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Dispensing Fluid from an Infusion Pump System

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of priority of U.S. Application Serial No.
13/164,987, filed on June 21, 2011, the content of which is incorporated by reference

herein in its entirety.

TECHNICAL FIELD
This document relates to an infusion pump system, such as a medical infusion

pump system.

BACKGROUND

Pump devices are commonly used to deliver one or more fluids to a targeted
individual. For example, a medical infusion pump device may be used to deliver a
medicine to a patient as part of a medical treatment. The medicine that is delivered by
the infusion pump device can depend on the condition of the patient and the desired
treatment plan. For example, infusion pump devices have been used to deliver insulin to
the vasculature of diabetes patients so as to regulate blood-glucose levels.

In some circumstances, the infusion pump devices may include a drive system in
which a threaded rod is advanced by a drive wheel. The threaded rod can be advanced
toward a plunger that acts upon a medicine in a reservoir to dispense a portion of the
medicine. When the infusion pump device is subjected to significant pressure changes
(e.g., an impact such as a drop on the floor, a significant change in altitude and ambient
pressure, or the like), a dose of the medicine could be inadvertently dispensed to the user.
For example, when the infusion pump device is subjected to an impact from being
dropped onto a floor or other surface, the threaded rod of the drive system, the drive
wheel of the drive system, or a combination thereof may undergo a slight shift or
movement relative to the medicine reservoir such that an increment of the medicine is

inadvertently forced out from the medicine reservoir.
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SUMMARY

Some embodiments of an infusion pump system include a drive system that
advances a piston rod to dispense medicine to a user. Moreover, the drive system can be
configured to reliably dose selected amounts of medicine to the user while also reducing
the likelihood of inadvertent dispensing of medicine in response to impacts or pressure
changes exerted upon the infusion pump system. In particular embodiments, the drive
system may include a piston rod that is forwardly advanced in response to rotation of a
drive wheel, which is spring-biased in an axial direction toward a predetermined axial
position. In such circumstances, the piston rod can also be biased to remain in position
during the instances when the pump device is subjected to an impact or pressure change,
thereby reducing the likelihood that the piston rod will undergo an axial shift relative to
the medicine reservoir and inadvertently cause dispensation of the medicine.

In particular embodiments described herein, an infusion pump device may include
a pump housing that defines a space to receive a medicine. The infusion pump device
may also include a drive system to dispense a medicine from the pump housing when the
medicine is received in the space. The drive system may comprise an electrically
powered actuator and a drive wheel that rotates in response to movement of the
electrically powered actuator. The drive system may also include a piston rod that is
engaged with the drive wheel. The piston rod may advance in a longitudinally forward
direction toward the space to receive the medicine in response to rotation of the drive
wheel. Optionally, the drive wheel may be spring-biased in an axial direction that is
generally opposite to the longitudinally forward direction so that the drive wheel is urged
toward a selected axial position in the pump housing.

Some embodiments of an infusion pump device may include a pump housing that
defines a space to receive a medicine. Also, the infusion pump device may include a
drive system to dispense the medicine from the pump housing when the medicine is
received in the space. The drive system may include a piston rod that is advanced in a
longitudinally forward direction toward the space to dispense the medicine. The drive
system may further include a drive wheel that rotates to advance the piston rod. Also, the

drive system may include a bias member that biases the drive wheel in an axial direction
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that is generally opposite to the longitudinally forward direction so that the drive wheel is
urged toward a particular axial position in the pump housing. The drive system may
further include a ratchet wheel that is incrementally rotated in a forward direction to
rotate the drive wheel and thereby advance the piston rod. Additionally, the drive system
may include a movable pawl that engages the ratchet wheel. The movable pawl may
beadjustable from a reset position to a forward position so as to incrementally rotate the
ratchet wheel in the forward direction. A spring device may urge the movable pawl to
adjust from the reset position to the forward position. Further, the drive system may
include an actuator assembly that acts upon the movable pawl to force the movable pawl
to the reset position and that reverses to permit the movable pawl to adjust from the reset
position to the forward position.

In some optional aspects, the various embodiments of the infusion pump device
described herein can be configured to removably attach to a controller device so as to
form a system to controllably dispense medicine. The infusion pump device may have a
first electrical connector to mate with a second electrical connector of the controller
device.

Particular embodiments include a method of dispensing medicine from an
infusion pump device. The method may include rotating a drive wheel housed inside a
pump housing of an infusion pump device in response to movement of an electrically
powered actuator housed inside the pump housing. The method may also include, in
response to rotating the drive wheel, advancing a piston rod in a longitudinally forward
direction toward a space defined by the pump housing that is configured to receive a
medicine. Optionally, the drive wheel may be urged by a bias member in an axial
direction that is generally opposite to the longitudinally forward direction and toward a
predetermined position in the pump housing.

Some or all of the embodiments described herein may provide one or more of the
following advantages. First, some embodiments of the infusion pump system may be
configured to reduce the likelihood that the piston rod will undergo an axial shift relative
to the medicine reservoir and inadvertently cause dispensation of the medicine. Second,

certain embodiments of an infusion pump system may accurately and incrementally
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dispense fluid from the pump device in a controlled manner. Third, some embodiments
of the infusion pump system may have a compact configuration of drive system
components. For example, one or more components of the drive system may be nested
inside another component. Fourth, the infusion pump system may be configured to be
portable, wearable, and (in some circumstances) concealable. For example, a user can
conveniently wear the infusion pump system on the user’s skin under clothing or can
carry the pump device in the user’s pocket (or other portable location) while receiving the
medicine dispensed from the pump device.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from

the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 is an exploded perspective view of an infusion pump system in accordance
with some embodiments.

FIG. 2 is a perspective view of the infusion pump system of FIG. 1 in a detached
state.

FIG. 3 is a perspective view of an infusion pump system, in accordance with some
embodiments.

FIGS. 4-5 are perspective views of the pump device of FIGS. 1-2 being discarded
and the controller device of FIGS. 1-2 being reused with a new pump device.

FIG. 6 is an exploded perspective view of a controller device for an infusion pump
system, in accordance with some embodiments.

FIG. 7 is an exploded perspective view of a pump device for an infusion pump
system, in accordance with some embodiments.

FIGS. 8-11 are perspective views of components of a drive system of the pump
device of FIG. 7.

FIG. 12 is an exploded perspective view of components of the drive system of

FIG. 7.
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FIG. 13 is an exploded perspective view of components of the drive system and a
portion of a housing of the pump device of FIG. 7.

FIG. 14 is a perspective view of components of the drive system and a portion of
the housing of the pump device of FIG. 7.

FIG. 15 is a cross-sectional view of the components of the drive system and the
portion of the housing of FIG. 14.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

Referring to FIG. 1, an infusion pump system 10 can include a pump device 100
and a controller device 200 that communicates with the pump device 100. The pump
device 100 in this embodiment includes a housing structure 110 that defines a cavity 116
in which a fluid cartridge 120 can be received. The pump device 100 also can include a
cap device 130 to retain the fluid cartridge 120 in the cavity 116 of the housing structure
110. The pump device 100 can include a drive system that advances a plunger 125 in the
fluid cartridge 120 so as to dispense fluid therefrom. As described in more detail below
in connection with FIGS. 7-15, some embodiments of the drive system can be
advantageously configured to reliably dose selected amounts of fluid to a user while also
reducing the likelihood of inadvertent dispensing of medicine in response to impacts or
pressure changes exerted upon the pump device 100.

In some embodiments, the controller device 200 communicates with the pump
device 100 to control the operation of the drive system. When the controller device 200,
the pump device 100 (including the cap device 130), and the fluid cartridge 120 are
assembled together, the user can (in some embodiments) conveniently wear the infusion
pump system 10 on the user’s skin under clothing, in a pouch clipped at the waist (e.g.,
similar to a cell phone pouch), or in the user’s pocket while receiving the fluid dispensed
from the pump device 100. Optionally, the controller device 200 may be configured as a
reusable component that provides electronics and a user interface to control the operation
of the pump device 100. In such circumstances, the pump device 100 can be a disposable
component that is disposed of after a single use. For example, as described in more detail
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below in connection with FIGS. 4-5, the pump device 100 can be a “one time use”
component that is thrown away after the fluid cartridge 120 therein is exhausted.
Thereafter, the user can removably attach a new pump device 100’ (having a new
medicine cartridge 120’) to the reusable controller device 200 for the dispensation of
fluid from a new fluid cartridge 120°. Accordingly, the user is permitted to reuse the
controller device 200 (which may include complex or valuable electronics, as well as a
rechargeable battery) while disposing of the relatively low-cost pump device 100 after
cach use. Such a pump system 10 can provide enhanced user safety as a new pump
device 100’ (and drive system therein) is employed with each new fluid cartridge 120°.

