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Description

TECHNICAL FIELD

[0001] This document relates to an infusion pump sys-
tem, such as a medical infusion pump system.

BACKGROUND

[0002] 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 de-
vice can depend on the condition of the patient and the
desired treatment plan. For example, infusion pump de-
vices have been used to deliver insulin to the vasculature
of diabetes patients so as to regulate blood-glucose lev-
els.
[0003] A number of factors may affect the design of
infusion pump devices. One such factor is the size of the
device. The pump device may be sized to house the var-
ious pump components, yet a large device may reduce
the portability for the user. Another factor that may affect
the design of an infusion pump device is the reservoir
that contains the medicine. For example, if the reservoir
is provided in a sealed form, the seal may require pene-
tration before the medicine is infused to the user. Yet
another factor that can affect the design of the pump de-
vice is the disposability. If, for example, the pump device
is to be disposed after exhaustion (e.g., after a single use
or a certain number of uses, after a particular period of
time, or the like), reuse of the exhausted pump device
may create a safety risk to the user. Document FR
2714824 A1 discloses a pump device according to the
preamble of claim 1.

SUMMARY

[0004] The medical infusion pump system includes a
pump device having a cap device that mates with a pump
housing to retain a medicine cartridge therein. In addition
to retaining the medicine cartridge in the pump housing,
the cap device performs one or more functions, such as
forcing the medicine cartridge to secure to a pump drive
component, piercing a sealed end of the medicine car-
tridge to provide a flow path for the medicine, priming the
plunger in the medicine cartridge with a "break away"
force, providing a flow sensor to the medicine flow path,
locking the medicine cartridge in the pump housing to
promote disposal of the pump device after the medicine
cartridge is exhausted, preventing the dispensation of
medicine if the cap device is improperly engaged with
the pump housing, or a combination thereof.
[0005] In addition the pump device includes a drive
system that reliably advances a piston rod to dispense
medicine to the patient. The drive system may employ a
spring device or the like to provide the dispensing drive

energy to a ratchet mechanism. Also, the drive system
may include an electrically powered actuator (e.g., a re-
versible motor) that provides the reset energy to the
ratchet mechanism yet contributes no force on the ratchet
mechanism when the spring device is delivering the dis-
pensing drive energy. In such circumstances, the pump
device can reliably and accurately dispense dosages of
medicine in a safe and energy efficient manner. The in-
fusion pump device includes a pump housing that defines
a space to receive a medicine cartridge. The infusion
pump device includes a drive system to dispense a med-
icine from the medicine cartridge when the medicine car-
tridge is received by the pump housing. The infusion
pump device includes a cap device that engages the
pump housing to retain the medicine cartridge therein
when the medicine cartridge is received by the pump
housing. When the cap device engages the pump hous-
ing, the cap device acts upon the medicine cartridge to
urge a plunger of the medicine cartridge to attach to a
component of the drive system. The embodiments in-
clude a method of engaging a cap device with a pump
housing to retain a medicine cartridge in a space defined
by the pump housing. The method includes urging the
cap device against the medicine cartridge so that a plung-
er of the medicine cartridge attaches to a component of
a pump drive system. The infusion pump device includes
a pump housing that defines a space to receive a med-
icine cartridge. The infusion pump device includes a drive
system to dispense a medicine from the medicine car-
tridge when the medicine cartridge is received by the
pump housing. The drive system includes a piston rod
having a plunger engagement device that attaches to the
plunger of the medicine cartridge when the medicine car-
tridge is received by the pump housing. The infusion
pump device includes a pump housing that defines a
space to receive a medicine. The infusion pump device
includes a drive system to dispense a medicine from the
pump housing when the medicine is received in the
space. The drive system may include a ratchet mecha-
nism that advances a piston rod during a drive step to
dispense the medicine when the medicine is received in
the space. Also, the drive system may include an elec-
trically powered actuator that decouples from the ratchet
mechanism during the drive step. The infusion pump de-
vice includes a pump housing that defines a space to
receive a medicine. The infusion pump device includes
a drive system to dispense a medicine from the pump
housing when the medicine is received in the space. The
drive system may include a drive wheel that rotates to
advance a piston rod toward the medicine to dispense
the medicine when the medicine is received in the space.
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. The
drive system may also include a movable pawl that en-
gages the ratchet wheel. The movable pawl may be ad-
justable from a reset position to a forward position so as
to incrementally rotate the ratchet wheel in the forward
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direction. The drive system may further include a spring
device that urges the movable pawl to adjust from the
reset position to the forward position. Also, the drive sys-
tem may include an actuator assembly that acts upon
the movable pawl to force the movable pawl to the reset
position and that reverses to separate from the movable
pawl when the spring device adjusts the movable pawl
from the reset position to the forward position.
[0006] Some embodiments may include a method of
resetting a ratchet mechanism in a drive system of an
infusion pump device by activating an electrically pow-
ered actuator to provide a reset force to a ratchet mech-
anism. The method may further include driving the ratch-
et mechanism in a forward direction. The electrically pow-
ered actuator may be decoupled from the ratchet mech-
anism during the drive step.
[0007] Some or all of the embodiments described here-
in may provide one or more of the following advantages.
First, some embodiments of the pump device may be
attached to a controller device so that a user can readily
monitor infusion pump operation by simply viewing a user
interface connected to the pump device. In these circum-
stances, the user may activate and control the pump de-
vice without the requirement of locating and operating a
separate monitoring module.
[0008] Second, some embodiments of the infusion
pump system may be configured to be portable, weara-
ble, and (in some circumstances) concealable. For ex-
ample, 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 loca-
tion) while receiving the medicine dispensed from the
pump device.
[0009] Third, a number of preparatory functions can be
accomplished while the user performs the relatively sim-
ple task of attaching the cap device to the pump housing.
For example, attachment of the cap device can cause
the medicine cartridge to be retained in a cavity of the
pump housing and can provide a water-tight seal for cav-
ity. In another example, attachment of the cap device can
force the plunger of the medicine cartridge to secure to
the piston rod in the pump device. In a further example,
attachment of the cap device can cause a sealed end of
the medicine cartridge to be pierced and thereby provide
a flow path for the medicine. In another example, attach-
ment of the cap device provides a "break away" force to
initiate movement of the plunger in the medicine car-
tridge.
[0010] Fourth, one or more of safety functions can be
performed while the user performs the task of attaching
the cap device to the pump housing. For example, at-
tachment of the cap device may arrange a flow sensor
in the medicine flow path to detect occlusions. In another
example, attachment of the cap device may result in the
medicine cartridge being locked in the pump housing.
Such a configuration may be useful, for example, in cir-
cumstances in which the pump device is designed to be
a "one time use" disposable unit. In a further example, if

the cap device is improperly engaged with the pump
housing, the dispensation of medicine can be prevented.
[0011] Fifth, some embodiments of the drive system
of the pump device can accurately and incrementally dis-
pense fluid from the pump device in a controlled manner.
[0012] Sixth, the drive system of the pump device can
be controlled dispense dosages of medicine in a safe
and energy efficient manner. For example, in some em-
bodiments, the motor of the drive system can be decou-
pled from the ratchet mechanism during the drive step.
In such a configuration, the motor is not required to draw
energy from a battery over an extended period of time
(e.g., during the drive step in which the piston rod is ad-
vanced to dispense medicine over a period of time).
[0013] 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 ad-
vantages of the invention will be apparent from the de-
scription and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

[0014]

FIG. 1 is a perspective exploded view of an infusion
pump system in accordance with some embodi-
ments.
FIG. 2 is a perspective view of the infusion pump
system of FIG. 1.
FIG. 3 is an perspective exploded view of a portion
of the infusion pump system of FIG. 1.
FIG. 4 is a perspective exploded view of a cap device
of the infusion pump system of FIG. 1, in accordance
with some embodiments.
FIG. 5 is a perspective exploded view of the cap de-
vice of FIG. 4.
FIG. 6 is a perspective exploded view of the cap de-
vice of FIG. 4.
FIGS. 7A-D are cross-sectional views of a portion of
the infusion pump system of FIG. 1, in accordance
with some embodiments.
FIGS. 8A-B are cross-sectional views of a portion of
the infusion pump system of FIG. 1, in accordance
with further embodiments.
FIG. 9 is an exploded perspective view of a portion
of a pump device of the infusion pump system of
FIG. 1, in accordance with some embodiments.
FIG. 10 is an exploded perspective view of a piston
rod and a medicine cartridge plunger of the pump
device of FIG. 9.
FIG. 11 is a perspective view of a plunger engage-
ment device of the piston rod of FIG. 10.
FIG. 12 is a side view of the piston rod and the med-
icine cartridge plunger of FIG. 10.
FIGS. 13A-D are perspective views of a plunger en-
gagement device of a piston rod and a medicine car-
tridge plunger, in accordance with some embodi-
ments.
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FIGS. 14A-B are perspective and axial views of a
plunger penetration member and a medicine car-
tridge plunger, in accordance with some embodi-
ments.
FIGS. 15A-B are perspective and axial views of a
plunger penetration member and a medicine car-
tridge plunger, in accordance with other embodi-
ments.
FIGS. 16A-B are perspective and axial views of a
plunger penetration member and a medicine car-
tridge plunger, in accordance with further embodi-
ments.
FIG. 17 is a side view of a plunger penetration mem-
ber having a retention portion, in accordance with
some embodiments.
FIG. 18 is a side view of a plunger penetration mem-
ber having a retention portion, in accordance with
some embodiments.
FIG. 19 is an axial view of a plunger penetration
member and a medicine cartridge plunger, in accord-
ance with particular embodiments.
FIG. 20 is an axial view of plunger penetration mem-
bers and a medicine cartridge plunger, in accord-
ance with other embodiments.
FIG. 21 is an axial view of plunger penetration mem-
bers and a medicine cartridge plunger, in accord-
ance with some embodiments.
FIG. 22 is an axial view of plunger penetration mem-
bers and a medicine cartridge plunger, in accord-
ance with particular embodiments.
FIG. 23 is an axial view of plunger penetration mem-
bers and a medicine cartridge plunger, in accord-
ance with other embodiments.
FIG. 24 is an axial view of plunger penetration mem-
bers and a medicine cartridge plunger, in accord-
ance with some embodiments.
FIG. 25 is cross-sectional side view of plunger en-
gagement device of a piston rod and a medicine car-
tridge plunger, in accordance with some embodi-
ments.
FIG. 26 is perspective view of an pump device, with
some portions removed to view a drive system.
FIG. 27 is a perspective view of the drive system of
the pump device of FIG. 26, in accordance with some
embodiments.
FIG. 28 is another perspective view of the drive sys-
tem of FIG. 27 in a first position.
FIG. 29 is a perspective view of the drive system of
FIG. 27 in a second position.
FIG. 30 is a perspective view of the drive system of
FIG. 27 while returning to the first position.

[0015] Like reference symbols in the various drawings
indicate like elements.

