WO 2016/154463 PCT/US2016/024066

IV MEMBRANE ATTACHMENT METHODS

BACKGROUND

{0001] The present invention is generally directed to systems and methods for
intravenous (“TV”) delivery, by which fluids can be administered directly to a patient. More
particularly, the present invention is directed systems and methods for manufacturing
components of an intravenous delivery system. An intravenous delivery system according to
the invention is used broadly herein to describe components used to deliver the fluid to the
patient, for use in arterial, intravenous, intravascular, peritoneal, and/or non-vascular
administration of fluid. Of cowrse, one of skill in the art may use an inwavenous delivery
system to adnuinister fluids to other locations within a patient's body.

[0002] One common method of administering fluids into a patient’s blood flow is
through an intravenous delivery system. In many common implementations, an infravenous
delivery system may inclade a liquid source such as a liquid bag, a drip chamber used to
determine the flow rate of fluid from the liguid bag, tubing for providing a connection
hetween the liquid bag and the patient, and an intravenous access unit, such as a catheter that
may be positioned intravenoussly in a patient. An intavenous delivery system may also
inchude a Y-connector that allows for the piggybacking of intravenous delivery systems and
for the administration of medicine from a syringe into the tubing of the infravenous delivery
system.

{0083] It is a generally good practice to remove air from intravenous delivery systems
that access a patient's blood flow. While this concern is critical when accessing arterial
blood, it is also a concern when accessing the venous side. Specifically, if air bubbles are
aliowed to enter a patient’s blood stream while receiving the infravenous administration of
fhuids, the air bubbles can form an air embolism and cagse serious injury to a patient.

{0084] Normally, in a majority of adults, the right atrium and the left atrium are
completely separated from each other so that the blood and air bubbles are moved from the
right atrium, to the right ventricle, and then to the lungs where the air bubbles may be safely
vented. The bubble free blood is then returned to the left atrium, where the blood is moved to
the left veniricle and then sent throughout the body.

{00051 However, in infants and in a small portion of the adult population, the right
atrivm and left atrium are not completely separated. Consequently, aiv bubbles can move

directly from the right atrivimn into the left atriam and then be dispersed throughout the body.
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As a result, these air bubbles may cause strokes, tissue damage, and/or death. Therefore, it is
important to prevent air bubbles from cntering a paticnt's blood stream.

{0006] In spite of the importance of removing air bubbles while priming an
intravenous delivery system for use in the intravenous administration of fluids, the complete
removal of air bubbles can be a tme consumung process. The process may also lead to
contamination of the intravenous delivery system by inadvertently touching a sterile end of
the intravenous delivery system. Typically, when an intravenous delivery system is primed, a
clamp is closed to prevent fluid from moving from a drip chamber through the tubing. The
intravenous delivery system may then be attached to an IV bag or bottle. Once attached, the
drip chamber, which is typically made of a clear flexible plastic, may be squeczed to draw the
fluid out of the TV bag or bottle and into the drip chamber. The drip chamber may be allowed
to fill about ¥ to ¥2 full when the clamp is opened to allow fluid to flow through the tube to
an end of the intravenous delivery system.

{00071 This initial process, however, typically traps air in tubing which must be
removed. For example, the flow of the fluid through the wbing of the intravenous delivery
systemn may be turbulent and can entrap air within the tube as the boundary layer between the
fluid and the tubing is sheared. The flow rate out of the drip chamber may be higher than the
flow rate of fluid entering the drip chamber. This can cause a bubble tadder to form as air is
sucked from the drip chamber into the tubing.

{00688] Additionally, air bubbles may be generated as drops of fluid strike the surface
of the pool of fluid within the drip chamber. These air bubbles can be pulled into the tubing
of the IV set from the drip chamber. This problem may be aggravated in pediatric
applications where the drip orifice may be smaller, which may result in increased turbulence.
{0069] To remove air bubbles from the intravenous delivery system, fluid from the IV
bag or bottle may be allowed to flow through the tubing while an attendant taps the tubing to
encourage the air bubbles out the end of the intravenous delivery system. As the fluid is
aliowed to flow out of the imtravencus delivery system to clear air bubbles from the tubing,
the fluid may be allowed to flow into a waste basket or other receptacle. During this
procedure, the end of the tubing may contact the waste basket or be touched by the attendant
and thus, become contaminated. An additional shortcoming of this debubbling process is that
it requires attention and fime that could have been used to perform other tasks that may be
valuable to the patient.

{0010] Another debubbling method is to directly remove air bubbles from the

intravenous delivery systern. Morve specifically, if the intravenous delivery system incluodes a
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Y-connector, air bubbles may be removed at the Y-connector by a syringe. This method sull
requires additional time and attention, and may also carry risk of contamination of the liquid
to be delivered.

{0011] To address the difficulties of removing bubbles from an intravenous delivery
system, various prior art intravenocus delivery systems have employed a membrane for
filtering air from the fluid as it flows through the intravenous delivery system. For example,
oftentimes a membrane may be placed in the bottom of the drip chamber so that fhind flowing
out of the drip chamber must pass through the membrane. The membrane can be configured
to allow the passage of fiuid while blocking the passage of air. In this way, bubbles are
prevented from passing info the tubing leading to the patient, Sumilarly, a membrane can be
included in the connector that couples the tubing to a catheter to block any air present in the
tubing from passing into the patient’s vasculature.

{6012] The vse of air filtering membranes in these prior art intravenous delivery
system designs have been beneficial. However, such membranes introduce new
mamufactaring challenges. Ordinary welding processes are typically used to attach materials
with similar melting points together. The materials at the weld interface can be melted and
thereby mixed together. However, membrancs may be composed of materials with specific
bydrodynamic properties, which may have melting points significantly different from those
of the materials used in adjacent components of the intravenous delivery systern.  Thas,
traditional welding technigoes may not be effective for attaching the membrane in place.
{6013] Further, in order to extend the benctfits of health care to lower income areas
and individuals, it would be beneficial to reduce the manufacturing cost and complexity of
processes used to make existing intravenous debvery systems.  Yet further, increasing the
reliability of such processes may reduce the risk that the intravenous delivery system will fail
to operate properly due to a manufacturing defect.

BRIEF SUMMARY OF THE INVENTION

{0014] Embodiments of the present invention are generally directed to an intravenous
delivery system with an anti-run-dry membrane. The intravenous delivery system may have
a liquid sowrce containing a liquid to be delivered to a patient, a drip unit containing the anti-
run-dry membrane, and tubing. The tobhing may have a first end connectable to the hquid
source, and a second end connectable to a vent cap and/or an intravenous delivery umt

{0015] The anti-run-dry membrane may be formed of a hydrophilic material, and may
have a plurality of pores that permit the liquid to flow through the anti-run-dry membrane,

while resisting passage of air through the anti-nm-dry membrane.  The anti-run-dry
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membrane may be secured to a scat formed on an exterior wall of the drip unit to prevent air
from flowing from the top part of the drip unit to the bottom part of the drip unit, through the
anti-run-dry membrane. The anti-run-dry membrane may be sccured to the exterior wall
through the use of a welding process, such as laser welding or ultrasonic welding.

{001s6] The anti-run-dry membrane may be formed of Polyethersulfone (PES), which
has a meking point significantly higher than that of the seat to which it is 10 be attached. This
melting point differential may pose unique challenges for welding. In some embodiments,
the material of the anti-run-dry membrane may be modified during fabrication of the and-
run-dry membrane through the use of a melting point reduction procedure. This may cause
the anti-run-dry membrane to have a melting point significantly lower than that of the base
material (for example, Polyethersulfone). The anti-run-dry membrane may have a melting
point within 20°C of the melting point of the material of which the seat is formed.

