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Description

[0001] This invention relates to a peristaltic pump
which is suitable for use in systems for administration of
liquids to a patient.

[0002] Systems for administration of liquids to a pa-
tient are widely known. The manner of propelling the lig-
uid to the patient may be by gravitation, by means of
pressure applied on a deformable container, or by
means of a pump. In pump-operated administration sys-
tems, the pump must be capable of administering the
liquid in a controlled, continuous manner. A particular
example of a pump used in pump-operated administra-
tion systems is a peristaltic pump. However, peristaltic
pumps are subject to back flow problems.

[0003] EP 0526 962 discloses a two cycle peristaltic
pump for pumping fluid through a resilient tube, includ-
ing a pair of pumping fingers, a pair of pinching fingers
and a strain gauge to monitor the pressure inside the
tube.

[0004] In GB 2 071 222 a medical infusion system is
described, wherein use is made of a cassette, compris-
ing a pumping chamber and including means to attach
tubings thereto. In order to propel fluid in one direction
the volume of the pumping chamber is reduced by in-
serting an actuator, while the transport direction is se-
lected by occluding one of the two tubings.

[0005] According to US-P-4,869,646 a substantially
continuous fluid delivery in a peristaltic pump is
achieved by operating the pump at maximum speed
through most of the deadband regardless of the delivery
rate.

[0006] In EP O 214 443 a transfusion pump is dis-
closed, wherein a transfusion tube, a plurality of finger
plates and a reception plate opposite to the finger plates
for holding the other side of the transfusion tube are ar-
ranged. The finger plates are contacted with cams
mounted on a rotary shaft and are on their other side
provided slidably with guide elements.

[0007] EP-A-0858812, which was published after the
filing date of the present application but has an earlier
priority date and is therefore considered as comprised
in the state of the art pursuent to Article 54(3) and (4)
EPC, relates to a linear peristaltic pump, in which a first
cam and a first cam follower in the form of an input valve,
at least three intermediate cams and cam followers for
pumping operation and a last cam and a last cam fol-
lower in the form of an output valve are used.

[0008] Therefore there is a need for a peristaltic pump
which is able to administer the liquid in a controlled, con-
tinuous manner without back flow of liquid.

[0009] This invention relates to a peristaltic pump for
propelling liquid through a flexible tube segment, the
pump comprising:

a cam shaft carrying a plurality of cams each having
a driving surface, the driving surfaces of adjacent
cams being spaced at an angle to each other about
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the cam shaft;

a plurality of cam followers which are each recipro-
cal in a common direction perpendicular to the axis
of the cam shaft, each cam follower having a cam
surface riding on the driving surface of a cam and
a tube engaging surface for engaging the flexible
tube segment, at least one of the cam followers be-
ing a restriction cam follower of which the tube en-
gaging surface engages the flexible tube segment
for a longer period than that of the other cams; and
a motor for rotating the cam shaft whereby the cams
cause the cam followers to each engage and oc-
clude the flexible tube segment to form a propagat-
ing depression wave in the flexible tube segment
for propelling liquid; the restriction cam followers
preventing back flow of the liquid.

[0010] Preferably the tube engaging surfaces of the
restriction cam followers extend further from the cams
than the tube engaging surfaces of the other cam fol-
lowers. This may be provided by providing the tube en-
gaging surface of each restriction cam follower with a
planar tube engaging surface while the other cam fol-
lowers have a concave tube engaging surface.

[0011] A restriction cam follower is preferably mount-
ed as the terminal cam follower; especially as the termi-
nal cam follower in forward pumping direction of the
pump.

[0012] The restriction cam follower preferably retracts
to open the flexible tube segment only when the rear
terminal cam follower is fully extended.

[0013] Preferably the pump further comprises sensor
means for determining the direction and speed of rota-
tion of the cam shaft. The sensor means may comprise

a disc which rotates in accordance with the cam
shaft, the disc having a plurality of substantially
identical apertures through it equally spaced about
its axis; and

a pair of sensors mounted adjacent the disc in align-
ment with the apertures, the sensors being able to
determine whether both sensors are aligned in with
the same aperture, one sensor is aligned with an
aperture but the other is not; and both sensors are
not aligned with an aperture, the direction and
speed of rotation of the disc being computable from
this information.

