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Description

[0001] The invention lies in the field of engineering and
relates in particular to fluid valves and hydraulic or pneu-
matic pump systems which are controlled by way of such
valves.
[0002] Valves are known in a variety of embodiments
for opening and for closing fluid conduits or for the control
of hydraulic and/or pneumatic circuits. Such valves differ
on account of their loading ability, by the speed of the
response or of the actuation possibility, the sealedness,
the pressure loadability, and by the number of switching
operations which may be carried out without significant
wear. The design of such valves with regard to the ma-
terial selection, the fashion as well as the allowable man-
ufacturing tolerances depends on the individual de-
mands.
[0003] With fluid circuits in the pressure range of a few
atmospheres excess pressure, sliding valves for exam-
ple are actuated, with which a slide is translatorily mov-
able in a bore of a connection block and, by way of re-
cesses which are provided in the slide, connects different
openings or channels of the connection block to one an-
other depending on the slide position. One may selec-
tively subject different fluid conduits to pressure by way
of such a valve.
[0004] The play tolerance with the dimensions of such
a slide in relation to the bore, in which it moves may be
of a magnitude for example of hundredths of millimetres,
in order to avoid unallowable leaks. An air cushion effect
may form with the movement of such a slide, given a
correct dimensioning of the tolerances, and this effect
avoids direct contact and wear.
[0005] Moreover, a rotary slide valve arrangement for
the pneumatic control is known from the German patent
document DE 10 2006 011 580 B3 of the company Nu-
matics GmbH, which serves for the control of com-
pressed air and envisages a control slide (control valve)
which is rotatable in a cylinder bore and which may be
rotated and driven, wherein the control slide comprises
surface grooves or inner channels which connect trans-
verse bores in the connection block to one another or
separate them from one another, depending on the ro-
tation position. Thereby, a cylinder gap between the cyl-
inder bore in the connection block and the control slide
is dimensioned such that a low-friction mounting is given
according to the principle of an air bearing.
[0006] It is clear from the cited patent document, that
in each case different channels in the connection block,
which are arranged at different axial heights in relation
to the rotation axis of the slide, are connected to one
another by way of the slide.
[0007] The task often arises of switching pneumatic
circuits in a manner such that on the one hand the pneu-
matic resistance of the conduits and valves is minimised
in the different switch position and that on the other hand
as constant as possible pneumatic flow resistances are
maintained at different switch positions.

[0008] A system with two membrane heart pumps as
well as a switch-over valve is known from US 5 232 434.
[0009] A switch-over valve is known from WO
89/01600 A2, with which channels are switched by way
of a control pin in a hollow cylinder. For switching between
several channels which lie at different axial heights in the
hollow cylinder, a switch channels is used, which in the
control pin runs from a first axial position to a second
axial position. This entails a design of the control pin
which is complex and difficult to manufacture.
[0010] It is the object of the present invention, to pro-
vide a valve which combines quick and efficient switch-
over possibilities with an as minimised as possible flow
resistance and with a simple design construction of the
valve.
[0011] This object is achieved by the features of the
invention according to patent claim 1.
[0012] According to the invention, for this purpose, with
a valve for the control of a fluid flow, a connection block
is provided, which comprises a cylinder-symmetrical re-
cess, wherein at least one first and a second entry chan-
nel as well as a first and second exit channel run out in
the peripheral surface of the recess. Moreover, a control
pin is provided, which fits into the recess, is rotatable
about a rotation axis, comprises at least two through-
channels and connects different ones of the entry chan-
nels and exit channels of the connection block to one
another depending on its angular position. For this, a first
through-channel is provided in the pin, and this first
through-channel connects channels of the connection
block to one another, which exclusively run out at a first
axial height with respects to the rotation axis, as well as
a second through-channel which connects channels of
the connection block to one another, which exclusively
run out at a second axial height.
[0013] In this manner, it is ensured that in the different
switch positions of the pin, the through-channels in each
case run exclusively at a single axial height with respect
to the rotation axis and that with this, various channels
to be switched through have no channel sections which
run in the longitudinal direction (direction of the rotation
axis) of the pin, so that the direction changes of the
through-channels are minimised. The flow resistance of
the valve in the different positions is minimised by way
of this. Moreover, the through-channels which are to be
machined into the pin are very simple to realise with re-
gard to design, since they do not need to include sections
running in the longitudinal direction of the pin. They may,
for this reason, be realised for example as simple trans-
verse bores in the pins.
[0014] Dead volumes on switching-over are kept low
since the length of the through-channels may also be
kept short by way of this.
[0015] A further advantage of such valves which may
be actuated by way of rotating a pin lies in the fact that
the application of the pressure to be controlled unleashes
no force action on the movable elements of the valve. A
tendency of the valve to misalign due to the acting pres-
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sure is thus not given.
[0016] One embodiment of the invention envisages at
least one first switch-over channel running out at the first
axial height in the peripheral surface of the recess and
connecting this run-out to a channel running out at the
second axial height, being provided in the connection
block.
[0017] The run-out of an entry channel, the run-out of
an exit channel and the run-out of a switch-over channel
are thus provided at the first axial height, wherein the
three mentioned channels may be connected to one an-
other in different rotational positions of the control pin. In
one switch position, thereby the entry channel may be
connected to the exit channel, by which means the valve
connects through a fluid conduit between the entry chan-
nel and the exit channel in a straight-lined manner.
[0018] In another switch position of the pin, the respec-
tive entry channel may be connected to a switch-over
channel and via this to a second exit channel which runs
out at a second axial height within the peripheral surface
of the connection block.
[0019] This means that the first entry channel may be
switched through to a second exit channel. As a whole,
this configuration permits a switching of an entry channel
through to two exit channels. In this context, one may
envisage channels running in the axial direction of the
control pin and of the hollow cylinder being provided only
in the connection block, and the control pin being free of
channels which have a component of their running direc-
tion in the axial direction or a section running in the axial
direction.
[0020] One advantageous design of the invention en-
visages at least one through-channel, in particular the
first and the second through-channel, running trans-
versely through the pin between a first and a second pin
opening lying diametrically opposite one another, and
comprising a branch-off channel which ends at a third
pin opening.
[0021] A part of the through-channel may thus be in-
corporated into the pin in a simple manner by way of
incorporating a transverse bore. A branch-off channel
which forms a further part of the through-channel, may
furthermore be incorporated in a simple manner by way
of incorporating a radial bore into the pin, said radial bore
being incorporated so deeply from the peripheral surface
of the pin perpendicularly to the longitudinal axis, that it
hits the channel which for example runs centrally and
transversely through the pin.
[0022] With this, a T-shaped or Y-shaped channel
leading of the through-channel results, wherein all limbs
of the through-channel run at the same axial height on a
cross-sectional plane of the pin and run out in three open-
ings on the peripheral surface of the pin, of which for
example two lie diametrically opposite one another on
the periphery of the pin and a third laterally symmetrically
or asymmetrically between the first-mentioned two open-
ings.
[0023] In this context, the distribution of the openings