Briefly, in use, the pump device 100 is configured to removably attach to the
controller device 200 in a manner that provides a secure fitting, an overall compact size,
and a reliable electrical connection that is resistant to water migration. For example, as
described in more detail below in connection with FIGS. 1-5, the controller device 200
can include a housing 210 having a number of features that mate with complementary
features of the pump housing 110. In such circumstances, the controller device 200 can
removably attach with the pump device 100 in a generally side-by-side configuration.
The compact size permits the infusion pump system 10 to be discrete and portable (as
described below in connection with FIG. 3). Moreover, at least one of the pump device
100 or the controller device 200 can include a release member that facilitates an easy-to-
use detachment and replacement process.

Referring again to FIG. 1, the pump system 10 can be a medical infusion pump
system that is configured to controllably dispense a medicine from the cartridge 120. As
such, the fluid cartridge 120 can contain a medicine 126 to be infused into the tissue or
vasculature of a targeted individual, such as a human or animal patient. For example, the
pump device 100 can be adapted to receive a medicine cartridge 120 in the form of a
carpule that is preloaded with insulin or another medicine for use in the treatment of
Diabetes (c.g., Byetta®, Symlin®, or others). Such a cartridge 120 may be supplied, for
example, by Eli Lilly and Co. of Indianapolis, IN. Other examples of medicines that can
be contained in the fluid cartridge 120 include: pain relief drugs, hormone therapy, blood

pressure treatments, anti-emetics, osteoporosis treatments, or other injectable medicines.
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The fluid cartridge 120 may have other configurations. For example, the fluid cartridge
120 may comprise a reservoir that is integral with the pump housing structure 110 (e.g.,
the fluid cartridge 120 can be defined by one or more walls of the pump housing structure
110 that surround a plunger to define a reservoir in which the medicine is injected or
otherwise received).

In some embodiments, the pump device 100 can include one or more structures
that interfere with the removal of the medicine cartridge 120 after the medicine cartridge
120 is inserted into the cavity 116. For example, the pump housing structure 110 can
include one or more retainer wings (not shown in FIG. 1) that at least partially extend into
the cavity 116 to engage a portion of the medicine cartridge 120 when the medicine
cartridge 120 is installed therein. Such a configuration may facilitate the “one-time-use”
feature of the pump device 100. In some embodiments, the retainer wings can interfere
with attempts to remove the medicine cartridge 120 from the pump device 100, thus
ensuring that the pump device 100 will be discarded along with the medicine cartridge
120 after the medicine cartridge 120 is emptied, expired, or otherwise exhausted.
Accordingly, the pump device 100 can operate in a tamper-resistant and safe manner
because the pump device 100 can be designed with a predetermined life expectancy (e.g.,
the “one-time-use” feature in which the pump device is discarded after the medicine
cartridge 120 is emptied, expired, or otherwise exhausted).

Still referring to FIG. 1, the controller device 200 can be removably attached to
the pump device 100 so that the two components are mechanically mounted to one
another in a fixed relationship. Such a mechanical mounting can form an electrical
connection between the removable controller device 200 and the pump device 100. For
example, the controller device 200 can be in electrical communication with a portion of a
drive system (not shown in FIG. 1) of the pump device 100. As described in more detail
below, the pump device 100 can include a drive system that causes controlled
dispensation of the medicine or other fluid from the cartridge 120. In some
embodiments, the drive system incrementally advances a piston rod (not shown in FIG. 1)
longitudinally into the cartridge 120 so that the fluid is forced out of an output end 122.

A septum 121 (FIG. 1) at the output end 122 of the fluid cartridge 120 can be pierced to
7
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permit fluid outflow when the cap device 130 is connected to the pump housing structure
110. For example, the cap device 130 may include a penetration needle that punctures
the septum 121 during attachment of the cap device to the housing structure 110. Thus,
when the pump device 100 and the controller device 200 are attached and thereby
electrically connected, the controller device 200 communicates electronic control signals
via a hardwire-connection (e.g., electrical contacts or the like) to the drive system or
other components of the pump device 100. In response to the electrical control signals
from the controller device 200, the drive system of the pump device 100 causes medicine
to incrementally dispense from the medicine cartridge 120. Power signals, such as
signals from the rechargeable battery 245 (refer to FIG. 6) of the controller device 200
and from the power source 310 (refer to FIG. 7) of the pump device 100 may also be
passed between the controller device 200 and the pump device 100.

As shown in FIG. 1, the pump device 100 can include an electrical connector 118
(e.g., having conductive pads, pins, and the like) that is exposed to the controller device
200 and that mates with a complementary electrical connector (refer to connector 218 in
FIG. 2) on the adjacent face of the controller device 200. The electrical connectors 118
and 218 provide the electrical communication between the control circuitry (refer, for
example, to FIG. 6) housed in the controller device 200 and at least a portion of the drive
system or other components of the pump device 100. For example, in some
embodiments, the electrical connectors 118 and 218 can permit the transmission of
electrical control signals to the pump device 100 and the reception of feedback signals
(e.g., sensor signals) from particular components within the pump device 100. The
electrical connectors 118 and 218 may similarly facilitate transmission of one or more
power signals from the rechargeable battery pack 245 to the pump device 100, where the
signals may be used to provide power to components of the pump device 100, or to
transmit one or more power signals from the power source 310 to the controller device,
where the signals may be used to charge the rechargeable battery 245 or to power
components of the controller device 200.

Still referring to FIG. 1, the controller device 200 can include a user interface 220

that permits a user to monitor the operation of the pump device 100. In some
8
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embodiments, the user interface 220 can include a display device 222 and one or more
user-selectable buttons (e.g., several buttons 224 are shown in the embodiment of FIG. 1).
The display device 222 can include an active area in which numerals, text, symbols,
images, or a combination thereof can be displayed. For example, the display device 222
can be used to communicate a number of settings or menu options for the infusion pump
system 10. In this embodiment, the user may press one or more of the buttons to shuffle
through a number of menus or program screens that show particular settings and data
(e.g., review data that shows the medicine dispensing rate, the total amount of medicine
dispensed in a given time period, the amount of medicine scheduled to be dispensed at a
particular time or date, the approximate amount of medicine remaining in the cartridge
120, or the like). In some embodiments, the user can adjust the settings or otherwise
program the controller device 200 by pressing one or more buttons of the user interface
220. For example, in embodiments of the infusion pump system 10 configured to
dispense insulin, the user may press one or more of the buttons to change the dispensation
rate of insulin or to request that a bolus of insulin be dispensed immediately or at a
scheduled, later time. In some implementations, the display device 222 may also be used
to communicate information regarding remaining battery life.

