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1. A piston diaphragm pump for the delivery of liquids, such as surfactants,
wetting agents or the like, in doses, comprising:

a pump piston which is displaceably guided in a pump tube surrounding a
pump pressure chamber, and which is designed to be electromagnetically driven against
the force of a return spring by an electromagnetic coil surtounding the pump tube; and

a pump diaphragm which is fixedly connected to the pump piston on the
suction side and peripherally clamped in a pump housing, so that the diaphragm faces a
pump suction chamber at one end, the pump diaphragm being centrally traversed by the
pump piston which is formed with a full-length longitudinal bore connecting the pump
pressure chamber to the pump suction chamber, the pump piston being further provided
with a piston valve installed in the longitudinal bore, wherein:

a working chamber lying on that side of the pump diaphragm remote from the
pump suction chamber serves as an additional pressure chamber which is permanently .
connected to the longitudinal bore through the piston leading to the pump pressure
chamber by transvers¢ channels present in the pump piston behind the piston valve.
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(57) Abstract

A piston diaphragm pump for delivering doses of liquids, in particular surfact-
ants, wetting agents or the like, has a pump piston (15) movably guided in a pump tube
(13) that encloses the pump pressure ¢chamber (12), and can be electromagnetically driv-
en against the force of a return spring (17) by a magnetic-coil (27) that surrounds the
pump tube (13). In addition, a pump diaphragm (2) that is peripherically clamped to
the pump housing (1) and faces on one side the pump suction chamber (4) is rigidly
connected on the suction side to the pump piston (15). A longitudinal bore (18), within
which is arranged a pump piston (15) provided with a piston valve (19), extends cen-
trally through the pump diaphragm (2) and links the pressure chamber (12) to the suc-
' tion room (4). In order to obtain the same pump capacity with reduced puinp lifts, with-
out the need for providing a specially sealed guidance of the pump piston in the pump
 tube, the working chamber located on the side of the pump diaphragm (2) opposite to
the suction chamber (4) is designed as an additional pump pressure chamber (12') that
is constantly connected to the piston longitudinal bore (18) that leads to the pump tube
. pressure chamber (12) by cross-channels (22) arranged in the pump piston (15) behind
the piston valve (19).
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(57) Zusammenfassung Eine zum dosierten Fordern von Fliissigkeiten, insbesondere Tensiden, Netzmitteln od.dgl. 'be-
stimmte Kolbenmembranpumpe ist mit einem in einem den Pumpendruckraum (12) umschlieBenden Pumpenrohr (13) verschieb-
lich gefiihrten und durch eine letzteres umgebende Magnetspule (27) entgegen der Wifkung eine'r .Riickstellfeder (17) 'elek;romag-
netisch antreibbaren Pumpenkolben (15) versehen. Weiterhin ist dabei mit letzterem eine saugseitig fest verbundene, im Pumpen-
gehiuse (1) peripher eingespannte und mit ihrer einen Seite dem Pumpensaugraum (4) zugewandte Pumpenmembran (2) voi han-
den, die von dem mit einer durchgehenden, den Druckraum (12) mit dem Saugraum (4) verbmdenden' Lﬁr.\gsbohrtmg (18) und
einem darin eingebauten Kolbenventil (19) versehenen Pumpenkolben (15) zentral durchsetzt ist. Um bei glexcheq Fordermengen
mit geringeren Pumpenbitben auszukommen und auf eine besondere abgedichtete Fiihrung des Pump’enkolb;ns im Pumpen"rohf
| zu verzichten, ist der auf der dem Saugraum (4) abgewandten Seite der Pumpenmembran (2) liegende Arbeitsraum als zusétzli-
cher Pumpendrickraum (12') ausgebildet, der iiber im Pumpenkolben (15) hinter dem Kolbepventil (19) vqrhandene Querkanile
(22) mit der zum Pumpenrohr-Druckraum (12) fiihrénden Kolben-Lingsbohrung (18) stindig verbunden ist.
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Piston Diaphragm Pump for Delivering Doses of Liquids

This invention relates to a piston diaphragm pump
for the delivery of liquids, more particularly surfac-
tants, wetting agents or the like, in doses comprising a
pump piston which is displaceably guided in a pump tube
surrounding the pump pressure chamber and which is
designed to be electrbmagnetically driven against the
force of a return spring by éfmagﬁégggﬂ%ail surrounding
the pump tube and a pump diaphragm which is fixedly
connected to the pump piston on the suction side and
peripherally clamped in the pump housing, so that it
faces the pump suction chamber at one end, and which is
centrally traversed by the pump piston formed with a
full-length 1lengitudinal bore connecting the pressure
chamber to the suction chamber, thée pump piston being
further provided with a piston valve installed. in the
longitudinal bore.

