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(54) Peristaltic pumps

(57) In a peristaltic pump comprising a face having an internal surface 13 for supporting a flexible tube in a
tube pumping region, and a rotor 26 rotatably mounted about a rotor axis and carrying rollers 28 that
travel in a circular path adjacent to the tube pumping region, the rollers having a large diameter central
portion between smaller diameter portions (shown as conical portions) to cause the tube to be self-aligning
at the central portion. Also a cover 32 is mounted on the race for movement in a direction parallel to the
rotation axis between a loading position spaced from the race sufficiently to permit insertion of the tube
through a tube insertion opening into a tube mounting’region (Fig. 4) and the operational position shown in
which the tube insertion opening is closed. Self-loading of the tube into the pump is facilitated by the small
diameter end portion and the adjacent larger diameter portion of the rollers.
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SPECIFICATION
Peristaltic pumps

This invention relates to peristaltic pumps.

In peristaltic pumps a flexible tube is com-
pressed between rollers that are carried by a
rotor and travel along a circular path and a
race with a surface adjacent to and concentric
with the path of the rollers. As the occluded
portion of the tube is advanced, the fluid of it
is forced to travel through the tube. In some
pumps the tube is maintained in proper posi-
tion on the rollers through the use of guides
that are on the rotor and move with respect
to the tube.

In accordance with a first aspect of the pre-
sent invention, we provide a peristaltic pump
comprising: a rotor rotably mounted about a
rotor axis and carrying rotor rollers that travel
in a circular path and have a large diameter
central roller portion between samller diameter
roller portions, and a race having an internal
surface for supporting a flexible tube pumping
region between it and said circular path, said
surface including points that are at equal radii
from said rotor axis in planes that are perpen-
dicular to said rotor axis, the shape of said
rotor rollers causing said tube to be self-
aligning at said central roller portion.

In preferred embodiments the race against
which the roller compresses the tube has
large and small diameter portions matching
those of the roller; the large diameter portion
of the roller is cylindrical, and the smaller dia-
meter portions are conical; and the rollers are
spring-biased radially outward.

In a second and alternative aspect of this
invention, there is provided a peristaltic pump
comprising: a rotor rotatably mounted about a
rotor axis and carrying rotor rollers that travel
in a circular path; a race with an internal sur-
face for supporting a flexible tube in a tube
pumping region between it and said circular
path, said surface including points that are at
equal radii from said rotor axis in planes per-
pendicular to said rotor axis; and a cover
mounted on said race for movement in a di-
rection parallel to said rotation axis between a
loading position spaced from said race suffice-
intly to permit insertion of said tube through a
tube insertion opening into a tube mounting
position adjacent to said tube pumping region
and an operational position in which said tube
insertion opening is closed. In preferred em-
bodiments the cover has a lip that extends
over the region adjacent to the tube so as to
block the tube from leaving the region be-
tween the rotor and race during operation;
there is a lifter mounted on the cover that
helps pull the tube outward; and the cover
has a faceplate that is pivotally and lockably
mounted to permit access to the rotor.

We provide in a third alternative aspect of
this invention, a peristaltic pump comprising; a
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rotor rotatably mounted about a rotor axis and
carrying rotor rollers that travel in a circular
path; and a race with an internal surface defin-
ing a portion of a circle for supporting a flexi-
ble tube in a tube pumping region between it
and said circular path, said surface including
points that are at equal radii from said rotor
axis in planes that are perpendicular to said
rotor axis; said internal surface of said race
extending beyond said rollers in a direction
parallel to said rotor axis so as to partially
define a tube mounting region adjacent to said
tube pumping region; and said rollers having a
small diameter portion at an end adjacent to
said tube mounting region and a large dia-
meter central portion adjacent to said small
diameter portion to cause said tube to be self-
loaded, during rotation of said rotor, from said
tube mounting region to said tube pumping
region.