Accordingly, when the controller device 200 is connected to the pump device 100,
the user can be provided with the opportunity to readily monitor the infusion pump
operation by simply viewing the user interface 220 of the controller device 200 connected
to the pump device 100. Such monitoring capabilities may provide comfort to a user who
may have urgent questions about the current operation of the pump device 100. Also, in
these embodiments, there may be no need for the user to carry and operate a separate
module to monitor the operation of the pump device 100, thereby simplifying the
monitoring process and reducing the number of devices that must be carried by the user.
If a need arises in which the user desires to monitor the operation of the pump device 100
or to adjust the settings of the pump system 10 (e.g., to request a bolus amount of
medicine), the user can readily operate the user interface 220 of the controller device 200,
which is removably attached to the pump device 100, without the requirement of locating

and operating a separate monitoring module.
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Referring now to FIG. 2, when the infusion pump system 10 operates, the
controller device 200 can be removably attached to the pump device 100 in a side-by-side
arrangement. For example, the pump device 100 may be moved in a longitudinal
direction (e.g., refer to direction 219 in FIG. 4) toward the controller device 200 until the
complementary features connect and secure the separate components in the side-by-side
arrangement. The controller device 200 can include a controller housing structure 210
having a number of features that are configured to mate with complementary features of
the pump housing structure 110 so as to form a releasable mechanical connection. For
example, the pump housing structure 110 can include a barrel 111 that mates with a
complementary barrel channel 211 of the controller housing 210. In various
implementations, the pump device 100 and the controller device 200 can be mounted to
one another so that the assembled system 10 is resistant to water migration both into the
pump housing structure 110 and the controller housing structure 210. Such a
configuration can also provide water-resistant protection for the electrical connection
between the pump device 100 and the controller device 200. Thus, the sensitive internal
components in the controller device 200 and the pump device 100 can be reliably
protected from water migration if the user encounters water (e.g., rain, incidental
splashing, and the like) while using the pump system 10.

Referring to FIG. 3, the infusion pump system 10 can be configured to be portable
and can be wearable and concealable. For example, a user can conveniently wear the
infusion pump system 10 on the user’s skin (e.g., skin adhesive) underneath the user’s
clothing or carry the pump device 100 in the user’s pocket (or other portable location)
while receiving the medicine dispensed from the pump device 100. The pump system 10
is shown in FIG. 3 as being held in a user’s hand 5 so as to illustrate an exemplary size of
the system 10 in accordance with some embodiments. This embodiment of the infusion
pump system 10 is compact so that the user can wear the portable infusion pump system
10 (e.g., in the user’s pocket, connected to a belt clip, adhered to the user’s skin, or the
like) without the need for carrying and operating a separate module. In such
embodiments, the cap device 130 of the pump device 100 can be configured to mate with

an infusion set 146. In general, the infusion set 146 can be a tubing system that connects
10
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the infusion pump system 10 to the tissue or vasculature of the user (e.g., to deliver
medicine into the tissue or vasculature under the user’s skin). The infusion set 146 can
include a flexible tube 147 that extends from the pump device 100 to a subcutaneous
cannula 149 that may be retained by a skin adhesive patch (not shown) that secures the
subcutaneous cannula 149 to the infusion site. The skin adhesive patch can retain the
infusion cannula 149 in fluid communication with the tissue or vasculature of the patient
so that the medicine dispensed through the tube 147 passes through the cannula 149 and
into the user’s body. The cap device 130 can provide fluid communication between the
output end 122 (FIG. 1) of the medicine cartridge 120 and the tube 147 of the infusion set
146.

In some embodiments, the infusion pump system 10 can be pocket-sized so that
the pump device 100 and controller device 200 can be worn in the user’s pocket or in
another portion of the user’s clothing. In some circumstances, the user may desire to
wear the pump system 10 in a more discrete manner. Accordingly, the user can pass the
tube 147 from the pocket, under the user’s clothing, and to the infusion site where the
adhesive patch can be positioned. As such, the pump system 10 can be used to deliver
medicine to the tissues or vasculature of the user in a portable, concealable, and discrete
manner.

In some embodiments, the infusion pump system 10 can be configured to adhere
to the user’s skin directly at the location in which the skin is penetrated for medicine
infusion. For example, a rear surface 102 (FIG. 2) of the pump device 100 can include a
skin adhesive patch so that the pump device 100 can be physically adhered to the skin of
the user at a particular location. In these embodiments, the cap device 130 can have a
configuration in which medicine passes directly from the cap device 130 into an infusion
cannula 149 that is penetrated into the user’s skin. In some examples, the user can
temporarily detach the controller device 200 (while the pump device 100 remains adhered
to the skin) so as to view and interact with the user interface 220.

Referring now to FIGS. 4-5, the infusion pump system 10 can be operated such
that the pump device 100 is a disposable, non-reusable component while the controller

device 200 is a reusable component. In these circumstances, the pump device 100 may
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be configured as a “one-time-use” device that is discarded after the medicine cartridge is
emptied, expired, or otherwise exhausted. Thus, in some embodiments, the pump device
100 can be designed to have an expected operational life of about 1 day to about 30 days,
about 1 day to about 20 days, about 1 to about 14 days, or about 1 day to about 7 days—
depending on the volume of medicine in the cartridge 120, the dispensation patterns that
are selected for the individual user, and other factors. For example, a medicine cartridge
120 containing insulin can have an expected usage life of about 7 days after the cartridge
is removed from a refrigerated state and the septum 121 is punctured. In some
circumstances, the dispensation pattern selected by the user can cause the insulin to be
emptied from the medicine cartridge 120 before the 7-day period. If the insulin is not
emptied from the medicine cartridge 120 after the 7-day period, the remaining insulin can
become expired sometime thereafter. In either case, the pump device 100 and the
medicine cartridge 120 therein can be collectively discarded after exhaustion of the
medicine cartridge 120 (e.g., after being emptied, expired, or otherwise not available for
use).

The controller device 200, however, may be reused with subsequent new pump
devices 100’ and new medicine cartridges 120°. As such, the control circuitry, the user
interface components, the rechargeable battery pack 245, and other components that may
have relatively higher manufacturing costs can be reused over a longer period of time.
For example, in some embodiments, the controller device 200 can be designed to have an
expected operational life of about 1 year to about 7 years, about 2 years to about 6 years,
or about 3 years to about 5 years—depending on a number of factors including the usage
conditions for the individual user. Accordingly, the user can be permitted to reuse the
controller device 200 (which can include complex or valuable electronics, and a
rechargeable battery pack) while disposing of the relatively low-cost pump device 100
after each use. Such a pump system 10 can provide enhanced user safety as a new pump
device 100’ (and drive system therein) is employed with each new medicine cartridge
120°.

Referring to FIGS. 4-5, the same controller device 200 can be reused with a new

pump device 100’ having a new medicine cartridge 120’ retained therein, and the
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previously used pump device 100, including the exhausted medicine cartridge, can be
discarded in a discard bin 20. The new pump device 100’ (FIG. 4) can have a similar
appearance, form factor, and operation as the previously used pump device 100, and thus
the new pump device 100’ can be readily attached to the controller device 200 for
controlled dispensation of medicine from the new medicine cartridge 120°. In some
embodiments, the user can prepare the new pump device 100’ for use with the controller
device 200. For example, the user may insert the new medicine cartridge 120’ in the
cavity 116 of the new pump device 100’ and then join the cap device 130 to the pump
housing to retain the new medicine cartridge 120’ therein (refer, for example, to FIG. 1).
Although the tubing 147 of the infusion set 146 is not shown in FIG. 4, it should be
understood that the tubing 147 can be attached to the cap device 130 prior to the cap
device 130 being joined with the housing 110. For example, a new infusion set 146 can
be connected to the cap device 130 so that the tubing 147 can be primed (e.g., a selected
function of the pump device 100 controlled by the controller device 200) before attaching
the cannula’s adhesive patch to the user’s skin. As shown in FIG. 4, the new medicine
cartridge 120’ may be filled with medicine such that the plunger 125 is not viewable
through the barrel 111.

The new pump device 100’ can be removably attached to the controller device
200 to assemble into the infusion pump system 10 for delivery of medicine to the user.
As previously described, the guided motion in the longitudinal direction 219 provides the
user with a convenient “one-movement” process to attach the pump device 100’ and the
controller device 200. For example, the user can readily slide the pump device 100’ and
the controller device 200 toward one another in a single movement (e.g., in the
longitudinal direction 219) that causes both a physical connection and an electrical
connection. Thus, the infusion pump system 10 can permit users to readily join the pump
device 100’ and the controller device 200 without compound or otherwise difficult hand
movements—a feature that can be particularly beneficial to child users or to elderly users.

