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Metering Device 
Metering device, comprising 

- a housing (2) having a piezo actuator (1) placed in its interior space, 
- a hydraulic chamber (8), which is bordered by a separating element 
(4, 41, 42) on the primary side and a separating element (6, 61, 62) on 
the secondary side and is filled with a hydraulic liquid (14) and 
subdivides the interior space of the housing (2) into a fluid chamber 
(7) filled under pressure with a fluid (F) and a space for the piezo 
actuator (1), 
- a valve needle (5) in the fluid chamber (7), which is connected to 
the separating element (6, 61, 62) on the secondary side,  
- a hydraulic accumulator (10), which is filled with the hydraulic 
liquid (14) and has an exterior wall (101), which is at least partially 
flexible and is connected to the valve needle (5),  
- a throttled connecting line (9, 91, 92), connecting the hydraulic 
accumulator (10) to the hydraulic chamber (8), so that 
- a rapid movement of the piezo actuator (1) can be transferred 
hydraulically with transformation of the lift  to the separating element 
(6, 61, 62) on the secondary side and therefore to the valve needle (5) 
via the separating element (4, 41, 42) on the primary side and the 
hydraulic chamber (8) 
- a pressure (PT) in the hydraulic chamber (8) can be adjusted 
relatively slowly to a resulting pressure (PH) in the hydraulic 
accumulator (10) by means of a throttled connecting line (9, 91, 92), 
- opening and closing of a valve (16) for metered dispensing of a 
fluid (F) can be controlled by the movement of the valve needle (5). 
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Description 
 

The present invention relates to a device and a method for 
metering a fluid. 

Direct injection of fuel into the combustion chamber of an engine 5 
is an effective measure for achieving a further reduction in fuel 
consumption and exhaust emissions. A special combustion method 
that can be implemented only with a greatly improved fuel injector 
is required to avoid the disadvantages associated with direct 
injection. Therefore, due to the very short time for processing the 10 
fuel mixture, high-pressure injection of fuel, even repeatedly under 
some circumstances, is indicated to ensure adequate processing of 
the mixture and stratification of the charge in the combustion 
chamber. 

However, high-precision metering of a small amount of fuel at a 15 
high injection pressure using a conventional electromagnetic 
injector is possible only to a limited extent due to a comparatively 
slow response time, for example. Therefore, there is interest in 
using a very fast-switching actuator, e.g., a piezoelectric, 
electrostrictive or magnetostrictive actuator, for operation of a fuel 20 
injector. 

However, high demands are made of the metering device because 
of the given boundary conditions in integration of a piezoelectric 
drive instead of an electromagnetic drive. The following are often 
required, for example: 25 

 
- retaining the established designs as much as possible, 
- retaining a valve that opens inwardly, 
- increasing the piezoelectric lift by lengthening the lift, 
- sealing the piezo actuator with respect to the fluid to be 30 
metered, 
- functionality over a wide temperature range (e.g., 40°C to 
+150°C), 
- functionality over a wide range of injection pressures (e.g., 
0-250 bar in the case of a gasoline injector), 35 
- fail safety in a short circuit or a line break, 
- a lifetime of ≥ 2 • 109 actuations. 
 
So far there has not been a satisfactory solution to the problem 

points listed above, in particular for a high-pressure gasoline 40 
injector. 

US Patent 4,725,002 relates to a metering valve for metering 
liquids and gases, comprising a device only for damping and 
equalizing a thermal change in length of a piezo actuator. This 
device consists of a damping space and an equalizing space that are 45 
connected to one another by an annular gap. The damping space is 
arranged between a housing and a piezo actuator on the primary 
side. The piezo actuator drives a valve needle directly. 

The object of the present invention is to provide a metering 
device by means of which precise metering of even small amounts 50 
of liquid can be achieved even at a high injection pressure. 

This object is achieved by the features of claims 1 and 23. 
The idea of the present invention is based on the use of a fast-

switching metering device, which itself uses a closed hydraulic lift 
transformer that largely equalizes the pressure and has an integrated 55 
hydraulic accumulator. 

The primary drive is a piezoelectric actuator, which is placed in 
a housing and supported on the interior wall of the housing. This 
interior space is subdivided by a hydraulic chamber into a fluid 
chamber and a space for the piezoelectric actuator.60 

 
The hydraulic chamber is bordered by a separating element on 

the primary side and a separating element on the secondary side, 
e.g., a membrane, a piston or bellows. It is filled with a hydraulic 
liquid, e.g., synthetic or mineral fats, oils or mercury under an 65 
admission pressure. 

The fluid chamber, which is pressurized with a fluid, contains a 
valve needle connected to the secondary membrane. Opening and 
closing of a valve can be controlled by the lift of the valve needle, 
so that fluid can be dispensed from the fluid chamber in a metered 70 
manner. 

The valve needle is connected to a hydraulic accumulator, which 
is also filled with the hydraulic liquid and has an exterior wall that 
is at least partially flexible. The hydraulic accumulator and the 
hydraulic chamber are interconnected by a throttled connecting 75 
line, for example, by a throttle bore in the valve needle. 

Movement of the piezo actuator is transferred to the separating 
element on the secondary side and thus to the valve needle via the 
separating element on the primary side and the hydraulic chamber. 
A pressure difference that builds up between the hydraulic chamber 80 
and the hydraulic accumulator can be equalized relatively slowly 
through the throttled connecting line. Therefore, if a pressure 
difference is established rapidly on actuation of the primary drive, 
it is transferred essentially without any damping from the 
separating element on the primary side to the separating element on 85 
the secondary side. 

The connection of the hydraulic chamber to the hydraulic 
accumulator via the throttled connecting line advantageously yields 
complete compensation of temperature-induced changes in length 
and volume as well as settling effects of the piezo actuator, thereby 90 
enabling functionality in a broad temperature range from at least  

-40°C to 150°C. 
Since the hydraulic liquid is under an admission pressure, it 

yields the advantage that the piezo actuator is under a compressive 
prestress. This is advantageous in particular with a ceramic or 95 
ceramic-like piezo actuator, because these actuators are destroyed 
especially easily by tensile stress. This results in a long lifetime of 
≥ 2 • 109 actuations for such a metering device. 

In addition, a spring element such as a tube spring or a disk spring 
may be provided for the compressive prestress of the piezo actuator, 100 
so that the compressive prestress of the piezo actuator is 
advantageously assured even when the fluid or hydraulic liquid is 
under a low pressure. 

Use of a low-voltage PMA (PMA = piezoelectric multilayer 
actuator) is advantageous because of its low control voltage, its 105 
high mechanical stiffness and its short switching times, among 
other things. 

It is also conceivable to use an electrostrictive or magnetostrictive 
actuator because of the rapid operating times. 

Using the separating element on the primary side and that on the 110 
secondary side advantageously makes it possible to adjust any 
desired hydraulic lift transformation. To transform the lift (lift 
ratio >1) between the primary drive and the valve needle, the 
surface of the separating element on the primary side that is 
exposed to the hydraulic liquid is designed to be larger than the side 115 
of the separating element on the secondary side that is exposed to 
the hydraulic fluid.
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A typical lift transformation between the separating element on the 
secondary side and the separating element on the primary side is 
between 1.5 : 1 and 10 : 1, in  particular 6 : 1. However, it is also 
conceivable to have a reduction in lift (lift ratio < 1) or a 5 
transformation of lift without any change in lift ratio (lift ratio = 1). 

In addition, an inverted piezo hydraulic operating mode for 
commutation of motion is advantageously possible with the help of 
the hydraulic chamber under a compressive prestress, thus making 
it possible to retain inwardly opening metering. However, the 10 
hydraulic metering device can also be used for actuating outwardly 
opening valves with a suitable design of this system. 

Furthermore, control even down into the range of negative 
voltages (i.e., opposite the direction of polarity) is also possible due 
to the compressive prestress of the piezo actuator, thus 15 
advantageously yielding an improved piezo lift. The negative 
control voltage is typically in a range of up to 30% of the possible 
positive control voltage. 

Parasitic force shunting of the membranes is advantageously 
prevented when using a piston guided in a bore. 20 

In addition, due to its compact design, this metering device 
achieves the result that existing designs for metering devices can be 
retained. 

Furthermore, very fast switching times of typically 10 µs to 
100 µs are possible due to use of the piezo actuator. 25 

This metering device is naturally not limited to fuel injection, 
e.g., gasoline injection, diesel injection or methane injection for a 
gasoline engine. Many other applications are also conceivable, such 
as controlling a hydraulic valve. For example, such a hydraulic 
valve can be used for controlling a brake system or for metering for 30 
an active vibration damper. 

The fluid may be a liquid such as water or a gas such as 
compressed air. When using the metering device for fuel injection, 
the fluid is advantageously a liquid such as gasoline, diesel, 
kerosene, petroleum or alcohol or a gas such as methane or blood. 35 

In the following exemplary embodiments, the metering device is 
illustrated schematically in greater detail: 

Fig. 1 shows a metering device, 
Fig. 2 shows an operating mode of the metering device, 
Fig. 3 shows a deflection of a piezo actuator, 40 
Fig. 4 shows another metering device, 
Fig. 5 shows another metering device, 
Fig. 6 shows various dynamic variables, 
Fig. 7 shows the plot of dynamic variables in a typical 

application. 45 
Fig. 1 illustrates a sectional diagram in a side view of one 

embodiment of a metering device. 
A piezo actuator 1, which is supported with one end face on the 

bottom of the interior wall of a housing 2, serves as the drive. The 
piezo actuator 1 is embodied as a low-voltage PMA. With its other 50 
end face, the piezo actuator 1 is in contact via a pressure ram 3  with 
a separating element 4 on the primary side, which is embodied as a 
primary membrane 41. Use of a primary membrane 41 yields the 
advantage of a simple design, actuation that is largely free of wear 
and a strong hydraulic seal. 55 

A separating element 6 on the secondary side in the form of a 
secondary membrane 61 is situated a short distance away on the 
primary membrane 41. The space enclosed by the primary 
membrane 41 and the secondary membrane 61 is referred to as the 
hydraulic chamber 8, to which pressure is applied with a hydraulic 60 
liquid 14. The hydraulic chamber 8 serves to transfer power 
between the primary membrane 1 and the secondary membrane 61.

 
The interior space of the housing 2 is subdivided by the hydraulic 

chamber 8 into a fluid chamber 7 and a space for the piezo actuator 65 
1. The fluid chamber 7 is acted upon with fluid F, such as fuel, 
under pressure through a fluid feed 15. 

The secondary membrane 61 is connected to a valve needle 5 
situated in the fluid chamber 7. Opening and closing of the valve 
16 are controlled by the lift of the valve needle 5, which is in contact 70 
with a valve sealing seat 12 in the closed state. 

A hydraulic accumulator 10 is connected to the valve needle 5. 
The hydraulic accumulator 10 has an exterior wall 101, which is at 
least partially flexible, and is connected to the hydraulic chamber 8 
by a throttled connecting line 9, which is embodied here in the form 75 
of a throttle bore 91 that is present in the valve needle 5. 

The effect of the hydraulic accumulator 10 is that a long-term 
change in pressure of the hydraulic liquid 14, caused by a change 
in temperature, for example, does not have any significant effect on 
the function of the drive, because the basic pressure P0 in the 80 
hydraulic accumulator 10 is kept almost constant. 

Thus, an increase in temperature leads to an increase in pressure 
PT in the hydraulic chamber 8, whereas a change in volume in the 
hydraulic accumulator 10 takes place without a significant increase 
in pressure due to expansion of the at least partially flexible exterior 85 
wall 101. This difference in pressure between the hydraulic 
chamber 8 and the hydraulic accumulator 10 results in an 
equalization of hydraulic liquid 14 through throttle bore 91 until the 
pressure PT in the hydraulic chamber 8 has dropped back to the 
basic pressure P0. 90 

Due to the complete linkage of the hydraulic accumulator 10 to 
the valve needle 5, mechanical deformations in the hydraulic 
accumulator 10 caused by a variable pressure PF in the fluid F in 
the fluid chamber 7 and the resulting forces induced at the linkage 
points of the hydraulic accumulator 10 do not have a significant 95 
influence on the function (i.e., the balance of forces) of the drive. 

The throttle bore 91 is calibrated so that rapid changes in pressure 
PT in the hydraulic chamber 8 due to the triggering of the piezo 
actuator 1 are reduced only gradually. 

The hydraulic system consisting of the hydraulic accumulator 10, 100 
the hydraulic chamber 8 and the throttle bore 91 is hermetically 
sealed (in particular with respect to the fluid F) and is filled once, 
preferably with a synthetic oil, under pressure, preferably a basic 
pressure P0 in the range of 10-50 bar. The synthetic oil has the 
advantage that it is inert and free of wear and shows only a minor 105 
change in viscosity with an increase in temperature. 

The restoring force in effect due to the basic pressure P0 on the 
secondary membrane 61 is suitably compensated by a spring 
element 11, e.g., a spiral compression spring, namely in such a way 
that, on the one hand, an adequate closing force is available for 110 
keeping the valve needle 5 sealed in the valve sealing seat 12 and, 
on the other hand, the valve seating force is limited to a level at 
which damage to the valve sealing seat 12 is ruled out. The lift of 
the valve needle 5 is limited by a stop 13. 

 115 
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The compressive force applied to the pressure ram 3 and the piezo 
actuator 1 due to the basic pressure P0 of the hydraulic system (and 
optionally due to the pressure PF of the fluid F) over the primary 
membrane 41 serves to reset the elements on the primary side 1, 3 5 
and to prevent damage to the piezo actuator 1 due to tensile stress. 
In addition, a tube spring acting on the pressure ram 3 is 
advantageously used for the compressive prestress on the piezo 
actuator 1 and for resetting the elements on the primary side 1, 3 
(not illustrated). The tube spring is attached to the housing 2 at one 10 
end and to the primary piston 42 at the other end and surrounds the 
piezo actuator 1. 

A hydraulic conversion of lift from the piezo actuator 1 to the 
valve needle 5 is achieved by a suitable design of the pressure-
active surfaces of primary membrane 41 and secondary membrane 15 
61, i.e., the primary membrane 41 usually has a larger hydraulically 
active diameter than the secondary membrane 61. A lift conversion 
of 6 : 1 is preferred when the lift of the piezo actuator 1 is 40 µm 
and the lift of the valve needle 5 is 240 µm. 

However, depending on requirements, the lift may remain the 20 
same or be reduced. 

When fluid chamber 7 is full, the pressure PF of the fluid F in the 
fluid chamber 7 is superimposed additively on the basic pressure 
P0 of the hydraulic accumulator 10 due to the flexibility of the at 
least partially flexible exterior wall 101 of the hydraulic 25 
accumulator 10. Therefore, the pressure PH of the hydraulic liquid 
14 in the hydraulic accumulator 10 amounts to the additive pressure 
P0 + PF. On the other hand, the pressure PH in the hydraulic 
accumulator 10 is also applied in the hydraulic chamber 8 via the 
throttle bore 91, so the pressure difference between the hydraulic 30 
chamber 8 and the fluid chamber 7, which drops over the secondary 
membrane 61, is independent of PF. This ensures a static hydraulic 
closing force on the valve needle 5 that is independent of PF. At a 
pressure PF of 0-250 bar, typically 100 bar, and with the primary 
membrane 41 having a pressure-active surface area of more than 35 
100 mm2, there is an optimal, very high and path-independent 
mechanical compressive prestress on the piezo actuator 1. For 
example, when the diameter of the piezo actuator 1 is 16 mm and 
PF = 100 bar, a compressive prestress of 2210 N is obtained on the 
piezo actuator 1. This minimizes any parasitic mechanical flow 40 
mechanism due to gap suspension, for example. 

Metering is performed, for example, in the following steps, which 
are explained on the basis of gasoline injection into an internal 
combustion engine: 

The fluid chamber 7 is not under pressure in the basic state and 45 
the valve needle 5 is held with a seal in the valve seat 12 due to the 
basic pressure P0 in the hydraulic chamber 8 (typically P0 = 25 bar) 
acting on the secondary membrane 61. The piezo actuator 1 is 
discharged and/or short-circuited. 

To start an internal combustion engine, first a fluid F, gasoline 50 
here, is delivered into the fluid chamber 7 at a pressure PF = 3 bar. 
Therefore, the pressure PH in the hydraulic accumulator 10 and 
thus the pressure PT in the hydraulic chamber 8 increase slightly to 
28 bar. However, the differential  pressure over the secondary 
membrane 61 between the hydraulic chamber 8 and the fluid 55 
chamber 7 remains constant. 

To prepare for a metering operation, the piezo actuator 1 is 
charged to its rated operating voltage U0 (by an electrical 
connection that is not shown here) and is kept in the charged state. 
The axial expansion of the piezo actuator 1 associated with 60 
charging (longitudinal effect in the d33 direction) results in a rise in 
pressure PT in the hydraulic chamber 8 and consequently to an 
additive closing force on the valve needle 5. The pulse shape of the 
electric signal required for charging is not critical here.

 65 
The pressure PT in the hydraulic chamber 8 drops back to its 

original pressure level of PT = PH = 28 bar within a short period of 
time with a time constant (typically 0.1 s-1 s), which is determined 
by the geometry of the throttle bore 91 and the viscosity of the 
hydraulic liquid 14. The reason for this is that the hydraulic 70 
accumulator 10 remains at the original pressure level PH = 28 bar 
due to a change in volume because of its partially flexible wall. 
However, the piezo actuator 1 and the pressure ram 3 and the 
primary membrane 41 driven by the ram are now in the maximum 
deflected position (typical lift = 20-60 µm). 75 

Starting from this position, the metering device can be opened by 
brief discharging of the piezo actuator 1, where the injection time 
is proportional to the discharge time of the piezo actuator 1. 

Rapid discharging causes the piezo actuator 1 to contract by the 
amount of its deflection at no load, which results in a drop in 80 
pressure in the hydraulic chamber 8 to below the standard pressure 
level PH = P0 + PF and a corresponding pressure difference over 
the secondary membrane 61. The resulting force leads to a 
displacement of the secondary membrane 61 and the valve needle 
5 attached to it in the direction of piezo actuator 1, so the valve 85 
needle 5 is lifted up from the valve sealing seat 12. This causes the 
valve 16 to be opened, and fluid F flows out of the fluid chamber 7 
through an opening in the housing 2. 

To advantageously increase the reproducibility of the injection 
quantity, the lift of the valve needle 5 is limited to defined amounts 90 
by a stop 13. 

During the opening time of the metering device, the pressure PT 
of the hydraulic chamber 8 is gradually adapted to the pressure PH 
of the hydraulic accumulator 10, so that automatic drift-type 
closing of the metering device begins after a certain period of time. 95 
This ensures optimum failure behavior in the event of a short circuit 
or a line break to the piezo actuator 1. 

The required injection times of typically 0.05 ms to 10 ms can be 
achieved easily by suitable adjustment of the flow resistance in the 
throttle bore 91 to the viscosity of the hydraulic liquid 14 over the 100 
entire temperature range. A synthetic oil with a viscosity that has a 
low dependence on temperature is advantageously used here. 

To actively terminate the metering operation, the piezo actuator 
1 is again charged to the rated operating voltage U0 and therefore 
the valve needle 5 attached to the secondary membrane 61 is moved 105 
back into the valve sealing seat 12. Slight overfilling of the 
hydraulic chamber 10 due to the hydraulic liquid 14 flowing into 
the hydraulic chamber during the opening phase of the valve 16 
advantageously supports complete closing of the valve 16 without 
bouncing. 110 

After the engine has reached an idling speed, for example, by 
means of a mechanically driven gasoline high-pressure pump, the 
pressure in the fluid chamber 7 is increased through the inlet line 
15, typically  to 100 bar and typically within 1-2 seconds. Thus, the 
entire closed hydraulic system is charged to a pressure of PH = 125 115 
bar by the hydraulic accumulator 10. However, the differential 
pressure over the secondary membrane 61 remains constant at 25 
bar. 

To prevent unwanted opening of the metering device during the 
buildup of pressure PF, the equalizing process between the 120 
hydraulic accumulator 10 and the hydraulic chamber 8 must 
proceed more rapidly than the pressure buildup in the high-pressure 
system. On the other hand, the throttle resistance and viscosity of 
the hydraulic liquid 14 must be adjusted to one another so that the 
required injection time is reliably achieved. 125 
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Both are possible here with no problem. There is optionally the 
possibility of suitably reducing the rate of pressure increase in the 
high-pressure system by throttling or by means of storage volume 
(not illustrated). The higher level of the pressure PF and the higher 5 
differential pressure that occurs with charging and/or discharging 
of the piezo actuator 1 in principle permit an even faster metering 
operation (typically ton and toff < 75 µs). 

When the engine is stopped, the capacitive piezo actuator 1 
(typically C ≈ 2.5 µF) is first kept in the charged state, i.e., the 10 
injector remains closed. The piezo actuator 1 is discharged and reset 
slowly by means of a high-value leak resistor (e.g., 1 MΩ in parallel 
with the piezo actuator 1), which can remain permanently in the 
signal path, so that opening of the metering device is ruled out. 

Fig. 2 shows a typical operating sequence of a metering device 15 
on the basis of a voltage U (ordinate) applied to a piezo actuator 1 
and plotted as a function of time t (abscissa). 

In the basic state, the voltage is at a basic level or ground ("Grd."), 
for example, 0 V. To establish operational readiness ("get ready"), 
the voltage U is raised to a rated operating voltage U0. For metering 20 
("injection"), the voltage U is returned to the basic level, e.g., by 
turning off the piezo actuator 1, and then is run back up to the rated 
operating voltage U0 after a holding time. 

Fig. 3 shows a diagram of the deflection A of the piezo actuator 
1 in µm plotted as a function of the voltage U in volts applied to it. 25 
The curve, which does not have any arrows, describes a run through 
the positive and negative operating voltage of the piezo actuator 1, 
which is repolarized (reversal of polarization). The characteristic 
line used for the piezo actuator 1 is shown as loops labeled with 
arrows. 30 

The relative change in length Δl/l of a piezo actuator 1 of the 
length 1, which is based on the piezoelectric d33 length effect, is 
typically 0.10%-0.14%. To avoid reversal of polarity, the piezo 
actuator 1 is traditionally operated only with a positive operating 
voltage in the direction of polarization (area shown in hatching). In 35 
this unipolar mode of operation, there is a positive change in length 
Aln at a voltage difference ΔUn. 

On the other hand, the expanded operating range of the piezo 
actuator 1, which is under a compressive prestress, permits brief 
modulation into the negative voltage range. Therefore, a much 40 
greater relative change in length Ali up to 0.3 Δ1n is achieved with 
a corresponding voltage difference ΔUi. Before repolarization, 
however, the operating voltage is run up again. The expanded 
operating range yields an advantage with regard to the size of the 
actuator and the manufacturing costs. Such a type of operation is 45 
allowed because the piezo actuator 1 is being repolarized most of 
the time (during the injection pauses) due to the applied rated 
operating voltage U0. 

Fig. 4 shows another embodiment of the metering device as a side 
view in a sectional diagram. 50 

The separating element 4 on the primary side and the separating 
element 6 on the secondary side are embodied here in the form of a 
primary piston 42 and secondary piston 62, which are guided in a 
bore in the housing 1. 

The primary piston 42 sits with one end face in contact with the 55 
piezo actuator 1 and with its end face opposite the piezo actuator 1 
in contact with the hydraulic chamber 8. 

On the side opposite the primary piston 42, the hydraulic chamber 

8 is bordered by the secondary piston 62. The hydraulic 
accumulator 10 is formed by the flexible exterior wall 101 and the 60 
housing. The valve needle 5 extends through the hydraulic chamber 
8, the fit 92 between the housing 2 and the secondary piston 62, 
throttled and hydraulically connected to the hydraulic chamber 8. 
The fit 92 in the form of an annular gap has the function of a flow 
resistor. It corresponds to the function of the throttle bore 91. 65 

The partially flexible exterior wall 101 of the hydraulic 
accumulator 10 is secured on the housing 2 and on the valve needle 
5. The force exerted by the pressure P0 and/or PH in the hydraulic 
accumulator 10 on the at least partially flexible exterior wall 101 is 
compensated by a spring element 11, preferably a spiral 70 
compression spring, to the extent that there remains a closing force 
sufficient to hold the valve 16 tightly. This is accomplished by the 
fact that the spring element 11, which is under pressure, is 
supported on the housing 2 and on the valve needle 5. 

In contrast with the use of a membrane, the double piston drive 75 
advantageously does not have any parasitic force shunting, so the 
hydraulic efficiency is higher. 

The fit between the housing 2 and the primary piston 42 is 
preferably sealed hydraulically by a gasket 17, preferably made of 
an elastomer material, so that no hydraulic liquid 14 reaches the 80 
piezo actuator 1. The gasket 17 is installed with a high degree of 
pressing in a groove on the primary piston 42 to ensure a high 
hydraulic stiffness. Due to the small lift of the piezo actuator 1, the 
gasket 17 merely undergoes elastic deformation, so that 
advantageously there is no sliding friction that could cause wear on 85 
the gasket 17. In addition to a gasket 17, a bead of metal or rubber, 
for example, may also be used. 

The primary piston 42 is fitted into the housing 2 with a very 
small lateral play (typically with a gap in the range of a few 
micrometers). This minimizes the effect of the pressure peaks 90 
occurring in the hydraulic chamber 8 on the gasket 17. To prevent 
migration of the gasket 17 into the gap, an additional supporting 
ring may also be provided (not illustrated). Likewise, the secondary 
piston 62 is also fitted into the housing with a small lateral play. 

The position of the piezo actuator 1 can be adjusted on the 95 
housing side by means of a washer 18 that is displaceable along the 
bore and by a displacement device 19, e.g., a screw in contact with 
the former. 

The functioning of this exemplary embodiment is basically 
similar to the operation of the exemplary embodiment illustrated in 100 
Fig. 1. Bending of the membranes 41, 61 here is replaced by a 
displacement of the pistons 42, 62. The pressure ram 3 is omitted 
in this exemplary embodiment. 

Fig. 5 shows another exemplary embodiment of the metering 
device as a sectional diagram in a side view. A combined piston 105 
and membrane hydraulic transformation of lift is used here. 

The elements on the primary side, i.e., the piezo actuator 1, the 
pressure ram 3 and the primary membrane 41 correspond to the 
elements shown in Fig. 1. The elements on the secondary side, such 
as the secondary piston 62, the hydraulic accumulator 10 and the fit 110 
92 correspond to the respective elements from Fig. 4. The operation 
of this exemplary embodiment corresponds to that of the elements 
described with respect to Fig. 1 and Fig. 4. 
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Any other combination of suitable separating elements 4, 6 may 
also be used, e.g., by means of metal bellows or tubing. 

Fig. 6 shows state variables of the metering device, plotted as a 
function of time t, in establishing operational readiness (Fig. 6a 5 
and 6b) and during a prolonged voltage drop on the piezo actuator 
1 (Fig. 6c and 6d). 
Fig. 6a shows the voltage U which is applied to the piezo actuator 

1, and which rises from a base level U = 0 V from a time t = 0 s to 
the rated operating voltage U0. 10 

Fig. 6b shows the closing force FN (max. approx. 88 N) 
additionally acting on the valve needle 5 due to the actuation of the 
piezo actuator 1 in Fig. 6a in the initial charging of the piezo 
actuator 1. This closing force FN drops to less than 10% of the 
maximum value within 20 ms. 15 

Fig. 6c shows the voltage U applied to the piezo actuator 1, 
plotted as a function of the time t for a prolonged voltage drop. 

The voltage U drops from the rated operating voltage U0 to the 
base level, for example, for opening the valve 16 or in a failure of 
the voltage U on the piezo actuator 1, and then rises back to U0 at 20 
t = 0.25 s. 

Fig. 6d shows the diagram of the lift uV of the valve needle 5 
belonging to Fig. 6c, plotted as a function of time t. One can see 
clearly the automatic drift of the valve needle 5 back within 140 ms 
in the case of an extremely long operating time, as would occur in 25 
a malfunction of the piezo actuator, for example. 

Fig. 7 illustrates the expected switching behavior on the basis of 
the pressure PT in Mpa occurring in the hydraulic chamber 8 (Fig. 
7a) and the corresponding force FN on the valve needle 5 in any 
units (Fig. 7b), each plotted as a function of the same time 30 

Fig. 7a shows at the beginning of the plot a pressure PT 
corresponding to the basic pressure P0 in the hydraulic chamber 8 
of approx. 3 MPa (at the left), where the fluid chamber 7 is operated 
without pressure (section I). A first pressure peak a with a pressure 
increase to PT of 13 MPa and a following pressure drop are created 35 
based on the initial charging of the piezo actuator 1. 

As the time t progresses further (in the direction toward the right), 
pressure fluctuations for metering processes Z in a pressureless 
state of the fluid chamber 7 (section I) and metering processes L, 
M during a pressure buildup (section II) in the fluid chamber 7 are 40 
shown. When a desired high pressure state (section III) has been 
reached in the fluid chamber 7, there is a greater load on the 
hydraulic chamber 8, for example, in that the piezo actuator 1 is 
subjected to a higher voltage or is triggered more rapidly. In the 
high-pressure state, the risk of cavitation in the hydraulic chamber 45 
8 is of course not negligible. It can be seen that the size of the 
pressure fluctuations in sections I and II is kept essentially constant. 

After turning off the engine, there is a pressure drop c down to 
the basic pressure P0 = 3 Mpa in the hydraulic chamber 8. 

Fig. 7b shows the force FN on the valve needle 5, plotted in a 50 
manner similar to the plot in Fig. 7a. 

After an initial closing force FN,0 on the valve needle 5, there is a 
force peak d, which is similar to the pressure peak a of the pressure 
PT in the initial charging of the piezo actuator 1. 

The subsequent fluctuations in the force FN are in turn similar and 55 
correspond to the pressure fluctuations in the pressure PT. The plus 
or minus sign with FN corresponds to opening and closing of the 
valve 16. In contrast with the pressure PT, the force FN is 
independent of the pressure PF of the fluid F in the fluid chamber 
7. This shows clearly the advantageous effect of the hydraulic 60 
accumulator 10 for rapid and precise control of the metering of 
fluid. After turning off the internal combustion engine, the force FN 
on the valve needle 5 drops back to the initial closing force FN,0.

 
The primary drive of the metering device is of course not limited 65 

to a piezo actuator. A suitable electrostrictive or magnetostrictive 
actuator may also be used. 

The shape of the metering device is not limited to the shape 
illustrated in the exemplary embodiments. For example, it is 
possible to deviate from a shape that is mostly axially symmetrical, 70 
but this usually means that a loss of efficiency must be accepted. 

For example, the piezo actuator may be arranged obliquely on the 
separating device on the primary side (4, 41, 42), or the separating 
device on the primary side (4, 41, 42), and the separating device on 
the secondary side (6, 61, 62) may be offset laterally to one another 75 
or arranged at an angle. 
 

Patent Claims 
 

1. A metering device, comprising 80 
- a housing (2) having an actuating drive in its interior 
space, 
- a hydraulic chamber (8), which is bordered by a 
separating element on the primary side (4, 41, 42) and a 
separating element on the secondary side (6, 61, 62) and is 85 
filled with a hydraulic liquid (14) and separates the interior 
space of the housing (2) into a fluid chamber (7) that can 
be filled with a fluid (F) under pressure and a space for the 
actuating drive,  
- a valve needle (5) in the fluid chamber (7), which is 90 
connected to the separating element on the secondary side 
(6, 61, 62), 
- a hydraulic accumulator (10) that is filled with the 
hydraulic liquid (14) and has an at least partially flexible 
exterior wall (101) connected to the valve needle (5), 95 
- a throttled connecting line (9, 91, 92), which connects 
the hydraulic accumulator (10) to the hydraulic chamber 
(8),  
- a rapid movement of the actuating drive can be 
transferred hydraulically via the separating element on the 100 
primary side (4, 41, 42) and the hydraulic chamber (8) to 
the separating element on the secondary side (6, 61, 62) 
and thus to the valve needle (5), 
- a pressure (PT) in the hydraulic chamber (8) can be 
adapted gradually to a pressure (PH) in the hydraulic 105 
accumulator (10) by means of the throttled connecting line 
(9, 91, 92), 
- opening and closing of a valve (16) can be controlled 
by the movement of the valve needle (5) for metered 
dispensing of the fluid (F). 110 

2. The device according to claim 1, wherein the rapid 
movement of the actuating drive can be transferred 
hydraulically to the separating element on the secondary side 
(6, 61, 62) with transformation of the lift. 
3. The device according to any one of claims 1 to 2, wherein 115 
the actuating drive is a piezo actuator (1), an electrostrictive 
actuator or a magnetostrictive actuator. 
4. The device according to any one of claims 1 to 3, wherein 
the separating element on the primary side (4) is a primary 
membrane (41). 120 
5. The device according to claim 4, wherein a pressure ram 
(3) is mounted between the actuating drive and the primary 
membrane (41). 
6. The device according to any one of claims 1 to 3, wherein 
the separating element on the primary side (4) is a primary 125 
piston (42), which is mounted displaceably in a bore in the 
housing (2). 
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7. The device according to claim 6, wherein the fit between 
the primary piston (42) and the housing (2) can be sealed 
hydraulically by means of a gasket (17). 
8. The device according to any one of the preceding claims, 5 
wherein the separating element on the secondary side (6) is a 
secondary membrane (61). 
9. The device according to claim 8, wherein the throttled 
connecting line (9) can be implemented in the form of a throttle 
bore (91) that is passed through the valve needle (5). 10 
10. The device according to any one of claims 8 to 9, wherein 
the hydraulic accumulator (10) 

- is formed by the flexible exterior wall (101) and a part 
of the valve needle (5) and 
- is situated inside the fluid chamber (7). 15 

11. The device according to any one of claims 1 to 9, wherein 
the separating element on the secondary side (6) is a secondary 
piston (62), which is mounted displaceably in another bore in 
the housing (2). 
12. The device according to claim 11, wherein the throttled 20 
connecting line (9) can be implemented in the form of a fit (92) 
that is subject to leakage between the secondary piston (62) and 
the housing (1). 
13. The device according to any one of claims 11 to 12, 
wherein the hydraulic accumulator (10) 25 

- is formed by the flexible exterior wall (101), a part of 
the wall of the fluid chamber (7) and a part of the valve 
needle (5), and 
- is mounted on the housing (2) and the valve needle (5). 

14. The device according to any one of the preceding claims, 30 
wherein a force exerted on the valve needle (5) by the 
separating element on the secondary side (6) can be at least 
partially compensated by means of at least one spring element 
(11). 
15. The device according to claim 14, wherein the spring 35 
element (11) is mounted in the fluid space (7) and is supported 
on the housing (2) on the one hand and on the exterior wall of 
the hydraulic accumulator (10) on the other hand. 
16. The device according to any one of the preceding claims, 
wherein a tube spring or disk spring is provided for 40 
compressive prestressing of the actuating drive. 
17. The device according to any one of the preceding claims, 
wherein the hydraulic liquid (14) is a synthetic oil. 
18. The device according to any one of the preceding claims, 
wherein the valve needle (5) is in sealing contact with a valve 45 
sealing seat when in the closed state, so that the fluid chamber 
(7) can be sealed with respect to an exterior space. 
19. The device according to any one of the preceding claims, 
wherein the actuating drive is a multilayer piezo actuator (1). 
20. The device according to any one of the preceding claims, 50 
wherein the lift of the valve needle (5) can be limited by a stop 
(13). 
21. The device according to any one of the preceding claims 
for fuel injection. 
22. The device according to claim 21, wherein the fluid (F) is 55 
gasoline, diesel, kerosene, petroleum, alcohol or methane. 
23. A method for metering fluid, wherein 

- the interior space of a housing (2) is subdivided by a 
hydraulic chamber (8) into a fluid chamber (7) and a space 
for an actuating drive, wherein the hydraulic chamber (8) 60 
is bordered by a separating element on the primary side (4, 
41, 42) and a separating element on the secondary side (6, 
61, 62) and is acted upon by a hydraulic liquid (14) under 
pressure,

 65 
- a valve needle (5) situated in the fluid chamber (7) is 
connected to the separating element on the secondary side 
(6, 61, 62), 
- a hydraulic accumulator (10) that is provided with a 
partially flexible exterior wall is filled with the hydraulic 70 
liquid (14) and is connected to the valve needle (5), 
- the hydraulic accumulator (10) is connected 
hydraulically to the hydraulic chamber (8) by a throttled 
connecting line (9, 91, 92),  
- a rapid movement of the actuating drive is transmitted 75 
hydraulically to the separating element on the secondary 
side (6, 61, 62) and thus to the valve needle (5) by means 
of the separating element on the primary side (4, 41, 42) 
and the hydraulic chamber (8), 
- a pressure (PT) in the hydraulic chamber (8) is 80 
adjusted relatively slowly to a resulting pressure (PH) in 
the hydraulic accumulator (10) via the throttled connecting 
line (9, 91, 92), 
- opening and closing of a valve (16) for metered 
dispensing of fluid (F) is controlled by means of the 85 
movement of the valve needle (5). 

24. The method according to claim 23, wherein 
- the actuating drive is elongated in the resting position, 
so that the hydraulic chamber (8) is compressed, and the 
separating element on the secondary side (6, 61, 62) is 90 
moved in the direction of the fluid chamber (7), so that the 
valve needle (5) closes the valve (16),  
- at the start of a metering operation, the actuating drive 
is contracted, so that the pressure on the  hydraulic chamber 
(8) is released, so that the separating element on the 95 
secondary side (6, 61, 62) is moved in the direction of the 
hydraulic chamber (8), thereby causing the valve needle 
(5) to open the valve (16) and fluid (F) to be dispensed n a 
metered fashion from the fluid chamber (7) into the 
exterior space, 100 
- to terminate the metering operation, the actuating drive 
is elongated, thereby compressing the hydraulic chamber 
(8) again, so that the separating element on the secondary 
side (6, 61, 62) is moved in the direction of the fluid 
chamber (7), and therefore the valve needle (5) closes the 105 
valve (16). 

25. The method according to claim 23 or 24, wherein the rapid 
movement of the piezo actuator (1) is transferred hydraulically 
to the separating element on the secondary side (6, 61, 62) with 
a transformed lift. 110 
26. The method according to any one of claims 23 to 25, 
wherein a piezo actuator (1), an electrostrictive actuator or a 
magnetostrictive actuator is used as the actuating drive. 
27. The method according to any one of claims 23 to 26, 
wherein the separating element on the primary side (4) is a 115 
primary membrane (41), whose deflection is controlled by the 
movement of the actuating drive. 
28. The method according to any one of claims 23 to 26, 
wherein the separating element on the primary side (4) is a 
primary piston (41), whose displacement is controlled by the 120 
movement of the actuating drive. 
29. The method according to any one of claims 23 to 28, 
wherein the separating element on the secondary side (6) is a 
secondary membrane (61), whose deflection is controlled by 
the pressure of the hydraulic liquid (14) in the hydraulic 125 
chamber (8). 
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30. The method according to any one of claims 23 to 28, 
wherein the separating element on the secondary side (6) is a 
secondary piston (62), whose deflection is controlled by the 
pressure of the hydraulic liquid (14) in the hydraulic chamber 5 
(8). 
31. The method according to any one of claims 23 to 30, 
wherein a basic pressure (P0) of the hydraulic liquid (14) is 10 
to 50 bar. 
32. The method according to any one of claims 23 to 31, 10 
wherein a pressure (PF) of the fluid (F) is 0 to 250 bar. 
33. The method according to any one of claims 23 to 32, 
wherein the piezo actuator (1) is deflected by 20 µm to 60 µm. 
34. The method according to any one of claims 23 to 33, 
wherein the valve needle (5) is deflected by 60 µm to 360 µm. 15 
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Metering Device 
Metering device, comprising 

- a housing (2) having a piezo actuator (1) placed in its interior space, 
- a hydraulic chamber (8), which is bordered by a separating element 
(4, 41, 42) on the primary side and a separating element (6, 61, 62) on 
the secondary side and is filled with a hydraulic liquid (14) and 
subdivides the interior space of the housing (2) into a fluid chamber 
(7) filled under pressure with a fluid (F) and a space for the piezo 
actuator (1), 
- a valve needle (5) in the fluid chamber (7), which is connected to 
the separating element (6, 61, 62) on the secondary side,  
- a hydraulic accumulator (10), which is filled with the hydraulic 
liquid (14) and has an exterior wall (101), which is at least partially 
flexible and is connected to the valve needle (5),  
- a throttled connecting line (9, 91, 92), connecting the hydraulic 
accumulator (10) to the hydraulic chamber (8), so that 
- a rapid movement of the piezo actuator (1) can be transferred 
hydraulically with transformation of the lift  to the separating element 
(6, 61, 62) on the secondary side and therefore to the valve needle (5) 
via the separating element (4, 41, 42) on the primary side and the 
hydraulic chamber (8) 
- a pressure (PT) in the hydraulic chamber (8) can be adjusted 
relatively slowly to a resulting pressure (PH) in the hydraulic 
accumulator (10) by means of a throttled connecting line (9, 91, 92), 
- opening and closing of a valve (16) for metered dispensing of a 
fluid (F) can be controlled by the movement of the valve needle (5). 
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Description 
 

The present invention relates to a device and a method for 
metering a fluid. 

Direct injection of fuel into the combustion chamber of an engine 5 
is an effective measure for achieving a further reduction in fuel 
consumption and exhaust emissions. A special combustion method 
that can be implemented only with a greatly improved fuel injector 
is required to avoid the disadvantages associated with direct 
injection. Therefore, due to the very short time for processing the 10 
fuel mixture, high-pressure injection of fuel, even repeatedly under 
some circumstances, is indicated to ensure adequate processing of 
the mixture and stratification of the charge in the combustion 
chamber. 

However, high-precision metering of a small amount of fuel at a 15 
high injection pressure using a conventional electromagnetic 
injector is possible only to a limited extent due to a comparatively 
slow response time, for example. Therefore, there is interest in 
using a very fast-switching actuator, e.g., a piezoelectric, 
electrostrictive or magnetostrictive actuator, for operation of a fuel 20 
injector. 

However, high demands are made of the metering device because 
of the given boundary conditions in integration of a piezoelectric 
drive instead of an electromagnetic drive. The following are often 
required, for example: 25 

 
- retaining the established designs as much as possible, 
- retaining a valve that opens inwardly, 
- increasing the piezoelectric lift by lengthening the lift, 
- sealing the piezo actuator with respect to the fluid to be 30 
metered, 
- functionality over a wide temperature range (e.g., 40°C to 
+150°C), 
- functionality over a wide range of injection pressures (e.g., 
0-250 bar in the case of a gasoline injector), 35 
- fail safety in a short circuit or a line break, 
- a lifetime of ≥ 2 • 109 actuations. 
 
So far there has not been a satisfactory solution to the problem 

points listed above, in particular for a high-pressure gasoline 40 
injector. 

US Patent 4,725,002 relates to a metering valve for metering 
liquids and gases, comprising a device only for damping and 
equalizing a thermal change in length of a piezo actuator. This 
device consists of a damping space and an equalizing space that are 45 
connected to one another by an annular gap. The damping space is 
arranged between a housing and a piezo actuator on the primary 
side. The piezo actuator drives a valve needle directly. 

The object of the present invention is to provide a metering 
device by means of which precise metering of even small amounts 50 
of liquid can be achieved even at a high injection pressure. 

This object is achieved by the features of claims 1 and 23. 
The idea of the present invention is based on the use of a fast-

switching metering device, which itself uses a closed hydraulic lift 
transformer that largely equalizes the pressure and has an integrated 55 
hydraulic accumulator. 

The primary drive is a piezoelectric actuator, which is placed in 
a housing and supported on the interior wall of the housing. This 
interior space is subdivided by a hydraulic chamber into a fluid 
chamber and a space for the piezoelectric actuator.60 

 
The hydraulic chamber is bordered by a separating element on 

the primary side and a separating element on the secondary side, 
e.g., a membrane, a piston or bellows. It is filled with a hydraulic 
liquid, e.g., synthetic or mineral fats, oils or mercury under an 65 
admission pressure. 

The fluid chamber, which is pressurized with a fluid, contains a 
valve needle connected to the secondary membrane. Opening and 
closing of a valve can be controlled by the lift of the valve needle, 
so that fluid can be dispensed from the fluid chamber in a metered 70 
manner. 

The valve needle is connected to a hydraulic accumulator, which 
is also filled with the hydraulic liquid and has an exterior wall that 
is at least partially flexible. The hydraulic accumulator and the 
hydraulic chamber are interconnected by a throttled connecting 75 
line, for example, by a throttle bore in the valve needle. 

Movement of the piezo actuator is transferred to the separating 
element on the secondary side and thus to the valve needle via the 
separating element on the primary side and the hydraulic chamber. 
A pressure difference that builds up between the hydraulic chamber 80 
and the hydraulic accumulator can be equalized relatively slowly 
through the throttled connecting line. Therefore, if a pressure 
difference is established rapidly on actuation of the primary drive, 
it is transferred essentially without any damping from the 
separating element on the primary side to the separating element on 85 
the secondary side. 

The connection of the hydraulic chamber to the hydraulic 
accumulator via the throttled connecting line advantageously yields 
complete compensation of temperature-induced changes in length 
and volume as well as settling effects of the piezo actuator, thereby 90 
enabling functionality in a broad temperature range from at least  

-40°C to 150°C. 
Since the hydraulic liquid is under an admission pressure, it 

yields the advantage that the piezo actuator is under a compressive 
prestress. This is advantageous in particular with a ceramic or 95 
ceramic-like piezo actuator, because these actuators are destroyed 
especially easily by tensile stress. This results in a long lifetime of 
≥ 2 • 109 actuations for such a metering device. 

In addition, a spring element such as a tube spring or a disk spring 
may be provided for the compressive prestress of the piezo actuator, 100 
so that the compressive prestress of the piezo actuator is 
advantageously assured even when the fluid or hydraulic liquid is 
under a low pressure. 

Use of a low-voltage PMA (PMA = piezoelectric multilayer 
actuator) is advantageous because of its low control voltage, its 105 
high mechanical stiffness and its short switching times, among 
other things. 

It is also conceivable to use an electrostrictive or magnetostrictive 
actuator because of the rapid operating times. 

Using the separating element on the primary side and that on the 110 
secondary side advantageously makes it possible to adjust any 
desired hydraulic lift transformation. To transform the lift (lift 
ratio >1) between the primary drive and the valve needle, the 
surface of the separating element on the primary side that is 
exposed to the hydraulic liquid is designed to be larger than the side 115 
of the separating element on the secondary side that is exposed to 
the hydraulic fluid.
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A typical lift transformation between the separating element on the 
secondary side and the separating element on the primary side is 
between 1.5 : 1 and 10 : 1, in  particular 6 : 1. However, it is also 
conceivable to have a reduction in lift (lift ratio < 1) or a 5 
transformation of lift without any change in lift ratio (lift ratio = 1). 

In addition, an inverted piezo hydraulic operating mode for 
commutation of motion is advantageously possible with the help of 
the hydraulic chamber under a compressive prestress, thus making 
it possible to retain inwardly opening metering. However, the 10 
hydraulic metering device can also be used for actuating outwardly 
opening valves with a suitable design of this system. 

Furthermore, control even down into the range of negative 
voltages (i.e., opposite the direction of polarity) is also possible due 
to the compressive prestress of the piezo actuator, thus 15 
advantageously yielding an improved piezo lift. The negative 
control voltage is typically in a range of up to 30% of the possible 
positive control voltage. 

Parasitic force shunting of the membranes is advantageously 
prevented when using a piston guided in a bore. 20 

In addition, due to its compact design, this metering device 
achieves the result that existing designs for metering devices can be 
retained. 

Furthermore, very fast switching times of typically 10 µs to 
100 µs are possible due to use of the piezo actuator. 25 

This metering device is naturally not limited to fuel injection, 
e.g., gasoline injection, diesel injection or methane injection for a 
gasoline engine. Many other applications are also conceivable, such 
as controlling a hydraulic valve. For example, such a hydraulic 
valve can be used for controlling a brake system or for metering for 30 
an active vibration damper. 

The fluid may be a liquid such as water or a gas such as 
compressed air. When using the metering device for fuel injection, 
the fluid is advantageously a liquid such as gasoline, diesel, 
kerosene, petroleum or alcohol or a gas such as methane or blood. 35 

In the following exemplary embodiments, the metering device is 
illustrated schematically in greater detail: 

Fig. 1 shows a metering device, 
Fig. 2 shows an operating mode of the metering device, 
Fig. 3 shows a deflection of a piezo actuator, 40 
Fig. 4 shows another metering device, 
Fig. 5 shows another metering device, 
Fig. 6 shows various dynamic variables, 
Fig. 7 shows the plot of dynamic variables in a typical 

application. 45 
Fig. 1 illustrates a sectional diagram in a side view of one 

embodiment of a metering device. 
A piezo actuator 1, which is supported with one end face on the 

bottom of the interior wall of a housing 2, serves as the drive. The 
piezo actuator 1 is embodied as a low-voltage PMA. With its other 50 
end face, the piezo actuator 1 is in contact via a pressure ram 3  with 
a separating element 4 on the primary side, which is embodied as a 
primary membrane 41. Use of a primary membrane 41 yields the 
advantage of a simple design, actuation that is largely free of wear 
and a strong hydraulic seal. 55 

A separating element 6 on the secondary side in the form of a 
secondary membrane 61 is situated a short distance away on the 
primary membrane 41. The space enclosed by the primary 
membrane 41 and the secondary membrane 61 is referred to as the 
hydraulic chamber 8, to which pressure is applied with a hydraulic 60 
liquid 14. The hydraulic chamber 8 serves to transfer power 
between the primary membrane 1 and the secondary membrane 61.

 
The interior space of the housing 2 is subdivided by the hydraulic 

chamber 8 into a fluid chamber 7 and a space for the piezo actuator 65 
1. The fluid chamber 7 is acted upon with fluid F, such as fuel, 
under pressure through a fluid feed 15. 

The secondary membrane 61 is connected to a valve needle 5 
situated in the fluid chamber 7. Opening and closing of the valve 
16 are controlled by the lift of the valve needle 5, which is in contact 70 
with a valve sealing seat 12 in the closed state. 

A hydraulic accumulator 10 is connected to the valve needle 5. 
The hydraulic accumulator 10 has an exterior wall 101, which is at 
least partially flexible, and is connected to the hydraulic chamber 8 
by a throttled connecting line 9, which is embodied here in the form 75 
of a throttle bore 91 that is present in the valve needle 5. 

The effect of the hydraulic accumulator 10 is that a long-term 
change in pressure of the hydraulic liquid 14, caused by a change 
in temperature, for example, does not have any significant effect on 
the function of the drive, because the basic pressure P0 in the 80 
hydraulic accumulator 10 is kept almost constant. 

Thus, an increase in temperature leads to an increase in pressure 
PT in the hydraulic chamber 8, whereas a change in volume in the 
hydraulic accumulator 10 takes place without a significant increase 
in pressure due to expansion of the at least partially flexible exterior 85 
wall 101. This difference in pressure between the hydraulic 
chamber 8 and the hydraulic accumulator 10 results in an 
equalization of hydraulic liquid 14 through throttle bore 91 until the 
pressure PT in the hydraulic chamber 8 has dropped back to the 
basic pressure P0. 90 

Due to the complete linkage of the hydraulic accumulator 10 to 
the valve needle 5, mechanical deformations in the hydraulic 
accumulator 10 caused by a variable pressure PF in the fluid F in 
the fluid chamber 7 and the resulting forces induced at the linkage 
points of the hydraulic accumulator 10 do not have a significant 95 
influence on the function (i.e., the balance of forces) of the drive. 

The throttle bore 91 is calibrated so that rapid changes in pressure 
PT in the hydraulic chamber 8 due to the triggering of the piezo 
actuator 1 are reduced only gradually. 

The hydraulic system consisting of the hydraulic accumulator 10, 100 
the hydraulic chamber 8 and the throttle bore 91 is hermetically 
sealed (in particular with respect to the fluid F) and is filled once, 
preferably with a synthetic oil, under pressure, preferably a basic 
pressure P0 in the range of 10-50 bar. The synthetic oil has the 
advantage that it is inert and free of wear and shows only a minor 105 
change in viscosity with an increase in temperature. 

The restoring force in effect due to the basic pressure P0 on the 
secondary membrane 61 is suitably compensated by a spring 
element 11, e.g., a spiral compression spring, namely in such a way 
that, on the one hand, an adequate closing force is available for 110 
keeping the valve needle 5 sealed in the valve sealing seat 12 and, 
on the other hand, the valve seating force is limited to a level at 
which damage to the valve sealing seat 12 is ruled out. The lift of 
the valve needle 5 is limited by a stop 13. 

 115 
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The compressive force applied to the pressure ram 3 and the piezo 
actuator 1 due to the basic pressure P0 of the hydraulic system (and 
optionally due to the pressure PF of the fluid F) over the primary 
membrane 41 serves to reset the elements on the primary side 1, 3 5 
and to prevent damage to the piezo actuator 1 due to tensile stress. 
In addition, a tube spring acting on the pressure ram 3 is 
advantageously used for the compressive prestress on the piezo 
actuator 1 and for resetting the elements on the primary side 1, 3 
(not illustrated). The tube spring is attached to the housing 2 at one 10 
end and to the primary piston 42 at the other end and surrounds the 
piezo actuator 1. 

A hydraulic conversion of lift from the piezo actuator 1 to the 
valve needle 5 is achieved by a suitable design of the pressure-
active surfaces of primary membrane 41 and secondary membrane 15 
61, i.e., the primary membrane 41 usually has a larger hydraulically 
active diameter than the secondary membrane 61. A lift conversion 
of 6 : 1 is preferred when the lift of the piezo actuator 1 is 40 µm 
and the lift of the valve needle 5 is 240 µm. 

However, depending on requirements, the lift may remain the 20 
same or be reduced. 

When fluid chamber 7 is full, the pressure PF of the fluid F in the 
fluid chamber 7 is superimposed additively on the basic pressure 
P0 of the hydraulic accumulator 10 due to the flexibility of the at 
least partially flexible exterior wall 101 of the hydraulic 25 
accumulator 10. Therefore, the pressure PH of the hydraulic liquid 
14 in the hydraulic accumulator 10 amounts to the additive pressure 
P0 + PF. On the other hand, the pressure PH in the hydraulic 
accumulator 10 is also applied in the hydraulic chamber 8 via the 
throttle bore 91, so the pressure difference between the hydraulic 30 
chamber 8 and the fluid chamber 7, which drops over the secondary 
membrane 61, is independent of PF. This ensures a static hydraulic 
closing force on the valve needle 5 that is independent of PF. At a 
pressure PF of 0-250 bar, typically 100 bar, and with the primary 
membrane 41 having a pressure-active surface area of more than 35 
100 mm2, there is an optimal, very high and path-independent 
mechanical compressive prestress on the piezo actuator 1. For 
example, when the diameter of the piezo actuator 1 is 16 mm and 
PF = 100 bar, a compressive prestress of 2210 N is obtained on the 
piezo actuator 1. This minimizes any parasitic mechanical flow 40 
mechanism due to gap suspension, for example. 

Metering is performed, for example, in the following steps, which 
are explained on the basis of gasoline injection into an internal 
combustion engine: 

The fluid chamber 7 is not under pressure in the basic state and 45 
the valve needle 5 is held with a seal in the valve seat 12 due to the 
basic pressure P0 in the hydraulic chamber 8 (typically P0 = 25 bar) 
acting on the secondary membrane 61. The piezo actuator 1 is 
discharged and/or short-circuited. 

To start an internal combustion engine, first a fluid F, gasoline 50 
here, is delivered into the fluid chamber 7 at a pressure PF = 3 bar. 
Therefore, the pressure PH in the hydraulic accumulator 10 and 
thus the pressure PT in the hydraulic chamber 8 increase slightly to 
28 bar. However, the differential  pressure over the secondary 
membrane 61 between the hydraulic chamber 8 and the fluid 55 
chamber 7 remains constant. 

To prepare for a metering operation, the piezo actuator 1 is 
charged to its rated operating voltage U0 (by an electrical 
connection that is not shown here) and is kept in the charged state. 
The axial expansion of the piezo actuator 1 associated with 60 
charging (longitudinal effect in the d33 direction) results in a rise in 
pressure PT in the hydraulic chamber 8 and consequently to an 
additive closing force on the valve needle 5. The pulse shape of the 
electric signal required for charging is not critical here.

 65 
The pressure PT in the hydraulic chamber 8 drops back to its 

original pressure level of PT = PH = 28 bar within a short period of 
time with a time constant (typically 0.1 s-1 s), which is determined 
by the geometry of the throttle bore 91 and the viscosity of the 
hydraulic liquid 14. The reason for this is that the hydraulic 70 
accumulator 10 remains at the original pressure level PH = 28 bar 
due to a change in volume because of its partially flexible wall. 
However, the piezo actuator 1 and the pressure ram 3 and the 
primary membrane 41 driven by the ram are now in the maximum 
deflected position (typical lift = 20-60 µm). 75 

Starting from this position, the metering device can be opened by 
brief discharging of the piezo actuator 1, where the injection time 
is proportional to the discharge time of the piezo actuator 1. 

Rapid discharging causes the piezo actuator 1 to contract by the 
amount of its deflection at no load, which results in a drop in 80 
pressure in the hydraulic chamber 8 to below the standard pressure 
level PH = P0 + PF and a corresponding pressure difference over 
the secondary membrane 61. The resulting force leads to a 
displacement of the secondary membrane 61 and the valve needle 
5 attached to it in the direction of piezo actuator 1, so the valve 85 
needle 5 is lifted up from the valve sealing seat 12. This causes the 
valve 16 to be opened, and fluid F flows out of the fluid chamber 7 
through an opening in the housing 2. 

To advantageously increase the reproducibility of the injection 
quantity, the lift of the valve needle 5 is limited to defined amounts 90 
by a stop 13. 

During the opening time of the metering device, the pressure PT 
of the hydraulic chamber 8 is gradually adapted to the pressure PH 
of the hydraulic accumulator 10, so that automatic drift-type 
closing of the metering device begins after a certain period of time. 95 
This ensures optimum failure behavior in the event of a short circuit 
or a line break to the piezo actuator 1. 

The required injection times of typically 0.05 ms to 10 ms can be 
achieved easily by suitable adjustment of the flow resistance in the 
throttle bore 91 to the viscosity of the hydraulic liquid 14 over the 100 
entire temperature range. A synthetic oil with a viscosity that has a 
low dependence on temperature is advantageously used here. 

To actively terminate the metering operation, the piezo actuator 
1 is again charged to the rated operating voltage U0 and therefore 
the valve needle 5 attached to the secondary membrane 61 is moved 105 
back into the valve sealing seat 12. Slight overfilling of the 
hydraulic chamber 10 due to the hydraulic liquid 14 flowing into 
the hydraulic chamber during the opening phase of the valve 16 
advantageously supports complete closing of the valve 16 without 
bouncing. 110 

After the engine has reached an idling speed, for example, by 
means of a mechanically driven gasoline high-pressure pump, the 
pressure in the fluid chamber 7 is increased through the inlet line 
15, typically  to 100 bar and typically within 1-2 seconds. Thus, the 
entire closed hydraulic system is charged to a pressure of PH = 125 115 
bar by the hydraulic accumulator 10. However, the differential 
pressure over the secondary membrane 61 remains constant at 25 
bar. 

To prevent unwanted opening of the metering device during the 
buildup of pressure PF, the equalizing process between the 120 
hydraulic accumulator 10 and the hydraulic chamber 8 must 
proceed more rapidly than the pressure buildup in the high-pressure 
system. On the other hand, the throttle resistance and viscosity of 
the hydraulic liquid 14 must be adjusted to one another so that the 
required injection time is reliably achieved. 125 
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Both are possible here with no problem. There is optionally the 
possibility of suitably reducing the rate of pressure increase in the 
high-pressure system by throttling or by means of storage volume 
(not illustrated). The higher level of the pressure PF and the higher 5 
differential pressure that occurs with charging and/or discharging 
of the piezo actuator 1 in principle permit an even faster metering 
operation (typically ton and toff < 75 µs). 

When the engine is stopped, the capacitive piezo actuator 1 
(typically C ≈ 2.5 µF) is first kept in the charged state, i.e., the 10 
injector remains closed. The piezo actuator 1 is discharged and reset 
slowly by means of a high-value leak resistor (e.g., 1 MΩ in parallel 
with the piezo actuator 1), which can remain permanently in the 
signal path, so that opening of the metering device is ruled out. 

Fig. 2 shows a typical operating sequence of a metering device 15 
on the basis of a voltage U (ordinate) applied to a piezo actuator 1 
and plotted as a function of time t (abscissa). 

In the basic state, the voltage is at a basic level or ground ("Grd."), 
for example, 0 V. To establish operational readiness ("get ready"), 
the voltage U is raised to a rated operating voltage U0. For metering 20 
("injection"), the voltage U is returned to the basic level, e.g., by 
turning off the piezo actuator 1, and then is run back up to the rated 
operating voltage U0 after a holding time. 

Fig. 3 shows a diagram of the deflection A of the piezo actuator 
1 in µm plotted as a function of the voltage U in volts applied to it. 25 
The curve, which does not have any arrows, describes a run through 
the positive and negative operating voltage of the piezo actuator 1, 
which is repolarized (reversal of polarization). The characteristic 
line used for the piezo actuator 1 is shown as loops labeled with 
arrows. 30 

The relative change in length Δl/l of a piezo actuator 1 of the 
length 1, which is based on the piezoelectric d33 length effect, is 
typically 0.10%-0.14%. To avoid reversal of polarity, the piezo 
actuator 1 is traditionally operated only with a positive operating 
voltage in the direction of polarization (area shown in hatching). In 35 
this unipolar mode of operation, there is a positive change in length 
Aln at a voltage difference ΔUn. 

On the other hand, the expanded operating range of the piezo 
actuator 1, which is under a compressive prestress, permits brief 
modulation into the negative voltage range. Therefore, a much 40 
greater relative change in length Ali up to 0.3 Δ1n is achieved with 
a corresponding voltage difference ΔUi. Before repolarization, 
however, the operating voltage is run up again. The expanded 
operating range yields an advantage with regard to the size of the 
actuator and the manufacturing costs. Such a type of operation is 45 
allowed because the piezo actuator 1 is being repolarized most of 
the time (during the injection pauses) due to the applied rated 
operating voltage U0. 

Fig. 4 shows another embodiment of the metering device as a side 
view in a sectional diagram. 50 

The separating element 4 on the primary side and the separating 
element 6 on the secondary side are embodied here in the form of a 
primary piston 42 and secondary piston 62, which are guided in a 
bore in the housing 1. 

The primary piston 42 sits with one end face in contact with the 55 
piezo actuator 1 and with its end face opposite the piezo actuator 1 
in contact with the hydraulic chamber 8. 

On the side opposite the primary piston 42, the hydraulic chamber 

8 is bordered by the secondary piston 62. The hydraulic 
accumulator 10 is formed by the flexible exterior wall 101 and the 60 
housing. The valve needle 5 extends through the hydraulic chamber 
8, the fit 92 between the housing 2 and the secondary piston 62, 
throttled and hydraulically connected to the hydraulic chamber 8. 
The fit 92 in the form of an annular gap has the function of a flow 
resistor. It corresponds to the function of the throttle bore 91. 65 

The partially flexible exterior wall 101 of the hydraulic 
accumulator 10 is secured on the housing 2 and on the valve needle 
5. The force exerted by the pressure P0 and/or PH in the hydraulic 
accumulator 10 on the at least partially flexible exterior wall 101 is 
compensated by a spring element 11, preferably a spiral 70 
compression spring, to the extent that there remains a closing force 
sufficient to hold the valve 16 tightly. This is accomplished by the 
fact that the spring element 11, which is under pressure, is 
supported on the housing 2 and on the valve needle 5. 

In contrast with the use of a membrane, the double piston drive 75 
advantageously does not have any parasitic force shunting, so the 
hydraulic efficiency is higher. 

The fit between the housing 2 and the primary piston 42 is 
preferably sealed hydraulically by a gasket 17, preferably made of 
an elastomer material, so that no hydraulic liquid 14 reaches the 80 
piezo actuator 1. The gasket 17 is installed with a high degree of 
pressing in a groove on the primary piston 42 to ensure a high 
hydraulic stiffness. Due to the small lift of the piezo actuator 1, the 
gasket 17 merely undergoes elastic deformation, so that 
advantageously there is no sliding friction that could cause wear on 85 
the gasket 17. In addition to a gasket 17, a bead of metal or rubber, 
for example, may also be used. 

The primary piston 42 is fitted into the housing 2 with a very 
small lateral play (typically with a gap in the range of a few 
micrometers). This minimizes the effect of the pressure peaks 90 
occurring in the hydraulic chamber 8 on the gasket 17. To prevent 
migration of the gasket 17 into the gap, an additional supporting 
ring may also be provided (not illustrated). Likewise, the secondary 
piston 62 is also fitted into the housing with a small lateral play. 

The position of the piezo actuator 1 can be adjusted on the 95 
housing side by means of a washer 18 that is displaceable along the 
bore and by a displacement device 19, e.g., a screw in contact with 
the former. 

The functioning of this exemplary embodiment is basically 
similar to the operation of the exemplary embodiment illustrated in 100 
Fig. 1. Bending of the membranes 41, 61 here is replaced by a 
displacement of the pistons 42, 62. The pressure ram 3 is omitted 
in this exemplary embodiment. 

Fig. 5 shows another exemplary embodiment of the metering 
device as a sectional diagram in a side view. A combined piston 105 
and membrane hydraulic transformation of lift is used here. 

The elements on the primary side, i.e., the piezo actuator 1, the 
pressure ram 3 and the primary membrane 41 correspond to the 
elements shown in Fig. 1. The elements on the secondary side, such 
as the secondary piston 62, the hydraulic accumulator 10 and the fit 110 
92 correspond to the respective elements from Fig. 4. The operation 
of this exemplary embodiment corresponds to that of the elements 
described with respect to Fig. 1 and Fig. 4. 
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Any other combination of suitable separating elements 4, 6 may 
also be used, e.g., by means of metal bellows or tubing. 

Fig. 6 shows state variables of the metering device, plotted as a 
function of time t, in establishing operational readiness (Fig. 6a 5 
and 6b) and during a prolonged voltage drop on the piezo actuator 
1 (Fig. 6c and 6d). 
Fig. 6a shows the voltage U which is applied to the piezo actuator 

1, and which rises from a base level U = 0 V from a time t = 0 s to 
the rated operating voltage U0. 10 

Fig. 6b shows the closing force FN (max. approx. 88 N) 
additionally acting on the valve needle 5 due to the actuation of the 
piezo actuator 1 in Fig. 6a in the initial charging of the piezo 
actuator 1. This closing force FN drops to less than 10% of the 
maximum value within 20 ms. 15 

Fig. 6c shows the voltage U applied to the piezo actuator 1, 
plotted as a function of the time t for a prolonged voltage drop. 

The voltage U drops from the rated operating voltage U0 to the 
base level, for example, for opening the valve 16 or in a failure of 
the voltage U on the piezo actuator 1, and then rises back to U0 at 20 
t = 0.25 s. 

Fig. 6d shows the diagram of the lift uV of the valve needle 5 
belonging to Fig. 6c, plotted as a function of time t. One can see 
clearly the automatic drift of the valve needle 5 back within 140 ms 
in the case of an extremely long operating time, as would occur in 25 
a malfunction of the piezo actuator, for example. 

Fig. 7 illustrates the expected switching behavior on the basis of 
the pressure PT in Mpa occurring in the hydraulic chamber 8 (Fig. 
7a) and the corresponding force FN on the valve needle 5 in any 
units (Fig. 7b), each plotted as a function of the same time 30 

Fig. 7a shows at the beginning of the plot a pressure PT 
corresponding to the basic pressure P0 in the hydraulic chamber 8 
of approx. 3 MPa (at the left), where the fluid chamber 7 is operated 
without pressure (section I). A first pressure peak a with a pressure 
increase to PT of 13 MPa and a following pressure drop are created 35 
based on the initial charging of the piezo actuator 1. 

As the time t progresses further (in the direction toward the right), 
pressure fluctuations for metering processes Z in a pressureless 
state of the fluid chamber 7 (section I) and metering processes L, 
M during a pressure buildup (section II) in the fluid chamber 7 are 40 
shown. When a desired high pressure state (section III) has been 
reached in the fluid chamber 7, there is a greater load on the 
hydraulic chamber 8, for example, in that the piezo actuator 1 is 
subjected to a higher voltage or is triggered more rapidly. In the 
high-pressure state, the risk of cavitation in the hydraulic chamber 45 
8 is of course not negligible. It can be seen that the size of the 
pressure fluctuations in sections I and II is kept essentially constant. 

After turning off the engine, there is a pressure drop c down to 
the basic pressure P0 = 3 Mpa in the hydraulic chamber 8. 

Fig. 7b shows the force FN on the valve needle 5, plotted in a 50 
manner similar to the plot in Fig. 7a. 

After an initial closing force FN,0 on the valve needle 5, there is a 
force peak d, which is similar to the pressure peak a of the pressure 
PT in the initial charging of the piezo actuator 1. 

The subsequent fluctuations in the force FN are in turn similar 55 
and correspond to the pressure fluctuations in the pressure PT. The 
plus or minus sign with FN corresponds to opening and closing of 
the valve 16. In contrast with the pressure PT, the force FN is 
independent of the pressure PF of the fluid F in the fluid chamber 
7. This shows clearly the advantageous effect of the hydraulic 60 
accumulator 10 for rapid and precise control of the metering of 
fluid. After turning off the internal combustion engine, the force FN 
on the valve needle 5 drops back to the initial closing force FN,0.

 
The primary drive of the metering device is of course not limited 65 

to a piezo actuator. A suitable electrostrictive or magnetostrictive 
actuator may also be used. 

The shape of the metering device is not limited to the shape 
illustrated in the exemplary embodiments. For example, it is 
possible to deviate from a shape that is mostly axially symmetrical, 70 
but this usually means that a loss of efficiency must be accepted. 

For example, the piezo actuator may be arranged obliquely on the 
separating device on the primary side (4, 41, 42), or the separating 
device on the primary side (4, 41, 42), and the separating device on 
the secondary side (6, 61, 62) may be offset laterally to one another 75 
or arranged at an angle. 
 

Patent Claims 
 

1. A metering device, comprising 80 
- a housing (2) having an actuating drive in its interior 
space, 
- a hydraulic chamber (8), which is bordered by a 
separating element on the primary side (4, 41, 42) and a 
separating element on the secondary side (6, 61, 62) and is 85 
filled with a hydraulic liquid (14) and separates the interior 
space of the housing (2) into a fluid chamber (7) that can 
be filled with a fluid (F) under pressure and a space for the 
actuating drive,  
- a valve needle (5) in the fluid chamber (7), which is 90 
connected to the separating element on the secondary side 
(6, 61, 62), 
- a hydraulic accumulator (10) that is filled with the 
hydraulic liquid (14) and has an at least partially flexible 
exterior wall (101) connected to the valve needle (5), 95 
- a throttled connecting line (9, 91, 92), which connects 
the hydraulic accumulator (10) to the hydraulic chamber 
(8),  
- a rapid movement of the actuating drive can be 
transferred hydraulically via the separating element on the 100 
primary side (4, 41, 42) and the hydraulic chamber (8) to 
the separating element on the secondary side (6, 61, 62) 
and thus to the valve needle (5), 
- a pressure (PT) in the hydraulic chamber (8) can be 
adapted gradually to a pressure (PH) in the hydraulic 105 
accumulator (10) by means of the throttled connecting line 
(9, 91, 92), 
- opening and closing of a valve (16) can be controlled 
by the movement of the valve needle (5) for metered 
dispensing of the fluid (F). 110 

2. The device according to claim 1, wherein the rapid 
movement of the actuating drive can be transferred 
hydraulically to the separating element on the secondary side 
(6, 61, 62) with transformation of the lift. 
3. The device according to any one of claims 1 to 2, wherein 115 
the actuating drive is a piezo actuator (1), an electrostrictive 
actuator or a magnetostrictive actuator. 
4. The device according to any one of claims 1 to 3, wherein 
the separating element on the primary side (4) is a primary 
membrane (41). 120 
5. The device according to claim 4, wherein a pressure ram 
(3) is mounted between the actuating drive and the primary 
membrane (41). 
6. The device according to any one of claims 1 to 3, wherein 
the separating element on the primary side (4) is a primary 125 
piston (42), which is mounted displaceably in a bore in the 
housing (2). 
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7. The device according to claim 6, wherein the fit between 
the primary piston (42) and the housing (2) can be sealed 
hydraulically by means of a gasket (17). 
8. The device according to any one of the preceding claims, 5 
wherein the separating element on the secondary side (6) is a 
secondary membrane (61). 
9. The device according to claim 8, wherein the throttled 
connecting line (9) can be implemented in the form of a throttle 
bore (91) that is passed through the valve needle (5). 10 
10. The device according to any one of claims 8 to 9, wherein 
the hydraulic accumulator (10) 

- is formed by the flexible exterior wall (101) and a part 
of the valve needle (5) and 
- is situated inside the fluid chamber (7). 15 

11. The device according to any one of claims 1 to 9, wherein 
the separating element on the secondary side (6) is a secondary 
piston (62), which is mounted displaceably in another bore in 
the housing (2). 
12. The device according to claim 11, wherein the throttled 20 
connecting line (9) can be implemented in the form of a fit (92) 
that is subject to leakage between the secondary piston (62) and 
the housing (1). 
13. The device according to any one of claims 11 to 12, 
wherein the hydraulic accumulator (10) 25 

- is formed by the flexible exterior wall (101), a part of 
the wall of the fluid chamber (7) and a part of the valve 
needle (5), and 
- is mounted on the housing (2) and the valve needle (5). 

14. The device according to any one of the preceding claims, 30 
wherein a force exerted on the valve needle (5) by the 
separating element on the secondary side (6) can be at least 
partially compensated by means of at least one spring element 
(11). 
15. The device according to claim 14, wherein the spring 35 
element (11) is mounted in the fluid space (7) and is supported 
on the housing (2) on the one hand and on the exterior wall of 
the hydraulic accumulator (10) on the other hand. 
16. The device according to any one of the preceding claims, 
wherein a tube spring or disk spring is provided for 40 
compressive prestressing of the actuating drive. 
17. The device according to any one of the preceding claims, 
wherein the hydraulic liquid (14) is a synthetic oil. 
18. The device according to any one of the preceding claims, 
wherein the valve needle (5) is in sealing contact with a valve 45 
sealing seat when in the closed state, so that the fluid chamber 
(7) can be sealed with respect to an exterior space. 
19. The device according to any one of the preceding claims, 
wherein the actuating drive is a multilayer piezo actuator (1). 
20. The device according to any one of the preceding claims, 50 
wherein the lift of the valve needle (5) can be limited by a stop 
(13). 
21. The device according to any one of the preceding claims 
for fuel injection. 
22. The device according to claim 21, wherein the fluid (F) is 55 
gasoline, diesel, kerosene, petroleum, alcohol or methane. 
23. A method for metering fluid, wherein 

- the interior space of a housing (2) is subdivided by a 
hydraulic chamber (8) into a fluid chamber (7) and a space 
for an actuating drive, wherein the hydraulic chamber (8) 60 
is bordered by a separating element on the primary side (4, 
41, 42) and a separating element on the secondary side (6, 
61, 62) and is acted upon by a hydraulic liquid (14) under 
pressure,

 65 
- a valve needle (5) situated in the fluid chamber (7) is 
connected to the separating element on the secondary side 
(6, 61, 62), 
- a hydraulic accumulator (10) that is provided with a 
partially flexible exterior wall is filled with the hydraulic 70 
liquid (14) and is connected to the valve needle (5), 
- the hydraulic accumulator (10) is connected 
hydraulically to the hydraulic chamber (8) by a throttled 
connecting line (9, 91, 92),  
- a rapid movement of the actuating drive is transmitted 75 
hydraulically to the separating element on the secondary 
side (6, 61, 62) and thus to the valve needle (5) by means 
of the separating element on the primary side (4, 41, 42) 
and the hydraulic chamber (8), 
- a pressure (PT) in the hydraulic chamber (8) is 80 
adjusted relatively slowly to a resulting pressure (PH) in 
the hydraulic accumulator (10) via the throttled connecting 
line (9, 91, 92), 
- opening and closing of a valve (16) for metered 
dispensing of fluid (F) is controlled by means of the 85 
movement of the valve needle (5). 

24. The method according to claim 23, wherein 
- the actuating drive is elongated in the resting position, 
so that the hydraulic chamber (8) is compressed, and the 
separating element on the secondary side (6, 61, 62) is 90 
moved in the direction of the fluid chamber (7), so that the 
valve needle (5) closes the valve (16),  
- at the start of a metering operation, the actuating drive 
is contracted, so that the pressure on the  hydraulic chamber 
(8) is released, so that the separating element on the 95 
secondary side (6, 61, 62) is moved in the direction of the 
hydraulic chamber (8), thereby causing the valve needle 
(5) to open the valve (16) and fluid (F) to be dispensed n a 
metered fashion from the fluid chamber (7) into the 
exterior space, 100 
- to terminate the metering operation, the actuating drive 
is elongated, thereby compressing the hydraulic chamber 
(8) again, so that the separating element on the secondary 
side (6, 61, 62) is moved in the direction of the fluid 
chamber (7), and therefore the valve needle (5) closes the 105 
valve (16). 

25. The method according to claim 23 or 24, wherein the rapid 
movement of the piezo actuator (1) is transferred hydraulically 
to the separating element on the secondary side (6, 61, 62) with 
a transformed lift. 110 
26. The method according to any one of claims 23 to 25, 
wherein a piezo actuator (1), an electrostrictive actuator or a 
magnetostrictive actuator is used as the actuating drive. 
27. The method according to any one of claims 23 to 26, 
wherein the separating element on the primary side (4) is a 115 
primary membrane (41), whose deflection is controlled by the 
movement of the actuating drive. 
28. The method according to any one of claims 23 to 26, 
wherein the separating element on the primary side (4) is a 
primary piston (41), whose displacement is controlled by the 120 
movement of the actuating drive. 
29. The method according to any one of claims 23 to 28, 
wherein the separating element on the secondary side (6) is a 
secondary membrane (61), whose deflection is controlled by 
the pressure of the hydraulic liquid (14) in the hydraulic 125 
chamber (8). 
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30. The method according to any one of claims 23 to 28, 
wherein the separating element on the secondary side (6) is a 
secondary piston (62), whose deflection is controlled by the 
pressure of the hydraulic liquid (14) in the hydraulic chamber 5 
(8). 
31. The method according to any one of claims 23 to 30, 
wherein a basic pressure (P0) of the hydraulic liquid (14) is 10 
to 50 bar. 
32. The method according to any one of claims 23 to 31, 10 
wherein a pressure (PF) of the fluid (F) is 0 to 250 bar. 
33. The method according to any one of claims 23 to 32, 
wherein the piezo actuator (1) is deflected by 20 µm to 60 µm. 
34. The method according to any one of claims 23 to 33, 
wherein the valve needle (5) is deflected by 60 µm to 360 µm. 15 
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