The invention is hereinafter more particularly
described by way of example only, with refer-
ence to the accompanying drawings, in
which:-

Figure. 1 is an elevation of an embodiment
of peristaltic pump according to the invention
shown with a disposable fluid chamber cas-
sette carrying a U-shaped flexible tube used in
the pump;

Figure. 2 is a bottom view showig the driv-
ing mechanism for the Fig. 1 pump;

Figure. 3 is a partial, horizontal sectional
view, taken at 3-3 of Fig. 1, showing a roller,
the facing race and associated parts of the
Fig. 1 pump;

Figure. 4 and 5 are horizontal sectional
views, taken at 5-b of Fig. 1, showing the
cover of the Fig. 1 apparatus in different posi-
tions; and

Figure. 6 and 7 are side elevations, taken at
7-7 of Fig. 1, showing the cover of the fig. 1
apparatus in different positions.

Referring to Fig. 1, there is shown peristaltic
pump 10 mounted on the front of a dialysate
preparation machine (only front support plate
12 is shown) in a position to receive flexible
tube 13 of disposable fluid chamber cassette
15, mounted next to pump 10 on front plate
12 by jaws 18. Pump 10 includes race 14
having internal surface 16 defining a half of a
circle and straight tangential portions 22, 24
leading to it. Wall 17 has slots 19 through
which tube 13 passes. Pump rotor 26 carries
rollers 28 on roller supports 29, which are
pivotally mounted at one end and spring-bi-
ased radially outward at the other end. Cover-
ing race 14 and rotor 26 is movable cover
30, which includes generally U-shaped tube
guide 32 and lockable clear plastic cover 34
pivotally mounted thereon.

Referring to Figs. 1, 2, 6 and 7 it is seen
that tube guide 32 of cover 30 is slidably
mounted on guide shafts 36 and connected to
threaded shaft 38, which is displaceable along
its longitudinal axis by stepper motor 40,
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mounted on support plate 42. Rotor motor 44
is also shown in Figs. 2, 6 and 7.

Referring to Fig. 3, it is seen that roller 28
(acetal with 20% TFE content, Derlin AF) has
large diameter central portion 46 (0.955"
2.4257 cm), and conical small diameter por-
tions 48, which each are at a 10°angle and
end at a face having a 0.8897(2.25806 cm)
diameter. Internal surface 16 of side wall 50
has a similar large diameter portion 52 aligned
with large diameter portion 46 of roller 28
and adjacent angled small diameter portions
54 aligned with conical portions 48 of roller
28. Tube 13 is occluded in tube-pumping re-
gion 56 between roller 28 and internal surface
16. Outward of tube-pumping region 56 is
tube mounting region b8, which is occupied
by lip 60 of tube guide 32 when in the opera-
tional position shown in Fig. 3.

Referring to Fig. 4, it is seen that tube
guide 32 includes lifter 62, which is a roller
supported on arm 64, carried by tube guide
32.

In operation, at the beginning of use with a
new patient, cover 30 is moved to the loading
position shown in Fig. 6, through plastic cover
34, not open during normal operation, wouid
be closed. Cassette 15 is moved by the oper-
ator in front of jaws 18 in position for en-
gagement by them; at the same time, tube
loop 13 is moved through tube insertion
opening 66 and placed in tube mounting re-
gion 58.

Pump 10 automatically loads tube loop 13
by actuating stepper motor 40 to pull
threaded shaft 38 inward, causing tube guide
32 to move toward race 14 at the same time
that rotor 26 rotates counterclockwise. The
action of rollers 28 on tube 13 in tube mount-
ing region 58 causes tube 13 to be pulled
into tube-pumping region 56. The increasing
radius of conical portion 48 causes tube 13 to
be moved to large central diameter portion
46. As tube guide 32 continues moving to-
ward race 14, lip 60 partially occupies and
blocks tube mounting region 58, preventing
tube from returning to it. In the operating po-
sition (Fig. 7), cover 34 completely covers the
region around rotor 26.

During pumping operation, tube 13 main-
tains proper alignment at central portion 46,
because if the tube tends to travel to the
smaller diameter portions, it is directed back
to the large diameter portion owing to the
differences in linear velocity of the surface of
the roller from the edge to the crown. Be-
cause internal surface 16 of race 14 similarly
has matching small diameter conical portions
54, in the event that tube 13 does temporarily
move off of the large diameter portion, it is
prevented from becoming unoccluded and per-
mitting fluid flow past the roller.