Referring now to FIG. 6, the controller device 200 (shown in an exploded view)
houses a number of components that can be reused with a series of successive pump

devices 100. In particular, the controller device 200 can include controller circuitry 240
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and a rechargeable battery pack 245, each arranged in the controller housing 210. As
described above, rechargeable battery pack 245 may provide electrical energy to
components of controller circuitry 240, other components of the controller device (e.g., a
display device 222 and other user interface components, sensors, or the like), or to
components of the pump device 100. Controller circuitry 240 may be configured to
communicate control or power signals to the drive system of the pump device 100, or to
receive power or feedback signals from the pump device 100.

Still referring to FIG. 6, the user interface 220 of the controller device 200 can
include input components and/or output components that are electrically connected to the
controller circuitry 240. For example, the user interface 220 can include the display
device 222 having an active area that outputs information to a user and buttons 224 that
the user can use to provide input. Here, the display device 222 can be used to
communicate a number of settings or menu options for the infusion pump system 10. In
some embodiments, the controller circuitry 240 can receive input commands from a
user’s button selections and thereby cause the display device 222 to output a number of
menus or program screens that show particular settings and data (e.g., review data that
shows the medicine dispensing rate, the total amount of medicine dispensed in a given
time period, the amount of medicine scheduled to be dispensed at a particular time or
date, the approximate amount of medicine remaining the cartridge 120, the amount of
battery life remaining, or the like). The controller circuitry 240 can be programmable to
cause the controller circuitry 240 to change any one of a number of settings for the
infusion pump system 10. For example, the user may provide one or more instructions to
adjust a number of settings for the operation of the infusion pump system 10. Such
settings may be stored in one or more memory devices arranged in the controller circuitry
240.

In some optional embodiments, the controller circuitry 240 can include a cable
connector (e.g., a USB connection port or another data cable port) that is accessible on an
external portion of the controller housing 210. As such, a cable can be connected to the
controller circuitry 240 to upload data or program settings to the controller circuitry or to

download data from the controller circuitry. For example, historical data of medicine
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delivery can be downloaded from the controller circuitry 240 (via the cable connector) to
a computer system of a physician or a user for purposes of analysis and program
adjustments. Optionally, the data cable can also provide recharging power.

Referring now to FIG. 7, the pump device 100 can include a drive system 300 that
is controlled by the controller device 200. As described in more detail below, the drive
system 300 can incrementally dispense fluid in a controlled manner from cartridge 120
inserted into the pump device 100. Also, the pump device 100 may include a connector
circuit 318 to facilitate the transfer of signals to and from the electrical connector 118. In
some implementations, the connector circuit 318 in the pump device 100 may include a
memory device that can store data regarding the pump device 100 and its operational
history. As previously described, the electrical connector 118 of the pump device 100 can
mate with the connector 218 (FIG. 2) of the controller device 200 so that electrical
communication can occur between the pump device 100 and the controller device 200.

In some embodiments, the connector circuit 318 can operate as a passageway to transmit
electrical control signals from the controller circuitry 240 of the controller device 200 to
the drive system 300. The connector circuit 318 can also operate as a passageway for the
electrical power from a power source 310 housed in the pump device 300 to pass to the
controller device 200 for recharging of the rechargeable battery 245. Furthermore, the
connector circuit 318 can operate as a passageway for feedback signals from the drive
system 300 to the controller circuitry 240 of the controller device 200.

In this embodiment, the pump device 100 houses the drive system 300 and the
power source 310. For example, the power source 310 may comprise an alkaline battery
cell, such as a 1.5 Volt “AAA” alkaline battery cell, which is contained in a dedicated
space of the pump housing structure 110. The power source 310 may be capable of
transmitting electrical energy to the controller device 200 when the pump device 100 is
attached to the controller device 200, via connectors 118 and 218 as described above. For
example, the power source 310 may be used to charge the rechargeable battery pack 245
when the pump device 100 is attached to the controller device 200. In some
embodiments, the power source 310 is used to provide energy to the drive system 300 of

the pump device 100, and also to electronic components of the controller device 200. In
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particular embodiments, the power source 310 may provide the energy to power all
aspects of the infusion pump system 10. In some alternative embodiments, the
rechargeable battery 245 housed in the controller 200 may provide the energy to power
all aspects of the infusion pump system 10. In other embodiments, the rechargeable
battery 245 and the power source 310 may each be responsible for powering particular
aspects of the infusion pump system 10. In further embodiments, the rechargeable
battery 245 may provide the energy to supplement the energy provided by the power
source 310 to power aspects of the infusion pump system.

Still referring to FIG. 7, in some embodiment, the drive system 300 may include a
number of components, such as an electrically powered actuator (e.g., reversible motor
320 or the like), a drive wheel 360, a bearing 365, a flexible piston rod 370, a piston rod
guide 363, and a plunger engagement device 375. In this embodiment, the reversible
motor 320 drives a gear system (FIGS. 8-11) to cause the rotation of the drive wheel 360
that is coupled with bearing 365 (refer to FIG. 15). The drive wheel 360 may include a
central aperture with an internal thread pattern (refer to FIG. 15), which mates with an
external thread pattern on the flexible piston rod 370. The interface of the threaded
portions of the drive wheel 360 and flexible piston rod 370 may be used to transmit force
from the drive wheel to the piston rod 370. Accordingly, in the embodiment of FIG. 7,
the drive wheel 360 is the driver while the flexible piston rod 370 is the driven member.
As further described below, the rotation of the drive wheel 360 can drive the flexible
piston rod 370 forward in a linear longitudinal direction.

In certain embodiments, the drive system 300 (and/or pump housing structure
110) may include features to constrain the flexible piston rod 370 from rotating about its
longitudinal axis as it is urged to do when acted upon by the rotation of the drive wheel
360. In embodiments where the flexible piston rod 370 is constrained from rotating, the
transmission of force from the internal threads of the drive wheel 360 to the external
threads of the flexible piston rod translates to a longitudinal advancement of the flexible
piston rod as the drive wheel rotates. For example, the piston rod guide 363, as described

further below, is one example of a structure that can constrain the flexible piston rod 370
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from rotating when the piston rod 370 is acted upon by the rotation of the drive wheel
360.

Still referring to FIG. 7, in some embodiments, one or more components of the
drive system can be spring-biased toward an anchor position in the pump housing 110 so
as to reduce the likelihood of an inadvertent dispensing of medicine resulting from, for
example, an impact to the pump device 100. For example, the drive wheel 360 can be
biased toward a generally fixed axial position relative to the pump housing structure 110
so that the drive wheel 360 (and the piston rod 370 engaged therewith) are not necessarily
shifted relative to the pump housing 110 in response to an impact (e.g., dropping the
pump device 100 on the floor). In this embodiment, the pump housing includes bearing
abutment shoulders 113, which are integrally formed with the pump housing structure
110. The outer race of the bearing 365 can be urged into physical contact with the
bearing abutment shoulders 113 by a bias force from a bias member 380 (FIGS. 13 and
15). In particular, the bias member 380 (FIGS. 13 and 15) can be a spring that urges the
drive wheel 360 and the bearing 365 in an axial direction that is generally opposite to the
forward longitudinal direction of the piston rod 370 (e.g., the forward direction of the
piston rod 370 when advanced to dispense medicine). Such a configuration may provide
a generally consistent and robust axial anchor position of the drive wheel 360 within the
pump housing structure 110. By maintaining the generally consistent axial position of
the drive wheel 360 within the pump housing structure 110, an inadvertent dispensation
of medicine (e.g., from an impact upon the pump housing 110) may be avoided because
the drive wheel 360 controls the axial position of the flexible piston rod 370 and thus
reduces the likelihood that the piston rod 370 and plunger 125 will be inadvertently
advanced in response to an impact.

Referring now to FIGS. 8-11, during operation of the drive system 300, the
flexible piston rod 370 can be incrementally advanced toward the medicine cartridge 120
so as to dispense the medicine from the pump device 100. The drive system 300 may
also include an electrically powered actuator (e.g., reversible motor 320 or the like) that
is coupled to a guided pusher arm 325 (FIGS. 9-11), which is used to adjust a ratchet

mechanism 330 to a reset position. A spring device 350 (FIGS. 9-11) stores potential
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energy when the ratchet mechanism 330 is adjusted to the reset position and thereafter
drives the ratchet mechanism 330 to a forward position to advance the piston rod 370 and
dispense the medicine. Optionally, the motor 320 can be decoupled from the ratchet
mechanism 330 during the drive step. In such embodiments, the reversible motor 320
can be used to shift the ratchet mechanism to a reset position, but the motor 320 does not
drive the ratchet mechanism 330 to the forward position.