DETAILED DESCRIPTION OF ILLUSTRATIVE EM-
BODIMENTS

[0016] 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 includes a housing structure 110 that
defines a cavity 116 in which a fluid cartridge 120 can be
received. The pump device 100 also includes a cap de-
vice 130 to retain the fluid cartridge 120 in the cavity 116
of the housing structure 110. The pump device 100 in-
cludes a drive system (described in more detail below)
that advances a plunger 125 in the fluid cartridge 120 so
as to dispense fluid therefrom. 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
or in the user’s pocket while receiving the fluid dispensed
from the pump device 100.
[0017] 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, 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 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) while dis-
posing 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 fluid cartridge 120.
[0018] In use, the cap device 130 is coupled to the
pump housing 110 to retain the fluid cartridge 120 in the
cavity 116 of the pump device 100, and the pump device
100 (with the fluid cartridge therein) is removably at-
tached to the controller device 200. The cap device 130
may be multifunctional in that it performs a number of
functions for the pump device operation. For example, in
some embodiments, attachment of the cap device 130
may cause one or more of the following preparatory func-
tions: forcing the plunger 125 of the fluid cartridge 120
to secure to a piston rod (described in connection with
FIG. 7B), piercing a septum 121 of the fluid cartridge 120
to provide a flow path for the fluid (described in connec-
tion with FIG. 7C), and priming the fluid cartridge 120
with a "break away" force to initiate movement of the
plunger 125 in the fluid cartridge 120 (described in con-
nection with FIG. 7D). In addition or in the alternative,
attachment of the cap device 130 may also cause one
or more of the following safety related functions: aligning
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a flow sensor with the fluid flow path (described in con-
nection with FIGS. 8A-B), locking the fluid cartridge 120
in the pump housing 110 to thereby promote disposal of
the pump device 100 after exhaustion (described in con-
nection with FIGS. 8A-B), and ceasing or preventing the
dispensation of fluid if the cap device 130 is improperly
engaged with the pump housing 110 (described in con-
nection with FIGS. 8A-B).
[0019] In addition, the drive system of the pump device
100 may have a design that enables the dispensing of
fluid in a safe and energy efficient manner. As described
in more detail below in connection with FIGS. 26-30, the
piston rod can be advanced incrementally using pawl and
ratchet techniques. For each incremental advancement
of the piston rod, there is a reset step and a drive step.
In the reset step, an electrically powered component forc-
es a pawl to move in a first direction and to engage an-
other tooth of a ratchet wheel. Then, when the pawl is
engaged on the next tooth of the ratchet wheel, the drive
step begins in which the electrically powered component
decouples from the pawl (e.g., the electrically powered
actuator assembly separates from the pawl). This allows
a spring device that is attached to the pawl to move the
pawl in the opposite direction, thereby causing the ratchet
wheel to turn an incremental amount. A gear system
translates the incremental rotation of the ratchet wheel
into incremental advancement of the piston rod. Among
other advantages, such embodiments of the drive system
help to reduce the overall time that the electrical power
is drawn from a battery, which may facilitate a reduction
in battery requirements. In addition, the release of med-
icine from the cartridge, which occurs during the drive
step, is caused only by the force applied by the spring,
and thus is consistent and repeatable. Examples of such
drive systems are described in more detail below in con-
nection with FIGS. 26-30.
[0020] Still referring to FIG. 1, in this embodiment, the
pump system 10 is a medical infusion pump system that
is configured to controllably dispense a medicine from
the cartridge 120. As such, the fluid cartridge 120 may
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 (e.g., By-
etta®, Symlin®, or others). Such a cartridge 120 may be
supplied, for example, by Eli Lilly and Co. of Indianapolis,
IN. Other examples of medicines contained in the fluid
cartridge 120 include: pain relief drugs, hormone therapy,
blood pressure treatments, anti-emetics, osteoporosis
treatments, or other injectable medicines. The fluid car-
tridge 120 may have other configurations. For example,
the pump housing structure 110 may include one or more
walls that surround a plunger to define a reservoir in
which the medicine is injected or otherwise received.
[0021] In some embodiments, the controller device
200 may 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 may be in
electrical communication with a portion of a drive system
(not shown in FIG. 1) of the pump device 100. As de-
scribed in more detail below, the pump device 100 in-
cludes a drive system that causes controlled dispensa-
tion 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 at the output end 122 of
the fluid cartridge 122 can be pierced to permit fluid out-
flow when the cap device 130 is connected to the pump
housing structure 110 (described in more detail below).
Thus, when the pump device 100 and the controller de-
vice 200 are attached and thereby electrically connected,
the controller device 200 communicates electronic con-
trol signals via a hard-wire-connection (e.g., electrical
contacts or the like) to the drive system or other compo-
nents of the pump device 100. In response to the elec-
trical 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.
[0022] Still referring to FIG. 1, the controller device 200
includes a controller housing structure 210 that is con-
figured to mate with a complementary portion of the pump
housing structure 110 so as to form a releasable me-
chanical connection. For example, the controller housing
structure 210 may define a cavity 215 that mates with a
portion of the pump housing structure 110 for a snap fit
engagement (as shown, for example, in FIG. 2). Also,
the controller housing structure 210 may include a tab
212 that engages a mating surface 117 of the pump hous-
ing structure 110 when the controller device 200 is re-
movably attached to the pump device 100. In some em-
bodiments, a magnetic attachment may be employed to
releasably secure the pump device 100 to the controller
device 200. For example, the magnetic attachment can
serve to retain the pump housing structure 110 in the
cavity 215 defined by the controller housing structure
210. In alternative embodiments, one or more releasable
connector devices (e.g., mating tongues and grooves,
mounting protrusions friction fit into mating cavities, or
the like) can be used to further implement the releasable
attachment of the controller device 200 to the pump de-
vice 100.
[0023] As shown in FIG. 1, the pump device 100 may
include one or more electrical contacts 118 (e.g., con-
ductive pads, pins, and the like) that are exposed to the
controller device 200 and that mate with complementary
electrical contacts (not show in FIG. 1) on the adjacent
face of the controller device 200. The electrical contacts
118 provide the electrical communication between the
control circuitry (e.g., one or more circuits including a
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microprocessor or the like and memory) 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 con-
tacts 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. Previously incorporated U.S.
Patent Application Serial No. 11/522,603 describes fur-
ther embodiments of a controller device that can be at-
tached to and communicate with a pump device.
[0024] Still referring to FIG. 1, the controller device 200
includes a user interface 220 that permits a user to mon-
itor the operation of the pump device 100. In some em-
bodiments, the user interface includes a display 222 and
one or more user-selectable buttons (e.g., four buttons
224a, 224b, 224c, and 224d in this embodiment). The
display 222 may include an active area 223 in which nu-
merals, text, symbols, images, or combination thereof
can be displayed. For example, the display 222 may be
used to communicate a number of settings or menu op-
tions for the infusion pump system 10. In this embodi-
ment, the user may press one or more of the buttons
224a, 224b, 224c, and 224d to shuffle through a number
of menus or program screens that show particular set-
tings 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 approx-
imate 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 224a, 224b, 224c,
and 224d of the user interface 220. For example, in em-
bodiments of the infusion pump system 10 configured to
dispense insulin, the user may press one or more of the
buttons 224a, 224b, 224c, and 224d to change the dis-
pensation rate of insulin or to request that a bolus of in-
sulin be dispensed immediately or at a scheduled, later
time.
[0025] The display 222 of the user interface 220 may
be configured to display quick reference information
when no buttons 224a, 224b, 224c, and 224d have been
pressed. In this example, the active area 223 of the dis-
play 222 can display the time and the date for a period
of time after no button 224a, 224b, 224c, and 224d has
been actuated (e.g., five seconds, 10 seconds, 30 sec-
onds, 1 minute, 5 minutes, or the like). Thereafter, the
display 222 may enter sleep mode in which the active
area 223 is blank, thereby conserving battery power. In
addition or in the alternative, the active area can display
particular device settings, such as the current dispensa-
tion rate or the total medicine dispensed, for a period of
time after no button 224a, 224b, 224c, or 224d has been
actuated (e.g., five seconds, 10 seconds, 30 seconds, 1
minute, 5 minutes, or the like). Again, thereafter the dis-
play 222 may enter sleep mode to conserve battery pow-
er. In certain embodiments, the display 222 can dim after

a first period of time in which no button 224a, 224b, 224c,
or 224d has been actuated (e.g., after 15 seconds or the
like), and then the display 22 can enter sleep mode and
become blank after a second period of time in which no
button 224a, 224b, 224c, or 224d has been actuated
(e.g., after 30 seconds or the like). Thus, the dimming of
the display device 222 can alert a user viewing the display
device 222 when the active area 223 of the display device
will soon become blank.
[0026] Accordingly, when the controller device 200 is
connected to the pump device 100, the user is provided
with the opportunity to readily monitor infusion pump op-
eration by simply viewing the user interface 220 connect-
ed 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 (e.g., the user may be unable to receive immediate
answers if wearing an infusion pump device having no
user interface attached thereto).
[0027] 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 infusion 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 settings of
the pump system 10 (e.g., to request a bolus amount of
medicine), the user can readily operate the user interface
220 removably attached to the pump device 100, without
the requirement of locating and operating a separate
monitoring module.
[0028] In other embodiments, the user interface 200 is
not limited to the display and buttons depicted in FIG. 1.
For example, in some embodiments, the user interface
220 may include only one button or may include a greater
numbers of buttons, such as three buttons, four buttons,
five buttons, or more. In another example, the user inter-
face 220 of the controller device 200 may include a touch
screen so that a user may select buttons defined by the
active area of the touch screen display. Alternatively, the
user interface 220 may comprise audio inputs or outputs
so that a user can monitor the operation of the pump
device 100.
[0029] Referring to FIG. 2, the infusion pump system
10 may 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 dis-
pensed from the pump device 100. As described below
in connection with FIGS. 26-30, the drive system may be
housed in the housing structure 110 of the pump device
100 in a compact manner so that the pump device 100
has a reduced length. For example, in the circumstances
in which the medicine cartridge 120 has a length of about
6 cm to about 7 cm (about 6.4 cm in one embodiment),
the overall length of the pump housing structure 110
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(which contains medicine cartridge and the drive system)
can be about 7 cm to about 9 cm (about 8.3 cm or less
in one embodiment). In addition, the pump housing struc-
ture 110 may have an overall height of about 1.5 cm to
about 4 cm (about 2.9 cm or less in one embodiment)
and an overall thickness of about 8 mm to about 20 mm
(about 14.5 mm or less in one embodiment). In such cir-
cumstances, the controller device 200 can be figured to
mate with the pump housing 110 so that, when removably
attached to one another, the components define a port-
able infusion pump unit that stores a relatively large quan-
tity of medicine compared to the overall size of the unit.
For example, in this embodiment, the infusion pump sys-
tem 10 (including the pump device 100 attached to the
removable controller device 200) may have an overall
length of about 7 cm to about 9 cm (about 8.5 cm or less
in one embodiment), an overall height of about 1.5 cm
to about 4 cm (about 3.5 cm or less in one embodiment),
and an overall thickness of about 8 mm to about 20 mm
(about 15 mm or less in one embodiment).
[0030] The pump system 10 is shown in FIG. 2 as being
held in a user’s hand so as to illustrate an exemplary size
of the system 10. As shown, this embodiment of the in-
fusion pump system 10 is 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 such embodiments, the cap device 130 of the pump
device 100 may be configured to mate with an infusion
set 127. In general, the infusion set 127 is tubing system
that connects the infusion pump device 100 to the user
(e.g., to deliver medicine into the vasculature under the
user’s skin). The infusion set 127 may include a connec-
tor 128 (e.g., a leur connector), a flexible tube 129 that
extends from the connector 128 to a subcutaneous can-
nula (not shown in FIG. 2), and a skin adhesive patch
(not shown in FIG. 2) that secures the subcutaneous can-
nula to the infusion site. The skin adhesive patch can
retain the infusion cannula in fluid communication with
the tissue or vasculature of the patient so that the med-
icine dispensed through the tube 129 passes through the
cannula and into the user’s body. The cap device 130
may provide fluid communication between the output end
122 (FIG. 1) of the medicine cartridge 120 and the tube
129 of the infusion set 127. In these embodiments, the
user can carry the portable infusion pump system 10
(e.g., in the user’s pocket, connected to a belt clip, ad-
hered to the user’s skin, or the like) while the tube 129
extends to the location in which the skin is penetrated for
infusion. If the user desires to monitor the operation of
the pump device 100 or to adjust the settings of the in-
fusion pump system 10, the user can readily access the
user interface 220 of the controller device 200 without
the need for carrying and operating a separate module.
[0031] In other embodiments, the infusion pump sys-
tem 10 may 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.
1) of the pump device 100 may include a skin adhesive

patch so that the pump device 100 is physically adhered
to the skin of the user at a particular location. In these
embodiments, the cap device 130 may have a configu-
ration in which medicine passes directly from the cap
device 130 into an infusion cannula that is penetrated
into the user’s skin. In one example, the fluid output port
through the cap device 130 may include a curve or a 90°
corner so that the medicine flow path extends longitudi-
nally out of the medicine cartridge and then laterally to-
ward the patient’s skin. Again, if the user desires to mon-
itor the operation of the pump device 100 or to adjust the
settings of the infusion pump system 10, the user can
readily access the user interface 220 of the controller
device 200 without the need for carrying and operating
a second, separate device. For example, the user may
look toward the pump device 100 to view the user inter-
face 220 of the controller device 220 that is removably
attached thereto.
[0032] Referring now to FIG. 3, the cap device 130 may
include a number of components that permit the cap de-
vice 130 to mate with the pump housing 110 and to in-
teract with the medicine cartridge 120. For example, in
this embodiment, the cap device comprises a slider com-
ponent 132, and rotator component 134, and a fluid path
component 136 that can be assembled together. The flu-
id path component 136 may include needle penetrator
139 (shown, for example, in FIG. 4) that is advanced
through the septum 121 of the cartridge 120 when the
cap device 130 is received by the pump housing 110.
The needle penetrator 139 may comprise a hollow needle
device that provides fluid communication with an output
port 135 of the fluid path component 136. The output port
135 is capable of directing the fluid toward the infusion
set tubing 129 (FIG. 2) when the infusion set connector
128 (FIG. 2) is joined with the cap device 130. In this
embodiment, the infusion set connector 128 (FIG. 2) is
a leur connector that mates with a threaded cavity 138
of the fluid path component 136. As such, the leur con-
nector can be secured into the threaded cavity 138 so
that the output port 135 comes into fluid communication
with the infusion set tubing 129 (FIG. 2).
[0033] Still referring to FIG. 3, one or more components
of the cap device 130 may engage the portion of the
pump housing 110 that defines the cavity 116 in which
the medicine cartridge 120 is received. For example, in
this embodiment, the slider component 132 includes a
first set of protrusions 131 that slidably mate with longi-
tudinal slots 111 form in the interior wall of the pump
housing 110. Likewise, the rotator component 134 in-
cludes a second set of protrusions 133 that also slidably
mate with the longitudinal slots 111. Accordingly, the cap
device 130 can be advanced into the cavity 116 of the
pump housing 110 when the protrusions 131 and 133
are aligned with longitudinal slots 111 of the pump hous-
ing 110. Such a configuration provides for guidance of
the cap device 130 as the cap device is advanced toward
the medicine cartridge 120 received in the cavity 116.
[0034] After the cap device 130 is advanced into the
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cavity a particular distance, the second set of protrusions
133 on the rotator component 134 may align with circum-
ferential slots 113 that extend from the longitudinal slots
111. For example, in this embodiment, the cap device
130 can be advanced into the cavity 116 toward the med-
icine cartridge 120 until a rim 144 of the rotator compo-
nent 134 reaches the end face of the pump housing 110.
At this point, the protrusions 133 on the rotator compo-
nent 134 align with the circumferential slots 113, thereby
permitting the rotator component 134 to rotate relative to
the pump housing 110 (e.g., the protrusions 133 can slide
circumferentially within the circumferential slots 113). Al-
though the rotator component 134 of the cap device 130
is permitted to rotate relative to the pump housing 110,
the protrusions 131 of the slider component 132 remain
engaged with the longitudinal slots 111, thereby permit-
ting the slider component to slide in an axial direction
relative to the pump housing (but hindering rotation of
the slider component 132 relative to the pump housing
110).
[0035] As described in more detail below, the relative
movement of the components of the cap device 130 (e.g.,
rotation of the rotator component 134 and longitudinal
advancement of the slider component 132) enables a
user to perform a number of functions by merely attaching
of the cap device 130 to the pump housing 110. For ex-
ample, such functions may include one or more of the
following: forcing the medicine cartridge 120 to secure
to a portion of a piston rod 370 (described in connection
with FIGS. 7A-D and 10-25), piercing the septum 121 of
the medicine cartridge 120 to provide a flow path for the
medicine (described in connection with FIGS. 7A-D),
priming the medicine cartridge 120 with a "break away"
force to initiate movement of the plunger 125 in the med-
icine cartridge 120 (described in connections with FIGS.
7A-D), providing the a flow sensor 165 to the medicine
flow path (described in connection with FIGS. 8A-B),
locking the medicine cartridge 120 in the pump housing
110 to thereby promote disposal of the pump device 100
after exhaustion (described in connection with FIGS. 8A-
B), and ceasing or preventing the dispensation of medi-
cine if the cap device 130 is improperly engaged with the
pump housing 110 (described in connection with FIGS.
8A-B).
[0036] Referring now to FIGS. 4-6, the cap device 130
can be assembled to permit relative movement of the
components 132, 134, and 136. In this embodiment, the
slider component 132, the rotator component 134 and
the fluid path component 136 are assembled to one an-
other along a longitudinal axis 150. The slider component
132 is configured to rotatably engage the rotator compo-
nent 134. For example, in this embodiment, the slider
component 132 includes external cylindrical surfaces
151 that mate with an internal bore 152 of the rotator
component 134. As such, the rotator component 134 can
rotate relative to the slider component 132.
[0037] In addition, the slider component 132 is config-
ured to slidably engage the fluid path component 136.

For example, in this embodiment, the slider component
132 includes opposing flat surfaces 153 that mate with
complementary flat surfaces 154 of the fluid path com-
ponent 136. This configuration permits the fluid path com-
ponent 136 to move longitudinally along the axis 150 to-
ward the slider component 132. When the shoulder sur-
faces 156 of the fluid path component 136 abut against
the forward faces 155 of the slider component 132, the
longitudinal movement of the fluid path component 136
can cause similar movement of the slider component
132. Also, this configuration permits the fluid path com-
ponent 136 to remain rotationally fixed relative to the slid-
er component 132. For example, the fluid path compo-
nent 136 remains rotationally stationary when the slider
component 132 is retained in a rotationally stationary po-
sition (e.g., when the slider component protrusions 131
are mated with the longitudinal slots 111 of the pump
housing 110 (FIG. 3)). As such, the slider component 132
and the fluid path component 136 can remain rotationally
stationary relative to the pump housing 110 (FIG. 3) while
the rotator component 134 is rotated relative to the pump
housing 110.
[0038] Still referring to FIGS. 4-6, the rotator compo-
nent 134 may be configured to engage the fluid path com-
ponent 136 such that rotational movement of the rotator
component 134 causes longitudinal movement of the flu-
id path component 136. For example, in this embodiment,
the rotator component 134 includes an internal thread
pattern 157 that mates with an external thread pattern
158 of the fluid path component 136. The thread patterns
157 and 158 mate together when the slider component
132 and the fluid path component 136 are arranged at
least partially in the rotator component 134. Accordingly,
when the slider component 132 is retained in a rotation-
ally stationary position (e.g., when the slider component
protrusions 131 are mated with the longitudinal slots 111
of the pump housing 110 (FIG. 3)), the rotator component
134 can rotate relative thereto and thereby cause the
longitudinal movement of the fluid path component 136.
In these circumstances, the engagement of the flat sur-
faces 153 with the complementary flat surfaces 154 pre-
vents the fluid path component 136 from rotating with the
rotator component 134, so the thread engagement trans-
lates the rotator component’s rotational movement to the
fluid path component’s longitudinal movement.
[0039] As previously described, the fluid path compo-
nent 136 includes a needle penetrator 139 that extends
longitudinally to pierce the septum 121 of the medicine
cartridge 120 (FIG. 3) when the cap device 130 is urged
toward the medicine cartridge 120. The needle penetra-
tor 139 of the fluid path component 136 is configured to
extend through a bore 159 (FIGS. 4-6) of the slider com-
ponent 132 when the cap device 130 is assembled. As
such, during engagement of the cap device 130 with the
pump housing 110 (FIG. 3), the cap device 130 can be
operated to penetrate the medicine cartridge 120 and
create a fluid path to the output port 135. As described
in more detail below, the cap device 130 may also be
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used to perform a number of other functions when the
user performs the relatively simple task of engaging the
cap device 130 to the pump housing 110.
[0040] Referring now to FIGS. 7A-D and 8A-B, some
embodiments of the cap device 130 are capable of per-
forming multiple functions when the cap device 130 is
being coupled to the pump housing 110. Some of these
functions may include preparatory functions and safety
functions. For example, in some embodiments, attach-
ment of the cap device 130 may cause one or more of
the following preparatory functions: retaining the medi-
cine cartridge 120 in the cavity 116 of the pump housing
110 (described in connection with FIG. 7A), forcing the
plunger 125 of the medicine cartridge 120 to secure to a
piston rod (described in connection with FIG. 7B), pierc-
ing the septum 121 of the medicine cartridge 120 to pro-
vide a flow path for the medicine (described in connection
with FIG. 7C), and priming the medicine cartridge 120
with a "break away" force to initiate movement of the
plunger 125 in the medicine cartridge 120 (described in
connection with FIG. 7D). In addition or in the alternative,
attachment of the cap device 130 may also cause one
or more of the following safety related functions: aligning
a flow sensor 165 with the medicine flow path (described
in connection with FIGS. 8A-B), locking the medicine car-
tridge 120 in the pump housing 110 to thereby promote
disposal of the pump device 100 after exhaustion (de-
scribed in connection with FIGS. 8A-B), and ceasing or
preventing the dispensation of medicine if the cap device
130 is improperly engaged with the pump housing 110
(described in connection with FIGS. 8A-B).
[0041] Referring to now FIG. 7A, the cap device 130
can be coupled to the pump device 100 so as to retain
the medicine cartridge 120 in the cavity 116 of the pump
housing 110. In this embodiment, the medicine cartridge
120 includes a cylindrical wall that fits within the cylindri-
cal cavity 116 at least partially defined by the pump hous-
ing 110. As shown in FIG. 7A, the cap device 130 may
approach the pump housing 110 after the medicine car-
tridge 120 is received in the cavity 116 so that the cap
device 130 seals the cavity 116 and retains the cartridge
120 therein. For example, the rim 144 of the cap device
130 may include a seal 142 (e.g., an elastomer o-ring
seal or the like) that provides a water-tight seal when the
rim 144 is urged against the front face of the pump hous-
ing 110. The cartridge may be arranged the pump hous-
ing 110 so that the septum 121 at the output end 122
faces toward the cap device 130 when the cap device
130 engages the pump housing 110. As such, the plunger
125 of the medicine cartridge 120 is arranged in the cavity
116 to face toward a component of the pump drive sys-
tem, such as a piston rod 370 (as described in more detail
below, for example, in connection with FIGS. 9-10). In
this embodiment, the medicine cartridge 120 comprises
an insulin carpule that is separate from the pump device
100. In such circumstances, the medicine cartridge 120
may be inserted into the cavity 116 to rest against a por-
tion of the piston rod 370 (FIG. 10).

[0042] Referring to FIG. 7B, during engagement of the
cap device 130 to the pump housing 110, a longitudinal
force 140 may be applied to the medicine cartridge 120
so a portion of the medicine cartridge 120 becomes se-
cured to the piston rod 370 (e.g., the plunger 125 be-
comes secured to a plunger engagement device 375 of
the piston rod 370 as shown in FIG. 10). This longitudinal
force 140 may be applied to the medicine cartridge 120
when at least a portion of the cap device 130 is inserted
under force from a user into the pump housing 110. For
example, in this embodiment, the slider component 132
of the cap device 130 includes the first set of protrusions
131 (FIG. 3) that mate with the longitudinal slots 111 (FIG.
7A) of the pump housing 110 during the guided insertion
of the cap device 130 into the cavity 116. During this
insertion, the slide component 132 includes a shoulder
surface 137 that abuts with the medicine cartridge 120.
The insertion force applied by the user during the attach-
ment of the cap device 130 to the pump housing 110 can
be translated to a longitudinal force 140. As described in
more detail below in connection with FIGS. 9-10, this
longitudinal force 140 can be used to secure the medicine
cartridge 120 to the piston rod 370 or to another compo-
nent of the drive system. For example, during the attach-
ment of the cap device 130 to the pump housing 110, the
slider component 132 may act upon the medicine car-
tridge 120 to force the medicine cartridge 120 a rearward
displacement 145 that drives the plunger 125 (FIG. 10)
toward one or more penetration members 376 of the
plunger engagement device 375 of the piston rod 370.
In such circumstances, the penetration members 376
(FIG. 10) penetrate into the plunger 125 of the medicine
cartridge 120 and thereby secure the medicine cartridge
120 the piston rod 370 (FIG. 10). A number of further
embodiments for the plunger engagement device are de-
scribed in more detail below in connection with FIGS.
9-25.
[0043] Referring to FIG. 7C, when the cap device 130
is inserted longitudinally into the cavity 116 to a particular
depth, the rim 144 and the seal 142 can be urged against
the end face of the pump housing 110 to seal the medicine
cartridge 120 in the cavity 116. Also, as previously de-
scribed in connection with FIG. 3, the second set of pro-
trusions 133 on the rotator component 134 may align with
the circumferential slots 113 in the pump housing 110
when the cap device 130 is inserted to this particular
depth. As such, the rotator component 134 of the cap
device 130 is rotatable relative to the pump housing 110
(e.g., the protrusions 133 can move circumferentially in
the circumferential slots 113). Again, as previously de-
scribed in connection with FIG. 3, the first protrusions
131 of the slider component 132 remain in the longitudinal
slots 111 of the pump housing 110, so the slider compo-
nent 132 does not rotate with the rotator component 134.
Such relative movement between the rotator component
134 and the slider component 132 can be used to longi-
tudinally advance the fluid path component 136 (and its
needle penetrator 139) toward the septum 121 of the
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medicine cartridge 120.
[0044] As shown in FIG. 7C, the rotator component
134 of the cap device 130 can be moved in a rotational
direction 146 relative to the pump housing 110 (which
maintains the slider component 132 in a rotational sta-
tionary position due to the engagement of the first pro-
trusions 131 (FIG. 3) and the longitudinal slots 111 (FIGS.
3 and 7A)). For example, a user may grasp the rim 144
of the rotator component 134 and twist it relative to the
pump housing 110 so that the second protrusions 133
(FIG. 3) are guided in the circumferential slots 113 (FIG.
3). Such rotation of the rotator component 134 causes
the interior thread pattern 157 of the rotator component
134 to engage the exterior thread pattern 158 (not shown
in FIG. 7C; refer to FIGS. 4-6) of the fluid path component
136. Because the opposing flat surfaces 153 of the slider
component 132 engage the complementary flat surfaces
154 of the fluid path component 136, the fluid path com-
ponent 136 remains in a rotationally stationary position
with the slider component 132 (e.g., the rotator compo-
nent 134 also rotates relative to the fluid path component
136). As such, the engagement between the thread pat-
terns 157 (on the rotator component 134) and 158 (on
the fluid path component 136) cause the rotational motion
of the rotator component 134 to be translated into a lon-
gitudinal motion for the fluid path component 136. As
shown in FIG. 7C, the rotation of the rotator component
134 can cause the fluid path component 136 to move a
longitudinal displacement 147 toward the medicine car-
tridge 120. This longitudinal displacement 147 results in
the needle penetrator 139 piercing the septum 121 of the
medicine cartridge 120 and thereby establishing a fluid
path from the medicine cartridge 120 to the output port
135 of the fluid path component 136.
[0045] In some embodiments in which the attachment
of the cap device 130 provides the force 140 (FIG. 7B)
to cause securement of the medicine cartridge 120 to the
piston rod 370 (FIG. 10), this force 140 may be applied
before the needle penetrator 139 penetrates the septum
121 (FIG. 7C). Because the septum 121 is not yet pierced
during the application of the force 140 (FIG. 7B), the force
140 can be used to urge the plunger 125 against the
plunger engagement device 375 (FIG. 10) without nec-
essarily forcing some portion of the medicine out of the
cartridge 120.
[0046] Referring now to FIG. 7D, attachment of the cap
device 130 to the pump housing 110 can also provide a
"break away" force to initiate movement of the plunger
125 in the medicine cartridge 120. Such a "break away"
force may be used prepare the plunger 125 for future
incremental displacements caused by the drive system.
For example, as shown in FIG. 1, the plunger 125 is ar-
ranged in the medicine cartridge 120 as to act upon the
medicine 126 therein. The "break away" force that is re-
quired to initially move the plunger 125 for the first time
may be substantially greater than the operational drive
force required to advance the plunger 125 yet another
increment toward the output end 122 of the medicine

cartridge 120. In this embodiment, the "break away" force
can be provided during the attachment of the cap device
130 to the pump body 110, (rather than by activating the
drive system to initiate movement of the plunger 125 for
the first time). Accordingly, drive system can provide the
operational drive force that (during normal operation) ad-
vances the plunger 125 in subsequent increments toward
the output end 122 of the medicine cartridge 120, and
the user’s action (during attachment of the cap device
130) can provide the generally greater "break away" force
to initiate movement of the plunger 125 for the first time.
[0047] Still referring to FIG. 7D, the rotator component
134 of the cap device 130 can be moved in the rotational
direction 146 relative to the pump housing 110, for ex-
ample, by twisting the rim 144 relative to the pump hous-
ing 110. As previously described in connection with FIG.
7C, such rotation of the rotator component 134 can be
translated into a longitudinal motion for the fluid path com-
ponent 136. After a particular amount of longitudinal ad-
vancement of the fluid path component 136, the shoulder
surfaces 156 of the fluid path component 136 abut
against the forward faces 155 of the slider component
132 (refer also to FIGS. 4-6). Accordingly, the continued
longitudinal movement of the fluid path component 136
(due to the rotation 146 of the rotator component 134)
further causes a longitudinal displacement 148 of the slid-
er component 132. As previously described in connection
with FIG. 7B, the slider component 132 includes a shoul-
der surface 137 that acts upon the medicine cartridge
120, so the longitudinal displacement 148 of the slider
component 132 causes the medicine cartridge 120 to
likewise move in the rearward longitudinal direction. Be-
cause the plunger 125 (FIG. 10) is already engaged with
the piston rod 370 (FIG. 10) as previously described in
connection with FIG. 7B, the plunger 125 does not share
in this rearward longitudinal movement. Instead, a break
away force 149 is applied to the medicine cartridge 120
relative to the plunger 125 (which is maintained in its
position due to the piston rod engagement), thereby
causing the initial movement of the plunger 125 in the
medicine cartridge 120 for the first time.
[0048] It should be understood from the description
herein that this initial break away movement of the plung-
er 125 in the medicine cartridge 120 may cause a small
amount of medicine to be dispensed. However, the infu-
sion set connector 128 (FIG. 2) can be joined with the
threaded cavity 138 of the fluid path component 136 be-
fore the break away force 149 is applied and (in some
embodiments) before the cap device 130 is advanced
toward the medicine cartridge 120 to create the fluid out-
put path. As such, the relatively small amount of medicine
dispensed during the initial "break away" movement of
the plunger 125 in the medicine cartridge 120 may be
dispensed through the output port 135 and into the infu-
sion set tubing 129 (FIG. 2) to at least partially prime the
tubing 129. The pump device 100 may be controlled to
perform a subsequent priming operation to fully prime
the remaining portion of the infusion set tubing 129.
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[0049] Accordingly, a number of functions can be per-
formed when the cap device 130 is being coupled to the
pump housing 110. Some of these functions may include
initialization and preparatory functions, including but not
limited to: retaining the medicine cartridge 120 in the cav-
ity 116 of the pump housing 110 (described in connection
with FIG. 7A), providing a water-tight seal for the cavity
116 of the pump housing 110 (described in connection
with FIGS. 7A and 7C), forcing the plunger 125 of the
medicine cartridge 120 to secure to a piston rod (de-
scribed in connection with FIG. 7B), piercing the septum
121 of the medicine cartridge 120 to provide a flow path
for the medicine (described in connection with FIG. 7C),
and providing a "break away" force to initiate movement
of the plunger 125 in the medicine cartridge 120 (de-
scribed in connection with FIG. 7D).
[0050] Referring now to FIGS. 8A-B, in some embod-
iments, the process of coupling the cap device 130 to the
pump housing 110 may result in a number of safety re-
lated functions also being performed. For example, at-
tachment of the cap device 130 to the pump housing can
cause the medicine cartridge 120 to be "locked" in the
pump housing 110, thereby encouraging disposal of the
pump device 100 after exhaustion of the medicine car-
tridge. As shown in FIGS. 8A-B, a portion of the cap de-
vice 130 may include locking tabs 161 that mate with
corresponding notches 162 in the pump housing 110
when the cap device 130 is received by the pump housing
110 at a particular depth. In this embodiment, the locking
tabs 161 are formed as part of the slider component 132
of the device 130 so that the tabs 161 are spring biased
to extend outwardly. As such, when the slider component
132 is advanced into the cavity 116 (FIG. 3) of the pump
housing 110, the locking tabs 161 adjust inwardly toward
the longitudinal axis of the slider component 132 (refer,
for example, to FIG. 8A). When the locking tabs 161 reach
the corresponding notches 162 in the wall of pump hous-
ing 110, the locking tabs 161 adjust outwardly into the
notches 162 (refer, for example to FIG. 8B). In this em-
bodiment, the locking tabs 161 may be advanced to reach
the corresponding notches 162 in when the longitudinal
movement of the fluid path component 136 (due to the
rotation 146 of the rotator component 134) further causes
the longitudinal displacement 148 of the slider compo-
nent 132, as previously described in connection with FIG.
7D.
[0051] Due to the engagement of the locking tabs 161
in the notches 162, the slider component 132 of the cap
device 130 is retained in the pump housing 110 in a man-
ner that hinders removal of the medicine cartridge 120.
Accordingly, the cap device 130 can be secured to the
pump housing 110 in a manner that encourages disposal
of the pump device 100 after exhaustion of the medicine
cartridge 120. Such a configuration may be useful, for
example, in circumstances in which the pump device 100
is designed to be a "one time use" disposable unit. Thus,
the cap device 130 may facilitate a "one time use" dis-
posable pump device, thereby reducing the likelihood of

failure due to non-intended repeated use of the dispos-
able pump device.
[0052] It should be understood from the description
herein that, in other embodiments, the locking tabs 161
may be arranged on other components of the cap device
130, such as the rotator component 134 or the fluid path
component 136. Also, in other embodiments, the locking
mechanism may be in a form other than the locking tabs
161 and corresponding notches 162. For example, the
locking mechanism may include an adhesive engage-
ment that prevents removal of the cap device 130 after
attachment to the pump housing 110, a unidirectional
thread pattern that permits tightening but hinders loos-
ening, or the like.
[0053] In another example of a safety related function,
if the cap device 130 is improperly engaged with the pump
housing 110, the medicine dispensation can be shut-
down. As shown in FIGS. 8A-B, the cap device 130 may
be used to close a circuit loop that indicates when the
cap device is engaged with the pump housing 110 in a
particular position. In this embodiment, the circuit loop
includes a first conductive line 163a and a second con-
ductive line 163b that extend along the pump housing
110 and are separated by a gap in the previously de-
scribed notch 162. The gap between the first and second
conductive lines 163a-b creates a break in the sensor
circuit that can be closed when the locking tabs 161 reach
the corresponding notches 162 in the wall of pump hous-
ing 110. In this embodiment, one of the locking tabs 161
can be used to close the circuit loop due to a conductive
pad 164 disposed on the outer surface of the locking tab.
When the locking tab 161 is adjusted to mate with the
corresponding notch 162 (as previously described), the
electrical circuit through the first line 163a, the conductive
pad 164, and the second line 163b can be closed, thereby
indicating that the cap device 130 is properly engaged
with the pump housing 110 at a particular depth. The
electrical circuit that includes the conductive lines 163a-
b may be a part of (or communicate with) a sensor circuit
arranged within the pump device 100 (FIG. 1) or within
the removable controller 200 (FIG. 1).
[0054] Accordingly, if the cap device 130 is secured
with the pump housing 110 in a proper manner, the con-
troller device 200 may be operated to dispense medicine
from the medicine cartridge 120. If, however, the cap
device 130 is improperly oriented or becomes dislodged
relative to the pump housing 110, the electrical circuit
loop (e.g., through the first line 163a, the conductive pad
164, and the second line 163b) may become open to
indicate such a misalignment to the controller device 200
(FIG. 1). In response to such an indication, the controller
device 200 may prevent medicine dispensation (e.g.,
cease activation of the drive system) and communicate
an alarm to the user. Such a configuration permits the
user with an opportunity to correctly attach the cap device
130 to the pump housing 110 and thereafter restart safe
dispensation of the medicine.
[0055] It should be understood from the description
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herein that, in other embodiments, the electrical circuit
loop (e.g., through the first line 163a, the conductive pad
164, and the second line 163b) may be arranged on other
components of the cap device 130, such as the rotator
component 134 or the fluid path component 136. Also,
in some embodiments, other devices can be used to de-
tect the proper attachment of the cap device 130 to the
pump housing 110. For example, the cap device 130 may
be used to actuate a position sensor that indicates when
the cap device is engaged with the pump housing 110 in
a particular position. Alternatively, an optical sensor can
be used in combination with a light emitted from the con-
troller device 200 (FIG. 1) to indicate when the cap device
130 is engaged with the pump housing 110 in a particular
position.
[0056] In yet another example of a safety related func-
tion, attachment of the cap device 130 to the pump hous-
ing 110 can cause a flow sensor to be arranged along
the medicine flow path to detect the flow (or nonflow) of
medicine from the pump device 100. As shown in FIGS.
8A-B, the cap device 130 may house at least a portion
of a flow sensor 165 that is configured to detect the flow
of medicine through the cap device 130 or to detect an
occlusion in the fluid path. In this embodiment, the flow
sensor 165 may be arranged within or adjacent to a by-
pass fluid path 166. A portion of the medicine that is dis-
pensed from the medicine cartridge 120 may be redirect-
ed through the bypass fluid path 166 for detection by the
flow sensor 165. The bypass fluid path 166 has an outlet
that is in communication with the output port 135 of the
cap device 130. In some embodiments, the bypass fluid
path 166 may have a substantially smaller diameter than
the primary fluid path between the needle penetrator 139
and the output port 135.
[0057] The flow sensor 165 may be used to detect
when an occlusion exists in the fluid path between the
medicine cartridge 120 and the infusion site on the user’s
skin. Such an occlusion may occur, for example, when
the infusion set tubing 129 (FIG. 2) is kinked. If the med-
icine dispensation path to the user is occluded, the user
may receive no dosage or a lower dosage of the medi-
cine. As such, the flow sensor 165 housed in the cap
device 130 can be used to indicate when the fluid is flow-
ing or not flowing, thereby permitting the controller device
200 (FIG. 1) to communicate an alarm to the user if an
occlusion exist.
[0058] In some embodiments, the flow sensor 165
housed at least partially in the cap device 130 may in-
clude electrodes 165a and 165b that are arranged to de-
tect fluid flow through the bypass fluid path 166. For ex-
ample, an AC current may be passed through the fluid
between the electrodes 165a-b, and the electrodes 165a-
b can be configured to sense the electrical admittance
(e.g., the inverse of the electrical impedance) through
the fluid in the bypass fluid path 166. The electrical ad-
mittance sensed using the electrodes 165a and 165b can
be correlated to a fluid velocity (e.g., a change in the flow
speed causes a change in the electrical admittance). In

such embodiments, the controller device 200 (FIG. 1)
may be programmed to correlate the fluid velocity from
the electrical admittance sensed using the electrodes
165a and 165b. If the fluid velocity falls below a threshold
value, the controller device 200 may communicate an
alarm to the user that an occlusion exists in the fluid path.
When the cap device 130 is attached with the pump hous-
ing 110 in a particular position, the flow sensor 165 may
be in electrical communication with the controller device
200 (FIG. 1) via one or more electrical lines that extend
along the pump housing 110 (refer, for example, to FIG.
8B).
[0059] In an alternative embodiment, the flow sensor
165 housed at least partially in the cap device 130 may
include a pressure sensor that indicates the fluid pres-
sure in the bypass fluid path 166. For example, a minia-
ture pressure transducer can be arranged in the cap de-
vice 130 to detect the fluid pressure. In some cases, the
miniature pressure transducer can be formed as a MEMS
(Micro-ElectroMechanical System) device. The minia-
ture pressure transducer may be output an electrical sig-
nal that can be correlated to a fluid pressure value. In
such embodiments, the controller device 200 (FIG. 1)
may be programmed to correlate the fluid pressure from
the signal output by the pressure transducer. If the fluid
pressure increases above a threshold value, the control-
ler device 200 may communicate an alarm to the user
that an occlusion exists in the fluid path. The fluid passing
through the cap device 130 may act directly upon the
pressure transducer, or alternatively, the fluid passing
through the cap device may act upon a miniature piston
device or diaphragm device that in turn acts upon the
pressure transducer.
[0060] It should be understood from the description
herein that, in alternative embodiments, other types of
flow sensors can operate within the cap device 130 to
detect flow (or nonflow) of the medicine. For example,
the flow sensor 165 may include a first probe and a sec-
ond probe arranged in the cap device 130-the first probe
being used to induce a small oxygen (O2) concentration
into the fluid flow, and the second probe being used to
detect the oxygen level in the fluid flow. If the second
probe detects an oxygen concentration greater than a
threshold level, the fluid flow may be occluded or partially
occluded. As such, the controller device 200 may com-
municate an alarm to the user that an occlusion exists in
the fluid path. In another example, the flow sensor 165
may include an optical sensor device arranged in a flow
path (e.g., bypass flow path 166) of the cap device 130.
The optical sensor may respond to a laser light that is
emitted from the reusable controller device 200 (FIG. 1)
proximate the cap device 130. In some circumstances,
the optical sensor device may deform when the fluid pres-
sure increases above a threshold level, thereby providing
a different response to the laser light (e.g., reflecting or
bending the light in a different manner that indicates a
fluid pressure greater than the threshold level). Such de-
tection of an increased fluid pressure in the cap device
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130 can indicate that an occlusion exists in the fluid path,
and the controller device 200 the controller device 200
may communicate an alarm to the user.
[0061] Referring now to FIGS. 9-10, the pump device
100 may include a piston rod 370 that is configured to
attach with the medicine cartridge 120. For example, as
previously described in connection with FIG. 7B, a lon-
gitudinal force 140 may be applied to the medicine car-
tridge 120 during engagement of the cap device 130 to
the pump housing 110. This longitudinal force 140 can
be used to urge a portion of the medicine cartridge 120
(e.g., the plunger 125 in this embodiment) to secure to a
plunger engagement device 375 (FIG. 10) of the piston
rod 370. In some embodiments, the plunger engagement
device 375 may include penetration members 376 that
penetrate into the plunger 125 of the medicine cartridge
120 and thereby secure the medicine cartridge 120 to
the piston rod 170. (It should be understood that FIG. 9
depicts the piston rod 370 arranged in the pump housing
110 of the pump device 100, and FIG. 10 shows a similar
view with the pump housing 110 and other portions re-
moved for purposes of illustrating the piston rod 370 and
medicine cartridge 120.)
[0062] As shown in FIG. 9, the pump device 100 may
include a drive system 300 that is controlled by the re-
movable controller device 200 (FIGS. 1-2). Accordingly,
the drive system 105 can accurately and incrementally
dispense fluid from the pump device 100 in a controlled
manner. The drive system 300 may include the flexible
piston rod 370 that is incrementally advanced toward the
medicine cartridge 120 so as to dispense the medicine
from the pump device 100. In this embodiment, at least
a portion of the drive system 300 is mounted to the pump
housing 110, and a detachable shell 112 covers at least
a portion of the drive system 105. The detachable shell
112 may include an inner curved surface against which
a curved section of a piston rod 370 rests. A cover mount
113 may be assembled to the pump housing 110 to se-
cure some components of the drive system 300 with the
pump housing 110, and the "unused" or retracted portion
of the piston rod 370 may rest in a channel defined in the
top of the cover mount 113. Some embodiments of the
drive system 300 may include a battery powered actuator
(e.g., reversible motor 320 or the like) that resets a ratchet
mechanism 330, a spring device 350 that provides the
driving force to the ratchet mechanism 330, and a drive
wheel 360 that is rotated by the ratchet mechanism 330
to advance the flexible piston rod 370 toward the medi-
cine cartridge 120. The operation of the drive system 300
is described in more detail below in connection with FIGS.
26-30. Previously incorporated U.S. Patent Application
Serial No. 11/522,560 describes further drive system
configurations for use in an infusion pump device.
[0063] Referring to FIG. 10, in some embodiments, the
flexible piston rod 370 comprises a plurality of 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 373 can be integrally
formed in one piece from one or more moldable materials,
including polymer materials such as Nylon or POM. In
this embodiment, each of the plurality of rod segments
372 includes an exterior thread pattern 374 along at least
one cylindrical surface portion. The plunger engagement
device 375 can be arranged at a forward end of the piston
rod 370. As such, the plunger engagement device 375
faces toward the medicine cartridge 120 when the med-
icine cartridge 120 is inserted into the cavity 116.
[0064] The plunger engagement device 375 is config-
ured to attach to the plunger 125 of the medicine cartridge
120 when urged together. For example, as previously
described in connection with FIG. 7B, a longitudinal force
140 may be applied to the medicine cartridge 120 during
engagement of the cap device 130 to the pump housing
110. This longitudinal force 140 can be used to urge the
medicine cartridge 120 (and the plunger 125 therein) to-
ward the plunger engagement device 375. In this em-
bodiment, the plunger engagement device 375 includes
a plurality of penetration members 376 that extend from
a pusher disc 378 toward the plunger 125 and are con-
figured to penetrate into the plunger 125 in response to
the longitudinal force 140 (FIGS. 7B and 10). Thereafter,
the plunger 125 may remain secured to the piston rod
370 during operation of the pump device 100.
[0065] Referring to FIGS. 11-12, in some embodi-
ments, the penetration members 376 may comprise rigid
blades having pointed tips to pierce into the rear face of
the plunger 120 (e.g., the "dry" face of the plunger 125
opposite the "wet" face). The penetration members 376
may extend for a length that is slightly less than the axial
length of the plunger 125. In such circumstances, the
penetration members 376 do not penetrate through the
front face (e.g., the "wet" face) of the plunger 125. The
rigid blades may include serrations or another retention
portion that enhances the engagement with the plunger
125 and hinders separation of the plunger 125 from the
penetration members 376. Also, in this embodiment, the
pusher disc 378 includes a protruding spherical surface
379 that is configured to press against the rear face of
the plunger 125 (FIG. 12). In some circumstances, the
center core of the plunger 125 may be urged forward
more than the radial surfaces of the plunger 125 (due to
the frictional engagement with the inner wall of the med-
icine cartridge 120). Accordingly, the protruding surface
379 of the disc 378 may promote full contact with the rear
face of the plunger 125 during advancement of the plung-
er 125 within the cartridge 120.
[0066] In some embodiments, the penetration mem-
bers 376 can reduce the compliance of the plunger ma-
terial and thereby increase the dosage accuracy. For ex-
ample, the plunger 125 may comprise an elastomer ma-
terial that exhibits flexibility and compliance when it is
urged longitudinally relative to the inner wall of the med-
icine cartridge 120 (e.g., the center of the plunger is urged
forward while the outer radial surfaces flex due to the
frictional engagement with the inner wall of the medicine
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cartridge). Such compliance may create a level of unpre-
dictability between the piston rod movement and the cor-
responding plunger movement. The penetration mem-
bers 376 can pierce into the plunger 125 and thereby
serve as generally rigid inserts that reduce the compli-
ance exhibit by the plunger 125. In some circumstances,
the penetration members 376 can serve as inserts that
provide greater uniformity between the piston rod move-
ment and the corresponding plunger movement. As such,
the pump device 100 may have increased accuracy for
the dosage of medicine that is dispensed in response to
an incremental movement of the piston rod 370.
[0067] Furthermore, the penetration members 376 can
reduce the likelihood of accidental medicine delivery
when the pump device 100 undergoes an impact (e.g.,
when the pump device is dropped on the ground). The
penetration members 376 secure the plunger 125 to the
drive system (e.g., to the piston rod 370 in this embodi-
ment), so the plunger 125 does not necessarily become
displaced when the medicine cartridge 120 is impacted.
For example, if the pump device 100 is dropped on the
ground and undergoes an impact, the plunger 125 may
be retained in its position relative to the wall of the car-
tridge due to the attachment with the piston rod 370. As
such, the likelihood of the plunger 125 moving slightly
relative to the inner wall of the medicine cartridge 120
(and thereby forcing some medicine from the cartridge)
in response to an impact may be reduced.
[0068] It should be understood from the description
herein that, in some embodiments, the penetration mem-
bers 376 can reduce the compliance of the plunger 125
so that the pusher disc 378 need not include a protruding
spherical surface (e.g., surface 379 in FIG. 12). Rather,
the pusher disc 376 may include a generally flat surface
that pushes against the rear face of the plunger 125 (as
shown, for example, in FIGS. 13A-D).
[0069] Referring to FIGS. 13A-D, in operation, the
plunger engagement device 375 can be secured to the
plunger 125 to reduce or prevent relative motion between
the plunger 125 and the pusher disc 378 and to reduce
the compliance of the plunger 125. As previously de-
scribed in connection with FIG. 7B and FIG. 10, a longi-
tudinal force 140 may be applied to the medicine cartridge
120 during engagement of the cap device 130 to the
pump housing 110. This longitudinal force 140 is used
to urge the medicine cartridge 120 (and the plunger 125
therein) toward the penetration members 376 of the
plunger engagement device 375. As the plunger 125 con-
tinues its motion toward the pusher disc 378 in response
to the longitudinal force 140, the penetration members
376 can pierce into the rear face of the plunger 125. The
insertion of the penetration members 376 may continue
until the rear face of the plunger 125 abuts the pusher
disc 378. As shown in FIG. 13D, the penetration members
376 do not penetrate through the front face (e.g., the
"wet" face) of the plunger 125 in this embodiment.
[0070] In this embodiment, the plunger engagement
device 375 includes three penetration members 376 that

are laterally offset from the center of the pusher disc 378.
The penetration members 376 comprise rigid blades or
knife-like pins that include serrations to facilitate engage-
ment with the plunger 125. These rigid blades may be
laterally offset from the center of the pusher disc 378 so
as to pierce the rear face of the plunger 125 in an outer
radial portion of the plunger 125 (e.g., a portion of the
plunger that might otherwise be more compliant during
advancement of the plunger 125 inside the cartridge
120).
[0071] It should be understood from the description
herein that, in other embodiments, the plunger engage-
ment device 375 may have a different configuration. For
example, as shown in FIGS. 14A-B, some embodiments
of the plunger engagement device 375 may include pen-
etration members 382 in the form of pin inserts. These
penetration members 382 can include a generally
straight shaft and pointed tip to facilitate penetration into
the rear face of the plunger 125 (FIG. 14B). In another
example, as shown in FIGS. 15A-B, some embodiments
of the plunger engagement device 375 may include pen-
etration members 384 in the form of radially curved
blades. Such embodiments of the penetration members
384 may include generally flat blade shafts that are
curved about a longitudinal axis. The radial curvature of
the penetration members 384 may reflect the radial dis-
tance from the central longitudinal axis of the plunger 125
(FIG. 15B). In yet another example, as shown in FIGS.
16A-B, some embodiments of the plunger engagement
device 375 may include penetration members 386 in the
form of generally flat blades without serrations. These
penetration members 386 may include a pointed tip to
facilitate insertion into the plunger 125 (FIG. 16B). In a
further example, the plunger engagement device 375
may include an adhesive layer arranged on the pusher
disc 378 so that the pusher disc 378 becomes adhered
to the rear face of the plunger 125.
[0072] In some embodiments in which the plunger en-
gagement device 375 includes penetration members
having serrations or other retention portions, the reten-
tion portions may be formed in a number of configura-
tions. For example, as shown in FIG. 17, some embod-
iments of the plunger engagement device 375 may in-
clude penetration members 387 having straight-cut re-
tention portions that hinder separation of the plunger 125
away from the plunger engagement device 375. In an-
other example, as shown in FIG. 18, some embodiments
of the plunger engagement device 375 may include pen-
etration members 388 having angled-cut retention por-
tions.
[0073] Some embodiments of the plunger engagement
device 375 may include one penetration member, two
penetration members, three penetration members (as
previously described in connection with FIGS. 11-12 and
13A-D), four penetration members, five penetration
members, or more. Moreover, the penetration members
may be arranged on the plunger engagement device 375
in a number of different configurations so as to penetrate
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the plunger 125 at different locations. For example, as
shown in FIG. 19, some embodiments of the plunger en-
gagement device 375 may include only one penetration
member (depicted here in the form of a pin insert pene-
tration member 382 described in FIGS. 14A-B). In this
embodiment, the single penetration member 382 is ar-
ranged to pierce the rear face of the plunger 125 proxi-
mate to the central axis of the plunger 125. In another
example, as shown in FIG. 20, some embodiments of
the plunger engagement device 375 may include two
penetration members (again, depicted here in the form
of a pin insert penetration member 382 described in
FIGS. 14A-B). In this embodiment, the pair of penetration
members 382 are offset from the central axis of the plung-
er 125 and oriented approximately 180° from one anoth-
er. As such, the penetration members 382 can pierce
into the rear face of the plunger 125 on generally opposite
sides of the central axis of the plunger 125. In a further
example, as shown in FIG. 21, some embodiments of
the plunger engagement device 375 may include four
penetration members 382 that are offset from the central
axis of the plunger 125 and oriented approximately 90°
from one another. In yet another example, as shown in
FIG. 21, some embodiments of the plunger engagement
device 375 may include five penetration members 382
that are offset from the central axis of the plunger 125
and oriented approximately 72° from one another.
[0074] Some embodiments of the plunger engagement
device 375 may include penetration members that are
not oriented circumferentially equidistant to one another.
For example, as shown in FIG. 23, some embodiments
of the plunger engagement device 375 may include four
penetration members 382 that are spaced apart in two
pairs. A first pair of the penetration members 382 are
spaced apart from the second pair of penetration mem-
bers 382. As such, the first and second pairs of the pen-
etration members 382 can pierce into the rear face of the
plunger 125 on generally opposite sides of the central
axis of the plunger 125.
[0075] Also, some embodiments of the plunger en-
gagement device 375 may include combinations of the
previously described configurations. For example, as
shown in FIG. 24, some embodiments of the plunger en-
gagement device 375 may include a first penetration
member 382 arranged to pierce the rear face of the plung-
er 125 proximate to the central axis of the plunger 125
(similar to that shown in FIG. 19) and four addition pen-
etration members 382 that are offset from the central axis
of the plunger 125 and oriented approximately 90° from
one another (similar to those shown in FIG. 21).
[0076] Some embodiments of the piston rod 370 may
include a plunger engagement device 380 that pene-
trates along the outer circumferential surface of the
plunger 125. For example, as shown in FIG. 25, the
plunger engagement device 380 may include a cylindrical
penetration member 381 that is integral with the pusher
disc portion. The cylindrical penetration member 381 can
penetrate along the outer circumferential surface of the

plunger 125 (e.g., through the outer rings of the plunger
125 or between the outer rings and the cartridge wall)
when the plunger 125 is urged toward the piston rod 370.
In this example, the cylindrical penetration member 381
bypasses the first two outer rings of the plunger 125 so
that at least a portion of the load on the third ring is directly
transmitted to the plunger engagement device 380. As
such, the plunger engagement device 380 can be used
to retain the plunger 125 relative to the piston rod 370
and to reduce the compliance of the plunger 125 when
being advanced inside the medicine cartridge 120.
[0077] Referring now to FIGS. 26-30, the drive system
300 of the pump device can be controlled to accurately
dispense fluid from the pump device 100. As previously
described in connection with FIGS. 9-10, the drive sys-
tem 300 may include the flexible piston rod 370 that is
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 electri-
cally powered actuator (e.g., reversible motor 320 or the
like) that is coupled to a guided pusher arm 325 (FIGS.
28-30), which is used to adjust a ratchet mechanism 330
to a reset position. A spring device 350 (FIGS. 28-30)
stores potential 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. The motor
320 can be decoupled from the ratchet mechanism 330
during the drive step. Accordingly, the reversible motor
320 is 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.
[0078] 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 drive system 300 or other compo-
nents 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 cir-
cumstances, the pump device 100 may include on or
more electrical contacts 118 (FIG. 26) that are exposed
to the controller device 200 and that mate with opposing
electrical contacts (e.g., pads, pins, or the like) on the
adjacent face of the controller device 200. In this embod-
iment, the electrical contacts 118 are disposed on a con-
nection circuit 119 (FIG. 26). The connection circuit 119
may be simple and inexpensive so as to facilitate a low-
cost pump device 100 that is disposable. The connection
circuit 119 can be in electrical communication with one
or more components housed in the pump device 100,
such as the motor 320, the battery 305, one or more
sensor devices, or a combination thereof). The connec-
tion circuit 119 facilitates electrical communication with
the removable controller device 200 (FIGS. 1-2). As such,
the controller device 200 is capable of transmitting elec-
trical signals to the pump device 100 and is capable of
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receiving feedback signals (e.g., sensor signals) from the
components in the pump device 100.
[0079] As shown in FIG. 26, some components of the
drive system 300 can be retained by the pump housing
110. For example, the motor 320, the pusher arm 325,
the ratchet mechanism 330, and the spring device 350
can be assembled into the pump housing 110 and then
retained by the cover mount 113 (FIG. 9). Also, the drive
wheel 360 and an adjacent bearing 365 (to facilitate ro-
tation of the drive wheel 360 relative to the pump housing
110) can be received in annular channels of the pump
housing 110. In this embodiment, a locking pawl 342
(FIGS. 28-30) 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 assembled onto
the pump housing 110. When the cover mount 113 (FIG.
9) is assembled to the pump housing 110, the cover
mount 113 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 "back-
lash" movement or component dislodgement (which
might otherwise occur, for example, when the pump de-
vice 100 is dropped to the ground).
[0080] Referring to FIGS. 27-30, in some embodi-
ments 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 (refer to FIG. 26),
and the pusher arm 325 includes a slider pin 326 that
mates with the guide slot 328. (It should be understood
that FIG. 26 depicts the drive system 300 mounted to the
pump housing 110 of the pump device 100, and FIG. 27
shows a similar view with the pump housing 110 removed
for purposes of illustrating components of the drive sys-
tem 300.) After the pusher arm 325 is advanced in the
guide slot 328 so that the ratchet mechanism 330 is ad-
justed to the reset position (refer to FIG. 29 in which the
ratchet mechanism 330 is reset to engage a new tooth
on the ratchet body 340), the motor 320 can reverse di-
rection and promptly retract the pusher arm 325 to the
first position (refer to FIG. 30 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 oc-
cur 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 tem-
porarily separated from the ratchet mechanism 330,
thereby causing the motor to be decoupled from the
ratchet mechanism 330 during the drive step. According-
ly, the drive system 300 can provide an efficient process

for accurately and reliably dispensing medicine in a man-
ner that conserves battery life. Moreover, the drive sys-
tem 300 may comprise few, if any, high-cost actuator
components or electronics, thereby facilitating the pro-
duction of a disposable and reliable pump device 100.
[0081] Referring now in more detail to the components
of the drive system 300 depicted in FIGS. 27-30, the elec-
trically power actuator may be in the form of the motor
320 having a rotatable output shaft 321. In this embodi-
ment, the motor 320 is reversible in that can receive sig-
nals that cause the output shaft 321 to rotate in a first
rotational direction or in a second, opposite rotational di-
rection. One example of a suitable motor 320 is a coreless
DC motor with reversible rotation capabilities, as supplied
by Mabuchi Motor Co. of Japan. As previously described,
the operation of the motor 320 can be controlled by a
control device (e.g., removable control device 200 as de-
scribed in connection with FIGS. 1-2 or the like) via elec-
trical signals communicated through one or more elec-
trical contacts.
[0082] Still referring to FIGS. 27-30, 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 as-
sembly 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. Ac-
cordingly, 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 embod-
iment) causes the pawl member 335 to pivot to a reset
position (refer to FIG. 29). In addition, rotation of the mo-
tor 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 mem-
ber 335 during the drive step (refer to FIG. 30).
[0083] 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. 29). Moreover, 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 decou-
ple from the ratchet mechanism 330 during a drive step
(refer to FIG. 30).
[0084] 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 (FIG. 26). 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
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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 (prox-
imate 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 me-
chanical advantage for the pushing force applied by the
pusher arm 325 during the desired motion of the adjust-
able pawl member 335.
[0085] Still referring to FIGS. 27-30, the ratchet mech-
anism 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 sur-
face. In this embodiment, the ratchet wheel 340 is cou-
pled 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. 29) and a forward position (refer to FIG.
28). 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 ap-
plies 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. 29).
In this embodiment, the adjustable pawl member 335 is
pivotably coupled to about the axis of an axle 332 (refer
to FIG. 26) that receives the ratchet wheel 340 and the
worm gear 345.
[0086] A 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. 28). In this embodi-
ment, the spring device 350 is in the form of a coil spring
that is fixed to the pump housing 110 (not shown in FIGS.
27-30) 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. 29, when the pawl member 335 is ad-
justed 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. 28) and thereby drive the ratchet wheel 340 in a
forward rotational direction. As previously described, a
locking pawl 342 (FIGS. 28-30) can be used to prevent
the ratchet wheel 340 from reverse motion. The locking
pawl 342 can flex or otherwise adjust to permit the incre-
mental forward rotation of the ratchet wheel 340. As such,
the adjustable pawl member 335 can adjust from the for-
ward position (refer to FIG. 28) to the reset position (refer
to FIG. 29) to engage a new tooth of the ratchet wheel
340 while the ratchet wheel 340 remains in position due
to the locking pawl 342.
[0087] 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 op-
tical, 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
330, to the controller device 200 (FIGS. 1-2), or a com-
bination thereof. In one embodiment, the pawl member
335 may be equipped with an electrically conductive con-
tact 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 330, 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 330 should cease rotation or
reverse rotation.
[0088] Still referring to FIGS. 27-30, in some embodi-
ments 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 includes a
central aperture having an internal thread pattern therein
(not shown in FIGS. 27-30), which mates is an external
thread pattern 374 on the rod segments 372. Thus, the
incremental motion provided by the ratchet mechanism
330, the pusher arm 325, and the motor 320 causes the
drive wheel 360 to incrementally rotate, which in turn
translates to a longitudinal advancement of the flexible
piston rod 370.
[0089] Accordingly, in some embodiments, the piston
rod 370 may undergo only forward or positive longitudinal
displacement as a result of drive system 300. For exam-
ple, 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 re-
versal forces. In such circumstances, the flexible piston
rod 370 can be retracted only upon disassembly of the
pump device 300 (e.g., to disengage the drive gear 360
or the ratchet mechanism 330). In those embodiments
in which the pump device 100 is intended to be dispos-
able, the non-retractable piston rod configuration may
facilitate a "one time use" disposable pump device, there-
by reducing the likelihood of failure due to non-intended
repeated use of the disposable pump device 100.
[0090] Still referring to FIGS. 27-30, the flexible piston
rod 370 can comprise a plurality of rod segments 372
serially connected by hinge portions 373 so that the flex-
ible piston rod 370 is adjustable from a curved shape to
a noncurved shape. As previously described, 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 ma-
terials. In this embodiment, the plurality of segments 372
comprise generally cylindrical segments that have an ex-
terior thread pattern 374 along at least one cylindrical
surface portion. As previously described, the plunger en-
gagement device 375 can be arranged at a forward end
of the piston rod 370 so that the plunger engagement
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device 375 faces toward the medicine cartridge 120.
[0091] In some embodiments, the flexible piston rod
370 can include an anti-rotation structure that hinders
the piston rod 370 from rotating with 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 this embodiment, the flexible piston 370
includes longitudinal flat surfaces 371 extending along
each of the segments 372. The longitudinal flat surfaces
371 can engage a complementary surface on the pump
housing 110 (not shown in FIGS. 27-30) proximate the
drive wheel 360 so that the flexible piston rod 370 is hin-
dered from rotating when the drive wheel 360 turns. Ac-
cordingly, the longitudinal flat surfaces 371 on each seg-
ment 372 aligns to form a keyway that receives a mating
key (e.g., a complementary flat surface) on the pump
housing. In other embodiments, the anti-rotation struc-
ture may include one or more longitudinal channels 173
(with each channel capable of engaging an associated
protrusion that acts as a key to hinder rotation while per-
mitting longitudinal motion) or the like. Previously incor-
porated U.S. Patent Application Serial No. 11/522,836
describes further piston rod configurations for use in an
infusion pump device.
[0092] 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 em-
bodiments. 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 with-
drawn 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-flex-
ible, rigid rod.
[0093] Referring now to FIGS. 28-30, 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 move-
ment of the pusher arm 325 can cause the pawl member
335 to adjust from the forward position (refer to FIG. 28),
to the reset position (refer to FIG. 29), and back to the
forward position (under the driving force of the spring
device 350). The adjustment of the pawl member 352
from the reset position to the forward position drives the
ratchet wheel 340 and worm gear 345, which incremen-
tally rotates the drive wheel 360 and thereby advances
the flexible piston rod 370 a longitudinal increment dis-
tance. 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 pref-
erably about 6 microns to about 8 microns) for each in-
cremental motion cycle of the ratchet mechanism 330.
[0094] Referring to FIG. 28, 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 embodi-
ment). 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.
[0095] Referring to FIG. 29, in response to the control-
ler 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 po-
sition, as shown in FIG. 29, the pawl member 335 is ca-
pable 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 direc-
tion 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. 29), thereby storing potential energy to drive the
adjustable pawl member 335 and ratchet wheel 340 in a
forward rotational direction for the drive step.
[0096] Referring to FIG. 30, after the pawl member 335
reaches the reset position, the motor 330 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 push-
er 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 for-
ward 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 adjust-
ment 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. The incremental rota-
tion of the worm gear 345 results in an incremental rota-
tion 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 sub-
sequent 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.
[0097] Still referring to FIG. 30, 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. 28)
over a greater period of time. This period of time required
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for the drive step is affected by a number of factors, in-
cluding 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. 29) to the forward position (FIG. 28).
Such a configuration permits the motor 320 to expend a
short burst of electrical energy to reset the ratchet mech-
anism 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 posi-
tion for dispensation of medicine. Because the motor 320
can be decoupled from the ratchet mechanism 330 dur-
ing the drive step, only the spring device 350 expends
energy over a period of time to drive the ratchet mecha-
nism 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, the motor 320 is not required to draw energy
from the battery over an extended period of time (e.g.,
during the drive step in which the piston rod 370 is ad-
vanced to dispense medicine over a period of time). In-
stead, the motor 320 may draw upon the battery power
during advancement of the pusher arm 325 to quickly
reset the ratchet mechanism 330 and during the brief
retraction of the pusher arm 325.

Claims

1. An infusion pump device (100), comprising:

a pump housing (110) that defines a space to
receive a medicine cartridge (120);
a drive system (300) to dispense a medicine
from the medicine cartridge when the medicine
cartridge is received by the pump housing; and
a cap device (130) that engages the pump hous-
ing to retain the medicine cartridge therein when
the medicine cartridge is received by the pump
housing, the cap device comprising a needle de-
vice that penetrates an output portion of the
medicine cartridge when the cap device engag-
es the pump housing,
wherein when the cap device engages the pump
housing, the cap device acts upon the medicine
cartridge to urge a plunger (125) of the medicine
cartridge to engage a component of the drive
system, and wherein when the cap device en-
gages the pump housing, the cap device acts
upon the medicine cartridge to urge an initial
breakaway movement of the plunger inside the

medicine cartridge,
characterised in that the drive system (300)
comprises a piston rod (370) having a plunger
engagement device (375, 380) that secures to
the plunger (125) of the medicine cartridge (120)
when the medicine cartridge is received by the
pump housing (110).

2. The infusion device of claim 1, wherein the plunger
engagement device (375, 380) comprises one or
more penetration members (376, 381, 382, 384, 386,
387, 388) that pierce into a first side of the plunger
during attachment of the plunger and the plunger
engagement device.

3. The infusion device of claim 2, wherein the penetra-
tion members (376, 381, 382, 384, 386, 387, 388)
comprise substantially rigid blades that penetrate
longitudinally into the plunger (125).

4. The infusion device of claim 2, wherein the penetra-
tion members (376, 381, 382, 384, 386, 387, 388)
comprise substantially rigid pins that penetrate lon-
gitudinally into the plunger (125).

5. The infusion device of claim 2, wherein the penetra-
tion members (376, 381, 382, 384, 386, 387, 388)
penetrate longitudinally into the plunger through a
majority of the longitudinal length of the plunger
(125), the penetration members reducing the com-
pliance of the plunger when being forced toward the
medicine in the cartridge.

6. A method of engaging a cap device (130) with a
pump housing (110) of an infusion pump device to
retain a medicine cartridge (120) in a space defined
by the pump housing, comprising the steps of:

urging the cap device against the medicine car-
tridge so that a plunger (125) of the medicine
cartridge engages a component of a pump drive
system (300);
penetrating an output portion of the medicine
cartridge with a needle device of the cap device
when the cap device engages the pump hous-
ing; and
causing the cap device to act upon the medicine
cartridge to thereby urge an initial breakaway
movement of the plunger inside the medicine
cartridge,
characterised by causing a plunger engage-
ment device (375, 380) of a piston rod (370) of
the pump drive system to secure to the plunger
(125) of the medicine cartridge (120) when the
medicine cartridge is received by the pump
housing (110).

7. The infusion device of one of claims 1 to 5, wherein
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a force required for the initial breakaway movement
is substantially greater than an operational drive
force required to advance the plunger (125).

8. The infusion device of one of claims 1 to 5, wherein
a force required for the initial breakaway movement
is provided by a user during the attachment of the
cap device (130) to the pump housing.

9. The infusion device of one of claims 1 to 5, wherein
a force required for the initial breakaway movement
is provided by the drive system.

10. The infusion device of one of claims 1 to 5, wherein
the cap device comprises a slider component (132),
a rotator component (134), and a fluid path compo-
nent (136) that can be assembled together.

11. The infusion device of claim 10, wherein the needle
device provides fluid communication with an output
port (135) of the fluid path component (136).

12. The infusion device of claim 11, wherein the output
port (135) is capable of directing the fluid toward an
infusion set tubing (129) when an infusion set con-
nector (128) is joined with the cap device (130).

13. The infusion device of claim 12, wherein the infusion
set connector (128) is a luer connector that mates
with a threaded cavity (138) of the fluid path compo-
nent (136).

