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DESCRIPTION

Description

Technical Field

[0001] The disclosure generally relates to a drug delivery device.

Background

[0002] From the state of the art, wind-up injection devices are known where a torque applied
by the user upon a user handle such as a rotatable dial grip is transferred along a drive train to
wind up and/or wind down a rotational energy storage unit such as a torsion spring. The
rotational energy storage unit drives a rotationally drivable expelling mechanism. When the
rotational energy storage is released, a drug dose corresponding to the accumulated rotational
energy is delivered.

[0003] It is further known that the drive train may comprise a ratchet for maintaining a rotatable
element at one of a number of discrete angular positions against the torque load of the
rotational storage unit, whereby the ratchet is switchable from one position to an adjacent
position by application of a torque to the user handle.

[0004] US 2016/045665 A1 discloses a drive mechanism for a drug delivery device. For setting
a dose, a user grips an actuation member located at a proximal end of a housing. When,
during a dose setting procedure, the actuation member is rotated in one direction relative to
the housing, the dose to be injected is increased, whereas rotation in the opposition direction
decreases the dose. Once a dose has been correctly set, the drive mechanism may be
switched into a dispensing mode by depressing the actuation member in a distal direction.
Thereby, the actuation member becomes rotationally coupled to the housing. Further, the
distal movement of the actuation member causes distal movement of a clutch, which thereby
becomes rotationally decoupled from a last dose sleeve. Since the clutch is not only rotatably
but axially coupled and connected to a dial sleeve, the latter moves in the distal direction as
well. The distal movement of the drive sleeve finally results in abutment of the drive sleeve on
a drive nut, the drive sleeve thereby becoming rotationally engaged with a drive nut.

Summary
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[0005] An object of the present disclosure is to provide an improved drug delivery device by
the concept of newly introducing and/or appropriately adapting a dependency between the
internal state in the drivetrain of a variable dose wind-up delivery mechanism and the extent of
frictional cooperation at selected interfaces within this drivetrain for the purpose of achieving a
more homogenous operation throughout the entire range of allowed states. More specifically,
the term "state” may be understood to include "kinematic states” and "load states"” as well.
Hereinafter, the term "kinematic state"” may be understood to encompass all kind of absolute
and relative positions and orientations of driver train elements that belong to allowed
operational situations of the drivetrain as a whole whereas the term "load state"” may be
understood to encompass all kind of forces and torques acting on drivetrain elements during
allowed operational situations. Insofar, all kinds of inherent frictional forces occurring along
interfaces of drivetrain members during allowed operation are also included in the meaning of
the term "load state". In order to properly delimit inherent friction against the friction based
concepts proposed by the present disclosure the latter ones shall be referred to as "modulated
dependency of friction" or, shorter, as "modulated friction” in view of the overall target to result
in a more equilibrated drivetrain operation.

[0006] According to the present disclosure, a modulated dependency between friction and the
kinematic state may be implemented along two generally different lines in view of the typical
situations where the drivetrain can be understood as a temporary combination by means of a
releasable rotational connection which is made of an alternating dose setting unit on one hand
side and a dose-by-dose unidirectional forward stepping expelling unit on the other hand side.
Here, along the first of these lines, the present disclosure provides approaches for modulating
the frictional effects occurring in the dose setting unit in course of dose setting and/or dose
expelling operation. This may be useful relative to wind-up mechanisms of the so-called
"energize-on-dial" type, wherein the mechanical energy needed for the expelling operation is
directly taken from the energy supplied by the user in course of the dose setting operation.
Especially, this may be applied with favourable results to wind-up mechanisms based on
mechanical springs or similar mechanical strain reservoirs with a more or less significant non-
constant relation between the applied force and the resulting deformation or vice versa. For
example, metal torsion springs as commonly used in wind-up delivery mechanism have an
approximately linear dependency between the strain torque and the wind-up angle, the so-
called spring rate. This linear behaviour is, in many applications, considered to be a drawback
and therefore addressed, within the limits of costs and packaging, by the use of springs with a
widely flat rate and by applying higher initial bias at the same time.

[0007] Along the second line mentioned before, in addition or as an alternative to the
approaches of the first line, modulated dependency of friction along with the kinematic state of
the expelling portion of the drivetrain may be introduced. This, in particular, may be helpful in
connection with fully pre-powered or pre-strained delivery systems that already have an
amount of energy stored in the initial configuration of the drivetrain suitable for expelling of the
full amount of drug liquid in the container. In the way of a general concept it should become
apparent from these considerations that an appropriate implementation of the concepts should
seek for a modification of the frictional effect(s) on the kinematic level where the non-
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homogenous behaviour is primarily introduced. The more specific embodiments presented
subsequently will provide the skilled reader with an idea on that, for example, the non-linear
drive torque in a torsion spring wind-up mechanism may be compensated to a remarkable
extent by the concept of a modulated dependency of friction to the rotational state of the
drivetrain.