In those embodiments in which the pump device 100 is connected to a removable
controller device 200 (FIGS. 1-2), the controller device 200 can communicate control
signals to the pump device 100 for activating the drive system 300 or other components
of the pump device 100. As previously described, the controller device 200 can include a
controller housing structure 210 (FIGS. 1-2) that is configured to mate with a
complementary portion of the pump housing structure 110 so as to form a mechanical
connection. In such circumstances, the electrical connector 118 of the pump device 100
can mate with the corresponding electrical connector 218 of the controller device 200. In
this embodiment, the electrical connector 118 is in communication with the connector
circuit 318 (FIG. 7). The connector circuit 318 may be a simple and inexpensive circuit
S0 as to facilitate a low-cost pump device 100 that is disposable. The connector circuit
318 can be in electrical communication with one or more components housed in the
pump device 100, such as the motor 320, the power source 310, one or more sensor
devices, or a combination thereof. The connector circuit 318 facilitates electrical
communication with the removable controller device 200 (FIGS. 1-2). As such, the
controller device 200 is capable of transmitting electrical signals to the pump device 100
and is capable of receiving feedback signals (e.g., sensor signals) from the components in
the pump device 100.

Some components of the drive system 300 can be retained by the pump housing
110 (FIG. 7). For example, the motor 320, the flexible piston rod 370, the bearing 365,
the drive wheel 360, the guide 363, and the plunger engagement device 375 can be
assembled into and retained by the pump housing 110 (FIG. 7). In this embodiment, a
locking pawl 342 (FIGS. 9-11) is integrally formed with the pump housing 110 so as to

align with a portion of the ratchet mechanism 330 when the ratchet mechanism 330 is
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assembled into the pump housing 110. When the parts of the pump housing 110 are
assembled (FIG. 7), they can align and retain the ratchet mechanism 330 and other
components of the drive system 300. In such a construction, the assembled pump
housing 110 can permit the desired motion of the components of the drive system 300
while reducing the likelihood of “backlash” movement (e.g., partial reverse rotation or
movement of the drive components) or component dislodgement (which might otherwise
occur, for example, when the pump device 100 is dropped to the ground).

Referring to FIGS. 8-11, in some embodiments of the drive system 300, the
reversible motor 320 is used to shift the ratchet mechanism 330 to the reset position, yet
the motor 320 can be decoupled from the ratchet mechanism 330 during the drive step
that causes dispensation of medicine. Briefly, the motor 320 can be used to act upon the
pusher arm 325, which is guided along a predetermined path in a guide slot 328. In this
embodiment, the guide slot 328 is integrally formed in an inner wall of the pump housing
110 (shown schematically in FIGS. 9-11), and the pusher arm 325 includes a slider pin
326 that mates with the guide slot 328. (It should be understood that FIG. 7 depicts the
drive system 300 mounted to the pump housing 110 of the pump device 100, and FIG. 8
shows a similar view with the pump housing 110 removed for purposes of illustrating
components of the drive system 300). After the pusher arm 325 is advanced in the guide
slot 328 so that the ratchet mechanism 330 is adjusted to the reset position (refer to FIG.
10 in which the ratchet mechanism 330 is reset to engage a new tooth on the ratchet body
340), the motor 320 can reverse direction and promptly retract the pusher arm 325 to the
first position (refer to FIG. 11 in which the pusher arm 325 is retracted). The spring
device 350 provides the energy for the drive step that advances the piston rod 370 and
dispenses medicine, but the drive step may occur over a period of time that is greater than
the relatively quick retraction of the pusher arm 325 to the first position. In such
circumstances, the pusher arm 325 may be temporarily separated from the ratchet
mechanism 330, thereby causing the motor to be decoupled from the ratchet mechanism
330 during the drive step. Accordingly, the drive system 300 can provide an efficient
process for accurately and reliably dispensing medicine in a manner that conserves

battery life. Moreover, the drive system 300 may comprise few, if any, high-cost actuator
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components or electronics, thereby facilitating the production of a disposable and reliable
pump device 100.

Referring now in more detail to the components of the drive system 300 depicted
in FIGS. 8-11, the electrically powered actuator may be in the form of the motor 320
having a rotatable output shaft 321. In this embodiment, the motor 320 is reversible in
that it can receive signals that cause the output shaft 321 to rotate in a first rotational
direction or in a second, opposite rotational direction. One example of a suitable motor
320 is a coreless DC motor with reversible rotation capabilities. As previously described,
the operation of the motor 320 can be controlled by a control device (e.g., removable
control device 200 as described in connection with FIGS. 1-2 or the like) via electrical
signals communicated through the electrical connector 118.

Still referring to FIGS. 8-11, a gear system 322 may be coupled to the motor 320
so that actuation by the motor 320 causes the pusher arm 325 to act upon the ratchet
mechanism 330 or to decouple from the ratchet mechanism 330. In this embodiment, the
gear system 322 includes a worm gear 323 and a gear reduction assembly comprising
spur gears 324a, 324b, and 324c. The pusher arm 325 can be pivotably coupled to the
gear 324c so that partial rotation of the gear 324c¢ causes the pusher arm to reciprocate
within the guide slot 328. Accordingly, rotation of the motor 320 in a first direction can
be translated into an advancement force to the pusher arm 325. The advancement force
on the pusher arm 325 is applied to a pawl member 335, which (in this embodiment)
causes the pawl member 335 to pivot to a reset position (refer to FIG. 10). In addition,
rotation of the motor 320 in a second direction can be translated into an retraction force to
the pusher arm 325, which can cause the pusher arm 325 to be separated from the pawl
member 335 during the drive step (refer to FIG. 11).

As such, the motor 320, the gear system 322, and the pusher arm 325 can
collectively operate as an actuator assembly that provides a reliable and consistent
adjustment of the ratchet mechanism 330 during a reset step (refer to FIG. 10). Morcover,
this actuator assembly (e.g., the motor 320, the gear system 322, and the pusher arm 325)
can be activated to separate from the pawl member 335, thereby permitting the motor 320

to decouple from the ratchet mechanism 330 during a drive step (refer to FIG. 11).
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The motion path of the pusher arm 325 can be configured to provide an efficient
mechanical advantage orientation during the desired motion of the adjustable pawl
member 335. In this embodiment, the pusher arm 325 is directed by a guide slot 328
formed in the pump housing 110 (shown schematically in FIGS. 9-11). In particular, the
pusher arm 325 includes the slider pin 326 that is received within the guide slot 328
during assembly. The portion of the pusher arm 325 proximate the slider pin 326 can
abut against the pawl member 335 when the pusher arm is advanced. As such, when a
first end of the pusher arm 325 is moved by the gear 324c, a second end of the pusher
arm (proximate the slider pin 326) is directed by the guide slot 328. The orientation of
the pusher arm 325 relative to the guide slot 328 can be configured to provide an efficient
mechanical advantage for the pushing force applied by the pusher arm 325 during the
desired motion of the adjustable pawl member 335.

Still referring to FIGS. 8-11, the ratchet mechanism 330 includes the pawl
member 335 and a ratchet body 340, which in this embodiment is a ratchet wheel having
a number of teeth along its circumferential surface. In this embodiment, the ratchet
wheel 340 is coupled with a worm gear 345, and incremental rotation of the ratchet wheel
340 causes rotation of a drive wheel 360 (due to engagement with the worm gear 345).
The pawl member 335 is adjustable between a reset position (refer to FIG. 10) and a
forward position (refer to FIG. 9). For example, during the reset step, the motor 320 may
be activated to advance the pusher arm 325 (guided by the guide slot 328), and the pusher
arm 325 then applies a pushing force that adjusts the pawl member 335 to the reset
position in which the pawl member 335 grabs a new tooth of the ratchet wheel 340 (refer
to FIG. 10). In this embodiment, the adjustable pawl member 335 is pivotably coupled
about the axis of an axle (refer to FIGS. 9-11) that receives the ratchet wheel 340 and the
worm gear 345.

