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PUMP WITH PUMPING CHAMBER CREATED BY TELESCOPING ACTION DRIVEN
BY FRICTION
BACKGROUND

Field:
{6001} Mustrative embodiments relate generally to pump sub-systems for use in

wearable medication infusion patches.

Descrintion of Related Art:

{3602} Dnabetes is a group of diseases marked by high levels of blood glacose resulting
from defects in insulin production, msulin action, or both. Diabetes can lead to serious health
complications and premature death, but there are well-known products available for people
with diabetes to help control the disease and lower the risk of comphications.

{6003} Treatment options for people with diabetes mclade speciahized dicts, oral
medications and/or msulin therapy. The primary goal for diabetes freatment is to control the
patient's blood glicose (sagar) level in order to increase the chances of a complication-free
fife. It is not always easy, however, to achieve good diabetes management, while balancing
other life demands and circumstances.

{6004} Currently, there are two principal modes of daily insulin therapy for the
treatment of Tvpe | diabetes. The first mode includes syringes and msulin pens that require a
needle stick at cach injection, typically three to four times per day. These devices are stmpile
to use and relatively fow in cost. Another widely adopted and effective method of treatment
for mavaging diabetes is the use of an wsulin purop. Insulin pumps can help users keep their
blood glucose levels within target ranges based on their individual needs, by providing
continucus infusion of insalin at varying rates to more closely mimie the behavior of the
pancreas. By using an insulin pump, users can match their insulin therapy to their lifestyles,
rather than matching their lifestyles to how an insubin mjection is working for them.

{6005} However, conventional insulin pumps suffer from several drawbacks. For
example, lead screw and piston type pumyp sub-systems typically used in insulin pumps are
often cumbersome to users, requiring a large height and a large a footprint for a wearable

nsulin pump.



WO 2021/154555 PCT/US2021/014096

-7

{6006} Conventional insulin pumps also typically require a large namber of
coraponents and moving parts, thereby increasing risks of mechanical failure.

{3607} Conventional insulin pumps also tvpically have valves that are prone to leaking
at elevated system back pressures. This can result in reduced dose aceuracy and religbility,
3008] Conventional insulin pumps also tvpically require large working volumes and
large svstem volumes exposed to potentially high back pressure. Thus can result in reduced

dose accuracy and reliability.

6609} The above and other problems are overcome, and additional advantages are
reahized, by ithustrative embodiments.
{6014} Another aspect of illustrative embodiments is to provide a pumyp sub-system

with no direct fhuid path between the reservoir and the cannula, compared to conventional
punip sub-systems, thereby betier safeguarding a user against overdose.

{6011} Another aspect of illustrative embodiments is to provide a pump sub-system
with a small working volume and a low system volume exposed 1o potentially high back
pressure, compared to conventional punyp sub-sysiems, thereby increasing accuracy and
reliability of pumps such as insulin patches.

{6012} In accordance with tustrative embodiments, a fluid delivery device is
provided that compriscs a housing; a piston configured to be controlfably transiated within
the housing; and a plug having a distal end thereof connected to a proximal end of the piston,
the plug being configured to translate within the housing. The proximal end of the piston is
configured with a region therein that defines a telescopic fluid chamber in which the distal
end of the plug can translate relative to the piston to permut fluid to flow into the fluid
chamber and to discharge fluid from the fluid chamber.

{6013} In accordance with aspects of the tHustrative embodiments, the housing
comprises a reservoir port through which fluid is indroduced into the housing and a patient

port through which fluid is discharged from the housing.
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{6014} In accordance with aspects of the tHustrative embodiments, the piston is
controflably translated to align the fluid chamber with the reservoir port during an intake
operation of the flid delivery device, and to align the fluid chamber with the patient port
during a discharge operation of the fluid delivery device.

[6015] In accordance with aspects of the ilustrative embodiments, the plug is
configured with a frictional eogagement relative to the housmg that provides an amount of
friction to cause translation of the plug to lag relative to the piston until the amount of friction
is overcome by translation of the piston.

[6015] in accordance with aspects of the tHustrative embodiments, the distal end of
the plug translates between two end stop positions withun the piston region, when the distal
end of the plag reaches one of the two end stop positions, the amount of friction 1s overcome
and the plug transiates with the piston relative to the housing.

{6617} In accordance with aspects of the ilustrative embodiments, the fluid delivery
device further comprises an interfock mechanism between the housing and the piston
comprising an arcuate cam slot in one of the housing and the piston, and a pin on the other
one of the housing and the piston that is configured to engage with the cam slot. When the
piston is rotated, the cam slot is configured to control a distance along which the piston
translates relative to the housing.

{3018} In accordance with aspects of the tHustrative embodiments, the plug and the
piston are cach provided with a scal, and the respective seals are configured to confine fhud
in the flurd chamber between the seals.

