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Metering system and method for controlling a metering system

The invention relates to a dosing system for dosing a liquid to viscous dosing material,
preferably for applying the dosing material to a substrate, and a method for controlling such

a dosing system.

Dosing systems of the type mentioned above are used in a variety of applications to dose
a dosed medium in a targeted manner, typically a liquid to viscous dosing material. In the
context of the so-called "microdosing technology”, it is often necessary for very small
amounts of the medium to be transported with high accuracy, that is, at the right time, in the

right place and in a precisely dosed amount to a target surface.

The dosage is often contactless, that is, without a direct contact between the dosing system
and the target surface. This can be done, for example, by a dropwise delivery of the dosing
material via a nozzle of the dosing system. In this case, the medium comes into contact
only with an interior space of the nozzle and, for the most part, region of a discharge element
of the dosing system. The size of the droplets or the amount of the medium per droplet are
predictable as accurately as possible by the structure and the control and by the thereby
achieved targeted effect of the nozzle. Such a contactless method is often referred to as a
"jet method". A typical example of this is the dosing of glue dots, solder pastes, etc., in the
assembly of circuit boards or other electronic elements, or the application of converter ma-

terials for LEDs.

A movable discharge element can be arranged in the nozzle of the dosing system for the
delivery of the medium from the dosing system. The discharge element can be pushed
forward in the interior of the nozzle at a relatively high speed toward a nozzle opening or
outlet opening, a drop of the media being discharged and then retracted again. This means
that with the dosing systems mentioned above, and with the dosing system according to the
invention, the dosing material is discharged from the nozzle by the discharge element itself.
For discharge from the nozzle, the discharge element comes into contact with the dosing
material to be discharged and “presses” or “pushes” the dosing material out of the nozzle
of the dosing system due to a movement of the discharge element and/or the nozzle. The
dosing material is thus discharged virtually “actively” from the nozzle by means of the mov-
able discharge element. Dosing systems of this type, and the dosing system according to

the invention, thus differ from other dispenser systems in which a movement of a closure
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element only leads to an opening of the nozzle, wherein the pressurized dosing material
then emerges from the nozzle by itself. This is, for example, the case with injection valves

of internal combustion engines.

Usually, the discharge element can also be brought into a closed position in which it is firmly
connects in the nozzle to a sealing seat of the nozzle opening and remains there temporar-
ily. With more viscous dosing materials, it can also be sufficient for the discharge element
to remain simply in the retracted position, that is, away from the sealing seat, without a drop

of the medium emerging.

The movement of the discharge element necessary for discharging the dosing material typ-
ically takes place with the aid of an actuator unit of the dosing system. Such an actuator
unit can be realized in principle in various ways, for example, by means of a pneumatically
or hydraulically operated actuator. Alternatively, piezoelectric and/or electromagnetically
operated actuators are used. Compared to the aforementioned actuator principles, an ac-
tuator unit having a pneumatic or hydraulic actuator is characterized by a comparatively
simple construction, which also reduces the overall complexity of the dosing system. There-
fore, pneumatic or hydraulic actuators represent a cost-effective solution for the operation

of dosing systems, in particular in the processing of easy-to-dose dosing materials.

Pneumatic or hydraulic actuators can be realized in various ways. For example, dosing
systems are known in which the actuator is realized by means of a pneumatic or hydraulic
cylinder. Since in such systems a comparatively high degree of wear occurs in the region
of frictional seals of the cylinder, more and more pneumatic or hydraulic actuators are used

which are realized by means of a bellows which can be pressurized by pressure medium.

A further preferred alternative is to form the pneumatic or hydraulic actuator by means of a
membrane which can be pressurized by pressure medium. This variant has the advantage
that, on the one hand, frictional seals, such as in a pneumatic or hydraulic cylinder, can be
dispensed with. On the other hand, the design and manufacturing effort compared to "bel-
lows-operated" actuators can be reduced. Further advantageous "membrane-operated"”
pneumatic or hydraulic actuators can be operated with a higher clock frequency than is
usually the case with "bellows-operated" or "cylinder-operated" actuators. Therefore, "mem-
brane-operated" pneumatic or hydraulic actuators are particularly suitable for extremely fine

dosing requirements.
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In order to transmit the force generated by a "membrane-operated” pneumatic or hydraulic
actuator on the discharge element of the dosing system, a deflectable membrane of the
actuator is firmly connected to the discharge element of the dosing system in known dosing
systems. For example, the discharge element can be permanently welded, riveted,
screwed, soldered or glued to the membrane. Likewise, it is possible for the discharge ele-
ment to completely penetrate the membrane and to be screwed firmly to the membrane on
at least one side surface of the membrane or to be firmly connected to the membrane by
means of a securing ring or a pinning. A fixed coupling between the discharge element and

the membrane can indeed be achieved with the aforementioned methods.

However, on the one hand, this construction also leads to a total mass of the membrane to
be moved being increased due to a required connection mechanism. In order to still deflect
or move the membrane in the desired manner, a diameter of the membrane can be in-
creased in order to increase an acceleration force of the membrane. However, an increase
in the membrane diameter also leads to a volume of an actuator chamber of the pneumatic
or hydraulic actuator, which is filled to deflect the membrane by pressure medium, having
to be increased. However, due to the design, this also leads to the filling or emptying pro-
cess of the actuator chamber becoming more time-consuming, wherein the clock frequency

of the dosing system is unnecessarily slowed down.

On the other hand, in a conventional pneumatic or hydraulic actuator, the membrane can
be significantly weakened due to the fixed connection of the discharge element to the mem-
brane. In particular, the connection point between the discharge element and the membrane
can therefore form a weak point of the membrane in the manner of a predetermined break-
ing point, which can be problematic, in particular in continuous operation of the dosing sys-
tem. As a result, a service life or useful life of the pneumatic actuator can be significantly
shortened, which can cause a higher maintenance effort and thus higher operating costs of

the dosing system.

It is therefore an object of the present invention to provide a dosing system having an actu-
ator, with which the aforementioned disadvantages are reduced and preferably avoided.

Furthermore, it is an object to provide a method for controlling such a dosing system.

This object is achieved by a dosing system according to patent claim 1 and by a method for

controlling such a dosing system according to patent claim 13.
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A dosing system according to the invention for dosing a liquid to viscous dosing material, in
particular for preferably contactless application of a dosing material to a substrate, has an
optionally multi-part housing, wherein the housing comprises at least one nozzle and a sup-
ply channel for dosing material. The dosing material to be dosed passes through the supply

channel of the dosing system into a nozzle chamber of this nozzle.

The dosing system further has a discharge element, which is arranged movable in the hous-
ing, and an actuator unit coupled or interacting with the discharge element for dispensing
the dosing material. As a result of the coupling, the actuator unit interacts with the discharge
element in such a way that a dispensing of dosing material takes place from the nozzle of
the dosing system by means of the discharge element. As explained above in the introduc-
tory part of the application, such a discharge element discharges the dosing material “ac-
tively”. Preferably, the dosing system can be realized in the manner of a jet valve, wherein

the dispensing of the dosing material can be done contactless as explained above.

According to the invention, the actuator unit comprises at least one actuator having a mem-
brane which, as is explained later, is preferably formed disk-like, which can also be referred
to as an "actuating membrane". The actuator particularly preferably comprises only a single

membrane.

The actuator unit can further comprise further components required for movement of the
discharge element in the dosing system, as is explained later. In contrast, preferably those
components of the dosing system, which come into contact with the dosing material, for
example, the discharge element, are consolidated into a fluidic unit of the dosing system,

as will also be explained later.

The membrane of the actuator, in particular a side surface of the membrane facing away
from the discharge element, can be pressurized by means of at least one pressure medium
so that the discharge element is moved or deflected out of the nozzle in a discharge direc-
tion of the discharge element for discharging the dosing material. When the membrane is
pressurized, the pressure medium, which is in particular moving, hits or strikes, as the name
“pressurize” says, directly on the side surface (upper side) of the membrane facing away
from the discharge element. This means that the membrane is deflected directly by the
pressure medium itself in order to discharge dosing material from the nozzle. For this pur-
pose, the discharge element is moved by means of the membrane in the direction of an

outlet opening of the nozzle. The movement can be such that a tip of the discharge element
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directly abuts a sealing seat of the nozzle upon completion of the discharge movement.
Alternatively, the discharge movement can also be previously stopped, so that a distance

remains between the tip of the discharge element and the sealing seat of the nozzle.

According to the invention, the discharge element is formed separately with respect to the
membrane, that is, it is a component separate from the membrane itself. The discharge
element is particularly preferably formed in one piece. For coupling to the actuator unit, the
discharge element is pressed during operation of the dosing system by means of a force
acting directly on the discharge element by a contact pressure against a side surface of the
membrane pointing in the direction of the discharge element into an operative position. The
side surface of the membrane provided for coupling thus points away from the side surface
of the membrane that can be pressurized with the pressure medium. The two side surfaces
of the membrane correspond in terms of their design to a base surface of the membrane,

as is explained later.

The side surface pointing in the direction of the discharge element or the nozzle is usually
directed "downwards" when the dosing system is used as intended (namely since the dos-
ing system in use is usually arranged so that the dosing agent is discharged downwards
from the nozzle), and is therefore referred to in the following, without limitation thereto, as
the "underside" of the membrane. The underside of the opposite side surface of the mem-
brane, which can be pressurized by pressure medium, is accordingly referred to as "upper

side" of the membrane.

For coupling between the discharge element, for example, a plunger, and the actuator unit,
the force is exerted only on the discharge element itself, thus not on the membrane directly
but only indirectly via the discharge element, that is, at least a part of the force due to the

coupling can be transmitted from the discharge element to the membrane.

According to the invention, as mentioned, the discharge element is formed separately, that
is, the discharge element is not fixedly or permanently connected to the membrane. In par-
ticular, no positive connection and no material connection between the respective compo-
nents is necessary for coupling the discharge element to the actuator unit or the membrane
of the actuator. Rather, the coupling takes place on the principle of adhesion. By means of
the force acting on the discharge element, the discharge element can be kept continuously
in operative contact with the side surface of the membrane pointing in the direction of the

discharge element during operation of the dosing system. The discharge element and the
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membrane again form two uncoupled independent components only when the force acting

on the discharge element for the coupling is missing or falls below a certain value.

The holding of the discharge element on the membrane thus takes place in particular "pen-
etration-free" and "damage-free". This means that the discharge element, for example, is
not screwed, welded, glued etc. to the membrane. In particular, there is substantially no
change in the surface condition of an underside and/or upper side of the membrane for

coupling.

Since the discharge element and the membrane are formed as independent, unconnected
components, which are combined only by means of the force acting on the discharge ele-
ment to a functional unit (the dosing system), it can advantageously be achieved by means
of the dosing system according to the invention that only very small masses are to be moved
by the actuator of the actuator unit during operation of the dosing system. Thus, on the one
hand, a total weight of the actuating membrane can be kept as low as possible, wherein a
volume of the actuator chamber for actuating the membrane can be kept small. This design
can accelerate a filling and emptying process of the actuator chamber so that the actuator
achieves very high dynamic values. Advantageously, the dosing system is therefore suita-

ble for dosing high-viscosity dosing materials despite a comparatively simple design.

