate interval t, on the basis of a pre-

ceding actuation cycle in order to enable making the changeover of the
changeover switch 8 within said interval t,.

In many cases, the individual piezoelectric actuating drives 1 .are each selected
by the control device 6 via the individual control switches 16, as is shown in Fig.
2. In such a case, the equivalent load 9 must also be provided with a respective
control switch 17, so that the input variables for the contro! device 6 will remain
the same after the changeover of the discharging circuit from the respective
piezoelectric actuating drive 1 to the pertinent equivalent load. This means that
a respective changeover device 18 also needs to be provided for the control
switch 16 and 17, which changeover device needs to be actuated via the con-
trol circ;uit 11 together with the changeover switch 8. In all othér respects, the
function of the apparatus does not change concerning the charging of the pie-
zoelectric actuating drive 1 via the charging circuit 2 and the discharging op-

tionally via the discharging circuit 3 or the discharging stage 7.
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CLAIMS:
1. An apparatus for actuating at least one piezoelectric actuating drive of

an injection nozzle for an internal combustion engine, comprising a control device
which cyclically actuates a charging circuit and a discharging circuit of the

piezoelectric actuating drive; wherein a capacitive equivalent load, which is
connected to a charging stage and electrically simulates the piezoelectric actuating
drive, and an additional discharging stage for piezoelectric actuating drive and a
changeover switch which can be actuated by a control circuit are provided, which
switch connects the equivalent load or the piezoelectric actuating drive to the
discharging circuit which is controlled via the control device, and wherein after it has
been decoupled from the discharging circuit the piezoelectric actuating drive can be
discharged with a delay, via the additional discharging stage which can be actuated
by the control circuit, depending on at least one parameter which changes with a

loading of the internal combustion engine.

2. The apparatus according to claim 1, wherein the control circuit actuates
the changeover switch depending on a curve of voltage applied to the equivalent load
of a preceding cycle.
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