{0017] Additionally or alternatively, a unique laser welding procedure may be carried
out. Laser welding may utilize a laser to direct coherent light at a laser impingement area on
the juncture between the seat and the weld swface of the anti-run-dry membranc. The
coherent light may optionally be directed through the exterior wall to reach the juncture. The
cxterior wall may have an opposing surface aligned with the seat and facing outward; the
opposing surface may have a surface finished that provides the desired degree of scatier of
the coherent light to ensure that the laser impingement arca has the appropriate size. The
laser impingement area may be moved along any of a vartety of closed pathways to define a
scal between the seat and the weld surface. A fixture may be used to provide corapression
prior to and/or during the laser welding process.

[0018] In alternative embodiments, a two-piece anti-run-dry membrane may be used
to facilitate laser welding. The two-piece anti-run-dry membrane may have a membrane
component and a welding component. The membrane component may provide the desired
liguid permeability and air impermeability, while the welding component may be more
readily weldable to the material of the exterior wall.

{0019] Additionally or alternatively, a unique ultrasonic welding procedure may be
used to secure the weld surface to the seat. The seat may have an energy director that
protrades toward the weld surface.  An ultrasonic welding horn may be advanced into the
interior of the exterior wall, and nto contact with the anti-run-dry membrane to press the
weld surface against the scat. The ultrasonic welding horn may apply vibration to the

juncture between the weld surface and the seat. The vibration may be concentrated in the
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energy director, which may preferentially melt and flow into the pores of the anti-ran-dry
membrane that are proximate the weld surface.

{0020] The anti-run-dry membrane may optionally have unequal pore sizes, for
example, with larger pores proximate the weld surface. The larger pores may form a stronger
bond by receiving a larger amount of melied material of the seat. In further alternative
cmbodiments, two or more energy directors may be used, and may define a central relief
between themn. The ultrasonic welding horn may have a matching central relief that receives
a thicker section of the anti-ran-dry membrane and also receives flowable material from the
cnergy dircctors to provide more secure attachment. In other alternatives, a seat may not
have protruding cnergy directors, but may rather have a tapered shape or the like, in which a
leading edge may act as an energy director. Such seat shapes may facilitate injection molding
of the exterior wall.

{6021 These and other features and advantages of the present invention may be
incorporated into certain embodiments of the invention and will become more fully apparent
from the following description and appended claims, or may be learned by the practice of the
invention as set forth hereinafter. The present mvention does not require that all the
advantageous features and all the advantages described herein be incorporated into every
cmbodiment of the inveniion.

BRIEF DESCRIPTVION OF THE SEVERAL VIEWS OF THE DRAWINGS

§B6221 In order that the manner in which the above-recited and other features and
advantages of the invention arc obtained will be readily understood, a more particular
description of the invention briefly described above will be rendered by reference to specific
cmbodiments thercof that are tHustrated in the appended drawings. These drawings depict
only typical cmbodiments of the invention and are not therefore to be considered to limit the
scope of the invention.

[0023] Figure 1 is a front elevation view of an intravenous delivery system according
to one embodiment;

{6024] Figure 2 is a flowchart diagram illustrating a method of manuofacturing a drip
chamber for an intravenous delivery systern, according to one embodiment;

{0025] Figure 3 is a front elevation, section view of a portion of a drip unit according
to one embodiment, ithustrating the use of a laser to laser weld the anti-run-dry membrane fo

the exterior wall of the drip unit;
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[0026] Figure 4 is a front elevation, section view of a portion of a drip unit according

to one alternative emmbodiment, dlustrating the use of one or more lasers o laser weld a two-

picce anti-run-dry membrane to the exterior wall of the drip unit;

{0027] Figure 5 i3 a perspective view of an anti-run-dry membrane, illustrating the

use of a laser to laser weld the ant-run-dry membrane in place by moving the laser

impingement arca along a circular path;

{06628] Figures 6A-60 are plan views of various paths that may be followed by a laser

impingement area in order to secure an ant-ron-dry membrane in place;

{0029] Figure 7 is a front clevation, section view of a drip unit according to one

alternative embodiment, illustrating the use of an ultrasonic welding horn to ultrasonically

weld an anti-run-dry membrane to the exterior wall of a drip unit;

§B630] Figures 8A-8C are front clevation, section views of the seat of the exterior

wall and the weld surface of the anti-run-dry membrane of Figure 7, in an uncormpressed

state, a compressed state, and a welded state, respectively;

{66313 Figure 9 is a front elevation, section view of a seat of an exterior wall and a

weld surface of an anti-run-dry membrane according to one alternative embodiment;

[6032] Figures 10A and 10B arc front elevation, section views of a seat of an exterior

wall and a weld surface of an anti-run-dry membranc according to another alternative

embodiment, prior to and during welding, respectively; and

{0033] Figure 11 is a front elevation, section view of a drip unit according to one

alternative embodiment, illustrating the use of an uvltrasonic welding horn to ultrasonically
eld an anti-run-dry membrane to the exterior wall of the drip unit.

DETAILED DESCRIPTION OF THE INVENTION

{0034] The presently preferred embodiments of the present invention can be
uanderstood by reference to the drawings, wherein like reference mumbers indicate identical or
functionally similar clements. It will be readily understood that the components of the
present invention, as generally described and illustrated in the figwres herein, could be
arranged and designed in a wide variety of different configurations. Thus, the following
more detailed description, as represented in the figures, is not intended to limit the scope of
the invention as claimed, but is merely representative of presently preferred embodiments of
the invention.

{0035] Morcover, the Figures may show simplified or partial views, and the
dimnensions of elements in the Figures may be exaggerated or otherwise not in proportion for

clarity. Tn addition, the singular forms “a,” “an,” and “the” inclhude plural referents unless the
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context clearty dictates otherwise. Thus, for example, reference to a terminal includes
reference to one or more terminals. In addition, where reference is made to a list of elements
(e.g.. clements a, b, ¢}, such refercnce is intended to include any one of the listed elements by
itself, any combinadon of less than all of the listed clements, and/or a combination of all of
the histed elements.

{0036] The term “substantially” means that the recited characteristic, parameter, or
value need not be achieved exactly, but that deviations or variations, including for example,
tolerances, measurement error, measurement accuracy limitations and other factors known to
those of skill in the art, may occur in amounts that do not preciude the effect the characteristic
was intended to provide.

{0037] As used herein, the term "proximal”, "top”, "up" or "upwardly" refers to a
location on the device that is closest to the clinician using the device and farthest from the
paticnt in connection with whorm the device is used when the device is used in its normal

N

operation. Conversely, the term "distal”, "bottom", "down” or "downwardly” refers to a
location on the device that is farthest from the clinician using the device and closest to the
patient in connection with whom the device is used when the device is used in its normal
operation.

{0038] As used herein, the term "in" or "inwardly” refers to a location with respect to
the device that, during normal use, is toward the inside of the device. Conversely, as vsed
herein, the term "out” or "outwardly” refers to a location with respect to the device that,
during normal use, is toward the outside of the device.

{0039] Referring to Figure 1, a front elevation view illustrates an intravenous delivery
system 100 according to one embodiment. As shown, the intravenous delivery system 100
may have a number of components, which may inciude a liquid source 162, a drip unit 104,
tbing 106 a retention unit 108, a vent cap 110, and an intravenous access unit 112, The
manner i which these components are illustrated in Figore 1 is merely exemplary; those of
skill in the art will recognize that a wide variety of intravenous delivery systems exist. Thas,
the various components the intravenous delivery system 100 may be omitted. replaced, and/or
supplemented with components different from those illustrated.

