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(57) ABSTRACT

A penistaltic pump (1) including a tray, referred to as a pump
body (3), which includes a substantially planar surface (32)
against which a flexible tube (5) for the passage of fluid 1s
intended to be positioned, and a system (2) for applying
force including a plurality of support members (7), such as
rollers, and drive elements for moving the support members
against the tube 1n order to deform it against the pump body
(3). The pump body (3) 1s movably mounted relative to the
system (2) for applying force between a position spaced
apart from the system (2) for applying force, and a position
adjacent to the system (2) for applying force. The pump (1)
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also includes elements (36) for controlling the movement of

the pump body (3) relative to the system (2) on the basis of

a predetermined magnitude corresponding to the force

applied to the tube.

9 Claims, 4 Drawing Sheets
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1
LINEAR PERISTALTIC PUMP

In general, the present invention relates to peristaltic
pumps.

More particularly and by way of example, the invention
relates to a peristaltic pump for a dialysis machine, com-
prising firstly, a plate, known as a pump body, that includes
a substantially plane surface against which a flexible tube for
passing fluid 1s to be positioned, and secondly, a force
application system comprising a plurality of presser mem-
bers, such as rollers, and drive means for moving said
presser members enabling said presser members to be
moved while pressed against the tube 1n order to deform it
against said pump body.

It has been observed that with certain peristaltic pumps,
the tlexible tube may not be pinched sufliciently between the
pump body and the force application system, and that
prevents flud from flowing 1n the tube with suflicient flow
rate and/or regularity. Conversely, with other pumps, the
flexible tube 1s pinched too tightly between the pump body
and the force application system, and that may also impede
the flow of the fluid and may damage the tube.

Documents GB 2 230301, GB 953 579, BE 685 301, and
EP O 837 242 are known, and they describe pumps each
including a portion for supporting a tube for passing fluid
that 1s movable relative to a force application system. The
movement allowed between the portion for supporting the
tube for passing fluid and the force application system 1s
used to clear a passage so as to enable the tube to be mserted
therein or 1n order to decrease or increase the contact surface
area between the force application system and the tube 1n
order to reduce or to increase the flow of fluid in the tube.
However, the relative positioning between the pump body
and the force application system remains diflicult to achieve
in reliable, accurate, and repeatable manner. Moreover, such
pumps do not prevent the relative positioning between the
pump body and the application system from being ill-
adapted to the tube, thus leading to a risk of damaging the
tube. Document FR 2 594 496 relates to a fluid transter duct
presenting an intermediate portion having a section that 1s
larger and a wall of thickness that 1s considerably smaller,
with resistance to deformation that 1s substantially lower in
the other portions of said duct.

An object of the present invention 1s to provide a peri-
staltic pump making 1t possible to overcome the above-
mentioned problems.

To this end, the mvention provides a peristaltic pump for
a dialysis machine, comprising firstly, a plate, known as a
pump body, that includes a substantially plane surface
against which a flexible tube for passing fluid 1s to be
positioned, and secondly, a force application system com-
prising a plurality of presser members, such as rollers, and
drive means for moving said presser members enabling said
presser members to be moved while pressed against the tube
in order to deform it against said pump body, said pump
body being mounted to move relative to the force applica-
tion system between a position spaced apart from said force
application system and a position close to said force appli-
cation system;

said pump being characterized in that 1t includes means
for determining a magnitude representative of the force
applied to the tube, when said tube 1s 1n 1ts state positioned
between the force application system and the pump body;
and

in that said pump further comprises governor means for
governing the movement of the pump body relative to the
system as a function of said determined magnitude.
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Said determined force corresponds to the pinching force
to which the tube 1s subjected when engaged between the
force application system and said pump body when one is
moved towards the other. Taking account of the force
applied to the tube 1n order to govern movement of the pump
body relative to the force application system makes 1t
possible for the pump body to pass from a position 1n which
it 1s spaced apart from the force application system and 1n
which the flexible tube may be freely positioned in order to
casily 1nsert 1t into the pump, to a close position 1n which the
tube 1s pinched with a pinching force that 1s adapted auto-
matically by measuring the force applied to the tube, so that
said pinching force 1s sutlicient to enable the force applica-
tion system to deform 1t, and thus to cause the fluid to flow
cllectively, while being limited so as not to damage the tube.
Said measured force 1s mainly transverse, preferably
orthogonal, relative to the axis of the tube. Advantageously,
this force measurement 1s performed in the absence of fluid
flowing through the duct, 1.e. when the elements of the force
application system that are used to cause the fluid to flow,
¢.g. cylinders, are stationary (relative to one another).