A piston diaphragm pump of the above type is known
from DE-OS 28 31 437. Whereas, in this known piston
diaphragm pump, the particular liquid is drawn into the
suction chamber through the flexible diaphragm, the
liquid to be dosed is displaced from the pressure chamber
solely the pump piston which is fixecdly connected to the
diaphragm and which, to this end, is sealingly gquided in
the pump tube surrounding the pressure chamber. Not only
-does this require corresponding sealing, it can also lead
to seizing of the pump piston after prolonged breaks in
operation through drying of the liquid to be dosed.
Since, in addition, the pump pistoh has a much smaller
effective cross~section than the pump diaphragm and since
both operate with the same lift because they are fixedly

connected at both ends, less liquid is always displaced
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from the pump pressure chamber during the particular delivery stroke of the pump than
is taken into the suction chamber through the diaphragm. The result of this is that the
suction chamber has to be connected to the liquid reservoir by a special liquid line
designed to be shut off by a non-return valve to enable the quantity of liquid delivered
in excess into the suction chamber to be returned to the reservoir during the return
stroke of the pump membrane. Another disadvantage of the known pump is that,
because of its comparatively small delivery cross-section, the pump piston and, hence,
the diaphragm have to complete comparatively large strokes to enable a certain volume
of liquid to be delivered in dosed form.

It is the object of the present invention to overcome or substantially ameliorate
the above disadvantages.

There is disclosed herein a piston diaphragm pump for the delivery of liquids,
such as surfactants, wetting agents or the like, in doses, comprising:

a pump piston which is displaceably guided in a pump tube surrounding a
pump pressure chamber, and which is designed to be electromagnetically driven against
the force of a return spring by an electromagnetic coil surrounding the pump tube; and

a pump diaphragm which is fixedly connected to the pump piston on the
suction side and peripherally clamped in a pump housing, so that the diaphragm faces a
pump suction chamber at one end, the pump diaphragm being centrally traversed by the
pump piston which is formed with a full-length longitudinal bore connecting the pump
pressure chamber to the pump suction chamber, the pump piston being further provided
with a piston valve installed in the longitudinal bore, wherein:

a working chamber lying on that side of the pump diaphragm remote from the
pump suction chamber serves as an additional pressure chamber which is permanently
connected to the longitudinal bore through the piston leading to the pump pressure
chamber by transverse channels present in the pump piston behind the piston valve.

A preferred embodiment of the invention ensures that the pumping movements
of the diaphragm also become fully effective on the pressure chamber side and the
pump piston merely serves as a drive element for the pump diaphragm designed to be
actuated by the electromagnpetic
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coil and the return spring acting thereon. Accordingly,
the piston no longer has to be specially sealed in the
pump tube, but instead may be guided therein with greater
tolerances, so that there is virtually no danger of seiz-
ing through liquid which has dried out after prolonged
breaks in operation. Since, in addition, the liquid to
be displaced from the pressure chamber via the punp
diaphragm corresponds in volume to the particular quan-
tity of liquid drawn into the suction chamber, there is
no need for a special return pipe from the suction
chamber to the liquid reservoir. Comparable delivery
volumes of liquid can be obtained with relatively small
delivery strokes of the diaphragm and, hence, the pump
piston which in turn leads - in the same way as its
unsealed guiding in the pump tube - to less heating and
to reduced friction losses.

The piston valve is best provided in the immediate
vicinity of that end of the pump piston which passes
through the pump diaphragm while the transverse channels
are best provided immediately behind that end of the pump

piston. This provides for a particularly compact con-

struction of that part of the pump situated on the
pressure chamber side, particularly if, in addition, the
pump housing is tapered in the manner of a funnel towards
the pump tube in its region surrounding the transverse
channels and the diaphragm pressure chamber.