of the through-channels is directed to the arrangement
of the respective run-outs of entry and exits channels or
of further channels in the inner peripheral surface of the
recess in the connection block.
[0024] Moreover, one may advantageously envisage
at least one second switch-over channel being provided
in the connection block, said second switch-over channel
running out at the second axial height in the peripheral
surface of the recess and connecting this run-out to a
channel running out at the first axial height. With this, it
is possible by way of the pin, at the second axial height,
for the second entry channel to either be switched
through to the second exit channel or for the second entry
channel to be connected to a switch-over channel which
runs out at the second axial height and which for its part
is connected to a channel running out at the first axial
height. This channel running out at the first axial height
may for example be the first exit channel, so that the
second entry channel may be connected to the first exit
channel in a suitable switch position.
[0025] In a particularly advantageous design of the in-
vention, one may envisage the pin having a third through-
channel.
[0026] With this design, one may also envisage the
third through-channel connecting two sections of a
switch-over channel to one another depending on the
angular position of the pin.
[0027] With this, it is possible not only to utilise the
switch-over channels by way of suitable positions of the
pin and thus to create a cross-over assignment of the
entry channels to the exit channels, but additionally to
simultaneously switch at least one of the switch-over
channels by way of this switch-over channel running
through the pin in sections. With this, it is possible in the
switch positions, in which the entry channels are each
switched through in a straight-lined manner, to close at
least one of the switch-over channels and thus to prevent
a flowing-over between the channels to be switched.
[0028] The third switch-over channel is advantageous-
ly provided at an axial height between the first and the
second axial height within the pin, as a transverse bore.
[0029] The invention may furthermore be advanta-
geously developed by way of the connection block com-
prising a valve hollow cylinder which receives the pin and
seals for sealing the channels between the pin and the
connection block.
[0030] The connection block is accordingly provided
with a valve hollow cylinder which forms an insert and
for its part on its inner peripheral surface forms the recess
for the control pin. The valve hollow cylinder may com-
prise sealing elements, such as for example elastomer
seals, on its inner peripheral surface, which at the differ-
ent angular positions of the pin, seal the respective chan-
nel run-outs to be connected.
[0031] For example, the valve hollow cylinder may also
comprise peripheral elastomer seals in the peripheral di-
rection of the pin, which basically close off the groups of
channel run-outs at different axial heights with respect
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to the rotation axis of the pin. Instead of elastomer seals,
one may also provide other seals which with regard to
dimensional tolerance are designed in a manner such
that an efficient sealing is given with low friction formation.
The valve in the ideal case should be in the position of
switching, with reaction times in the millisecond region,
different pneumatic channels by way of changing the an-
gular position of the pin.
[0032] The separate valve hollow cylinder has the ad-
vantage that it may be well separately machined and be
provided with inserts of other materials, before it is in-
serted into the connection block. The valve hollow cylin-
der in operation is immovably connected to the remaining
parts of the connection block. It has only radially contin-
uous openings which respectively form a part of the entry
channels, exit channels and switch-over channels.
[0033] The remaining part of the connection block com-
prises the continuations of the entry channels and exit
channels as well as switch-over channels, which at least
partly also run in the longitudinal direction of the control
pin, in order to create the connections between the chan-
nels running out at the first height and at the second
height.
[0034] This part of the connection block may be de-
signed as a solid block through which milled channels
pass and may for example consist of metal. The manu-
facture from a stable plastic or a ceramic is also possible.
[0035] In order to render the control pin driveable in a
rotary manner, according to the invention, one advanta-
geously envisages the control pin at its ends being con-
nected to a magnet which forms part of a rotation drive.
In this context, the control pin may end in a shape body,
onto which a permanent magnet is applied, which, with
a switchable electromagnet, assumes its different switch
positions depending on the magnetic field of the electro-
magnet.
[0036] Moreover, it may be advantageous to provide
mechanical abutments between the pin and the connec-
tion block which define two end angle positions of the pin.
[0037] The rotational positions / angular positions of
the control pin may be defined in a sufficiently accurate
manner by way of mechanical abutments, in order to
bring the run-outs of the channels in the peripheral sur-
faces of the pin and recess into congruence and with this
to keep the pneumatic resistance low. With this, the de-
mands on the accuracy of the drive are reduced with the
setting of the different angular positions.
[0038] One may also set preferred intermediate posi-
tions between the end positions of the pin which are de-
fined by the abutments, by way of these positions being
characterised and stabilised by a ball lock between the
pin and the connection block.
[0039] The invention, apart from relating to a valve of
the type described above, also relates to a pump system
with two pump drives, which are each connectable by
way of fluid conduits to one working pump for conveying
a fluid, in particular blood, wherein both fluid conduits run
through a common valve of the type described above

