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567 The invention relates to a valve (32) for a ?uid, in particular 
’ for a liquid, With a housing (3, 4), Which has a ?exible valve 

_ membrane (33) mounted in the housing and a valve body (34) 
(21) Appl' NO" 11/989’254 held therein, and With an access point (26, 37, 38, 39) for the 

- _ ?uid Which opens into a chamber (42 43 44) and an outlet 22 PCT Fl d. J l. 21 2006 ’ ’ ’ ’ 
( ) 1 e u ’ (45) leading out of the chamber, it being possible to bring the 
(86) PCT NO, PCT IEP2006 I007192 valve body into contact With a ?exible element (33) in order to 

close the ?uid passage of the valve. According to the inven 
§ 371 (OX1), tion, in a valve of that kind the ?exible element is the ?exible 
(2)’ (4) Date: Dec_ 4’ 2009 valve membrane (33) and a stop (36, 55) is used to limit the 

extent to Which the valve membrane curves outWards during 
(30) Foreign Application Priority Data an increase in pressure in the ?uid, the stop moving the 

?exible element (33) against the valve body (34) and closing 
Jul. 22, 2005 (EP) ................................ .. 050159664 the ?uid passage of the valve. 
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VALVE FOR LIQUID PUMPS 

FIELD OF THE INVENTION 

[0001] The invention relates to a valve assembly for ?uids, 
in particular for liquids, and includes a housing, Which has an 
elastic valve membrane mounted in the housing and a valve 
body held in the elastic valve membrane. The valve assembly 
includes an inlet for the ?uid, opening into a chamber, and an 
outlet leading out from the chamber, it being possible to bring 
the valve body into contact With the elastic valve membrane to 
close the ?uid passage portion of the valve. 
[0002] The valve is preferably used in a mechanically oper 
ated liquid pump, particularly in a liquid pump provided for 
medical and nutrient liquids, and for liquids in the biological 
and laboratory sector. It is also conceivable to use the valve 
for gases, particularly those that have to be delivered in the 
context of laboratory tests. The main ?eld of application of 
the valve is in the delivery of a liquid. 

BACKGROUND OF THE INVENTION 

[0003] Many different types of liquid pumps are used to 
deliver liquids. Pumps that are not operated electrically, such 
as mechanical infusion pumps, have the disadvantage that 
they generate different pressures during the period of use. 
This means that the initial pressure is generally higher than 
the end pressure. The ?oW rate is controlled using capillary 
hoses or glass capillary tubes. These solutions With capillaries 
give rise to ?oW rate ?uctuations of up to 70% Within the 
period of use. This is a major problem for patients With 
tolerance dif?culties, e. g. allergy sufferers, since excessively 
high dosing rates may lead to adverse side effects and intol 
erance phenomena. 
[0004] A valve of the type mentioned at the outset, and used 
for liquids, is knoWn from EP 1 321 156 A1. There, the 
housing has a chamber, an inlet channel in ?oW communica 
tion With the chamber, and an outlet channel in ?oW commu 
nication With the chamber. A stiff valve body for regulating 
the ?oW of the liquid through the chamber is arranged Within 
the chamber. The valve body is connected to a valve mem 
brane clamped in the housing in the area of the circumferen 
tial edge, With the valve body being moved according to the 
movement of the valve membrane. The housing accommo 
dates an annular elastic element concentric to the inlet chan 
nel. To close the inlet channel, the valve body can be moved 
against the elastic element. Because of the dimensions of this 
valve, and of the ?oW restrictor assigned to the outlet channel, 
the resistance against the liquid ?oWing out of the housing is 
greater than the resistance made to the liquid ?oWing into the 
valve. As the liquid ?oWs into the housing, a hydrostatic 
pressure arises in the liquid-?lled chamber and acts on the 
valve body and the valve membrane. When spacer parts of the 
valve body bear Without pressure on the elastic element, the 
liquid channel extending through the latter is not closed, and 
liquid can ?oW from the inlet channel into the chamber and 
from there into the outlet channel. The elasticity of the elastic 
element has the result that, When a force acts in its direction, 
and the pres sure of the liquid present in the chamber changes, 
the valve membrane is curved slightly aWay from the chamber 
interior, and the valve body is moved in this direction, With the 
spacer parts of the valve body being pressed into the elastic 
element. This reduces the gap betWeen the sealing surfaces. 
The volumetric ?oW passing through the valve thus 
decreases. If the force is su?iciently great, the valve body 
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closes the gap, such that liquid present in the inlet channel can 
no longer penetrate into the chamber. Consequently, the pres 
sure in the chamber decreases. As the pressure decreases, the 
restoring force of the de?ected valve membrane causes the 
valve body to be lifted from the elastic element, such that the 
gap forms again betWeen the sealing surfaces. This valve 
therefore operates in the manner of a pressure reducer, spe 
ci?cally as a function of the developing inlet pressure. With 
this valve, it is not adequately possible to keep the pressure 
substantially constant. 
[0005] Us. Pat. No. 5,616,127 describes a device for deliv 
ering a medical liquid to a patient. It comprises a valve for 
regulating the ?oW of the liquid medicament. The valve has a 
housing With a conically arranged valve seat, and a valve body 
Which is displaceable relative to the latter and Which likeWise 
has a conical valve seat. The valve body is connected to the 
valve housing via an elastic intermediate member in the shape 
of a belloWs. The space enclosed by the belloWs forms a 
chamber, Which is provided With an outlet channel. The inlet 
channel is routed through the valve housing. When the pres 
sure in the chamber increases, the belloWs expands, as a result 
of Which the valve body reduces the cross section of passage 
of the valve body until, at a maximum pressure, the inlet 
channel of the valve housing is closed by means of the valve 
body. If the valve is free of pressure, the belloWs ensures, by 
virtue of its restoring forces, that the valve body is moved 
against a further valve seat of the housing and, in this state, 
also blocks the ?oW through the valve. 
[0006] Us. Pat. No. 4,852,605 discloses a valve in Which a 
valve housing has a valve seat, and a valve body designed as 
a ball interacts With the valve seat. This ball is held in a 
bearing, Which in turn is mounted in a valve membrane. When 
an increased pressure is present in an inlet channel of the 
housing, the ball lifts from the valve seat. Depending on the 
pressure increase, a greater or lesser cross section of ?oW for 
the liquid from the inlet channel is obtained. 
[0007] DE 44 36 540 A1 describes an infusion system for 
continuous dispensing of a liquid medicament under pres 
sure. A piston is provided there in a state of equilibrium. If too 
high a volumetric ?oW is applied by a medicament delivery 
device, this leads to a displacement of the piston and, depend 
ing on the displacement travel of the piston, to a greater or 
lesser reduction of an inlet channel for the medicament. 

[0008] Us. Pat. No. 3,511,472 describes a valve With an 
elastic valve membrane for closing the seat of a valve hous 
ing. The cross section of ?oW through the valve can be regu 
lated in a stepless manner by an adjustable screW that supports 
the valve body. 

SUMMARY OF THE INVENTION 

[0009] The object of the present invention is to develop a 
valve of the type mentioned at the outset, in such a Way as to 
guarantee that the ?oW of liquid is kept substantially constant, 
and thus that the ?oW of liquid is kept constant Within a 
narrow tolerance range. 

[0010] The object is achieved by a valve of the type men 
tioned at the outset, characterized by the folloWing features: 

[0011] the elastic element is the elastic valve membrane, 
[0012] a stop is used to limit the extent to Which the valve 
membrane curves outWard during an increase in pres 
sure of the ?uid, the stop moving the elastic element 
against the valve body and closing the ?uid passage of 
the valve. 
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[0013] It is a particular advantage of the valve according to 
the invention that the ?oW of liquid can be kept substantially 
constant, irrespective of hoW great the inlet pres sure is on the 
valve. This is possible because of the fact that a pressure 
arising at the outlet causes the valve membrane to curve 
outWard from its starting position, With the result that the 
valve membrane is moved against the stop and in this Way 
experiences a deformation, Which leads to the closure of the 
valve body. The relatively high pressure in the area of the 
outlet, Which is of course loWer than the pressure in the area 
of the inlet, is ensured by the ?oW restrictor. 
[0014] In a particularly advantageous embodiment of the 
valve from the point of vieW of its construction, the inlet is 
routed through the valve membrane and the valve body to the 
chamber. This in particular entails interconnected channels. 
[0015] The valve membrane and the valve body are in par 
ticular separate structural parts. The valve body is designed in 
particular as a valve core. This expression is intended to 
signify that this structural part is arranged in a central area of 
the valve and in particular is held in the described manner in 
the valve membrane. 
[0016] The valve body is preferably a rigid structural part. 
It is held in the valve membrane in such a Way that it cannot 
be moved relative to the latter in the direction of movement of 
the valve body, or in its transverse direction, and, inparticular, 
can also not be rotated With respect to the valve membrane. 
This ensures that the inlet channels of valve membrane and 
valve body are aligned in each operating state and, in addi 
tion, ensures a de?ned position of the valve body to the valve 
membrane, particularly in the area in Which the valve body is 
intended to be closed by the valve membrane. The valve 
membrane is preferably held in the area of a circumferential 
edge betWeen tWo parts of the housing, and in particular is 
held there by clamping. This affords the possibility of the 
valve membrane, starting from the edge areas, being able to 
bulge out su?iciently under the effect of the respective ?uid 
pressure. The valve membrane is preferably pro?led in cross 
section, and a central area of the valve membrane serves to 
receive the valve body. This central area has a pot-shaped 
con?guration in particular. 
[0017] A special con?guration of the valve membrane is 
preferably provided. Accordingly, a closure element is a com 
ponent part of the valve membrane. The stop moves the clo 
sure element against the valve body and in doing so closes the 
?uid outlet of the valve. 
[0018] The outlet of the valve can be designed in different 
Ways. It is conceivable to route the outlet directly from the 
chamber to the housing and from there via a channel to an 
outlet conduit connected to the housing. In a modi?ed con 
?guration, it is possible, corresponding to the routing of the 
inlet channel through the valve membrane, to also provide an 
outlet channel that is routed through the valve membrane. 
[0019] The valve can be simply constructed, particularly in 
the area of the valve membrane and of the valve body, Wherein 
the valve membrane has a radial inlet channel and the valve 
body has a radial inlet channel adjoining the latter inlet chan 
nel. The inlet channel of the valve body empties into an axial 
inlet channel of the valve body that can be closed by means of 
the valve membrane. An outlet channel, starting from the 
chamber, is preferably formed betWeen the valve body and 
the valve membrane. 
[0020] According to a particular embodiment of the inven 
tion, the stop is designed as an adjustable stop. It is designed 
in particular as an adjusting screW that is screWed into the 
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housing. The further the screW frees the adjustment path of 
the valve membrane, the greater is the secondary pressure in 
the valve. 
[0021] With the valve according to the invention, the ?oW 
of the ?uid is regulated in relation to the maximum pressure. 
The valve membrane is preferably con?gured With respect to 
the pressure level to be regulated. This means that the regu 
lation can be effected entirely by means of the elastic valve 
membrane. According to a development of the invention, 
hoWever, a spring is provided for resetting the valve mem 
brane to the open position of the valve. This spring assists the 
resetting movement of the valve membrane. 
[0022] The spring is preferably designed as a compression 
spring supported on the housing and on the valve membrane, 
and, in particular, the valve membrane can be reset against a 
stop on the housing side. This stop limits the resetting move 
ment of the valve membrane. 
[0023] The outlet of the valve preferably includes a ?oW 
restrictor. The latter thus forms a component part of the valve. 
[0024] Further features of the invention are set forth in the 
dependent claims, in the description of the ?gures, and in the 
?gures themselves. It Will be noted that all the individual 
features and all combinations of the individual features are 
part of the invention. 
[0025] The invention is depicted in the ?gures on the basis 
of a mechanically operated liquid pump that is provided With 
the valve, Without being limited to this illustrative embodi 
ment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 shoWs an exploded vieW of a mechanically 
operated liquid pump using the valve according to the inven 
tion, 
[0027] FIG. 2 shoWs a vertical longitudinal midsection 
through the pump shoWn in FIG. 1, in particular to illustrate 
the drive mechanism of the pump, With a balloon bearing on 
a core, 
[0028] FIG. 3 shoWs a section according to FIG. 2, With the 
balloon ?lled With liquid, 
[0029] FIG. 4 shoWs a vertical longitudinal section through 
the pump shoWn in FIG. 1, at a distance from the longitudinal 
center axis of the pump, in the area of a valve of the pump, 
[0030] FIG. 5 shoWs a section, cut transversely through the 
pump illustrated in FIG. 1, in the area of the valve, 
[0031] FIG. 6 shoWs a horiZontal longitudinal midsection 
through the pump shoWn in FIG. 1, With the balloon bearing 
on the core, 
[0032] FIG. 7 shoWs a section according to FIG. 6, With the 
balloon ?lled With liquid, 
[0033] FIG. 8 shoWs a section through the pump, cut trans 
versely in the area Where the core is supported, 
[0034] FIG. 9 shoWs a section through the pump, cut trans 
versely in the area of the unsupported portion of the core and 
of the liquid-?lled balloon, 
[0035] FIG. 10 shoWs an enlarged sectional vieW of core, 
balloon and clamping ring for connection of balloon and core, 
With the balloon bearing on the core, 
[0036] FIG. 11 shoWs a section, cut transversely to the 
longitudinal extent of the core, through the core and the 
balloon, With the balloon bearing on the core, 
[0037] FIG. 12 shoWs a sectional vieW according to FIG. 11 
for a modi?ed cross-sectional con?guration of the balloon, 
[0038] FIG. 13 shoWs an enlarged sectional vieW of the 
valve shoWn in FIG. 4, and 
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[0039] FIG. 14 shows a diagram illustrating the operating 
principle of the mechanically operated liquid pump, and indi 
cating physical parameters. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0040] For purposes of description herein, the terms 
“upper”, “loWer”, “right”, “left”, “rear”, “front”, “vertical”, 
“horizontal” and derivatives thereof shall relate to the inven 
tion as oriented in FIG. 1. HoWever, it is to be understood that 
the invention may assume various alternative orientations and 
step sequences, except Where expressly speci?ed to the con 
trary. It is also to be understood that the speci?c devices and 
processes illustrated in the attached drawings, and described 
in the folloWing speci?cation, are simply exemplary embodi 
ments of the inventive concepts de?ned in the appended 
claims. Hence, speci?c dimensions and other physical char 
acteristics relating to the embodiments disclosed herein are 
not to be considered as limiting, unless the claims expressly 
state otherWise. 

[0041] The mechanically operated liquid pump 1 illus 
trated in FIG. 1 is used in particular for administering medical 
or nutrient liquids, for example for administering a liquid 
medicament. 
[0042] The pump 1 has a multi-component housing 2 
formed by a middle part 3, by an upper part 4 and a loWer part 
5 that interact With said middle part 3, by an upper shell 6 
interacting With the upper part, and by a loWer shell 7 inter 
acting With the loWer part 5. 
[0043] The middle part 3 is provided on its upper face With 
a recess 8 that is open to the free edge of the middle part 3 and 
that has a semicircular cross section, and the upper part 4 is 
provided on its loWer face, and in the corresponding edge 
area, With a corresponding semicircular recess 9. With the 
upper part 4 connected to the middle part 3, the tWo recesses 
8 and 9 form a circular cross section for receiving a conically 
Widened end area 10 of a core 11. Except at its end area 10, the 
core 11 has a constant external diameter. This cylindrical 
portion of the core 11 is designated by reference number 12. 
A channel 13 (see FIG. 2) extends through the core 11 along 
its longitudinal center axis, and several channels 14 extending 
radially through the core 11 branch off from the channel 13 in 
the area of the portion 12 (FIG. 6). In the area of the outer 
circumference of the core 10, the radial channels 14 open into 
circumferential grooves 15 of the core 11. 

[0044] An elastic element interacts With the core 11 and is 
designed as a silicone balloon 16. The latter is produced by 
injection molding. The balloon has a conically Widened end 
area 17 With opening 17a, corresponding to the end area 10 of 
the core 11, and it has a portion 18 Which corresponds to the 
outer shape of the portion 12 of the core 11 and Which merges 
into the end area 19, closed on account of the balloon design 
and remote from the end area 17. 

[0045] The dimensions of core 11 and balloon 16 are such 
that, as can be seen from FIG. 2, the balloon ?tted onto the 
core 11 bears completely on the core 11, such that the end area 
17 of the balloon contacts the end area 10 of the core, and the 
portion 18 of the balloon 16 contacts the portion 12 of the core 
11, and, ?nally, the end area 19 of the balloon 16 bears on the 
free end of the core 11. The dimensions of the balloon 16 in 
relation to the core 11 are chosen here such that the balloon 16 
bears on the core 11 With relatively little pretensioning, in 
other Words in a relatively unstressed state. 
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[0046] In order to fasten the end area 17 of the balloon 16 on 
the core 11, at the end area 10 of the latter, a clamping ring 20 
is provided, Which is ?tted externally onto the balloon 16 at 
the end area 17 thereof. The structure thus formed is inserted 
With the clamping ring 20 into the recess 8 of the middle part 
3, and the upper part 4 is then connected to the middle part 3, 
as a result of Which the clamping ring 20 and therefore the 
core 11 and balloon 16 are held secure in the recesses 8 and 9 
of middle part 3 and upper part 4. For the clamping ring 20, 
the recesses 8 and 9 have a seat that Widens conically in the 
direction aWay from the respective free edge of the middle 
part 3 and upper part 4, in order to ensure a secure hold of the 
clamping ring 20. 
[0047] The middle part 3, the upper part 4 and the loWerpart 
5 serve to receive further operating elements of the pump 1: 
[0048] A Luer check valve or lock valve 21 connected to the 
upper part 4 passes through an opening 22 in the upper part 4, 
and, as is explained in the folloWing description of FIG. 2, has 
a Luer lock valve housing 23 and a Luer lock valve core 24. 
By Way of a channel 25, the Luer lock valve 21 is in commu 
nication With a channel 26, Which is formed betWeen the 
upper part 4 and the middle part 3 and Which communicates 
With the channel 13 extending through the core 11. 
[0049] The pump is ?lled With liquid by Way of the Luer 
lock valve 21 and the channels 25, 26 and 13. Starting from 
the un?lled state shoWn in FIG. 2, and With increasing deliv 
ery of liquid, the balloon 16 expands in that area not clamped 
by the clamping ring 20, and, When completely ?lled, adopts 
the ?nal shape illustrated in FIG. 3. The space occupied by the 
liquid is designated there by reference number 27. It Will be 
seen from FIGS. 2, 3 and 6 to 12 that, as it ?lls With liquid, 
starting from its initial state bearing on the core 11, the bal 
loon 1 6 changes shape both in the longitudinal direction of the 
core and also in transverse directions thereof, ie in a ?rst 
transverse direction and in a second transverse direction per 
pendicular thereto. 
[0050] The upper part 4 and the loWer part 5 are provided 
With locking projections 28, Which serve to receive a cap 29 
that is approximately kidney-shaped in cross section. As can 
be seen from FIG. 9, this cap has an extension in its direction 
of Width that is substantially greater than that in the direction 
of its height. The Width-to-height ratio is 2: 1, for example. As 
can be seen from FIG. 2 for example, the length-to-height 
ratio of the cap 29 is approximately 2.511. The cap 29 is 
preferably clipped non-releasably onto the housing 2. When 
the balloon 16 is ?lled completely With liquid, it takes up as 
much as possible of the internal space in the cap 29. 
[0051] This is achieved by the fact that, as can be seen from 
the vieW in FIG. 11 shoWing the balloon 16 bearing on the 
core 11, the balloon 16 has relatively thick Wall portions 30 in 
a ?rst direction of extent X perpendicular to the longitudinal 
axis of the core 11, and it has relatively thin Wall portions 31 
in a second direction of extent Y perpendicular to the longi 
tudinal axis of the core 11 and perpendicular to the ?rst 
direction of extent X. Thus, When liquid is introduced into its 
space 27, the balloon 16 seeks to expand preferably in the 
direction of extent X, thereby resulting in the expanded oval 
cross-sectional shape illustrated in the vieW in FIG. 9. Over 
all, the pump 1 is presented as a ?at functional component that 
can be easily Worn on the body, and the balloon 16, in the state 
When ?lled With liquid, likeWise adopts a ?at shape adapted to 
the outer contour of the pump 1. 

[0052] The channels 26 and 13 serve not only to deliver the 
liquid from the Luer lock valve 21 into the balloon 1 6, but also 
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to dispense the liquid from the interior of the balloon 16 to the 
patient. Thus, the channel 26 is continued past the inlet point 
of the channel 25 to a valve 32 that is mounted in the middle 
part 3 and upper part 4 and that restricts the volumetric How of 
liquid discharged from the balloon 16. This valve 32 is formed 
by an elastic valve membrane 33 held at the edge betWeen 
middle part 3 and upperpart 4, by a valve core 34 that interacts 
With the valve membrane 33, by a compression spring 35 
supported on the valve membrane 33 and the upper part 4, and 
by an adjusting screW 36, Which is mounted in a thread of the 
upper part 4 and can be brought into operative connection 
With the valve membrane 33. 
[0053] As can be seen from the detailed vieW in FIG. 13, the 
channel 26 opens into a radially extending channel 37 of the 
valve membrane 33 and from there into a radial channel 38 of 
the valve body 34, Which opens into an axial channel 39 of the 
valve core 34. This channel 39 is open in the area of its end 
directed toWard a reinforced portion 40 of the valve mem 
brane 33. A stop designed as an adjusting screW 36 is arranged 
on that side of the portion 40 directed aWay from the channel 
39, Which portion 40 has the function of a closure element. In 
principle, this stop could also be stationary. BetWeen the 
projections 41 of the valve membrane 33, the valve core 34 is 
held so as to be axially immovable relative to the valve mem 
brane 33 and also non-rotatable relative to the latter. 
[0054] The valve 32 is used to stop the volumetric How in 
the event of too high a pressure. TWo separate chambers 42 
and 43 are formed in the valve and are connected to each other 
via a channel 44, Which extends through the valve core 34 and 
is arranged parallel to the channel 40. The chamber 42, Which 
lies in the direction of How to the inlet, and therefore to the 
channel 26, serves as a blocking chamber. The chamber 43 
lies in the direction of How to the outlet 45. To ?lter the liquid 
dispensed through the valve 32, a ?lter 46 is provided Which 
is clamped at the edge betWeen the middle part 3 and the loWer 
part 5. Starting from the chamber 43 and the outlet 45, the 
liquid passes to a channel 47 (FIG. 5) in How communication 
With the outlet 45, and from there to a Luer lock attachment 48 
held betWeen the middle part 3 and the loWer part 5. A Luer 
lock connector 49, provided With a hose 50 leading to the 
patient, can be connected to the Luer lock attachment 48. 
[0055] As can be seen from the vieW in FIG. 5, a glass 
capillary 53 is ?tted into the channel 47. This glass capillary 
constitutes a How restrictor, Which is able to restrict the volu 
metric ?oW passing through the channel 47 out of the pump, 
since the How restrictor has a smaller cross section than the 
channel 37 lying in the inlet. By selecting various ?oW restric 
tors, it is possible to set various constant ?oW rates, as long as 
the pressure at the inlet does not drop beloW a de?ned value. 
In principle, the cross-sectional area of How of the inlet is 
greater than the cross-sectional area of How of the outlet. Of 
course, the How restrictor can be designed other than in the 
form of a glass capillary. For example, it is entirely conceiv 
able to provide doWnstream of the valve, in the outlet of the 
pump, a meander chip that restricts the through-?ow. 
[0056] Because of the stated diameters of the channels that 
connect the space 27 of the balloon to the valve 32, and the 
diameter of the channels arranged behind the valve 32 With 
the How restrictor 53, the resistance that the channel 47 with 
How restrictor 53 sets against the out?oW of liquid from the 
housing 2 is greater than the resistance made to the liquid 
?oWing into the valve 32. 
[0057] In an initial state, the valve membrane 33 is located 
in the position shoWn in FIG. 13, in Which the valve mem 
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brane 33 bears largely on the middle part 3, Without requiring 
any action of the compression spring 35. Because of the 
positioning of the valve core 34 relative to the portion 40 of 
the valve membrane 33, a small gap is provided betWeen the 
portion 40 and an encircling and therefore annular projection 
54 of the valve core 34. This projection 54 encloses the 
channel 43. Accordingly, liquid ?oWs through the channel 13 
of the core 11 and through the adjoining housing channel 26 
into the channel 37 of the valve membrane 33 and from there 
into the channels 38 and 39 of the valve core 34. From the 
channel 39 of the valve core 34, the liquid ?oWs through the 
gap formed betWeen the projection 54 and the portion 40 of 
the valve membrane 33, and into the chamber 42 located 
there, and from the chamber 42 through the channel 44 
betWeen valve membrane 33 and valve core 34 to the chamber 
43, passes the ?lter 46 and travels through the outlet 45 to the 
channel 47 With the How restrictor 53. If a higher liquid 
pressure is established in the inlet, thus also in the channel 39, 
Without a greater volumetric ?oW being able to issue from the 
pump as a result of the How restrictor 43, this has the result 
that the valve membrane 33, Which is clamped in the edge 
area betWeen the middle part 3 and the upper part 4, deforms 
in the central area in the direction of the adjusting screW 36 
With the stop function, speci?cally counter to the force of the 
compression spring 35. When the valve membrane 34 With its 
portion 40 comes up against the projection 55 of the adjusting 
screW 36 directed toWard the portion 40, the portion 40 makes 
contact there With the adjusting screW 36, such that, since the 
valve membrane 33 cannot move any farther up in the direc 
tion of the upper shell, the portion 40 is pressed against the 
projection 54 of the valve core 34 and thus closes the How 
through the channel 39. As the liquid ?oWs out through the 
How restrictor 53, the pressure in the chamber 43 decreases, 
With the result that the membrane, by virtue of its oWn elas 
ticity, moves back again in the direction of its initial state 
according to FIG. 13, such that the portion 40 disengages 
from its contact With the adjusting screW 36, and the How gap 
betWeen the projection 54 and the portion 40 is again freed. 
Depending on the pressure prevailing in the balloon 16, this 
state can be obtained only When the initial position of the 
valve membrane 33 is reached, as shoWn in FIG. 13, or even 
earlier, in other Words With the valve membrane 33 still 
de?ected. The adjusting screW 36 serves to modify the open 
ing and closing behavior of the valve 32. The further the screW 
frees the adjustment path of the valve membrane, the greater 
is the secondary pressure in the valve. In principle, it is not 
necessary to provide the compression spring 35. It is of 
advantage When greater pressures are intended to be dealt 
With by the pump 1 and, accordingly, the elastic restoring 
behavior of the valve membrane 33 is not suf?cient to move it 
into the initial position according to FIG. 13. 
[0058] With the valve 32, the volumetric How of liquid is 
therefore restricted as a function of the pressure prevailing in 
the balloon 1 6, and the volumetric How of liquid is maintained 
substantially constant via the How restrictor 53. In principle, 
the liquid pump could be modi?ed by providing only a device 
for maintaining substantially constant the volumetric How of 
liquid dispensed from the elastic element, or only a device for 
restricting the volumetric How of liquid dispensed from the 
elastic element. 

[0059] Before using the mechanically operated liquid 
pump, liquid is delivered through the Luer lock valve 21, as a 
result of Which the liquid passes into the balloon 16, and the 
?lling level of the balloon can be read off through the trans 
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parent cap 29 on the basis of the markings 51 Which are 
arranged in the transverse direction of the cap and Which are 
a reference for the transverse expansion of the balloon as a 
function of its state of ?lling. After the pump 1 has been ?lled 
and the pump has been attached to the patient via the hose 50, 
liquid is dispensed out of the pump through the valve 32, With 
elastic pretensioning of the expanded balloon 16, and this is 
done until the balloon has been completely emptied and bears 
on the core 11. 

[0060] The particularly simple design of the described liq 
uid pump alloWs it to be used in a variety of different Ways. 
The user is able to operate the pump anyWhere, and immedi 
ately, Without long start-up times. It can be used carried 
around by the user, or used in one place, speci?cally in all 
normal life situations in or outside the ?eld of medicine. The 
pump can be used in a sterile state and requires minimal 
operating/handling effort. Because of the simple construction 
of the small number of component parts, the pump is inex 
pensive to produce. This is a condition for its being able to be 
used particularly in outpatient care, and in ?nancially Weak 
markets. The loW Weight of the pump permits its use in 
accident and emergency situations, in ?eld hospitals and in 
disaster areas. Some or all of the functional elements of the 
pump are exchangeable. The pump is suitable for short or 
long dispensing times, for example in the case of a balloon 
With a capacity of 25 ml, for a ?oW rate of 2.5 ml per hour, that 
is to say a running time of 10 hours. It is ofcourse possible to 
use other balloons With other volumes, for example 10 ml, 50 
ml, 100 ml or 150 ml. The running time can be much longer, 
for example up to 24 hours. Although ?oW rates of >l000 ml 
per hour are entirely possible, a ?oW rate of 0.5 to 10 ml per 
hour is considered the preferred option. 
[0061] According to the illustrative embodiment, a balloon 
is described Which is produced by injection molding and 
serves as a container for the medicament solution and as a 

pressure reservoir. The balloon has a de?ned contour in cross 
section and in expansion, for ?lling ?at housing spaces and 
for avoiding pressure peaks. It is radially and/or axially pre 
tensioned on a one-part or multi-part core, in order to increase 
the restoring forces. One end of the balloon is sealed off in an 
airtight manner over the core and ?xed in position by a clamp 
ing ring With a form ?t. The balloon is freely movable in the 
axial and radial directions during ?lling and emptying, being 
elastically deformable and able to move in a manner free from 
friction inside the cap. 
[0062] The pump 1 can additionally be provided With a 
bolus reservoir. In FIG. 1, the provision of such a bolus is 
indicated by reference number 52. The pump can be con 
ver‘ted to this extent, as and When required. 
[0063] FIG. 14 is a diagram illustrating hoW the above 
described mechanically operated pump Works and shoWing 
the physical parameters. The contour of the pump is indicated 
by the dot-and-dash line. 
[0064] In the foregoing description, it Will be readily appre 
ciated by those skilled in the art that modi?cations may be 
made to the invention Without departing from the concepts 
disclosed herein. Such modi?cations are to be considered as 
included in the folloWing claims, unless these claims by their 
language expressly state otherWise. 

The invention claimed is as folloWs. 

1-13. (canceled) 
14. A valve assembly for liquid pumps, comprising: 
a housing member having a chamber shaped to retain a 

liquid therein; 
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a valve member having an elastic valve membrane 
mounted in said housing, and a valve body retained in 
said elastic valve membrane to de?ne a ?uid passage 
betWeen mating portions of said elastic valve membrane 
and said valve body Which is closed When said mating 
portions of said elastic valve membrane and said valve 
body are brought into abutting contact; 

an inlet member communicating With said ?uid passage to 
selectively ?oW the liquid through said ?uid passage and 
into said chamber; 

an outlet member communicating With said chamber to 
selectively ?oW the liquid out of said chamber; and 

a stop member supported in said housing and positioned 
adjacent to said mating portions of said elastic valve 
membrane and said valve body, Whereby an increase in 
pressure of the liquid at said inlet member elastically 
deforms said elastic valve member outWardly into abut 
ting contact With said stop, Which contact brings said 
mating portions of said elastic valve membrane and said 
valve body into abutting contact to close said ?uid pas 
sage. 

15. A valve assembly as set forth in claim 14, Wherein: 
said inlet member includes at least a portion thereof 

extending through said elastic valve membrane and said 
valve body. 

16. A valve assembly as set forth in claim 15, Wherein: 
said elastic valve membrane and said valve body comprise 

separate structural parts, Wherein said valve body is 
rigid. 

17. A valve assembly as set forth in claim 16, Wherein: 
said housing member includes ?rst and second mating 

housing portions; and 
said elastic valve membrane includes a circumferential 

edge portion thereof clamped betWeen said ?rst and 
second housing portions. 

18. A valve assembly as set forth in claim 17, Wherein: 
said elastic valve membrane includes a central portion 

thereof With a recess in Which said valve body is closely 
received and retained. 

19. A valve assembly as set forth in claim 18, Wherein: 

said elastic valve membrane includes a centrally disposed 
closure portion positioned for selective engagement 
With said stop member, such that said stop member 
elastically deforms said elastic valve membrane to move 
said closure portion against said valve body and close 
said ?uid passage. 

20. A valve assembly as set forth in claim 19, Wherein: 

said outlet member includes at least a portion thereof 
extending through said elastic valve membrane. 

21. A valve assembly as set forth in claim 20, Wherein: 

said elastic valve membrane includes a radially extending 
inlet channel; and 

said valve body includes a radially extending inlet channel 
Which adjoins said inlet channel of said elastic valve 
membrane, and merges into an axial inlet channel of said 
valve body that is selectively closed by said elastic valve 
membrane. 

22. A valve assembly as set forth in claim 21, Wherein: 

at least a portion of said chamber includes a channel dis 
posed betWeen said valve body and said elastic valve 
membrane. 
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23. A valve assembly as set forth in claim 22, wherein: 
said stop member comprises an adjusting screW threadedly 
mounted in said housing for adjusting the position of 
said stop member relative to said valve member. 

24. A valve assembly as set forth in claim 23, including: 
a spring member resiliently urging said elastic valve mem 

brane to the open position of said ?uid passage. 
25. A valve assembly as set forth in claim 24, Wherein: 
said spring comprises a compression spring disposed 
betWeen said housing member and said elastic valve 
member such that said elastic valve membrane is resil 
iently urged against a stop portion of said housing mem 
ber. 

26. A valve assembly as set forth in claim 25, Wherein: 
said outlet member includes a ?oW restrictor. 
27. A valve assembly as set forth in claim 14, Wherein: 
said elastic valve membrane and said valve body comprise 

separate structural parts, Wherein said valve body is 
rigid. 

28. A valve assembly as set forth in claim 14, Wherein: 
said housing member includes ?rst and second mating 

housing portions; and 
said elastic valve membrane includes a circumferential 

edge portion thereof clamped betWeen said ?rst and 
second housing portions. 

29. A valve assembly as set forth in claim 14, Wherein: 
said elastic valve membrane includes a central portion 

thereof With a recess in Which said valve body is closely 
received and retained. 

30. A valve assembly as set forth in claim 14, Wherein: 
said elastic valve membrane includes a centrally disposed 

closure portion positioned for selective engagement 
With said stop member, such that said stop member 
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elastically deforms said elastic valve membrane to move 
said closure portion thereof against said valve body and 
close said ?uid passage. 

31. A valve assembly as set forth in claim 14, Wherein: 
said outlet member includes at least a portion thereof 

extending through said elastic valve membrane. 
32. A valve assembly as set forth in claim 14, Wherein: 
said elastic valve membrane includes a radially extending 

inlet channel; and 
said valve body includes a radially extending inlet channel 
Which adjoins said inlet channel of said elastic valve 
membrane, and merges into an axial inlet channel of said 
valve body that is selectively closed by said elastic valve 
membrane. 

33. A valve assembly as set forth in claim 14, Wherein: 
at least a portion of said chamber includes a channel dis 

posed betWeen said valve body and said elastic valve 
membrane. 

34. A valve assembly as set forth in claim 14, Wherein: 
said stop member comprises an adjusting screW threadedly 
mounted in said housing for adjusting the position of 
said stop member relative to said valve member. 

35. A valve assembly as set forth in claim 14, including: 
a spring member resiliently urging said elastic valve mem 

brane to the open position of said ?uid passage. 
36. A valve assembly as set forth in claim 14, including: 
a compression spring disposedbetWeen said housing mem 

ber and said elastic valve member such that said elastic 
valve membrane is resiliently urged against a stop por 
tion of said housing member. 

37. A valve assembly as set forth in claim 14, Wherein: 
said outlet member includes a ?oW restrictor. 

* * * * * 