[0008] Further, in addition to the approaches set out before or standalone, a modulated
dependency between an interface friction and a load state in the drivetrain may be introduced.
Again, this could be applied to the dose setting portion and the expelling of portion of the
drivetrain as well. In typical situations, however, the dose setting portion is not subject to
significant variations to its load state that are not more or less directly linked to the kinematic
state. As an illustration thereof, the load state in an "energize-on-dial" dose setting portion is
predominantly dependent on the kinematic state thereof, namely on the amount of wind-up
angle applied thereto, which, finally corresponds to the dose setting. It might therefore, in
general, appear more appropriate to seek for modulated friction for compensating non-
homogenous or non-constant operational behaviour because of variations in external
resistances that affect the internal load state of the drivetrain, which typically applies rather to
the expelling portion thereof. A well-known external resistance subject to significant variation is
the reaction force from the cartridge bung which acts against the output member of the
expelling portion of the drivetrain. Apparently, the cartridge bung reaction force depends not
only on the friction of the bung against the cartridge vial but also includes to some extent the
flow resistance of the drug liquid through the cannula. In respect thereto, another bunch of
influencing conditions are quite well-known as, for example, the maybe temperature dependent
viscosity of the drug liquid, the diameter of the needle passage, the length of the needle and
the pressure the individual tissue maintains at the injection site.

[0009] The problem mentioned above is solved by a drug delivery device according to claim 1.

[0010] The drug delivery device comprises, inter alia:

a housing,

a plunger arranged within the housing, the plunger being movable along the longitudinal

axis and adapted to push a piston within a medicament container in a distal direction, the

plunger being prevented from rotating and comprising an external thread,

¢ a drive nut arranged within the housing, the drive nut comprising an internal thread
engaging the external thread of the plunger, wherein an axial bearing is arranged
between the drive nut and the housing to at least substantially prevent axial movement
of the drive nut relative to the housing,

= a mechanism configured to exert a force on the drive nut in the distal direction through

at least one rotatable component coupled to the drive nut for joint rotation and at least

one non-rotatable component, wherein a bearing is arranged between the at least one

rotatable component and the at least one non-rotatable component, the bearing having

a smaller diameter than the axial bearing.
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[0011] In an exemplary embodiment, the at least one non-rotatable component comprises a
button configured to be depressed in a distal direction.

[0012] The at least one rotatable component comprises a drive sleeve arranged in the housing
and movable along a longitudinal axis between a proximal position in which the drive sleeve is
prevented from rotating and a distal position in which the drive sleeve is allowed to rotate about
the longitudinal axis.

[0013] In an exemplary embodiment, the button abuts the drive sleeve at least when being
depressed.

[0014] The drive nut and the drive sleeve are coupled for joint rotation but allowed to move
axially relative to each other.

[0015] In an exemplary embodiment, the at least one rotatable component further comprises a
sleeve spring arranged between the drive sleeve and the drive nut biasing the drive sleeve and
the drive nut apart along the longitudinal axis.

[0016] In an exemplary embodiment, the drug delivery device further comprises a drive
mechanism configured to exert a drive torque on the drive sleeve and/or on the drive nut.

[0017] In an exemplary embodiment, the bearing is a point bearing.
[0018] In an exemplary embodiment, the button engages the drive sleeve in the point bearing.

[0019] In an exemplary embodiment, the drug delivery device further comprises a button
spring biasing the button in a proximal direction.

[0020] In an exemplary embodiment, a spline is arranged between the drive sleeve and the
housing to prevent rotation of the drive sleeve when the drive sleeve is in a proximal position,
wherein the spline is adapted to disengage when the drive sleeve is moved into a distal
position so that the drive sleeve can rotate.

[0021] In an exemplary embodiment, the drug delivery device further comprises a plunger
spline arranged to prevent rotation of the plunger relative to the housing.

[0022] According to the invention, the drug delivery device further comprises a drive spline
between the drive sleeve and the drive nut adapted to couple the drive sleeve and the drive
nut for joint rotation relative to the housing but allowing for axial movement of the drive sleeve
relative to the drive nut.

[0023] In an exemplary embodiment, the drive mechanism comprises a torsion spring
configured to rotate the drive sleeve and/or the drive nut relative to the housing.
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[0024] In an exemplary embodiment, at full depression of the button, the drive sleeve is
configured to abut the drive nut.

[0025] In an exemplary embodiment, the sleeve spring is dimensioned such that upon full
depression of the button, the frictional torque of the axial bearing is certain to be less than the
drive torque of the drive mechanism.