In another embodiment of the invention, a pump
piston stop provided with a seal is advantageously
provided in that part of the housing which surrounds the
pump suction chamber, acting as a safety valve separating
the pressure chamber from the suction chamber in the stop
position of the pump piston brought about by the return
spring. In this way, unwanted flow of the delivery
medium from the pressure chamber into the suction chamber
and vice versa is effectively prevented, even after

.
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prolonged stoppage times of the pump when the piston
valve may possibly be prevented from closing by dry,
crystallized liquid residues.

Finally, in another embodiment of the invention, a
rectifier which converts the current supplying the
-§§§§€2§2§3§?ﬁ into pulsating direct current is built into
the current lead and is preferably integrated into that
part of the pump housing which surrounds the electromag-
netic coil. This provides foxr, guiet, current-saving
driving of the diaphragm pump through the pump piston
acting as an armature. It goes without saying that the
switching on and off of the electromagnetic diaphragm
drive is generally controlled by a pulse generator which
is installed in the consumer pipe or container to be
charged with the liquid to be dosed and which responds to
the particular demand for that liquid.

One advantageous embodiment of the piston diaphragm
pump according to the invention is shown as an axial
longitudinal section on a s<cale of about 2:1 in the
accompanying drawing.

The piston diaphragm pump illustrated comprises a
multi-compartment pump housing 1 which is divided by the
pump diaphragm 2 peripherally clamped in the housing into
an upper intake zone 1' and a lower pressure zone 1'!
which also accommodates the pump drive.

In the suction zone 1', the suction chamber 4 is
situated between the upper part 3 of the housing and the
diaphragm 2. The suction chamber 4 is designed to be
connected to a reservoir (not shown) for the liquid to be
dosed via the suction valve - consisting of the spring 5,
the valve ball 6 and the associated seal 7 - and the con-
necting socket 8 and a feed line to be mounted thereon.
In addition, the upper part 3 of the housing accommodates
the stroke adjustment screw 9 mounted for displacement
therein. The stroke adjustment screw 9 is sealingly

Vo Ml e men A e A s G n h e ek e ' N
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guided with respect to the upper part 3 of the housing by
the O-ring 10. 1In addition, the stroke adjustment screw
9 comprises a front end 9' of stepped diameter which acts
both as a pump piston stop in conjunction with the O-ring
11 embedded therein and as a safety valve in conjunction
with the facing end of the piston pump, as will be
described in more detail hereinafter.

The pump tube 13 surrounding the pump pressure
chamber 12 is provided in the lower pump zone 1'', being
fixedly connected at its upper end to the middle part 14
of the housing. The middle part 14 of the housing is
tapered in the manner of a funnel towards the pump tube
13. Together with the pump diaphragm 2, its surrounds an
additional pump pressure chamber 12' which is permanently
connected to the above-mentioned pressure chamber 12
surrounded by the tube 13.

The pump piston 15 consisting of soft iron is guided
for displacement in the pump tube 13 without any sealing.
At its upper end 15', the pump piston is fixedly con-
nected to the diaphragm 2 through which it centrally
passes. The fixed connection is established by the
bushing 16 which is designed to be, screwed onto the end
15' of the pump piston, projecting beyond it, and which,
in the illustrated inoperative position of the pump
piston 15, surrounds the front end 9' and the O-ring seal
11 of the stroke adjustmerit screw 9 present thereon and
hence acts as a safety valve.

The pump piston 15 is under the effect of the return
spring 17 which seeks to keep it in the inoperative
position illustrated. The piston 15 is additionally
provided with a longitudinal bore 18 which extends over
its entire length and at the upper end of which the
piston valve consisting of the valve ball 19 and the
return spring 20 is installed in the immediate vicinity
of the diaphragm 2. The abutment 21 built into the
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longitudinal bore 18 of the piston 15 acts as a support
for the two springs 17 and 20. The transverse channels
22 through which the diaphragm pressure chamber 12' is
permanently connected to the longitudinal bore 18 and
hence to the pressure chamber 12 are machined into the
piston immediately below the piston wvalve ball 19.
Accordingly, the chambers 12 and 12' form a common pump
pressure chamber of comparatively large volume.