{00401 The lguid source 102 may have a container containing a liquid 122 1o be
delivered intravenously to a patient. The liquid source 102 may, for example, have a
membrane 120, which may be formed of a translucent, flexible polymer or the like. The
membrane 120 may thus have a baglike configuration. The membrane 120 may be shaped to

contain the liquid 122,
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[0041] The drip umt 104 may be designed to receive the liguid 122 from the
membrane 120 in a measured rate, for example, as a series of drips occurring at a predictable,
consistent rate. The drip unit 104 may be positioned below the membrane 120 so as to
receive the liquid 122 via gravity feed. The drip unit 104 may have a receiving device 130
that receives the liquid 122 from the liquid source 102, a drip feature 132 that determines the
rate at which the liquid 122 is received by the drip unit 104, and an exterior wall 133 that
defines a drip chamber 134 in which the liquid 122 is collected. An anti-run-dry membrane
136 may be positioned within the drip chamber 134 to enable a fluid column of significant
length to be maintained within the tubing 106 after cessation of flow of the liquid 122 into the
tuhing 106, without permitting significant air to flow into the tubing 106 through the anti-run-
dry membrane 136.

{0042] The tubing 106 may be standard medical grade tubing. The tubing 106 may
he formed of a flexible, translucent material such as a silicone rubber. The tbing 106 may
have a first end 140 and 3 second end 142. The first end 140 may be coupled to the drip unit
104, and the second end 142 may be coupled to the vent cap 110, such that the liquid 122
flows from the drip unit 104 to the vent cap 110, through the tubing 106.

{0043] The retention unit 108 may be used to retain various other components of the
intravenous delivery system 100, As shown, the retention unit 108 may bave a main body
150 and an extension 152. Generally, the tubing 106 may be connected to the main body 150
proximate the first end 140, and to the extension 152 proximate the second end 142. Various
racks, brackets, and/or other features may be used in addition to or in place of the retention
anit 108.

{00441 The vent cap 110 may be coupled to the second end 142 of the tubing 106.
The vent cap 110 may have a vent, such as a hydrophilic membrane that is substantially
permoeable to air, but not to the Hauid 122, Thus, air from within the vent cap 110 can be
vented from the intravenous delivery system 100, with limited leakage of the liquid 122 from
the intravenous delivery systern 100.

{03045] The intravenous access unit 112 may be used to supply the liquid 122 to the
vascular system: of the patient. The intravenous access unit 112 may have a first end 170 and
an access end 172, The first end 170 may be connectable to the second end 142 of the tuhing
106 in place of the vent cap 110. Thus, when the intravenous delivery system 100 is fully
primed, the intravenous access unit 112 may be coupled to the second end 142 of the tubing
106 in place of the vent cap 110, In alternative embodiments (not shown), various connectors

such as Y-adapters roay be used to connect the first end 170 of the intravenous access umit
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112 to the tubing 106 without detaching the vent cap 110 from the second end 142 of the
tbing 106.

{0046] The intravenous delivery system 100 may be primed by connecting the
components {except for the intravenous access anit 112) together as illustrated in Figore 1,
and then allowing the liquid 122 to gravity feed through the drip unit 104 and the tubing 106
into the vent cap 110. U desired, the drip unit 104 may be squeezed or otherwise pressurized
to expedite flow of the liguid 122 through the tubing 106.

{00471 As the liguid 122 flows through the wbing 106, aiv may become entrained in
the liguid 122, This air may move from the first end 140 of the tbing 106, toward the
second end 142 of the wubing 106, along with the column of liquid 122. This entrained air
may gather into bubbles proximate the second end 142 of the tubing 106, The vent cap 110
may be designed to receive the liquid 122 to permit sach air bubbles to be vented from the
intravenous delivery system 100 through the vent cap 110

{00481 Once the liquid 122 stops flowing into the liquid 122, for example, due to
depletion of the liquid 122 in the liquid source 102, the anti-run-dry membrane 136 may act
to restrict motion of air into the tubing 106. The anti-run-dry membrane 136 may have a
plurality of pores 138, each of which has a size that causes the formation of a meniscus of the
tiguid 122 underneath the anti-run-dry membrane 136, Each meniscus may, via surface
tension, contribute to the support of a coluron of the liquid 122 in the tubing 106. The anti-
run-dry membrane 136 may be designed to facilitate support of a column of the hiquid 122 of
significant length before permitting air to enter the column. The longer the column that can
be supported, the more robust the intravenous delivery system 100 will be to different
operational conditions.

{0049] The anti-run-dry membrane 136 may be secured to the exterior wall 133 of the
drip unit 104 through the use of various manufacturing methods. Although various welding
techniques are known to be effective for securing plastic components together, such welding
technigues often rely on the components having similar melting points so that they can mek
together and intermix at the weld interface. Attachment of the anti-run-dry membrane 136 to
the exterior wall 133 of the drip unit 104 may present a unique challenge due to the likely
disparity in melting points between these two components.

[003¢] More specifically, the exterior wall 133 of the drip unit 104 may be formed of
any of a variety of materials such as PVC, SBC, and TPO. Such materials often have a
melting point within the range of sbout 190°C ¢o about 210°C. By contrast, the anti-run-dry

membrane 136 may be formed of a material such as Polyethersulfone (PES).  In many
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formulations, PES may have a melting point within the range of about 250°C to about 350°C.
Accordingly, traditional fabrication techniques may not provide secure attachment of the anti-
run-dry mercbrane 136 o the exterior wall 133, The exterior wall 133 may begin melting
tong before the anti-run-dry membrane 136 has reached its melting point; thus, the portion of
the exterior wall 133 to which the anti-run-dry membrane 136 is to be attached may lose oo
much of its shape and rigidity before the anti-run-dry membrane 136 begins to melt.

{60511 In some embodiments, this disparity in melting points may be corrected by
modifying the properties of the anti-run-dry membrane 136. For example, the melting point
of the anti-run-dry membrane 136 may be lowered by altering the process used to
manufacture the anti-ron-dry membrane 136 in various ways. For example, the melting point
of a PES material may be lowered by (1) changing the chemical composition of the ether pre-
polymer to provide the pre-polymer with a more flexible chemical structure, resulting in a
more flexible chemical structure of the PES material, (2) copolymerizing the PES with a
more flexible material such as a polyether pre-polymer with multiple CH?2 repeat units in the
backbone of the chemical structure, and/or (3) adding side branching to increase free-volume
and allow greater flexibility of the aromatic ring structure of the PES.

{0052] These are merely exemplary; those of skill in the art will recognize that the
melting point of a2 PES material may be reduced in other ways besides those specifically set
forth above. Further, the present disclosure is not limited to PES materials; rather, the
melting point reduction processes set forth above may be applied to other materials that may
be used in the formation of an anti-run-dry membranc. Such melting point reduction
processes may be adapted as needed to the particular material(s) used to create the anti-run-
dry membrane.

{0053] In some embodiments, the melting point of the anti-run-dry membrane 136
may be reduced to a level similar to that of the melting point of the exterior wall 133, In
some examples, the melting point of the anti-run-dry membrane 136 may be reduced to
within 50°C of the melting point of the exterior wall 133. More precisely, the melting point
of the anti-run-dry membrane 136 may be reduced to within 30° of the melting point of the
exterior wall 133, Yet more precisely, the meliing point of the anti-run-dry membrane 136
may be reduced to within 207 of the melting point of the exterior wall 133, Still more
precisely, the melung point of the anti-run-dry membrane 136 may be reduced to within 16°
of the melting point of the exterior wall 133,

{0054] In addition to or in the alternative to reduction of the melting point of the anti-

run-dry membrane 136, welding processes may be tatloved to the unique requirements of
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attachment of the anti-run-dry membrane 136 to the exterior wall 133, In some
cmbodiments, ultrasonic and/or laser welding may be used to cause the material of the
exterior wall 133 to flow into the pores 138 of the portion of the anti-run-dry membrane 136
that is adjacent to the exterior wall 133. This may be facilitated through the application of
pressure that presses the anti-run-dry membrane 136 against the exterior wall 133 prior to
and/or during the welding process to encourage flow of mclted material of the exterior wall
133 into the pores 138,

[0035] Although in Figure 1, the anti-run-dry membrane 136 is positioned within the
drip unit 104, those of skill in the art will recognize that, in alternative embodiments, an ant-
run-dry membrane may he positioned clsewhere within an intravenous delivery system. For
example, an anti-run-dry membrane may be positioned within the tubing 106 and/or within
the intravenous access unit 112, The systems and methods of the present invention may be
used to attach such anti-run-dry membranes, as well as those that are positioned within drip
units,

{0036] A method 200, in generalized form, of attaching the anti-nun-dry membrane
136 to the exterior wall 133 will be provided in connection with Figure 2. More specific
examples will be presented in connection with Figures 3-11.