The spring device 350 is also coupled to the pawl member 335 so as to urge the
pawl member 335 toward the forward position (refer to FIG. 9). In this embodiment, the
spring device 350 is in the form of a coil extension spring that is fixed to the pump
housing 110 (not shown in FIGS. 8-11) at a first end portion 352 and that is engaged with

the pawl member 335 at a second end portion 354. Thus, as shown in FIG. 10, when the
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pawl member 335 is adjusted to the reset position, the spring device 350 is in tension and
stores potential energy that urges the pawl member 335 to return to the forward position
(refer to FIG. 9) and thereby drive the ratchet wheel 340 in a forward rotational direction.
As previously described, a locking pawl 342 (FIGS. 9-11) can be used to prevent the
ratchet wheel 340 from reverse motion. The locking pawl 342 can flex or otherwise
adjust to permit the incremental forward rotation of the ratchet wheel 340. As such, the
adjustable pawl member 335 can adjust from the forward position (refer to FIG. 9) to the
reset position (refer to FIG. 10) to engage a new tooth of the ratchet wheel 340 while the
ratchet wheel 340 remains in position due to the locking pawl 342.

It should be understood that the drive system 300 can employ a set of location
sensors to indicate when the pawl member 335 has reach the reset position or the forward
position. For example, these sensors can be optical, magnetic, or contact-type sensors.
The sensors may be capable of transmitting signals that indicate when the location of one
of the gears in the gear system 322, the pusher arm 325, or the pawl member 335 is
detected. Such sensor signals may be transmitted to the motor 320, to the controller
device 200 (FIGS. 1-2), or a combination thereof. In one embodiment, the pawl member
335 may be equipped with an electrically conductive contact that engages a first contact-
type sensor when moved to the reset position and that engages a second contact-type
sensor when moved to the forward position. As such, the first and second contact-type
sensors can electrically communicate with the motor 320, the controller device 200, or
both when the pawl member reaches the reset and forward positions. These signals may
be used to indicate when the motor 320 should cease rotation or reverse rotation.

Still referring to FIGS. 8-11, in some embodiments the ratchet wheel 340 can be
integrally formed with the worm gear 345 so that the incremental rotation of the ratchet
wheel 340 is translated to the worm gear 345. Such rotation of the worm gear 345 causes
rotation of the drive wheel 360. The drive wheel 360 can include a central aperture with
an internal thread pattern (refer to FIG. 15), which mates with an external thread pattern
374 (refer to FIGS. 9-11) on the piston rod segments 372. Thus, the incremental motion

provided by the motor 320, the pusher arm 325, and the ratchet mechanism 330 causes
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the drive wheel 360 to incrementally rotate, which in turn translates to a longitudinal
advancement of the flexible piston rod 370.

Accordingly, in some embodiments, the piston rod 370 may undergo only forward
or positive longitudinal displacement as a result of drive system 300. For example, the
drive system 300 substantially hinders the piston rod 370 from retracting or “backing up”
in response to fluid pressure in the medicine cartridge 120 or other reversal forces. In
such circumstances, the flexible piston rod 370 can be retracted only upon destruction of
the pump device 100 (e.g., to disengage the drive wheel 360 or the ratchet mechanism
330). In those embodiments in which the pump device 100 is intended to be disposable,
the non-retractable piston rod configuration may facilitate a “one time use” disposable
pump device, thereby reducing the likelihood of failure due to non-intended repeated use
of the disposable pump device 100.

Still referring to FIGS. 8-11, the flexible piston rod 370 can comprise a plurality
of rod segments 372 serially connected by hinge portions 373 so that the flexible piston
rod 370 is adjustable from a curved shape to a noncurved shape. The plurality of
segments 372 and the interconnecting hinge portions can be integrally formed in one
piece from one or more moldable materials, including a number of polymer materials. In
this embodiment, the plurality of segments 372 comprise generally cylindrical segments
that have an exterior thread pattern 374 along at least one cylindrical surface portion.

The plunger engagement device 375 can be disposed at a forward end of the piston rod
370 so that the plunger engagement device 375 faces toward the medicine cartridge 120.

In some embodiments, the flexible piston rod 370 can include an anti-rotation
structure that hinders the piston rod 370 from rotating when acted upon by the rotation of
the drive wheel 360 (thereby allowing the rotation of the drive wheel 360 to translate into
a longitudinal motion of the piston rod 370). For example, in the embodiment of FIGS.
8-15, the flexible piston 370 includes longitudinal flat surfaces 371 extending along each
of the segments 372. The longitudinal flat surfaces 371 can engage complementary
surfaces within an aperture of the piston rod guide 363 (refer to FIG. 15) proximate the
drive wheel 360 so that the flexible piston rod 370 is hindered from rotating when the

drive wheel 360 rotates. Accordingly, the longitudinal flat surfaces 371 on each segment
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372 can align to form a key that slides within a mating keyway with complementary flat
surface(s) defined by an aperture within piston rod guide 363 or pump housing 110. In
other embodiments, the anti-rotation structure may include one or more longitudinal
channels (with each channel capable of engaging an associated protrusion that acts as a
key to hinder rotation while permitting longitudinal motion) or the like.

Because the flexible piston rod 370 is adjustable from a curved shape to a
noncurved shape, the overall length of the pump device can be reduced in some
embodiments. For example, in a typical infusion pump that houses a straight and rigid
rod, the typical infusion pump requires a package or housing having a linear dimension
sufficient to accommodate the length of the rigid piston rod when it is at its limit of travel
in which it is fully withdrawn from the container or cylinder. The pump device 100
incorporating the flexible piston rod 370 can require less space than a similar device that
houses a non-flexible, rigid rod.

Referring now to FIGS. 9-11, the incremental motion cycle of the drive system
300 may include rotation of the motor 320 so that the pusher arm 325 is advanced from a
first position to act upon the pawl member 335, and then retracted back to the first
position. Such movement of the pusher arm 325 can cause the pawl member 335 to
adjust from the forward position (refer to FIG. 9), to the reset position (refer to FIG. 10),
and back to the forward position (under the driving force of the spring device 350). The
adjustment of the pawl member 335 from the reset position to the forward position drives
the ratchet wheel 340 and worm gear 345, which incrementally rotates the drive wheel
360 and thereby advances the flexible piston rod 370 a longitudinal increment distance.

In one example, the drive system 300 can advance the piston rod 370 a
longitudinal increment distance of about 16 microns or less (about 4 microns to about 12
microns, about 5 microns to about 9 microns, and preferably about 6 microns to about 8
microns) for each incremental motion cycle of the ratchet mechanism 330. Because each
longitudinal increment distance for the piston rod 370 is relatively miniature, maintaining
the axial position of the drive wheel 360 and the piston rod 370 can be useful. As
described in more detail below in connection with FIGS. 12-15, the drive system 300 can

also be equipped with one or structures that reduce the likelihood of the piston rod 370
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inadvertently shifting by a larger amount (e.g., about 20 microns or more, about 30
microns or more, and about 40 microns) in response an impact upon the pump housing.

Referring to FIG. 9, in this embodiment of the incremental motion cycle, the pawl
member 335 begins at the forward position with the pusher arm 325 retracted in a first
position (e.g., the rest position in this embodiment). The adjustable pawl member 335
can be in this forward position, for example, because the drive system 300 previously
completed a drive step at an earlier time.

Referring to FIG. 10, in response to the controller device transmitting a signal to
initiate the cycle, the motor 320 may begin to rotate in a first rotational direction that
advances the pusher arm 325 to push against the pawl member 335. Such movement of
the pusher arm 325 causes a pushing force 327 that overcomes the bias of the spring
device 350 and adjusts the pawl member 335 toward the reset position (e.g., the reset
step). When the adjustable pawl member 335 reaches the reset position, as shown in FIG.
10, the pawl member 335 is capable of engaging a new tooth of the ratchet wheel 340.
The locking pawl 342 prevents the ratchet wheel 340 from rotating in a reverse (non-
forward) rotational direction while the adjustable pawl member 335 is shifting back to the
reset position. Such an adjustment of the pawl member 335 back to the reset position
creates a tension force 357 in the spring device 350 (as shown in FIG. 10), thereby storing
potential energy to drive the adjustable pawl member 335 and ratchet wheel 340 in a
forward rotational direction for the drive step.

