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Claims

ABSTRACT OF THE DISCLOSURE

A peristaltic pump having a plurality of compressible
tubes arranged in parallel relation and engageable by
rollers movable longitudinally of the tubes to compress
the tubes and advance liquid therethrough. The rollers
are carried by rotatable means and are spaced different
arcuate distances apart to cause a different or predeter-
mined length of the compressible tube to be confined
between the rollers whereby different amounts of fluid
may be advanced through each tube on each cycle of
operation even when using tubes having the same internal
diameter. The tubes are preferably supported by platens
of different radii or arcuate length to cooperate with the
rollers moving longitudinally of the tubes upon rotation
of the rotatable means.

————— R ———

This invention relates to fluid pumps and is directed
particularly to peristaltic pumps adapted for use in pro-
ducing mixtures of fluids for pathological, medicinal,
surgical, chemical, industrial or other purposes.

It has been common practice heretofore to provide
pumps for controlling the flow of a plurality of fluids
through tubes or passages at predetermined rates for mix-
ing or other purposes. Pumps of this type are of particular
value for use in pathological, hospital, chemical and in-
dustrial operations wherein it is desired to produce accu-
rately controlled mixtures of sera, solutions, liquids, gases
or the like. For this purpose, it is quite usual to pass the
fluids through compressible tubes of predetermined diam-
eter under the action of rollers or the like and in a
peristaltic manner wherein one roller after arother en-
gages and compresses each tube while moving longi-
tudinally thereof to confine and advance a predetermined
volume of fluid through the tube on each cycle of opera-
tion of the peristaltic means.

However, in order to vary the amount of any liquid or
fluid advanced in this manner, it has been usual to provide
tubes of different diameter so as to cause a different but
controlled volume of fluid to be delivered from each tube
in a given length of time or upon each cycle of operation
of the pumping means. As a result, it is generally neces-
sary to provide a relatively large number of tubes of
accurate and predetermined internal diameter in order to
permit the pumping equipment to be used in producing
the wide variety of types, concentrations, or mixtures of
fluids required in many applications and uses-of such
pumps. Moreover, tubes of the requisite accuracy in diam-
eter and quality are relatively expensive and must be
replaced frequently whereas the differences in the lumen
or internal diameter and delivery capacity of the tubes are
often so small that it is difficult to differentiate between
tubes ‘of different sizes. As a result, there is always a
possibility that a tube of the wrong size may be used and
the composition of the mixture being produced may not
be accurate or safe for its intended use.

In accordance with the present invention, these diffi-
culties and objections inherent:in peristaltic pumps of the
prior art are reduced or eliminated and means are pro-
vided whereby the accuracy of the mixtures produced
thereby may be more readily controlled and maintained.
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These results are preferably attained by providing peri-
staltic pumps with means for varying the length of each
or any tube which is confined and compressed in each
cycle of operation of the pumping means. In this way, it
is possible to reduce the number of different sizes of
tubes wihch are employed and it is even possible and
generally desirable to employ multiple tubes of uniform
internal diameter which may be interchangeably employed
to pump concurrently a great variety of different volumes
of fluids for any required purpose.

In the preferred embodiments of the invention herein
shown and described, such variation in the length of each
tube which is confined and compressed in each cycle of
operation is accomplished by locating the tubes on con-
centric arcuate platens having different radii and corre-
spondingly different circumferential lengths for any given
arc of rotation of the peristaltic pumping element used.

Accordingly, the principal objects of the present inven-
tion are to simplify the construction and improve the
operation of peristaltic pumps; to reduce the number of
tube sizes required for use in peristaltic pumps employed
for simultaneously providing different fluid volumes; and
to permit variation in the lenth of the tubes in which
fluid is confined and advanced in each cycle of operation
of a peristaltic pump. ’

A specific object of the present invention is to provide
peristaltic pumps embodying a plurality of compressible
tubes through which fluid is advanced by peristaltic pump-
ing means, with concentric arcuate platens or tube sup-
ports which have different radii.

These and other objects and features of the present
invention will appear from the following description
thereof wherein reference is made to the figures of the
accompanying drawings.

In the drawings:

FIG. 1 is a vertical sectional view through a portion of
a typical form of peristaltic pump embodying the present
invention;

E FIG. 2 is a plan view of the construction illustrated in
1G. 1;

FIG. 3 is a sectional view taken on the line 3—3 of
FIG. 2;

FIG. 4 is an enlarged view of a detail of the construc-
tion shown in FIGS. 1, 2, and 3 taken on the line 4—4
of FIG. 2; and

FIG. 5 is a diagrammatic sectional view through a por-
tion of an alternative driving connection for a peristaltic
pump embodying the present invention.