and the valve is designed as a 2x2-way cross-over valve.
[0040] In this context, the drive pumps may be de-
signed as membrane pumps which assume changing
membrane positions due to a changing fluid pressure of
a working pump, and develop a pulsating pump effect on
account of this. For example, membrane pumps which
may be applied in the human body as blood pumps and
which may assist the activity of the heart, are based on
this principle. The setting of the membrane is effected
via the control of a secondary pressure by way of a work-
ing pump which is designed as a pneumatic pump and
is connected to the respective drive pump by way of a
fluid conduit. Two drive pumps are required in biventricu-
lar operation of such pumps, which are applied to different
heart chambers and are each connected to one working
pump.
[0041] If one of the working pumps fails, then the re-
maining intact working pump may be switched through
to the two drive pumps in an alternating manner by way
of a 2x2-way cross-over valve, so that both heart cham-
bers may continue to be assisted.
[0042] Inasmuch as this is concerned, the invention
also relates to a method for the operation of a pump sys-
tem with a valve of the described type which is connected
to at least one operational drive pump and to two working
pumps and is designed as a 2x2-way cross-over valve,
characterised in that the valve alternatingly connects a
drive pump to each of one of the working pumps.
[0043] The invention is hereinafter shown by way of an
embodiment example in the drawings and described
hereinafter.
[0044] Thereby are shown in:

Fig. 1 schematically, a pump system with two drive
pumps and two working pumps which are ap-
plied as blood pumps with a human patient,

Fig. 2 a more detailed representation of a membrane
working pump,

Fig. 3 a schematic representation of the channels in
a valve,

Fig. 4 a schematic representation of crossed chan-
nels in a valve,

Fig. 5 a schematic representation of a valve with a
continuous and with a blocked channel,

Fig. 6 a schematic representation of a valve with a
switched-over channel,

Fig. 7 a schematic representation of a valve with a
second continuous channel, wherein the first
channel is blocked,

Fig. 8 a schematic representation of a valve, wherein
the second channel is switched over,

Fig. 9 a three-dimensional view of a connection
block,

Fig. 10 three three-dimensional views of the same
valve cylinder from different viewing angles,

Fig. 11 three three-dimensional views of a control pin
from different viewing angles,

Fig. 12 schematically, below one another, three cross
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sections of a valve with a control pin at three
axial heights, in which through-channels are
arranged in the control pin, inlet channels and
outlet channels,

Fig. 13 the representation of Fig. 12 with equally lying
cross sections, wherein the control pin is ro-
tated by 90° in the clockwise direction with re-
spect to the representation in Fig. 12,

Fig. 14 a partly broken view of the connection block
with the control pins which are visible therein,

Fig. 15 a schematic view of the control pin with sym-
bolically represented switch-over channels as
well as

Fig. 16 the arrangement of Fig. 15, represented from
the opposite viewing direction.

