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METHOD FOR IMPROVING ACCURACY IN A PERISTALTIC PUMP
SYSTEM BASED ON TUBING MATERIAL PROPERTIES

Field Of The Invention

The present invention relates to a method for improving accuracy 1n a
peristaltic pump. More specifically, the present invention relates to a method for
reducing variance in the output of a pump due to physical parameters of the tubing.

Background

Peristaltic pumps are used 1in a wide variety of applications due to their ability
to deliver a relatively high degree of accuracy in dosing. Peristaltic pumps usually
utilize resilient tubing with walls which define a fluid flow lumen having a diameter
falling within a specitfied range of tolerances. The tubing 1s often made from silicone
or stmilar polymers which allow compression and a relatively quick return to the
tubing’s original shape. During fluid delivery, the tubing is held 1n engagement with
a pumping member which selectively compresses a portion of the tubing to expel the
fluid from that portion of the fluid flow lumen and to drive the fluid through the
lumen downstream. Once the pumping member disengages a portion of the tubing,
the tubing resumes its original shape and the lumen 1s filled with additional fluid.

In a linear or curvi-linear peristaltic pump, as shown generally at 10 in FIG.
1A, the piece of tubing 14 may be wrapped or stretched over a plurality of
engagement members or pumping fingers 18. The engagement members 13
sequentially extend into the tubing 14 to collapse the tubing and move the fluid
downstream. As the engagement members 18 retract, the resilient tubing 14 returns to
its normal cross-section, thereby allowing the lumen to fill with fluid which will be
moved during the next cycle. The segment of the tubing 14 which 1s collapsed by the
engagement members 18 provides a relatively known volume of fluid in the lumen.
Thus, each cycle of the engagement member moves a certain amount of fluid and
repeating the cycle multiple times will deliver a desired dose. A more detailed

discussion of operation of a curvilinear pump 1s found 1n U.S. Patent No. 6,164,921.
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In rotary peristaltic pumps, as shown in FIG. 1B, the tubing 14 1s often
anchored at opposing ends 14a and 14b to a pump body 20. The anchoring may be
accomplished by connectors 24 which connect the resilient tubing 14 to other tubing.
(Silicone tubing 1s often more expensive than other types of tubing so it is economical
to use the silicone tubing only for the portion which 1s disposed on the pump).
Between opposing ends 14a and 14b, the tubing 1s wrapped around a rotor 28 which
has a plurality of engagement members or rollers 38, 38a, 38b. As the rollers move
around the rotors, the rollers will pinch the tubing and collapse the lumen (as
represented by roller 38a). This results 1n a relatively known quantity of fluid being
disposed 1n the lumen of the tubing section 14¢ disposed between roller 38a and 38b.
As the roller 38a continues to move 1nto the position shown by roller 38, the roller
continues collapsing the tubing and forcing fluid in the lumen forward. Thus each
third rotation of the rotor 28 delivers a substantially known quantity of tluid
downstream. Thus, a user can obtain a desired dose by simply controlling the number
of rotations of the rotor. A more detailed explanation of the functioning of a rotary
peristaltic pump can be found 1n U.S. Patent No. 5,720,721.

While peristaltic pumps are relatively accurate, their accuracy depends in large
part on the physical properties of the tubing and physical conditions along the tubing.
For example, U.S. Patent No. 5,720,721 teaches a plurality of pressure sensors 42
which are disposed upstream and downstream from the rotor to detect pressure
changes within the tubing which can affect the amount of fluid which is moved with
cach rotation of the tubing. Bubble detectors 46 can also be used to ensure that the
proper amount of liquid 1s being moved and/or that undesirable air, etc., 1s not present.

In addition to pressure within the tubing and material within the fluid being
pumped, the physical parameters of the tubing itselt can have an effect on accuracy.
These physical parameters can include the thickness of the wall which defines the
lumen, the diameter of the lumen (1.e. interior diameter of the tubing), the length of
the tubing, and material properties of the tubing such as the durometer rating
(generally related to the compressibility of the tubing) and Young’s modulus
(generally related to the stretchability of the tubing).