In that form of the invention chosen for purposes of
illustration in FIGS. 1 to 4 of the drawings, the pump
embodies a rotatable drive shaft 2 driven by a gear 4
or the like and having a plurality of discs 6, 8, 10, and 12
secured to the shaft by keys 14 or other suitable means
and held in place on the shaft by a threaded cap 15. For
purposes of illustration, four discs are shown with the
disc 6 being associated with a flexible tube 16; disc 8§ as-
sociated with the flexible tube 18; disc 10 associated with
a flexible tube 20; and disc 12 associated with a flexible
tube 22. However, any desired number of discs and tubes
may be employed in a single pumping assembly, depend-
ing upon how many fluids are to be pumped through the
tubes.

Each of the discs 6, 8, 10, and 12 is provided with a
plurality of radially extending arms 24, 26, and 28 which
are provided at their outer ends with rollers 38 that are
urged radially outwardly by a spring 32 to engage, com-
press, and collapse the lumen of one of the tubes through
which the fluid is to be pumped. The arms 24, 26 and
28 are adjustable radially on the discs by which they are
carried by means of bolts 34 or other means to assure
proper engagement of the rollers 30 thereon with the tube
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through which it is to pump fluid. Furthermore, if desired
each disc may be provided with any suitable or pre-
ferred number of arms and rollers sufficient to assure
continued engagement of the rollers with the tubes dur-
ing rotation and to prevent reverse flow of fluid in any
tube during operation.

As shown in FIGS. 1 and 2, the tubes 16, 18, 20, and
22 are each located in fixed positions on concentric
arcuate platens or tube supports 36, 38, 48, and 42 re-
spectively. The tubes are preferably permanently fixed
to cushioned mounting members 44, which as shown have
a bead or head 46 received within a groove 48 in the in-
ner arcuate face of the platen. The mounting members
44 have yieldable supporting side portions 58 which par-
tially embrace the tube and support the sides thereof so
as to aid in maintaining the normal rounded shape of
the tube. However, the side portions 5@ are flexible and
move outward when the tube is compressed, as shown in
FIG. 4, to form a cushion between the flattened tube
and the platen or tube support whereby they reduce or
prevent excessive pinching or cracking of the tube at
the sides 52 thereof upon repeated flexing of the sides
as the rollers 3¢ move along the tube. Furthermore, as
shown in FIG. 4, the platens 36, 38, 40, and 42 are
flanged along their arcuate faces by projections 61 that
further relieve the pressure of roller 30 against the flexi-
ble tubes to prevent the application of excessive pressure
against the tubes so as to prolong the life of the tubes
during operation.

As shown in FIGS. 1 and 2, the platens 36, 38, 40, and
42 are mounted in fixed position on a base 54 and present
inwardly facing, tube supporting arcuate surfaces con-
centric with the drive shaft 2 but spaced selected and
predetermined radial distances from the axis of rotation
of the shaft 2. Thus, the radius of the tube supporting sur-
face of the platen 36 is substantially greater than the
radius of the tube supporting surface of the platen 38. The
radii of the tube supporting surfaces and platens 40 and
42 are the same but are less than the radius of the platen
36 and greater than the radius of the platen 38. These
differences in the radii of the tube supporting surfaces
of the various platens serve to establish corresponding
and predetermined differences in the length of the cir-
cumferential arcs of the platens and the tubes supported
thereby which are intersected by the radially extending
arms 24, 26, and 28 and the rollers 3¢ carried thereby
as shown most clearly in FIG. 3. Therefore, it is pos-
sible to use flexible tubes having the same lumen or in-
ternal diameter on each platen, and yet at the same time,
the construction serves to vary the amount of fluid de-
livered from each tube on each cycle of rotation during
operation of the pump. The amount of fluid delivered
will depend in each case upon the radius and circumferen-
tial length of the tube and tube supporting surface with
which the rollers cooperate to advance the fluid.