[0045] Fig. 1 symbolically shows the silhouette 1 of a
human with two membrane pumps 2, 3, of which in each
case one is connected to a blood vessel, as well as two
corresponding pneumatic supply conduits 4, 5, via which
the membrane pumps 2, 3 are connected in each case
to a drive pump 6, 7. Moreover, a valve 8 is represented
schematically, which is designed as a 2x2-way cross-
over valve.
[0046] In a first switch position, the valve 8 connects
the drive pump 6 to the working pump 2, and the drive
pump 7 to the working pump 3.
[0047] In a second switch condition, the valve 8 con-
nects the drive pump 6 to the working pump 3, and the
drive pump 7 to the working pump 2.
[0048] By way of this switching possibility, the com-
plete system may be operated with only one drive pump
6, 7 in the case that one of the drive pumps 6, 7 fails,
with biventricular operation when the function of a heart
chamber is assisted by each one of the working pumps
2, 3. In this case, the remaining intact drive pump 6, 7 is
switched-over in an alternating manner to the working
pumps 2, 3 by way of the valve 8, so that each of the
working pumps may assist two heart beats or works
through two pulsatile periods.
[0049] The drive pumps 6, 7 are designed as pneu-
matic piston pumps each with a piston 9 and with a cyl-
inder 10, wherein the piston 9 may be driven in an alter-
nating manner in the direction of the arrow 11 by way of
a drive which is not shown in more detail, in order in the
drive volume to alternatingly produce a vacuum and ex-
cess pressure which is led in each case to one of the
membrane pumps 2, 3 by way of the pneumatic conduit
4, 5.
[0050] The construction of a membrane pump 2 is de-
scribed in more detail in Fig. 2. This has a flexible mem-
brane 13 which separates a drive space 14 from a work-
ing space 15. The membrane 13 is flexible and is coated
with a substance which prevents the coagulation of
blood.
[0051] The drive space 14 is connected directly to a
supply conduit 4 which by way of the supply and dis-
charge of a gas, in particular air, ensures that the drive

space 14 enlarges and reduces in an alternating manner
and, with this, this the membrane moves in the direction
of the arrows 16, 17.
[0052] The working space 15 is forced to reduce in size
when the drive space 14 increases in size and vice versa.
Blood is sucked into the working space 15 by way of the
blood supply conduit 18 by way of this, and this blood is
ejected again through the blood discharge conduit 19
with a reduction of the working volume 19. One-way
check valves in the supply conduit 18 and the discharge
conduit 19 ensure that the blood flow is directed in an
unambiguous manner.
[0053] Fig. 3 shows a schematic representation of the
valve 8, in which a first inlet channel 20 is connected to
a first outlet channel 21, and a second inlet channel 22
is connected to a second outlet channel 23. The inlet
channel 20 may be connected to the working pump 6,
and the outlet channel 21 to the working pump 2, whilst
the inlet channel 22 is connected to the drive pump 7,
and the outlet channel 23 to the drive pump 3.
[0054] Fig. 4 shows another switch condition of the
valve 8, in which the first inlet channel 20 is connected
to the second outlet channel 23, and the second inlet
channel 22 to the first outlet channel 21, as is symbolised
by the switch-over channels represented in a dashed
manner.
[0055] Fig. 5 shows a representation, in which the first
inlet channel 20 is connected to the first outlet channel
21, wherein the fluid delivery from the second inlet chan-
nel 22 to the second outlet channel 23 is not represented,
since the drive pump 7 is assumed to be incapable of
functioning. With this, gas exclusively flows from the first
inlet channel 20 to the first outlet channel 21 and back,
and only the working pump 2 is operated.
[0056] Fig. 6 shows the switched-over condition of the
valve 8, in which the first inlet channel 20 is connected
to the second outlet channel 23 and, so is connected via
the supply conduit 5 to the second working pump 3, so
that the second working pump 3 may be supplied by way
of the drive pump 6.
[0057] Fig. 7 shows an alternative case, in which the
drive pump 7 is intact and may be connected via the valve
8 by way of the inlet channel 22 via the outlet channel 23
to the working pump 3.
[0058] After switching over the valve 8, as is represent-
ed in Fig. 8, this condition leads to the second inlet chan-
nel 22, as is shown in a dashed manner, being connect-
able to the first outlet channel 21, so that the working
pump 2 may be driven by way of the drive pump 7.
[0059] Fig. 9 shows the connection block 24 which
comprises a cylindrical bore 25 into which a valve cylinder
26 which is shown in Fig. 10 may be inserted in a sealed
manner. Moreover openings, in which inlet and outlet
channels or switch-over channels run out, are represent-
ed in the connection block 24.
[0060] The respective channels may run within the
connection block 24 in a straight or bent or angularly bent
manner, and specifically within a plane at a constant axial
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height with respect to the rotation axis of the control pin
or also in the axial direction.
[0061] Fig. 10, in three views from different viewing
angles, shows the valve cylinder 26 which is designed
as a hollow cylinder and comprises grooves 27 for re-
ceiving sealing rings which serve for sealing the valve
cylinder in the connection block 24. Moreover, the valve
cylinder 26 comprises openings 28 which pass through
the hollow cylinder and connect the outer peripheral sur-
face to the inner peripheral surface in the radial direction.
In this context, openings are provided at three different
axial heights, with respect to the longitudinal axis of the
valve cylinder. Therein, two openings are provided at the
middle axial height, which lie diametrically opposite one
another. Three openings which are offset to one another
by 90° on the periphery are each provided at the first and
the second axial height, i.e. at the two ends of the valve
cylinder.
[0062] A control pin 29 is represented in Fig. 11 in three
three-dimensional representations from different viewing
angles, wherein the through-direction of three through-
channels is visible in the middle representation, wherein
these through-channels each completely pass through
the control pin in a transverse manner. Moreover, addi-
tionally, transversely running bores which run out in the
previously mentioned channels, are arranged at the first
and second axial height. Three openings/run-outs of the
through-channels which are offset for example by 90° on
the periphery of the control pin, result each at the first
and second axial height.
[0063] Radially peripheral grooves are represented
between the three different planes, in which the through-
channels are arranged, and these grooves serve for re-
ceiving sealing rings which after the insertion of the con-
trol pin into the valve cylinder 26 serve for sealing.
[0064] Three cross sections through the control pin 29
and the valve cylinder 26 surrounding this are represent-
ed below one another in Fig. 12, from the top to the bottom
at the first, third (middle) and second axial height, wherein
these two elements are imagined in the connection block
24. The valve cylinder 26 is represented symbolically
merely as a circular line, with the respective radial open-
ings which are in each case represented only as short
lines 30, 31, 32.
[0065] Respective channels are indicated in the sec-
ond section at 33, 34 and in the third section at 35, 36, 37.
[0066] The through-channels at the different axial
heights of the control pin are indicated at 38, 39, 40 (con-
tinuous transverse bores) as well as 41, 42 (branch-off
channels). Fig. 12 shows an angular position of the con-
trol pin 29, in which a first inlet channel 20 is directly
connected to a first outlet channel 32 by way of the
through-channel 38 in the control pin. The branch-off
channel 41 ends blindly and plays no part in this angular
position.
[0067] In this angular position of the control pin 29, a
lever 43 connected to the control pin 29 leans on an abut-
ment 44 formed as a pin, in order to define the angular