Said force 1s measured at a given frequency until reaching
the setpoint value, or a value contained 1n a range given
around the setpoint value, 1n order to be able to govern the
movement of the pump body relative to the force application
system 1n real time.

The choice of measuring the pinching force so as to
govern the movement of the pump body relative to the force
application system 1s particularly advantageous 1n order to
ensure a fluid flow rate through the tube that 1s suflicient,
while reducing the risk of damage to the tube, since by
means ol this applied force parameter, a given degree of
pinching may be obtained accurately, in reliable and repeat-
able manner, obtained for tubes of different diameters or
materials.

In particular, governing the movement of the pump body
as a Tunction of the pinching force applied to the tube makes
it possible to adapt the pinching force of the tube automati-
cally in order to reach a setpoint value so that said force 1s
suilicient to enable the force application system to deform
the tube, and thus to cause the fluid to flow effectively, while
being limited so as not to damage the tube and to allow
cllective tlow of the fluid.

Designing a pump in this way makes it easier to install the
tube 1n the pump body, e¢.g. a single use bloodline.

According to an advantageous characteristic of the inven-
tion, said pump body 1s mounted to move 1n translation
along a direction that 1s transverse (preferably orthogonal)
relative to said plane surface of the pump body.

According to an advantageous characteristic of the inven-
tion, said pump includes motor means for moving said pump
body between said close position and said spaced apart
position.

According to an advantageous characteristic of the inven-
tion, said governor means include means for defining a
setpoint value for said magnitude, and regulator means that
are configured to regulate the movement of the pump body
in the direction moving the force application system closer
or Turther apart as a function of the determined value of said
magnitude in order to reach said setpoint value.

According to an advantageous characteristic of the inven-
tion, said means for determining a magnitude representative
of the force applied to the tube, comprise at least one strain
gauge, and preferably a plurality of strain gauges.

According to an advantageous characteristic of the inven-
tion, said means for driving the presser members in move-
ment include a loop element that connects the presser
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members to one another, and two rotary cylinders, posi-
tioned 1nside and at opposite ends of said loop element, at
least one of the cylinders being motor-driven in order to
drive the loop element 1n movement around said cylinders.

According to an advantageous characteristic of the inven-
tion, said pump includes a housing 1n which the system and
the pump body are housed, and the pump body 1s mounted
to move relative to said housing.

According to an advantageous characteristic of the mnven-
tion, said pump includes a housing 1n which the system and
the pump body are housed, and said pump includes a
diaphragm that, when said tube 1s in the state positioned
between the force application system and the pump body
plate, extends around the peripheral wall of said tube in
order to form a protective casing around said tube 1n

cooperation with a wall of the housing.

The flexible leakprool diaphragm makes it possible to
1solate the mside of the pump from the tube, and that makes
it possible to avoid soiling the nside of the machine 1n the
event ol a leak. Furthermore, the leakprooil tlexible dia-
phragm also improves the soundproofing of the pump.

According to an advantageous characteristic of the mnven-
tion, said diaphragm 1s made out of a liquid-proof tlexible
material.

The mvention can be readily understood on reading the
tollowing description of embodiments, given with reference
to the accompanying drawings, 1n which:

FIG. 1 1s a diagrammatic view of a linear peristaltic pump

in an embodiment of the invention;

FIG. 2 1s a perspective view of the mnside of a portion of

the FIG. 1 pump;

FIG. 3 15 a perspective view of a leakproof diaphragm for

surrounding the tube inserted 1nto the FIG. 1 pump;

FI1G. 4 1s a perspective view of the pump body and of the

force application system of the FIG. 1 pump in a spaced
apart position so as to allow insertion of said tube; and

FIG. 5 1s a perspective view of the pump body and of the

force application system of the FIG. 1 pump in the
close position.

With reference to the figures and as mentioned above, the
invention relates to a linear peristaltic pump 1 for a dialysis
machine. Said peristaltic pump 1 comprises a plate, known
as a pump body 3, that includes a substantially plane surface
32 against which a flexible tube 5 for passing fluid is to be
positioned. Said surface 32 1s considered to be plane, or flat,
1.¢. straight, as opposed to contact surfaces in contact with
the tube of so-called “rotary” peristaltic pump bodies that
present a circularly arcuate shape.