As shown, by way of example in FIG. 3, the tubes 16,
18 and 28 supported on the platens 36, 38, and 40 are
all of the same internal diameter but the length of the
arc of the tube 36 which is engaged by the rollers 30
on the arms 24 and 26 during each cycle of rotation
is greater than the length of the arc of the tube 18 on
the platen 38. In a similar way, the length of the arc
of the tube 20 on platen 40 is greater than the length of
the arc of the tube 18 on platen 38 but is less than the
length of the arc of the tube 16 on platen 36. As a re-
sult, the amount of fluid confined and advanced through
each of the tubes 16, 18, and 20 by the rollers 30 on each
cycle of operation will be different and dependent upon
the radius and circumferential length of the arc of the
tube engaged by the rollers.

Further, by way of example as shown in FIGS. 1, 2,
and 3, the tube 22 supported on the platen 42 is of smal-
ler diameter than the tube 28 on the platen 40 although
the radii of the platens 48 and 42 is the same. It will thus
be apparent that, if desired, it is still possible to vary
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the amount of fluid pumped through any tube of the
equipment by the use of tubes of different internal diam-
eter without change in the construction or arrangement
of other elements of the assembly. Nevertheless, the num-
ber of sizes of tubes required to attain wide variation in
the amounts of the various fluids pumped by the equip-
ment can be reduced and in many instances only a single
size of tube will be required. The tubes are therefore
largely, if not completely, interchangeable for any pump-
ing operation and when producing any desired propor-
tioned mixture of fluids for whatever purpose desired.

Since the volume of fluid which is pumped through any
particular tube in accordance with the present invention
and the length of the tube within which the fiuid is con-
fined during the pumping operation is dependent upon
both the radius of the platen and the internal diameter of
the tube, it is desirable to provide a plurality of inter-
changeable platens of different radii for assembly on the
base 54 of the pump and to provide a series of tube
mounting members 44 for receiving tubes of different
sizes if desired. Selected platens and tube holders can then
be arranged in spaced relation by spacing blocks 56 so
as to be located in the planes of the interchangeable discs
and rollers rotated by drive shaft 2. The elements then
may be secured in place on the base by bolts 60 or the
like and the various tubes can be located in place and
connected to selected fluid sources and mixing chambers
or other means. As a result, it is readily possible to attain
a high degree of accuracy in the pumping and mixing
of fluids. At the same time, by interchange, substitutions,
or rearrangement of the various platen elements 36, 38,
40 and 42, etc., it is also possible to change the propor-
tions of the fluids being pumped through the tubes with
a minimum of difficulty and without the attendant danger
of error in the selection of the proper tubes to be em-
ployed for pumping predetermined amounts of given
fluids. Furthermore, all of the tubes employed may be
of the same diameter so as to be uniform and inter-
changeable, or in the alternative, only a very limited num-
ber of tubes of obviously different Jumen diameter may
be used so that identification and selection of the proper
tube to be used for handling any particular fluid can be
made quickly and with certainty.

In order to facilitate the changing or rearrangement of
the arcuate platens and the tubes carried thereby and in
order to permit ready adjustment of the rollers 3@ on the
rotatable discs 6, 8, 10, 12 etc., the assembly of platens
on tubes may be pivotally movable about pivot means 62
on the base 54, as shown in FIG. 2, if desired. In this
way, the assembled platens and tubes and the discs and
rollers rotated by drive shaft 2, are relatively movable
into and out of cooperating relation to permit ready sub-
stitution, replacement or variation thereof as desired.

While the peristaltic pumps of the present invention
have wide application and are of particular value in
pathology and chemical control procedures, they are also
adapted for use in industry and elsewhere. Moreover,
wherever employed, they can further be constructed to
provide for selective operation of any one or more of
the pumping elements independently or in cooperation
with other elements of the pump. Thus as shown in FIG.
5 of the drawings, the drive shaft 70 may be provided
with clutching means 72 for engaging and disengaging any
one or more of the discs 74 or other driving elements of
the pump in a selective manner. The clutching means
illustrated embodies an actuating rod 76 located within
the tubular drive shaft 70 and movable axially thereof by
suitable means such as a lever 78 operatively connected
to a solenoid 80 or the like. A spring 82 serves to urges
the actuating rod 76 downwardly to a position wherein
camming elements 84 on the rod are removed from the
pivoted dogs or clutching means 86. However, upon op-
eration of the solenoid 83 to tilt the lever 78 for raising
the actunating rod 76, the camming elements will serve to
rock the clutching means 86 about their pivots into posi-
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tions wherein the outer ends of the clutching means
project through adjacent openings in the shaft 70 to
engage and rotate the disc 74 with the shaft and any other
discs or pumping means driven by the shaft,

Constructions of this type may for example be used in
liquid dispensing equipment, such as “coffee machines”
to permit cream to be added to the coffee upon operation
of the solenoid 80, whereas black coffee only may be dis-
pensed when the solenoid 80 is rendered inactive or re-
mains idle.

