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(57) Abrégé/Abstract:

The invention relates to a metering pump having a hydraulic drive mechanism (12) for making a pressurized hydraulic fluid
available. The metering pump further comprises a housing (2), a reciprocating piston (3) which is accommodated in the housing (2)
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(57) Abrégé(suite)/Abstract(continued):

such that at least one first and one second hydraulic chamber (9-1, 9-2) and one first (6-1) and one second delivery chamber (6-2)
are formed, and an adjustment means which is coupled to the reciprocating piston (3) so that the movement of the reciprocating
piston (3) can be limited such that different minimum and/or maximum volumes can be adjusted for at least one of the delivery
chambers (6-1, 6-2). The reciprocating piston (3) has at least one first drive surface (10-1) near the first hydraulic chamber (9-1)
and at least one second drive surface (10-2) near the second hydraulic chamber (9-2), the hydraulic chambers (9-1, 9-2)
communicating with the hydraulic drive mechanism such that the reciprocating piston (3) can be moved to and fro by the hydraulic
fluid between a first and a second position. During movement of the reciprocating piston from the first to the second position, the
volume of the first delivery chamber (6-1) is increased and the volume of the second delivery chamber (6-2) is reduced. During
movement of the reciprocating piston from the second to the first position, the volume of the second delivery chamber (6-2) is
increased and the volume of the first delivery chamber (6-1) is reduced. The invention further relates to a metering system for
mixing two fluids and to a metering system for metering at least one fluid.
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(54) Title: METERING PUMP AND METERING SYSTEM

(54) Bezeichnung : DOSIERPUMPE UND DOSIERSYSTEM

FIG.2

(57) Abstract: The invention relates to a metering pump
having a hydraulic drive mechanism (12) for making a
pressurized hydraulic fluid available. The metering pump
further comprises a housing (2), a reciprocating piston (3)
which is accommodated in the housing (2) such that at least
one first and one second hydraulic chamber (9-1, 9-2) and
one first (6-1) and one second delivery chamber (6-2) are
formed, and an adjustment means which is coupled to the
reciprocating piston (3) so that the movement of the
reciprocating piston (3) can be limited such that different
minimum and/or maximum volumes can be adjusted for at
least one of the delivery chambers (6-1, 6-2). The
reciprocating piston (3) has at least one first drive surface
(10-1) near the first hydraulic chamber (9-1) and at least one
second drive surface (10-2) near the second hydraulic
chamber (9-2), the hydraulic chambers (9-1, 9-2)
communicating with the hydraulic drive mechanism such
that the reciprocating piston (3) can be moved to and fro by
the hydraulic fluid between a first and a second position.
During movement of the reciprocating piston from the first
to the second position, the volume of the first delivery
chamber (6-1) is increased and the volume of the second
delivery chamber (6-2) is reduced. During movement of the
reciprocating piston from the second to the first position, the
volume of the second delivery chamber (6-2) is increased
and the volume of the first delivery chamber (6-1) is
reduced. The invention further relates to a metering system
for mixing two fluids and to a metering system for metering
at least one fluid.

(57) Zusammenfassung:
[Fortsetzung auf der ndchsten Seite]
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CZ, DE, DK, FE, ES, FL, FR, GB, GR, HR, HU, IE, IS, Veroffentlicht:
IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO,
RS, SE, SL, SK, SM, TR), OAPI (BF, BJ, CF, CG, CL 3
CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD,

TG).

—  mit internationalem Recherchenbericht (Artikel 21 Absatz

Die Erfindung betrifft eine Dosierpumpe mit einem hydraulischen Antrieb (12) zum Bereitstellen einer unter Druck stehenden
Hydraulikfliissigkeit. Die Dosierpumpe umftasst ferner ein Gehduse (2), einen Pendelkolben (3), der so in dem Gehéuse (2)
aufgenommen ist, dass zumindest eine erste und eine zweite Hydraulikkammer (9-1, 9-2) und eine erste (6-1) und eine zweite
Férderkammer (6-2) gebildet sind, und eine Einsteileinrichtung, welche so mit dem Pendelkolben (3) gekoppelt ist, dass die
Bewegung des Pendelkolbens (3) so begrenzbar ist, dass fiir zumindest eine der Férderkammern (6-1, 6-2) verschiedene Minimal-
und/oder Maximalvolumina einstellbar sind. Dabei weist der Pendelkolben (3) bei der ersten Hydraulikkammer (9-1) zumindest
eine erste Antriebsflache (10-1) und bei der zweiten Hydraulikkammer (9-2) zumindest eine zweite Antriebstldche (10-2) auf und
die Hydraulikkammern (9-1, 9-2) kommunizieren mit dem hydraulischen Antrieb, so dass der Pendelkolben (3) von der
Hydraulikfliissigkeit zwischen einer ersten und einer zweiten Stellung hin und her bewegbar ist, wobei bei der Bewegung von der
ersten in die zweite Stellung das Volumen der ersten Forderkammer (6-1) vergroBert und das Volumen zweiten Férderkammer (6-
2) verkleinert wird und bei der Bewegung von der zweiten in die erste Stellung das Volumen der zweiten Férderkammer (6-2)
vergrofBert und das Volumen der ersten Férderkammer (6-1) verkleinert wird. Ferner betrifft die Erfindung ein Dosiersystem zum
Mischen zweier Fluide und ein Dosiersystem zum Dosieren zumindest eines Fluids.



Metering pump and metering system

The present invention relates to a metering pump for delivering and metering a fluid.
The invention furthermore relates to a metering system for mixing two fluids and to a
metering system for metering at least one fluid.

Piston-type metering pumps of various designs which have various delivery ranges are
known. There are usually driven electrically or pneumatically. However, there are areas
of application in which a pneumatic or electric drive cannot be used since, for example,
no air pressure can be generated for the pneumatic drive and there is insufficient

electric energy available to drive the metering pump electrically.

Moreover, there are areas of use, especially in the agricultural sector when metering
plant protection products, for which very accurate metering over a very large delivery
range is required. Admittedly, it is possible to meter accurately defined quantities with
conventional metering-pumps. However, such metering pumps then have only a very
narrow range within which the metered quantity can be adjusted. On the other hand,
there are metering pumps, the metered volumes of which can be adjusted over a very
wide range. However, the accuracy with which metering is then carried out is low.

It is therefore the underlying object of the invention to specify a metering pump and a
metering system which can be used in a flexible manner and/or by means of which very
accurate metering over a wide, adjustable metering range is possible.

An embodiment of the invention relates to a metering pump having
- a hydraulic drive for supplying a hydraulic fluid under pressure,
- a housing,

- an oscillating piston, which is accommodated in the housing in such a way that
at least a first and a second hydraulic chamber and a first and a second delivery
chamber are formed, and

- an adjusting device, which is coupled to the oscillating piston in such a way that
the movement of the oscillating piston is limited in such a way that different minimum
and/or maximum volumes is set for at least one of the delivery chambers,

Date Regue/Date Received 2020-10-22
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- wherein the oscillating piston has at least a first driving surface in the first
hydraulic chamber and at least a second driving surface in the second hydraulic
chamber, and the hydraulic chambers communicate with- the hydraulic-drive,-thus
enabling- the oscillating - piston to be moved backward and forward between a first
and a second position by the hydraulic fluid,

- wherein, during the movement from the first to the second position, the volume
of the first delivery chamber is enlarged and the volume of the second delivery chamber
is reduced and, during the movement from the second to the first position, the volume of
the second delivery chamber is enlarged and the volume of the first delivery chamber is
reduced and

- wherein the adjusting device comprises at least one stop piston, which limits the

space in the delivery chamber which is assigned to the stop piston;
said metering pump further having at least one of the following features:

(i at least one stop piston that communicates with the hydraulic drive at a first stop
piston surface, which lies outside the delivery chamber assigned to said stop
piston, and is supplied with the hydraulic fluid in such a way that a force that
counteracts an enlargement of the associated delivery chamber is exerted on the
stop piston,

(i) at least one stop piston that communicates with the hydraulic drive at a second
stop piston surface, which lies outside the delivery chamber assigned to said
stop piston, and is supplied with the hydraulic fluid in such a way that a force that
counteracts a reduction in the size of the associated delivery chamber is exerted
on the stop piston, and.

(i)  at least one of the delivery chambers that is assigned at least two outlet lines
and at least two different maximum volumes is set in such a way by means of
the adjusting device that, at a first maximum volume, at least one outlet line
opens into the delivery chamber and, at a second maximum volume, only the
other of the two outlet lines opens into the delivery chamber.