Further advantageously, in the dosing system according to the invention, a design-related
material weakening of the membrane, as is often the case with conventional dosing systems
in the region of the fixed connection between the membrane and the discharge element,
can be almost completely avoided. Furthermore, frictional seals can be dispensed with in
the actuator, such as those, for example, required in pneumatic or hydraulic cylinders. Ad-
vantageously, therefore, by means of the dosing system according to the invention, an un-
interrupted service life of the actuator and thus also of the entire dosing system can be
extended, wherein at the same time, very high clock frequencies are possible when dis-

pensing the dosing material.

In a method according to the invention for controlling a dosing system for dosing a liquid to
viscous dosing material, in particular for preferably contactless application of the dosing
material to a substrate, the dosing system has an optionally multi-part housing, wherein the

housing comprises at least one nozzle and a supply channel for dosing material. As men-
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tioned above, the housing has a discharge element which is movably arranged in the hous-
ing, and an actuator unit which is coupled to or interacts with the discharge element for

dispensing dosing material.

According to the invention, a (actuating) membrane of an actuator of the actuator unit is
pressurized by a pressure medium in order to move or deflect the discharge element in a
discharge direction of the discharge element for discharging the dosing material from the
nozzle. Preferably, a side surface pointing away from the discharge element (also called
"upper side") of the membrane is pressurized by the pressure medium in order to move the
discharge element in the direction of a nozzle. A force is exerted on the discharge element
itself for coupling to the actuator unit. By means of the force acting on the discharge ele-
ment, the discharge element is pressed or pressured by a contact pressure against a side
surface pointing in the direction of the discharge element (also called "underside") of the
membrane. The force can be exerted on the discharge element so that the discharge ele-
ment is continuously held in operative contact with the membrane during operation of the
dosing system, in particular with the side surface of the membrane pointing in the direction

of the discharge element.

Further, particularly advantageous embodiments and modifications of the invention are ap-
parent from the dependent claims and the following description, wherein the independent
claims of a claim category can also be further developed analogously to the dependent
claims and embodiments of another claim category and in particular also individual features

of different embodiments or variants can be combined to new embodiments or variants.

Preferably, the dosing system is formed so that the force of a discharge direction acting on
the discharge element for coupling, for example, a plunger, that is, a direction of a discharge
movement, is directed opposite of the discharge element. The discharge direction corre-
sponds to the (linear) movement of the discharge element for dispensing the dosing material
from the nozzle. The discharge direction is thus directed starting from the coupling point
(between the discharge element and the membrane) to the nozzle of the dosing system.
Preferably, therefore, a force can be exerted on the discharge element for coupling in such
a way that a (operative) direction of the force points away from the nozzle and is aligned

substantially at right angles to a base surface of the membrane of the actuator.

An opposite movement of the discharge element, which is synonymously also referred to

as a "plunger”, that is, a movement away from the nozzle, is referred to as a retraction



10

15

20

25

30

35

movement. Accordingly, the retraction movement is in a retraction direction of the discharge

element, as is explained in the following.

Particularly preferably, the dosing system can be formed so that the discharge element for
coupling to the actuator unit by means of a force which is applied by at least one spring
and/or pressure arrangement, is permanently pressed during operation to the discharge
element pointing to the underside of the membrane. In particular, the force exerted by the
spring and/or pressure arrangement is large enough to hold the discharge element in direct
contact continuously to the underside of the membrane even during a retraction movement
of the discharge element, that is, when the discharge element is moved away from the

nozzle again in the direction of the actuator unit after dosing material has been discharged.

The spring and/or pressure arrangement can simply consist, as a spring arrangement, of a
plurality of springs or other spring-loaded components. In the simplest and therefore often
preferred case, it can consist of a single spring-loaded component, for example, a single
spring, in particular coil spring. In the following, the spring arrangement (without limitation
of generality) is also referred to as a spring or "return spring” for the sake of simplicity.
Alternatively or additionally, the spring and/or pressure arrangement can also have press-
on elements in another form, such as pneumatic pressure cylinders, another membrane

device or the like.

Preferably, the return spring can be formed to move the discharge element within a certain
time interval into a rest position in particular as soon as the membrane is no longer pres-
surized by pressure medium. The rest position of the discharge element is characterized in
that a (during operation) greatest possible distance between a tip of the discharge element
and the nozzle is reached, that is, the discharge element is pushed by the spring as far as
possible upwards in the direction of the actuator unit. Preferably, the discharge element

also directly abuts the underside of the membrane in a rest position.

In addition, the return spring can preferably also exert a "reset effect" on the membrane.
The membrane can indeed preferably be formed so that it automatically returns within a
certain time interval into a rest position as soon as the membrane is no longer pressurized
by pressure medium, that is, the membrane can be formed elastic. However, the forces
exerted by the return spring can at least support the elastic properties of the membrane,

that is, the spring can facilitate a return of the membrane into the rest position.
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Preferably, the return spring can therefore be formed to transmit a force to the membrane
(indirectly by means of the discharge element), wherein the force preferably acts away from
the nozzle in the direction of the actuator unit and is preferably determinable so that the
return spring pushes the membrane (indirectly) upwards by a certain amount and/or even
brings it into a rest position of the membrane. The rest position of the membrane is present
when the membrane is currently not pressurized by pressure medium and/or is not deflected
in the direction of the nozzle. In the rest position, the membrane or membrane wall can
preferably extend substantially in one plane, that is, it has a profile that is substantially
straight or linear in cross-section. But it is also possible that the membrane is curved in the
rest position, at least in sections, "upward”, that is, in the direction of the actuator unit, for

example, in which the membrane is pushed by the discharge element up.

Preferably, the force can act on the discharge element for coupling as mentioned so that
the discharge element, also in the rest position, indeed directly abuts the underside of the
membrane, wherein, however, a previously mentioned linear profile of the membrane is
maintained substantially in cross-section. Alternatively, however, the spring can also be di-
mensioned and/or designed so that the discharge element (in a rest position) pushes or
deflects the membrane (in a rest position) upwards by a certain amount in the direction of
the actuator unit. Preferably, in a rest position, the membrane can at least in regions directly

abut a base body of the actuator.

The membrane of the actuator can preferably be formed like a disk. In this case, a disk is
generally understood to mean a geometric body or a structure whose base surface is many
times greater than its thickness. The base surface corresponds to an area of the membrane
having the largest area measure. The base surface thus corresponds, on the one hand, to
the side surface of the membrane pointing in the direction of the plunger and, on the other
hand, to the (opposite) side surface of the membrane which can be pressurized by pressure

medium.

A thickness of the membrane corresponds to an expansion of the membrane orthogonal to
the base surface, wherein the thickness, for example, is taken from a section transverse the
base surface (cross-section). Preferably, the membrane can have a constant uniform thick-
ness throughout its entire extent. However, it is also possible for an edge region of the
membrane (in cross-section) to be thinner than a middle region of the membrane. Thus, a

stiffness of the membrane can be increased in the central region, for example, where the
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discharge element of the membrane abuts, wherein the membrane is deflected predomi-
nantly in the edge region when pressurized to pressure medium. An effective area of the
membrane and thus the force generated by the membrane can be increased as a result.
Alternatively or additionally, the membrane could have a bead in an edge region, as for

example, is the case with speakers.

It is also conceivable that the membrane is corrugated in cross-section, for example, in the
manner of a corrugated sheet, wherein a spring rate and thus a restoring force of the mem-
brane is reduced compared to a "non-corrugated" or planar membrane. In the following, for
the sake of simplicity, without limitation thereto, the starting point is a flat membrane having
a uniform thickness, which in a rest position has a predominantly straight profile in cross-

section.

Regardless of the specific configuration of the membrane, a thickness of the membrane can
be at least 10 um, preferably at least 50 ym, preferably at least 150 ym. A maximum thick-
ness of the membrane can be at most 1000 um, preferably at most 300 uym, preferably at

most 200 pm.

Preferably, the base surface of the membrane can be formed substantially round or circular.
However, in principle, it can also be elliptical, rectangular or formed any other way. It is
preferred that the membrane is formed as a flat or thin, thus "plate-like" structure. Particu-
larly preferably, the membrane is formed free of cavities, that is, no cavities such as liquid-
filled and/or gas-filled chambers are located inside the membrane. A membrane thus differs
significantly from a bellows, for example, a metal bellows. Unlike a membrane, a bellows
comprises a more or less elastic hose which folds together “like an accordion" and an inte-

rior space sealed with respect to an environment, for example, a cavity filled with gas.

The membrane is preferably formed entirely of metal. Preferably, the membrane can com-
prise a mixture of different metals or an alloy. For example, the membrane can be formed
from a stainless steel (spring steel). Alternatively, the membrane for example, can comprise
a copper beryllium alloy. Furthermore, elastomers or plastics are conceivable as a material
of the membrane. Depending on the requirements, it is also conceivable that a multilayer
membrane is used, wherein the individual layers can be made of the same or different ma-
terials. For example, a membrane on the upper side and/or underside can have a special
coating. Preferably, the membrane can be made so that it has a high vibration resistance

and a certain elasticity, so that a desired deflection of the membrane is possible. Preferably,
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the membrane is made so that it represents an "active" expansion element with respect to

a rigid base body of the actuator, as is explained in the following.

Preferably, the membrane, in particular an edge region of the membrane, is completely
peripherally coupled to a rigid, possibly multi-part, base body of the actuator in a sealed
manner. An actuator chamber of the actuator that can be pressurized by pressure medium
is formed between the actuator base body and the membrane, in particular the upper side.
The membrane, for example, can be welded or soldered to the body to configure the actu-
ator chamber. Furthermore, the membrane can also be jammed with the actuator base
body, for example, in which the membrane is clamped sealed between two housing parts

of the actuator base body.

The actuator chamber is thus located within the actuator itself. Preferably, the actuator
chamber can be formed gas-tight and/or liquid-tight with respect to an environment of the
actuator. Preferably, the actuator base body comprises a breakthrough (in the following
referred to as a "bore" without limitation of the generality) on an opposite side of the mem-
brane, which breakthrough leads from the actuator chamber to the outside of the actuator
chamber to enable actuation of the actuator. Preferably, a control valve of the actuator unit
directly adjoins the bore to control a flow of the pressure medium through the bore, so as to

"open" and "close" the actuator chamber, as is explained in the following.

Advantageously, the actuator is realized by means of only one membrane, so that only this
sealed membrane needs to be coupled to the actuator base body. This enables a construc-
tive simplification of the dosing system, in particular in comparison to "bellows-operated"

systems. In the latter, the bellows or hose usually needs to be sealed at two opposite ends.