The equipment may of course embody a plurality of
such clutching means for selective operation of any one
or more of the pumping elements of the assembly, and
the solenoid or control means therefore can be of a type
responsive to any condition such as the pH value or light
density of a liquid so as to modify the operation to main-
tain a constant condition or compensate for any devia-
tions from a predetermined norm.

It will thus be apparent that the various elements of
the pump can be changed or modified in many respects to
adapt the equipment for use in any particular instailation
or field of operation, In view thereof, it should be under-
stood that the particular embodiments of the invention
shown in the drawings and described above are intended
to be illustrative only and are not intended to limit the
scope of the invention.

1 claim:

1. A peristaltic pump comprising a plurality of arcuate
platen members spaced different radial distances from a
common axis, compressible tubes supported on said platen
members, pressure members presenting tube engaging
portions located different radial distances from said com-
mon axis and means for rotating said pressure members
about said common axis and into and out of engagement
with said tubes to cause different volumes of fluid to be
advanced through said tubes.

2. A peristaltic pump as defined in claim 1 wherein
tubes having the same internal diameter are supported on
platen means of different length whereby different volumes
of fluid will be advanced through said tubes on each cycle
of operation of said pressure meauns.

3. A peristaltic pump as defined in claim 1 wherein
the internal diameter of at least some of said tubes is
different.

4. A peristaltic pump as defined in claim 1 wherein
yieldable tube positioning members are located on the
surfaces of said platen means which are engaged by said
tubes.

5. A peristaltic pump as defined in claim 4 wherein
said yieldable tube positioning members have flexible side
portions movable into positions between the edges of said
tubes and the platen means upon compresion of said tubes
by said pressure means.

6. A peristaltic pump as defined in claim 4 wherein
said platen means are provided with marginal flanges
located between flexible side portions of the tube position-
ing members and said tubes to prevent the application of
pressure to said tubes in substantial excess of that re-
quired to close the lumen of said tubes.

7. In a peristaltic pump embodying a plurality of com-
pressible tubes arranged in parallel relation and a rotatable
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member rotatable about a fixed axis extending transversely
with respect to said tubes, the combination of one set of
rollers engageable with each of said tubes, the rollers
of each of said sets being arcuately spaced apart on said
rotatable member to compress the tubes at spaced points
thereon while being movable longitudinally of the tubes
to advance fluid through the tubes upon rotation of said
rotatable member, the tube engaging portions of the
rollers of at least one of said sets being spaced a different
radial distance from the fixed axis of the rotatable mem-
ber than the tube engaging portions of the rollers of an-
other of said sets.

8. A peristaltic pump as defined in claim 7 wherein
said rotatable means has a plurality of arcuately spaced
arms secured thereto, said rollers being mounted on said
arms and engageable with said tubes at spaced points
thereon, said rollers being selectively movable into posi-
tions wherein they are spaced different predetermined
distances from the axis of rotation of said rotatable means
and spaced different predetermined arcuate distances
apart.

9. A peristaltic pump as defined in claim 7 wherein at
least a portion of said compressible tubes have substan-
tially the same internal diameter,

10. A peristaltic pump as defined in claim 7 wherein
means are provided for selectively connecting said sets of
rollers to said shaft to cause any one or more thereof to
rotate with said shaft.

11. A peristaltic pump having a rotatable shaft with
a plurality of sets of radially extending arms secured
thereto, said arms being variable in length and each having
a roller located at the outer end thereof, a plurality of
platen members presenting concentric flanged arcuate
surfaces spaced different radial distances from the axis of
rotation of said shaft and grooved to receive flexible
supports to which are permanenily fixed compressible
tubes supported on the arcuate surfaces of said platen
members in position to be engaged, and compressed by
the rollers on one of said sets of arms to occlude the
lumen of said tubes upon rotation of said shaft to advance
fluid through said tubes, the length of said tubes sup-
ported by said platen members being equal fo the circum-
ferential length of the arcuate surfaces of the platen
member by which it is supported whereby the volume of
fluid confined and advanced through each of said tubes
by said rollers on each rotation of said shaft will be
dependent upon the length of the arcuate surface of the
platen member by which it is supported.
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