position.
[0068] Simultaneously, a switch-over channel which
ends in the openings 33, 34 of the middle section of Fig.
12, is interrupted, since no corresponding through-chan-
nels exist in the pin 29 which are suitably positioned in
this switch position.
[0069] In the third section of Fig. 12, it is shown that
the second inlet channel 35 is connected directly to the
second outlet channel 37 by way of the through-channel
40, at the second axial height of the second inlet channel
35. The branch-off channel 42 ends in a likewise blind
manner in this switch position.
[0070] The openings 31, 36 in the valve cylinder, and
the corresponding channels leading further in the con-
nection block likewise have no function in this switch po-
sition.
[0071] This switch position may also be considered as
a basic switch position, in which the entry channels are
connected directly to the respective exit channels with
the shortest path and low as possible flow resistance, so
that the drive pumps 6, 7 are connected through in each
case to their working pumps 2, 3.
[0072] The valve 8 is switched by way of the control
pin 29 being rotated in the clockwise direction and in the
direction of the arrow 45 by 90°, as is indicated in Fig.
12. Thereby, other angular positions are also possible,
wherein the angles between the through-channels,
branching channels and the entry and exit channels must
then be adapted accordingly.
[0073] The switch position rotated by 90° is represent-
ed in Fig. 13. The upper cross section is Fig. 13 is firstly
considered. The through-channel 38 now no longer con-
nects the first inlet channel 30 to the first outlet channel
32. Rather, the inlet channel 30 is connected to the open-
ing 31 in the valve cylinder, into which a switch-over chan-
nel 31 runs out. The switch-over channel 31 a runs in the
connection block 24 at least partly also in the axial direc-
tion of the control pin and connects the opening 31 at the
first axial height, to the opening 33 at the middle axial
height, as is represented in the middle cross section in
Fig. 13. The opening 33 in the valve cylinder in the switch
position represented in Fig. 13 is aligned flush with the
through-channel 39 of the control pin, so that the switch-
over channel 39 is connected to the switch-over channel
34a which departs from the opening 34 and leads to the
second outlet channel 37. In this manner, the first inlet
channel 30 is connected to the second outlet channel 37.
Simultaneously, as is visible in the lower cross section
of Fig. 13, the second outlet channel 37 is no longer con-
nected via the control pin to the second inlet channel 35.
In this position of the control pin, rather the second inlet
channel 35 is connected by way of the branch-off channel
42 and a part of the through-channel 40 to the opening
36 and the switch-over channel 36. The switch-over
channel 36a for its part is connected to the first outlet
channel 32.
[0074] Thus in the switch position represented by way
of Fig. 13, the 2x2-way cross-over valve is completely
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switched-over, so that the entry channels are alternat-
ingly switched over to the outlet channels.
[0075] If now one of the drive pumps 6, 7 which are
connected to the inlet channels 30, 35 fails, then the re-
maining drive pump may be alternatingly switched over
to the two outlet channels 32, 37 and thus to the working
pumps which are connected to these, by way of switching
over between the positions represented in Fig. 12 and
Fig. 13.
[0076] To round off, the connection block 24 is shown
in a sectioned representation in Fig. 14, wherein the con-
trol pin 29 is shown whilst leaving out the valve cylinder.
The first entry channel is indicated at E1, the first exit
channel at A1, the second entry channel at E2 and the
second exit channel at A2. The through-channel 39 is
also shown.
[0077] A shape body 45 is shown at the lower end of
the control pin 29 and on which a permanent magnet
which is not shown is fastened, wherein this permanent
magnet may be driven in rotation by way of an electro-
magnet, in order to move the control pin between the
switch positions.
[0078] Fig. 15 in a schematic view shows the control
pin 29 with switch-over channels 31a, 34a which run in
the connection block, and Fig. 16 shows the respective
representation in the opposite viewing direction.
[0079] A reliably switchable valve for use with pneu-
matically activated blood pumps and which also has the
required service life may be created by way of the rep-
resented embodiment of a 2x2-way cross-over valve.
Friction and wear may for example be optimised by way
of the surfaces being based on ceramic with aluminium
or elematate coating, with a suitable dimensional toler-
ance.