A pressure medium, for example, via the aforementioned bore, can be supplied to control
the actuator, the actuator chamber. Preferably, an overpressure can be generated in the
actuator chamber in order to deflect the membrane starting from a rest position "down-
wards", that is, in the direction of the nozzle of the dosing system. The amount of overpres-
sure can be specified and, for example, act in accordance with the nature (for example,
viscosity) of the dosing material. For example, the overpressure could be in the range of
about 5 bar to 8 bar. However, significantly higher pressures are possible, as is explained
later. The membrane can also be referred to as a pressure membrane, wherein the mem-
brane is formed to transmit a force to the plunger and at the same time to seal the actuator

chamber. Furthermore, the actuator chamber can also be emptied again by means of the
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same bore, that is, the overpressure in the actuator chamber is reduced, wherein the mem-
brane, due to its elasticity and/or by means of the return spring, is brought back to a prefer-

ably vertical rest position.

The actuator chamber can in principle be filled with any flowing fluid, that is, (compressed)
gaseous and/or liquid substances can be used as the pressure medium. Preferably, a com-
pressed gaseous fluid can be used as the pressure medium, for example, a single gas or a
gas mixture, for example, air. In the following, it is assumed that the actuator is operated
using compressed room air, since this is already available in most systems having dosing
systems. The actuator is therefore in the context of the application also synonymously re-

ferred to as a pneumatic actuator. However, the invention should not be so limited.

To control the actuator in an optimal way for the dispensing of dosing material, the above-
mentioned bore of the actuator chamber, as directly mentioned preferably, adjoins the con-
trol valve of the actuator unit, in particular in a gas and/or liquid-tight manner. The control
valve is preferably formed to control and/or regulate a supply of pressure medium into the
actuator chamber and a discharge of pressure medium from the actuator chamber. For this
purpose, the control valve is preferably coupled to a control and/or regulating unit of the
dosing system. The control valve can, for example, be realized by means of a solenoid
valve. Preferably, the control valve can be realized by means of a 3/2-way valve (for exam-
ple, open rest position). Alternatively, the control valve for example, can comprise two 2/2-

way valves. The control valve can also be referred to as a pneumatic valve.

Preferably, the control valve can be arranged in the actuator unit so that a first connection
(working connection) of the control valve (gas-tight) interacts with the bore of the actuator
chamber, wherein the actuator chamber can be filled by means of this connection by pres-
sure medium and can also be emptied again. Preferably, a second connection (compressed
air connection) of the control valve is functionally coupled to a compressed air supply of the
dosing system. A third connection (vent connection) of the control valve can be coupled to
a vent region of the actuator unit, as is explained later. Depending on the control of the
control valve, the working connection can preferably interact either with the compressed air

connection or the vent connection.

In order to supply the actuator chamber by means of the control valve with a sufficient
amount of pressure medium during operation, the housing of the dosing system can com-

prise an internal pressure reservoir or a pressure tank for the pressurized pressure medium.
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Preferably, this pressure tank can be formed bounded or isolated in the housing of the dos-
ing system with respect to other housing regions. The pressure tank can comprise at least
one supply opening for pressure medium into the pressure tank and a discharge opening
for pressure medium out of the pressure tank, in particular for the supply line into the control
valve. Preferably, the pressure tank can be dimensioned so that it can contain a sufficient
amount of pressure medium for at least 250, preferably at least 2000, particularly preferably
at least 10000 deflections of the membrane. Preferably, the pressure of the pressure me-
dium in the pressure reservoir can be at least 2 bar, preferably at least 3 bar and particularly
preferably at least 5 bar. Preferably, the pressure should be at most 1000 bar, more prefer-

ably at most 20 bar and most preferably at most 10 bar.

The pressure tank can be coupled to an external compressed air supply of the dosing sys-
tem. For example, a compressed pressure medium can be supplied to the pressure reser-
voir by means of the supply opening, for example, in which an external pressure medium
supply is connected to a corresponding coupling point of the housing of the dosing system.
Preferably, a predeterminable pressure (target pressure) can be maintained substantially

constant in the pressure tank, even during operation of the dosing system.

For the most efficient possible operation of the pneumatic actuator, the pressure reservoir
can directly adjoin the control valve of the actuator unit in an interior of the housing. Prefer-
ably, the pressure reservoir is arranged in the housing of the dosing system so that the
pressure medium can flow directly into the actuator chamber from the pressure tank in the
shortest possible path. In other words, the pressure reservoir can be arranged as close as
possible to the "demand point". Preferably, the discharge opening of the pressure tank is

directly (gas-tight) coupled to the compressed air connection of the control valve.

Advantageously, the pressure reservoir thus represents a "pressure medium buffer" internal
to the dosing system in order to dampen a pulsed consumption of pressure medium, espe-
cially at high dosing frequencies. Usually, dosing systems having pneumatic actuators have
an external pressure tank for this purpose. However, there may be a drop in pressure in the
pressure medium on the way from the external pressure tank to the actuator due to line
losses, so that the actuator chamber is not filled with a desired, in particular constant, pres-
sure. Furthermore, the pressure with which the actuator is filled, also referred to as filling
pressure of the actuator, can have a significant influence on the dosing accuracy of the

dosing system and possibly adversely affect it, as is explained later.
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In contrast, in the described dosing system, the "pressure medium buffer” is arranged in the
immediate vicinity of the actuator, so that no line is required between the pressure tank and
the actuator chamber. This ensures that the actuator chamber is always filled with a pres-
sure medium having a certain target pressure even at very high clock frequencies. On the

one hand, this has said positive effect on the dosing accuracy.

On the other hand, significantly higher clock frequencies than with conventional dosing sys-
tems having pneumatic actuators can be achieved by means of this design, since even at
very high clock frequencies, no line losses between pressure tank and pneumatic actuator
occur. While dosing frequencies of up to about 330Hz were possible up to now, the de-
scribed structure enables dosing frequencies of 600Hz and more. Basically, the internal
"pressure medium buffer" also allows even higher clock frequencies (> 700Hz), wherein in

this respect, the control valve represents the speed-limiting factor due to heat generation.

It should be noted that the configuration of a pressure reservoir internal to the housing in
the immediate vicinity of the actuator is not limited to the above-mentioned dosing system
according to the invention. Rather, this advantageous construction represents an independ-

ent partial aspect of the invention.

Advantageously, an internal pressure reservoir can therefore also be arranged in dosing
systems having a pneumatic cylinder or in conventional "bellows-operated" or "membrane-
operated" dosing systems, that is, also in such dosing systems in which, for example, a
discharge element is fixedly connected to a membrane of the pneumatic actuator, that is,
independent of the coupling according to the invention. Preferably, a dosing system can
comprise a housing which comprises a nozzle and a supply channel for dosing material,
and a discharge element movably mounted in the housing and an actuator unit coupled to
the discharge element. The actuator unit can comprise an actuator having a membrane
which can be pressurized by means of a pressure medium in order to move the discharge
element in a discharge direction. Furthermore, the housing of the dosing system can com-
prise an internal pressure reservoir for the pressure medium. Particularly preferably, the

reservoir can directly adjoin a control valve of the actuator unit for controlling the actuator.

Advantageously, it is thus possible (for the reasons explained above), even in conventional
dosing systems, to increase the cycle frequency of the dispensing of dosing material and at

the same time to achieve the highest possible dosing accuracy.
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In order to further improve the beneficial effect of the internal "pressure medium buffer”, the
dosing system can preferably comprise, in addition to the internal pressure tank, a further,

possibly larger, external pressure tank, for example, in the external pressure medium sup-

ply.

The concept of the internal pressure tank can profitably be supplemented by at least one
pressure sensor being arranged in the pressure reservoir in such a way that a pressure of
the pressure medium is measured in the pressure reservoir. For example, the pressure

sensor could be realized in a wall of the pressure tank.

Preferably, the pressure sensor is arranged as close as possible to the pneumatic actuator.
The pressure sensor can preferably be coupled to forward measured data to the control
and/or regulating unit of the dosing system. On the one hand, the control and/or regulating
unit can be formed as a direct component of a dosing system or, on the other hand, can be
realized separately with respect to the dosing system. A third possibility is that the control
and/or regulating unit is formed separately and is assigned to several dosing systems at the

same time in order to control them separately from one another.

The term control is used in the following as a synonym for a control and/or regulation. That
is, even when talking about a controller, the controller can include at least one regulation
process. In a closed-loop control (regulation), a regulated variable (as an actual value) is
generally recorded continuously and compared with a reference variable (as a target value).
Usually, the regulation is carried out in such a manner that the regulation variable is adjusted
to the reference variable. This means that the regulated variable (actual value) continuously

influences itself in the path of action of the control loop.

In order to control the pressure in the pressure reservoir, the dosing system can comprise
at least one controllable pressure regulator. Preferably, the pressure regulator is formed to
control and/or regulate a pressure of the pressure medium in the pressure reservoir as a
function of an input parameter, preferably by means of a control and/or regulation of a pres-
sure of a pressure medium flowing into the housing of the dosing system or into the reser-

VOIr.

The pressure in the pressure reservoir, thus the pressure applied before the control valve,

is also referred to as the supply pressure of the actuator. The supply pressure determines
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the maximum pressure with which the actuator chamber can be filled, that is, which pres-
sure the pressure medium can at most have when it flows into the actuator chamber. In the
simplest case, the supply pressure can also correspond to an actuator filling pressure. The
actuator filling pressure corresponds to the pressure that the pressure medium in the (filled)
actuator chamber actually has, for example, during a deflection of the membrane. Depend-
ing on the configuration of the dosing system, it is also possible for the actuator filling pres-
sure to deviate from the supply pressure, as is explained later. Therefore, the pressure
regulator can preferably also be formed to control and/or regulate a pressure with which the
actuator is filled by pressure medium (actuator filling pressure) as a function of an input

parameter.

The pressure regulator can, on the one hand, be mechanically or manually operated. Pref-
erably, an input parameter can then be transmitted to an operator of the dosing system,
wherein the operator then adjusts the pressure regulator so that a target pressure is reached

in the pressure reservoir.

Preferably, an electronic pressure regulator can also be used. Particularly preferably, the
pressure regulator can be controlled by means of the control and/or regulating unit of the
dosing system, in particular taking into account input parameters. Regardless of the specific
configuration (mechanical and/or electronic), the pressure regulator can preferably be ar-
ranged on the housing of the dosing system and/or in an external pressure medium supply

line.

Preferably, the (mechanical or electronic) pressure regulator can be controlled or regulated
as a function of an input parameter so that during operation of the dosing system, a certain,
for example, a constant, speed of the discharge element (plunger speed) is achieved during

the discharge movement.

An input parameter of the control or regulation can be, for example, a current pressure in
the pressure reservoir. Preferably, the measurement data of the pressure sensor as input
parameters (actual values) can be continuously compared with a predefinable target value
by means of the control and/or regulating unit during operation. The control of the pressure
regulator then preferably takes place so that, during operation, a target pressure is contin-

uously present in the internal pressure tank or a constant plunger speed is achieved.
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Advantageously, the dosing accuracy of the dosing system can be further improved by
means of the pressure sensor and the internal pressure reservoir in interaction with the
control and/or regulating unit. A decisive factor for an amount of dosing material discharged
per plunger stroke is the plunger speed, in particular when impacting into the nozzle or in
its sealing seat. Preferably, therefore, the plunger speed (during the discharge movement)
can be adjusted during operation target value. The plunger speed depends largely on the

actuator filling pressure.

In this regard, a higher actuator filling pressure causes a higher acceleration force of the
membrane, resulting in a higher speed of the plunger. A low actuator filling pressure corre-
spondingly results in a slower plunger speed during the discharge process. Pressure fluc-
tuations during the filling process of the actuator chamber can therefore have a detrimental
effect on the dosing accuracy. Advantageously, by means of a control and/or regulation of
the pressure in the pressure tank and/or the actuator filling pressure, the plunger speed can
be set to a predefinable value and, for example, be kept constant in order to increase the
dosing accuracy even with very dynamic and/or high dosing requirements. For example,
pressure fluctuations in the supply line could be compensated by means of this control or

regulation.

In order to further improve the dosing accuracy, the dosing system can comprise at least
one sensor for measuring a speed of movement of the discharge element. Preferably, a
speed sensor can be arranged in a region of the rigid actuator base body. Preferably, the
sensor can be arranged in a region of the actuator base body which is opposite the upper
side of the membrane, that is, "above" the membrane. Preferably, the speed sensor and
the discharge element, for example, a plunger head can be arranged on an imaginary (ver-

tical) line. Preferably, the speed sensor is coupled to the control unit.

The speed sensor is preferably formed to detect a speed of the discharge element during
the entire discharge movement and/or the total retraction movement of the discharge ele-
ment. For example, the speed sensor can be realized by means of a position sensor (stroke
sensor), which is formed to detect a plunger position as a function of time. Preferably, the
speed sensor can be realized by means of a Hall sensor. Preferably, then a "head region"

of the discharge element abutting the membrane can comprise a magnet.
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Alternatively, the speed sensor could comprise a capacitive distance sensor. For example,
the distance sensor and the membrane (as a movable mating surface) could form an elec-
trical capacitor, for example, in which the membrane is formed in the manner of a capacitor

plate.

Advantageously, the measured values of the speed sensor can be supplied to the control
unit as a further input parameter. As an alternative or in addition to the measured values of
the pressure sensor, the speed measured values can be used to control and/or regulate the
supply pressure of the actuator and/or the actuator filling pressure in order to achieve, for
example, a constant plunger speed, in particular when impacted in the sealing seat of the
nozzle during operation. For example, fluctuations in the nature of the dosing material can

be compensated for by means of this control or regulation.

A further alternative or additional possibility for setting the plunger speed is to control the
filling process of the actuator by means of a throttle device. Preferably, the dosing system,
for example, the control valve, comprises at least one controllable throttle device. The throt-
tle device can be formed to control and/or regulate a pressure of the pressure medium in
the actuator, in particular in the actuator chamber, as a function of an input parameter.
Preferably, the throttle device can be formed to dynamically control and/or regulate a pres-
sure in the actuator, in particular as a function of an input parameter. Preferably, the throttle
device can be controlled so that a pressure in the actuator during a (first) discharge move-
ment differs from the pressure in the actuator during a (second) subsequent discharge

movement, that is, the pressure in the actuator can be changed "from pulse to pulse”.

Preferably, the throttle device can comprise at least one controllable proportional valve
and/or a controllable pressure regulator. The throttle device can be formed to control and/or
regulate a volume flow or a flow rate of the pressure medium flowing into the actuator cham-
ber. For example, the throttle can be arranged in the working connection of the control valve
and/or in the bore of the actuator base body. Preferably, depending on the control of the
flow cross-section, there can be a reduction or further increase, for example, corresponding
to a maximum possible flow cross-section. Alternatively, in each case a controllable propor-
tional valve could be arranged in the compressed air connection or in the vent connection

of the control valve.
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Furthermore, the throttle can alternatively or additionally be formed or be controlled so that
the inflow of pressure medium into the actuator chamber is completely interrupted at a cer-
tain point in time. Preferably, the proportional valve in the working port could be closed
(completely) as soon as a certain pressure is applied in the actuator chamber during the
filling. Preferably, the throttle can be controlled so that a certain, for example, a maximum
permissible pressure in the actuator chamber is not exceeded. Under certain circum-
stances, this can lead to the pressure of the filled actuator (for deflecting the membrane)
being lower than the supply pressure. The dosing system can have a pressure sensor for

measuring the pressure in the actuator chamber.

The throttle device can be realized by means of a mechanical or manual throttle. Preferably,
at least one input parameter can be communicated to an operator of the dosing system,
wherein the operator then adjusts the throttle (which could also be referred to an expansion
valve) so that a certain (target) flow is achieved through the throttle and thus a desired

plunger speed during the discharge movement of the plunger.

Preferably, the throttle device can be realized by means of an electronic throttle, for exam-
ple, a proportional valve. Preferably, the throttle can be controlled by the control unit as a
function of an input parameter, for example, an actual plunger speed, so that a certain flow
volume or a desired pressure is achieved in the actuator chamber. Alternatively or addition-
ally, the throttle device can be controlled so that a certain pressure in the actuator is not
exceeded, in particular during the filling. Particularly preferably, the throttle device can be
controlled depending on at least one input parameter so that a, for example, constant, spec-

ifiable plunger speed is achieved in the discharge movement and/or retraction movement.

Advantageously, the plunger speed can be set to a constant value during the discharge
movement during operation by means of the controllable throttle device. The controllable
throttle device thus represents a second alternative or additional variant in order to keep the

plunger speed constant during operation and thus to further improve the dosing accuracy.

It should be pointed out that a previously described throttle device which is formed to control
and/or regulate a pressure in the actuator as a function of an input parameter, preferably
by means of a control and/or regulating unit of a dosing system, does not limit the afore-

mentioned dosing system according to the invention, but represents an independent partial
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aspect of the invention. This means that even a dosing system of conventional design hav-
ing a pneumatic actuator, for example, having a pneumatic cylinder or a fixed connection

between the discharge element and membrane, can have such a throttle device.

In order to be able to further improve the dosing result, the dosing system can be formed to
set a specific speed profile of the discharge element during a respective discharge move-
ment and/or the retraction movement. The dynamic control of the speed of the discharge
element is also referred to as flank control. Preferably, the dosing system, preferably the
control valve, can comprise at least one throttle device, which is formed to control and/or
regulate a pressure profile during a filling of the actuator by pressure medium and/or during
an emptying or venting of the actuator. Preferably, the control and/or regulation can take

place as a function of at least one input parameter.

For this purpose, the throttle device can be formed to adjust a flow rate of the fluid flowing
through a local (variable) constriction of a flow cross-section in such a way that a filling
process of the actuator chamber can be controlled in time. This means that, by means of
the throttle, the pressure increase in the actuator chamber can be controlled in time (tem-
poral control of the pressure profile). Preferably, the throttle can be formed to dynamically
control or regulate the flow rate during a respective discharge movement and/or during a

respective retracting movement of the discharge element.

Preferably, the throttle device can be controlled so that the pressure increase in the actuator
chamber is dynamic or variable, that is, the pressure in the actuator chamber does not
increase constantly or linearly. The pressure in the actuator, in particular in the actuator
chamber as a function of time (during filling or venting), is referred to here as a pressure
profile. Preferably, the throttle device can be controlled so that the speed of the plunger
varies during the discharge movement, that is, that the plunger has two or more different
speeds or is accelerated to two or more different speeds in a single discharge movement.
Preferably, the speed of the plunger during the entire plunger movement can be controlled

and/or regulated, that is, from the rest position to the impact in the nozzle.

The throttle device can be realized by means of a controllable proportional valve. Preferably
at least one, for example, piezo-operated actuator having variable flow can be used for a
highly resolved as possible control of a speed profile of the plunger during the discharge
process. Preferably, the electronically controllable piezo-operated actuator is part of the

throttle device and can be controlled by means of the control unit to control the volume flow
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(flow rate) of the pressure medium flowing into the actuator and/or the pressure medium
flowing out of the actuator substantially without delay. For example, the control valve could
be formed so that, by means of the actuator, a flow cross-section of the working connection
of the control valve (for example, a 3/2-way valve or two 2/2-way valves) during the inflow
and/or outflow of pressure medium in the actuator or from the actuator is substantially con-

trollable (changeable) in real time.

Alternatively, it is also possible for the control valve to comprise two separately controllable
proportional valves instead of a 3/2-way valve, whereby a throttle device is realized at the
same time. Then a first proportional valve for the (controlled in time) filling of the actuator
chamber and a second proportional valve for (controlled in time) venting of the actuator
chamber could be used, wherein the two proportional valves can use the same or different
bores of the actuator chamber. As a result, the pressure profile can be controlled or regu-

lated separately during filling and venting.

An input parameter, on which the regulation depends, for example, can be a measurement

signal of the speed sensor.

Preferably, a predeterminable speed profile of the plunger can also serve as an input pa-
rameter, which, for example, depending on the nature of the dosing material and/or the
dosing requirement, is created and can be stored in the control unit. Preferably, the control
unit can then control (adapt) the pressure during the filling of the actuator as a function of
the actual speed of the plunger so that a desired speed profile is achieved in the discharge
process. For example, the throttle device could be controlled so that the plunger is initially
accelerated from its rest position by means of the membrane to a very high speed (strong
inflow of pressure medium into the actuator, that is, rapid pressure increase in the actuator
chamber) to achieve a shearing of the dosing material. In a second phase of the discharge
movement, the plunger speed could then be reduced (reduced inflow of pressure medium
into the actuator, that is, slower pressure rise in the actuator chamber) to achieve a clean

discharge of the dosing material from the nozzle.

Advantageously, the dosing system, in particular by means of a throttle device designed in
this way, can be controlled in such a way as to control the pressure profile and/or the time
profile of the filling of the actuator. This can set a desired speed profile of the plunger move-
ment during each phase of the discharge movement (also referred to as control of the

flanks). Advantageously, the dosing accuracy can thus be further improved, in particular in
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which external influencing factors can be effectively compensated. For example, fluctua-
tions in the dosing medium can be compensated, which can result from, for example, batch-
dependency (viscosity), temperature-dependency or due to a material age (curing pro-
cesses for adhesives). Furthermore, even small manufacturing tolerances or wear pro-

cesses can be compensated by controlling the flanks.

As already mentioned, the throttle device can also be formed or controlled so as to effect a
regulation of the pressure profile and/or the time profile of the emptying even when the
actuator is being vented. This means that, even with the retraction movement, the plunger
can have two or more different speeds or a defined speed profile. The regulation can pref-
erably be carried out as a function of an input parameter, for example, measurement data
of the speed sensor to achieve a predeterminable speed profile of the plunger. Advanta-
geously, a retraction speed of the plunger can be determined so that during the retraction
movement, no air is sucked through the nozzle opening of the nozzle, wherein the formation
of air bubbles can be avoided in drops of the dosing material subsequently discharged from

the nozzle.

In principle, a control and/or regulation of the pressure profile during the filling or emptying
of the actuator chamber, preferably by means of the throttle device, so that a speed of the
discharge element is varied during a discharge movement and/or during a retraction move-
ment, is not limited to the aforementioned dosing system according to the invention but
represents an independent partial aspect of the invention. This means that even a dosing
system of conventional design having a pneumatic actuator, for example, having a pneu-
matic cylinder or a fixed connection between the discharge element and the membrane,
can have a previously discussed throttle device, wherein such (known) dosing systems can

be operated with a desired speed profile of the plunger movement.

Preferably, the dosing system can also be formed to increase an uninterrupted service life
of the dosing system. For this purpose, the actuator unit can be formed to use the pressure
medium flowing out of the actuator or out of the actuator chamber as the cooling medium
for cooling the control valve. The venting or emptying of the actuator chamber is preferably
carried out by means of the vent connection of the control valve, wherein the vent connec-

tion opens into a vent region of the actuator unit.

The control valve, for example, a solenoid valve, generates increasing heat during operation

with increasing clock frequency, wherein an overheating can lead to a failure of the control
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valve. Preferably, the venting region is therefore formed as a cavity in the housing of the
dosing system so that it encloses or surrounds the entire control valve from the outside.
Preferably, the pressure medium can be guided past the control valve so that as much heat
as possible is discharged from a surface of the control valve by means of the pressure
medium. The pressure medium, for example, compressed air, is hardly heated due to the
passage of the actuator and can therefore be used as a cooling medium. The venting re-
gion, which could also be referred to as a cooling region, thus forms a cooling device of the
dosing system using the pressure medium. The housing can have a bore for discharging

the pressure medium from the venting region.

For a particularly effective cooling of the control valve, the pressure medium could be ac-
tively cooled to a certain temperature before entering the housing, for example, by means
of a refrigeration device. The control valve could thus be kept permanently below a critical
operating temperature. Furthermore, a regulation of the active cooling would be conceiva-
ble, for example, in which the control valve comprises a temperature sensor and forwards
corresponding measured values to the control unit. The control unit could then control the
refrigeration device as a function of the measured values so that the refrigeration device
provides a correspondingly highly cooled pressure medium in order to keep the temperature

of the control valve below a critical value.

Advantageously, this cooling device can achieve the control valve being reliably maintained
below a critical operating temperature during operation, wherein the reliability of the dosing
system is improved. On the one hand, this makes it possible to operate the dosing system
even at high outside temperatures. On the other hand, the clock frequencies of the dosing
system can be increased with respect to conventional dosing systems, since even at very

high clock frequencies, sufficient heat energy can be discharged from the control valve.

In order to further improve the reliability of the dosing system, it is possible to provide a
pressure in the region between the actuator membrane and a plunger seal, which pressure
substantially corresponds to a cartridge pressure (pressure of the dosing material in a dos-
ing material cartridge). The plunger seal surrounds the plunger and is realized as part of the
fluidic unit of the dosing system. Preferably, the plunger seal is located opposite an outlet
opening of the nozzle, wherein the plunger seal delimits a nozzle chamber of the nozzle at
the top. Due to the fact that the same pressure substantially prevails on both sides of the
plunger seal, the tendency for dosing material to be pressed through the seal during oper-

ation is counteracted. Advantageously, the longevity of the seal can thus be increased.
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Alternatively, a negative pressure, in particular a vacuum, can be provided between the
actuator membrane, preferably the underside thereof, and the plunger seal. Advanta-
geously, the performance of the actuator or of the dosing system can thus be increased,
since the vacuum facilitates or supports the deflection of the membrane in the direction of
the nozzle. This can be particularly advantageous for difficult-to-dose media, for example,

with dosing materials having a high viscosity.

In order to be able to implement the previously explained advantageous embodiments of
the dosing system during operation profitably, in a method for controlling the dosing system
(control method), the pressure of the pressure medium flowing into the housing of the dos-
ing system or in the internal pressure tank by means of the pressure regulator of the dosing
system as a function of at least one input parameter is so controlled and/or regulated that
the speed of the discharge element during a discharge movement, in particular when im-
pacted in the nozzle, preferably corresponds to a target value. Preferably, the pressure

regulator is controlled by means of the control unit of the dosing system.

The pressure of the pressure medium flowing into the actuator or actuator chamber and/or
the pressure of the pressure medium flowing out of the actuator or actuator chamber is
preferably controlled and/or regulated by means of the throttle device of the dosing system
as a function of at least one input parameter so that the speed of the discharge element
corresponds to a target value during a respective discharge movement and/or retraction
movement. During operation, the control unit of the dosing system can preferably continu-
ously receive measured values of at least one sensor, for example. from the speed sensor
to perform a real-time comparison of the measured values (actual value) with a predefinable
target value. Depending on this monitoring, the throttle device is then preferably controlled
so that the pressure medium flows into the actuator with such a flow volume or flows out
therefrom to achieve a desired plunger speed in the discharge movement and/or the retrac-

tion movement.

Furthermore, the control unit can control the throttle device so that a speed of the discharge
element is varied during a single discharge movement and/or during a single retraction
movement. Preferably, the discharge element can be accelerated to two or more different
speeds for a single respective movement. Preferably, the control unit as a function of at
least one input parameter, for example, speed measurement data, the flow rate of the pres-

sure medium through the throttle device can control such that a certain speed profile of the
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plunger is achieved in the discharge and/or retraction movement. For example, the expan-
sion valve can be controlled so that the actuator is first filled with a first pressure for a (sin-
gle) discharge movement to reach a first discharge speed and then filled with a second
differing pressure to reach a second discharge speed, which can differ from the first dis-

charge speed.

As mentioned, the expansion valve or the throttle can also be used in a dosing system of
conventional design. This can then be, as mentioned, for example, used to control and/or
to regulate a pressure of the pressure medium so that a speed of the discharge element is
varied during a discharge movement and/or during a retraction movement. That is, it is
possible by means of the control method, to operate a dosing system regardless of the
specific connection of the discharge element to the membrane so that a desired speed

profile of the plunger movement is achieved.

The invention is explained in more detail below with reference to the accompanying figures
with reference to embodiments. In this case, the same components are provided with iden-
tical reference numerals in the various figures. The figures are usually not to scale. They
show schematically:

Figure 1 a sectional view of a dosing system according to an embodiment of the invention,
Figure 2 parts of the dosing system from Figure 1 in an enlarged view,

Figure 3 parts of the dosing system from Figures 1 and 2 in a further enlarged view,

Figure 4 parts of a dosing system shown in section, similar to Figure 3, according to a further

embodiment of the invention,

Figure 5 a representation of an actuator unit of the dosing system according to an embodi-

ment of the invention,

Figure 6 a representation of the dosing system from Figure 1 in another functional position,

Figure 7 an illustration of a control method for a dosing system according to an embodiment

of the invention,
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Figure 8 a representation of a speed profile of a possible plunger movement according to

an embodiment of the invention.

A specific embodiment of a dosing system 1 according to the invention is now described
with reference to Figure 1. The dosing system 1 is illustrated here in section in the usual
position during intended operation of the dosing system 1. In this case, a nozzle 70 is lo-
cated in the lower region of the dosing system 1, so that the drops of the medium are dis-
charged downwards in a discharge direction RM through the nozzle 70. Insofar as the terms
below and above are used in the following, these details therefore always refer to such a
usual, customary position of the dosing system 1. However, this does not exclude that the
dosing system 1 can also be used in special applications in a different position and the
drops are discharged laterally, for example. Depending on the medium, pressure and pre-

cise construction and control of the entire discharge system, this is also basically possible.

The dosing system 1 comprises an actuator unit 10 and a fluidic unit 60 coupled thereto as
essential components. The dosing system 1 shown here further comprises a dosing mate-

rial cartridge 64, which is coupled to the fluidic unit 60.

In the embodiment of the dosing system 1 shown here, the actuator unit 10 and the fluidic
unit 60 are realized in the manner of mutually couplable plug-in coupling parts for forming
a quick coupling. Advantageously, the actuator unit 10 and the fluidic unit 60 can thus be
coupled to each other without tools, so as to form the dosing system 1. The quick coupling
comprises a coupling mechanism 50 having a coupling spring 51 which keeps a sphere 52
under constant tension. The coupling spring 51 and the sphere 52 are comprised here by a
(first) actuator unit housing block 11a and form a first plug-in coupling part. This is particu-
larly clear in Figure 2, which shows a detail of the dosing system of Figure 1 in an enlarged

view.

The coupling mechanism 50 has a number of spherical calottes 54 (only one shown in Fig-
ure 2), in which the sphere 52 can engage for coupling. The spherical calottes 54 are ar-
ranged in a second plug-in coupling part 53 of the fluidic unit 60, wherein the fluidic unit 60
is comprised by a (second) fluidic unit housing block 11b. For coupling, the first plug-in
coupling part (the actuator unit 10) and the second plug-in coupling part (the fluidic unit 60)
can be plugged into one another along a (virtual or imaginary) plug-in axis and thereby be

coupled together. For example, the fluidic unit 60 can be plugged against the direction RM
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(see Figure 1) into the actuator unit 10 and be coupled to the actuator unit 10 in a suitable

rotational position.

The spherical calottes 54 are arranged in the second plug-in coupling part 53 of the fluidic
unit 60 so that different latching positions are possible, that is, different rotational positions
of the fluidic unit 60 about the plug-in axis are possible. The spring-biased sphere 52 of the
plug-in coupling part 53 engages in one of the several possible latching positions, so as to

form the dosing system 1.

The dosing system 1 thus comprises here a housing 11 having the two mentioned housing

parts (housing blocks) 11a and 11b.

It should be noted, however, that the respective assemblies 10, 60 can also be firmly con-
nected to each other, for example, by means of a fixing screw, so as to form the housing
11.

As can be seen in Figure 1, the actuator unit 10 comprises substantially all components that
provide for the drive or the movement of a discharge element 80, here a plunger 80, in the
nozzle 70, that is, for example, a pneumatic actuator 12 in order to be able to actuate the
discharge element 80 of the fluidic unit 60, a control valve 20, a control unit (not shown in
Figures 1 and 2) to be able to control the pneumatic actuator 12 and similar components,

as is explained in the following.

The fluidic unit 60 comprises, besides the nozzle 70 and a supply line 62 of the medium to
the nozzle 70, all other parts which are in direct contact with the medium, and the elements
which are required to assemble together the relevant parts in contact with the medium to-
gether or to hold in their position on the fluidic unit 60. Incidentally, the fluidic unit 60 also
comprises means for bringing the discharge element 80 back into a rest position or starting

position after dispensing of dosing material, as is explained in the following.

Since the basic structure of dosing systems is known, for the sake of greater clarity, com-

ponents which at least indirectly affect the invention are predominantly shown here.

In the embodiment shown here (Figures 1 and 2) of the dosing system 1, the actuator unit
10, as mentioned, comprises a pneumatic actuator 12 which can be pressurized by pres-

sure medium, in this case preferably compressed air. It should be noted that in Figures 1
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and 2, the pneumatic system 12 and the coupling to the discharge element are shown only
schematically. In particular, a membrane 13 of the actuator 12 is shown only schematically,
that is, not in a real position or configuration that the membrane 13 actually has during
operation during a deflection or a retraction. This is explained later with reference to Figures
3 and 4.