{0057] Referring to Figure 2, a flowchart diagram illustrates a method 200 of
manufacturing a drip chamber for an intravenous delivery system, according to one
embodiment. The method 200 will be described with reference to the intravenous delivery
system 100 of Figure 1. However, those of skill in the art will recognize that the method 200
may be carvied out with different intravenous delivery systems. Simularly, the intravenous
delivery systern 100 may be manufactured through the use of methods other than that of
Figure 2.

{0058] The method 200 may start 210 with 2 step 220 in which the exterior wall 133
of the drip unit 104 is provided. The exterior wall 132 may be made of a polymer such as
PVC, SBC, and TPO, and wmay be manufactured through the use of various processes,
including but not limited to injection molding, blow molding, casting, and/or the like.

{00591 In a step 230, the anti-run-dry membrane 136 may be provided. The anti-tun-
dry membrane 136 may be made of a polymer such as Polyethersulfone (PES), and may be
manufactured through the use of the processes lisied above, by way of example. The
processes used to form the anti-run-dry membrane 136 may be tuned to provide the pores 138

of the anti-run-dry membrane 136 with the desired size, which may be optimized to permit
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passage of the liquid 122 through the anti-run-dry membrane 136, while limiting passage of
air through the anti-run-dry membrane 136.

{0060] The step 230 may optionally include any of the methods described above for
reducing the melting point of the anti-run-dry membrane 136 to a level close to the melting
point of the exterior wall 133, In the alternative, no such methods may be used; rather,
subsequent welding processes may be carried out in a manner that facifitates adherence of the
anti-tun-~-dry membrane 136 to the exterior wall 133 with a significant disparity in melting
points between the exterior wall 133 and the anti-run-dry membrane 136.

{0061] In a step 240, the anti-run-dry membrane 136 may be positioned within the
drip chamber 134 that is at least partially defined by the exterior wall 133, Other components
such as the drip feature 132 may cooperate with the exterior wall 133 to fully define the drip
chamber 134. The anti-run-dry membrane 136 may be positioned such that a weld surface of
the anti-ran-dry membrane 136 is adiacent to and/or in contact with a seat of the exterior wall
133.

{0062] In a step 250, compression may be applied to press the weld surface of the
anti-run-dry membrane 136 against the seat of the exterior wall 133, In the event that the
melting point of the anti-min-dry membrane 136 is significantly different from that of the
exterior wall 133, this compression may help the material of the scat flow into the pores 138
of the anti-run-dry membrane 136 that are adjacent to the seat during the welding process.
Hence, this compression may contime to be applied during the welding process.

{6063] In a step 260, welding may be carried out by applying coherent light and/or
vibration to cause localized melting of the seat and/or the weld surface. As will be shown
and described subscquently, the coherent Hght may be emitted by a laser and divected at the
juncture between the seat of the exterior wall 133 and the weld surface of the anti-run-dry
membrane 136, As will also be shown and described subscquently, the vibration may be
applied by an ultrasonic welding bom.

{0064] In a step 270, in response to application of the coherent light and/or the
vibration, the weld surface may adbere to the seat. As mentioned previously, this may be duc
to in-flow of material of the seat of the exterior wall 133 into the pores 138 of the anti-run-
dry membrane 136 that are adjacent to the seat. The method 200 may then end 290.

[0065] The adherence of the anti-run-dry membrane 136 to the exterior wall 133 may
occur in a closed pathway that defines a substantially fluid-tight seal between the weld
surface and the scat. The scal may cause any liquid or gas moving between an upper portion

and a lower portion of the drip chamber to pass through the anti-ran-dry membrane 136.
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[0066] Various systems, procedures, and/or configurations for camrying out the
method 200 will be shown and described in detail in Figures 3 through 11, More specifically,
cxemplary laser welding techniques will be shown and described with reference to Figures 3
through 6. Exemplary ultrasonic welding techmiques will be shown and described with
reference to Figures 7 through 11

{00671 Referring to Figure 3, a front elevation, section view illustrates a portion of a
drip unit 300 according to one embodiment. The drip vt 300 may have an exterior wall 310
and an anti-ron-dry membrane 320. The exterior wall 310 may have a cylindrical,
frustoconical, and/or other shape that defines a drip chamber 330 that receives the liguid 122
The exterior wall 310 may have a shelf 332 on which a scat 334 is formed, facing toward the
anti-run-dry membrane 320, The shelf 332 may also have an opposing surface 336 aligned
with the seat 334 and facing outward. The seat 334 need not have any particular geometry,
but may instead simply be a flat, annular surface.

{00681 The anti-run-dry membrane 320 may bave a proximal swrface 340 that faces
toward the seat 334, and a distal surface 342 that faces away from the scat 334, A subset of
the proximal surface 340, such as a peripheral ring, may act as a weld surface 346 that rests
against the seat 334 and is to be laser welded to the seat 334,

{0069] Welding may be carried out through the use of a laser 350 that projects
coherent light 352 at the juncture between the seat 334 and the weld surface 346. 'The
coherent light 352 may be projected at a laser impingement area 354. The coherent light 352
may be projectad at the location illustrated in Figure 3 for sufficient time to cause some of the
material of the seat 334 to become flowable. The flowable material of the seat 334 may then
flow into the pores 138 of the weld surface 346 to effect adherence of the seat 334 to the weld
surface 346 at that location. Once this has been accomplished, the laser impingement area
354 may be moved to a different portion of the juncture between the seat 334 and the weld
surface 346 that has not vet been welded. This may be done, for example, by moving the
laser impingement area 354 in any of a variety of closed shapes, as will be discussed
subsequently.

{00761 As mentioned in the description of Figure 2, compression may be applied to
press the weld surface 346 against the seat 334, This may be done, for example, with a
fixture 360. The fixture may simply be a cylindrical metal piece. Another fixture (not
shown} may be placed on the opposite side of the drip unit 300 to keep the exterior wall 310

in place during the compression and/or welding processes. Such an additional fixture may
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advantageously avoid occluding any of the pathways taken by the coherent light 352 during
the welding process.

{0071] The exterior wall 310 may be formed of a generally translucent material.
Thus, the coherent light 352 may pass through the opposing surface 336 and through the
interior of the shelf 332 o reach the juncture between the seat 334 and the weld surface 346.
As shown, the opposing swrface 336 may be oriented in a direction substantially
perpendicular to the divection along which the coherent light 352 is directed. This may help
to minimize undesired displacement of the laser impingement area 354 due to refraction.
{0072] The laser 350 may be designed to produce the coherent light 352 with a
wavelength appropriate for causing this localized melting to occur. In some examples, the
coherent light 352 may have a relatively large wavelength, i.e., a wavelength that exceeds
2,000 nanometers. Such wavelengths may facilitate laser welding of clear plastics, such as
the materials used in the construction of the exterior wall 310 and/or the anti-run-dry
membrane 320, without requiring the use of an additive such as an absorber that absorbs the
coherent light 352, In alternative embodiments (not shown), a lower wavelength of coherent
Light may be used in conjunction with such an absorber.

{0073] The opposing surface 330 may have a surface roughness that is specifically
selected to cause the laser iopingement area 354 to have the desired size. H the opposing
surface 336 has a smooth finish, it may cause little scattering of the coherent light 352,
thereby causing the laser impingement area 354 to be relatively small. Conversely, if the
opposing surface 336 has a roughened finish, considerable scattering of the coherent light 352
may occur, causing the laser impingement area 354 to be larger. Having the laser
impingement area 354 at the appropriate size is beneficial. Specifically, if the laser
impingement arca 334 is too small, the material around the laser impingement arca 354 may
overbeat, causing excessive melf flow. Conversely, if the laser impingement area 354 is too
large, the material around the laser impingement area 354 may become insufficiently
flowable, or material that is not intended to be welded may become flowable, resulting in
damage to the exterior wall 31¢

{00741 In some embodiments, it may be desivable to use a two-piece anti-run-dry
membrane to facilitate laser welding and/or ultrasonic welding. One such example will be
showsn and described in connection with Figure 4.

{0075] Reterring to Figure 4, a front elevation, section view illustrates a portion of a
drip wnit 400 according to one alternative cmbodiment. The drip unit 400 may have an

exterior wall 410 similar to that of the deip unit 300 of Figure 3, and an anti-run-dry
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membrane 420 with two-piece construction. The exterior wall 410 may have a cylindrical,
frustoconical, and/or other shape that defines a drip chamber 430 that receives the liquid 122
The exterior wall 410 may have a shelf 432, and a seat 434 positioned above the shelf, facing
inward toward the anti-run-dry membrane 420. The exterior wall 410 may have an opposing
surface 436 aligned with the seat 434 and facing outward.

{00761 The anti-run-dry membrane 420 may have a two-piece design. Specifically,
the anti-run-dry membrane 420 1oay have a membrane component 422 that provides the
destired liqund permeability and ap impermeability, and a welding component 424 that
facilitates welding of the anti-run-dry membrane 420 to the exterior wall 410. The membrane
cornponent 422 may have a proximal surface 440 that faces toward the shelf 432, and a distal
surface 342 that faces away from the shelf 432, The welding component 424 may have a
membrane attachment surface 444 and a weld surface 446. The membrane attachment
swrface 444 may be secured to the distal surface 442 of the membrane component 422, and
the weld surface 446 may be secured to the seat 434 via laser welding. The welding
component 424 ray have an annular shape with a bore 448 passing through its interior.
{68771 The membrane attachment surface 444 may be secured to the membrane
component 422 in any of a variety of ways. In some embodiments, the membrane attachment
surface 444 may be welded to the membrane component 422 through the use of a process
such as thermal welding, ultrasonic welding, laser welding, friction welding, and/or the like.
Addivonally or alternatively, the membrane attachment sitnface 444 may be secured to the
membrane component 422 through the use of other attachment methods such as mechanical
fastening, chemical bonding, adhesive bonding, and/or the like. The welding component 424
may be formed of a material that is readily attachable to the membrane component 422
(through the usc of one of the attachment methods referenced above) and to the exterior wall
410. In some embodiments, the welding component 424 may be formed of a material with a
melting point between those of the membrane component 422 and the exterior wall 410.
Thus, the welding component 424 may be readily weldable to both the membrane component
422 and the exterior wall 410.

{00781 The weld surface 446 of the welding component 424 may be welded to the
seat 434 via laser welding through the use of one or more lasers 350, cach of which projects
cobherent light 352 at a laser impingement area 354. As shown, this may be done by
projecting the coherent light 352 along a variety of directions. In some embodiments, the
taser 350 may be positioned in-plane with the welding component 424, and the coherent light

352 may be projected along a direction substantially perpendicular to the weld surface 446,
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through the opposing surface 436, as shown. If desired, the coherent light 352 may be
projected along a direction that is not perpendicular to the opposing swrface 436, Diffraction
of the coherent light 352 may be taken into account in order to determine where the coherent
light 352 shouid be projected in ovder to cause the laser impingement area 354 to be at the
desired location.

{00791 In other erobodiments, the taser 350 may be positioned to project the coherent
Light 352 directly at the junciure between the seat 434 and the weld surface 446. This may be
done, for example, by positioning the laser 350 above the welding component 424, as also
shown. In such an embodiment, the size of the laser impingement area 354 may not be
determined by the surface roughness of the exterior wall 410, If desired, various optical
coraponents, such as lenses, diffusers, andfor the like, may be used fo cause the laser
impingement area 354 to have the desired size.

{06080] The attachment of the welding component 424 to the membrane component
422 may define a seal with the membrane component 422, about the entire circumference of
the membrane attachment surface 444, Further, the laser welding of the scat 434 to the weld
surface 446 may define a seal between the welding component 424 and the seat 434, about
the entire circumference. Thaus, in order to pass from the upper portion of the drip chamber
430 to the lower portion of the drip chamber 430, fluids may have fo pass through the bore
448 and through the membrane component 422, which may serve as a barrier to air passage
as described above.

{0081] As mentioned previously, a laser impingement arca may be moved along any
of a variety of closed paths in order to form the seal between an anti-run-dry membrane
{(whether a one-piece anti-run-dry membrane or a differentdy configured anti-ran-dry
membrane such as a two-piece anti-run-dry membrane) and an exterior wall. Exemplary
paths will be shown and described in connection with Figurcs 5 through 6D.

[0082] Referring to Figure 5, a perspective view illustrates an anti-run-dry membrane
520. Figure 5 illustrates the use of a laser 350 to laser weld the anti-run-dry membrane 520
in place by projecting coberent light 352 at a laser impingement area 354 on the swrface of
the anti-run-dry membrane 520. The laser impingement area 354 may be moved along a
circular path 530.  The circular path 530 may extend full-circle so that the entire
circurnference of the anti-run-dry membrane 520 is welded in place, thereby defining a seal
with the associated exterior wall (not shown).

{0083] Notably, the laser impingement arca 354 may be moved in a variety of ways.

It desired, the laser 350 may be moved in a circular pattern relative to the anti-run-dry
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membrane 520, without significantly changing the angle at which the coherent light 352
impinges on the anti-run-dry membrane 520, Alternatively, the laser 350 may remain
stationary relative to the anti-run-dry membrane 520, and may change orientations © project
the coherent light 352 along the divection needed to position the laser impingement area 354
at the desired location on the circular path 530. In such exampiles, the coherent light 352 may
not be directed perpendicular to the surface of the anti-run-dry membranc 520, but may
instead iropinge on the surface of the anti-nim-dry membrane 520 from along various other
angles. The relative motion mentioned above may be provided by moving cither of the laser
350 and the anti-run-dry membrane 320, while keeping the other stationary.

{0084] Various other paths may be used to provide a seal. Examples of such paths
will be shown and described in connection with Figures 6A through 61, as follows.

{0085] Referring to Figures 6A through 6D, plan views illustrate various paths that
may be followed by a laser irapingement area in order o secure an anti-run-dry membrane in
place. Each of these Figures llustrates a closed pathway by which laser welding may be used
to form a seal.

[0086] Figure 6A illustrates a welding pattern 600 that includes a circular path 610,
like the circular path 530 of Figure 5. As in Figure 5, the circular path 610 may be a closed
pathway, with an endpoint that is substantially the same as the starting point.

[0087] Figure 68 illustrates a welding pattern 620 that includes a plurality of paths
630, which may be placed adjacent to each other to define a circular pattern. Each of the
paths 630 may have a circular, elliptical, or other closed shape. The paths 630 may all be
followed by a single laser, or alternatively, each path 630 may be followed by one laser to
expedite the time needed to carry out welding. As shown, the paths 630 may overlap slighty
to cnsure that there are no gaps between them that could otherwise cause an incomplete seal
to form.

[0088] In addition to expediting manufacturing, the paths 630 may provide an
effectively wider weld arca, with redundant sealing. Thus, if for some reason, a portion of
onc of the paths 630 does not form a proper scaled weld (i.e., a weld that does not extend in a
fully-closed shape), fluid may still be unable to flow through the remainder of the path 630,
as long as there are no other breaks in the path 630. Thas, the welding pattern 620 of Figure
6B may be relatively forgiving of defects in the welding process. The sizes and shapes of the
paths are merely exemplary and may be exaggerated in Figure 6B for clarity; the paths 630
may be made narrow cnough that they are accommodated by the geometry of the weld

surface and seat to be welded together.
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ELS Figure 60 illustrates a welding pattern 650 that includes a first circular path
660 and a second circular path 670 parallel to the first circular path 66(. The second circular
path 670 may be nested within the interior of the first circular path 660. Thus, the first
circular path 660 and the second circular path 670 may cooperate to define two concentric
circles.

{00901 Like the welding pattern 620 of Figure 6B, the welding pattern of Figure 6C
may be relatively forgiving of breaks in the weld. For example, if either of the first circular
path 660 or the second circular path 670 has a break, the welding pattern 650 may still
maintain a seal as long as the other of the first circular path 660 and the second circular path
670 is unbroken. Further, the welding pattern 650 may provide welding along a relatively
wide area. The relative sizes of the first circular path 660 and the second circular path 670
are exaggerated for clarity; the first circular path 660 and the second circular path 670 may be
close enough together that they are both accommodated by the geometry of the weld surface
and seat to be welded together.

{00911 Figure 6D illustrates a welding pattern 680 that includes two semicircuiar
paths 690. The semicircular path 690 may be arranged head-to-tail such that they cooperate
to define a circle. The resulting weld may be similar to that provided by the welding pattern
600 of Figure 6A. However, the welding patiern 680 may be casily camried out with two
lasers, positioned diametrically opposite to each other across the center of the welding pattern
680. Thus, the time required to complete the weld may be reduced to approximately half that
of the welding pattern 600 of Figure 6A.

{00921 The welding pattern 600, the welding pattern 620, the welding pattern 650,
and the welding pattern 680 are provided merely by way of example. Those of skill in the
art, with the aid of the present disclosure, will recognize that a variety of other welding
patterns may be used to provide the desired balance between seal integrity and welding
speed. Further, these welding patterns relate to an embodiment in which the weld is to be
performed on a planar welding juncture, as in the embodiment of Figure 3. Those of skill in
the art, with the aid of the present disclosure, will recognize that the welding pattern 600, the
welding pattern 620, the welding pattern 650, and/or the welding pattern 680 may be
modified in various ways to form a weld at a non-planar juncture like that of Figure 4.

[0093] Many other configurations and methods may be used to laser weld an anti-run-
dry membrane to a chamber wall of a drip unit. Further, other welding methods may be
applied in addition to or in the alternative to laser welding. One such method is ultrasonic

welding.  Various configurations and methods of ultrasonically welding an anti-run-dry
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membrane to a chamber wall of a drip vnit will be shown and described in connection with
Figures 7 through 11.
{0094] Referring to Figure 7, a front clevation, section view illustrates a drip unit 700
according to one alternative embodiment. The drip unit 700 may have an exterior wall 710
and an anti-run-dry membrane 720.  The exterior wall 710 may have a cylindrical,
frustoconical, and/or other shape that defines a drip chamber 730 that receives the liguid 122.
The exterior wall 710 may have a shelf 732 on which a seat 734 is formed, facing toward the
anti-run-dry membrane 720. The seat 734 may have an energy director 736 formed thereon.
The energy director 736 may protrude from the shelf 732 toward the anti-run-dry membrane
720.
[0095] The anti-run-dry membrane 720 may have a proximal surface 740 that faces
toward the seat 734, and a distal surface 742 that faces away from the seat 734. A subset of
the proximal surface 740, such as a peripheral ring, may act as a weld swrface 746 that rests
against the seat 734 and is to be ultrasonically welded (o the seat 734.
{0096] The weld surface 746 may be ultrasonically welded to the seat 734 through the
use of an ultrasonic welding horn 760. The ultrasonic welding horn 760 may have a
generally cylindrical shape sized to fit into the interior of the exterior wall 710. The
ulirasonic welding horn 760 may have a welding rim 762 with an annular shape, and a rehief
764 wterior to the welding rim 762.
{0097] The compression referenced in the step 250 of the method 200 of Figure 2
may be provided by the ultrasonic welding horn 760. Specifically, the ultrasonic welding
horn 760 may be pressed against the distal surface 742 of the anti-run-dry membrane 720
with a predetermined force, thereby compressing the weld surface 746 against the energy
director 736 of the seat 734. 'The ultrasonic welding horn 760 may be coupled to a vibration
source, such as an eccentric motor, clectromagnet, or the like. As the welding rim 762
compresses the weld surface 746 against the seat 734, the vibration source may cause the
ultrasonic welding horn 760 to vibrate at a frequency appropriate for causing localized
melting of the material of the weld surface 746 and/or the material of the shelf 732, Such a
frequency may be, for example, 15 kHz, 20 kHz, 30 kHz, 35 kHz, 40 kHz, or 70 kHz. The
relding that occurs as a result will be shown and described in comnection with Figures 8A
through 8.
{0098] Referring to Figures 8A through 8C, front clevation, section views illustrate
the seat 734 of the exterior wall 710 and the weld surface 746 of the anti-run-dry membrane

720 of Figure 7, in an uncompressed state, a compressed state, and a welded state,
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respectively. These Figures iHustrate the manner in which welding occurs in response o the
compression and/or vibration provided by the ultrasonic welding horn 760.

{0099] Figure 8A illustrates the juncture hetween the seat 734 and the weld surface
746 prior to application of compression from the vltrasonic welding horn 760, As shown, the
weld suface 746 of the anti-run-dry membrane 720 may rest on the energy director 736 of
the seat 734, in a generally uncompressed state.

[3106] Figure 8B illustrates the juncture between the seat 734 and the weld surface
746 after application of compression from the ultrasonic welding horm 760. The portion of
the anti-run-dry membrane 720 adjacent fo the energy director 736 may be compressed
between the energy director 736 and the welding rim 762 of the ultrasonic welding horn 760.
In this state, vibration may be conveyed to the weld surface 746 and the energy director 736
via the welding rim 762. The geometry of the seat 734 may cause the vibration to be
relatively intense in the energy director 736, causing melting of the energy director 736 to
preferentially occur.

{01011 Figure §C illustrates the juncture between the seat 734 and the weld surface
746 after completion of the welding process and removal of the ultrasonic welding horm 760.
During welding, melted, flowable portions of the energy director 736 may flow into the pore
138 of the anti-run-dry membrane 720 that arc adjacent to the weld surface 746. This flow of
material may occur along the directions indicated by the arrows 770, After cessation of
vibration, the material of the energy director 736 within the pores 138 may solidify, causing
the weld surface 746 to adhere to the seat 734, as shown.

{01021 The geometry of the seat 734 and the weld surface 746 of Figures 7 through
8D is merely exemplary. Alternative geometries may be employed to alter the way in which
welding occurs to provide a desired balance between weld strength, weld consistency, and
welding time. Other exeroplary geometries will be shown and described in connection with
Figures 9-11.

{0183] Referring to Figure 9, a front slevation, section view illustrates a scat 934 of
an exterior wall and a weld surface 946 of an anti-run-dry membrang 920 according o one
alternative emmbodiment. The seat 934 may be positioned on a shelf or other feature (not
shown} of the exterior wall. The seat 934 may have a configuration sirnilar to that of the seat
734 of Figure 7, and may thus have an energy director 936 that may serve as a focal point for
ultrasonic vibration, and henee, a prefercntial melting location.

{0104] The anti-run-dry membrane 920 may have a configuration different from that

of the anti-run-dry membrane 720 of Figures 7 through 8C. More precisely, the anti-run-dry
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membrane 920 may have a proximal surface 940 and a distal surface 942 that have different
properties.  The proximal surface 940 may have a configuration similar to that of the
proximal surface 740 of the previous embodiment. Proximate the proximal surface 940, the
antt-run-dry membrane 920 may have pores 138 that are relatively small. However, the distal
surface 942 may, if desired, have a voughened surface by comparison with the proximal
surface 940. Additionally or alternatively, proximate the distal surface 942, the pores 138
may be relatively large.

[0165] This configuration of the anti-run-dry membrane 920 may facilitate secure
welding of the weld surface 946 to the seat 934, If the distal surface 942 is roughened. the
additional swrface features may provide additional surface arca for infiltration andfor
adherence of the flowable material of the energy director 936 during the welding process.
Similarly, if the pores 138 proximate the distal surface 942 are relatively more coarse (i.e.,
larger), they may receive the flowable material of the energy director 936 in greater quantities
during welding, as shown by the arrows 970, resulting in more secure adherence. Hence, the
asymmetrical nature of the anti-ren-dry membrane 920 may facilitate welding to the seat 934,
while enabling the anti-run-dry membrane 920 to serve as a barrier to airflow, as desired.
The anti-ron-dry membrane 920 may thus facilitate ultrasonic welding through methods such
as that discussed in conjunction with Figure 7, or may also facilitate different modes of
attaching the anti-run-dry membrane 920 to an exterior wall.

{0186] The anti-run-dry membrane 920 represents only one of many possible
embodiments in which the propertics of an anti-run-dry membrane are spatially varied to
facilitate attachment of the anti-run-dry merbrane to an exterior wall.  In some exemplary
embodiments (not shown}, an ant-ron-dry membrane may have proximal and distal surfaces
that have substantially the same {coarse) pore size, with smaller pores toward the center of
the anti-run-dry membrane.

{0167] In other alternative emnbodiments, the geometry of the seat of the exterior wall
may be altered to facilitate secure welding. One such embediment will be shown and
described in connection with Figures 10A and 10B, as follows.

{01908] Referring to Figures 10A and 10B, front elevation, section views illustrate a
seat 1034 of an exterior wall and a weld sarface 746 of an anti-run-dry membrane 720
according to another alternative embodiment, prior to and during welding, respectively. The
anti-run-dry membrane 720 may be similar to that of Figure 7, and may thus have a proximal

surface 740 and a distal surface 742, with a portion of the proximal surface 740 acting as a

21



WO 2016/154463 PCT/US2016/024066

weld surface 746. The seat 1034 may be positioned on a shelf or other feature of an exterior
wall {not shown).

{0109] As Ulustrated in Figure 10A, the seat 1034 may have a first energy divector
1036 and a second energy director 1038. Like the first energy divector 1036, the second
energy director 1038 may protrude toward the proximal surface 740 of the anti-run-dry
membrane 720. The first energy director 1036 and the second energy director 1038 may be
separated by a central relief 1040. As the anti-run-dry membrane 720 is put into place, it may
be placed on the distal surfaces of the first energy director 1036 and the second energy
director 1038.

{0110] As illustrated in Figure 108, an ultrasonic welding horn 1060 may be used to
provide compression and vibration to ultrasonically weld the anti-run-dry membrane 720 ©
the seat 1034. The vlirasonic welding horn 1060 may have a first welding rim 1062 and a
second welding rim 1064 displaced from the first welding rim 1062, and separated from the
first welding rim 1062 by a central relief 1066, The ultrasonic welding horn 1060 may be
moved into engagement with the distal surface 742 of the anti-run-dry membrane 720 such
that the first welding rim 1062 is aligned with the fivst energy director 1036, and the second
welding rim 1064 s aligned with the second energy director 1038, as shown. Similarly, the
central relief 1066 of the ultrasonic welding horn 1060 may be aligned with the central relief
1040 of the seat 1034.

§0111] In response to application of the vibration, the material at the edges of the first
energy director 1036 and the second energy director 1038 may become flowable and enter the
pores 138 of the anti-run-dry membrane 720, as in previous embodiments. Further, the
presence of the central relief 1066 in the ultrasonic welding horn 1060 may cause the material
of the anti-run-dry membrane 720 between the central relief 1066 and the central relief 1040
to be under less compression than the surrounding material. As a result, material of the seat
1034 may flow into the cenwal relief 1040 and engage the adjoining portion of the weld
surface 746 of the anti-run-dry membrane 720, as shown by the arrows 1070. This may
provide additional mechanical overlap between the anti-run-dry membrane 720 and the seat
1034, thereby enhancing the strength of adhcrence between the anti-run-dry membrane 720
and the seat 1034,

[0112] As indicated previously, the exterior wall of a drip unit, such as the exterior
wall 710 of Figure 7, may be formed through the use of injection molding or the like.
Forming protrusions such as the encrgy divector 736 of Figures 7 and &, the cnergy director

936 of Figure 9, and the first energy director 1036 and the second energy director 1038 of
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Figure 10 may be pose unique challenges for injection molding, particdarly if they are
displaced significantly from the gate at which the molten plastic enters the mold.
Accordingly, it may be advantageous to use an energy director with an alternative
configuration. One such alternative configuration will be shown and described in connection
with Figure 11.

{01131 Referring to Figure 11, a front elevation, section view illustrates a drip unit
1100 according to one alternative embodiment. The drip unit 1100 may have an exterior wall
1110 and an and-run-dry membrane 720, which may be similar to that of Figure 7, and has
been omitted from Figure 11 for clarity. The exterior wall 1110 may have a cylindrical,
frustoconical, and/or other shape that defines a drip chamber 1130 that receives the liguid
122, The exterior wall 1110 may have a shelf 1132 on which a seat 1134 is formed, facing
toward the ant-run-dry membrane 720. The seat 1134 may take the form of a tapered
surface.

{01141 More specifically, the scat 1134 may have a generally frustoconical shape
angled at an angle 1138 relative to the welding rirn 762 of the ultrasonic welding horn 760.
The seat 1134 may have a leading edge 1136 positioned toward the ultrasonic welding horn
760. The ultrasonic welding horn 760 may be configured like that of Figure 7, and may be
used to apply compression to and ultrasonically weld the anti-run-dry membrane 720 to the
seat 1134, The ultrasonic welding horn 760 may contact the edge 1136 and transmit
compression and vibration divectly to the leading edge 1136. The compression and vibration
may be concentrated in the leading edge 1136, which may act as an energy director. Hence,
the leading edge 1136 may undergo preferential melting, and flow nto the pores 138 of the
weld surface 746 of the anti-run-dry membrane 720.

{0115] Advantageously, the seat 1134 has no protruding parts. Thus, the exterior wall
1110 may have a shape that is readily formed via injection molding, cven if the seat 1134 is
displaced significantly from the gate of the mold. The absence of blind pockets may help
avoid the occurrence of gas waps and unpacked parts in the injection molding process. Those
of skill in the art will recognize, with the aid of the present disclosure, that a wide variety of
other seat geometries may be used fo faclitate welding of anti-run-dry membranes without
cncurnbering the injection molding process used to form the exterior wall.

[011s] The present invention may be embodied in other specific forms without
departing from its structures, methods, or other essential characteristics as broadly described
berein and claimed hereinafier. The described embodiments are to be considered in all

respects only as ilustrative, and not restrictive.  The scope of the invention is, therefore,
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indicated by the appended claims, vather than by the foregoing description. All changes that
come within the meaning and range of equivalency of the claims are to be embraced within

their scope.
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CLAIMS

1. A method for manufacturing a drip unit for an intravenous delivery system,
the method comprising:

providing an exterior wall shaped to at least partially define a drip chamber capable of
recetving a liquid from a liguid source, the exterior wall comprising a seat;

providing an anti-run-dry membrane comprising a plurality of pores that are
permeable to the liquid, wherein the anfi-run-dry membrane is formed of a hydrophilic
material configured to resist passage of air through the pores, the anti-run-dry membrane
comprising a weld surtace;

positioning the anti-run-dry membrane within the drip chamber such that the weld
surface 1s in contact with the seat;

applying compression to press the weld surface against the seaf;

applying at least one sclection from the group consisting of coherent light and
vibration to at least onc of the anti-run-dry membrane and the exterior wall to cause localized
melting of at least one of the seat and the weld surface; and

in response to the localized melting, causing the weld surface o adhere to the seat.

2. The method of claim 1, wherein providing the ant-run-dry membrane
compriscs:

providing a hydrophilic material comprising a base material melting point;

performing a melting point reduction procedure on the hydrophilic material; and

forming the anti-run-dry mermbrane such that, due to performance of the melting point
reduction procedure, the anti-run-dry membrane has a membrane melting point significantly
lower than the base material melting pont;

wherein the membrane melting point is within 20°C of a wall melting point of the
exterior wall.

3. The method of claim 2, wherein performing the melting point reduction
procedure comprises changing a chemical composition of a pre-polymer used to form the
hydrophilic material to increase flexibility of a chemical structure of the pre-polymer.

4. The method of claim 2, wherein performing the melting point reduction
procedure comprises copolymerizing the hydrophilic material with an additive such that, in
combination, the hydrophilic material and the additive have a combined chemical stracture

maore flexiblce than a base chemical structure of the hydrophilic material.
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5. The method of claim 2, wherein performing the melting point veduction
procedure comprises adding side branching to an aromatic ring structure of the hydrophilic
material, thereby increasing flexibility of the aromatic ring structure.

6. The method of claim 1, wherein the anti-run-dry membrane comprises a
membrane meltng point at feast 20° C higher than a wall melting point of the exterior wall,
wherein causing the weld surface to adhere to the scat comprises:

causing flowable portions of the seat to enter the pores of the weld sorface; and

permitting the flowable portions to solidify within the pores.

7. The method of claim 1, wherein applying the compression comprises using a
fixture to apply the compression, wherein applying the sclection comprises, during
application of the compression, applying the coherent light via a faser.

3. The method of claim 7, wherein the coherent light comprises a wavelength
greater than 2,000 nanometers.

9. The method of claim 7, wherein applying the coherent light comprises:

directing the coherent light to a laser impingement arca proximate a juncture hetween
the seat and the weld surface; and

moving the laser impingement arca along the juncture, in a closed pathway;

wherein causing the weld surface to adhere to the seat comprises causing the weld
surface adhere to the seat along the pathway to provide a seal between the seat and the weld
surface;

wherein the seal is positioned to cause fluid flowing from an upper part of the drip
chamber to a lower part of the drip chamber to flow through the anti-run-dry membrane.

10. The method of claim 7, wherein the exterior wall further comprises an
opposing surface aligned with the seat and facing exterior {o the exterior wall, wherein
applying the coberent light via the laser comprises directing the coherent light at the seat
through the opposing surface, along a direction substantially perpendicular to the opposing
surface.

il The method of claim 10, wherein applying the coherent light comprises:

determining an optimal size of a laser impingement arca proximate a juncture between
the seat and the weld surface; and

determining a surface roughness level of the opposing surface that will cause the laser
impingement area to have the optimal size;

wherein providing the exterior wall comprises forming the opposing surface with the

surface roughness level;
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wherein applying the coherent light comprises directing the coherent light to the laser
impingement arca, the laser impingement area.

12, The method of claim 7, wherein the anti-run-dry membrane comprises a
membrane component and a welding component having a substantially rigid construction,
wherein the membrane component comprises the pores and the welding component
comprises the weld surface.

13. The method of claim 1, wherein applying the compression comprises using an
ultrasonic welding horn to apply the compression, wherein applying the selection comprises,
during application of the compression, applying the vibration via the ultrasonic welding horn.

14. The method of claim 13, wherein the anti-run-dry membrane comprises a weld
surface pore size of the pores proximate the weld surface, and a displaced pore size of the
pores displaced from the weld surface, wherein the weld surface pore size i3 significantly
larger than the displaced pore size.

15. The method of claim 13, wherein providing the exterior wall comprises
forming a first encrgy director on the seat, wherein the first energy director is shaped fo
protrade toward a location at which the anti-run-dey membrane will veside, relative to the
exterior wall;

wherein positioning the anti-tun-dry membrane within the drip chamber compriscs
positioning the weld surface in contact with the first energy director.

16. The method of claim 13, wherein providing the exterior wall further comprises
forming a second encrgy director on the seat, displaced from the first energy divector such
that the seat comprises a seat channel positioned between the first energy director and the
second energy director, wherein the second energy director is shaped to protrude toward the
location;

wherein positioning the anti-tun-dry membrane within the drip chamber compriscs
positioning the weld surface in contact with the second energy director;

wherein the sltrasonic welding horn comprises a horn channel;

wherein using the ultrasonic welding horn to apply the compression comprises:

aligning the horn channel with the seat channel; and
urging the ultrasonic welding horn against the weld surface and the seat;
wherein causing the weld surface o adhere to the scat comprises causing a flowable
portion of the weld surface to flow into the seat channel.
17. The method of claim 13, wherein providing the exterior wall comprises

providing the scat with a tapered shape comprising a leading edge, wherein using the
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ultrasonic welding horn to apply the compression comprises urging the sltrasomic welding
horn against the leading edge;

wherein, during application of the vibration, the leading edge acts as an energy
director by facilitating imitiation of melt flow of the seat at the leading edge.

8. A method for manufacturing a drip unit for an intravenous delivery system,
the method comprising:

providing an exterior wall shaped to at least partially define a drip chamber capable of
recetving a liqued from a bguid source, the exterior wall comprising a seat:

providing an anti-tun-dry membrane comprising a plurality of pores that are
permeable to the liquid, wherein the anti-run-dry membrane is formed of a hydrophilic
material configured to resist passage of air through the pores, the anti-run-dry membrane
comprising a weld surface;

positioning the anti-run-dry membrane within the drip chamber such that the weld
surface is in contact with the scat;

with a laser, directing cohevent light to a laser impingement area proximate a juncture
between the seat and the weld surface;

moving the laser impingement arca along the juncture, in a closed pathway such that
the weld surface adheres to the scat along the pathway; and

in response to motion of the laser tmpingement area along the juncture, causing the
weld surface to adhere to the seat along the pathway to provide a seal between the seat and
the weld surface, wherein the seal is positioned to causc fluid flowing from an upper part of
the drip chamber to a lower part of the drip chamber to flow through the anti-run-dry
membrane.

19. A method for manufacturing a drip unit for an intravenous delivery system,
the method comprising:

providing an exterior wall shaped to at least partially define a drip chamber capable of
recetving a Hquid from a liguid source, the exterior wall comprising a seat;

providing an anti-run-dry membrane comprising a plurality of pores that are
permeable to the liquid, wherein the anti-run-dry membrane is formed of a hydrophilic
material configured to resist passage of air through the pores, the anti-run-dry membrane
comprising a weld surface;

positioning the anti-run-dry membrane within the drip chamber such that the weld

surface is in contact with the seat;
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moving an ultrasonic welding horn into contact with at least one of the anti-run-dry
membrane and the exterior wall; and

with the ultrasonic welding horn, applying vibration to at least one of the seat and the
weld surface;

in response to application of the vibration, causing the weld swrface to adhere to the
seat.

20. The method of claim 19, wherein the anti-nun-dry membrane is formed of a
hydrophilic material;

wherein the anti-run-dry membrane comprises a membrane melting point that is
within 20°C of a wall melting point of the exterior wall;

wherein providing the exterior wall comprises providing the seat with a tapered shape
comprising a leading edge. wherein moving the ultrasonic welding horn into contact with at
lcast one of the anfi-run-dry membrane and the exterior wall comprises urging the ultrasonic
welding horn against the leading edge;

wherein, during application of the vibration, the leading edge acts as an energy

director by facilitating nitiation of melt flow of the seat at the leading edge.
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