Claims

1. A valve for the control of a fluid flow, with a connection
block (24) which comprises a cylinder-symmetrical
recess (25), wherein at least one first and a second
entry channel (20, 22, 30, 35) as well as a first and
a second exit channel (21, 23, 32, 37) run out in the
peripheral surface of the recess, as well as with a
control pin (29) which is fitted into the recess, is ro-
tatable about a rotation axis (29a), comprises at least
two through-channels (38, 39, 40, 41, 42) and con-
nects different ones of the entry and exit channels
of the connection block to one another depending
on its angular position, wherein a first through-chan-
nel (38, 41) in the pin exclusively connects channels
(30, 31, 32) running out at a first axial height with
respect to the rotation axis to one another, and a
second through-channel (40, 42) exclusively con-
nects channels (35, 36, 37) running out at a second
axial height, to one another, characterised in that
at least one first switch-over channel (36a), running
out at the first axial height in the peripheral surface

of the recess, is provided in the connection block
(24) and connects this run-out to a channel (36) run-
ning out at the second axial height.

2. A valve according to claim 1, characterised in that
at least one through-channel (3, 41, 40, 42), in par-
ticular the first and the second through-channel, runs
transversely through the pin (29) between in each
case a first and a second pin opening lying diamet-
rically opposite one another, and comprises a
branch-off channel (41, 42) which ends at a third pin
opening.

3. A valve according to claim 1 or 2, characterised in
that in the connection block (24), at least one second
switch-over channel (31 a, 34a) running out at the
second axial height in the peripheral surface of the
recess is provided, which connects this run-out to a
channel running out at the first axial height.

4. A valve according to one of the claims 1 to 3, char-
acterised in that the pin comprises a third through-
channel (39).

5. A valve according to claim 4, characterised in that
the third through-channel connects two sections of
a switch-over channel (31 a, 34a) to one another,
depending on the angular position of the pin.

6. A valve according to claim 4 or 5, characterised in
that the third through-channel (39) runs at an axial
height between the first and the second axial height.

7. A valve according to claim 1 or one of the following
ones, characterised in that the connection block
(24) comprises a valve hollow cylinder (26) which
receives the pin (29) and comprises seals for sealing
the channels between the pin and the connection
block.

8. A valve according to claim 1 or one of the following
ones, characterised in that the control pin (29) is
connected at one of its ends to a magnet which forms
a part of a rotary drive.

9. A valve according to claim 1 or one of the following
ones, characterised in that mechanical abutments
(44, 44a) are provided between the pin (29) and the
connection block (24), which define two end angle
positions of the pin.

10. A pump system with two drive pumps (6, 7) which
are connectable by way of fluid conduits (4, 5) in
each case to a working pump (2, 3) for delivering a
fluid, in particular blood, wherein both fluid conduits
run through a common valve (8) according to one of
the claims 1 to 9, and the valve (8) is designed as a
2x2-way cross-over valve.
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11. A method for the operation of a pump system with a
valve according to one of the claims 1 to 9, which is
connected to at least one operational drive pump (6,
7) and to two working pumps (2, 3) and is designed
as a 2x2-way cross-over valve, characterised in
that the valve alternatingly connects a drive pump
(6, 7) in each case to one of the working pumps (2, 3).

Patentansprüche

1. Ventil zur Steuerung eines Fluidflusses mit einem
Anschlussblock (24), der eine zylindersymmetrische
Ausnehmung (25) aufweist, wobei in der Mantelflä-
che der Ausnehmung mindestens ein erster und ein
zweiter Eingangskanal (20, 22, 30, 35) sowie ein ers-
ter und ein zweiter Ausgangskanal (21, 23, 32, 37)
münden, sowie mit einem in die Ausnehmung ein-
gepassten, um eine Drehachse (29a) drehbaren
Steuerzapfen (29), der wenigstens zwei Durch-
gangskanäle (38, 39, 40, 41, 42) aufweist und in Ab-
hängigkeit von seiner Winkelstellung verschiedene
der Eingangs- und Ausgangskanäle des Anschluss-
blocks miteinander verbindet, wobei ein erster
Durchgangskanal (38, 41) in dem Zapfen bezüglich
der Drehachse ausschließlich in einer ersten axialen
Höhe mündende Kanäle (30, 31, 32) und ein zweiter
Durchgangskanal (40, 42) ausschließlich in einer
zweiten axialen Höhe mündende Kanäle (35, 36, 37)
miteinander verbindet, dadurch gekennzeichnet,
dass in dem Anschlussblock (24) wenigstens ein
erster, in der ersten axialen Höhe in der Mantelfläche
der Ausnehmung mündender Umschaltkanal (36a)
vorgesehen ist und diese Mündung mit einem in der
zweiten axialen Höhe mündenden Kanal (36) ver-
bindet.

2. Ventil nach Anspruch 1, dadurch gekennzeichnet,
dass wenigstens ein Durchgangskanal (3, 41, 40,
42), insbesondere der erste und der zweite Durch-
gangskanal, quer durch den Zapfen (29) zwischen
je einer ersten und einer zweiten diametral einander
gegenüberliegenden Zapfenöffnung verläuft und ei-
nen Abzweigkanal (41, 42) aufweist, der an einer
dritten Zapfenöffnung endet.

3. Ventil nach Anspruch 1 oder 2, dadurch gekenn-
zeichnet, dass in dem Anschlussblock (24) wenigs-
tens ein zweiter, in der zweiten axialen Höhe in der
Mantelfläche der Ausnehmung mündender Um-
schaltkanal (31a, 34a) vorgesehen ist, der diese
Mündung mit einem in der ersten axialen Höhe mün-
denden Kanal verbindet.

4. Ventil nach einem der Ansprüche 1 bis 3, dadurch
gekennzeichnet, dass der Zapfen einen dritten
Durchgangskanal (39) aufweist.

5. Ventil nach Anspruch 4, dadurch gekennzeichnet,
dass der dritte Durchgangskanal in Abhängigkeit
von der Winkelstellung des Zapfens zwei Abschnitte
eines Umschaltkanals (31a, 34a) miteinander ver-
bindet.

6. Ventil nach Anspruch 4 oder 5, dadurch gekenn-
zeichnet, dass der dritte Durchgangskanal (39) auf
einer axialen Höhe zwischen der ersten und der
zweiten axialen Höhe verläuft.

7. Ventil nach Anspruch 1 oder einem der folgenden,
dadurch gekennzeichnet, dass der Anschluss-
block (24) einen Ventilhohlzylinder (26) aufweist, der
den Zapfen (29) aufnimmt und Dichtungen zum Ab-
dichten der Kanäle zwischen dem Zapfen und dem
Anschlussblock aufweist.

8. Ventil nach Anspruch 1 oder einem der folgenden,
dadurch gekennzeichnet, dass der Steuerzapfen
(29) an einem seiner Enden mit einem Magneten
verbunden ist, der einen Teil eines Drehantriebes
bildet.

9. Ventil nach Anspruch 1 oder einem der folgenden,
dadurch gekennzeichnet, dass mechanische An-
schläge (44, 44a) zwischen dem Zapfen (29) und
dem Anschlussblock (24) vorgesehen sind, die zwei
Endwinkelstellungen des Zapfens definieren.

10. Pumpensystem mit zwei Antriebspumpen (6, 7), die
mittels Fluidleitungen (4, 5) mit jeweils einer Arbeits-
pumpe (2, 3) zur Förderung einer Flüssigkeit, insbe-
sondere Blut,verbindbar sind, wobei beide Fluidlei-
tungen ein gemeinsames Ventil (8) nach einem der
Ansprüche 1 bis 9 durchlaufen und das Ventil (8) als
2x2-Wege-Kreuzventil ausgebildet ist.