The pneumatic actuator 12 (Figure 1) is coupled to the fluidic unit 60 in such a way that the
plunger 80 is actuated by means of a control of the pneumatic actuator 12 in such a way
that a medium to be dosed from the fluidic unit 60 is discharged in the desired amount at
the desired time. In the case illustrated here, the plunger 80 currently closes a hozzle open-
ing 72 and thus also serves as a closure element 80. However, since most of the medium
is already discharged from the nozzle opening 72 when the plunger 80 is moved in an dis-
charging direction RA (see Figure 2), it is referred to herein as an discharge element 80.
The coupling between pneumatic actuator 12 and plunger 80 is explained in detail later with

reference to Figure 3.

The pneumatic actuator 12 is arranged in the actuator unit 10 in the immediate vicinity of a
control valve 20 for controlling the actuator 12. The control valve 20, for example, a pneu-
matic 3/2-way valve is formed to supply the actuator 12 a pressure medium, for example,
compressed room air, and/or discharge a pressure medium from the actuator 12. For this
purpose, the actuator 12 is arranged in the actuator unit 10 so that a bore 17 of the actuator
12 interacts with a working connection 23 of the control valve 20 and is spatially connected

thereto. This becomes clear especially in Figure 2.

The control valve 20 further comprises a compressed air connection 22 and a vent connec-
tion 24, wherein depending on the control or switching position of the control valve 20, either
the compressed air connection 22 or the vent connection 24 interacts with or is connected
to the working connection 23. The control valve 20 is coupled to a circuit board 42 of the
dosing system by means of a connection cable 21 and can furthermore be controlled by a

control unit of the dosing system 1 (for example, electrically) (see Figure 1).

It can be seen in Figure 2 that the control valve 20 is arranged in the actuator unit 10 so
that the compressed air connection 22 interacts with or is connected to a bore 25 (here
above left), wherein the bore 25 and the compressed air connection 22 substantially have
the same diameter. The bore 25 here is realized as a discharge opening 25 of an internal

pressure reservoir 32 (in the following also referred to as a pressure tank 32) of the dosing
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system 1. A pressure medium can be supplied through this bore 25 to the control valve 20
(via the compressed air connection 22) and thus subsequently also to the actuator 12 (via

the working connection 23 and the bore 17).

The pressure tank 32 directly adjoins the control valve 20 here. Therefore, no connection
lines are required between the pressure tank 32 and the control valve 20, apart from the
bore 25, so that line losses can be largely prevented in the print medium. The pressure tank
32 extends into the housing block 11a between the discharge opening 25 and a pressure
medium supply device 30, which comprises a coupling point 31 for an external pressure
medium supply (not shown) (see Figure 1) and represents a cavity or a chamber in dosing
system 1. A pressure medium having a certain pressure in a direction RD can be supplied
to the pressure reservoir 32 by means of the pressure medium supply device 30. In addition
to what is shown here, an external pressure medium supply line can additionally comprise

a controllable pressure regulator, as is explained with reference to Figure 7.

The pressure tank 32 is formed, in particular in cooperation with the pressure medium sup-
ply device 30 and the pressure regulator, to provide a pressure medium DK with a certain
pressure during operation (see Figure 6). The pressure of the pressure medium in the pres-

sure tank 32 corresponds to the supply pressure of the actuator 12.

The pressure tank 32 here comprises a pressure sensor 33 in order to determine a pressure
of the pressure medium in the pressure tank 32 (see Figure 1). The pressure sensor 33 is
arranged here on a circuit board 42 of the dosing system 1. The circuit board 42 can com-
prise or be coupled to various other electronic components, for example, a temperature
sensor 48 or a heating device 47 or a heating element 47. The circuit board 42 is connected
to a connection device 40, which comprises a coupling point 41 for a connection cable of
the control unit (not shown). On the one hand, the measurement signals of the pressure
sensor 33 or further sensors of the control unit of the dosing system 1 can be supplied by
means of the coupling point 41, for example, a socket. On the other hand, the control unit
can access the various electrical components of the dosing system 1 by means of the con-
nection device 40, thus, for example, controlling the heating device 47. Furthermore, the
control unit can also control the control valve 20 by means of the connection device 40, the

circuit board 42 and the connection cable 21.

Figure 1 furthermore shows that the control valve 20 comprises a vent connection 24 which

interacts with or is connected to a bore 26 (here top right) of a venting region 34 of the



10

15

20

25

30

35

30

dosing system 1, wherein the bore 26 and the vent connection 24 have substantially the
same diameter. A pressure medium can be discharged from the actuator 12 by means of
the vent connection 24 and the bore 26 and advantageously still be used for cooling the

control valve 20. The venting region 34 is explained later with reference to Figure 6.

The control valve 20 can be controlled by the control unit of the dosing system 1 in order to
operate the pneumatic actuator 12 in the desired manner. The control valve shown in Figure
1 (in the following also called "pneumatic valve") 20, for example, a pneumatic 3/2-way
solenoid valve with a normal position, could be open (position "filling"). Accordingly, in a
normal position of the pneumatic valve 20, the pressure medium is passed from the pres-
sure reservoir 32 via the compressed air connection 22 and a flow channel 27 (illustrated
here in broken lines) located in the pneumatic valve 20 to the working connection 23. The
pressure medium flows in this first switching position of the control valve 20 with the pres-
sure in an actuator chamber of the actuator 12 prevailing in the pressure reservoir 32 (sup-
ply pressure) to deflect a membrane of the actuator 12 and thus the plunger 80 downward
in a discharge direction of the plunger 80, wherein a drop of the dosing material is dis-

charged from the nozzle 70.

This means that in a normal position (first switching position) of the pneumatic valve 20, the
actuator 12 is under a certain pressure, wherein a plunger tip 82 of the plunger 80 abuts a
sealing seat 73 of the nozzle 70, that is, the nozzle 70 or the dosing system 1 is closed (see
Figure 2). It can, however, be different than shown here, in that the plunger tip 82 in the
normal position of the solenoid valve 20, thus at a maximum deflection of the membrane,
does not completely impact in the nozzle 70, wherein the discharge movement of the

plunger 80 is stopped before, that is, spaced from the nozzle 70.

In the case shown in Figure 2, the actuator 12 is filled with the pressure which is applied
directly in front of the control valve 20, that is, the supply pressure of the actuator 12 also
corresponds to the actuator filling pressure. But it is also possible in principle to fill the ac-
tuator 12 with a lower pressure than the supply pressure and/or to fill the actuator 12 with a
dynamic pressure profile. For example, a certain speed profile in the discharge movement
of the plunger 80 can thus be realized. To achieve this, the dosing system 1, for example,
the solenoid valve 20 could be supplemented by one or more controllable actuators having
variable throughput, for example, piezo-actuated actuators. Such an actuator could, for ex-

ample, be arranged in the region of the working connection 23 (not shown).
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In order to bring the actuator 12 back into a rest position after dispensing the dosing mate-
rial, the pneumatic valve 20 can be switched by the control unit so that the working connec-
tion 23 is connected to the vent connection 24 by means of an internal flow channel 27’ (see
Figure 6) of the solenoid valve 20 (second switch position). The pressure medium then flows
into the venting region of the actuator unit 10. This is explained later with reference to Figure
6.

The rest position of the actuator 12, as said before, is then present when both the membrane
13 and the discharge element 80 are in a rest position. The membrane 13 of the actuator
12, which is currently not pressurized by pressure medium, returns back to its rest position
due to its residual stress. In order to bring the plunger 80 back into a rest position, so that
the nozzle opening 70 is released, a plunger head 81 of the plunger 80 is pressed by means
of a return spring 84 upwards in the direction of the control valve 20. The exact operation

of the actuator 12 is explained in detail later with reference to Figures 3 and 4.

It is particularly clear from Figure 2 that the fluidic unit 60 of the dosing system 1 comprises
a second housing part 11b and, as mentioned, is connected to the actuator unit 10 or its
housing part 11a by means of a quick coupling to form the housing 11 here. The fluidic unit
60 comprises the plunger 80, which directly abuts against a contact surface 86 of the
plunger head 81 of a side surface (underside) of the membrane 13 of the actuator 12 point-
ing in the direction of the plunger 80. The plunger 80 is here, as is also generally preferred
with of the dosing system, in one piece, that is, formed from one piece. For coupling to the
actuator unit 10 (only partially shown), the plunger 80, in particular the plunger head 81, is
pressed by means of a spring 84 in the axial direction upwards against the membrane 13.
The return spring 84 abuts a plunger bearing 83, which connects downward to a plunger
seal 85. In the case shown here (Figure 2), the membrane 13 (shown schematically) of the
actuator 12 is pressurized by pressure medium (operating position of the actuator 12), so

that the plunger tip 82 abuts the sealing seat 73 of the nozzle 70.

If the actuator 12, other than shown here, is located in a rest position, that is, the membrane
13 of the actuator 12 is not pressurized or not deflected, the plunger tip 82 is pushed away
from the sealing seat 73 of the nozzle 70 by means of the return spring 84. The plunger tip
82 is then located at a distance from the sealing seat 73 of the nozzle 70, so that the nozzle

opening 72 is free or unlocked.
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The dosing material is supplied to the nozzle 70 via a nozzle chamber 71, to which a supply
channel 62 leads (see Figure 2). The supply channel 62 is embedded in a fluidic body 61
here. The supply channel 62 is, on the other hand, connected to a dosing material cartridge
64. The supply channel 62 is closed to the outside with a clamping screw 65. The dosing
material cartridge 64 is reversibly fastened to the housing 11 in the region of a coupling
point 63. Furthermore, the cartridge 64 is fastened here to the actuator unit 10 by means of

a fixing element 45 (see Figure 1).

In order to heat the dosing material in the region of the nozzle 70 to a specific processing
temperature, the dosing system 1 comprises at least one heating device 47, for example,
one or more heating plates 47 or heating foils 47. This becomes patrticularly clear in the
enlarged view in Figure 2. The heating device 47 can be controlled by means of the control
unit. The heating device 47 is integrated here into the actuator unit 10 and first heats the
coupling part of the actuator 10, thus, for example, the coupling mechanism 50. As soon as
the plug-in coupling part 53 of the fluidic unit 60 is inserted into the coupling part of the
actuator unit 10, the plug-in coupling part 53, in particular the dosing material in the nozzle
70, is heated to a certain temperature. The plug-in coupling part 53 is designed so that the
best possible heat conduction is given in the direction of the nozzle 70. The fluidic unit 60
here does not comprise a separate heating device and can therefore be easily handled or

disassembled even during operation.

In order to protect the pneumatic actuator 12 and in particular the control valve 20 against
overheating, a substantial thermal decoupling of the heating device 47 is provided by the
pneumatic actuator 12 in the dosing system 1. When the dosing system is assembled as
intended, that is, when the fluidic unit 60 and the actuator unit 10 are coupled together as
shown in Figure 2, the dosing system 1 comprises a plurality of gas-filled cavities 46, 46'.
The cavities 46, 46' are used for thermal decoupling of the pneumatic actuator 12 from the
fluidic unit 60. A heat conduction from the heating device 47 in the direction of the actuator
unit 10 and the control valve 20 can be effectively prevented by means of these cavities 46,
46'.