Each of the physical parameters or properties can atfect the accuracy of tluid
delivery by the pump. For example, if a tube has a larger inner diameter than another
tube, 1t will carry a larger volume of fluid with each cycle of the peristaltic pump due

to the larger cross-sectional area. Likewise, variances in the collapsibility of the
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tubing will affect the amount of solution which 1s passed through the tubing with each
cycle of the pump. Additionally, length 1s important because stretching the tube will
naturally reduce the inner diameter of the tube and reduce the amount of fluid moved
with each pump cycle. However, a more stretchable tube can actually deliver a

S  slightly higher amount of fluid with each cycle.

Because the physical parameters of the tubing can have a marked impact on
the actual tlow volume through the pump, 1t 1s common for those making peristaltic
pump cassettes or feeding lines for use in medical pumps and other pumps that require
a high degree of accuracy to require that tubing stock fall within certain parameters.

10 For example, a company manufacturing an enteral feeding pump cassette or infusion
pump cassette, may purchase tubing and require that it be delivered in lengths of 5
inches, + 0.040 inches, having an outer diameter of 0.200 inches, + 0.003 inches, an
inner diameter of 0.120 inches, = 0.003 inches, and have a durometer rating of Shore
A 50, £ 5.

15 While the variances allowed 1n the tubing specifications are relatively small,
cach may have an impact of the volumetric accuracy of the pump. For example, the
difference 1n tubing wall thickness may result in a 2% change 1n output. Likewise
differences in the durometer rating or Young’s modulus of the tubing may create a 2%
variation in output. When each of the variables 1s added together, the variations in the

20  tubing can result in a variance of between 5-10% of the total flow output of the
tubing.

While 1t will be appreciated that accuracy of the pump can be increased by
turther reducing the tolerances 1in which the tubing must fall, requiring manufacturers
to provide tubing more closely meeting the tolerances typically results 1n a much

25  higher purchase price for the tubing thereby increasing the cost of peristaltic pumping
sets for the end user.

Thus, there 1s a need for a method for improving the accuracy of a peristaltic

pump when using tubing falling within a predetermined set of parameters.

30
SUMMARY OF THE INVENTION
In accordance with the principals of the current invention, it has been found

that increased accuracy 1n fluid delivery 1n a peristaltic pump can be achieved by
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cutting the tubing at least in part based on physical characteristics rather than at a set
predetermined length under ambient conditions.

In accordance with one aspect of the invention, the tubing 1s stretched subject
to a predetermined or known force. The stretched tubing 1s then cut to a

S5  predetermined length and released. Once released the tubing returns to a non-

stretched state. Tubing having various differences in diameter and elasticity will have
somewhat varying lengths. However, the tubing incorporated into a feeding cassette
provides more consistent dosing as variations 1n the physical properties of the tubing
are at least partially offset by the ditferences in length.

10 In accordance with one aspect of the invention, the tubing is provided 1n bulk.
The tubing 1s braced with a predetermined length of tubing extending beyond the
brace. The tubing 1s then stretched by a predetermined or known force and cut (e.g.
cut at 6 inches stretched) so that the cut portion of the tubing 1s a desired length (e.g. 5
inches, £+ 0.1 inches) when the tubing 1s allowed to return to 1ts length under ambient

15  conditions. Because it will stretch more, a tube having greater ability to stretch may
be 4.9 inches 1n its ambient state, while tubing which 1s less stretchable may be 3.1
inches 1n ambient conditions. The tubing segments are then attached to a pump
cassette for use, the difference in the length offsetting the variance in the other
physical parameters of the tubing. It will be understood as used herein that a pump

20 cassette may refer to a portion of a feeding or infusion set which includes a pump
tubing segment which 1s formed as a peristalsis loop, a linear pump tubing segment
which 1s mounted along a pumping mechanism, or other pump tubing segments which
engage a peristaltic pump.

In accordance with one aspect of the invention, the tubing is first mounted at

25 one end on a pump cassette. The tubing 1s then stretched under a known force and cut
at a predetermined or known length. The cut end of the tubing 1s attached to another
connector on the pump cassette either prior to or after the tubing has retracted to its
ambient length.