Patentansprüche

1. Eine Infusionspumpenvorrichtung (100), die Folgen-
des beinhaltet:

ein Pumpengehäuse (110), das einen Raum
zum Aufnehmen einer Medikamentenpatrone
(120) definiert;
ein Antriebssystem (300), um ein Medikament
aus der Medikamentenpatrone abzugeben,
wenn die Medikamentenpatrone von dem Pum-
pengehäuse aufgenommen ist; und
eine Kappenvorrichtung (130), die in das Pum-
pengehäuse eingreift, um die Medikamentenpa-
trone darin einzubehalten, wenn die Medika-
mentenpatrone von dem Pumpengehäuse auf-
genommen wird, wobei die Kappenvorrichtung
eine Nadelvorrichtung beinhaltet, die einen Aus-
gabeabschnitt der Medikamentenpatrone
durchdringt, wenn die Kappenvorrichtung in das
Pumpengehäuse eingreift, wobei, wenn die
Kappenvorrichtung in das Pumpengehäuse ein-
greift, die Kappenvorrichtung auf die Medika-
mentenpatrone einwirkt, um einen Stößel (125)
der Medikamentenpatrone mit einer Kompo-

nente des Antriebssystems in Eingriff zu treiben,
und wobei, wenn die Kappenvorrichtung in das
Pumpengehäuse eingreift, die Kappenvorrich-
tung auf die Medikamentenpatrone einwirkt, um
eine anfängliche Losbrechbewegung des Stö-
ßels innerhalb der Medikamentenpatrone zu er-
zwingen,
dadurch gekennzeichnet, dass das Antriebs-
system (300) eine Kolbenstange (370) beinhal-
tet, die eine Stößeleingriffsvorrichtung (375,
380) aufweist, die sich an dem Stößel (125) der
Medikamentenpatrone (120) befestigen lässt,
wenn die Medikamentenpatrone von dem Pum-
pengehäuse (110) aufgenommen wird.

2. Infusionsvorrichtung gemäß Anspruch 1, wobei die
Stößeleingriffsvorrichtung (375, 380) ein oder meh-
rere Eindringungselemente (376, 381, 382, 384,
386, 387, 388) beinhaltet, die in eine erste Seite des
Stößels während des Festmachens des Stößels und
der Stößeleingriffsvorrichtung hineinstechen.

3. Infusionsvorrichtung gemäß Anspruch 2, wobei die
Eindringungselemente (376, 381, 382, 384, 386,
387, 388) im Wesentlichen starre Klingen beinhal-
ten, die in Längsrichtung in den Stößel (125) eindrin-
gen.

4. Infusionsvorrichtung gemäß Anspruch 2, wobei die
Eindringungselemente (376, 381, 382, 384, 386,
387, 388) im Wesentlichen starre Stifte beinhalten,
die in Längsrichtung in den Stößel (125) eindringen.

5. Infusionsvorrichtung gemäß Anspruch 2, wobei die
Eindringungselemente (376, 381, 382, 384, 386,
387, 388) über einen Großteil der longitudinalen Län-
ge des Stößels (125) hinweg in Längsrichtung in den
Stößel eindringen, wobei die Eindringungselemente
die Nachgiebigkeit des Stößels verringern, wenn er
in Richtung des Medikamentes in der Patrone ge-
zwungen wird.

6. Ein Verfahren zum In-Eingriff-Bringen einer Kappen-
vorrichtung (130) mit einem Pumpengehäuse (110)
einer Infusionspumpenvorrichtung, um eine Medika-
mentenpatrone (120) in einem durch das Pumpen-
gehäuse definierten Raum einzubehalten, das die
folgende Schritte beinhaltet:

Treiben der Kappenvorrichtung zu der Medika-
mentenpatrone, so dass ein Stößel (125) der
Medikamentenpatrone in eine Komponente ei-
nes Pumpenantriebssystems (300) eingreift;
Durchdringen eines Ausgabeabschnitts der Me-
dikamentenpatrone mit einer Nadelvorrichtung
der Kappenvorrichtung, wenn die Kappenvor-
richtung in das Pumpengehäuse eingreift; und
Bewirken, dass die Kappenvorrichtung auf die
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Medikamentenpatrone einwirkt, um
dadurch eine anfängliche Losbrechbewegung
des Stößels innerhalb der Medikamentenpatro-
ne zu erzwingen,
dadurch gekennzeichnet, dass bewirkt wird,
dass eine Stößeleingriffsvorrichtung (375, 380)
einer Kolbenstange (370) des Pumpenantriebs-
systems an dem Stößel (125) der Medikamen-
tenpatrone (120) befestigt wird, wenn die Medi-
kamentenpatrone von dem Pumpengehäuse
(110) aufgenommen wird.

7. Infusionsvorrichtung gemäß einem der Ansprüche 1
bis 5, wobei eine Kraft, die für die anfängliche Los-
brechbewegung erforderlich ist, wesentlich größer
ist als eine Betriebsantriebskraft, die erforderlich ist,
um den Stößel (125) vorwärts zu bewegen.

8. Infusionsvorrichtung gemäß einem der Ansprüche 1
bis 5, wobei eine für die anfängliche Losbrechbewe-
gung erforderliche Kraft von einem Benutzer wäh-
rend des Festmachens der Kappenvorrichtung (130)
an dem Pumpengehäuse bereitgestellt wird.

9. Infusionsvorrichtung gemäß einem der Ansprüche 1
bis 5, wobei eine für die anfängliche Losbrechbewe-
gung erforderliche Kraft von dem Antriebssystem
bereitgestellt wird.

10. Infusionsvorrichtung gemäß einem der Ansprüche 1
bis 5, wobei die Kappenvorrichtung eine Gleitele-
mentkomponente (132), eine Rotationskomponente
(134) und eine Fluidpfadkomponente (136) beinhal-
tet, die zusammengebaut werden können.

11. Infusionsvorrichtung gemäß Anspruch 10, wobei die
Nadelvorrichtung eine Fluidverbindung mit einer
Ausgangsöffnung (135) der Fluidpfadkomponente
(136) bereitstellt.

12. Infusionsvorrichtung gemäß Anspruch 11, wobei die
Ausgangsöffnung (135) in der Lage ist, das Fluid in
Richtung eines Infusionssatz-Schlauchs (129) zu lei-
ten, wenn ein Infusionssatz-Verbindungsglied (128)
an die Kappenvorrichtung (130) angefügt ist.

13. Infusionsvorrichtung gemäß Anspruch 12, wobei
das Infusionssatz-Verbindungsglied (128) ein Luer-
Verbindungsglied ist, das mit einem mit einem Ge-
winde versehenen Hohlraum (138) der Fluidpfad-
komponente (136) zusammenpasst.

Revendications

1. Un dispositif formant pompe à perfusion (100),
comprenant :

un logement de pompe (110) qui définit un es-
pace pour recevoir une cartouche de médica-
ment (120) ;
un système d’entraînement (300) pour distribuer
un médicament à partir de la cartouche de mé-
dicament quand la cartouche de médicament
est reçue par le logement de pompe ; et
un dispositif formant capuchon (130) qui se met
en prise avec le logement de pompe pour main-
tenir la cartouche de médicament dans celui-ci
quand la cartouche de médicament est reçue
par le logement de pompe, le dispositif formant
capuchon comprenant un dispositif formant
aiguille qui pénètre dans une portion de sortie
de la cartouche de médicament quand le dispo-
sitif formant capuchon se met en prise avec le
logement de pompe,
dans lequel quand le dispositif formant capu-
chon se met en prise avec le logement de pom-
pe, le dispositif formant capuchon agit sur la car-
touche de médicament pour solliciter un pous-
soir (125) de la cartouche de médicament pour
qu’il se mette en prise avec un composant du
système d’entraînement, et dans lequel quand
le dispositif formant capuchon se met en prise
avec le logement de pompe, le dispositif formant
capuchon agit sur la cartouche de médicament
pour solliciter un déplacement initial de sépara-
tion du poussoir à l’intérieur de la cartouche de
médicament,
caractérisé en ce que le système d’entraîne-
ment (300) comprend une tige de piston (370)
ayant un dispositif de mise en prise de poussoir
(375, 380) qui se fixe au poussoir (125) de la
cartouche de médicament (120) quand la car-
touche de médicament est reçue par le loge-
ment de pompe (110).

2. Le dispositif de perfusion de la revendication 1, dans
lequel le dispositif de mise en prise de poussoir (375,
380) comprend un ou plusieurs éléments de péné-
tration (376, 381, 382, 384, 386, 387, 388) qui per-
forent un premier côté du poussoir durant l’attache
du poussoir et du dispositif de mise en prise de pous-
soir.

3. Le dispositif de perfusion de la revendication 2, dans
lequel les éléments de pénétration (376, 381, 382,
384, 386, 387, 388) comprennent des lames subs-
tantiellement rigides qui pénètrent de façon longitu-
dinale dans le poussoir (125).

4. Le dispositif de perfusion de la revendication 2, dans
lequel les éléments de pénétration (376, 381, 382,
384, 386, 387, 388) comprennent des broches subs-
tantiellement rigides qui pénètrent de façon longitu-
dinale dans le poussoir (125).
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5. Le dispositif de perfusion de la revendication 2, dans
lequel les éléments de pénétration (376, 381, 382,
384, 386, 387, 388) pénètrent de façon longitudinale
dans le poussoir à travers une majeure partie de la
longueur longitudinale du poussoir (125), les élé-
ments de pénétration réduisant la flexibilité du pous-
soir quand il est poussé vers le médicament dans la
cartouche.

6. Une méthode de mise en prise d’un dispositif formant
capuchon (130) avec un logement de pompe (110)
d’un dispositif formant pompe à perfusion pour main-
tenir une cartouche de médicament (120) dans un
espace défini par le logement de pompe, compre-
nant les étapes consistant à :

solliciter le dispositif formant capuchon contre
la cartouche de médicament de telle sorte qu’un
poussoir (125) de la cartouche de médicament
se mette en prise avec un composant d’un sys-
tème d’entraînement de pompe (300) ;
faire pénétrer un dispositif formant aiguille du
dispositif formant capuchon dans une portion de
sortie de la cartouche de médicament quand le
dispositif formant capuchon se met en prise
avec le logement de pompe ; et
amener le dispositif formant capuchon à agir sur
la cartouche de médicament pour de cette façon
solliciter un déplacement initial de séparation du
poussoir à l’intérieur de la cartouche de médi-
cament,
caractérisé par le fait d’amener un dispositif de
mise en prise de poussoir (375, 380) d’une tige
de piston (370) du système d’entraînement de
pompe à se fixer au poussoir (125) de la cartou-
che de médicament (120) quand la cartouche
de médicament est reçue par le logement de
pompe (110).

7. Le dispositif de perfusion de l’une des revendications
1 à 5, dans lequel une force nécessaire au déplace-
ment initial de séparation est substantiellement su-
périeure à une force d’entraînement opérationnelle
nécessaire pour faire avancer le poussoir (125).

8. Le dispositif de perfusion de l’une des revendications
1 à 5, dans lequel une force nécessaire au déplace-
ment initial de séparation est fournie par un utilisa-
teur durant l’attache du dispositif formant capuchon
(130) au logement de pompe.

9. Le dispositif de perfusion de l’une des revendications
1 à 5, dans lequel une force nécessaire au déplace-
ment initial de séparation est fournie par le système
d’entraînement.

10. Le dispositif de perfusion de l’une des revendications
1 à 5, dans lequel le dispositif formant capuchon

comprend un composant coulissant (132), un com-
posant formant rotateur (134), et un composant for-
mant voie de passage de fluide (136) qui peuvent
être assemblés les uns avec les autres.

11. Le dispositif de perfusion de la revendication 10,
dans lequel le dispositif formant aiguille fournit une
communication fluidique avec un orifice de sortie
(135) du composant formant voie de passage de flui-
de (136).

12. Le dispositif de perfusion de la revendication 11,
dans lequel l’orifice de sortie (135) peut diriger le
fluide vers un tube d’ensemble de perfusion (129)
quand un connecteur d’ensemble de perfusion (128)
est raccordé au dispositif formant capuchon (130).

13. Le dispositif de perfusion de la revendication 12,
dans lequel le connecteur d’ensemble de perfusion
(128) est un connecteur Luer qui s’accouple à une
cavité taraudée (138) du composant formant voie de
passage de fluide (136).
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