[0026] In an exemplary embodiment, a force multiplier is arranged in a force propagation path
between the drive nut and the button.

[0027] In an exemplary embodiment, the force multiplier comprises at least one support on the
housing, wherein the button spring is configured as a diaphragm spring which is part of a non-
rotating part of the force propagation path, wherein an outer edge of the button spring is
coupled to the support while a center region of the button spring is engaged by the button,
wherein an intermediate part is arranged between the button spring and the drive sleeve such
that the bearing is between the intermediate part and the drive sleeve.

[0028] In an exemplary embodiment, the intermediate part comprises a number of proximal
protrusions or a circumferential proximal edge engaged by a part of the button spring between
the outer edge and the center region.

[0029] In an exemplary embodiment, the axial bearing is configured to have reduced friction in
the distal direction of load but configured to act as a brake in the proximal direction of load.

[0030] In an exemplary embodiment, the axial bearing comprises matching surfaces on the
housing and on the drive nut, wherein the matching surfaces taper in the proximal direction.

[0031] The drug delivery device, as described herein, may be configured to inject a drug or
medicament into a patient. For example, delivery could be sub-cutaneous, intra-muscular, or
intravenous. Such a device could be operated by a patient or care-giver, such as a nurse or
physician, and can include various types of safety syringe, pen-injector, or auto-injector.

[0032] The device can include a cartridge-based system that requires piercing a sealed
ampule before use.

[0033] In combination with a specific medicament, the presently described devices may also
be customized in order to operate within required specifications. For example, the device may
be customized to inject a medicament within a certain time period. Other specifications can
include a low or minimal level of discomfort, or to certain conditions related to human factors,
shelf-life, expiry, biocompatibility, environmental considerations, etc. Such variations can arise
due to various factors, such as, for example, a drug ranging in viscosity from about 3 cP to
about 50 cP. Consequently, a drug delivery device will often include a hollow needle ranging
from about 25 to about 31 Gauge in size. Common sizes are 27 and 29 Gauge.
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[0034] Further scope of applicability of the present disclosure will become apparent from the
detailed description given hereinafter.

Brief Description of the Drawings

[0035] The present disclosure will become more fully understood from the detailed description
given below and the accompanying drawings, which are given by way of illustration only, and
do not limit the present disclosure, and wherein:

Figures 1A and 1B

are schematic views of an exemplary embodiment of a drug delivery device,
Figures 2A and 2B

are schematic detail view of an exemplary embodiment of a drug delivery device,
Figure 3

is a schematic longitudinal section of a slider,
Figure 4

is a schematic detail view of an exemplary embodiment of an drug delivery device,
Figure 5

is a schematic detail view of the drug delivery device with a depressed button,
Figure 6

is a schematic detail view of an exemplary embodiment of an drug delivery device,
Figure 7

is a schematic detail view of the drug delivery device with a depressed button,
Figure 8

is a schematic detail view of an exemplary embodiment of an drug delivery device, and
Figure 9

is a schematic detail view of the injection device.

[0036] Corresponding parts are marked with the same reference symbols in all figures.

Detailed Description

[0037] According to some embodiments of the present disclosure, an exemplary drug delivery
device 10 is shown in Figures 1A and 1B.

[0038] Device 10, as described above, is configured to deliver or expel a liquid drug for
injection into a patient's body. Device 10 includes a housing 11 which typically contains a
reservoir containing the medicament to be injected (e.g., a syringe 24 or a container) and the
components required to facilitate one or more steps of the delivery process. Device 10 may
also include a cap assembly 12 that can be detachably mounted to the housing 11, in particular
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on a distal or front end D of the device 10. Typically, a user must remove cap assembly or cap
12 from housing 11 before device 10 can be operated.

[0039] As shown, housing 11 may be substantially cylindrical and may have a substantially
constant diameter along the longitudinal axis X. The housing 11 has a distal region 20 and a
proximal region 21. The term "distal" refers to a location that is relatively closer to a site of
injection, and the term "proximal" refers to a location that is relatively further away from the
injection site.

[0040] Figures 2A and 2B are schematic detail views of an exemplary embodiment of a dose
dial and dose display assembly for a drug delivery device 100, e.g. for a spring driven injection
pen, adapted to receive a non-shown cartridge containing a drug. At a proximal end of a
housing 102, a dial button 110 is provided which a user can rotate to select a variable dose
size. The housing 102 is further provided with a longitudinal window 103 allowing a user to
visibly inspect a scale drum 120. The housing 102 may further be provided with an internal
projection which supports the scale drum 120 in the distal direction D.