In accordance with another aspect of the invention the tubing 1s mounted or

30  braced at one end and stretched under a predetermined force which 1s determined by a
known physical characteristic of the tubing, such as, for example, Young’s modulus
or durometer rating, a precise tubing dimension, etc. of the tubing.

In accordance with another aspect of the invention, the tubing is stretched to a

predetermined length under variable force. The force necessary to achieve the desired
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stretch 1s noted and the tubing 1s cut based on force necessary to obtain the desired
stretch. The cut tubing segment 1s then loaded on the pump cassette and used 1n a
peristaltic pump. The different tube lengths help offset the variances in the tubing.
The cut can be performed while pulling the tubing from feedstock with the tubing
S  being braced at one end, or one end of the tubing may be attached to a portion of the
pump cassette, stretched and cut, and then mounted to the opposing end of the
cassette.
In accordance with yet another aspect of the invention, the tubing 1s stretched
to a predetermined length under a variable force. The force necessary to achieve the
10 desired stretch 1s noted and combined with information based on at least one known
physical parameter of the tubing, €.2. Young’s modulus or durometer rating, a precise
tubing dimension, etc. and then a cut position 1s determined and the tubing 1s cut.
These and other aspects of the present invention may be realized in a method

for improving accuracy 1in a peristaltic pump as shown and described in the following

15  figures and related description.

BRIEF DESCRIPTION OF THE DRAWINGS
Various embodiments of the present invention are shown and described in
reference to the numbered drawings wherein:
20 FIG. 1A shows a side, partially cut-away view of a curvilinear peristaltic
pump formed in accordance with the teachings of the prior art;
FIG. 1B shows a top view of a rotary peristaltic pump and pump cassette
formed 1n accordance with the teachings ot the prior art;
FIG. 2 shows a flowchart of a method of forming a tubing segment for use 1n a
25  peristaltic pump
FIG. 3 shows a feedstock of bulk tubing and a tubing segment being cut 1n
accordance with principles of the present invention;
FIGs. 4A and 4B show tubing segments being cut and other portions of a
peristaltic pump cassette for rotary peristaltic pumps and linear and curvilinear
30  pumps, respectively, 1in accordance with principles of the present invention;
FIG. 5 shows a tflowchart of a method for forming a tubing segment to
Improve accuracy in a peristaltic pump in accordance with the principles of the

present invention;
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FIG. 6 shows tubing being cut at variable positions based on the pressure
necessary to reach a predetermined length; and

FIGs. 7A and 7B show peristaltic pump segments being tormed 1n accordance
with the method shown 1n FIG. 6.

It will be appreciated that the drawings are illustrative and not limiting of the
scope of the invention which 1s defined by the appended claims. The embodiments
shown accomplish various aspects and objects of the invention. It 1s appreciated that
it 1s not possible to clearly show each element and aspect of the invention 1n a single
figure, and as such, multiple figures are presented to separately 1llustrate the various
details of the invention in greater clarity. Similarly, not every embodiment need

accomplish all advantages of the present invention.

DETAILED DESCRIPTION

The invention and accompanying drawings will now be discussed 1n reference
to the numerals provided therein so as to enable one skilled 1n the art to practice the
present invention. The drawings and descriptions are exemplary of various aspects of
the invention and are not intended to narrow the scope of the appended claims.

Turning now to FIG. 2, there 1s shown a flowchart of a method of forming a
tubing segment for use 1n a peristaltic pump. The first step of the method 1s to select a
feedstock of tubing which falls within general tolerances. For example, a
manufacturer of enteral feeding pump cassettes may have ordered tubing having an
outer diameter of 0.200 inches, £ 0.003 inches, an inner diameter of 0.120 inches, %
0.003 inches, and have a durometer rating of Shore A 50, = 5.

The selected feedstock of resilient tubing may be on a roll or may be in precut
segments. Either way, the tubing should conform generally to the tolerance
specifications specified by the manufacturer. This will allow a given accuracy range
to be present for the tubing prior to implementing the steps of the present invention.