Date Regue/Date Received 2020-10-22
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Another embodiment of the invention relates to the metering pump defined
hereinabove,

wherein

at least one stop piston communicates with the hydraulic drive at a first stop piston
surface, which lies outside the delivery chamber assigned to said stop piston, and is
supplied with the hydraulic fluid in such a way that a force that counteracts an
enlargement of the associated delivery chamber is exerted on the stop piston.

Another embodiment of the invention relates to the metering pump defined
hereinabove,

wherein

at least one stop piston communicates with the hydraulic drive at a second stop piston
surface, which lies outside the delivery chamber assigned to said stop piston, and is
supplied with the hydraulic fluid in such a way that a force that counteracts a reduction
in the size of the associated delivery chamber is exerted on the stop piston.

Another embodiment of the invention relates to the metering pump defined

hereinabove,
wherein

at least one of the delivery chambers is assigned at least two outlet lines and at |east
two different maximum volumes is set in such a way by means of the adjusting device
that, at a first maximum volume, at least one outlet line opens into the delivery chamber
and, at a second maximum volume, only the other of the two outlet lines opens into the
delivery chamber.

Another embodiment of the invention relates to the metering pump defined
hereinabove,

wherein

the adjusting device comprises two stop pistons, wherein the first stop piston is
arranged in the first delivery chamber and the second stop piston is arranged in the
second delivery chamber.

Date Regue/Date Received 2020-10-22
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Another embodiment of the invention relates to the metering pump defined
hereinabove,

wherein

the oscillating piston and the stop piston or pistons is/are moved backward and forward
in a cylindrical cavity of the housing.

Another embodiment of the invention relates to the metering pump defined
hereinabove,

wherein

the stop piston or pistons is/are in each case moved backward and forward between at

least two oppositely oriented stops in the cylindrical cavity of the housing.

Another embodiment of the invention relates to a first metering system for mixing two
fluids, having

- a metering pump as defined hereinabove,

- a first tank for the first fluid, which is in fluid communication with the first delivery
chamber of the metering pump via a first inlet line, and

- a second tank for the second fluid, which is in fluid communication with the
second delivery chamber of the metering pump via a second inlet line,

- wherein the outlet line of the first delivery chamber and the outlet line of the

second delivery chamber are combined for metered mixing of the fluids.

Another embodiment of the invention relates to a second metering system for metering
at least one fluid, having

- a metering pump as defined hereinabove and wherein the stop piston or pistons
is/are in each case moved backward and forward between at least two oppositely
oriented stops in the cylindrical cavity of the housing,

- at least one tank for the fluid to be metered,

- wherein the tank is in fluid communication with the first and the second delivery

chamber of the metering pump via an inlet line,

Date Regue/Date Received 2020-10-22



1d

- wherein the other of the two outlet lines of the first delivery chamber is a
metering line for metering the fluid, and

- one of the two outlet lines of the first delivery chamber is in fluid communication
with the tank, thus enabling fluid to be pumped back into the tank via one outlet line in

order to circulate the fluid present in the tank.

Another embodiment of the invention relates to the second metering system defined
hereinabove,

wherein

at least two different maximum volumes are set in such a way by means of the adjusting
device that, at a first maximum volume, the two outlet lines open into the first delivery
chamber and, at a second maximum volume, only the other of the two outlet lines
opens into the first delivery chamber.

Another embodiment of the invention relates to the second metering system defined
hereinabove,

wherein

a first valve is arranged in one outlet line, and a second valve is arranged in the other
outlet line, and the opening pressure of the second valve is higher than the opening
pressure of the first valve.

Another embodiment of the invention relates to a metering pump having
- a housing,

- an oscillating piston, which is accommodated in the housing in such a way that a

first and a second delivery chamber are formed, and

- a drive, which is coupled to the oscillating piston in such a way that the
oscillating piston is moved backward and forward between a first and a second position
by means of the drive, wherein, during the movement from the first to the second
position, the volume of the first delivery chamber is enlarged and the volume of the

second delivery chamber is reduced and, during a movement from the second to the
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first position, the volume of the second delivery chamber is enlarged and the volume of
the first delivery chamber is reduced,

wherein

- the metering pump has an adjusting device, which is coupled to the oscillating
piston in such a way that the movement of the oscillating piston is limited in such a way
that different minimum and/or maximum volumes is set for at least a first of the delivery
chambers,

- at least the first delivery chamber is assigned at least two outlet lines and

- at least two different maximum volumes are set in such a way by means of the
adjusting device that, at a first maximum volume, at least one outlet line opens into the
first delivery chamber and, at a second maximum volume, only the other of the two
outlet lines opens into the delivery chamber.

Another embodiment of the invention relates to the metering pump defined
hereinabove,

wherein

the adjusting device comprises a stop piston, which limits the volume of the first delivery
chamber which is assigned to the stop piston.

Another embodiment of the invention relates to the metering pump defined
hereinabove,

wherein

the adjusting device comprises two stop pistons, wherein the first stop piston is
arranged in the first delivery chamber and the second stop piston is arranged in the
second delivery chamber.

Another embodiment of the invention relates to the metering pump defined
hereinabove,

wherein

Date Regue/Date Received 2020-10-22
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the oscillating piston and the stop piston or pistons is/are moved backward and forward
in a cylindrical cavity of the housing.

Another embodiment of the invention relates to the metering pump defined
hereinabove,

wherein

the stop piston or pistons is/are in each case moved backward and forward
between at least two oppositely oriented stops in the cylindrical cavity of the housing.

Another embodiment of the invention relates to the metering pump defined
hereinabove,

wherein

the metering pump has a hydraulic drive for supplying a hydraulic fluid under pressure
and

wherein

at least one stop piston communicates with the hydraulic drive at a first stop piston
surface, which lies outside the delivery chamber assigned to said stop piston, and is
supplied with the hydraulic fluid in such a way that a force that counteracts an
enlargement of the associated delivery chamber is exerted on the stop piston.

Another embodiment of the invention relates to the metering pump defined
hereinabove,

wherein

at least one stop piston communicates with the hydraulic drive at a second stop piston
surface, which lies outside the delivery chamber assigned to said stop piston, and is
supplied with the hydraulic fluid in such a way that a force that counteracts a reduction
in the size of the associated delivery chamber is exerted on the stop piston.

Another embodiment of the invention relates to a third metering system for mixing two
fluids, having

- a metering pump as defined hereinabove,

Date Regue/Date Received 2020-10-22
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- a first tank for the first fluid, which is in fluid communication with the first delivery
chamber of the metering pump via a first inlet line, and

- a second tank for the second fluid, which is in fluid communication with the
second delivery chamber of the metering pump via a second inlet line,

- wherein the outlet line of the first delivery chamber and the outlet line of the

second delivery chamber are combined for metered mixing of the fluids.

The metering pump according to the invention comprises a hydraulic drive for supplying
a hydraulic fluid under pressure. The metering pump furthermore has a housing and an
oscillating piston, which is accommodated in the housing in such a way that at least a
first and a second hydraulic chamber and a first and a second delivery chamber are
formed. Furthermore, the metering pump has an adjusting device, which is coupled to
the oscillating piston in such a way that the movement of the oscillating piston can be
limited

Date Regue/Date Received 2020-10-22
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in such a way that different minimum and/or maximum volumes can be set for at least one
of the delivery chambers. [n this case, the oscillating piston has at least a first driving
surface in the first hydraulic chamber and at least a second driving surface in the second
hydraulic chamber. The hydraulic chambers communicate with the hydraulic drive, thus
enabling the oscillating piston to be moved backward and forward between a first and a
second pasition by the hydraulic fluid. During the movement from the first to the second
position, the volume of the first delivery chamber is enlarged and the volume of the
second delivery chamber is reduced. During the movement from the second to the first
position, in contrast, the volume of the second delivery chamber is enlarged and the
volume of the first delivery chamber is reduced. Furthermore, the adjusting device
comprises at least one stop piston, which limits the space in the delivery chamber which

is assigned to the stop piston.