Figure 3 shows a further enlarged part of the dosing system 1 according to Figures 1 and
2. However, the dosing system 1 is illustrated here in a different phase of the dosing pro-
cess. As previously explained, Figures 1 and 2 show the dosing system 1 during a discharge
process of dosing material from the nozzle. The nozzle 70 of the dosing system in this case

is closed (Figures 1 and 2) by the plunger 80. In contrast, Figure 3 shows a pneumatic
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actuator 12 in a rest position, that is, the membrane 13 of the actuator 12 is not deflected,
wherein the discharge element 80 is located in a rest position. In the pneumatic actuator 12

according to Figure 3, the nozzle 70 is therefore not closed by the discharge element 80.

The pneumatic actuator 12 of Figure 3 is in direct operative contact with the working con-
nection 23 of the pneumatic valve 20 by means of the bore 17. As mentioned, the actuator
12 comprises a rigid actuator base body 14, which is formed here by means of two compo-
nents 14a, 14b. The two components 14a, 14b are arranged to each other, preferably sta-
tionary, so that they form a cavity in cross-section between them. By contrast, the two ac-
tuator base body parts 14a, 14b lie directly against one another in an outer region of the
respective component 14a, 14b and are detachably pressed there against one another, so

that the membrane 13 can be exchanged if necessary.

As mentioned, an (actuating) membrane 13 is arranged sealed between the two rigid basic
body parts 14a, 14b to form an actuator chamber 16 of the actuator 12. It is clear here that
the actuator 12 for moving the plunger 80 comprises only a single membrane 13. The mem-
brane 13 is illustrated here in a rest position and is curved upward in a central region there
where the discharge element 80 abuts the membrane 13. The spring 84 and the discharge
element 80 press the membrane 13 here against the upper actuator base body 14a, to
which the membrane 13 abuts at least in regions. The actuator base body 14a here thus
limits the stroke or the deflection of the membrane 13 upwards. However, it is also conceiv-
able that the actuator 12 is formed so that the membrane at least partially abuts the upper
actuator base body 14a in a predominantly horizontal rest position, for example, in which
the actuator base body 14a has an extension pointing in the direction of the membrane 13

or a bulge (not shown) in the region of the plunger head 81.

Although this does not appear from the sectional view according to Figure 3, the membrane
13 preferably has a circular base surface and is coupled in a gas-tight manner with its edge
region completely circumferentially to the two base body parts 14a, 14b of the rigid base
body 14. For this purpose, the membrane 13 is pressed in the edge region from below by
means of the lower base body component 14b against the upper base body component
14a. For sealing, a sealing ring 15 is arranged between the membrane 13 and the upper

components 14a, for example, an O-ring 15.

As mentioned, the actuator chamber 16 of the actuator 12 is formed here between a side

surface (upper side) of the membrane 13 pointing away from the discharge element 80 and
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to the here upper rigid actuator base body part 14a. The actuator chamber 16 can be filled
by means of the bore 17 with a pressure medium to deflect the membrane 13 downward
from the rest position shown here. This is shown schematically again later with reference to

Figure 4.

The plunger head 81 is pressed by means of a spring 84 against the underside 19 of the
membrane 13 to couple the discharge element 80 to the actuator unit. The return spring 84
is formed so that it exerts such a (spring) force on the plunger 80 that it is held in direct
operative contact with the underside 19 even in a rest position of the actuator 12. In the
case shown here, the plunger 80 pushes the membrane 13 (at least a central region of the
membrane 13) upwardly beyond a horizontal rest position, wherein the deflection is limited

by the component 14a.

Figure 4 shows a section of a dosing system illustrated in section according to a further
embodiment. The difference from the dosing systems shown so far (Figures 1 to 3) is that
the pneumatic actuator 12 here additionally comprises a sensor 18 for determining a speed

of a movement of the discharge element 80.

The sensor 18 is here arranged in the upper actuator base body part 14a so that it is located
on an imaginary vertical line (corresponding to a longitudinal extent of the plunger 80) with
the plunger 80. The sensor 18 and the plunger head 81 lie directly opposite each other on
respective different sides of the membrane 13. To determine the speed of the plunger 80
during each phase of the discharge movement and/or the retracting movement, the sensor
18 can include a position sensor 18 to detect a distance between the sensor 18 and the
plunger head 81 as a function of time. For example, the sensor 18 can be a Hall sensor,
wherein the plunger head 81 would comprise a magnet (not shown). The sensor 18 is cou-
pled to the control unit of the dosing system 1 (not shown here) to forward the measured

data.

It is further clear in the detailed view of Figure 4 that the membrane 13 is deformed for
dispensing dosing material. As in Figures 1 and 2, the actuator 12 is also shown here in an
operating position. This means that the upper side of the membrane 13 is currently pres-
surized by pressure medium. As can be seen here, due to the pressurization, the membrane
13 is not deflected uniformly downwards in the direction of the plunger 80. Rather, there are
regions of the membrane 13 which are moved down more and other regions that hardly

undergo a change in position.
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Due to the design, the edge regions of the membrane 13, where the membrane 13 is cou-
pled to the actuator base body 14, are hardly deflected. In addition, the region of the mem-
brane 13, which abuts the plunger head 81, is deflected comparatively little. This is because
the plunger 80 is pressed against the underside 19 of the membrane 13 by means of the
spring 84. The spring 84 thus sets the deflection of the membrane 13 against a certain
force. However, the spring 84 is configured so that the membrane 13 overcomes a spring
force of the spring 84 during the deflection and deflects the plunger 80 for dispensing dosing

material by a desired amount in the direction of the nozzle.

In contrast, the central regions of the membrane 13, which lie in the illustrated cross-section
between the plunger head 81 and the edge region of the membrane 13, experience a rela-
tively strong deflection downward. The membrane 13 is thus deformed during the deflection

as a virtual "wave-form".

Figure 5 again shows, roughly schematically, the structure and the control of the actuator
unit according to an embodiment of the invention. The actuator unit 10 comprises an internal
pressure reservoir 32, which holds pressure medium with a certain supply pressure. The
pressure medium is supplied to a control valve 20 in a flow direction RD. The control valve
20 is controlled by means of a control unit (not shown) so that the pressure medium flows
into an actuator chamber 16 of a pneumatic actuator 12 in a direction RD'. Depending on
the configuration of the actuator unit 10, an optional throttle device (not shown) can be
controlled so that the actuator chamber 16 is filled with a supply pressure or an actuator

filling pressure by pressure medium deviating therefrom.

Due to the pressurization by pressure medium, the membrane 13 and thus also the dis-
charge element 80 is deflected downwards in a direction RA for dispensing of dosing ma-

terial.

In a next step, the control valve 20 is controlled by the control unit so that the actuator
chamber 16 is vented immediately after the dispensing of dosing material. The pressure
medium leaves the actuator chamber 16 in a flow direction RD" and flows into the control
valve 20 before it leaves this in a direction RD"'. Due to the pressure reduction in the actu-
ator chamber 16, the membrane 13 swings back into its rest position. The discharge ele-
ment 80 follows the movement of the membrane 13 immediately or simultaneously, if nec-

essary, the discharge element 80 even supports the movement of the membrane 13, and



10

15

20

25

30

35

36

is moved back into a rest position by means of a spring 84. A cycle of dispensing of dosing

material is thus passed through.

Figure 6 shows the dosing system of Figures 1 to 3 during a venting of the pneumatic actu-
ator. The control valve 20 is here controlled by the control unit (not shown) so that the
working connection 23 interacts with the vent connection 24. For this purpose, the control
valve 20 is moved to a second switching position, so that in the interior of the control valve
20, a flow channel 27' (shown here in broken lines), connects the two connections 23, 24.
The pressure medium flows out of the actuator 12 via the bore 17 and is conducted through
the flow channel 27' to the vent connection 24 and finally into the venting region 34. The
plunger 80 is pushed by means of the spring 84 away from the nozzle 70 upwards in the
direction of the actuator unit 10, so that a small gap between the plunger tip 82 and the
sealing seat 72 is formed (not shown). The membrane 13 is shown here in a horizontal
"intermediate position”, that is, the membrane returns currently back to a rest position due

to the venting of the actuator chamber.

The venting region 34 represents a cavity or a chamber within the housing of the actuator
unit 10. In this illustration, the chamber of the venting region 34 is covered by the inflowing
pressure medium DE. The pressure medium has a low pressure in the vent region 34 as
the actuator supply pressure and is therefore designated as an expanded pressure medium
DE. On the one hand, the venting region 34 directly adjoins the control valve 20 by means
of the bore 26 and, on the other hand, has a bore to the outside of the dosing system (not
shown). As shown here, the vent region 34 encloses a substantial portion of the control

valve 20 from the outside.

The venting region 34 is separated spatially and in terms of control technology in particular
from the pressure tank 32 of the actuator unit 10. The pressure tank 32 is here filled with a
compressed pressure medium DK, wherein a chamber forming the pressure tank 32 is cov-

ered by the pressure medium DK.

The pressure medium flowing into the vent region 34 can be guided past the control valve,
for example, by means of flow-conducting elements in order to discharge as much heat as
possible from a surface of the control valve 20. The pressure medium, for example, com-
pressed air, is hardly heated due to the passage of the actuator 12 and can therefore be
used as a cooling medium. Due to the comparatively large volume of the venting region 34,

in particular with respect to the actuator chamber, the pressure of the pressure medium in
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the venting region 34 can be significantly lower than, for example, in the pressure reservoir

32 and/or in the actuator chamber.

Figure 7 shows a schematic representation of a control method for a dosing system 1 ac-
cording to an embodiment of the invention. The dosing system 1 here comprises a housing
11, in which the essential components of the actuator unit 10 and the fluidic unit are en-
closed. The dosing system 1 further comprises a control unit 43 having a number of con-
nection cables 44 in order to separately control the respective components of the dosing

system 1.

The control unit 43 is, on the one hand, coupled to a pressure regulator 35 in order to control
and/or regulate the pressure of the pressure medium flowing into the internal pressure tank
32. The pressure regulator 35 is coupled to a pressure medium supply 37 and is arranged
here, for example, outside the housing 11 of the dosing system 1 as a component of the
actuator 10. An external pressure reservoir 36 is optionally arranged here between the pres-
sure regulator 35 and the internal pressure tank 32. The pressure regulator 35 can be con-
trolled by the control unit 43, preferably as a function of input parameters, for example, a
plunger speed, so that a certain pressure is present in the external pressure tank 36 or in
the internal pressure tank 32 to achieve a constant plunger speed during the discharge

process.

For controlling the actuator 12, the control unit 43, on the other hand, can control the control
valve 20 to fill the actuator chamber of the actuator 12 (by means of the pressure medium
from the internal pressure tank 32) or to vent (by means of a pressure medium outlet DA).
The actuator 12 of the dosing system 1 is coupled to a sensor 18, for example, a position
sensor 18, wherein the measurement data are transmitted as input parameters to the con-
trol unit 43.

The control unit 43 can process these and further input parameters, for example, from a
pressure sensor in the internal pressure tank 32, and use for controlling and/or regulating
the plunger speed or the profile of the plunger speed (“flank control"). Depending on the
measured values, the control unit 43, for example, controls the pressure regulator 35 so
that a certain target pressure of the pressure medium (supply pressure) is present in the

internal pressure tank 32 in order to achieve a constant plunger speed.
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Alternatively or additionally, the control unit 43 can control a throttle device 28 for regulating
the flow of the pressure medium, for example, using a piezoelectric actuator 28, here in the
region of the control valve 20, as a function of input parameters to achieve a certain plunger
speed or a desired speed profile during the discharge movement and/or retraction move-

ment of the plunger 80.

The control unit 43 can further control a heating device 47 of the dosing system 1 to heat
the dosing material in the nozzle 70 to a desired temperature. The control unit 43 can pref-
erably control and/or regulate the heating device 47 as a function of a temperature meas-
ured value, wherein the temperature measured value is determined by means of a temper-

ature sensor 48.

The control unit 43 can also access a second pressure regulator 35' which controls the

pressure of the pressure medium in the dosing material cartridge 64 (cartridge pressure).

Figure 8 schematically shows a representation of a speed profile of a possible plunger
movement according to an embodiment of the invention. The control of the speed profile is
also referred to as flank control. A relative position PS of the plunger tip in relation to a
relative time t of the discharge process is illustrated. The position PD of the sealing seat of

the nozzle in the dosing system is shown here by dashed lines.

The plunger is in a rest position before the start of the discharge process, at time Ti. This
means that the tip of the plunger has the greatest possible distance from the nozzle, so that

the nozzle of the dosing system is unlocked.

At a time T», the actuator is filled with high pressure by pressure medium, which leads to a
high discharge speed of the plunger. For example, a piezoelectric actuator could be fully

opened for this purpose to allow the greatest possible air flow.

At a time T3, for example, the discharge speed of the plunger is slowed down shortly before
the impact of the plunger tip in the sealing seat of the nozzle. For example, in which the air
flow through the pneumatic actuator is reduced. Thus, the impact of the plunger tip take
place in the sealing seat of the nozzle at time T4 at a lower speed, which can improve the

dosing accuracy of certain dosing materials.
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Only for the sake of completeness, it should be noted that such control of the flanks is of

course possible even with a retraction movement of the plunger.

It is finally pointed out once again that the dosing systems described in detail above are
merely embodiments which can be modified by the person skilled in the art in various ways
without departing from the scope of the invention. For example, the dosing system can
comprise further sensors for determining relevant operating parameters, for example, a
sensor for determining a temperature of the control valve. Furthermore, the use of the in-
definite article "a" or "an" does not exclude that the characteristics in question can also be

present multiple times.
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List of reference numbers

1 dosing system

10 actuator unit

11 housing

11a, 11b housing block / components of the housing
12 actuator

13 membrane

14 actuator base body

14a, 14b components of the actuator base body
15 actuator sealing ring

16 actuator chamber

17 bore of the actuator chamber

18 sensor

19 membrane underside

20 control valve

21 connection cable of the control valve
22 compressed air connection

23 working connection

24 vent connection

25 discharge opening / bore of the pressure tank
26 bore of the venting region

27, 27" flow channel

28 throttle device

30 pressure medium supply device

31 coupling point 32 pressure reservoir
33 pressure sensor

34 venting region / cooling device

35, 35' pressure regulator

36 external pressure reservoir

37 pressure medium feed

40 connection

41 coupling point for connection cable
42 circuit board

43 control unit

44 connection cable of the control unit
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45 fixing element

46, 46' cavity

47 heating device

48 temperature sensor
50 coupling mechanics
51 coupling spring

52 ball

53 plug-in coupling part
54 spherical calotte

60 fluidic unit

61 fluid body

62 supply channel

63 coupling point of the media cartridge
64 media cartridge

65 clamping screw

70 nozzle

71 nozzle chamber

72 outlet opening

73 sealing seat

80 discharge element / plunger
81 plunger head

82 plunger tip

83 plunger bearing

84 plunger spring

85 plunger seal

86 contact surface

DE pressure medium expands
DK pressure medium compresses
DA pressure medium outlet

PD position of the sealing seat
PS position of the plunger tip

RA discharge direction of the plunger

RD, RD', RD", RD" flow direction pressure medium

RM discharge direction of the dosing material

t time of the discharge movement



Tl, Tz, T3, Ta4 time

42
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Patent claims

1. A dosing system (1) for dosing a dosing material, which dosing system (1) has a housing
(11) comprising a nozzle (70) and a supply channel (62) for dosing material, and a discharge
element (80) movably mounted in the housing (11) and an actuator unit (10) coupled to the
discharge element,

- the actuator unit (10) comprising an actuator (12) having a membrane (13) which is
pressurized by means of a pressure medium to move the discharge element (80) in a dis-
charge direction (RA), and

- the discharge element (80) being formed separately and being pressed against a
side surface (19) of the membrane (13) pointing in the direction of the discharge element
(80) by means of a force acting on the discharge element (80) for coupling to the actuator
unit (10).

2. The dosing system according to claim 1, wherein the dosing system (1) is formed so that
the force acting on the discharge element (80) for coupling is directed in the opposite direc-

tion to a discharge direction (RA) of the discharge element (80).

3. The dosing system according to claim 1 or 2, wherein the dosing system (1) is formed so
that the discharge element (80) is pressed against the side surface (19) of the membrane

(13) by means of at least one spring arrangement (84) for coupling to the actuator unit (10).

4. The dosing system according to one of the preceding claims 1 to 3, wherein the mem-

brane (13) is formed like a disk and/or free of cavities.

5. The dosing system for dosing a dosing material, in particular according to one of the
preceding claims 1 to 4, having a housing (11) comprising a nozzle (70) and a supply chan-
nel (62) for dosing material, and a discharge element (80) movably mounted in the housing
(11) and an actuator unit (10) coupled to the discharge element, wherein the actuator unit
(10) comprises an actuator (12) having a membrane (13) which can be pressurized by a
pressure medium to move the discharge element (80) in a discharge direction (RA), and
wherein the housing (11) of the dosing system (1) comprises a reservoir (32) for the pres-
sure medium and/or wherein the reservoir (32) directly adjoins a control valve (20) of the

actuator unit (10) for controlling the actuator (12).
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6. The dosing system according to claim 5, wherein at least one pressure sensor (33) is

arranged in the reservoir (32).

7. The dosing system according to claim 5 or 6, wherein the actuator unit (10) is formed to
use a pressure medium flowing out of an actuator chamber (16) of the actuator (12) as a

cooling medium for cooling the control valve (20).

8. The dosing system according to one of the preceding claims 1 to 7, wherein the dosing
system (1) comprises at least one sensor (18) for measuring a speed of a movement of the

discharge element (80).

9. The dosing system according to one of the preceding claims 1 to 8, wherein the dosing
system (1) comprises at least one pressure regulator (35) to control and/or regulate a pres-
sure of the pressure medium as a function of an input parameter, preferably by means of a

control and/or regulating unit (43) of the dosing system (1).

10. The dosing system for dosing a dosing material, in particular according to one of the
preceding claims 1 to 9, having a housing (11), comprising a nozzle (70) and a supply chan-
nel (62) for dosing material, and a discharge element (80) movably mounted in the housing
(11) and an actuator unit (10) coupled to the discharge element, wherein the actuator unit
(10) comprises an actuator (12) having a membrane (13) which can be pressurized by
means of a pressure medium to move the discharge element (80) in a discharge direction
(RA), and wherein the dosing system (1), preferably a control valve (20) of the dosing sys-
tem (1) for controlling the actuator (12), comprises at least one throttle device (28) which is
formed to control and/or regulate a pressure in the actuator (12) as a function of an input

parameter, preferably by means of a control and/or regulating unit (43) of the dosing system

().

11. The dosing system for dosing a dosing agent, in particular according to one of the pre-
ceding claims 1 to 10, having a housing (11), comprising a nozzle (70) and a supply channel
(62) for dosing material, and a discharge element (80) movably mounted in the housing (11)
and an actuator unit (10) coupled to the discharge element, wherein the actuator unit (10)
comprises an actuator (12) having a membrane (13) which can be pressurized by means
of a pressure medium to move the discharge element (80) in a discharge direction (RA),
and wherein the dosing system (1), preferably a control valve (20) of the dosing system (1)

for controlling the actuator (12), comprises at least one throttle device (28) which is formed
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to control and/or regulate a pressure profile during a filling of the actuator (12) and/or during

emptying of the actuator (12).

12. The dosing system according to one of the preceding claims 1 to 11, wherein the dosing
system (1) is formed such that a pressure is maintained in a region between the membrane
(13) and a plunger seal (85), which pressure essentially corresponds to a cartridge pressure
and/or wherein the dosing system (1) is formed such that a negative pressure, in particular
a vacuum, is maintained in a region between the membrane (13), preferably its underside,

and the plunger seal (85).

13. A method for controlling a dosing system (1) for dosing a dosing material, which dosing
system (1) has a housing (11) comprising a nozzle (70) and a supply channel (62) for dosing
material, and a discharge element (80) movably mounted in the housing (11) and an actu-
ator unit (10) coupled to the discharge element,

- a membrane (13) of an actuator (12) of the actuator unit (10) being pressurized by
a pressure medium to move the discharge element (80) in a discharge direction (RA) and
- the discharge element (80) being pressed against a side surface (19) of the mem-
brane (13) pointing in the direction of the discharge element (80) by means of a force acting

on the discharge element (80) for coupling to the actuator unit (10).

14. The method according to claim 13, wherein a pressure of the pressure medium is con-
trolled and/or regulated as a function of an input parameter so that a speed of the discharge

element (80) corresponds to a target value during a discharge movement.

15. The method according to claim 13 or 14, wherein a pressure of a pressure medium
flowing into the actuator (12) and/or a pressure of a pressure medium flowing out of the
actuator (12) is controlled and/or regulated as a function of an input parameter so that a
speed of the discharge element (80) corresponds to a target value during a discharge move-

ment and/or a retraction movement.

16. The method for controlling a dosing system (1) for dosing a dosing material, in particular
according to one of claims 13 to 15, which dosing system (1) has a housing (11) comprising
a nozzle (70) and a supply channel (62) for dosing material and a discharge element (80)

movably mounted in the housing (11) and an actuator unit (10) coupled to the discharge
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element (80), wherein a membrane (13) of an actuator (12) of the actuator unit (10) is pres-
surized by a pressure medium to move the discharge element (80) in a discharge direction
(RA)

and wherein a pressure of the pressure medium is controlled and/or regulated, preferably
a throttle device (28) of the dosing system (1) is controlled by means of a control and/or
regulating unit (43) of the dosing system (1) so that a speed of the discharge element (80)

Is varied during a discharge movement and/or during a retraction movement.