[0014] Each cam is preferably aligned at an angle of
30° with respect to its adjacent cams. Twelve cams may
be provided.

[0015] The pump may further comprise a housing
having a chamber through which the tube segment ex-
tends and into which the cam followers reciprocally ex-
tend, the chamber having a removable wall element
which retains the tube segment between it and the tube
engaging surfaces of the cam followers.

[0016] The motor preferably may rotate the shaft
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clockwise and counter-clockwise, enabling liquid to be
propelled through the tube segment in both directions.
[0017] The cam followers are preferably arranged in
a linear array on the shaft and are arranged so that rev-
olution of the cam shaft causes a phase shift in the re-
ciprocation of the cam followers along the linear array.
Consequently, the occlusion "advances" in the tube seg-
ment from one tube portion to the next, in a continuous
wave-like manner. This propels the liquid through the
tube segment and hence to the patient through a liquid
flow set.

[0018] The pump preferably comprises one or more
sensors for measurement of flow parameters or param-
eters of indicative of the pressure within the tube seg-
ment. An example of a suitable sensor is a pressure sen-
sor which measures the diameter of the tube segment
(which is an indication of the liquid pressure within the
tube segment). A particular example of such a pressure
sensor is a strain gauge. The determination of the pres-
sure may be important in order to determine existence
of flow problems such as, for example, an occlusion in
the flow set, and the presence of leaks. Another exam-
ple of a suitable sensor may be a sensor which tests for
existence of air pockets or foam within the tube seg-
ment. A particular example of such a sensor is an ultra-
sonic sensor which measures the attenuation of an ul-
trasonic signal passing through the tube segment, which
is different for liquid or gas. The sensors may be coupled
to the control unit for the pump and upon detecting a
faulty flow parameter or existence of air pockets or foam,
the control unit may be induced to halt the pump, and
optionally also to generate an alarm signal.

[0019] Embodiments of the invention are now de-
scribed, by way of example only, with reference to the
drawings in which:

Fig. 1 is a front isometric view of a pump with the
receptacle door being open prior to engagement
with a tube segment of a flow set,

Fig. 2 shows a partial cross-section through lines
[I-11'in Fig. 1, with the door closed and a tube seg-
ment in the receptacle;

Fig. 3 is a rear isometric view of the pump, with the
cover removed to show the internal components;
Fig. 4 shows, in isolation, the metal support struc-
ture holding the electric motor and the cam shaft,
with some of the cams removed, to reveal the shaft;
Fig. 5 is an isometric view of a segment of the cam
shaft with several cams thereon illustrating the an-
gular diversion between neighbouring cams;

Fig. 6A and 6B show axial views of two kinds of
cams differing from one another in the angular ori-
entation of the shaft recessing bore;

Fig. 7 shows, in isolation, two cam followers, where
Fig. 7A shows a cam follower with a concave tube
engaging surface, and

Fig. 7B shows a terminal cam follower with a flat
tube engaging surface;
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Fig. 8 is a schematical representation showing a
side view of two different cam followers, both in two
operational states, where

Fig. 8A shows the cam followers in an extended po-
sition where they press and occlude a tube seg-
ment, and

Fig. 8B shows the cam followers in a retracted po-
sition disengaged from the tube segment so as to
fully open the bore to allow flow of liquid there-
through; and

Fig. 9 is a side view showing the cam shaft with the
cams mounted thereon, the cam followers and the
tube segment, in isolation, in continuous consecu-
tive phases of the pump's operation.

[0020] Referring to the drawings, a pump 10 compris-
es a housing 12 which has a user interface unit 14 and
a pumping assembly 16. The user interface 14 has a
key pad 18, an audio signalling element 20, and a dis-
play 22. The key pad 18 may be used to initiate or stop
the pump and for input of data such as flow rate, flow
time, and the like. The audio signalling element 20 is
typically a small loudspeaker for providing alarm sig-
nals.

