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(57) ABSTRACT

The invention relates to a device for generating a pulsating
hydraulic fluid pressure in a working chamber (1) filled with
hydraulic fluid, comprising a driveable working piston (4)
movably guided in a hollow working cylinder, wherein a
working chamber (1) that is in fluid communication with the
working piston (4) is provided, such that, by means of the
movement of the working piston (4) within the hollow
working cylinder, a pulsating hydraulic fluid pressure can be
generated in the working chamber (1). In order to provide a
device for generating a pulsating hydraulic fluid pressure
and in particular a diaphragm metering pump comprising
such a device, which has small dimensions and in addition
a rapid passage through the phase between closing the
suction valve and opening the pressure valve, according to
the invention, an auxiliary piston (20) is movably guided in
a hollow auxiliary cylinder and is in fluid communication
with an additional chamber (18, 21), wherein a closeable
auxiliary channel (22), which connects the additional cham-
ber (18, 21) and the working chamber (1), is provided,
wherein the auxiliary piston (20) and the hollow auxiliary
cylinder are formed and arranged in such a way that, by
moving the auxiliary piston (20) within the hollow auxiliary
cylinder, a hydraulic fluid arranged in the additional cham-
ber (18, 21) can at least partly be forced out of the additional
chamber (18, 21) into the auxiliary channel (22) and from
the auxiliary channel (22) into the working chamber (1).
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Fig. 1d
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Fig. 4c
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DEVICE FOR GENERATING A PULSATING
HYDRAULIC FLUID PRESSURE

[0001] The present invention relates to a device for gen-
erating a pulsating hydraulic fluid pressure in a working
chamber filled with hydraulic fluid. In particular, the present
invention relates to a hydraulically driven diaphragm meter-
ing pump with such a device.

[0002] Diaphragm metering pumps typically have a dis-
pensing head with a metering chamber, the volume of which
can be alternately increased and decreased through the
motion of a diaphragm in order to initiate a corresponding
pumping process.

[0003] The motion of the diaphragm can be effected, for
example, by applying a pulsating hydraulic fluid pressure to
the side of the diaphragm facing away from the metering
chamber. The cavity of the diaphragm metering pump filled
with hydraulic fluid pressure is also referred to as working
chamber. The diaphragm thus separates the working cham-
ber filled with hydraulic fluid from the metering chamber
filled with fluid being pumped.

[0004] In order to generate the pulsating hydraulic fluid
pressure within the working chamber, a working piston,
which is movably guided within a hollow working cylinder,
is often driven. Here, the working piston is in fluid com-
munication with the working chamber with the result that,
through the movement of the working piston, the volume in
the working chamber and thus the hydraulic fluid pressure
can be increased and decreased. However, because of the
low compressibility of the hydraulic fluid, the change in the
volume of the working chamber is small. The increase in the
hydraulic fluid pressure does however cause the increased
pressure to be transferred via the diaphragm onto the fluid
being pumped located in the metering chamber, which in
turn leads to a motion of the diaphragm.

[0005] In the diaphragm metering pumps described the
metering chamber is generally connected via a check valve
to a suction line and with a further check valve, the so-called
pressure valve, to a pressure line. If the diaphragm is moved
in the suction direction, so that the volume of the metering
chamber increases, the suction valve opens and fluid being
pumped can be sucked via the suction line into the metering
chamber. If the motion of the diaphragm is reversed, so that
it is moved in the pressure direction, the pressure of the fluid
being pumped in the metering chamber increases, with the
result that first of all the suction valve closes. The pressure
in the metering chamber increases further until the pressure
in the metering chamber exceeds the pressure in the pressure
line, with the result that the pressure valve opens and fluid
being pumped can be pumped out of the metering chamber
into the pressure line.

[0006] Diaphragm metering pumps pump the fluid being
pumped only during the pressure phase, that is while the
diaphragm is moving in the pressure direction, and while the
pressure valve is opened. In contrast, as long as the dia-
phragm is moving in the suction direction, such that fluid
being pumped is sucked from the suction line into the
pumping chamber, and during the pressure increase phase
before the pressure valve opens, no fluid is being pumped.
[0007] For this reason, it is desirable that those phases of
diaphragm motion in which no pumping takes place are
passed through as quickly as possible.