Referring to FIG. 11, after the pawl member 335 reaches the reset position, the
motor 320 stops rotating in the first rotational direction and reverses to rotate in the
second, opposite rotational direction. Such rotation in the second direction by the motor
320 causes the pusher arm 325 to promptly retract to the first position (while guided by
the guide slot 328). As such, the spring device 350 begins to urge the pawl member 335
toward the forward position. When the adjustable pawl 335 is driving the ratchet wheel
340 in the forward rotational direction, the potential energy of the spring device 350 is
being translated to kinetic energy for the motion of the pawl member 335 and the ratchet
wheel 340. Such an adjustment of the pawl member 335 from the reset position to the

forward position drives the ratchet wheel 340 and the integrally formed worm gear 345.
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The incremental rotation of the worm gear 345 results in an incremental rotation by the
drive wheel 360, which advances the flexible piston rod 370 a longitudinal increment
distance. Such an incremental advancement of the flexible piston rod 370 can cause a
predetermined volume of fluid to be dispensed from the cartridge 120. In the event of a
subsequent cycle (including the reset step and the drive step), the motor 320 would begin
by rotating in the first rotational direction so as to advance the pusher arm 325 yet again.
This pattern of cycles may continue until the piston rod 370 has reached the limit of its
longitudinal travel.

Still referring to FIG. 11, although the pusher arm 325 can be promptly retracted
to the first position due to the reverse rotation of the motor 320, the pawl member 335 is
driven to the forward position (FIG. 9) over a greater period of time. This period of time
required for the drive step is affected by a number of factors, including the spring force
from the spring device 350, the fluid pressure inside the medicine cartridge 120, and the
like. Accordingly, the pusher arm 325 can be temporarily separated from the pawl
member 335 when it is retracted to its first position, thereby causing the motor 320 to be
decoupled from the ratchet mechanism 330 during the drive step. For example, the
portion of the pusher arm 325 proximate the slider pin 326 can become temporarily
spaced apart by a distance 329 from the pawl member 335 while the pawl member 335 is
being driven from the reset position (FIG. 11) to the forward position (FIG. 9). Such a
configuration permits the motor 320 to expend a short burst of electrical energy to reset
the ratchet mechanism 330 (e.g., during advancement of the pusher arm 325) while
contributing no energy during the drive step to drive the ratchet mechanism 330 to the
forward position for dispensation of medicine. In this embodiment, the motor 320 can be
decoupled from the ratchet mechanism 330 during the drive step, so only the spring
device 350 expends energy over a period of time to drive the ratchet mechanism 330 to
the forward position. Accordingly, the pump device 100 can reliably and accurately
dispense dosages of medicine in a safe and energy efficient manner. In particular
embodiments, the motor 320 is not required to draw energy from the power source 310
over an extended period of time (e.g., during the drive step in which the piston rod 370 is

advanced to dispense medicine over a period of time). Instead, the motor 320 may draw
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upon the power source 310 during advancement of the pusher arm 325 to quickly reset
the ratchet mechanism 330 and during the brief retraction of the pusher arm 325.

Referring now to FIGS. 12-13, as previously described, some components of the
drive system 300 may be biased toward an anchor position in the pump housing 110 so as
to reduce the likelihood of an inadvertent dispensing of fluid resulting from, for example,
an impact to the pump device 100. For example, the drive wheel 360 can be biased
toward a generally fixed axial position relative to the pump housing structure 110 so that
the drive wheel 360 (and the piston rod 370 engaged therewith) are not necessarily
shifted relative to the pump housing 110 in response to an impact (e.g., dropping the
pump device 100 on the floor). In this embodiment, the outer race of the bearing 365 can
be forced into physical contact with the bearing abutment shoulders 113 (refer to FIGS. 7,
14-15) by a bias force from a bias member 380 (FIGS. 13 and 15). In particular, the bias
member 380 (FIGS. 13 and 15) can be a spring that urges the drive wheel 360 and the
bearing 365 in an axial direction that is generally opposite to the forward longitudinal
direction of the piston rod 370 (e.g., the forward direction of the piston rod 370 when
advanced to dispense medicine). Such a configuration may provide a generally
consistent and robust axial anchor position of the drive wheel 360 within the pump
housing structure 110.

In the embodiment shown in FIGS. 12-13, the bias member may be a compression
spring 380 that generates an axial bias force 385 to urge the drive wheel 360 and bearing
365 toward the bearing abutment shoulders 113 (refer to FIGS. 7, 14-15). Such a
configuration can provide a pump device 100 wherein the relative positions of the drive
wheel 360 and pump housing structure 110 are established and substantially maintained
to reduce the likelihood an inadvertent dispensing of fluid, even in the event of an impact
such as from dropping the pump device 100 onto the floor.

Still referring to FIGS. 12-13, the pump drive system components of one
embodiment are shown in exploded views so as to depict the bias member 380 that may
exert a spring-bias force to urge the drive wheel 360 and bearing 365 toward the
shoulders 113 of the pump housing structure 110. As shown, the bias member 380 may

be disposed in a cavity defined by the drive wheel 360 and may be in the form of a
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compression spring positioned coaxially with the drive wheel 360, the bearing 365, at
least a portion of the piston rod 370, and the piston rod guide 363. It should be
understood from the description herein that, in alternative embodiments, other structures
for biasing the piston rod 370 (and the components engaged therewith such as the drive
wheel 360) relative to the pump housing structure 110 can be utilized. For example, the
bias member can be in the form of a spring-biased retainer ring that acts upon the bearing
365. Moreover, other types of springs, such as leaf springs, wave washers, and the like,
may be used as alternatives to the compression spring 380 shown in FIGS. 12-15.

Referring now to FIGS. 14-15, the pump drive components of FIGS. 12-13 are
therein shown in their assembled positions within the pump housing structure 110. The
compression spring 380, which was exposed in the exploded views of FIGS. 12-13, is
assembled into the axial cavity within the drive wheel 360 and is therefore not visible in
FIG. 14. However, the cross-sectional view of FIG. 15 provides a view of compression
spring 380 disposed in the axial cavity between the gear teeth portion of the drive wheel
360 and the sleeve portion of the piston rod guide 363. Thus, in this embodiment, the
compression spring 380 is disposed coaxially with the drive wheel 360, the bearing 365,
at least a portion of the piston rod 370, and the piston rod guide 363. The radial position
of the compression spring 380 may be maintained the inner diameter of the spring coils
on one end being in contact with an outer diameter of a sleeve portion of the piston rod
guide 363. As such, the compression spring is positioned radially outward of a portion of
the guide 360 (which is fixed to the pump housing 110) and radially inward of a portion
of the drive wheel 360 (which is rotatable relative to the pump housing 110). Such a
configuration for nesting the compression spring 380 within other components of the
drive system 300 can provide a compact assembly for the drive system 300 so as to
further achieve an overall small infusion pump system 10 for user convenience.

Still referring to FIGS. 14-15, the piston rod guide 363 may be assembled within
the pump housing structure 110 in a manner that functionally results in a fixed
relationship between guide 363 and the housing 110. For example, the piston rod guide
363 may have protruding tabs on its perimeter that rigidly mate with corresponding

grooves in structural features of the pump housing structure 110. In this manner the
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piston rod guide 363 can be rigidly mounted to the pump housing structure 110, and
thereby serve as a base for the compression spring 380 that biases the drive wheel 360
and the bearing 365 away from the guide 363.