The metering pump according to the invention can be used to advantage even when the
pump cannot be driven by means of an electric or pneumatic drive. The metering pump
according-to the invention can also be-employed;-for example, on a-vehicle-er-an- -
agricultural or construction machine for metering liquid media where electric energy and
compressed air for driving one or more metering pumps are available only to a very
limited extent. If the metering pump is employed to dispense plant protection products, for
example, a not inconsiderable amount of motive power is required, and this can be made
available hydraulically but not electrically by the vehicle. This is because many agricultural
vehicles and construction machines are fitted with a powerful onboard hydraulic system
which enables the oscillating piston of the metering pump to be driven.

in the case of the metering pump according to the invention, the hydraulic fluid acts
directly on the driving surfaces of the oscillating piston. In particular, the oscillating piston
is driven directly by hydraulic means. This means that there is no mechanical power
transmission between the hydraulic drive and the oscillating piston, and therefore the
hydraulic pressure acts directly on the driving surfaces of the oscillating piston in order to
move and drive the latter. Admittedly, it is possible to generate a very high pressure for
delivery of the fluid by means of a direct hydraulic drive of this kind. With a hydraulic drive,
however, there is the problem that the piston of a conventional piston pump has very high
positive and negative acceleration. Moreover, very high piston speeds occur. Owing to the
generally very low resistance during intake, the acceleration and speed of the pistonin a
hydraulic drive are very high during the intake of the fluid to be delivered. As a
consequence, the fluid to be delivered can no longer match the speed of the piston during

intake, and cavitation occurs. In cavitation, vapor-filled cavities form in the liquid to be



10

15

20

25

30

35

CA 02914098 2015-12-01

PF0000075412
3

metered. The vapor bubbles collapse again during delivery of the liquid. This can lead to
mechanical damage in the metering pump. Moreover, this prejudices the accuracy of
metering.

According to the invention, the occurrence of cavitation in the hydraulically driven
metering pump is avoided by virtue of the fact that the oscillating piston is moved
backward and forward in two opposite delivery chambers. In this case, the acceleration of
the oscillating piston during the intake of fluid into the first delivery chamber is damped by
the opposing delivery of the fluid from the second delivery chamber. Thus, delivery from
the second delivery chamber damps the movement of the oscillating piston during the
intake of fluid into the first delivery chamber. Conversely, delivery of the fluid from the first
delivery chamber damps the acceleration of the oscillating piston during the intake of fluid
into the second delivery chamber. Thus, the resistance on the delivery side is in each
case used to brake the movement of the oscillating piston on the intake side. 1t is only this
special configuration of the metering pump according to the invention which allows the
use-of-a-hydraulic-drive.-Cavitation-problems of-this-kind-do not usually-eceur with-
electrically and pneumatically driven metering pumps, and therefore the design of such

metering pumps cannot readily be applied to metering pumps with a hydraulic drive.

In particular, the two driving surfaces are aligned in such a way relative to the hydraulic
chambers that a pressure of the hydraulic fluid in the first hydraulic chamber on the first
driving surface moves the oscillating piston from the first to the second position and a

pressure of the hydrautlic fluid in the second hydraulic chamber on the second hydraulic

surface moves the oscillating piston from the second to the first position.

In particular, the two delivery chambers are completely separate from one another. They
each have at least one inlet line and one outlet line, which open into the respective
delivery chamber.

In particular, the oscillating piston has two sides. On the first side, the oscillating piston
has a first delivery surface in the first delivery chamber. In particular, this first delivery
surface is aligned in exactly the same way as the first driving surface. On the other side,
the oscillating piston likewise has a second delivery surface, which is arranged in the
second delivery chamber and is aligned in the same way as the second driving surface.

According to one embodiment of the metering pump according to the invention, the two
driving surfaces are of annular design. The two delivery surfaces can be in the form of
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circular disks, for example. In particular, they are formed on the two end faces of the
oscillating piston. The driving surfaces can be formed by projections in the central area of
the oscillating piston, for example.

According to a development of the metering pump according to the invention, the
adjusting device is especially designed in such a way that the minimum volumes of the
delivery chambers are generally zero. This means that fluid present in the delivery
chamber is forced completely out of the delivery chamber at the respective outermost
reversal point of the oscillating piston. In this case, however, the respective maximum
volume of the delivery chamber can be set by the adjusting device. It is thereby
advantageously possible to set different metering volumes.

As a result of the adjusting device, the metering pump according to the invention can
advantageously be employed if the delivery volume is to be adjustable over a very wide
range while nevertheless ensuring accurate metering.

The metering pump according to this development of the invention can furthermore
advantageously be employed in conjunction with fluids in which sedimentation of solid
particles is likely to occur. In such a case, it is necessary to agitate or circulate the fluid
supply before metering the fluid. The metering pump according to the invention can
advantageously be used both for metering and for agitating or circulating the fluid supply.
With the metering pump according to the invention, it is possible accurately to meter a
relatively small volume flow and, at the same time, also to deliver a relatively high volume
flow for agitation and circulation of the fluid to be metered. By means of the adjusting
device, it is possible to change between these two operating modes easily and quickly.

By means of the stop piston of the adjusting device in particular the stroke of the
oscillating piston is limited.

The adjusting device preferably comprises two stop pistons, wherein the first stop piston
is arranged in the first delivery chamber and the second stop piston is arranged in the
second delivery chamber. In particular, the oscillating piston and the stop piston or pistons
can be moved backward and forward in a cylindrical cavity of the housing. In particutar,
the stop piston or pistons can in each case be moved backward and forward between at
least two oppositely oriented stops in the cylindrical cavity of the housing. However, the
movement of the stop pistons serves only for the setting of the maximum volumes of the
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delivery chambers. During the operation of the metering pump, the stop pistons remain
fixed and, in particular, form stops for the oscillating piston.

Very simple and robust construction is thereby advantageously provided for a metering
pump which can withstand very high delivery pressures and the metering volume of which
can be set in a flexible manner. If the spacing of the two stops is different in the respective
delivery chambers, four different delivery ranges can in this way be provided for the
metering pump, and just one stop piston or both stop pistons have in each case to be
moved from one stop to the other stop in order to vary the delivery range.

In particular, the stop pistons can be moved on the same axis as the oscillating piston.
This makes it possible for the cavity in the housing which accommodates the oscillating
piston and the stop pistons to be formed at low cost as a cylindrical bore.

According to a development of the metering pump according to the invention, the stop
piston communicates-with the-hydrautic drive at a first stop piston surface, - which-lies
outside the delivery chamber assigned to said stop piston. Accordingly, said stop pistan
surface can be supplied with the hydraulic fluid, with the result that a force that
counteracts an enlargement of the assaciated delivery chamber is exerted on the stop
piston. In particular, this first stop piston surface is larger than each of the driving surfaces
of the oscillating piston. This ensures that the force exerted on the stop piston from the
side of the first stop piston surface is greater than the force which is exerted on the stop
piston from the side of the associated delivery chamber when the fluid Is delivered from
said delivery chamber.

According to ancther embodiment of the-metering pump according to the invention, the
stop piston communicates with the hydraulic drive ata second stop piston surface, which
lies outside the delivery chamber assigned to said stop piston. This second stop piston
surface can be supplied with the hydraulic fluid in such a way that a force that counteracts
a reduction in the size of the associated delivery chamber is exerted on the stop piston. in
particular, the second stop piston surface is smaller than the first stop piston surface.
Supplying the second stop piston surface with hydraulic fluid prevents a reduction in the
size of the associated delivery chamber during the intake of fluid into the corresponding
delivery chamber.,

According to a development of the metering pump according to the invention, at least one
of the delivery chambers, preferably both delivery chambers, is (are) assigned at least two
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outlet lines. In this case, at least two different maximum volumes can be set in such a way
by means of the adjusting device that, at a first maximum volume, at least one outlet line
opens into the delivery chamber and, at a second maximum volume, only the other of the
two outlet lines opens into the delivery chamber. In particular, at a first maximum volume
the two outlet lines open into the delivery chamber and, at the second maximum volume,
only the other outlet line opens into the delivery chamber.

According to another, second aspect of the invention, a metering pump is provided, which
can comprise not only a hydraulic drive but also a drive of some other kind, e.g. an
electric or pneumatic drive. The metering pump according to this second aspect
comprises a housing and an oscillating piston, which is accommodated in the housing in
such a way that a first and a second delivery chamber are formed. The metering pump
furthermore comprises a drive, which is coupled to the oscillating piston in such a way
that the oscillating piston can be moved backward and forward between a first and a

second position by means of the drive, wherein, during the movement from the first to the

‘second position; the volune of the first delivery chamber is entarged and the volume of~

the second delivery chamber is reduced and, during a movement from the second to the
first position, the volume of the second delivery chamber is enlarged and the volume of
the first detivery chamber is reduced. This metering pump is distinguished by the fact that
it has an adjusting device, which is coupled to the oscillating piston in such a way that the
movement of the oscillating piston can be limited in such a way that different minimum
and/or maximum volumes can be set for at least a first of the delivery chambers. At least
said first defivery chamber is assigned at least two outlet lines. By means of the adjusting
device, at least two different maximum volumes can be set in such a way that, at a first
maximum volume, at least one outlet line opens into the first delivery chamber and, at a
second maximum volume, only the other of the two outlet lines epens into the first delivery
chamber. At the first maximum volume, the two outlet lines, in particular, open into the
delivery chamber, whereas, at the second maximum volume, only the other of the two

outlet lines opens into the delivery chamber.

The metering pump according to the second aspect of the invention can advantageously
be employed if the delivery volume is to be adjustable over a very wide range while
nevertheless ensuring accurate metering.

The metering pump according to the second aspect of the invention can furthermore
advantageously be employed in conjunction with fluids in which sedimentation of solid

particles is likely to occur. In such a case, it is necessary to agitate or circulate the fluid
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supply before metering the fluid. The metering pump according to the invention can
advantageously be used both for metering and for agitating or circulating the fluid supply.
With the metering pump according to the invention, it is possible accurately to meter a
relatively small volume flow and, at the same time, also to deliver a relatively high volume
flow for agitation and circulation of the fluid to be metered. By means of the adjusting
device, it is possible to change between these two operating modes easily and quickly.

As with the metering pump according to the invention in accordance with the first aspect
of the invention, the metering pump according to the second aspect of the invention can
also comprise a stop piston, which limits the volume of the first delivery chamber, which is
assigned to the stop piston. In this way, the stroke of the oscillating piston, in particular, is
limited.

The adjusting device preferably comprises two stop pistons, wherein the first stop piston

is arranged in the first delivery chamber and the second stop piston is arranged in the
seeond delivery chamber. I particular; the-oscillating-piston-and-the-stop-pister-or pistons
can be moved backward and forward in a cylindrical cavity of the housing. In particuiar,
the stop piston or pistons can in each case be moved backward and forward between at
least two oppositely oriented stops in the cylindrical cavity of the housing. However, the
movement of the stop pistons serves only for the setting of the maximum volumes of the
delivery chambers. During the operation of the metering pump, the stop pistons remain

fixed and, in particular, form stops for the oscillating piston.

Very simple and robust construction is thereby advantageously provided for a metering
pump which can withstand very high delivery pressures and the metering volume of which
can be set in a flexible manner. If the spacing of the two stops is different in the respective
delivery chambers, four different delivery ranges can in this way be provided for the
metering pump, and just one stop piston or both stop pistons have in each case to be
moved from one stop to the other stop in order to vary the delivery range.

In particutar, the stop pistons can be moved on the same axis as the oscillating piston.
This makes it possible for the cavity in the housing which accommodates the oscillating
piston and the stop pistons to be formed at low cost as a cylindrical bore.

According to a development of the metering pump according to the invention in
accordance with the second aspect of the invention, the metering pump comprises a

hydraulic drive for supplying a hydraulic fluid under pressure. In this case, the oscillating
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piston is accommodated in the housing in such a way that at least a first and a second
hydraulic chamber and a first and a second delivery chamber are formed. The oscillating
piston has at least a first driving surface in the first hydraulic chamber and at least a
second driving surface in the second hydraulic chamber. The hydraulic chambers
communicate with the hydraulic drive, thus enabling the oscillating piston to be moved
backward and forward between the first and the second pasition by the hydraulic fluid.

In particular, the two driving surfaces are aligned in such a way relative to the hydraulic
chambers that a pressure of the hydraulic fluid in the first hydraulic chamber on the first
driving surface moves the oscillating piston from the first to the second position and a
pressure of the hydraulic fluid in the second hydraulic chamber on the second hydraulic
surface moves the oscillating piston from the second to the first position.

In particular, the two delivery chambers are completely separate from one another. They
each have at least one inlet line and one outlet line, which open into the respective
delivery chamber. - : : - Ce -

In particular, the oscillating piston has two sides. On the first side, the oscillating piston
has a first delivery surface in the first delivery chamber. In particular, this first delivery
surface is aligned in exactly the same way as the first driving surface. On the other side,
the oscillating piston likewise has a second delivery surface, which is arranged in the

second delivery chamber and is aligned in the same way as the second driving surface.

According to one embodiment of the metering pump according to the invention, the two
driving surfaces are of annular design. The two delivery surfaces ¢an be in the form of
circular disks, for example. In particular, they are formed on the two end faces of the
oscillating piston. The driving surfaces can be formed by projections in the central area of
the oscillating piston, for example.

According to a development of the metering pump according to the invention, the stop
piston communicates with the hydraulic drive at a first stop piston surface, which lies
outside the delivery chamber assigned to said stop piston. Accordingly, said stop piston
surface can be supplied with the hydraulic fluid, with the result that a force that
counteracts an enlargement of the associated delivery chamber is exerted on the stop
piston. In particular, this first stop piston surface is larger than each of the driving surfaces
of the oscillating piston. This ensures that the force exerted on the stop piston from the

side of the first stop piston surface is greater than the force which is exerted on the stop
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piston from the side of the associated delivery chamber when the fluid is delivered from
said delivery chamber.

According to another embodiment of the metering pump according to the invention, the
stop piston communicates with the hydraulic drive at a second stop piston surface, which
lies outside the delivery chamber assigned to said stop piston. This second stop piston
surface can be supplied with the hydraulic fluid in such a way that a force that counteracts
a reduction in the size of the associated delivery chamber is exerted on the stop piston. In
particular, the second stop piston surface is smaller than the first stop piston surface.
Supplying the second stop piston surface with hydraulic fluid prevents a reduction in the
size of the associated delivery chamber during the intake of fluid into the corresponding
delivery chamber.

The invention furthermore relates to a metering system for mixing two fluids. The metering
system comprises one of the metering pumps described above in accordance with the
first-or- second-aspect-of the-invention. The-metering system furthermore-has-a first-tank -
for the first fluid, which is in fluid communication with the first delivery chamber of the
metering pump via a first inlet line, and a second tank for the second fluid, which is in fluid
communication with the second delivery chamber of the metering pump via a second inlet
line. In the metering system according to the invention, the outlet line of the first delivery
chamber and the outlet line of the second delivery chamber are brought together for
metered mixing of the fluids. In this way, two fluids can be mixed with one another very
easily and quickly and simultaneously delivered. In this case, the mixing ratio of the two

fluids can be set by means of the adjusting device of the metering pump.

If the two delivery chambers have the same maximum volume, the mixing ratio obtained
is 1:1. If the maximum volume of the two delivery chambers differs, a different mixing ratio

can accordingly be obtained.

According to the invention, a metering system for metering at least one fluid is
furthermore provided. In this case, the metering system comprises one of the metering
pumps described above in accordance with the first or second aspect of the invention,
which has the adjusting device, wherein the first delivery chamber is assigned a first and
a second outlet line, as described above. The metering system furthermore comprises a
tank for the fluid to be metered, which is in fluid communication with the first and the
second delivery chamber of the metering pump via an inlet line. The other of the two

outlet lines of the first delivery chamber is furthermore a metering line for metering the
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fluid. On the other hand, one of the two outlet lines of the first delivery chamber is in fluid
communication with the tank, thus enabling fluid to be pumped back into the tank via one
outlet line in order to circulate the fluid present in the tank. The fluid present in the tank
can thus be agitated by means of one of the two outlet lines.

This metering system can advantageously be employed in conjunction with fluids, in
particular plant protection products, with a tendency for the sedimentation of solids. By
means of the adjusting device of the metering pump, the metering pump can initially be
switched to a circulation mode, thus ensuring that the fluid to be metered is initially
agitated. A change to the metering mode can then be made, and a relatively small fluid
flow can be discharged via the metering line.

According to a development of this metering system according to the invention, at least
two different maximum volumes can be set in such a way by means of the adjusting
device that, at a first maximum volume, the two outlet lines open into the first delivery
chamber and; at a-second-maximum voturrre; only the other of the two-outlet-lines-opens
into the first delivery chamber. In this case, a first valve is, in particular, arranged in one of
the two outlet lines and the second valve is arranged in the other of the two outlet lines.
Here, the opening pressure of the second valve is higher than the opening pressure of the
first valve. Thus, when the two outlet lines open into the first delivery chamber at a first
maximum volume, the pressure exerted by the oscillating piston on the fluid can be
chosen so that only the first valve in one outlet line opens, whereas the second valve in
the other outlet line remains closed. This ensures that the metering pump operates in
circulation mode even though both outlet lines open into the delivery chamber and, in
particular, the other outlet line is not covered by the adjusting device.

The invention is now explained by means of examples with reference to the figures.
Figure 1  shows a first example of the metering pump according to the invention, which
is integrated into a first example of the metering system according to the

invention,

Figure 2  shows a second example of the metering pump according to the invention in a
metering state,

Figure 3  shows the second example of the metering pump in a circulation state,
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Figure 4 shows the first example of the metering pump, which is integrated into a

second example of the metering system according to the invention, and

Figure 5 shows diagrammatically the construction of a third example of the metering

system according to the invention.

The first example of the metering pump according to the invention and the first example of
the metering system according to the invention are described below with reference to
figure 1:

The metering pump 1 comprises a housing 2, in which a cavity is formed. The cavity has
the shape of two concentric cylinders, wherein the cylinder with the smaller diameter is
longer than the cylinder with the larger diameter. An oscillating piston 3 is accommodated
movably in the cavity of the housing 2. The oscillating piston 3 can be moved backward
and forward between a first position and a second position in the cavity, in the direction of
arrow A: In the first positionof the oscillating piston3; the first delivery surface 4=1-abuts
the first housing wall 5-1. The oscillating piston 3 is then on the left hand side of the cavity
of the housing 2 in figure 1. On the other side of the oscillating piston 3, the right-hand
side in figure 1, a second delivery chamber 6-2 is then formed, which has its maximum
volume in this first state of the oscillating piston 3. In the second position of the oscillating
piston 3, which is shown in figure 1 and in which said piston is situated on the right-hand
side of the cavity of the housing 2 in figure 1, the second delivery surface 6-2 of the
oscillating piston 3 abuts the housing wall 5-2, with the result that the second delivery
chamber 6-2 has its minimum volume of zero. On the other side, the left-hand side in
figure 1, a first delivery chamber 6-1 is formed in this position of the oscillating piston 3.
The maximum volume of this first delivery chamber 6-1 is equal to the maximum volume
of the second delivery chamber 6-2.

The shape of the oscillating piston 3 is cylindrical. It corresponds to the size of the
cylinder which forms the cylindrical cavity in the housing 2 which has the smaller
diameter. To seal off the delivery chambers 6-1 and 6-2 during the backward and forward
movement of the oscillating piston 3, sealing rings 7 are provided. Two mutually separate
delivery chambers 6-1 and 6-2 are thus formed.

In the center, the oscillating piston 3 has an annular projection 8. This projection 8
extends into the region of the cavity in the housing 2 which is formed by the cylinder with

the larger diameter of the cylindrical cavity. The annular projection 8 divides said region
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into a first hydraulic chamber 9-1 and a second hydraulic chamber 9-2. A first driving
surface 10-1 is formed on the annular projection 8, said surface being directed into the
first hydraulic chamber 9-1 and delimiting the latter. A second driving surface 10-2 is
formed on the opposite side on the annular projection 8, said surface being directed into
the second hydraulic chamber 9-2 and delimiting the latter. In order to seal off the two
hydraulic chambers 9-2 and 9-1 from one another during a backward and forward
movement of the oscillating piston 3, a further sealing ring 11 is provided. Two mutually
separate hydraulic chambers 9-2 and 9-1 are thus formed.

During a movement of the oscillating piston 3 from the first position to the second position,
the volume of the first delivery chamber 6-1 is thus enlarged, and the volume of the
second delivery chamber 6-2 is reduced. Conversely; during a movement of the
oscillating piston 3 from the second position to the first position the volume of the first
delivery chamber 6-1 is reduced and the volume of the second delivery chamber 6-1 is
enlarged.

A hydraulic drive 12 is provided for moving the oscillating piston 3. This hydraulic drive 12
supplies a hydraulic fluid under pressure. Hydraulic fluid under pressure is pumped into
the first hydraulic chamber 9-1 by the hydraulic drive 12 via a valve 13 and a first
hydraulic line 14-1. In the first hydraulic chamber 9-1, the hydraulic fluid applies a
pressure to the first driving surface 10-1 and thereby moves the oscillating piston 3 from
the first position to the second position, i.e. to the right in the illustration according to
figure 1. During this movement, the hydraulic fluid in the second hydraulic chamber 9-2is
not subjected to pressure. Hydraulic fluid under pressure can furthermore be pumped into
the second hydraulic chamber 9-2 via the valve 13 and a second hydraulic line 14-2. The
oscillating piston 3 is thereby moved from the second to the first position, i.e. to the leftin
the illustration according to figure 1. In this case, the hydraulic fluid in the first hydraulic
chamber 9-1 is not subjected to pressure. If hydraulic fluid under altemating pressure is
then alternately pumped into the hydraulic chamber 9-1 and 9-2, the oscillating piston 3
can be moved backward and forward in the direction of the arrow A. The hydraulic
chambers 9-1, 9-2 thus communicate with the hydraulic drive 12, enabling the oscillating
piston 3 to be moved backward and forward between the first and the second position by
the hydraulic fluid.

The fluid to be metered can enter the first delivery chamber 6-1 from a tank 15 via a first
inlet line 16-1 and a first inlet valve 17-1. The fluid present in the tank 15 can likewise

enter the second delivery chamber 6-2 via a second inlet line 16-2 and a second inlet
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valve 17-2. The inlet valves 17-1 and 17-2 are designed as intake valves. They are, for
example, check valves, which permit a fluid flow only in the direction of the delivery
chambers 6-1 and 6-2.

A first outlet line 18-1, in which a first outlet valve 19-1 is arranged, furthermore opens into
the first delivery chamber 6-1. A second outlet line 18-2, in which a second outlet valve
19-2 is arranged, likewise opens into the second delivery chamber 6-2. The two outlet
valves 19-1 and 19-2 are also designed as check valves, which permit a fluid flow only
outward from the delivery chambers 6-1 and 6-2. The opening forces of the outlet valves
19-1 and 19-2 are less than the forces exerted by the pressures which can be produced
by the delivery surfaces 4-1 and 4-2 of the oscillating piston 3. The two outiet lines 18-1
and 18-2 are combined into a metering line 20.

The metering pump 1 and the metering system which is operated with the metering pump
1 are operated as follows:

The fluid to be metered is situated in the tank 15. The hydraulic drive 12 moves the
oscillating piston 3 backward and forward in the direction of the arrow A. During a
movement from the first position to the second position of the oscillating piston 3, fluid is
thereby sucked into the first delivery chamber 6-1 via the inlet line 16-1 and the inlet valve
17-1. At the same time, the fluid present in the second delivery chamber 6-2 is pumped
out of this second delivery chamber 6-2 into the second outlet line 18-2 via the second
outlet valve 19-2. Conversely, during the movement of the oscillating piston 3 from the
second position to the first position, fluid is sucked into the second delivery chamber 6-2
via the second inlet line 16-2 and the second inlet valve 17-2. At the same time, the fluid
present in the first delivery chamber 6-1 is pumped into the first outlet ine 18-1 via the
first outlet valve 19-1.

During the backward and forward movement of the oscillating piston 3, the acceleration of
the oscillating piston 3 on the respective delivery side is damped or braked. This prevents
the oscillating piston 3 from being accelerated too sharply and prevents the occurrence of
excessive speeds. It is thereby possible to avoid cavitation in the delivery chambers 6-1
and 6-2. However, it is possible to use the hydraulic drive 12 which is arranged on an

agricultural machine or a construction machine, for example.

By means of this metering system, a defined metered quantity is discharged via the

metering line 20. Here, the volume delivered is obtained from the maximum volumes of
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the two delivery chambers 6-1 and 6-2 and the number of cycles completed by the
oscillating piston 3. During a movement from the first position to the second position of the
oscillating piston 3, the maximum volume of the second delivery chamber 6-2 is
discharged in the metering line 20. During the movement of the oscillating piston 3 from
the second position to the first position, the maximum volume of the first delivery chamber
6-1 is discharged via the metering line 20.

A second example of the metering pump 1 according to the invention is explained with
reference to figure 2:

In the description of the second example of the metering pump 1, the same reference
signs are used for parts which are also included in the metering pump 1 of the first
example.

As with the first example of the metering pump 1, the metering pump 1 of the second
example also has a-housing 2;-inwhich a cavity is-formed;- in-which-an-oscillating-piston. 3
is arranged, which can be moved backward and forward in the direction of the arrow A.
On a first side, the oscillating piston 3 has a first delivery surface 4-1, at which a first
delivery chamber 6-1 is formed, which has a minimum volume of zero in the state shown
in figure 2. On the other side, the oscillating piston 3 has a second delivery surface 4-2, at
which a second delivery chamber 6-2 is formed. In the state of the oscillating piston 3
shown in figure 2, this second delivery chamber 4-2 has its maximum volume, although,
as explained below, this can be varied. The delivery chambers 6-1 and 6-2 are sealed off
by sealing rings 7.

In this example of the metering pump 1 too, the oscillating piston 3 has an annular
projection 8 in the center, said projection extending into a region of the cavity of the
housing 2, with the result that two separate hydraulic chambers 9-1 and 9-2 are formed.
The first driving surface 10-1 of the oscillating piston 3 is arranged in the first hydraulic
chamber 9-1. The second driving surface 10-2 of the oscillating piston 3 is arranged in the
second hydraulic chamber 9-2. The two hydraulic chambers 9-1 and 9-2 are sealed off
from one another by a sealing ring 11.

In the second example of the metering pump 1 too, the oscillating piston 3 is driven by a
hydraulic drive 12, i.e. moved backward and forward in the direction of the arrow A.
However, attention is drawn to the fact that, in the case of the second example of the
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metering pump 1, said pump could also be driven by some other kind of drive, e.g. by a
pneumatic or an electric drive,

The hydraulic drive 12 supplies a hydraulic fluid under pressure, which is pumped
alternately into the first and second hydraulic chambers 9-1, 9-2 via the valve 13 and in
this way drives the backward and forward movement of the oscillating piston 3. For this
purpose, the hydraulic drive 12 is connected to the hydraulic chambers 9-1 and 9-2 via
the hydraulic lines 14-1 and 14-2. The hydraulic chambers 9-1, 9-2 thus communicate
with the hydraulic drive 12, enabling the oscillating piston 3 to be moved backward and
forward between the first and the second position by the hydraulic fluid.

The fluid to be metered is sucked in via an inlet line 16, which branches into a first 16-1
and a second inlet line 16-2. The first inlet line 16-1 opens into the first delivery chamber
6-1 via a first inlet valve 17-1. The second inlet line 16-2 opens into the second delivery
chamber 6-2 via a second inlet valve 17-2. During @ movement of the oscillating piston 3
fronT the first to the second-position; the volume of the first delivery chamber 6=t
increases, and the fluid is sucked out of the first inlet line 16-1 into the first delivery
chamber 6-1. Conversely, during a movement of the oscillating piston 3 from the second
position to the first position, during which the volume of the second delivery chamber 6-2
increases, fluid is sucked into the second delivery chamber 6-2 via the second inlet line
16-2.

A first outlet fine 21-1, in which a first outlet valve 22-1 is arranged, furthermore opens into
the first delivery chamber 6-1. The first outlet line 21-1 corresponds to the first outlet line
18-1 of the first example. A second outlet line 21-2, in which a second outlet valve 22-2 is
arranged, furthermore also opens into the second delivery chamber 6-2. The second
outlet line 21-2 corresponds to the second outlet line 18-2 of the first example. The two

outlet lines 21-1 and 21-2 open into a metering line 20.

In the state shown in figure 2, the metering pump 1 of the second example is operated in
the same way as the metering pump 1 of the first example. The oscillating piston 3 is
moved backward and forward by the hydraulic drive 12. In this process, fluid is sucked
alternately into the delivery chambers 6-1 and 6-2 from the inlet lines 16-1 and 16-2 and
delivered via the autlet lines 21-1 and 21-2. In this way, a defined fluid volume or a
defined fluid flow can be produced in the metering line 20.
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In contrast to the metering pump 1 of the first example, however, the metering pump 1 of
the second example has an adjusting device by means of which the movement of the
oscillating piston 3 can be limited. In this way, the maximum vofumes of the defivery
chambers 6-1 and 6-2 can be varied. The adjusting device comprises a first stop piston
23-1. This first stop piston 23-1 is also accommodated in the cavity of the housing 2. 1t
delimits the first delivery chamber 6-1 on the surface facing the oscillating piston 3. At this
surface, it furthermore forms a stop for the first delivery surface 4-1 of the oscillating
piston 3.

In the position of the first stop piston 23-1, which is shown in figure 2, the first stop piston
23-1 reduces the maximum delivery volume of the first delivery chamber 6-1. For this
purpose, the first stop piston 23-1 is pressed against a stop 24-1 in the direction of arrow
B. In order to produce this pressure, a first pressure chamber 25-1 is formed on that side
of the first stop piston 23-1 which faces away from the oscillating piston 3. A third
hydraulic line 26-1 opens inta this first pressure chamber 25-1. By means of the hydraulic
drive 12 and a valve 27, hydraulic fluid can be pumiped into the first pressure chamber25-
1, with the result that the hydraulic fluid exerts a pressure on the end face 28-1 of the first
stop piston 23-1 in the direction of arrow B. The end face 28-1 on which the hydraulic fiuid
acts is larger than the driving surfaces 10-1 and 10-2 of the oscillating piston 3. This
ensures that the stop piston 23-1 is not moved away from the first stop 24-1 during a
movement of the oscillating piston 3 from the second position to the first position.

A second stop piston 23-2 is provided in the same way on the other side of the oscillating
piston. It is pushed against a second stop 24-2 in the direction of arrow C. For this
purpose, a second pressure chamber 25-2 is formed, into which a fourth hydraulic line 26-
2 opens. The hydraulic drive 12 can provide pressurized hydraulic fluid in the second
pressure chamber 25-2 via the valve 27 and the fourth hydraulic line 26-2 and ensure that
the second stop piston 23-2 is not moved away from the second stop 24-2 during the
movement of the oscillating pistan 3 from the first to the second position. For this purpose,
a pressure in the direction of the arrow C is exerted on the end face 28-2 of the second
stop piston 23-2.

The first pressure chamber 25-1 is sealed off from the first delivery chamber 6-1 by a
sealing ring 36-1. The second pressure chamber 25-2 is sealed off from the second
delivery chamber 6-2 by a sealing ring 36-2.
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In the position of the first stop piston 23-1 and the second stop piston 23-2 which is shown
in figure 2, the oscillating piston 3 performs the stroke h. The fluid volume delivered by the
metering pump 1 during one cycle of the oscillating piston 3 is the product of the size of
said stroke h and the size of the delivery surfaces 25-1 and 25-2.

The maximum volumes of the delivery chambers 6-1 and 6-2 can be varied by moving the
stop pistons 23-1 and 23-2. Figure 3 shows a position of the stop pistons 23-1 and 23-2 in
which the maximum volumes of both delivery chambers 6-1 and 6-2 have been enlarged.
In this case, the stroke h of the osciliating piston 3 is larger than the stroke h in the
position of the two stop pistons 23-1 and 23-2 according to figure 2.

The modified position of the stop pistons 23-1 and 23-2 is explained below with reference
to figure 3:

In this state, the pressure chambers 25-1 and 25-2 are not supplied with pressurized
hydraulic fluid via the third and faurth bydraulic ines 26-1 and 26-2. However, hydraulic
fluid is passed via a first duct 29-1 from the first hydraulic chamber 9-1 to an annular first
stop piston surface 30-1 of the first stop piston 23-1. By means of this connection, a
hydraulic pressure is exerted on the first stop piston surface 30-1 whenever the oscillating
piston 3 moves back to suck in fluid, the exertion of pressure being intended to ensure
that the first stop piston 23-1 remains fixed against the rear-side stop thereof on the
housing 2 in the direction of arrow D when fluid is sucked into the first delivery chamber 6-
1. Thus, the vacuum during the intake of the fluid cannot move the first stop piston 23-1.

A duct 29-2 is likewise formed on the other side of the oscillating piston 3, connecting the
second hydraulic chamber 9-2 to an annular second stop piston surface 30-2 of the
second stop piston 23-2. This ensures in the same way that the second stop piston 23-2
remains fixed against the rear-side stop thereof on the housing 2 in the direction of arrow
E when fluid is sucked into the second delivery chamber 6-2. Thus, the vacuum during the
intake of the fluid cannot move the second stop piston 23-2 either.

In the position of the two stop pistons 23-1 and 23-2 which is shown in figure 3, the
following difference in fluid delivery is obtained relative to the state of the stop pistons 23-
1 and 23-2 which is shown in figure 2:
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A further, third outlet line 31-1, in which a third outlet valve 32-1 is arranged, opens into
the first delivery chamber 6-1. A fourth outlet line 31-2, in which a fourth outlet vaive 32-2
is arranged, likewise also opens into the second delivery chamber 6-2.

A further sealing ring 34-1 is provided between the opening of the third outlet line 31-1
into the first delivery chamber 6-1 and the opening of the first outlet line 22-1 into the first
delivery chamber 6-1. A sealing ring 34-2 is likewise provided between the opening of the
fourth outlet line 31-2 and of the second outlet line 21-2 into the second delivery chamber
6-2.

However, in the position of the stop pistons 23-1 and 23-2 according to figure 2, the
openings of the outlet lines 31-1 and 31-2 into the delivery chambers 6-1 and 6-2 are
closed by the stop pistons 23-1 and 23-2. In the position of the stop pistons 23-1 and 23-2
according to figure 3, however, the two stop pistons 23-1 and 23-2 expose the openings
of the third and fourth outlet lines 31-1 and 31-2. It is thus possible for the fluid to be

‘delivered ot 6ily iRt the sutietlines 21-1aid 21-2 but also into the outtet Tites 31=1"and "~

31-2.

The opening pressure for the third and fourth outlet valves 32-1 and 32-2 is now chosen
so that it is lower than the opening pressure for the first outlet valve 22-1 and the second
outlet valve 22-2. In the positions of the stop pistons 23-1 and 23-2 which are shown in
figure 3, the oscillating piston 3 is now driven by the hydraulic drive 12 in such a way that
the delivery pressure in the delivery chambers 6-1 and 6-2 is higher than the opening
pressure of the third and fourth outlet vaives 32-1 and 32-2 but lower than the opening
pressure of the first and second outlet valves 22-1 and 22-2. In this state of the stop
pistons 23-1 and 23-2, fluid is thus alternately delivered from the delivery chambers 6-1
and 6-2 into outlet lines 31-1 and 31-2. The third and fourth oullet lines 31-1 and 31-2 are

combined into a recirculation line 33.

In the position of the stop pistons 23-1 and 23-2 which is shown in figure 2, the metering
pump 1 is operated in metering mode. Fluid is delivered into the metering line 20. In
contrast, in the position of the stop pistons 23-1 and 23-2 which is shown in figure 3, the
metering pump 1 is operated in circulation mode. A relatively large fluid volume is
delivered into the recirculation line 33, which can be used to agitate a fluid supply. Here,
the fluid volume which can be delivered in recirculation mode is about 40 times greater

than that in metering mode.
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In further possible embodiments, the stop pistons 23-1 and 23-2 can also be in different
positions. For example, the first stop piston 23-1 can be pressed against stop 24-1, as
shown in figure 2, whereas the second stop piston 23-2 can be pressed against the rear-
side stop thereof, as shown in figure 3. Conversely, it is also possible for the first stop
piston 23-1 to be pressed against the rear-side stop thereof and for the second stop
piston 23-2 to be in the position shown in figure 2. If the distances between the stops for
the two stop pistons 23-1 and 23-2 are different, up to four different metering or
recirculation ranges can be selected. Moreover, if the opening pressures of the outlet
valves 21-1, 21-2, 32-1 and 32-2 are variable, it is furthermore possible to specify
whether, in the respective positions of the two stop pistons 23-1 and 23-2, the fluid in the
respective region is metered or used to agitate a fluid supply.

Moreover, provision can be made for the position of the stops 24-1 and 24-2 to be
variable in order, in this way, continuously to vary the maximum volume of the two
delivery chambers 6-1 and 6-2.

In the second example of the metering pump 1 too, the movement of the oscillating piston
3 is damped and braked by the respective delivery of the fluid from the delivery chambers
6-1 and 6-2, thus avoiding the occurrence of cavitation on the intake side.

A second example of the metering system according to the invention is described with

reference to figure 4:

The metering system comprises a metering pump. 1t is possible to use either the metering
pump 1 described with reference to figure 1 or the metering pump 1 described with
reference to figures 2 and 3. If the metering pump 1 described with reference to figure 1is
used, the hydraulic drive 12 is also provided. If the metering pump 1 described with
reference to figures 2 and 3 is employed, it is also possible for a drive of some other type
to be provided.

In this case, the first inlet line 16-1 is connected to a first tank 35-1 for a first fluid to be
metered. The second inlet line 16-2 is connected to a second tank 35-2 for a second fluid
to be metered. As a departure from the examples described above, the two inlet lines 16~
1 and 16-2 are not connected to one another. During the operation of the metering pump
1, fluid is thus delivered via inlet line 16-1 from the first tank 35-1 to the first delivery
chamber 6-1, and the fluid present in the second tank 35-2 is delivered via the second
inlet line 16-2 to the second delivery chamber 6-2. From the two delivery chambers 6-1
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and 6-2, the two different fluids are fed into the common metering line 20. The two fluids
are thereby mixed together in this metering system. The mixing ratio here is determined
by the size of the delivery chambers 6-1 and 6-2. If the volume of these delivery
chambers 6-1 and 6-2 is identical, the mixing ratio is 1:1. If the volumes of the two
delivery chambers 6-1 and 6-2 are different, the mixing ratio changes accordingly.

If the metering pump 1 described with reference to figures 2 and 3 is used, the mixing

ratio can be modified by changing the position of the stop pistons 23-1 and 23-2.
In yet another example of the metering system according to the invention, the metering
pump 1 described with reference to figures 2 and 3 is employed in the metering system

described in other respects in figure 1.

Finally, yet another example of a metering system is explained with reference to figure 5

I this case; the metering pump 1-described-with reference to figures-2-and 3-is-employed- -

in the metering system. In the position of the stop pistons 23-1 and 23-2 which is

explained with reference to figure 2, a fluid is sucked out of a tank 15 via the inlet lines 16,

16-1 and 16-2 and delivered into the metering line 20, as explained with reference to
figure 2. However, if the position of the stop pistons 23-1 and 23-2 is changed in such a
way that the position of the stop pistons 23-1 and 23-2 is that shown in figure 3, the fluid

is sucked in from the tank 15 but pumped into the recirculation line 33. Since, in this case,

the stroke h of the oscillating piston 3 is a multiple of the stroke h of the oscillating piston
3 in the position of the stop pistons 23-1 and 23-2 which is shown in figure 2, a
significantly larger volume flow is produced in this state of recirculation. This volume flow
of the fluid is fed back into the tank 15 via the recirculation line 33, thereby agitating the
fluid present in the tank 15. By this means, it is possible to avoid sedimentation of solid

particles on the bottom of the tank 15.
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4-1
4-2
5-1

6-1

6-2

9-1
9-2

10-2
11

12

13

14-1
14-2
15

16

16-1
16-2
17-1
17-2
18-1
18-2
19-1
19-2
20

211
21-2
22-1
22-2
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List of reference signs

metering pump

housing

oscillating piston

first delivery surface
second delivery surface
first housing surface
second housing surface
first delivery chamber
second delivery chamber
sealing rings

projection of the oscillating piston 3
first hydraulic chamber
second hydraulic chamber

- first-driving-surface

second driving surface
sealing ring
hydraulic drive

valve

first hydrautic line
second hydraulic line
tank

inlet line

first inlet line

second inlet line

first inlet valve

second inlet valve

. first outlet line

second outlet line
first outlet valve
second outlet valve
metering line

first outlet line
second outlet line
first outlet valve
second outlet valve
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231
23-2
241
24-2
25-1
25-2
26-1
26-2
27
28-1
28-2
29-1
29-2
30-1
30-2
31-3
31-2
32-1
32-2
33
34-1
34-2
35-1
35-2

22

first stop pistpn

second stop piston

first stop

second stop

first pressure chamber

second pressure chamber

third hydraulic line

fourth hydraulic line

vaive

end face of the first stop piston 23-1
end face of the second stop piston 23-2
first duct