Once the feedstock 1s selected, the tubing 1s braced or anchored. This may be
done by attaching the tubing to a brace member or by attaching the tubing to a
connector, such as a connector of a peristaltic pump cassette or adaptor.

Once the tubing is braced or anchored, the tubing may be subjected to a
predetermined force to stretch the tubing. For example, applying a five pound force
to a tubing segment approximately 5.5 inches long will cause the tube to stretch to

about 6.5 inches. Depending on the physical characteristics of the tubing, the actual
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length of the stretched tubing segment may be 6.3 inches for one tubing segment and
6.7 inches for another tubing segment having different physical properties. This type
of variation 1s common 1n inter-lot runs, but can even occur 1n intra-lot runs due to
poor manufacturing quality control or certain environmental factors.

The stretched tubing 1s then cut at a predetermined length. If a five inch
length of tubing 1s desired, the stretched tubing may be cut at 6 inches either from the
brace or anchor or from the stretched end. (Obviously, if the cut 1s made from the
brace end, the tubing would also be cut at the brace to provide the cut stretched tube
segment). Once cut, the tubing may be allowed to return to its unstretched
orientation. A tubing segment which 1s more stretchable than average will be slightly
less than five inches (e.g. 4.9 — 4.999) in ambient conditions, and a tubing segment
which 1s less stretchable than average will be slightly greater than five inches (e.g.
5.001 to 5.1 inches). Thus, the feeding or infusion cassettes made from the cut tubing
segment will have slight differences 1n tubing length. However, because the
differences in length correlate with the physical parameters of the tubing, the cassettes
have a greater degree of accuracy, as the variation 1in tubing length helps offset the
variations in other parameters of the tubing. For example, if the tolerances identified
above normally result in a 6 percent variance in flow accuracy, forming the feeding
cassette 1n accordance with the method of the current invention may have a 4.5
percent variance in flow accuracy. Thus, the accuracy variance 1s reduced by 25
percent without requiring any reduction in the variance in the feedstock.

As an alternative to the above, the tubing may be stretched under a known
force that 1s at least partially selected based on a known physical characteristic of the
tubing, such as, for example, Young’s modulus or durometer rating, a precise tubing
dimension, etc. of the tubing. For example, if the tubing had a known Shore-A rating
of 80, the tubing may be stretched under force A, while tubing having a known Shore-
A rating of 70 may be stretched under force B. Tables may be created that provide
appropriate adjustments based on empirical testing to provide the appropriate force to
be used for a known physical parameter.

Turning now to FIG. 3, there 1s shown feedstock 110 of bulk tubing 114. As
was mentioned previously, the tubing may be on a roll or 1n precut segments. The
tubing 114 1s attached to a brace or anchor 118 at one end of a tubing segment 114a
and to a force applicator 122 at an opposing end. The force applicator 122 can be any

of a variety of mechanisms for drawing a force (as represented by arrow 126) to
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stretch the tubing segment 114a. These may include a drive piston, a spring, or even a
stmple weight. For sake of example only, the force drawn on the tubing segment

114a may be 1-10 pounds, with a torce of 4-6 pounds being a presently desirable
range for an enteral feeding pump cassette having the tubing specifications discussed
above.

The tubing segment 114a is drawn out to a length L1 which may ditfer slightly
for each tubing segment due to variations in the tubing’s physical properties. The
variations 1n one sample set of tubing ranged 1n the area of 0.04 inches per inch ot
tubing. Once the tubing segment 114a 1s stretched, a cutting instrument 130 1s used to
cut the tube at a predetermined location. The cut may be at the predetermined
distance from the distal end to which the force applicator 122 1s attached, thus
resulting 1n a cut tube segment. In the alternative, the tubing segment may be cut at a
predetermined distance from the brace or anchor 118, as represented by L2, and also
cut at the brace or anchor. It will be appreciated that 1.1 and L2 could be the same
length if the tubing segment 114a 1s only stretched so that the cut tubing segment 1S
the desired length.