The pump pressure chamber 12 is closed underneath by
the closure element 23 which is fixedly connected to the
pump tube 13 and which accommodates the pump pressure
valve consisting of thé spring 24 and the valve ball 25,
the pump pressure valve enabling the pressure line 26
leading to the consumer in the closure element 23 to be
shut off and opened.

+nﬁrra28ed directly around the pump tube 13 is the
-§§§§e£¥8f%511 27 which, after corresponding excitation
with current, enables the pump piston 15 to be driven
against the force of the return spring 17 acting thereon
for delivery of the particular medium. Thﬁ%éﬁﬁmﬁggygggl
27 is surrounded by the plastic jacket 28 which in turn
is surrounded by the part 29 of the housing on the out-
side of which the two current terminals 30 are provided.
A rectifier (not shown) known per se is accommodated in
the housing 29 in the current lead to thgf§§§;gggg%5211
27, converting the current supplied to thedﬁﬁgﬁgﬁﬁ¥?§ﬂﬁ
27 into pulsating direct current.

If thqugéﬁgggg?cgil 27 is excited with current by
a pulse generator (not shown) which is present in the
vicinity of the consumer and which monitors the demand
for the liquid to be dosed, the pump piston 15 and the
diaphragm 2 fixedly connected thereto are moved downwards
in the drawing so that, on the one hand, liquid is deliv~
ered from the common pressure ¢hamber 12,12' into the
consumetr line through the pressure valve 25 while, on the
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other hand, the suction chamber 4 is refilled with the
corresponding quantity of liquid to be dosed through the
diaphragm 2 via the suction valve 6 which then opens.
The piston valve 19 is closed during the above-described
movement of the diaphragm and piston. When the electro-
magnetic drive is switched off after sufficient liquid
has been dosed, the pump piston 15 and the diaphragm 2
fixedly connected thereto return to their inoperative
positions shown in the drawing. During this return
movement, the suction valve 6 and the pressure valve 25
are closed whereas the piston valve 19 is opened so that

liquid is able to pass from the suction chamber 4 into

the common pressure chamber 12,12'. Towards the end of
this return movement under the effect of the spring 17,
the fixing bush 16 screwed onto the end 15' of the piston
pump travels beyond the O-ring 11 of the stop end 9!
present on the stroke adjustment screw 9. This estab-
lishes an additional, effective seal between the suction
chamber 4 and the pressure chambers 12 and 12' which is
particularly important should the piston valve 19 and
also the other two valves 6 and 25 no longer effectively
close, for example through the presence of crystallized
liquid residues.

et
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The claims defining the invention are as follows:

1. A piston diaphragm pump for the delivery of liquids, such as surfactants,
wetting agents or the like, in doses, comprising:

a pump piston which is displaceably guided in a pump tube surrounding a
pump pressure chamber, and which is designed to be electromagnetically driven against
the force of a return spring by an electromagnetic coil surrounding the pump tube; and

a pump diaphragm which is fixedly connected to the pump piston on the
suction side and peripherally clamped in a pump housing, so that the diaphragm faces a
pump suction chamber at one end, the pump diaphragm being centrally traversed by the
pump piston which is formed with a full-length longitudinal bore connecting the pump
pressure chamber to the pump suction chamber, the pump piston being further provided
with a piston valve installed in the longitudinal bore, wherein:

a working chamber lying on that side of the pump diaphragm remote from the
pump suction chamber serves as an additional pressure chamber which is permanently
connected to the longitudinal bore through the piston leading to the pump pressure
chamber by transverse channels present in the pump piston behind the piston valve.

2. A pump as claimed in claim 1, wherein:

the piston valve is provided in the immediate vicinity of that end of the pump
piston which passes through the pump diaphragm; and

the transverse channels are provided immediately behind that end of the pump
pisfon. )

3. A pump as claimed in claim 2, wherein the pump housing tapers or
narrows tfowards the pump tube in its region surrounding the transverse channels and
the additional pressure chamber.

4. A pump as claimed in any one of claims 1 to 3, wherein a pump
piston stop having a seal is provided in that part of the housing which surrounds the
pump suction chamber, acting as a safety valve separating the pressure chamber from
the suction chamber in the stop position of the pump piston brought about by the action
of the return spring.