[0008] It is therefore known to increase the diaphragm
speed or the speed of the working piston driving the dia-
phragm during these phases.
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[0009] However, limits are placed on the corresponding
drive control.
[0010] In particular when the diaphragm is moving in the

pressure direction, the phase between the closing of the
suction valve and the opening of the pressure valve is
undesired. In addition to the compressibility of the fluid
being pumped and the hydraulic fluid coming into effect
above all at high pressures, there are a number of elasticities
in the system, not least also caused by the compression of the
diaphragm, with the result that the length of time until the
desired pressure is formed in the pumping chamber can be
considerable.

[0011] The problem is exacerbated in the case of high-
pressure pumps which are intended to pump small metering
quantities as precisely as possible. In order, for example, to
pump against a pressure in the pressure line of 400 bar, as
a rule a working piston with a small effective working
surface area is chosen in order to keep the demands on the
piston drive low. Although a working piston with such a
small working cross section is well suited to precisely
pumping small metering quantities, in certain circumstances
it cannot build up the pressure in the pumping space quickly
enough, however. In particular, when using very small
effective working surface areas of the working piston, the
necessary stroke which the working piston must pass
through in order to be able to build up the desired pressure
in the pumping chamber at all is additionally relatively large,
which places further demands on the space requirement and
the corresponding drive.

[0012] Starting from the described state of the art the
object of the present invention is therefore to provide a
device for generating a pulsating hydraulic fluid pressure
and in particular a diaphragm metering pump with such a
device, which has small dimensions and additionally enables
the phase between the closing of the suction valve and the
opening of the pressure valve, the so-called pressure build-
up phase, to be passed through quickly.

[0013] This object is achieved according to the invention
in that an auxiliary piston is movably guided in a hollow
auxiliary cylinder and is in fluid communication with an
additional chamber, wherein a closeable auxiliary channel is
provided, which connects the additional chamber and the
working chamber, wherein the auxiliary piston and hollow
auxiliary cylinder are formed and arranged in such a way
that, by moving the auxiliary piston within the hollow
auxiliary cylinder, hydraulic fluid can at least partly be
forced out of the additional chamber into the auxiliary
channel and from the auxiliary channel into the working
chamber, wherein the auxiliary piston divides the additional
chamber into a front and a rear additional chamber section,
wherein the auxiliary piston can be moved in such a way that
hydraulic fluid can be forced from the front additional
chamber section into the auxiliary channel and from the
auxiliary channel into the working chamber, and the auxil-
iary piston and the hollow auxiliary cylinder are formed in
such a way that, during the movement, the auxiliary piston
passes through a first and a second stroke section, wherein
hydraulic fluid can only be transferred from the additional
chamber into the auxiliary channel and from the auxiliary
channel into the working chamber in the first stroke section.
[0014] By providing an auxiliary chamber filled with
hydraulic fluid and an auxiliary piston, with which addi-
tional hydraulic fluid is brought into the working chamber in
particular at the start of the pressure stroke, i.e. during the
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pressure build-up phase, with the result that the increase in
pressure of the hydraulic fluid is caused not only by the
movement of the working piston but also by feeding in
additional working fluid, the phase can be effectively
reduced without pumping.

[0015] Here, the two pistons as well as the working and
additional chambers are preferably formed in such a way
that working fluid is only fed from the auxiliary channel into
the working chamber during the pressure build-up phase, i.e.
at the start of the pressure movement of the working piston
while the valve to the pressure line is still closed.

[0016] In a preferred embodiment, the device has a dif-
ferential piston which comprises both the working piston
and the auxiliary piston. The differential piston is movably
arranged within a hollow differential cylinder which com-
prises both the hollow working cylinder and the hollow
auxiliary cylinder.

[0017] It is thus possible to drive the differential piston
with one drive and in the process to move both the working
piston in the hollow working cylinder and the auxiliary
piston in the hollow auxiliary cylinder.

[0018] Although the working and auxiliary pistons can
then no longer be moved separately from each other, this is
not at all necessary either.

[0019] In a further preferred embodiment it is provided
that the effective working surface area of the auxiliary piston
which is in fluid communication with the auxiliary chamber
is larger, preferably more than 100% larger, than the effec-
tive working surface area of the working piston which is in
fluid communication with the working chamber.

[0020] By the effective working surface area is meant the
surface area that is in contact with hydraulic fluid and exerts
a force on the fluid during a movement of the piston.
[0021] In the case of the working piston, as a rule the
effective working surface area of the working piston corre-
sponds to the circular end face of the working piston.
However, if the device is equipped with a differential piston
which comprises both auxiliary piston and working piston,
the auxiliary piston is arranged behind the working piston in
the axial direction and has a diameter which is larger than the
working piston diameter. Since the working piston is fixed
to the auxiliary piston, however, the effective working
surface area of the auxiliary piston is annular as a rule.
[0022] In a further preferred embodiment it is provided
that the effective stroke of the auxiliary piston is smaller,
preferably more than 50% smaller, than the effective stroke
of the working piston.