As previously described, the compression spring 380 in this embodiment can be
used to bias the drive wheel 360 and the bearing 365 against the bearing abutment
shoulders 113 of the pump housing 110. For example, the drive wheel 360 and the
bearing 365 can be press-fit together (as shown in FIG. 15) such that the outer diameter
of the hub of drive wheel 360 may be assembled in contact with the inner diameter of the
inner race of bearing 365. In this relationship, as the drive wheel 360 rotates when acted
upon by worm gear 345 (refer to FIGS. 8-11), the inner race of bearing 365 can rotate
correspondingly. The outer race of bearing 365 may be assembled into a groove of the
pump housing structure 110, but due to manufacturing tolerances for the polymer
materials of the pump housing 110, the bearing 365 may not necessarily firmly abut
against the shoulders 113 that are adjacent thereto. As such, the compression spring 380
can be employed to bias the bearing 365 against the bearing abutment shoulders 113 in
order to anchor that the axial position of the bearing 365 and drive wheel 360 relative to
the pump housing structure 110. In such embodiments, the drive wheel 360 and the
bearing 365 can be spring biased in an axial direction that is generally opposite of the
forward longitudinal direction of the piston rod 370, thereby reducing the likelihood of
the drive wheel 360 (and the piston rod 370 engaged therewith) being axially shifted in
the event of an impact such as from dropping the pump device 100 onto the floor.

As shown in FIG. 15, one end of the compression spring 380 can abut an axial
face of the piston rod guide 363, while the other end of the compression spring 380 can
abut an axial face of the drive wheel 360. As previously described, piston rod guide 363
can be rigidly mounted with pump housing structure 110. Therefore, in this embodiment,
the end of the compression spring 380 in contact with the piston rod guide 363 is fixedly
positioned relative to the pump housing structure 110. As shown in FIG. 15, the other
end of compression spring 380 can be in direct contact with the drive wheel 360 (which is
assembled to the bearing 365), while exerting an axial bias force 385 to urge the drive

wheel 360 an axial direction that is generally opposite of the forward longitudinal
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direction of the piston rod 370, thereby urging the outer race of the bearing 365 into
contact with the bearing abutment shoulders 113. In this embodiment, bearing 365 is
therefore exposed to a thrust force from the compression spring 380 acting via the drive
wheel 360.

The bias exerted by the compression spring 380 may therefore provide a generally
constant axial position of the drive wheel 360 and bearing 365 relative to the pump
housing structure 110, even in the event of an impact such as from dropping the pump
device 100 onto the floor. Because, as previously explained, the drive wheel 360 controls
the lateral position of the flexible piston rod 370 that is coupled to the plunger
engagement device 375 that controls the position of the plunger 125 of the medicine
cartridge 120, the compression spring 380 can exert a spring-bias force to axially bias the
bearing 365 and drive wheel 360 toward a predetermined anchor position within the
pump housing structure 110 to thereby reduce the likelihood of an inadvertent dispensing
of fluid due to an impact or change in pressure.

A number of embodiments of the invention have been described. Nevertheless, it
will be understood that various modifications may be made without departing from the
spirit and scope of the invention. Accordingly, other embodiments are within the scope

of the following claims.
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WHAT IS CLAIMED IS:

1. An infusion pump device, comprising:
a pump housing that defines a space to receive a medicine;
a drive system to dispense a medicine from the pump housing when the medicine
is received in the space, the drive system comprising:
an electrically powered actuator;
a drive wheel that rotates in response to movement of the electrically powered
actuator; and
a piston rod that is engaged with the drive wheel, wherein the piston rod is
advanced in a longitudinally forward direction toward the space to receive
the medicine in response to rotation of the drive wheel,
wherein the drive wheel is spring-biased in an axial direction that is generally
opposite to the longitudinally forward direction so that the drive wheel is

urged toward a selected axial position in the pump housing.

2. The infusion pump device of claim 1, further comprising a spring device engaged
with the drive wheel and generally coaxial with the drive wheel so as to bias the drive
wheel in the axial direction that is generally opposite to the longitudinally forward

direction.

3. The infusion pump device of claim 2, wherein the drive system further comprises a
ratchet mechanism that advances a piston rod during a drive step to dispense the medicine

when the medicine is received in the space.
4. The infusion pump device of claim 3, wherein the drive system further comprises a

spring device that provides a drive force to the ratchet mechanism during the drive step to

advance the ratchet mechanism in a forward direction.
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5. The infusion pump device of claim 3, wherein a component of the ratchet mechanism

is coupled to the electrically powered actuator via one or more gears.

6. The infusion pump device of claim 5, wherein the electrically powered actuator

comprises a bi-directional actuator.

7. The infusion pump device of claim 6, wherein the electrically powered actuator

comprises a reversible rotational motor.

8. The infusion pump device of claim 1, further comprising an electrical connector
positioned along the pump housing and configured to releasably mate with a second

electrical connector of an adjacent device.

9. An infusion pump device, comprising:

a pump housing that defines a space to receive a medicine; and

a drive system to dispense the medicine from the pump housing when the
medicine is received in the space, the drive system comprising:

a piston rod that is advanced in a longitudinally forward direction toward the
space to dispense the medicine;

a drive wheel that rotates to advance the piston rod;

a bias member that biases the drive wheel in an axial direction that is
generally opposite to the longitudinally forward direction so that the drive
wheel is urged toward a particular axial position in the pump housing;

a ratchet wheel that is incrementally rotated in a forward direction to rotate the
drive wheel and thereby advance the piston rod;

a movable pawl that engages the ratchet wheel, the movable pawl being
adjustable from a reset position to a forward position so as to
incrementally rotate the ratchet wheel in the forward direction;

a spring device that urges the movable pawl to adjust from the reset position

to the forward position; and
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an actuator assembly that acts upon the movable pawl to force the movable
pawl to the reset position and that reverses to permit the movable pawl to

adjust from the reset position to the forward position.

10. The infusion pump device of claim 9, wherein the bias member comprises a spring
device engaged with the drive wheel and generally coaxial with the drive wheel so as to
bias the drive wheel in the axial direction that is generally opposite to the longitudinally

forward direction.

11. The infusion pump device of claim 9, wherein the actuator assembly comprises a bi-

directional actuator.

12. The infusion pump device of claim 11, wherein the actuator assembly comprises a

reversible rotational motor.

13. The infusion pump device of claim 12, wherein the actuator assembly further

comprises a pusher arm coupled to the reversible rotational motor.

14. The infusion pump device of claim 13, wherein the pusher arm is coupled to the

reversible rotational motor via one or more gears.

15. A method of dispensing medicine from an infusion pump device, comprising:

rotating a drive wheel housed inside a pump housing of an infusion pump device
in response to movement of an electrically powered actuator housed inside the pump
housing; and

in response to rotating the drive wheel, advancing a piston rod in a longitudinally
forward direction toward a space defined by the pump housing that is configured to
receive a medicine, wherein the drive wheel is urged by a bias member in an axial
direction that is generally opposite to the longitudinally forward direction and toward a

predetermined position in the pump housing.
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16. The method of claim 15, further comprising rotating a ratchet wheel in a forward

direction to rotate the drive wheel and thereby advance the piston rod.

17. The method of claim 16, further comprising adjusting a movable pawl that engages
the ratchet wheel, the movable pawl being adjustable from a reset position to a forward
position so as to incrementally rotate the ratchet wheel in the forward direction, wherein a
spring device urges the movable pawl to adjust from the reset position to the forward

position.

18. The method of claim 17, further comprising activating an actuator assembly that acts
upon the movable pawl to force the movable pawl to the reset position and that reverses
to adjust the movable pawl from the reset position to the forward position, wherein the

actuator assembly comprises the electrically powered actuator.

19. The method of claim 18, wherein the actuator assembly comprises a reversible

rotational motor.

20. The method of claim 15, wherein the bias member comprises a spring device that is
engaged with the drive wheel and is positioned generally coaxial with the drive wheel so
as to bias the drive wheel in the axial direction that is generally opposite to the

longitudinally forward direction.
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FIG. 14

116

110
&

376

375
|

365 540 363

113

113

370



PCT/US2012/043558

WO 2012/177885

12/12

Sl 'Old

@@=y
AT

i

0.€

3 S euu.: Z?D//\\Aﬂw ,. \

il

os %'/?ﬁ.m.%@»«v%\\\\\\\\

.mhll .!r/////d.\-ﬂ
sie esgsl / S——
oge— 09/ 9y eu
G8e — =D



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings

