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A DIAPHRAGM PUMP FOR DOSING A FLUID CAPABLE OF
AUTOMATIC DEGASSING AND AN ACCORDING METHOD

Technical field of the invention

The present invention relates to a diaphragm pump, in
particular for use as a detergent dosage pump, capable of

automatic degassing and an according method.

Background of the invention

Diaphragm and piston pumps are used to supply metered
quantities of liquids with various properties. Depending
on the field of application, the pump behaviour is
subject to various requirements in order to ensure that
the delivered quantity of the metered medium is as
precise as possible and remains constant for as long as

possible.

Diaphragm pumps are common industrial pumps that use
positive displacement to move liquids. These devices
typically include a single diaphragm and chamber, as well
as a dosing check wvalves to prevent back-flow. Pistons
are either coupled to the diaphragm or used to force
hydraulic oil to drive the diaphragm. Diaphragm pumps are
normally highly reliable Dbecause they do not include
internal parts that rub against each other. Diaphragm

pumps can handle a range of media that includes abrasive



10

15

20

25

30

materials, acids, chemicals, or the like since the drive
means 1s normally completely separated from hydraulic
part of the pump. Since diaphragm pumps can deliver small
volumes of fluid with the maximum discharge, they are

especially suitable as dosage pumps.

Another reason for using diaphragm pumps as dosage pumps
is that these pumps have two strokes, i.e. an aspiration
stroke in which the medium is aspirated from a reservoir
and a compression stroke or delivery stroke where
delivery of the metered medium e. g. into a metered line
takes place. Known diaphragm pumps, for instance,
comprise suction check wvalves as well as dosing check
valves to prevent back-flow. These check wvalves are
usually spring biased and are opened and closed by the
pressure difference of the medium to be pumped. The check
valves are normally only operated by the differential
pressure of the fluid. In case of a gas trapped inside
the diaphragm pump the pump may cease to function as the
trapped air is compressed by the positive displacement of
the diaphragm rather than being pushed out through the
dosing check wvalve. Hence diaphragm pumps need to be
monitored and degassed in order to avoid a decrease in

the process reliability of the diaphragm pump.
It is therefore an object of the present invention to
provide an improved diaphragm pump which offers increased

process reliability.

SUMMERY OF THE INVENTION
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This object is solved by means of a diaphragm pump for
dosing fluids, 1in particular for use as a detergent
dosage pump, having the features of claim 1 and by means
of a method for detecting a fluid, in particular a gas,
inside a diaphragm pump, in particular inside the fluid
chamber of a diaphragm pump, having the features of claim
8. Preferred embodiments, additional details, features,
characteristics and advantages of the object of the
invention of said diaphragm pump and said method are

disclosed in the subclaims.

In a general aspect of the invention the diaphragm pump,
in particular for use as a detergent dosage pump,
comprises a pump head, a fluid chamber adjacent to the
pump head, a diaphragm defining a wall of the fluid
chamber and reciprocatingly movable by a driving means,
at least a suction check valve and a dosing check valve,
a control unit, and a detector unit for detecting a fluid

inside the fluid chamber.

The diaphragm pump may be used as a detergent dosage
pump, wherein the detergents may be any liquid, in
particular acids or bases. The pumping head may
accommodate a fluid chamber. A diaphragm defines a wall
of the fluid chamber and is reciprocatingly movable in
order to suck a fluid into the fluid chamber, for example
during a suction cycle, and to expel the fluid at least
partially from the fluid chamber, during a dosing cycle
for example, by a positive movement of the diaphragm
towards the pump head. The diaphragm pump comprises at
least one suction check valve, opening during the suction

cycle and blocking during the dosing cycle, and at least



10

15

20

25

30

-4 -
one dosing check valve, blocking during the suction cycle
and opening during the dosing cycle. A control unit is
provided in order to control the operating of the
diaphragm pump, in particular of a driving means of the
diaphragm pump. A detector unit is provided for detecting
a fluid inside the fluid chamber of the diaphragm pump.
The fluid may be for example a liquid, a detergent for
example, a gas, for example an outgassed liquid and/or
air, or a liquid comprising a gas. The detector unit may
be positioned inside the pump head in order to monitor in
particular areas inside the fluid chamber where a gas
will start to collect, for example clearance volumes.
This enables a timely detection of a gas build-up
allowing for a timely degassing of the fluid chamber. The
detector unit may be located adjacent to the fluid
chamber without physically contacting the fluid inside
the fluid chamber. The detector unit may send a signal to
the control unit, for example that a gas is building up
inside the fluid chamber so that the control unit may
stop the driving means and for example indicated the need
for degassing, for example by opening a bypass in order
to degas the fluid chamber. The gas from the fluid

chamber may be directed back to a fluid reservoir.