[0023] Here, by the effective stroke is meant the length of
the movement of the piston during which the piston exerts
force on the fluid being pumped.

[0024] This measure takes account of the fact that it is only
necessary to support the auxiliary piston during the so-called
pressure build-up phase, i.e. during a phase in which no fluid
at all is yet being pumped. As soon as enough fluid has been
introduced into the working chamber, the actual pumping of
the diaphragm metering pump can be effected solely through
the movement of the working piston.

[0025] According to the invention, the auxiliary piston
divides the additional chamber into a front and a rear
additional chamber section, wherein the auxiliary piston can
be moved in such a way that hydraulic fluid can be forced
from the front additional chamber section into the auxiliary
channel and from the auxiliary channel into the working
chamber, wherein the auxiliary piston and the hollow aux-
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iliary cylinder are formed in such a way that, during the
movement, the auxiliary piston passes through a first and a
second stroke section, wherein hydraulic fluid can only be
transferred from the additional chamber into the auxiliary
channel and from the auxiliary channel into the working
chamber in the first stroke section. In other words, measures
are provided which prevent hydraulic fluid from being
transferred by the auxiliary piston in the second stroke
section. In this case, the first stroke section is to be regarded
as the effective stroke of the auxiliary piston.

[0026] Thus it is possible, for example, that, in the second
stroke section, the front and the rear additional chamber
sections are connected. This could be effected, for example,
in that the hollow auxiliary cylinder has a section with a
smaller internal diameter which approximately corresponds
to the external diameter of the auxiliary piston, and a section
with a larger internal diameter. While the auxiliary piston is
located in the section with a smaller internal diameter, the
auxiliary piston can transfer hydraulic fluid from the addi-
tional chamber into the auxiliary channel and from the
auxiliary channel into the working chamber. As soon as the
auxiliary piston enters the section of the hollow auxiliary
cylinder with a larger internal diameter, however, the
hydraulic fluid can flow around the auxiliary piston at its
circumference, whereby the further transport of hydraulic
fluid by the auxiliary piston from the additional chamber
into the auxiliary channel and from the auxiliary channel
into the working chamber stops.

[0027] Alternatively to this, the additional chamber can be
connected to the working chamber via a volumetric metering
valve in the auxiliary channel, with the result that the
hydraulic fluid forced out of the additional chamber by the
auxiliary piston actuates the volumetric metering valve,
wherein the metered volume of the volumetric valve pref-
erably corresponds to the product of the effective stroke of
the auxiliary piston and the effective working surface area of
the auxiliary piston.

[0028] Volumetric metering valves, sometimes also called
dosing valves, are known and are often used for the volu-
metric delivery of lubricants or fuels. However, in the
present case they are used for the delivery of a controlled
quantity of hydraulic fluid. Volumetric valves have a
metered volume which fills with hydraulic fluid. If the
volumetric valve is actuated with the aid of the hydraulic
fluid which the auxiliary piston forces out of the additional
chamber, exactly the desired metered volume is delivered
into the working chamber. Any additional hydraulic fluid
which is forced from the auxiliary chamber into the auxiliary
channel cannot pass into the working chamber, but is
diverted into a corresponding storage tank, for example.
This ensures that, with the aid of the auxiliary piston, only
a specific quantity of hydraulic fluid is brought into the
working chamber, in order to fill the working chamber as
quickly as possible. The further movement of the fluid being
pumped and the metering connected to it is then brought
about exclusively with the aid of the working piston in the
known manner.

[0029] In a further preferred embodiment it is provided
that, between working chamber and additional chamber, a
return flow channel is provided in which is arranged a check
valve, which allows a fluid flow only in the direction from
the additional chamber into the return flow channel and/or
from the return flow channel into the working chamber.
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[0030] This prevents the fluid being pumped, that has been
transported into the working chamber, from flowing back
into the additional chamber again.

[0031] However, at the end of the pressure stroke it is
necessary to remove the hydraulic fluid additionally brought
into the working chamber from the working chamber again.
Therefore, in a preferred embodiment an actuating device is
provided for releasing the check valve. The check valve can
therefore be released during the suction stroke, for example,
in order to achieve a pressure balance between working
chamber and additional chamber and thus a targeted return
flow of the hydraulic fluid out of the working chamber into
the additional chamber.