When cassette 15 and tube 13 are to be
removed, stepper motor 40 is actuated, caus-
ing tube guide 32 to move outward. At the
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same time, lifter 62, connected to tube guide
32 and moving from the Fig. 5 position to the
Fig. 4 position, lifts the leading portion of
tube 13 outward beyond rollers 28 into tube
mounting region 58 as they continue to rotate
counterclockwise. When tube guide 32 is in
the position shown in Fig. 6, tube 13 is free
to move outward through insertion opening 66
when cassette 15 is removed from the ma-
chine by the operator.

In the loading position, there is only a very
small opening to the tube mounting region
around the rotor, reducing the possibility that
an operator might accidentally stick his or her
fingers into the region of the moving parts
during the loading operation. Because of the
self-aligning feature, caused solely by of the
shape of the roller 28, there is no need to
use guide surfaces to direct the tube to the
proper position, and thus there is reduced fric-
tion associated with alignment, providing for
reduced wear and increased life of the tube
13 and of cassette 15, which is reusable.

CLAIMS

1. A peristaltic pump comprising: a rotor
rotably mounted about a rotor axis and carry-
ing rotor rollers that travel in a circular path
and have a large diameter central roller portion
between smaller roller portions, and a race
having an internal surface for supporting a
flexible tube in a tube pumping region be-
tween it and said circular path, said surface
including points that are at equal radii from
said rotor axis in planes that are perpendicular
to said rotor axis, the shape of said rotor
rollers causing said tube to be self-aligning at
said central roller portion.

2. The pump of Claim 1, wherein said in-
ternal surface of said race includes a large
diameter race portion aligned with said central
roller portion of said rotor roliers and two
small diameter race portions aligned with said
smaller diameter roller portions of said rotor
rollers.

3. The pump of Claims 1 or 2, wherein
said large diameter central roller portion is
cylindrical, and said smaller diameter roller
portions are conical.

4. The pump of any preceding claim,
wherein said rotor rollers are spring-biased ra-
dially outward.

5. A peristaltic pump comprising: a rotor
rotatably mounted about a rotor axis and car-
rying rotor rollers that travel in a circular path;
a race with an internal surface for supporting
a flexible tube in a tube pumping region be-
tween it and said circular path, said surface
including points that are at equal radii from
said rotor axis in planes perpendicular-to said
rotor axis; and a cover mounted on said race
for movement in a direction parallel to said
rotation axis between a loading position
spaced from said race sufficiently to permit
insertion of said tube through a tube insertion
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opening into a tube mounting position adja-
cent to said tube pumping region and an oper-
ational position in which said tube insertion
opening is closed.

6. The pump of Claim 5, wherein said in-
ternal surface extends beyond said rotor in a
direction parallel to said rotor axis so as to
partially define said tube mounting region, said
cover has a lip that extends over said tube
mounting region when in said loading position
and is located in said tube mounting region
when in said operational position so as to
prevent said tube pumping region to said tube
mounting region when said cover is in said
operational position.

7. The pump of Claim 6, wherein said
cover has a surface that extends in the direc-
tion of travel of said cover and overhangs a
portion of said race when in said operational
position.

8. The pump of Claim 7, wherein said
cover includes a pivotally mounted lockable
faceplate that overlies said rotor and said tube
pumping region.

9. The pump of any Claims 6, 7 or 8,
further comprising a wall mounted adjacent to
said rotor and having two slots therethrough
for receiving said tube, the openings to said
slots being covered by said cover when in
said operational position and being opened
when in said loading position.

10. The pump of any of Claims 5 to 9,
further comprising a lifter to move said tube in
a direction parallel to said rotor axis and away
from said rotor roilers as said cover is moved
from said operational position to said loading
position.

11. The pump of Claim 10, wherein said
lifter is a lifter roller mounted on said cover
such that said lifter roller is below said rotor
rollers when in said operational position and
moves through a region at the same location
along axes parallel to said rotor axis as said
rotor rollers when moving from said opera-
tional position to said loading position.

12. The pump of any of Claims 5 to 11,
further comprising means for moving said
cover parallel to said rotation axis between
said loading position and said operational po-
sition.

13. The pump of Claim 12, wherein said
means for moving comprises a stepping motor
driving a linearly displaceable drive shaft con-
nected to said cover, and said cover is sli-
dably mounted with respect to said race via
guide shafts.