Once the tubing segments 114a are cut, force on the tubing segments may be
removed and they will return to an ambient state as indicated at 114b. A six inch
stretched tubing segment may be about, for example 4.9 to 5.1 inches and used to
form a feeding pump cassette, infusion pump cassette, etc. While the tubing segment
will normally be mounted 1n the pumping cassette 1in a generally ambient state (1.e. not
stretched lengthwise), there are applications 1n which the tubing segment may be
prestretched 1n the pump cassette.

As used herein, a cassette may include a tubing segment for a rotary peristaltic
pump, which typically includes the ends of the tubing segment 114b being mounted
on connectors which are disposed adjacent each other so the tubing segment forms a
general U-shape (at least when mounted 1in the pump). However, for linear pumps,
the cassette may sumply be the tubing mounted to a connector at each end. The term
cassette should be viewed to cover such contigurations and other configurations used
1n peristaltic pumps.

Turning now to FIGs. 4A and 4B, there are shown tubing segments 114a being
cut and other portions of a peristaltic pump cassette 1n accordance with principles of
the present invention. The tubing segment 114a may be attached at a first end 114d to

a connector 140 (FI1G. 4A), 160 (FIG. 4B) forming a portion of a feeding pump
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cassette 144, 164, respectively. A portion of the connector 140, 160 typically extends
into the tubing segment 114a and 1s shown with dashed lines.

The cassette connector 140, 160 may be held in place and the tubing segment
114a may be subjected to a known force, such as a weight 122. The known force may
be, for example, between 4 and 6 pounds. The tubing segment 114 may be cut at a
predetermined distance from the connector 140 by the cutting mechanism 130. The
cut end 114¢ may be attached to the other connector 150, thereby forming a peristaltic
pump cassette tubing loop.

While the cassette 144 may be for a rotary peristaltic pump cassette, other
configurations could also be made. For example, for a linear or curvilinear peristaltic
pump, connectors 160, 170 are typically disposed at opposing ends of the tubing
segment 114a as shown in FIG. 4B. The connectors 160, 170 may be mounted on
opposing sides of the linear or curvilinear pumping mechanism to hold the tubing
segment 114a securely while it 1s being acted on by the pumping mechanism.

FIG. 5 shows a tflowchart of an alternate method for forming a tubing segment
to 1improve accuracy 1n a peristaltic pump 1n accordance with the principles of the
present invention. The feedstock tubing may be braced or anchored. This may be
performed by attaching one end of the tubing to a connector or by bracing or
anchoring a tubing segment from a bulk tubing supply. The tubing segment then may
be grasped beyond a likely opposing end of a desired tubing segment and a force
applied until the tubing segment reaches a predetermined length. A gauge or strain
meter measures the amount of force necessary to achieve the desired length. The
tubing 1s then cut at a position which correlates with the amount of force necessary to
reach the predetermined length.

Turning to FIG. 6, there 1s shown tubing being cut at variable positions based
on the pressure necessary to reach a predetermined length. A feedstock 110 may be
used to supply tubing 114. The feedstock may be tubing on a roll, or can be straight
pieces of tubing. The feedstock 1n any of the examples herein could even be freshly
extruded tubing.

The tubing segment 114b may be captured by a brace or anchor 118. As
discussed previously, this may be done on a continuous piece of tubing which 1s then
cut, or an end of the tubing may be mounted on an anchor, such as a connector of a
peristaltic pump cassette. A free end (or distal location) of the tubing segment 114a is

secured by a force applicator 122 which applies force as represented by arrow 126.
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The tubing 1s stretched to a predetermined length 1.3 which may be, for example, 5.5
inches. The force necessary to stretch the tubing segment 114a to the desired length
may be monitored by a gauge or strain meter 134. The position of the cutting
mechanism 130 may be adjusted based on the force required to stretch the tubing

S segment 114a to the desired length and the cutting mechanism cuts the tubing
segment. If the opposing end of the tubing segment 114a 1s not already cut, such as a
piece mounted on a brace or anchor, the opposing end 1s cut, for example, by the
brace or anchor 118. Cut tubing segments 114b may be allowed to return to their
ambient length prior to attachment to connectors, etc., of a cassette.