The peristaltic pump 1 also comprises a force application
system 2, the system having a plurality of presser members
7 and drive means for moving said presser members 7
enabling said presser members to be moved while pressed
against the tube 1n order to deform it against said pump body
3.

Said pump body 3 and said system 2 are arranged relative
to each other so as to allow a flexible tube 5 for passing fluid
to be positioned between the plane surface 32 of the pump
body 3 and the system 2. Said presser members 7 are moved
along a closed loop path as described below. This closed
loop path includes a portion directed towards the side of the
pump body 3 and that allows the presser members 7 passing
along this portion to press the duct against the plane surface
32 of the pump body 3.

Preferably, said pump 1s used for pumping blood in a
dialysis machine. In this event, said tube 35 forms a blood-
line.

10

15

20

25

30

35

40

45

50

55

60

65

4

Said plane surface 32 1s directed towards said force
application system 2 in order to make it possible for said
system to apply a pressure force to the peripheral wall of
said tlexible tube 5 positioned against the pump body 3.

Said pump body 3 1s mounted to move relative to the force
application system 2 between a position spaced apart from
said force application system (see FIG. 4), and a position
close to said force application system 2 (see FIG. 5). Said
pump body 3 and the force application system 2 thus define
between them a space for inserting the substantially straight
flexible tube since 1t extends along the plane surface 32 of
the pump body.

When said force application system 2 1s in a position
spaced apart from the pump housing, the space left free
between the force application system 2 and the pump body
1s suilicient for freely inserting the tube 3 between the force
application system 2 and the pump body 3. Once the tube 5
1s positioned against the plane face 32 of the pump body 3,
the pump body 3 and the system 2 are brought into the close
position in order to make it possible for the system 2 to apply
force to the peripheral wall of the tube 5 from one end of the
space for mserting the tube towards the other end.

A force 1s applied to the peripheral wall of the tube 5 by
said presser members 7 pressing against the peripheral wall
of said tube so as to gradually deform it along its portion
pressing against the plane face 32 of the pump body 3 and
thus causing the tluid contained in the tube 5 to flow from
one end of the surface 32 towards 1ts other end. Said pump
body 3 1s mounted to move 1n translation along a (preferably
orthogonal) direction D31 that 1s transverse to said plane
surface 32 of the pump body.

Said pump includes motor means 31 for moving said
pump body 3 between said closer position and said spaced
apart position.

Said pump 1 also includes means 35 for determining a
magnitude that i1s representative of the force applied to the
peripheral wall of the tube 5, when said tube 3 1s 1n 1ts state
positioned between the force application system 2 and the
pump body 3. Said means 35 for determining a magnitude
representative of the force applied to the tube 5 include at
least one strain gauge. Advantageously, said at least one
strain gauge 1s positioned on a plate arranged so as to
become deformed as a function of the relative position
between system 2 and said pump body 3. Preferably, said
means 35 include two or four strain gauges.

Said pump 1 further comprises governor means 36 for
governing the movement of the pump body 3 relative to the
system 2 as a function of said determined magnitude.

Said governor means are formed by an electronic and
computer umt for processing and calculation. Said unit may
be embodied 1n the form of an electronic circuit provided
with a microcontroller or a microprocessor associated with
a memory for storing data. Thus, 1n the description below,
when 1t 1s specified that given means are configured to
perform a given operation, 1t should be understood that the
clectronic and computer system forming said means,
includes computer mstructions making 1t possible to perform
said operation.

Said governor means 36 include means 360 for defiming
a setpoint value for said magnitude. This setpoint value
corresponds to the force desired for pinching the tube 5
between the system 2 and the pump body 3. Said governor
means 36 further include regulator means 361 that are
configured to regulate the movement of the pump body 3 1n
the direction moving the force application system 2 closer or
further apart as a function of the determined value of said
magnitude in order to reach said setpoint value.
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Thus, using the determination means 35, said regulation
means 36 are configured to acquire the value of said mag-
nitude representative of the force applied to the peripheral
wall of the tube 5, and to compare this acquired value with
the stored setpoint value. Depending on the result of this
comparison the governor means 36 control the motor 31 so
that 1t moves the pump body 3 towards or away from the
system 2 until a value 1s reached that 1s close to the setpoint
value or that 1s located 1n a given range relative to the
setpoint value.

Said drive means for moving the presser members 7
include a loop element 6 that connects the presser members
7 to one another, and two rotary cylinders 8, positioned
inside and at opposite ends of said loop element 6. At least
one of the cylinders 8 1s motor-driven in order to cause the
loop element 6 to move around said cylinders 8. Advanta-
geously, the presser members 7 are rollers.

The loop element 6 comprises a drive belt arranged 1n a
loop around the cylinders 8. One of the cylinders 8 1s driven
by a motor 81 so that said cylinder forms a cylinder suitable
tor driving the belt around said cylinders. The other cylinder
forms a support for guiding movement of the belt.

The rollers 7 are mounted to be constrained to move with
the belt 6 and they project from the outer face of said belt so
that the tube 1s pressed when said rollers move along the
tube.

As explained above, the loop element includes at least one
substantially straight portion that extends substantially par-
allel to the plane surface 32 of the pump body 3, so that the
rollers that are moved along said straight portion press the
tube from one end of the portion towards the other end.

Said pump includes a housing 10 1n which the system 2
and the pump body 3 are housed, and the pump body 3 is
mounted to move relative to said housing 10.

As shown more particularly in FIG. 3, said pump 1
includes a diaphragm 9 that, when said tube 1s 1n the state
positioned between the force application system and the
pump body plate extends around the peripheral wall of said
tube 3 1n order to form a protective casing around said tube
5 1n cooperation with a wall of the housing 10, opposite the
bottom of the diaphragm.

Said diaphragm 9 1s made out of a liquid-proof flexible
material.

Advantageously, provision may be made for the space left
free between the system 2 and the pump body 3 to be located
in the top portion of the pump so as to be easily accessible
by the operator.

The present mvention 1s not limited 1 any way to the
embodiments described and shown, and the person skilled 1n
the art can make any varniation thereto in accordance with its
spirit.

The 1nvention claimed 1s:

1. A pernistaltic pump comprising:

a pump body plate that includes a substantially plane
surface against which a flexible tube for passing fluid 1s
to be positioned,

a force application system comprising a plurality of
presser members, and a drive for moving said presser
members, enabling said presser members to be moved
while pressed against the tube 1n order to deform it
against said pump body plate; and
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a motor for moving said pump body plate relative to the
force application system, between a first position
spaced apart from said force application system and a
second position closer to said force application system:;
wherein said peristaltic pump includes at least one gauge
for determining a magnitude representative of the force
applied to the tube, when said tube i1s 1 a state
positioned between the force application system and
the pump body plate;
said peristaltic pump further comprising a governor pro-
cessor for controlling the movement of the pump body
plate relative to the force application system as a
function of said determined magmtude representative
of the force applied to the tube; and
a memory for said governor processor defining storing a
setpoint value for said magnitude representative of the
force applied to the tube,
said governor processor comprising instructions for:
acquiring said determined value magnitude represen-
tative of the force applied to the tlexible tube,

comparing said determined value magnitude represen-
tative of the force applied to the flexible tube with
said memorized setpoint value of the magmtude
representative of the force applied to the flexible
tube, and

in function of the result of the comparison, controlling
the motor to move the pump body toward or away
from the force application system until said deter-
mined value magnitude reaches said setpoint value.

2. The pump according to claim 1, wherein said at least
one gauge 1s a strain gauge.

3. The pump according to claim 1, wherein said drive for
moving the presser members includes a loop element that
connects the presser members to one another, and two rotary
cylinders positioned 1nside said loop element at opposite
ends, at least one of the cylinders being motor-driven 1n
order to drive said loop element around said cylinders.

4. The pump according to claim 1, wherein said peristaltic
pump 1ncludes a housing in which the force application
system and the pump body plate are housed; and the pump
body plate being mounted to move relative to said housing.

5. The pump according to claim 1, wherein said pump
body 1s a movable pump body.

6. The pump according to claim 1, wherein said pump
body plate 1s mounted to move 1in translation along a
direction that 1s transvers, relative to said plane surface of
the pump body plate.

7. The pump according to claim 6, wherein said at least
one gauge 1s a strain gauge.

8. The pump according to claim 6, wherein said drive for
moving the presser members includes a loop element that
connects the presser members to one another, and two rotary
cylinders positioned inside said loop element at opposite
ends, at least one of the cylinders being motor-driven 1n
order to drive said loop element around said cylinders.

9. The pump according to claim 6, wherein said peristaltic
pump includes a housing in which the force application
system and the pump body plate are housed; and the pump
body plate being mounted to move relative to said housing.
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