{6019} In accordance with aspects of the llustrative embodiments, the plug is
configured with a frictional engagement relative to the housing that provides an amount of
friction to cause translation of the plug to lag relative to the piston unti the amount of friction
is overcome by translation of the piston, and the seal on the piston 1s configured to contribute
to the amount of friction.

63620] Additional and/or other aspects and advantages of dllustrative embodmments
will be set forth n the description that follows, or will be apparent from the description, or
may be learned by practice of the illustrative embodiments. The illastrative embodiments

may comprise apparatuses and methods for operating same having one or more of the above
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aspects, and/or one or more of the features and combinations thereof. The thustrative
crabodiments may comprise ong or more of the features and/or combinations of the above

aspects as recited, for example, in the attached claims,

BRIEF DESCRIPTION OF THE DRAWINGS

{6621} The above and/or other aspects and advantages of erobodiments of the
ithustrative embodiments will be more readily appreciated from the following detailed

description, taken in conjunction with the accompanyving drawings, of which:

{6022} Fig. 1 shows a diagram of an architecture of an illustrative cmbodiment of a
patch pup;
{3023] Fig. 2 is a perspective view of an example pump sub-system i accordance

with an illustrative embodiment;

6024} Fig. 3 1s an exploded view of the example pump sub-system in Fig. 2;

{6025} Figs. 4 and 5 are partial perspective views of the example pump sub-system in
Fig. 2;

[6026] Figs. 6 and 7 are distal and proximal end views, respectively, of the example

pump sub-system in Fig. 2;
{60273 Figs. § and 9 are perspective views of a housing in the example pump sub-

system i Fig. 2;

{6628} Fig. 10 is a perspective view of an example seal in the example pump sub-
svstem i Fig. 2;
{6029} Figs. 11 and 12 are perspective views of a piston in the example pump sub-

syster in Fig. 2;

{3036 Fig. 13 15 a side view of the piston in Figs. 11 and 12;
{0031} Fig. 14 is distal end view of the piston n Figs. 11, 12 and 13;
{6032} Figs. 15 and 17 are perspective views of a plug mn the example pump sub-

system in Fig. 2;

{6033 Fig. 1613 a side view of the plug nn Figs. 15 and 17; and
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[6034] Figs. 18A, I8B, 18C, 18D, 18E, I8F, 18G, 18H, 18L 18], 18K and I8L arc
side views of the example purp sub-systers in Fig. 2 during respective states of a pump cvcle
n accordance with an illustrative embodiment.

{3035} Throughout the drawing figures, like reference numbers will be understood to

refer to like elements, features and structures.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[6035] As will be appreciated by one skilled in the art, there are numerous ways of
carrying out the examples, improvements, and amrangements of a pump in accordance with
embodiments disclosed herein. Although reference will be made to the illustrative
embodiments depicted in the drawings and the following descriptions, the embodiments
disclosed herein are not meant to be exhaustive of the various altermnative designs and
embodiments that are encompassed by the disclosed technical solutions, and those skilled in
the art will readily appreciate that various modifications may be made, and varions
combinations can be made with departing from the scope of the disclosed technical solutions.
{6837 Although various persons, including, but not linuted to, a patientor a
healthcare professional, can operate or use ilhustrative embodiments of the present disclosure,
for brevity an operator or user will be referred to as a “user” hereinafter.

[6038] Although vartous fluids can be employed m illustrative embodiuments of the
present disclosure, for brevity the liquid mn an injection device will be referred to as “fluid”
hereinafter.

[6039] Hlustrative embodiments are depicted in Figs. 1 through I8L. In an illustrative
crabodiment, a pump sub-system is provided for use in a wearable insulin infusion patch;
however, as stated above, the wearable infusion patch can be used to deliver other types of
fluids sach as a medicament other than insulin. For example, m tustrative embodiments of
the present disclosure, the pump sub-system is part of a larger fliidics sub-system that
includes a reservoir for storing nsulin and a cannula asserably for debivering the 1osulin foto
sab-cutaneous tissue. The pump subsystem draws a small dose of flaid from the reservoir and

then pushes it down the cannula ling and into the patient. The fluid dose is small refative to
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the reservoir volume, such that many pump strokes are required to completely empty the
TeSCIVOLr.

{3040} Fig. | shows a diagram of an architecture of a patch-type pump 100 m
accordance with an exemplary embodiment of the present disclosure. The patch pomp 100
includes a fluidics sub-system 120, an electronics sub-system 140 and a power storage sub-
svsten 160,

{6041} The flaidics sub-system 120 includes a fill port 122 in fhind commumnication
with a reservoir 124, The reservoir 124 1s adapted to receive fluid from a syringe, through the
fill port.

[0042] The fluidics sub-system 120 further includes an optional volume sensor 126
coupled 1o the reservoir 124, The volume sensor 126 13 adapted to detect or deternune the
fuidic volume of the reservoir.

{6043 The fluidics sub-svstem 120 further includes a pump sub-systen 130, which
includes an integrated pump and valve systern 132 mechanically coupled to a pump actuator
134. The integrated pump and valve system 132 is in thad commmication with the reservoir
124 of the fluidics sub-system 120, and is actuated by the pump actuator 134

[3844] The fluidics sub-systera 120 further meludes a cannula mechanism having a
deployment actuator 128 mechancally coupled to a canmula 129, The deplovment actuator
128 is adapted to insert the cannula 129 into a user. The cannula 129 is in fluid
conununication with the integrated purnp and valve system 132 of the pump sub-system 130,
6645} The fluidics sub-system 120 further includes an optional occlusion sensor 136
coupled to a fhud pathway between the cannula 129 and the integrated pump and valve
systern 132, The occlusion sensor 136 is adapted to detect or determine an occlusion in the
pathway between the cannula 129 and the utegrated pumyp and valve systern 132,

{03046} The electronics sub-system 140 includes optional volume sensing electronics
142 electrically coupled to the volume sensor 126 of the fhudies sub-system 120, a punp
controlier 144 clectrically coupled to the pump actuator 134 of the pump sub-system 130,
optional occlusion sensing clectronics 146 clectrically coupled to the occlusion sensor 136 of
the fluidics sub-system 120, and optional deployment electronics 148 eloctrically coupled to

the cannula 129 of the fluidics sub-system {c.g., the cannula deplovment actuator 128 can be
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manual}. The electronics sub-system 140 farther inchudes a microcontroller 149 electrically
coupled to the volume sensing electronics 142, the purp controlier 144, the occlusion
sensing electronics 146, and the deployment electronics 148,

{3047} The power storage sub-system 160 includes batteries 162 or any other
electrical power source known in the art. The batteries 162 can be adapted to power any
clement or clectronic component of the patch pump 100,

[6048] Fig. 2 1s a perspective view of an example pump sub-svstem 200 in
accordance with an illustrative embodiment. Fig. 3 is an exploded view of the example pump
sub-system 200. The pump sub-system 200 has a pump housing 208, and an interconnected
piston 204 and plug 206 that are controllably and selectively translated and rotated within the
pump housing by a pump actuator 134 connected to the piston 204, For example, the pump
actuator 134 can be a gearbox not shown m Figs. 2 through 4. An example of a gearbox is
described i commonly-owned WO 2015/157174 which is incorporated herein by reference.
[6049] With reference to Figs. 2 through 7, the pump housing 208 is generally
configured as a tubular member with an outer wall 240 forming a cvhindrical or tabular shape
defining an internal space 246 dimensioned to receive the piston 204 and the plug 203
thercin, The outer circumferences of the piston 204 and the plug 206 are dimensioned to
allow a volume of reservoir fluid into an annular region 260 defined between the piston 204
cuter wall and the inner surface of the wall 240 of the pump housing 208 and between the
plug 206 outer wall and the jnner surface of the wall 240 of the pump housing 208, As
described below, seals are provided to define a telescopically movable pump chamber 262
asing a portion of the anmular region 260 within the pamp housing 208, Portions of the
piston 204, and/or the phug 206 and/or the intemal surface of the wall 240 of the pump
housing 208 can have flat sections or indents to increase the volume of fluid 1o the anoular
region 260.

{3050} Fig. 4 1s a perspective view of the pamp housing 208 showing a portion of the
piston 204 extending from the distal end 244 thereof, and Figs. 5, & and 9 are additional
perspective views of the pump housing 208. The exterior of the punmp housing 208 bas a
portion 252 with larger circumference than the portion 254 that has ports 248 and 250

described below. The portion 252 of the pump housing is provided with an internal cam slot



WO 2021/154555 PCT/US2021/014096

242 desecribed below that operates as an interlock mechanism, a notch 256 configured to
facilitate mtertacing with the baseplate of the purap during assembly and lesseun profile of the
pump, and an aperture 258 to facilitate assembly of the pin 218. Figs. 6 and 7 are cross-
section views of the pump housing 208 at respective ends thereot, showing the plog 206 at
onc end (t.e., Fig. 7). the piston 204 at the other end {1.¢., Fig. 6) and the annular region 260.
It is to be understood that the pump housing 208 can be a shape other than a cylinder and that
the shape and the exterior circumference and interior diameter can vary along the longitadinal
axis of the pump housing 208,

{6051 The outer wall 240 is formed with a reservaoir port 248 that extends from the
tnternal space 246 of the pump housing 208 and through the outer wall 240 for fhud
connection from the pump housing 208 fo the reservoir 124 via a flnd pathway (not shown)
in the patch pump 100, The outer wall 240 is also formed with a patient port 250 that extends
from the internal space 246 of the pump housing 208 and through the outer wall 240 for fluid
connection from the pump housing 208 {o the cannula 129 via a fluid pathway {(not shown} in
the patch pump 100, The pump housing 208 has a distal end 244b that receives the piston
204 as tllustrated in Fig. 2. The distal end 204b of the piston 204 can be connected to a
gearbox or other device 134 that controliably moves the piston 204 and plug 206 within the
pump housing 208 to receive thud within the pump chamber 262 {e.g., via the reservoir port
248} and to oxpel tluid from the pump chamber 262 (¢.g., via the paticnt port 2503,

{6652} The piston 204 will now be described with reference to Figs. 11, 12, 13 and
14. The piston 204 bas a distal end 204b engaged by a gearbox or other device 134 {not
shown}. The distal end 204b of the piston 204 can be provided with longitudinal ribs that
facilitate mechanical engagement or grip by the gearbox. The proximal end 204a of the piston
204 1s engaged with a distal end 206b of the plug 206. The proximal end 204a of the piston
204 1s configured with a notch region 210 dimensioned to receive the distal end 206b of the
plug 206 and allow the distal end 206b of the phug to move relative to the piston 204 within
the notch region 210 when a pin 218 follows a cam slot 242 in the pump housing 208 as
described below n connection with an titeriock mechamism. The noteh region 210
comprises an opering 212 to receive the distal end 206b of the plug 206 and flanges 214a b to

hold a neck 226 of the plug 206,
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{6033} The piston 204 and plag 206 engagement i the notch region 210, and a
surrounding annular region 260 within the pump housing 208 enclosed by two seals
described below, define the movable or translating pump chamber 262 to which the ports 248
and 250 are exposed. The piston 204 is translated by a gearbox or other device 134 ma
manner described in more detail below to create a telescopic effect wherein the notch region
210, and a portion of the annular region 260 that lies between two seals, facilitate
performance of intake and discharge strokes doring a pump cycle.

{6054} The piston 204 can have one or more sections 216a, b, ¢, d having cuter
circumference(s) dimenstoned to allow a volume of reservoir fluid in the annular region 260
defined between piston 204 outer wall and the inner wall of the pump housing 208, The
section 216a with the proximal end 204a of the piston 204 can have areas about its periphery
that are flat or indented relative to other arcas about its periphery to increase the volume of
the annular region 260 between the piston 204 outer wall and the inner wall of the punp
housing 208, The piston 204 also has sections 216 d.e,f that are interspersed between
respective sections 216a, b, ¢, g and that have lesser circumference(s) than the outer
circurnferences, including two seal sections 216 ¢, and a pin coupling section 216d.

[B055] The seal sections 216 ¢,f are cach dimensioned to receive a seal such as the
corresponding seal 222a b depicted in Figs. 3 and 10. The seals 222ab can each be, for
example, an U-ring configured to have an outer circumference dimensioned to fill portions of
the annular region 260 that surround the sections 216 ¢.f of the piston and thereby provide a
pressure fit against the foner wall of the pump housing 208 within these portions that is
sufficient to (1) prevent leakage of any fhuid into these portions 260a,b; vet (2} also allow the
seals to shide along the longitudinal axis of the pump housing 208 when the piston 204 s
controflably translated by the gearbox or other device. The interfock mechamism described
herein also mvolves rotation of the piston and plug as well as thew translation. The seals
222ab are configured such that the piston 204 rotates within the O-rings used as the seals
222a.b and relative thereto such that the seals 222a b do not rotate with the piston 204, The
torque halance can be such that the torgue from the housing is greater than the torque within
the seal glands, thus leading to relative movement of the piston with respect to the 222ab

scals. Sometimes, depending on actual friction values, particularty when the seals are wetted
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by the flaid, the torque balance may change. Regardless, pump functionality when sealing
function is mamntained. The piston 204 supports a pin 218 in the pin coupling section 216d
that follows a cam slot 242 n the pump housing 208, For example, the section 216d can be
provided with an aperture 224 to receive the pin 218 which can be press fit, ghued, molded or
otherwise fastened to the aperture 224 or otherwise molded to a part of the section 216d
without need for an aperture 224,

{6036} The plug 206 will now be described with reference to Figs. 3, 13, 16 and 17.
The phig 206 has a proximal end 206a, and a distal end 206b that engages with the proximal
end 204a of the piston 204 The distal end 206b of the plug 206 has a neck 226 and flanges
228a.b. The neck 226 is dimensioned to be slidably received within the opening 212 of the
notch region 210 of the piston 204, and to have a length that extends sufficiently along the
longitudinal axis of the pump sub-system to transiate flanges 214ab provided on the end of
the neck 226 within the notch region 210, 1t is to be understood that different shapes and
dimensions can be used for the distal end 206b of the plug 206 and the proximal end 204a of
the piston 204 to provide a moveable or franslating engagement of the piston 204 relative o
the plug 206 within the notch region 210 of the movable or translating pump chamber 262.
{68571 With continued reference to Figs. 15, 16 and 17, the plug 206 has three
sections 230a.b,c with outer circumference(s) dimensioned to allow a volhume of reservoir
fluid in the annular region 260 defined between plug 206 outer wall and the inner wall of the
pump housing 208, The section 230¢ with the distal cnd 206b of the plug 206 can have arcas
about its periphery that are flat or indented relative to other areas about its periphery to
inerease the vohune of the annular region 260 between the piston 204 outer wall and the inner
wall of the pump housing 208, The plug 206 also has two seal sections 232a,b that are
interspersed between respective sections 230a.b,¢ and that have lesser circumatercnce(s) than
the outer circumferences. The seal sections 232a.b are each dimensioned (o receive a seal
such as the corresponding seal 234ab depicted in Figs. 3 and 10. The seals 234ab can be
configured similarly as the seals 222ab. For example, the seals 234ab can be dimensioned
similarly to the seals 222a,b with respect to the outer wall of the pump housing and provide a
friction fit. The scals 234a.b can also be dimensioned such that the plug 206 rotates with

respect to the 234ab. The scals 234a,b and 222a.b can be O-rings made of Butyl rubber, for
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example. The scals are designed to have drug compatibility and desirable mechanical
function {¢.g., sizing, compression set, friction, and so on}. The distal seal 234b of the plug
206 and the proximal seal 222a of the piston 204 seal reservoir thud within the moveable or
transiating pump chamber 262 from the remaining portion of the anmular region 260 that does
not coincide with the pump chamber 262.

[6038] With continued reference to Figs. 3 through 10, the distal section of the pump
housing 208 is configured with an interlock mechanism that includes a cam slot 242 formed
in the intemal surface of the cuter wall 240 that receives and guides the pin 218 provided on
the piston 204, The length of the cam slot 242 and the degree of curvatare along its fength
depends on a designated distance that the piston 204 travels along the longitudinal axis of the
pump housing 208 to controllably align the reservoir port 248 between two seals (i.¢., seal
234b of the plug 206 and seal 222a of the piston 204} for an intake stroke of a pump cycle
that draws fluid from the reservoir 124 into the intermnal space 246 of the of the movable
pump chamber 262, fo controllably align the patient port 250 between the same two seals
234b and 222a for a discharge stroke that pushes flaid from the movable pump chamber 262
toward the cannula 129, and to controflably rotate the piston duning a stroke and reverse
direction of rotation for the next stroke {c.g., from clockwise piston 204 rotation to
counterclockwise piston 204 rotation, depending on desired phase of a pump cvele). Risto
be underwood that the tnterlock mechanism can comprise a cant slot in the piston 204 that
guides a pin on the housing 208,

{6659} Operation of the pump sub-system 200 during a full pump cycle comprising a
discharge stroke and intake stroke is described herein with reference to Figs. 18A through
18L 1n accordance with an iffustrative embodiment. As iHlustrated in Figs. 18A through 181,
when the pump sub-system 200 is driven by a gearbox or other device, pumping action is
generated by linear piston 204 movement that pulls a plug 206 that is mterconnected to the
piston 204 between two mechanical extremes {(e.g., top and bottom surfaces of the flanges
228a.b on the distal end of the plug 206 engaging respective proximal and distal ends of the
notch region 210 1o the piston 204). Such iterconnection enables the piston 204 and the
plug 206 to move a certain distance with respect to sach other. This distance corresponds tc a

predefined swept volume of the punap sub-system 200. Such interconnection provides a
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"telescoping”-like effect whereby the plug 206 moves within the piston 204 that is enabled by
the friction of the scals 234a.b placed on the plug 206, which serve to provide resistance to
piston 204 motion and therefore force translation motion of the plug 206 to lag relative to the
piston 204°s translation motion during portions of the pump cycle described below in
connection with Figs. 18A through 18L.

{6060 As described above, the piston 204 1s also fitted with scals 222ab {c.g., O-
rings) to prevent leakage of reservoir fluid, but also to stabilize and center the position of the
piston 204 doring its motion via their spacing along the fongitudinal axis of the piston. The
piston 204 is driven in rotation by the pin 218 that rides into the cam slot 242 in the pump
housing 208.

{3061} As described above, the two ports 248, 250 provide connection to the reservoir
124 {e.g.. fluid source} and the patient side (.., cannula 129), respectively. These port holes
248, 250 are controllably exposed to the movable pump chamber 262 by sclect posttioning of
the O-rings 222a.b and 234 a b along the longitudinal axis of the pump sub-system 200 and
sizing of the cam slot 242 to move the pision the necessary distances for the corresponding
ports 248, 250, When the pump chamber 262 is exposed to the reservoir side {e.g., an intake
stroke as described 1 connection with Figs. 18A through 18C), the rescrvoir port 248 15
exposed during the motion where the piston 204 i3 pulled away from the plug 206 and the
plug 206 is held back by its G-rings” friction. As the pump chamber 262 is fully extended
(c.g., the plug flanges 278a,b engage a proximal wall of the notch region 210}, the plug 206 s
then pulled with the piston 204 (e.g.. Fig. 18D) and the reservoir port 248 is no longer
connected to the pump chamber 262, As piston 204 motion continues, the patient side port
250 s exposed to the pump chamber 262 {¢ g, as described in connection with Figs. 188
through 18H).

{6062} An example intake stroke during a pump evele will now be described with
reference to Fig. 18A. The pin 218 in the piston 204 is shown at the proximal end 242¢ of the
cam slot 242, and reservoir port 248 is shown exposed o the chamber 262, The piston is
rotated {e.g., counterclockwise) and pin 218 glides along section 242a of the slot 242, The

plug 206 and piston 204 rotate but there 1s no translation of either yet.
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{6063} In Fig. 18B, the pin 218 continues along portion 242 A of the cam slot 242 and
the piston 204 rotates and transiates, but the plug does not translate. Its flanges 228a,b pull
away from the distal side of the notch region 210 toward the proximal side of the notch
region 210 as the piston translates, causing negative pressure in the fhad chamber 262 to pull
fluid in through port 248,

[6064] In Fig. 18C, the pin 218 15 guided along section 242b of the cam slot 242
during rotation of the piston to cause translation of the piston 204, Fig. 18C depicts the
mechanical limit or extreme of the plug flanges 228a b contacting the proximal side of the
notch region 210. The shape 242b of the cam slot causes the plug 206 to overcome seal
friction and overcame lag to move with the piston 204 toward the patient port 250.

[0065] In Fig. 18D, the pin 218 15 guided along section 242b of the cam siot 242,
causing rotation and translation of the piston 204 and the plug 206 toward the patient port
250. Asthe pin 218 reaches the end of section 242b of the cam slot 242, as shown i Fig.
18E, the piston 204 and plug 206 rotate but translation stops. The patient 250 port is now
aligned with the fhid chamber 262, The pin 218 travels toward the end 242¢ of the cam slot,
as shown in Fig. I8, causing the piston 204 and the plug 206 to rotate. At the end 242¢ of the
cam slot, rotation of the piston 204 can be reversed and the piston 204 and plug 206 turp
clockwise, for example.

[(3066) As shown in Figs. 18G through 18], the pin 218 1s guided toward the section
242b of the cam slot 242 as the piston 204 and the plug 206 rotate. The plug 206 does not
translate, but rather only rotates. The piston 204°s proximal end 204a pushes toward distal
end 206b of plug cansing positive pressure in chamber 262 to push fhuid oat through the
patient port 250 toward the patient during a discharge stroke of the pump cycle. Figs. 181 and
18] ithustrate the discharge stroke complction afier which the piston 204 and plug 206 being
rotating and translating together toward the reservoir port 248 due to the curvatare and length
of the portion 242 of the slot 242 to guide the pin 218 and the mechanical limits of the plog
206 achieved by the piston proximal end 204a pushing against plug distal end 206b.

{6067} Figs. 18] and 18K llustrate the chamber 262 moved toward the reservoir port
248 for another mtake stroke. As illustrated in Fig. 181, the pin 218 is in portion 242a of the

cam stot 242, The piston 204 and the plug 206 rotate only (o.g., clockwise) and do not
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translate until the pin 218 contacts the end of the cam slot 242, Piston 204 rotation can be
reversed {e.g., by the gearbox or other actuator 134) to commence another intake whereby the
piston 204 mitially pulls away from the plug 206, and plug friction causes the plug 206 to lag
n its translation relative to the piston to cause negative pressure in the chamber 262 and the
drawing of fluid into the chamber via the reservoir port 248,

[6068] While Figs. 18A through 181 dlustrate a pump cycle comprising an mtake
stroke and a dispense stroke wherein the direction of piston 204 rotation is reversed, it is to be
understood that the pump sub-system 200 can be configured to operate in a single direction of
rotation, which can simplify electronics of the pump actuator 134 and possibly reducing
battery 162 consumption. The pump sub-system 200 can also be driven with lincar actuation
as opposed to rotation.

16669] An advantage of the pump sub-system 200 is that the timing of pump chamber
262 exposure to the ports 248 and 250 1s mechanically accomplished in a manner that makes
direct connection between the reservoir and the patient not possible. When the pump chamber
262 13 exposed o the patient side via the port 250 and the piston 204 is fully retracted, the
pumping action begins. The plug 206 friction can hold the plug 206 n place, even against
backpressure up to 30pst {e.g., with selected O-ring 234a,b — to - pump housing 208
nterference, and therefore friction} until the piston 204 motion overcomes the plug 206
resistance force. At that poing, the piston 204 starts pushing forward and expelling fhud from
the movable pump chamber 262 toward the patient. When the dispense stroke is complete,
the piston 204 bottoms out on the plug 206 and pushes it forward to complete the pump cycle.
During all of this, the piston 204 and plug 206 rotate together by means of the interlock
mechanism.

{8076 The purap sub-systerm 200 is advantageous because its pump height is
significantly reduced {¢.g., as compared to the metering subsystems deseribed in WO
2015/157174, which use a manifold with valves apart from a pump housing to direct fluid
into and from the reservoir and patient ports, respectively), which allows more space for other
components. Further, the pump sub-~system 200 obviates need for a manifold scal and sleeve

interface and therefore minimizes any bkelihood of insulin degradation for fast-acting, less
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stable insulins, which enables the pump sub-system 200 to be saitable for use with many
types of insulin.

[0071] ¢ pump sub-system 200 1s also advantageous because 1t allows sufficiently
small dose volumes to be dehivered, thereby enabling its use as a Type 1 Diabetes pomp as
well as a solution for other drug therapies.

{6672} It will be understood by one skilled m the art that this disclosure s not limited
in its application to the details of construction and the arrangement of components set forth in
the above description or illustrated in the drawings. The embodiments herein are capable of
other embodiments, and capable of being practiced or carried out in various ways. Also, it
will be understood that the phraseology and terminology used herein is for the purpose of
description and should not be regarded as limiting. The use of "mclading,” "comprising,” or
"having” and variations thereof herein is meant to encompass the items listed thereafter and
cquivalents thereof as well as additional items. Unless hinmuted otherwise, the torms
"connected,” "coupled,” and "mounted,” and variations thereof herein are used broadly and
encompass direct and indirect conmections, couplings, and mountings. In addition, the terms
"connected” and "coupled” and variations thereof are not restricted to physical or mechanical
connections or couplings. Further, terms such as up, down, bottom, and top are relative, and
are emploved to aid illustration, but are not imiting.

[6073) The components of the Hlustrative devices, systems and methods employed in
accordance with the illustrated emabodiments can be implemented, at least 1n part, in digital
clectronic circuitry, analog electronic circuitry, or in computer hardware, firmware, software,
or it combinations of them. These components can be implemented, for example, as ¢
computer program product such as a computer program, program code of computer
instructions tangibly cmbodied in an information carrier, or in a machine-rcadable storage
device, for execution by, or to control the operation of, data processing apparatus such as a
programmable processor, a computer, or muliiple computers.

16074} A computer program can be written in any form of programming language,
including compiled or interpreted languages, and U can be deployed i any form, jncluding as
a stand-alone program or as a module, component, subrouting, or other unit suitable for use in

a computing environment. A computer program can be deployed to be executed on one
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computer or on multiple computers at one site or distributed across multiple sites and
nterconnected by a comuwmication network, Also, functional programs, codes, and code
segments for accomplishing the llustrative embodiments can be easily construed as within
the scope of claims exemplified by the illustrative embodiments by programmers skilled in
the art to which the tHlustrative embodiments pertain. Method steps associated with the
iHlustrative embodunends can be performed by oune or more progranunable processors
executing a computer program, code or instructions to perform fimctions {e.g., by operating
on input data and/or generating an output). Method steps can also be performed by, and
apparatus of the illustrative embodiments can be implemented as, special purpose logic
circuitry, ¢.g., an FPGA (ficld programmable gate arrayv) or an ASIC (application-specific
infegrated circuit), for example.

16075] The various illustrative logical blocks, modules, and circuits described in
connection with the ernbodiments disclosed herein may be implemented or performed with a
general purpose processor, a digital signal processor (DSP), an ASIC, a FPGA or other
programmable logic device, discrete gate or transistor logic, discrete hardware components,
or any combination thereof designed to perform the functions described herein. A general
purpose processor may be a nucroprocessor, but in the alternative, the processor mav be any
conventional processor, controller, microcontroller, or state machine. A processor may also
be mplemented as a combination of computing devices, ¢.g., a combination of a DSP and a
rieroprocessor, a plurality of microprocessors, One of IOoTe AICTOPTOCCSSOTS 1B conjunction
with a DSP core, or any other such configuration.

{6076} Processors suitable for the execution of a computer program include, by way
of example, both general and special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a processor will recetve 1structions
and data from a read-only memory or a random access memory or both. The essential
elements of a computer are a processor for executing instructions and one or more memory
devices for storing instructions and data. Generally, a computer will also include, or be
operatively coupled to receive data from or transter data to, or both, one or wore mass storage
devices for storing data, e.g., magnetic, magneto-optical disks, or optical disks. Information

carriers suitable for erabodying computer program instructions and data include all forms of
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non-volatile memory, including by way of example, semicondactor memory devices, e.g.,
clectrically programmable read-only memory or ROM (EPROM), clectrically erasable
programmable ROM (EEPROM), flash memory devices, and data storage disks {e.g.,
magnetic disks, itermal hard disks, or removable disks, magneto-optical disks, and CD-ROM
and DVD-ROM disks). The processor and the memory can be supplemented by, or
incorporated 1n special purpose logic circuitry.

{6077} Those of skill in the art would understand that mformation and signals may be
represented using any of a variety of different technologies and techniques. For example,
data, instructions, commands, information, signals, bits, symbols, and chips that may be
referenced throughout the above description may be represented by voltages, currents,
electromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof.

{6678] Those of skill would further appreciate that the various dlustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the embodiments
disclosed herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly iilustrate this interchangeability of hardware and software,
various illustrative components, blocks, modules, circuits, and steps have been described
above generally in terms of thewr functionahity. Whether such functionality is implemented as
hardware or saftware depends upon the particular application and design constraints imposed
o the overall system. Skilled artisans may traplemont the described functionality i varying
ways Tor each particular application, but such taplementation decisions should not be
interpreted as causing a departure from the scope of claims exemplified by the illustrative
embodiments. A software module may reside in random access memory {RAM), flash
memory, ROM, EPROM, EEPROM, registers, hard disk, a removable disk, a CD-ROM, or
any other form of storage medinm known in the art. An exemplary storage medium is
coupled to the processor such the processor can read information from, and wnie imformation
to, the storage medium. In the alternative, the storage medium may be integral to the
processor. fn other words, the processor and the storage medium may reside in an miegrated

circuit or be implemented as discrete components.
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{6079} Computer-readable non-transitory media includes all types of computer
readable media, including magnetic storage media, optical storage media, flash media and
solid state storage media. It should be understood that software can be nstalled in and sold
with a central processing wnit {CPU) device. Alternatively, the software can be obtained and
loaded mnto the CPU device, nchuding obtaining the software through physical medium or
distabution system, mncluding, for example, from a server owned by the sofiware creator or
from a server not owned but used by the software creator. The software can be stored on a
server for distribution over the Internet, for example.

{6084 The above-presented description and figures are intended by way of example
only and are not intended to ot the tlustrative embodiments 1n any way except as set forth in
the following claims. [t is particularly noted that persons skilled in the art can readily combine
the various technical aspects of the various clements of the various ithustrative embodiments
that have been described above i numerous other ways, all of which are considered to be

within the scope of the claims.
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CLATMS:
i A fluid delivery device comprising;

a housing;

a piston configured to be controllably translated within the housing;

a plug having a distal end thercof connected o a proximal end of the piston, the
plug being configured fo translate within the housmg;

wherein the proximal end of the piston is configured with a region therem that
defines a telescopic fhuid chamber in which the distal end of the plug can translate relative to
the piston to peronut fluid to flow nto the fluid chamber and to discharge fluid from the fluid

chamber.

2. The fhud delivery device of claim 1, wherein the housing comprises a reservoir port
through which fluid 1s introduced into the housing and a patient port through which fluid is
discharged from the housing.

3. The fluid delivery device of claim 2, wherein the piston is controllably translated to
align the fluid chamber with the reservoir port during an wtake operation of the fluid delivery
device, and to align the fluid chamber with the patient port during a discharge operation of

the fluid delivery device.

4. The fhnd delivery device of claim 1, wherein the plug is configured with a frictional
engagement relative to the housing that provides an amount of friction to caase translation of
the plug to lag relative to the piston unti the amount of friction is overcome by translation of
the piston.

3. The thad delivery device of claim 4, wherein the distal end of the plug translates
between two end stop positions within the piston region, when the distal end of the plug
reaches one of the two end stop positions, the amount of friction is overcorse and the plug

translates with the piston relative to the housing.
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6. The fluid delivery device of claim 1, further comprising an interlock mechanism
between the housing and the piston comprising an arcuate cam slot in one of the housing and
the piston, and a pin on the other one of the housing and the piston that is configured to
engage with the cam slot;
wherein, when the piston is rotated, the cam siot is configured to control a distance

along which the piston translates relative to the housing,

7. The fluid delivery device of ¢laim 3, wherem the plug and the piston are cach
provided with a seal, and the respective seals are configured to confine fluid in the fluid

chamber between the seals.

&. The fhud delivery device of claim 7, the plug is configured with a frictional
cngagement relative to the housing that provides an amount of friction to cause translation of
the plug to lag relative to the piston until the amount of friction 1s overcome by translation of

the piston, and the seal on the piston 13 configured to contribute {o the amount of friction.