[0021] The pumping assembly 16 is positioned in a
rectangular basin 26 in the housing 12 and includes a
motor support structure 33 and a door 28 which closes
the opening of the basin 26. The door 28 is hingedly con-
nected to the motor support structure 33 by pivoting
members 30, pivots 31 and hinge elements 32. The piv-
oting members 30 are integral with the door 28 and are
connected by the pivots 31 to the hinge elements 32
which are integral with the motor support structure 33.
The hinge elements 32 are situated at an end of a pro-
jection 32' of the motor support structure 33. The door
28 also includes a latch 34 having a release lever 35, a
biasing spring 36 and a hook 37. The hook 37 engages
with a lateral shoulder 38 of a locking recess 39 in the
housing 12 to lock the door 28 closed on the housing 12.
[0022] A channel 40 for receiving a flexible tube seg-
ment 42 of a flow set (not shown) extends across the
housing 12, between a pair of openings 42 and 44 in the
side walls of the housing 12. The channel 40 defines a
first axis 45. The channel 40 has a pair of well-shaped
portions 46 and 48 at either end which are separated by
a primary channel portion 50. The primary channel por-
tion 50 of the channel 40 has two pairs of opposing tube
centralising segments 54 and 56. Adjacent one opening
42, the channel 40 has a cavity 60, which together with
the opening 42, serves as a socket for receiving a
shaped connector 62 coupled in tube segment 42. The
fitting of the shaped connector 62 into the socket en-
sures correct engagement of the tube segment 42 with
the pump 10. Further, the cavity 60 may include a mi-
croswitch (not shown) to provide a signal to the control
unit of the pump 10 indicative of engagement of the tube
segment 42 with the pump 10.

[0023] Further the door 32 includes a pair of projec-
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tions 84 and 86 which, while door 32 is being closed,
assist in pushing the tube segment 42 tightly into the
channel 40.

[0024] A wall element 70 is pivotally coupled to the
pivots 31 by pivoting members 78. The wall element 70
has a planar, tube engaging face 72 and has two pairs
of recesses 74 in correspondence to centralising seg-
ments 54 and 56. The wall element 70 is coupled to the
door 32 by means of biasing springs 80, whereby clos-
ing of the door 32 imparts a biasing force on the wall
element 70.

[0025] Each well-shaped portion 46 and 48 has, at its
bottom surface (not shown) a sensor. One of the sen-
sors is an ultrasonic sensor to detect the constituents of
the liquid passing through the tube segment 42, in par-
ticular to determine whether it contains bubbles or air
pockets. The other sensor is a strain gauge for measur-
ing the diameter of the tube segment 42 to determine
the pressure of the liquid within the tube segment 42.
Any suitable sensors may be used Suitable sensors are
known.

[0026] The bottom surface of primary channel portion
50 of the channel 40 is lined with a fabric 90. Therefore,
once the tube segment 42 is placed into the channel 40
and the door 32 is closed, the tube segment 42 is re-
tained between the tube engaging face 72 of the wall
element 70 and the fabric 90 (see Fig. 2). The fabric 90
may be plastic film or the like. The fabric 90 serves to
protect the tube segment 42 against wear and tear.
[0027] The pumping mechanism of the pump 10 is
formed of a plurality of cams 100 and cam followers 94;
the embodiment shown having twelve. As best seen in
Figs. 2 and 7, the cam followers 94 have a tube engag-
ing surface 96 at one end and a cam surface 98 at their
opposite end. The cam surface 98 of each cam follower
94 bears on a cam 100. Certain of the cam followers 94
have a concave tube engaging surface 96 which serves
to centralise the tube segment 42 within the chamber
40. This prevents distortions in the linear arrangement
of the tube segment 42.

[0028] Each cam 100 is eccentrically fixed on a hex-
agonal shaft 102 which lies in an axis parallel to the first
axis 45. Due to the eccentric arrangement of the cams
100 on the hexagonal shaft 102, when the cams 100
rotate with the shaft 102, they induce the cam followers
94 to reciprocate linearly in a direction 106 normal to the
first axis 45. During this reciprocal movement, the cam
followers 94 move between a first, extended position
where they depress a portion of tube segment 42 to oc-
clusion, and a second, retracted position (as shown in
Fig. 2), where the bore 43 of the tube segment 42 is
open to allow liquid flow.

[0029] As bestillustrated in Fig. 6, each cam 100 has
a hexagonal bore 140 into which the hexagonal shaft
102 is received. Further each cam 100 has a crescent-
shaped recess 142 in each face. A cylindrical bore 144
extends through each cam 100, from the recess 142 in
one face to the recess 142 in the other face. A cylindrical
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pin 146 projects outwardly from one face of the cam 100
from within the recess 142. The angle between the cy-
lindrical bore 144 and the cylindrical pin 146 on the face,
measured from the centre of bore 140, is 30°.

[0030] The cams 100 are provided in two different
configurations. One configuration is illustrated as cam
100" in Figs. 6A. In this configuration, the crescent-
shaped recess 142 is centrally aligned above a side of
the hexagonal bore 140. The other configuration is illus-
trated as cam 100" in Fig. 6B. In this configuration, the
crescent-shaped recess 142 is centrally aligned above
an apex of the hexagonal bore 142. Hence the two con-
figurations differ from one another in the relative orien-
tation of the hexagonal bore 144 with respect to the re-
mainder of the cam 100, the difference in orientation be-
ing 30°.

[0031] The cams 100 are mounted on the hexagonal
shaft 102 such that a cam 100' of one configuration is
followed by a cam 100" of the other configuration. In this
way, adjacent cams 100 are aligned at an angle of 30°
with respect to one another. When mounted on the hex-
agonal shaft 102, the cylindrical pin 146 projecting from
one cam 100’ fits into the cylindrical bore 144 of the ad-
jacent cam 100". In this way, a linear array of cams 100
is obtained, with each cam 100 aligned at an angle of
30° from any adjacent cam 100. The sum of the angles
between all twelve cams 100, namely between the first
cam 100 in the array and the last one, is 330°. This
means that there is a phase difference of 30° in the re-
ciprocation cycle of the cam follower 94 at one end and
that at the other end.

[0032] Ascanbe bestseeninFig. 3, the cam surfaces
98 of the cam followers 94 protrude through openings
112 in the motor support structure 33 towards the cams
100. The cams 100 are arranged in three groups of four
cams each, each group corresponding to one of the
openings 112. The three groups are separated from one
another by spacer elements 111.

[0033] Eachspacerelement 111 has acylindrical bore
at one end for receiving a cylindrical pin 146 projecting
from the adjacent cam 100. Also, each spacer element
111 is provided with a cylindrical pin (not shown) at an
opposite end for engaging in the cylindrical bore 144 of
a cam 100 at that end. A ring (not shown) is mounted at
both ends of the array of cams 100 to hold the cams 100
in position on the hexagonal shaft 102. The ring at one
end has a cylindrical pin for engaging in the cylindrical
bore 144 of the adjacent cam 100 and the ring at the
other end has a cylindrical bore for receiving the cylin-
drical pin 146 of its adjacent cam 100.

[0034] One of the cam followers, a restriction cam fol-
lower 94', illustrated in Fig. 7B, extends further, in its ex-
tended position, towards the tube segment 42 as com-
pared to the other cam followers 94. This may be pro-
vided in a number of ways. For example, the restriction
cam follower 94' may be slightly longer than the other
cam followers 94. Alternatively, if the cam followers 94
have a concave tube engaging surface 96, the restric-
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tion cam follower 94' may be provided with a straight or
convex tube engaging surface 96'. In the case where
the restriction cam follower 94'is provided with a straight
tube engaging surface 96', the overall length of the re-
striction cam follower 94' is the same as that of all the
other cam followers 94. If all cam followers 94 were iden-
tical, the tube segment 42 at the front cam follower 94
would open prior to complete occlusion of the tube seg-
ment 42 at the rear cam follower 94. This would result
in a small degree of back flow of fluid in the small time
interval prior to complete occlusion of the tube segment
42 at the rear cam follower 94. However, by providing a
restriction cam follower 94', this problem may be avoid-
ed. Ordinarily the pump 10 has one pumping direction
which is defined as the forward pumping direction. The
restriction cam follower 94' is preferably positioned as
the forward terminal cam follower.

[0035] The fully extended and fully retracted position
of a standard cam follower 94 and a restriction cam fol-
lower 94' are illustrated in Figs. 8A and 8B. Fig. 8A illus-
trates both types of cam follower 94 and 94' in their fully
extended position in which they occlude a portion of the
tube segment 42 through the intermediary of the fabric
90. In the case of the standard cam follower 94, the sad-
dle 148 of the tube engaging surface 96 engages the
tube segment 42. Because the restriction cam follower
94' has a planar tube engaging surface 96', the tube en-
gaging surface 96' extends further towards wall 72 and
thus squeezes the tube segment 42 to a greater extent
as compared to the standard cam follower 94. Both
types of cam follower 94 and 94' are illustrated in Fig.
8B in their fully retracted position with the tube segment
42 fully opened to allow flow of liquid through its bore 43.
[0036] An electric motor 108 is fixed on the motor sup-
port structure. This can best be seenin Fig. 4. The elec-
tric motor 108 has a gear wheel 120 coupled to a gear
wheel 122 on the hexagonal shaft 102. The motor 108
is connected to a control unit 136 through a cable 138.
[0037] An encoder wheel 124 is fixed onto the end of
the hexagonal shaft 102. The encoder wheel 124 has a
plurality of openings 126 through it and arranged in a
circle about the centre of the encoder wheel 124. Each
opening 126 is of exactly the same size and shape as
each other opening 126. Further, each opening 126 is
positioned a distance from the centre of the encoder
wheel 124 equal to that of any other opening 126. Also,
the angle between any pair of openings 126 is the same
as that between any other pair of openings such that the
openings 126 are equi-spaced around the centre of the
encoder wheel 124. The arc distance between each pair
of openings 126 is approximately the same as the arc
dimension of each opening 126.

[0038] A pair of optical sensors 130 are fixed to the
motot support structure 33 in close proximity to the en-
coder wheel 124 and to each other. The optical sensors
130 are aligned with the openings 126 such that they
may determine whether there is an opening 126 in front
of them or not. Further, the distance between the optical
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sensors 130 is such that both sensors may be aligned
in front of an opening 126 or in front of the area between
a pair of openings 126.

[0039] At any point in the rotation of the encoder
wheel 124, four possible situations exist. First, both sen-
sors may be in front of an opening 126. Secondly, the
first sensor may be in front of an opening 126 while the
second is in front of the area between two openings 126.
Thirdly, the second sensor may be in front of an opening
126 while the first is in front of the area between two
openings 126. Finally, both sensors may be in front of
the area between two openings 126. Hence the sensors
130 may be used to monitor the direction and speed of
rotation of the openings 126 and hence may be used to
determine the direction and speed of rotation of the
pump 10. From this, the direction of flow and the flow
rate of the liquid through the tube segment 42 may be
determined.

[0040] The sensors 130 are preferably controlled
such that, if one sensor is not working, the other sensor
130 will not function. This prevents mis-counting prob-
lems which may arise if only one sensor 130 were op-
erating.

[0041] Fig. 9 shows three continuous consecutive
phases of the operation of the pump 10. As the cam
shaft 102 and the cams 100 turn, the point of occlusion
of the tube segment 42 advances from left 150 (Fig. 9A)
towards the middle of the segment 152 (Fig. 9B) and to
the right 154 (Fig. 9C) in a wave-like fashion. This se-
quence is repeated continuously and thus a body of lig-
uid is continuously propelled from left to right. The re-
striction cam follower 94" is typically the right most one.
Since it extends further in its extended position, it oc-
cludes the tube segment 42 for somewhat longer than
the other cam followers 94. This prevents back flow of
liquid.

[0042] Numerous modifications may be made to the
embodiments described above without departing from
the scope of the invention. For example, it is not neces-
sary to use twelve cams 100; any suitable number of
cams 100 may be used. Also, it is not necessary to use
a hexagonal shaft 102. Instead a shaft of any suitable
cross-section may be used. For example, if a shaft 102
of octagonal cross-section is used, adjacent cams 100
will be aligned at an angle of about 22.5° with respect
to each other. In this case, the total number of cam 100
will conveniently be 16. Further, the cams 100 need not
be mounted on the shaft 102 in groups of 4.

[0043] Further, the embodiment described causes a
single propagating depression in the tube segment.
However, this is not essential and the cams 100 may be
arranged to cause the depression wave to have more
than one cycle.

Claims

1. A peristaltic pump (10) for propelling liquid through
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a flexible tube segment (42), the pump comprising:

a cam shaft (102) carrying a plurality of cams
(100, 100", 100") each having a driving surface,
the driving surfaces of adjacent cams being
spaced at an angle to each other about the cam
shaft;

a plurality of cam followers (94, 94') which are
each reciprocal in a common direction perpen-
dicular to the axis of the cam shaft, each cam
follower (94, 94') having a cam surface riding
on the driving surface of a cam and a tube en-
gaging surface for engaging the flexible tube
segment (42), at least one of the cam followers
(94, 94') being a restriction cam follower (94")
of which the tube engaging surface engages
the flexible tube segment (42) for a longer pe-
riod than that of the other cam followers (94);
and

a motor (108) for rotating the cam shaft (102)
whereby the cams (100, 100, 100") cause the
cam followers (94, 94') to each engage and oc-
clude the flexible tube segment (42) to form a
propagating depression wave in the flexible
tube segment (42) for propelling liquid; the re-
striction cam followers (94') preventing back
flow of the liquid.

A pump according to claim 1 in which the tube en-
gaging surfaces of the restriction cam followers
(94") extend further from the cams (100, 100", 100")
than the tube engaging surfaces of the other cam
followers (94).

A pump according to claim 2 in which the tube en-
gaging surfaces of the restriction cam followers
(94") have a planar tube engaging surface while the
other cam followers (94) have a concave tube en-
gaging surface.

A pump according to any of claims 1 to 3 in which
a restriction cam follower (94') is mounted as a ter-
minal cam follower.

A pump according to claim 4 in which the restriction
cam follower (94') is mounted as the terminal cam
follower in forward pumping direction of the pump.

A pump according to Claim 5 in which the terminal
cam follower retracts to open the flexible tube seg-
ment (42) only when the rear terminal cam follower
is fully extended.

A pump according to any of claims 1 to 6 further
comprising sensor means for determining the direc-

tion and speed of rotation of the cam shaft (102).

A pump according to claim 7 in which the sensor
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10.

means comprises:

adisc which rotates in accordance with the cam
shaft (102), the disc having a plurality of sub-
stantially identical apertures (126) through it
equally spaced about its axis; and

a pair of sensors (130) mounted adjacent the
disc in alignment with the apertures (126), the
sensors (130) being able to determine at any
point in time whether both sensors are aligned
in with the same aperture, one sensor is aligned
with an aperture but the other is not; or both
sensors are not aligned with an aperture, mon-
itoring of the changes in alignment of the sen-
sors with the apertures enabling the direction
and speed of rotation of the disc to be comput-
ed.

A pump according to any of claims 1 to 8 in which
each cam (100, 100", 100") is aligned at an angle of
30° with respect to its adjacent cams (100, 100/,
100").

A pump according to any of claims 1 to 9 in further
comprising a housing (12) having a chamber
through which the tube segment (42) extends and
into which the cam followers (94, 94') reciprocally
extend, the chamber having a removable wall ele-
ment (70) which retains the tube segment between
it and the tube engaging surfaces of the cam follow-
ers.

Patentanspriiche

1.

Peristaltische Pumpe (10) zum Vorantreiben von
Flissigkeit durch ein flexibles Leitungssegment
(42), wobei die Pumpe folgendes umfalfit:

eine Nockenwelle (102), die eine Vielzahl von
Nocken (100, 100', 100") tragt, die jeweils eine
Antriebsflache aufweisen, wobei die Antriebs-
flachen benachbarter Nocken in einem Winkel
um die Nockenwelle zueinander beabstandet
sind;

eine Vielzahl von NockenstdReln (94, 94'), die
jeweils reziprok in einer gemeinsamen Rich-
tung senkrecht zu der Achse der Nockenwelle
liegen, wobei jeder Nockenstofel (94, 94') eine
Nockenflache, die auf der Antriebsflache eines
Nocken reitet, und eine Leitungseingriffflache
zum In-Eingriff-Nehmen des flexiblen Leitungs-
segments (42) aufweist, wobei zumindest einer
der NokkenstdRel (94, 94') ein Beschrankungs-
nockenstoflel (94') ist, dessen Leitungseingriff-
flache das flexible Leitungssegment (42) eine
langere Zeitdauer in Eingriff nimmt, als die der
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anderen Nockenst6Rel (94); und

einen Motor (108) zum Drehen der Nockenwel-
le (102), wodurch die Nocken (100, 100", 100")
die NockenstolRel (94, 94') veranlassen, jeweils
das flexible Leitungssegment (42) in Eingriff zu
nehmen und zu verschlie3en, um eine sich fort-
pflanzende Depressionswelle in dem flexiblen
Leitungssegment (42) zu bilden, um Flussigkeit
voranzutreiben, wobei die Beschrankungsnok-
kenstoRel (94') einen Riickflul® der Flissigkeit
verhindern.

Pumpe nach Anspruch 1, bei der sich die Leitungs-
eingrifflachen der BeschrankungsnockenstéRel
(94") weiter von den Nocken (100, 100", 100") als
die Leitungseingriffflachen der anderen Nockensto-
Rel (94) erstrecken.

Pumpe nach Anspruch 2, bei der die Leitungsein-
griffsflachen der BeschrankungsnockenstdfRel (94')
eine ebene Leitungseingriffflache aufweisen, wah-
rend die anderen NockenstdRel (94) eine konkave
Leitungseingriffflache haben.

Pumpe nach einem der Anspriiche 1 bis 3, bei der
ein Beschrankungsnockenstofiel (94') als ein ab-
schlieRender NockenstdRRel montiert ist.

Pumpe nach Anspruch 4, bei der der Beschran-
kungsnockenstdRel (94') als der in Vorwartspump-
richtung der Pumpe letzte NockenstdRel montiert
ist.

Pumpe nach Anspruch 5, bei der sich der
AbschluRnockenstoel zuriickzieht, um das flexible
Leitungssegment (42) nur zu 6ffnen, wenn der hin-
tere abschliellende NockenstoRel vollstandig aus-
gestreckt ist.

Pumpe nach einem der Anspriiche 1 bis 6, deswei-
teren mit Sensormitteln zum Bestimmen der Rota-
tionsrichtung und der Drehzahl der Nockenwelle
(102).

Pumpe nach Anspruch 7, bei der die Sensarmittel
folgendes umfassen:

eine Scheibe, die sich in Ubereinstimmung mit
der Nockenwelle (102) dreht, wobei die Schei-
be eine Vielzahl von im wesentlichen identi-
schen Durchgangséffnungen (126) aufweist,
die um ihre Achse gleichbeabstandet sind; und

einem Paar Sensoren (130), die benachbart
der Scheibe in Ausrichtung mit den Offnungen
(126) montiert sind, wobei die Sensoren fahig
sind, bei jedem Zeitpunkt zu bestimmen, ob
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9.

10.

beide Sensoren mit der gleichen Offnung aus-
gerichtet sind, ob ein Sensor aber nicht der an-
dere mit einer Offnung ausgerichtet ist, oder ob
beide Sensoren nicht mit einer Offnung ausge-
richtet sind, wobei es das Uberwachen der An-
derungen der Ausrichtung der Sensoren mit
den Offnungen erméglicht, die Rotationsrich-
tung und die Drehzahl der Scheibe zu berech-
nen.

Pumpe nach einem der Anspriiche 1 bis 8, bei dem
jeder Nocken (100, 100", 100") in einem Winkel von
30° bezlglich seiner benachbarten Nocken (100,
100', 100") ausgerichtet ist.

Pumpe nach einem der Anspriiche 1 bis 9, deswei-
teren mit einem Gehause (12), das eine Kammer
umfaBt, durch die sich das Leitungssegment (42)
erstreckt, und in die sich die NockenstoRel (94, 94")
reziprok erstrecken, wobei die Kammer ein entfern-
bares Wandelement (70) umfalit, das das Leitungs-
segment zwischen sich und den Leitungseingrifffla-
chen der NockensttRel halt.