The diaphragm pump according to the present invention has
a few advantages over devices according to the state of
the art. For example, the contactless detecting of a gas
directly inside the fluid chamber increases the
reliability of the detector unit. Further it is possible
to detect a gas or a gas build-up directly inside the
fluid chamber allowing for a timely degassing of the

fluid chamber prior to a failure of the diaphragm pump
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due to a gas build-up. Further it is possible to detect
that a fluid, a liquid detergent product for example, has
run out, for example when a product reservoir has been
completely pumped empty. This allows the full use of a
product reservoir, thus increasing the cost efficiency of

the process.

In another embodiment of the invention the detector unit
comprises at least a first oscillator means with a first
sensor element and a comparator means for measuring the
frequency of the first oscillator means, wherein a
frequency of the oscillator means is affected at least by
a dielectric constant of a fluid inside the fluid
chamber. The oscillator means may be configured as a
free-running oscillator. The frequency of the oscillator
means may also be affected by the amount of fluid inside
the fluid chamber. Due to the changing volume of fluid
inside the fluid chamber during a dosing and/or suction
cycle the frequency measured by the comparator means may
change periodically. The frequency may for example change
periodically between a fluid or liquid specific first
value at the beginning of the suction cycle and a second
value at the end of the suction cycle. The first
oscillator means 1is electrically connected to the first
sensor element and the comparator means and may be
electrically connected to the control unit. The first
sensor element may be arranged inside the pump head
adjacent to the surface of the pump facing the fluid
chamber for a contactless measurement of the fluid. The
first sensor element may be located inside the pump head

adjacent to the suction check valve or the dosing check
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valve, for example in order to detect a gas entering the

fluid chamber.

In another preferred embodiment of the invention the
first sensor element is designed as a pair of electrodes
for generating an electrical field at least partially
inside the fluid chamber. The electrodes may be of a plan
shape and may be arranged inside the pump head, basically
parallel to the surface of the pump head facing the fluid
chamber, for contactless detecting of a gas inside the
fluid chamber. The first sensor element may be configured
to generate an electric field at least partially inside
at least a part of the fluid chamber. The first sensor
element is a capacitance based sensor element, affecting
the frequency of the oscillator means. The capacitance of
the first sensor element may be a function of the
relative dielectric constants for different fluids, for a
liguid and/or a gas for example. Based on the different
dielectric constants and/or the amount of fluid present,
the first sensor element provides a different capacitance
for each fluid and thus altering the frequency of the
oscillator means, a free-running oscillator for example,
accordingly. Thus a contactless detection of a fluid, for

example a gas, inside the fluid chamber is possible.

In a particularly preferred embodiment of the invention
the comparator means comprises a storage means. The
storage means may be configured to store measured
frequencies, for example of the first oscillator means.
The storage means may also be configured to store
predefined frequencies, for example of one or more

specific fluids, in order to enable a comparison of
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measured frequencies, for example of the first oscillator
means, with predefined frequencies. This increases the

accuracy of detecting a gas build up inside the fluid

chamber.

Furthermore, in a preferred embodiment of the invention
the detector unit comprises a second oscillator means
with a second sensor element. The second oscillator means
may generate an electrical field at least partially
inside at least a part of the fluid chamber for detecting
a fluid. The second oscillator means may comprise a
second sensor element, for example a capacitance based
sensor element in form of a pair of electrodes. The
frequency of the second oscillator means may be measured
by the comparator means and/or stored inside a storage
means. The second sensor elements may be located at a
different areas inside the pump head as the first sensor
element in order to monitor two defined areas inside the
fluid chamber and/or adjacent to the check valves. This
has the advantage that for example a gas build up as well

as a run out fluid, product, may be detected.

In a further preferred embodiment of the invention the
detector unit is at least partially formed as an integral
part of the control unit. The comparator means and/or the
storage means may be formed as an integral part of the
control unit. Further, the oscillator means may be at
least partially integrated into the control unit, for
example the oscillator means apart from the sensor
element. This enables a compact and cost efficient design

of the diaphragm pump.
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In a further preferred embodiment of the invention a
degassing valve connected to the fluid chamber (18) is
provided. The degassing valve may be located at and/or
connected to the highest point of the fluid chamber in an
operating position, for example where a gas will start to
collect. The degassing valve may be electrically
operable. The degassing valve may be controllable by the
control unit, depending on a gas build up in the fluid
chamber. Thus it is possible to, in particular
automatically, degas the fluid chamber. In particular an
automatically operated degassing valve may enhance the
self priming capability of the diaphragm pump, especially
as this may be done without the need for a manual

operation.

A further aspect of the present invention is a method for
detecting gas inside a diaphragm pump, in particular
inside the fluid chamber of a diaphragm pump, comprising

the steps of:

- providing a diaphragm pump according to the above
described diaphragm pump,

- starting a dosing cycle by dosing at least part of
the fluid inside of the fluid chamber,

- starting a suction cycle, preferably after at least
partly dosing the fluid,

- monitoring the fluid chamber by measuring of the
frequency of the at least first oscillator means,
and if detected, indicating of a gas build up inside

the fluid chamber.
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The diaphragm pump may start with either a dosing cycle
or a suction cycle on power up. In a dosing cycle for
example the fluid inside the fluid chamber is expelled
through the for example second check valve from the fluid
chamber by a dosing movement of the diaphragm. During the
dosing cycle at least a part of the fluid inside the
fluid chamber is expelled and/or dosed. An at least
partially empty fluid chamber may, for example after a
dosing cycle, be filled by starting a suction cycle in
order to suck fluid into the fluid chamber through for
example the first check valve, wherein the diaphragm
moves outwards thus increasing the volume of the fluid
chamber. The dosing cycle and suction cycle may be
repeated over and again depending on the amount of fluid

to be dosed.

The fluid chamber is monitored, for example constantly,
in order to enable a timely indicating of a gas build up
inside of the fluid chamber. This allows for a timely
degassing and thus increases the process reliability of
the diaphragm pump. The fluid chamber is monitored by a
measuring the frequency of at least a first free running
oscillator means, whose frequency may be altered due to a
capacitance based sensor element, for example a pair of
electrodes generating an electrical field in at least a
part of the fluid chamber. A fluid, for example a liquid
in form of a detergent, chamber comprises a specific
dielectric constant. Depending on the dielectric constant
the capacitance of the for example first sensor element
is altered and thus the frequency of the oscillator means
changed. The frequency change may depend on the

dielectric constant of the fluid and/or on the amount of
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fluid present inside the fluid chamber. Thus, the
frequency may vary periodically, wherein the periodic
frequency change may be related to the dosing and/or

suction cycle of the diaphragm pump.

The frequency is measured by the comparator means and for
example if a frequency change occurs faster than during
the normal periodic changing of the frequency during
operating the diaphragm pump, a gas build up may be
detected, as the frequency of the oscillator means for a
gas 1is significantly different, for example about twice
as high, to the frequency of a liquid. If a gas build up
inside the fluid chamber is detected, a detection signal
may be sent from for example from the comparator means to
the control unit, which may indicate the need for
degassing and optionally stop the driving means operating
the diaphragm, enabling a timely degassing of the
diaphragm pump. This contactless detecting of a gas build
up inside the fluid chamber increases the process

reliability of the diaphragm pump significantly.

In a preferred embodiment the method further comprises
the step of comparing the measured frequency with
predefined threshold frequencies. The frequency of the
oscillator means and the periodic frequency change during
a dosing and/or suction cycle of the diaphragm pump may
be fluid, in particular liquid, specific. For a given
liquid, for example a detergent, which is to be dosed
with the diaphragm pump, predefined threshold frequencies
may be defined and for example stored in a comparator
means, 1in particular a storage means. The threshold

frequencies may define a lower and/or an upper threshold
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for the measured frequency of the oscillator means. The
periodically changing measured frequency of the
oscillator means may be monitored by the comparator means
and constantly compared to the threshold frequencies. If
the measured frequency of the oscillator means crosses
the predefined threshold frequencies, this may be due to
a gas build up inside the fluid chamber. Thus, the
comparator means may send an according signal to the
control unit, which then may indicate the need for

degassing the fluid chamber.

In a particularly preferred embodiment of the method the
detector unit is configured in a self learning way. The
detector unit, in particular the comparator means, may
start with measuring the frequency of the oscillator
means for example for a full dosing and/or suction cycle
of the diaphragm pump. The comparator means may store the
initially measured periodically changing frequency for
example as comparison frequency. The comparator may
define threshold frequencies depending on the measured
frequencies and/or the stored comparison frequencies for
detecting a gas build up inside the fluid chamber, when a
sudden aberration from the measured and/or defined
frequencies occurs. This has the advantage, that the
diaphragm pump may be self gauging, thus reducing the
fabrication tolerances and the need for a manual gauging

of the diaphragm pump.

In a more preferred embodiment the method further
comprises the steps of measuring the frequency of a

second oscillator means, and in particular storing the
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measured frequency of the second oscillator means as a
reference frequency. The second oscillator means may
comprise a second sensor element which may be located
close to the check valve allowing the fluid to enter the
fluid chamber. After power up of the diaphragm pump the
second oscillator means may provide a reference frequency
once the fluid starts to enter the fluid chamber, wherein
the reference frequency depends on the dielectric
constant and/or the amount of the fluid. Depending on the
reference frequency a set of predefined threshold
frequencies may be automatically chosen, for example by
the comparator means, in order to monitor and compare the
frequency of the oscillator means and to timely detect a

gas build up inside the fluid chamber.

In a particularly preferred embodiment of the method a
degassing valve 1s operated by the control wunit. For
example after a product reservoir has been completely
pumped empty, after replacing the fluid reservoir the
diaphragm pump is capable of automatically degassing the
fluid reservoir, enhancing the self priming capability of
the diaphragm pump, especially as this may be done
automatically without the need for a manual operation.
This allows for an efficient degassing process and

increases the process reliability of the diaphragm pump.
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DESCRIPTION OF THE FIGURES

Additional details, features, characteristics and
advantages of the object of the invention are disclosed
in the figures and the following description of the
respective figures, which - in exemplary fashion - show
one embodiment and an example of a dispensing system

according to the invention. In the drawings:

Fig. 1 shows a schematically illustration of a
diaphragm  pump according to the present

invention;

Fig. 2 shows an example of an altered fredquency for a

fluid inside the fluid chamber;

Fig. 3 shows an example of an altered frequency for a

gas present inside the fluid chamber.

The illustration in Fig. 1 shows an embodiment of the
present invention. In Fig. 1 a diaphragm pump 10 1is
shown. The diaphragm pump 10 comprises a pump head 12
with channels leading to a suction check wvalve 14,
opening during a suction cycle and blocking during a
dosing cycle, and a dosing check valve 16, blocking
during a suction cycle and opening during a dosing cycle.
In the pump head 12 a fluid chamber 18 is arranged, with
one wall being defined by a diaphragm 20. The diaphragm
is reciprocatingly moveable by a driving means (not
shown) wvia a con rod 22, which is attached to the
diaphragm 20. Inside the pump head 12 a first sensor

element 24 is located adjacent to the surface of the pump
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head 12 next to the fluid chamber 18 and in the direction
of the dosing check valve 16. The first sensor element 24
comprises two plane electrodes 26 for contactless
detecting a gas inside the fluid chamber 18. The first
sensor element 24 is a capacitance based sensor element
of a first oscillator means (not shown). Depending on the
dielectric constant and/or the amount of fluid, in
particular 1liquid, inside the fluid chamber 18, the
frequency of the first oscillator means varies and may
change periodically according to a dosing and/or suction
cycle of the diaphragm pump 10. The electrodes 26
generate an electrical field 28, which reaches at least
partially into the fluid chamber 18. Hence a gas can be
detected inside the fluid chamber 18, 1in particular in
the area of the electric field 28 inside the fluid
chamber 18, when a sudden, not periodic, change in

frequency occurs.

In figure 2 a diagram of a measured frequency of the
oscillator means i1s shown, wherein the frequency of about
173 kHz comprises a square wave form, corresponding to a
liquid present inside for example the fluid chamber 18.
The measured frequency of the oscillator means shown in
figure 3 also comprises a square wave form but with a
frequency of about 287 kHz, corresponding to air present
for example inside the fluid chamber 18. Thus, when a gas
builds wup inside the fluid chamber a significant
difference 1in the frequency 1is provided and this
significant difference may be detected by a comparator
means, in particular by comparing the measured frequency
to threshold frequencies, and may thus be used for

detecting a gas inside the fluid chamber.
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The particular combinations of elements and features in
the above detailed embodiments are exemplary only; the
interchanging and substitution of these teachings with
other teachings in this and the patents/applications
incorporate by reference are also expressly contemplated.
As those skilled in the art will recognize, variations,
modifications, and other implementations of what is
described herein can occur to those of ordinary skill in
the art without departing from the spirit and the scope
of the invention as claimed. Accordingly, the foregoing
description 1s by the way of example only and 1is not
intending as limiting. In the c¢laims, the wording

“comprising” does not exclude other elements or steps,

W AN} 17

and the identified article “a” or “an” does not exclude a
plurality. The mere fact that certain measures are
recited in mutually different dependent claims does not
indicate that a combination of these measures cannot be
used to advantage. The inventions scope is defined in the
following claims and the equivalents thereto.
Furthermore, reference signs used in the description and
claims do not 1limit the scope of the invention as

claimed.
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List of reference signs

10
12
14
16
18
20
22
24
26
28

diaphragm pump

pump head

suction check valve
dosage check wvalve
fluid chamber
diaphragm

con rod

first sensor element
electrode

electric field

16 -
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Claims

1. A diaphragm pump, in particular for use as a
detergent dosage pump, comprising:

a pump head (12), a fluid chamber (18) adjacent to the
pump head (12), a diaphragm (20) defining a wall of the
fluid chamber (18) and reciprocatingly movable by a
driving means, at least a suction check valve (14) and a
dosing check valve (16), a control unit, and a detector

unit for detecting a fluid inside the fluid chamber (18).

2. The diaphragm pump according to claim 1, wherein the
detector unit comprises at least a first oscillator means
with a first sensor element and a comparator means for
measuring the frequency of the first oscillator means,
wherein a frequency of the oscillator means is affected
at least by a dielectric constant of a fluid inside the

fluid chamber.

3. The diaphragm pump according to any of the preceding
claims, wherein the first sensor element (24) is designed
as a palr of electrodes (26) for generating an electrical
field (28) at least partially inside the fluid chamber
(18).

4. The diaphragm pump according to any of the preceding
claims, wherein the comparator means comprises a storage

means.

5. The diaphragm pump according to any of the preceding
claims, wherein the detector unit comprises a second

oscillator means with a second sensor element.
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©. The diaphragm pump according to any of the preceding
claims, wherein the detector unit is at least partially

formed as an integral part of the control unit.

7. The diaphragm pump according to any of the preceding
claims, wherein a degassing valve connected to the fluid

chamber (18) is provided.

8. A method for detecting gas inside a diaphragm pump
(10), in particular inside the fluid chamber (18) of a

diaphragm pump (10), comprising the steps of:

- providing a diaphragm pump (10) according to any of
the claims 1 to 7,

- starting a dosing cycle by dosing at least part of
the fluid inside of the fluid chamber (18),

- starting a suction cycle, preferably after at least
partly dosing the fluid,

- monitoring the fluid chamber (18) by measuring of
the frequency of the at least first oscillator
means, and if detected, indicating of a gas build up

inside the fluid chamber (18).

9. The method according to claim 8, further comprising
the step of comparing the measured frequency with

predefined threshold frequencies.

10. The method according to claim 8 or 9, wherein the

detector unit is configured in a self learning way.
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11. The method according to any of the claims 8 to 10,
further comprising the steps of measuring the frequency
of a second oscillator means, and in particular storing
the measured frequency of the second oscillator means as

a reference frequency.

12. The method according to claim 8 or 11, wherein a

degassing valve is operated by the control unit.