11. Verfahren zum Betrieb eines Pumpensystems mit
einem Ventil gemäß einem der Ansprüche 1 bis 9,
das mit wenigstens einer arbeitsfähigen Antriebs-
pumpe (6, 7) und mit zwei Arbeitspumpen (2, 3) ver-
bunden und als 2x2-Wege-Kreuzventil ausgebildet
ist, dadurch gekennzeichnet, dass das Ventil eine
Antriebspumpe (6, 7) abwechselnd mit je einer der
Arbeitspumpen (2, 3) verbindet.

Revendications

1. Valve pour le contrôle d’un écoulement de fluide,
avec un bloc de connexion (24) comprenant un évi-
dement en cylindre symétrique (25), dans laquelle
au moins un premier et un deuxième canal d’entrée
(20, 22, 30, 35) ainsi qu’un premier et un deuxième
canal de sortie (21, 23, 32, 37) débouchent sur la
surface périphérique de l’évidement, et avec une
broche de contrôle (29) insérée dans l’évidement,

13 14 



EP 2 622 246 B1

9

5

10

15

20

25

30

35

40

45

50

55

laquelle est rotative autour d’un axe de rotation
(29a), comprend au moins deux canaux traversants
(38, 39, 40, 41, 42) et relie différents canaux parmi
les canaux d’entrée et de sortie du bloc de connexion
les uns aux autres, en fonction de sa position angu-
laire, dans laquelle un premier canal traversant (38,
41) dans la broche relie exclusivement les canaux
(30, 31, 32) sortant à une première hauteur axiale
par rapport à l’axe de rotation les uns aux autres, et
un deuxième canal traversant (40, 42) relie exclusi-
vement les canaux (35, 36, 37) sortant à une deuxiè-
me hauteur axiale, les uns aux autres, caractérisée
en ce qu’au moins un premier canal de commutation
(36a) débouchant à la première hauteur axiale sur
la surface périphérique de l’évidement est prévu
dans le bloc de connexion (24) et relie cette sortie à
un canal (36) sortant à une deuxième hauteur axiale.

2. Valve selon la revendication 1, caractérisée en ce
qu’au moins un canal traversant (3, 41, 40, 42), en
particulier le premier et le deuxième canal traversant,
s’étend transversalement à travers la broche (29),
dans tous les cas entre un premier et un deuxième
orifice de broche situés diamétralement à l’opposé
l’un de l’autre, et comprend un canal de bifurcation
(41, 42) finissant au niveau d’un troisième orifice de
broche.

3. Valve selon la revendication 1 ou 2, caractérisée
en ce que dans le bloc de connexion (24), il est prévu
au moins un deuxième canal de commutation (31a,
34a) débouchant à la deuxième hauteur axiale sur
la surface périphérique de l’évidement, lequel relie
cette sortie à un canal sortant à la première hauteur
axiale.

4. Valve selon l’une des revendications 1 à 3, carac-
térisée en ce que la broche comprend un troisième
canal traversant (39).

5. Valve selon la revendication 4, caractérisée en ce
que le troisième canal traversant relie deux sections
d’un canal de commutation (31a, 34a) l’une à l’autre,
selon la position angulaire de la broche.

6. Valve selon la revendication 4 ou 5, caractérisée
en ce que le troisième canal traversant (39) s’étend
à une hauteur axiale entre la première et la deuxième
hauteur axiale.

7. Valve selon la revendication ou l’une des suivantes,
caractérisée en ce que le bloc de connexion (24)
comprend un cylindre creux de valve (26) recevant
la broche (29) et comprenant des joints d’étanchéité
pour sceller les canaux entre la broche et le bloc de
connexion.

8. Valve selon la revendication 1 ou l’une des suivan-

tes, caractérisée en ce que la broche de contrôle
(29) est reliée par l’une de ses extrémités à un aimant
faisant partie d’un entraînement rotatif.

9. Valve selon la revendication 1 ou l’une des suivan-
tes, caractérisée en ce que des butées mécaniques
(44, 44a) sont prévues entre la broche (29) et le bloc
de connexion (24), lesquelles définissent deux po-
sitions angulaires finales de la broche.

10. Système de pompe avec deux pompes d’entraîne-
ment (6, 7) apte à être reliées par des conduits à
fluide (4, 5), dans tous les cas à une pompe de ser-
vice (2, 3) pour la délivrance d’un fluide, en particulier
du sang, dans lequel les deux conduits à fluide
s’étendent à travers une valve commune (8) selon
l’une des revendications 1 à 9, et la valve (8) est
conçue comme une valve croisée à 2x2 voies.

11. Procédé pour le fonctionnement d’un système de
pompe avec une valve selon l’une des revendica-
tions 1 à 9, laquelle est reliée à au moins une pompe
d’entraînement opérationnelle (6, 7) et à deux pom-
pes de service (2, 3), et conçue comme une valve
croisée à 2x2 voies, caractérisé en ce que la valve
relie alternativement une pompe d’entraînement (6,
7) respectivement à l’une des pompes de service (2,
3).
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