Revendications

1.

Pompe péristaltique (10) servant a propulser du li-
quide a travers un segment de tube flexible (42), la
pompe comprenant :

un arbre a cames (102) supportant une pluralité
de cames (100, 100', 100") ayant chacune une
surface motrice, les surfaces motrices des ca-
mes adjacentes étant espacées d'un certain
angle les unes par rapport aux autres autour de
I'arbre a cames ;

une pluralité de contre-cames (94, 94') qui ef-
fectuent chacune un mouvement alternatif
dans une direction commune perpendiculaire a
I'axe de I'arbre a cames, chaque contre-came
(94, 94') ayant une surface de came emboitée
sur la surface motrice d'une came et une sur-
face d'engagement de tube servant a engager
le segment de tube flexible (42), 'une au moins
des contre-cames (94, 94') étant une contre-
came de restriction (94') dont la surface d'en-
gagement de tube engage le segment de tube
flexible (42) pendant une période plus longue
que celle des autres contre-cames (94) ; et

un moteur (108) servant a faire tourner l'arbre
a cames (102), moyennant quoi les cames
(100, 100', 100") font que chacune des contre-
cames (94, 94') engage et occlue le segment
de tube flexible (42) pour former une onde de
dépression de propagation dans le segment de
tube flexible (42) servant a propulser le liquide ;
les contre-cames de restriction (94') empé-



13 EP 0 872 252 B1 14

chant le reflux du liquide.

Pompe selon la revendication 1 dans laquelle les
surfaces d'engagement de tube des contre-cames
de restriction (94') se déploient davantage depuis
les cames (100, 100', 100") que les surfaces d'en-
gagement de tube des autres contre-cames (94).

Pompe selon la revendication 2 dans laquelle les
surfaces d'engagement de tube des contre-cames
de restriction (94') ont une surface d'engagement
de tube plane tandis que les autres contre-cames
(94) ont une surface d'engagement de tube conca-
ve.

Pompe selon l'une quelconque des revendications
1 a 3 dans laquelle une contre-came de restriction
(94") est montée comme contre-came terminale.

Pompe selon la revendication 4 dans laquelle la
contre-came de restriction (94') est montée comme
contre-came terminale dans le sens de pompage
avant de la pompe.

Pompe selon la revendication 5 dans laquelle la
contre-came terminale se rétracte pour n'ouvrir le
segment de tube flexible (42) que lorsque la contre-
came terminale arriére est entiérement déployée.

Pompe selon I'une quelconque des revendications
1 a 6 comprenant en outre un moyen de captage
pour déterminer le sens et la vitesse de rotation de
I'arbre a cames (102).

Pompe selon la revendication 7 dans laquelle le
moyen de captage comprend :

un disque qui tourne en méme temps que l'ar-
bre a cames (102), le disque ayant une pluralité
d'ouvertures (126) substantiellement identi-
ques le traversant, espacées régulierement
autour de son axe ; et

une paire de capteurs (130) montés de maniére
adjacente au disque, en alignement avec les
ouvertures (126), les capteurs (130) étant ca-
pables de déterminer a n'importe quel instant
siles deux capteurs sont alignés avec la méme
ouverture, si un capteur est aligné avec une
ouverture mais pas l'autre ; ou si les deux cap-
teurs ne sont alignés avec aucune ouverture,
la surveillance des changements dans l'aligne-
ment des capteurs avec les ouvertures permet-
tant le calcul du sens et de la vitesse de rotation
du disque.

Pompe selon I'une quelconque des revendications
1 a 8 dans laquelle chaque came (100, 100", 100")
est alignée a un angle de 30° par rapport a ses ca-
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10.

mes adjacentes (100, 100", 100").

Pompe selon I'une quelconque des revendications
1 a9 comprenant en outre un boitier (12) ayant une
chambre a travers laquelle le segment de tube (42)
est déployé et dans laquelle les contre-cames (94,
94') se déploient dans un mouvement alternatif, la
chambre ayant une paroi amovible (70) qui retient
le segment de tube entre elle-méme et les surfaces
d'engagement de tube des contre-cames.
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