5. A pump as claimed in claim 4, wherein:

the pump piston stop comprises an internal end of a stroke adjustment screw
mounted for adjustment in the housing;

the internal end is stepped in diameter, provided with said seal and adapted for
sealing displacement from that end of the pump piston which passes through the pump
diaphragm into its stop position; and

said seal comprises an O-ring.

6. A pump as claimed in claim 5, wherein:

{REATBII00429:LMM
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a screw threaded bushing is provided on that end of the pump piston which
passes through the pump diaphragm, said bushing securing the diaphragm on the pump
piston; and :

the pump piston in its stop position projects beyond the internal end of the
stroke adjustment screw by way of the bushing.

7. A pump as claimed in any one of claims 1 to 6, wherein a rectifier
which converts the current supplying the electromagnetic coil into pulsating direct
current is built into the current lead to the electromagnetic coil.

8. A pump as claimed in claim 7, wherein the rectifier is integrated into
that part of the pump housing which surrounds the electromagnetic coil.
9. A pump substantially as hereinbefore described with reference to the

accompanying drawing.

DATED this Eighth Day of March 1995
Lang Apparatebau Gesellschaft mit beschrinkter Haftung

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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. fentlichungséatum einer anderén im Recherchenbericht. 3
nannten Vertffentlichung belegt werden soll oder die aus einers
anderen: b en Grund angegeben ist (wie ausgefulirt)

“0% Vertffentlichung, die sich auf eine mindliche Offenbarung;
f:: Benutzung, eine Aussteilung odér andere Malnalimen:

“P* Verttfstichung, die vor deni internationalen Anmeldeda-
tum, aber aach dem beanspruchten Priorititsdatum verdffent-
licht worden ist

*T* Spitere Vertffentlichung, die nach dem internationalen An~

meidedature oder dem: ormnlamn vertffentiicht worden
ist und mit der Anmeidung nicht kollidiert, sondern nur zum
Verstindnis des der ung zugrundeliegenden Pi;nnp

‘oder der ihr Zugrundeliegendess Theorie

X" Vertffentlichung von besonderer Bedautung; die beanspruch-
te Erfindung kann nicht ais neu oder auf erfinderischer Thtlg-
keit beryhend betrachtet wendes

“Y” Vertffentlichung von besonderer Bedoutung; die beanspruch-
te Erfindung ka:n picht als suf erfinderischer Titighmt be-
ruhend betrachtet werian, wenn die Vertiifentlichung mit
einer oder menreren anderen Vertffentlichunpes dieser Kate-
.goriein Verbindung gebracht wird und diese Verbindung fitr
einess Fachmana niheliegend ist

“&* Vaertffentiichung, die Mitgiied derseiben Patentfamilie ist

lVa BESCHEN!GUNG

Damu des Abschlusses der munmnakn Recherche

24 .NOVEMBER 1992

‘Absendedatum ¢es interaationtien Recherchenberichts
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‘EUROPAISCHES PATENTAMT

Unterschrift «s m«mm ldimu
VON ARX H.P.

Feriblatt PCT/ISA/210 (Ristt ai uan m'si




ars

ANHANG ZUM INTERNATIONALEN RECHERCHENBERICHT

UBER DIE INTERNATIONALE PATENTANMELDUNG NR.

EP 9202029
SA

63974

In diesems Anhang sind die Mitglieder der Patentfamilien der im obengenannten internationalen Rechercheabericht angefihirten

Patentdokumente angegeben.
Die Angaben dber die Familienmitglieder entsprechen dem Stand der Datei des Europiischen Patentamts am
Diese Angaben dienen nur zur Unterrichtung und erfolgen ohne Gewiihr. 24/11/92
Im Recherchenhericht Datum der Mitglied(er) der Datum der
angefiihrtes Patentdokument Veriffeatlichung Patentfamilie Veriffeatlichung
FR-E-54797 Keine
DE-A-2831437 31-01-80 FR-A,B 2431615 15-02-80
: JP-C- 1363552 09-02-87
JP-A- 55017684 07-02-80
JP-B- 61031317 19-07-86
SE-B~ 437700 11-03-85
SE-A- 7905150 19-01-80
US~-A- 4309153 05-01-82
29-01-85

US-A- 4496292
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Fir stisese Einzalboiten 7u dicsens Anbang : sicbe Amtshlatt des Europiischen Patentamts, Nr.12/82
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