14. A peristaltic pump comprising: a rotor
rotatably mounted about a rotor axis and car-
rying rotor rollers that travel in a circular path;
and a race with an internal surface defining a
portion of a circle for supporting a flexible
tube in a tube pumping region between it and
said circular path, said surface including points
that are at equal radii from said rotor axis in
planes that are perpendicular to said rotor
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axis; said internal surface of said race extend-
ing beyond said rollers in a direction parailel
to said rotor axis so as to partially define a
tube mounting region adjacent to said tube
pumping region; and said rollers having a
small diameter portion at an end adjacent to
said tube mounting region and a large dia-
meter central portion adjacent to said small
diameter portion to cause said tube to be self-
loaded, during rotation of said rotor, from said
tube mounting region to said tube pumping
region.

15. The pump of Claim 14, further com-
prising a cover mounted on said race for
movement in a direction parallel to said rotor
axis between a loading position spaced from
said race sufficiently to permit insertion of
said tube through a tube insertion opening
into said tube mounting region and an opera-
tional position in which said tube insertion
opening is closed, and wherein said cover has
a lip that extends over said tube mounting
region when in said loading position and is
located in said tube mounting region when in
said operational position so as to prevent said
tube from moving from said tube pumping re-
gion to said tube mounting region when said
cover is in said operational position.

16. The pump of Claim 15, further com-
prising a lifter to move said tube in a direction
parallel to said rotor axis and away from said
rotor rollers as said cover is moved from said
operational position to said loading position.

17. The pump of Claim 16, wherein said
lifter is a lifter roller mounted on said cover
such that said lifter roller is below said rotor
rollers when in said operational position and
moves through a region at the same location
along axes parallel to said rotor axis as said
rotor rollers when moving from said opera-
tional position.

18. The pump of any of Claims 15, 16 or
17 further comprising means for moving said
cover parallel to said rotation axis between
said loading position and said operationai po-
sition.

19. The pump of Claim 18, wherein said
means for moving comprises a stepping motor
driving a linearly displaceable driveshaft con-
nected to said cover, and said cover is sli-
dably mounted with respect to said race via
guide shafts.

20. The pump of any of Claims 15 to 19
wherein said cover has a surface that extends
in the direction of travel of said cover over-
hangs a portion of said race when in said
operational position.

21. The pump of Claim 20, wherein said
cover includes a pivotally mounted lockable
faceplate that overlies said rotor and said tube
pumping region.

22. A peristaltic pump substantially as
hereinbefore described with reference to and
as shown in the accompanying drawings.
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Amendments to the claims have been filed,
and have the following effect:-

Claims 1 to 22 above have been deleted or
textually amended.

New or textually amended claims have been
filed as follows:-

CLAIMS

1. A peristaltic pump comprising: a rotor
rotatably mounted about a rotor axis and car-
rying rotor rollers that travel in a circular path
and have a large diameter roller portion adja-
cent to a smaller diameter roller portion, and a
race having an internal surface for supporting
a flexible tube in a tube pumping region be-
tween it and said circular path, said surface
including points that are at equal radii from
said rotor axis in planes that are perpendicular
to said rotor axis, said tube pumping region
being sufficiently small in a radial direction to
completely occlude said tube at least at said
large diameter portion, said tube pumping re-
gion being longer than half of the circumfer-
ence of said tube and extending beyond said
large diameter portion to said small diameter
portion, the space between said small dia-
meter portion and surface being large enough
to receive at least part of said tube, and the
shape of said rotor rollers causing said tube
to be self-aligning at said large diameter roller
portion.

2. The pump of Claim 1, wherein said in-
ternal surface of said race extends beyond
said rollers in a direction parallel to said rotor
axis so as to partially define a tube mounting
region adjacent to said tube pumping region.

3. The pump of Claim 2, further comprising
a cover mounted on said race for movement
in a direction parallel to said rotor axis be-
tween a loading position spaced from said
race sufficiently to permit insertion of said
tube through a tube insertion opening into
said tube mounting region and an operational
position in which said tube insertion opening
is closed, and wherein said cover has a lip
that extends over said tube mounting region
when in said loading position and is located in
said tube mounting region when in said opera-
tional position so as to prevent said tube from
moving from said tube pumping region to said
tube mounting region when said cover is in
said operational position.

4. The pump of Claim 3, further comprising
a lifter to move said tube in a direction paral-
lel to said rotor axis and away from said rotor
rollers as said cover is moved from said oper-
ational position to said loading position.

5. The pump of Claim 4, wherein said lifter
is a lifter roller mounted on said cover such
that said lifter roller is below said rotor rollers
when in said operational positional position
and moves through a region at the same loca-
tion along axes parallel to said rotor axis as
said rotor rollers when moving from said oper-
ational position to said loading position.
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6. The pump of any of Claims 3, 4 or 5,
further comprising means for moving said
cover parallel to said rotation axis between
said loading position and said operational po-
sition.

7. The pump of Claim 6, wherein said
means for moving comprises a stepping motor
driving a linearly displaceable drive shaft con-
nected to said cover, and said cover is sli-
dably mounted with respect to said race via
guide shafts.

8. The pump of any Claims 3 to 7,
wherein said cover has a surface that extends
in the direction of travel of said cover and
overhangs a portion of said race when in said
operational position.

9. The pump of Claim 8, wherein said
cover includes a pivotally mounted lockable
faceplate that overlies said rotor and said tube
pumping region.

10. The pump of any preceding claim,
wherein said roller has a second smaller dia-
meter portion on the other side of said large
diameter portion from said first mentioned
smaller diameter portion.

11. The pump of Claim 10, wherein said
internal surface of said race includes a large
diameter race portion aligned with said central
roller portion of said rotor rollers and two
small diameter race portions aligned with said
smaller diameter roller portions of said rotor
rollers.

12. The pump of Claims 10 or 11, wherein
said large diameter central roller portion is
cylindrical, and said smaller diameter roller
portions are conical.

13. The pump of any preceding claim,
wherein said rotor rollers are spring-biased ra-
dially outward.

14. A peristaltic pump comprising: a rotor
rotatably mounted about a rotor axis and car-
rying rotor rollers that travel in a circular path;
a race with an internal surface for supporting
a flexible tube in a tube pumping region be-
tween it and said circular path, said surface
including points that are equal radii from said
rotor axis in planes perpendicular to said rotor
axis; and a cover mounted on said race for
movement in a direction parallel to said rota-
tion axis between a loading position spaced
from said race sufficiently to permit insertion
of said tube through a tube insertion opening
into a tube mounting position adjacent to said
tube pumping region and an operational posi-
tion in which said tube insertion opening is
closed.

15 The pump of Claim 14, wherein said
internal surface extends beyond said rotor in a
direction parallel to said rotor axis so as to
partially define said tube mounting region, said
cover has a lip that extends over said tube
mounting region when in said loading position
and is located in said tube mounting region
when in said operational position so as to
prevent said tube from moving said tube
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pumping region to said tube mounting region
when said cover is in said operational posi-
tion.

16. The pump of Claim 15, wherein said
cover has a surface that extends in the direc-
tion of travel of said cover and overhangs a
portion of said race when in said operational
position.

17. The pump of Claim 16, wherein said
cover includes a pivotally mounted lockable
faceplate that overlies said rotor and said tube
pumping region.

18. The pump of any claims 15, 16 or 17,
further comprising a wall mounted adjacent to
said rotor and having two slots therethrough
for receiving said tube, the opening to said
slots being covered by said cover when in
said operational position and being opened
when in said loading position.

19. The pump of any of Claims 14 to 18,
further comprising a lifter to move said tube in
a direction parallel to said rotor axis and away
from said rotor rollers as said cover is moved
from said operational position to said loading
position.

20. The pump of Claim 19, wherein said
lifter is a lifter roller mounted on said cover
such that said lifter roller is below said rotor
rollers when in said operational position and
moves through a region at the same location
along axes parallel to said rotor axis as said
rotor rollers when moving from said opera-
tional positions to said loading position.

21. The pump of any of Claims 14 to 20,
further comprising means for moving said
cover parallel to said rotation axis between
said loading position and said operational po-
sition.

22. The pump of Claim 21, wherein said
means for moving comprises a stepping motor
driving a linearly displaceable drive shaft con-
nected to said cover, and said cover is sli-
dably mounted with respect to said race via
guide shafts.

23. A peristaltic pump substantially as
hereinbefore described with reference to and
as shown in the accompanying drawings.
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