- second duct

first stop piston surface

second stop piston surface

" third outlet line -

fourth outlet line
third outlet valve
faurth outlet valve
recirculation line
sealing ring
sealing ring

first tank

second tank

36-1, 36-2 sealing ring
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Patent claims
1. A metering pump having
- a hydraulic drive for supplying a hydraulic fluid under pressure,
- a housing,

- an oscillating piston, which is accommodated in the housing in such a
way that at least a first and a second hydraulic chamber and a first and a second
delivery chamber are formed, and

- an adjusting device, which is coupled to the oscillating piston in such a
way that the movement of the oscillating piston is limited in such a way that
different minimum and/or maximum volumes is set for at least one of the delivery

chambers,

- wherein the oscillating piston has at least a first driving surface in the first
hydraulic chamber and at least a second driving surface in the second hydraulic
chamber, and the hydraulic chambers communicate with- the hydraulic-drive,-
thus enabling- the oscillating -~ piston to be moved backward and forward

between a first and a second position by the hydraulic fluid,

- wherein, during the movement from the first to the second position, the
volume of the first delivery chamber is enlarged and the volume of the second
delivery chamber is reduced and, during the movement from the second to the
first position, the volume of the second delivery chamber is enlarged and the
volume of the first delivery chamber is reduced and

- wherein the adjusting device comprises at least one stop piston, which
limits the space in the delivery chamber which is assigned to the stop piston;

said metering pump further having at least one of the following features:

()] at least one stop piston that communicates with the hydraulic drive at a
first stop piston surface, which lies outside the delivery chamber assigned
to said stop piston, and is supplied with the hydraulic fluid in such a way

Date Regue/Date Received 2020-10-22



24

that a force that counteracts an enlargement of the associated delivery
chamber is exerted on the stop piston,

(i) at least one stop piston that communicates with the hydraulic drive at a
second stop piston surface, which lies outside the delivery chamber
assigned to said stop piston, and is supplied with the hydraulic fluid in
such a way that a force that counteracts a reduction in the size of the
associated delivery chamber is exerted on the stop piston, and.

(i)  at least one of the delivery chambers that is assigned at least two outlet
lines and at least two different maximum volumes is set in such a way by
means of the adjusting device that, at a first maximum volume, at least
one outlet line opens into the delivery chamber and, at a second
maximum volume, only the other of the two outlet lines opens into the
delivery chamber.

2. The metering pump according to claim 1,
wherein

at least one stop piston communicates with the hydraulic drive at a first stop
piston surface, which lies outside the delivery chamber assigned to said stop
piston, and is supplied with the hydraulic fluid in such a way that a force that
counteracts an enlargement of the associated delivery chamber is exerted on the
stop piston.

3. The metering pump according to claim 1 or 2,
wherein

at least one stop piston communicates with the hydraulic drive at a second stop
piston surface, which lies outside the delivery chamber assigned to said stop
piston, and is supplied with the hydraulic fluid in such a way that a force that
counteracts a reduction in the size of the associated delivery chamber is exerted
on the stop piston.

4. The metering pump according to any one of claims 1 to 3,

Date Regue/Date Received 2020-10-22
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wherein

at least one of the delivery chambers is assigned at least two outlet lines and at
least two different maximum volumes is set in such a way by means of the
adjusting device that, at a first maximum volume, at least one outlet line opens
into the delivery chamber and, at a second maximum volume, only the other of

the two outlet lines opens into the delivery chamber.
5. The metering pump according to any one of claims 1 to 4,
wherein

the adjusting device comprises two stop pistons, wherein the first stop piston is
arranged in the first delivery chamber and the second stop piston is arranged in
the second delivery chamber.

6. The metering pump according to any one of claims 1 to 5,
wherein

the oscillating piston and the stop piston or pistons is/are moved backward and

forward in a cylindrical cavity of the housing.
7. The metering pump according to any one of claims 1 to 6,
wherein

the stop piston or pistons is/are in each case moved backward and forward
between at least two oppositely oriented stops in the cylindrical cavity of the

housing.
8. A metering system for mixing two fluids, having
- a metering pump as defined in any one of claims 1to 7,

- a first tank for the first fluid, which is in fluid communication with the first
delivery chamber of the metering pump via a first inlet line, and

- a second tank for the second fluid, which is in fluid communication with

the second delivery chamber of the metering pump via a second inlet line,

Date Regue/Date Received 2020-10-22
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- wherein the outlet line of the first delivery chamber and the outlet line of
the second delivery chamber are combined for metered mixing of the fluids.

9. A metering system for metering at least one fluid, having
- a metering pump as defined in claim 4,
- at least one tank for the fluid to be metered,

- wherein the tank is in fluid communication with the first and the second

delivery chamber of the metering pump via an inlet line,

- wherein the other of the two outlet lines of the first delivery chamber is a

metering line for metering the fluid, and

- one of the two outlet lines of the first delivery chamber is in fluid
communication with the tank, thus enabling fluid to be pumped back into the tank

via one outlet line in order to circulate the fluid present in the tank.
10. The metering system according to claim 9,
wherein

at least two different maximum volumes are set in such a way by means of the
adjusting device that, at a first maximum volume, the two outlet lines open into
the first delivery chamber and, at a second maximum volume, only the other of

the two outlet lines opens into the first delivery chamber.
11. The metering system according to claim 9 or 10,
wherein

a first valve is arranged in one outlet line, and a second valve is arranged in the
other outlet line, and the opening pressure of the second valve is higher than the

opening pressure of the first valve.
12. A metering pump having
- a housing,

- an oscillating piston, which is accommodated in the housing in such a
way that a first and a second delivery chamber are formed, and

Date Regue/Date Received 2020-10-22
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- a drive, which is coupled to the oscillating piston in such a way that the
oscillating piston is moved backward and forward between a first and a second
position by means of the drive, wherein, during the movement from the first to
the second position, the volume of the first delivery chamber is enlarged and the
volume of the second delivery chamber is reduced and, during a movement from
the second to the first position, the volume of the second delivery chamber is

enlarged and the volume of the first delivery chamber is reduced,
wherein

- the metering pump has an adjusting device, which is coupled to the
oscillating piston in such a way that the movement of the oscillating piston is
limited in such a way that different minimum and/or maximum volumes is set for

at least a first of the delivery chambers,
- at least the first delivery chamber is assigned at least two outlet lines and

- at least two different maximum volumes are set in such a way by means
of the adjusting device that, at a first maximum volume, at least one outlet line
opens into the first delivery chamber and, at a second maximum volume, only
the other of the two outlet lines opens into the delivery chamber.

13. The metering pump according to claim 12,
wherein

the adjusting device comprises a stop piston, which limits the volume of the first

delivery chamber which is assigned to the stop piston.
14. The metering pump according to claim 12 or 13,
wherein

the adjusting device comprises two stop pistons, wherein the first stop piston is
arranged in the first delivery chamber and the second stop piston is arranged in

the second delivery chamber.
15. The metering pump according to claim 13 or 14,

wherein

Date Regue/Date Received 2020-10-22
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the oscillating piston and the stop piston or pistons is/are moved backward and
forward in a cylindrical cavity of the housing.

16. The metering pump according to any one of claims 13 to 15,
wherein

the stop piston or pistons is/are in each case moved backward and forward
between at least two oppositely oriented stops in the cylindrical cavity of the
housing.

17.  The metering pump according to any one of claims 13 to 16,
wherein

the metering pump has a hydraulic drive for supplying a hydraulic fluid under

pressure and
wherein

at least one stop piston communicates with the hydraulic drive at a first stop
piston surface, which lies outside the delivery chamber assigned to said stop
piston, and is supplied with the hydraulic fluid in such a way that a force that
counteracts an enlargement of the associated delivery chamber is exerted on the
stop piston.

18. The metering pump according to any one of claims 13 to 17,
wherein

at least one stop piston communicates with the hydraulic drive at a second stop
piston surface, which lies outside the delivery chamber assigned to said stop
piston, and is supplied with the hydraulic fluid in such a way that a force that
counteracts a reduction in the size of the associated delivery chamber is exerted
on the stop piston.

19. A metering system for mixing two fluids, having

- a metering pump as defined in any one of claims 12 to 18,
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- a first tank for the first fluid, which is in fluid communication with the first

delivery chamber of the metering pump via a first inlet line, and

- a second tank for the second fluid, which is in fluid communication with
the second delivery chamber of the metering pump via a second inlet line,

- wherein the outlet line of the first delivery chamber and the outlet line of

the second delivery chamber are combined for metered mixing of the fluids.

Date Regue/Date Received 2020-10-22
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