[0032] The actuating device can be actuated by the aux-
iliary piston, for example. If the actuating device is a
mechanical element, such as for example a corresponding
lever, the auxiliary piston can actuate the lever in one of its
end positions and open the check valve.

[0033] In a particularly preferred embodiment, the return
flow channel is formed by the auxiliary channel. Alterna-
tively, the return flow channel and auxiliary channel can also
be formed separately however. In the latter case, it is then
advantageous if the check valve of the return flow channel
is spring-loaded, i.e. only opens when the pressure differ-
ence between working chamber and auxiliary chamber is so
large that the spring force is overcome. Here, the spring
force can be chosen so high that the necessary pressure
difference is not reached at all in normal operation. The
check valve therefore opens only when it is released for
example by the auxiliary piston or when the auxiliary
channel is blocked for some reason such that the fluid
pressure in the auxiliary chamber increases too much.
[0034] In a further preferred embodiment, a closeable
connecting channel is present between the front additional
chamber section and either a hydraulic fluid tank or the rear
additional chamber section, wherein the connecting channel
is preferably closed by a check valve, which allows a fluid
flow only in the direction from the tank or from the rear
additional chamber section into the front additional chamber
section. Hydraulic fluid can be backfilled into the front
additional chamber section via this connecting channel.
[0035] In a further preferred embodiment, between work-
ing chamber and a hydraulic fluid tank, a discharge channel
is provided which has a valve, wherein the valve is prefer-
ably a pressure-actuated valve, which is connected to the
rear additional chamber section in such a way that the
pressure-actuated valve opens when the pressure in the rear
additional chamber section rises above a predetermined
value.

[0036] Further advantages, features and possible applica-
tions of the present invention become clear with reference to
the following description of different embodiments and the
associated figures. There are shown in:

[0037] FIGS. 1a to le cross-sectional views of a first
embodiment in different positions,

[0038] FIGS. 2a to 2e cross-sectional views of a second
embodiment with different working piston positions,
[0039] FIGS. 3a to 3e cross-sectional views of a third
embodiment with different piston positions,

[0040] FIGS. 4a to 4e sectional views of a fourth embodi-
ment with different piston positions.

[0041] FIGS. 1a to le show sectional views of a first
embodiment of the invention, wherein different positions of
the piston are represented in each case.
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[0042] In this embodiment, the device has a fixed stroke
length, i.e. the piston is moved back and forth between two
fixed extreme positions.

[0043] In FIG. 1a, a pumping unit 6 can be seen with a
working chamber 1. In the pumping unit 6, a bushing 5 is
introduced in which a piston 4 is movably guided. The piston
4 is driven such that it can move from the extreme right-hand
position shown in FIG. 1a to the extreme left-hand position
shown in FIG. 1d.

[0044] The extreme rear point or dead centre is labelled
with the reference number 11, while the extreme front or
left-hand point is labelled with the reference number 10.
Through the movement of the working piston 4, the piston
end face exerts a force on the hydraulic fluid in the working
space.

[0045] In particular when the device according to the
invention is used to drive a diaphragm metering pump, the
working space is, however, connected to elastic elements,
such as for example the diaphragm, with the result that the
pressure in the working space 1 does not build up abruptly,
but first of all the elastic elements are compressed. In order
to achieve an increase in pressure in the working chamber 1,
a not inconsiderable quantity of hydraulic fluid must there-
fore be transported in the direction of the diaphragm. For
this purpose, the working piston 4 is equipped with an
auxiliary piston 20, the external diameter of which is con-
siderably larger than the external diameter of the working
piston 4. In FIG. 1a, the auxiliary piston 20 delimits an
additional chamber 3 in the bushing 5. The additional
chamber 3 is connected to the storage tank 2 via a check
valve 7. The working piston 4 and auxiliary piston 20 are
realized as differential piston 4, 20 in the embodiment
shown. In addition, an auxiliary channel 22 is provided,
which is equipped with a releasable check valve 8 and
connects the additional chamber 3 to the working chamber
1. In the position shown in FIG. 1a, the piston 4 is located
in its extreme right-hand position 11. In this position, the
auxiliary piston 20 and the bushing 5 border the additional
chamber 3. The check valves 7 and 8 are closed. In this
situation, the pressure in the working chamber 1 and the tank
2 is approximately equal. The pumping unit 6, the bushing
5 and the piston 4 form the working chamber 1.

[0046] If the pressure stroke now starts, the differential
piston 4, 20 moves in the direction of the front dead centre
position 10. At the start of this movement, both the end-face
area of the working piston 4 and the annular working surface
area of the auxiliary piston 20 cause an increase in pressure
in the hydraulic fluid both in the working chamber and in the
additional chamber. Because of the small volume of the
additional chamber and lower elasticities in the additional
chamber, the increase in pressure in the front additional
chamber section 21 is considerably more pronounced than in
the working chamber 1, with the result that the check valve
8 opens and hydraulic fluid can flow out of the additional
chamber 3 into the working chamber 1.

[0047]

[0048] If the differential piston 4 is now moved further in
the direction of the extreme left-hand value, the situation
represented in FIG. 1c¢ is reached, in which the auxiliary
piston 20 no longer borders the additional chamber 3, but a
gap 9 forms between the auxiliary piston 20 and the hollow
auxiliary cylinder, which surrounds the auxiliary piston.

This situation is represented in FIG. 15.
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[0049] The front additional chamber section 21 and the
rear additional chamber section 18 are thus connected to
each other by the gap 9.

[0050] Since the auxiliary piston 20 has a working surface
area of equal size on both sides, no more pressure can now
be built up in the additional chamber 3. Instead the pressure
between the front and rear additional chamber sections
balances. Since the rear additional chamber section is also
connected to the hydraulic fluid tank 2, the pressure in the
additional chamber 3 corresponds to the pressure in the tank
2. The check valve 8 then closes and only the working piston
4, i.e. the section with a smaller external diameter, is still
active for the rest of the pressure stroke.

[0051] As soon as the auxiliary piston 20 reaches the
left-hand dead centre position, it actuates the releasing
device 23 of the check valve 8, with the result that excess
hydraulic fluid can flow back out of the working chamber
into the additional chamber 3. This situation is represented
in FIG. 1d.

[0052] Since the rear side of the auxiliary piston 20 is
connected to the hydraulic fluid tank 2, this therefore results
in a pressure balance between working chamber 1 and
hydraulic fluid tank 2.

[0053] The suction movement of the piston 4 is then
effected. As soon as the position shown in FIG. 1le is
reached, the pressure in the additional chamber 3 falls, the
check valve 8 closes and the check valve 7 opens, with the
result that in this position too a pressure balance is effected
between hydraulic fluid tank 2 and additional chamber 3.
This process is then repeated again starting with the situation
which is shown in FIG. 1a.

[0054] The embodiment shown requires two fixed extreme
positions and thus a fixed stroke length.

[0055] However, this is not always desired.

[0056] In FIGS. 2a to 2e, an alternative embodiment is
therefore shown, in which the stroke length can be adjusted.
In the example shown, although the piston has a fixed rear
dead centre position, the front dead centre position is not
fixed. However, in the embodiment shown in FIGS. 1a to 1e,
the front dead centre position was specified, since the piston
had to release the corresponding check valve 8.

[0057] In FIGS. 2a to 2e, sectional views with different
piston positions are also represented. As far as possible, the
same reference numbers were used for identical elements.

[0058] In FIG. 24, the start of the pressure stroke is
represented. The auxiliary piston 20, i.e. the section of the
differential piston with a larger external diameter, is located
in its rear dead centre position. The additional chamber 3 is
bordered by the bushing 5 and the auxiliary piston 20. If the
piston is now moved in the pressure direction, i.e. from right
to left in the figures, the working piston, i.e. the section of
the differential piston 4 with a smaller external diameter,
exerts a force on the hydraulic fluid in the working chamber
1, while the auxiliary piston 20 exerts a force on the
hydraulic fluid in the additional chamber 3. The pressure in
the additional chamber 3 increases more quickly than the
pressure in the working chamber 1, with the result that the
check valve 8' opens, as is shown in FIG. 25, and additional
hydraulic fluid is forced from the additional chamber 3 into
the working chamber 1.

[0059] If the differential piston 4 moves further towards
the left, the situation shown in FIG. 2¢ arises, in which the
gap 9 opens and a pressure balance is effected between the
front additional chamber section 21 and the rear additional
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chamber section 18, with the result that the pressure in the
working chamber 1 is greater than in the additional chamber
3 and the check valve 8' closes. Since the piston does not
have a fixed left-hand dead centre position in this embodi-
ment, it cannot be foreseen how far the piston moves
towards the left. Therefore, in this embodiment, the check
valve 8' also does not have a releasing device since it would
not be guaranteed that the auxiliary piston 20 can actually
actuate it.

[0060] In the suction stroke, the differential piston 4
moves towards the right again without the piston having
come close to the check valve 8' and therefore first of all no
pressure balance results between the working chamber 1 and
the hydraulic fluid tank 2. As soon as the position shown in
FIG. 2d is reached, the gap 9 is closed and the pressure in
the additional chamber 3 falls, with the result that the check
valve 7 opens and a pressure balance takes place between
hydraulic fluid tank 2 and additional chamber 3. However,
in this situation the hydraulic fluid additionally introduced
by the auxiliary piston 20 is still located in the working
chamber 1.

[0061] Finally, as is represented in FIG. 2e, the differential
piston 4, 20 arrives back at its right-hand dead centre
position. In contrast to the embodiment shown in FIGS. 1a
to le, a further connecting channel is shown here, which
connects the working chamber 1 to the rear side of the
auxiliary piston 20 and thus to the hydraulic fluid tank 2 via
a releasable check valve 12. In the position shown in FIG.
2e, the check valve 12 is released, with the result that, in this
situation, the hydraulic fluid additionally introduced by the
auxiliary piston 20 can escape from the working chamber 1
into the hydraulic fluid tank 2.

[0062] In FIGS. 3a to 3e a further embodiment of the
invention is shown, wherein here again the stroke length can
be adjusted, but instead of a fixed rear dead centre position
there is a fixed front dead centre position.

[0063] Again, as far as possible, here too the same refer-
ence numbers were used for identical elements.

[0064] The starting point of the following description is
the start of the pressure stroke, as it is represented in FIG. 3a.
Here, the displacing piston is located in its rear dead centre
position. The differential piston 4, 20 and the bushing 5
border the additional chamber 3. The check valves 7 and 8'
are closed. In this embodiment, two further check valves 14,
15 are present. The check valve 14 is arranged within the
auxiliary piston 20 and allows a flow of the hydraulic fluid
only from the rear additional chamber section 18 into the
front additional chamber section 21. The check valve 15 is
a releasable check valve which allows the hydraulic fluid to
flow from the front additional chamber section 21 into the
working chamber 1. The check valve 15 is spring-loaded in
such a way that it does not open in normal operation since
the pressure difference between additional chamber 3 and
working chamber 1 necessary for this is not reached. There-
fore, it is only opened in the event of a fault or if it is released
by the auxiliary piston 20.

[0065] In the position shown in FIG. 3a, the check valves
14 and 15 are also closed. In this embodiment, a volumetric
valve 13 is shown in addition which, in the example shown,
has a spring-loaded piston.

[0066] If the differential piston 4, 20 now moves towards
the left, the pressure in the working chamber 1 and in the
additional chamber 3 increases. Since the additional cham-
ber volume is smaller than the volume of the working
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chamber, the pressure in the additional chamber 3 increases
considerably more quickly than in the working chamber 1.
This results in a movement of the piston of the volumetric
valve 13, with the result that the pressure of the hydraulic
fluid in the channel between the volumetric valve 13 and the
two check valves 7 and 8' increases. Therefore, the check
valve 8' is also opened and hydraulic fluid is transported out
of the channel into the working chamber 1. The hydraulic
fluid flowing out of this channel into the working chamber
1 accelerates the build-up of pressure in the working cham-
ber 1. This situation is shown in FIG. 35.

[0067] If the differential piston 4 moves further in the
direction of its left-hand end point position, at some point
the piston of the volumetric valve 13 reaches the position
shown in FIG. 3¢ with the consequence that the pressure in
the additional chamber 3 can escape via the discharge
channel 25, which connects the volumetric valve 13 to the
tank 2. At this moment, a further pumping of hydraulic fluid
via the check valve 8' into the working chamber 1 is stopped.
[0068] In the case of the further movement of the working
piston 4 in the direction of the left-hand dead centre position,
only the end face of the working piston 4 is responsible for
a further increase in pressure in the working chamber 1, until
finally the left-hand dead centre position shown in FIG. 34
is reached. In this position, the auxiliary piston 20 releases
the releasable valve 15, whereby the working chamber 1 is
connected to the additional chamber 3 and to the storage
tank 2 via the volumetric valve 13 and a pressure balance
results. In the following suction stroke, the differential
piston 4 moves in the direction of its right-hand dead centre
position again. The check valve 15 is then closed again and
the piston of the volumetric valve 13 moves back into its
starting position with the result that the check valve 7 opens
and fills the connecting channel between volumetric valve
13, check valve 8' and check valve 7 with hydraulic fluid
again. In addition, because of the pressure difference
between the rear additional chamber section and the front
additional chamber section 21, the check valve 14 is opened,
with the result that it is ensured that the pressure balances
between the two additional chamber sections.

[0069] Finally, in FIGS. 4a to 4e a fourth embodiment of
the invention is represented, in which the stroke length can
be adjusted and there is neither a fixed front nor a fixed rear
dead centre position. In this embodiment, the differential
piston 4 can be moved as desired. In FIG. 4q, the start of the
pressure stroke is represented again. Again, the auxiliary
piston 20 and the bushing 5 form the additional chamber 3
or the front additional chamber section, respectively. In this
embodiment, the rear additional chamber section 18 is not
connected to the hydraulic fluid tank 2. In the position
shown in FIG. 4a, the check valves 7 and 8' as well as the
two-way valve 17 are closed. The check valve 16, the
two-way valve 17 and the volumetric valve 13 are also
closed. The pressure in the working chamber 1 and in the
tank 2 is the same. The pumping unit 6, the bushing 5 and
the differential piston 4 form the working chamber 1.
[0070] The differential piston 4 now moves in the direc-
tion of a front end position, as is represented in FIG. 4b. At
the start of the movement, the pressure will increase both in
the working chamber 1 and in the front additional chamber
section 21. Because of the smaller volume in the additional
chamber, the pressure in the additional chamber 3 increases
considerably more quickly than in the working chamber 1.
The result of this is that the piston of the volumetric valve
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13 moves in the direction of the working space 1, with the
result that the check valve 8' opens. Hydraulic fluid is
thereby pumped via the check valve 8' into the working
chamber 1, which results in an additional increase in pres-
sure in the working chamber 1. In this position, the pressure
in the rear additional chamber section 18 falls, because of
the check valve 16 which connects the rear additional
chamber section 18 to the tank 2, however, a pressure
balance and thus backfilling of hydraulic fluid in the rear
additional chamber section 18 results.

[0071] The piston then moves further in the direction of its
front end position with the result that the piston of the
volumetric valve 13 reaches its left-hand end position and
opens the discharge bore to the tank 2. In the front additional
chamber section, no more pressure is built up as a result of
this. However, the further build-up of pressure because of
the working piston results in the pressure in the working
chamber 1 increasing further. The check valve 8 therefore
closes.

[0072] This situation is shown in FIG. 4c.

[0073] At the start of the suction stroke, the piston of the
volumetric valve 13 moves towards the right back in the
direction of the additional chamber 3. Due to the increase in
volume between the two check valves 7 and 8' and the piston
of the volumetric valve, a negative pressure forms, with the
result that the check valve 7 opens and oil flows out of the
tank 2 via the check valve 7 into the bores. In addition, the
pressure in the rear auxiliary chamber section 18 increases.
This, in turn, results in the two-way valve 17 opening, with
the result that a connection between the working chamber 1
and the storage tank 2 is opened up via a corresponding
discharge channel. The hydraulic fluid additionally intro-
duced into the working chamber 1 by the auxiliary piston 20
or by the volumetric valve 13 can thus escape into the tank
2.

[0074] The check valves 7, 8' are closed and the piston of
the volumetric valve 13 is located in the right-hand end
position, with the result that the negative pressure in the
additional chamber 3 opens the check valve 19 and hydrau-
lic fluid can flow from the tank 2 via the check valve 19 into
the additional chamber 3.

REFERENCE NUMBERS

[0075] 1 Working chamber
[0076] 2 Hydraulic fluid tank
[0077] 3 Additional chamber
[0078] 4 Working piston
[0079] 5 Bushing

[0080] 6 Pumping unit

[0081] 7 Check valve

[0082] 8 Check valve

[0083] 8' Check valve

[0084] 9 Gap

[0085] 10 Dead centre position
[0086] 11 Dead centre position
[0087] 12 Check valve

[0088] 13 Volumetric valve
[0089] 14 Check valve

[0090] 15 Releasable check valve
[0091] 16 Check valve

[0092] 17 Two-way valve
[0093] 18 Rear additional chamber section
[0094] 19 Check valve

[0095] 20 Auxiliary piston
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[0096] 21 Front additional chamber section
[0097] 22 Auxiliary channel

[0098] 23 Releasing device

[0099] 24 Connecting channel

[0100] 25 Discharge channel

1. A metering device (1, 12) having a metering chamber
in which a displacement element is arranged moveably in
such a way that it is reciprocable between two positions,
wherein the volume of the metering chamber in the one
position is greater than in the other position, wherein the
metering device (1, 12) further has:

an actuator (2, 14) for driving the displacement element,
which has an actuator input for an electrical actuation
signal and is so constructed that an electrical actuation
signal at the actuator input is converted into a mechani-
cal movement,

a sensor (3, 13) for detecting a physical or chemical
measurement value, which has a sensor output for an
electrical measurement signal and is so adapted that it
detects the physical or chemical measurement value,
converts it into an electrical measurement signal and
makes same available at the sensor output,

a communication interface, by way of which the metering
device (1, 12) can communicate with a remotely
arranged server (16),

characterised in that the actuator (2, 14), the sensor (3,13)
and the communication interface are so adapted that an
electrical measurement signal at the sensor output in
operation of the metering device (1, 12) can be trans-
mitted by way of the communication interface to the
remote server (16) and an electrical actuation signal can
be received by way of the communication interface and
transmitted to the actuator input.

2. A metering device (1, 12) according to claim 1 char-
acterised in that the sensor (3, 13) has a sensor operational
input for the electrical operating signal, wherein there is
provided an operating signal generating device which can
generate an electrical operating signal and which is con-
nected to the sensor operational input, wherein the operating
signal generating device is so adapted that it can commu-
nicate by way of the communication interface with a
remotely arranged server (16).

3. A metering device (1, 12) according to claim 1 char-
acterised in that there is provided a further sensor (3, 13) for
detecting a further physical or chemical measurement value,
which has a sensor output for an electrical measurement
signal and is so adapted that it detects the further chemical
or physical measurement value, converts it into an electrical
measurement signal, and makes same available at the sensor
output, wherein the further sensor (3, 13) and the commu-
nication interface are so adapted that an electrical measure-
ment signal at the sensor output of the further sensor (3, 13)
can be transmitted by way of the communication interface to
the remotely arranged server (16).

4. A metering device (1, 12) according to claim 1 char-
acterised in that there is provided an emergency device for
detecting whether the metering device (1, 12) is communi-
cating by way of the communication interface with a remote
server (16) and if no communication or no communication
for longer than a predetermined time interval is detected it
initiates an emergency shutdown or an emergency closed-
loop control action.
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5. A metering system comprising at least one metering
device (1, 12) according to claim 1 and a remotely arranged
server (16) having a metering device software which imple-
ments a closed-loop control device in which the electrical
measurement signal transmitted by way of the communica-
tion interface is compared to a target value curve, a control
variable is calculated therefrom and the control variable is
transmitted as an electrical actuation signal by way of the
communication interface to the actuator input.

6. A metering system according to claim 5 characterised
in that the server (16) has a remote access interface, by way
of which it is possible to communicate from an external
device with the metering device software.

7. A metering system according to claim 5 characterised
in that the metering device software has an alarm device
capable of sending an alarm message to an external device.

8. A metering system according to claim 5 characterised
in that there are provided a multiplicity of metering devices
1, 12);

the metering devices (1, 12) each having a metering

chamber in which a displacement element is arranged
moveably in such a way that it is reciprocable between
two positions, wherein the volume of the metering
chamber in the one position is greater than in the other
position, wherein the metering device (1, 12) further
has:

an actuator (2, 14) for driving the displacement ele-
ment, which has an actuator input for an electrical
actuation signal and is so constructed that an elec-
trical actuation signal at the actuator input is con-
verted into a mechanical movement,

a sensor (3, 13) for detecting a physical or chemical
measurement value, which has a sensor output for an
electrical measurement signal and is so adapted that
it detects the physical or chemical measurement
value, converts it into an electrical measurement
signal and makes same available at the sensor output,

a communication interface, by way of which the meter-
ing device (1, 12) can communicate with a remotely
arranged server (16),

characterised in that the actuator (2, 14), the sensor (3, 13)

and the communication interface are so adapted that an
electrical measurement signal at the sensor output in
operation of the metering device (1, 12) can be trans-
mitted by way of the communication interface to the
remote server (16) and an electrical actuation signal can
be received by way of the communication interface and
transmitted to the actuator input.

9. A metering system according to claim 5 characterised
in that the server (16) has a data logger which can commu-
nicate with the metering device software.

10. A metering system according to claim 5 characterised
in that the server (16) has a maintenance interface by way of
which it is possible to access the server (16) from a main-
tenance server (26).

11. A metering installation system having a multiplicity of
metering systems according to claim 5 and a maintenance
server (26), by way of which the metering device software
can be replaced and the content of the data logger can be
read out.

12. A metering system according to claim 6 wherein the
remote access interface is a web interface.
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