10 As an alternative to the above, the tubing may be stretched to a known length
at least partially selected based on a known physical characteristic of the tubing, such
as, for example, Young’s modulus or durometer rating, a precise tubing dimension,
etc. of the tubing. For example, if the tubing had a known Shore-A rating of 80, the
tubing may be stretched to length A, while tubing having a known Shore-A rating of

15 70 may be stretched to length B. Tables may be created that provide appropriate
adjustments based on empirical testing to provide the appropriate force to be used for
a known physical parameter.

Turning now to FIGs. 7A and 7B, there are shown peristaltic feeding pump
cassettes 144, 164 for a rotary peristaltic pump and a linear or curvilinear peristaltic

20  pump. In each configuration, a free end 114d of the tubing segment 114a may be
attached to a connector 140, 160 which 1s braced or held 1n a desired position. The
tubing segment 114a may be stretched by a force applicator 122 to stretch the tubing
segment to a predetermined length. The amount of force necessary to stretch the
tubing segment 114a 1s measured by the gauge or strain meter 134.

25 Cutting mechanism 130 1s then adjusted to cut the tubing at a length correlated
to the force required to stretch the tube to the desired length. Thus, for example, the
tubing segment may reach the predetermined length with only 4 pounds of pulling
force. The cutting mechanism 130 may be moved to position A and form the cut. In
contrast, another tubing segment (either from another batch or even intrabatch) may

30  require 5 pounds of pressure to draw the tubing to the desired length. This may
correlate with the cutting mechanism 130 being moved to a position slightly further
from the end of the tubing and then performing the cut. This results 1n tubing
segments 114a which are of slightly different lengths. The differences in length help

to minimize accuracy ditferences between tubing falling within the tolerances under
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which the tubing is obtained. The varied length tubing segments 114a reduce the
accuracy variations in the pump cassettes 144, 164.
It will be appreciated that a method for forming a peristaltic pump cassette
may include: applying a predetermined force to stretch a tubing segment; cutting the
S  tubing segment at a predetermined length; and attaching the tubing segment to at least
one connector to form a peristaltic pump cassette. The method may also include:
subjecting the tubing segment to a force between 4 and 6 pounds; cutting the tubing
segment so that the tubing segment under ambient conditions 1s between 4.9 inches
and 5.1 inches; the tubing having an outer diameter of about 0.200 inches + 0.003
10  1nches and an inner diameter of about 0.120 1nches + 0.003 inches; one end of the
tubing segment being attached to a connector prior to stretching; the tubing segment
being drawn from bulk feedstock; the tubing segment being braced or anchored at one
end prior to stretching; the bulk feed stock 1s a roll of tubing falling within a
predetermined range of variations; and/or the tubing segment being attached to a
15  connector prior to applying the predetermined force, or any combination thereof.
Likewise, a method for forming a peristaltic pump cassette may include;
applying a force to a tubing segment to stretch the tubing segment to a predetermined
length; cutting the tubing segment at a position correlated with the force necessary to
stretch the tubing segment to the predetermined length; and attaching the tubing
20  segment to at least one connector to form a peristaltic pump cassette. The method may
also 1nclude: subjecting the tubing segment to a force between 4 and 6 pounds; cutting
the tubing segment so that the tubing segment under ambient conditions 1s between
4.9 inches and 5.1 inches; the tubing having an outer diameter of about 0.200 inches +
0.003 inches and an inner diameter of about 0.120 inches £+ 0.003 inches; one end of
25  the tubing segment being attached to a connector prior to stretching; the tubing
segment being drawn from bulk feedstock; the tubing segment 1s braced or anchored
at one end prior to stretching; the tubing segment being braced or anchored by
attaching the tubing segment to a connector of the peristaltic pump cassette prior to
stretching; and/or the bulk feedstock being a roll of tubing falling within a pre-
30  determined range of variations, or combinations thereof.
Similarly, a method of improving accuracy 1n a pump cassette may include:
selecting bulk tubing; stretching a segment of the tubing; cutting the segment of the
tubing; and attaching at least one end of the segment of the tubing to a connector to

form a pump cassette. The method may also include: the segment of the tubing being
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attached to a connector of a pump cassette prior to stretching ot the segment of

tubing; the segment of the tubing being stretched under a predetermined force; and/or
the segment of the tubing being stretched to a predetermined length, or combinations

thereof.

S There 1s thus disclosed an improved method for forming enteral feeding and
infusion pump cassettes. It will be appreciated that numerous changes may be made

to the present invention without departing from the scope of the claims.
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CLAIMS

What 1s claimed 1s:

1. A method for forming a peristaltic pump cassette, the method comprising:
S applying a predetermined force to stretch a tubing segment;
cutting the tubing segment at a predetermined length; and
attaching the tubing segment to at least one connector to form a peristaltic

pump cassette.

10 2. The method according to claim 1, wherein the method comprises subjecting

the tubing segment to a force between 4 and 6 pounds.

3. The method according to claim 1, wherein the method comprises cutting the
tubing segment so that the tubing segment under ambient conditions 1s

15 between 4.9 inches and 5.1 inches.

4. The method according to claim 1, wherein the tubing has an outer diameter of
about 0.200 inches * 0.003 inches and an inner diameter of about 0.120 1inches
+ (.003 1nches.
20
>. 'The method according to claim 1, wherein one end of the tubing segment 1s

attached to a connector prior to stretching.

6. The method according to claim 1, wherein the tubing segment 1s drawn from
25 bulk feedstock and wherein the tubing segment 1s braced or anchored at one

end prior to stretching.

7. The method according to claim 1, wherein the bulk feedstock 1s a roll of
tubing falling within a predetermined range of variations.
30
8. The method according to claim 1, wherein the tubing segment 1s attached to a

connector prior to applying the predetermined force.
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9. A method for forming a peristaltic pump cassette, the method comprises;
applying a force to a tubing segment to stretch the tubing segment to a
predetermined length;
cutting the tubing segment at a position correlated with the force necessary to

S stretch the tubing segment to the predetermined length; and
attaching the tubing segment to at least one connector to form a peristaltic

pump cassette.

10. The method according to claim 9, wherein the method comprises subjecting

10 the tubing segment to a force between 4 and 6 pounds.

11. The method according to claim 9, wherein the method comprises cutting the
tubing segment so that the tubing segment under ambient conditions 1s
between 4.9 inches and 5.1 inches.

15
12. The method according to claim 9, wherein the tubing has an outer diameter of

about 0.200 1nches + 0.003 inches and an inner diameter of about 0.120 inches

+ ().003 1inches.

20 13. The method according to claim 9, wherein one end of the tubing segment 1s

attached to a connector prior to stretching.

14. The method according to claim 9, wherein the tubing segment 1s drawn from
bulk feedstock and wherein the tubing segment 1s braced or anchored at one

25 end prior to stretching.

15. The method according to claim 14, wherein the tubing segment 1s braced or

anchored by attaching the tubing segment to a connector of the peristaltic

pump cassette prior to stretching.
30

16. The method according to claim 9, wherein the bulk feedstock 1s a roll of

tubing falling within a predetermined range of variations.

1’7. A method of 1improving accuracy in a pump cassette, the method comprising:
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selecting bulk tubing;

stretching a segment of the tubing;

cutting the segment of the tubing; and

attaching at least one end of the segment of the tubing to a connector to form a

S pump cassette.
18. The method according to claim 17, wherein the segment of the tubing is

attached to a connector of a pump cassette prior to stretching of the segment of

tubing.

10 19. The method according to claim 17, wherein the segment of the tubing is

stretched under a predetermined force.

20. The method according to claim 17, wherein the segment of the tubing 1s

stretched to a predetermined length.

15
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Select feedstock of resilient tubing

|

Brace or anchor tubing

l

Stretch tubing under predetermined force

\ 4

Cut tubing at predetermined length from anchor or end attached to foree

A4

attach cut end to torm peristaltic pump cassette

FIG. 2
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