[0041] The interior of the scale drum 120 is preferably occupied by a spring driven dosing
mechanism as e.g. disclosed in WO 2006/045528 A1 and, in more detail, in WO 2016/055620
Al

[0042] The scale drum 120 is directly coupled to the dial button 110 to follow rotation of the dial
button 110 such that when a user rotates the dial button 110 to select a dose, the scale drum
120 rotates together with the dial button 110. Both the dial button 110 and the scale drum 120
are arranged such that they both rotate without any axial displacement. The connection
between the dial button 110 and the scale drum 120 can be made through a releasable
coupling such that when the set dose is injected, the dial button 110 does not necessarily
rotate back with the scale drum 120.

[0043] The longitudinal window 103 may be rectangular and have two longitudinal borders 105
extending in parallel to a longitudinal direction of the drug delivery device 100 and two
transversal borders 106 being perpendicular to the longitudinal borders 105. The window 103
may be transparent or could alternatively be an opening in the housing 102. The longitudinal
borders 105 can be provided with radially inwardly protruding ribs extending in the longitudinal
direction. In this embodiment, the ribs may be molded throughout the entire length of the
housing 102 such that the ribs are longer than the longitudinal borders 105 of the longitudinal
window 103.

[0044] The scale drum 120 comprises an outer surface provided with a helical track or thread
121.

[0045] Furthermore, the scale drum may carry indicia 122 which can be printed directly on the
scale drum 120 or engraved or otherwise provided. In the disclosed embodiment, the indicia
from "0" to "100" are helically provided on the scale drum 120, however only every tenth indicia
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122 is shown in figure 2. While one of the indicia would be shown in a window 135, the
neighboring indicia could also appear in the window 135, either fully or partly.

[0046] The external helical thread 121 of the scale drum 120 is engaged by a corresponding
male thread 131 of a slider 130. Figure 3 is a schematic longitudinal section of the slider 130.
The slider 130 may be tubular and have a peripheral part 132 of its periphery prolonged by an
extension 133 the purpose of which will be explained below. The periphery part 132 is provided
between two recesses 134 which engage the two longitudinal ribs protruding radially inwardly
from the longitudinal borders 105 of the housing 102 such that the slider 130 can only move
axially. The periphery part 132 of the slider 130 is further provided with a window 135 through
which the user can view the scale drum 120.

[0047] On two sides of the window 135, in particular proximally and distally from the window
135, a male thread 131 adapted to engage the helical thread 121 of the scale drum 120 is
provided. Due to this engagement in combination with the engagement between the recesses
134 and the two longitudinal ribs protruding radially inwardly from the longitudinal borders 105
of the housing 102, the slider 130 moves axially whenever the scale drum 120 is rotated. The
slider 130 is further provided with a helical guiding surface 136.1, 136.2 which interacts with a
helical opening 141 in a sleeve 140 shown in figure 2. WWhenever the slider 130 slides axially it
forces the sleeve 140 to rotate due to this engagement between the opening 141 and the
guiding surface 136.1, 136.2 of the slider 130. At its proximal end the sleeve 140 may have a
collar which rests on the scale drum 120 however without being connected to the scale drum
120. The sleeve 140 therefore rotates independently of the scale drum 120. Further, at its
proximal end the helical opening 141 may have an extended access opening facilitating
assembly of the slider 130 in the helical opening 141.

[0048] In order to set a dose, the user rotates the dial button 110 which in turn rotates the
scale drum 120. The rotation of the scale drum 120 in either direction is transferred to an axial
movement of the slider 130. The axial movement of the slider 130 and thus the sliding window
135 relative to the longitudinal window 103 in the housing 102 is coordinated with the helical
pattern of the indicia 122 printed on the scale drum 120 such that only one indicia 122 is
present in the longitudinal window 103 and the sliding window 135 at the same time.

[0049] When the slider 130 moves axially, it forces the sleeve 140 to rotate and the peripheral
areas 144 of the sleeve 140 surrounding the helical opening 141 will thus cover part of the
scale drum 120 and thereby cover the remaining indicia 122 not to be visualized.

[0050] The axial length of the slider 130 is preferably sufficiently long to cover the visible part
of the helical track 121 of the sleeve 140 in order to fully prevent the user from viewing the
indicia 122 not in sight through the sliding window 135. It can therefore be advantageous to
provide the periphery part 132 of the slider 130 with an extension 133. In order to fully utilize
the length of the scale drum 120, the dose dial button 110 can be provided with a pocket for
receiving this extension 133 when the slider 130 is in its most proximal position. A similar space
may be provided at the distal end of the housing 102 to receive the slider 130. The distal part
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of the slider 130 can also be formed as an extended portion.

[0051] Such a spring driven dosing mechanism may comprise a torsion spring configured to
rotate a threaded plunger engaged to a threaded portion of the drug delivery device to
advance the plunger when the torsion spring is released or to rotate a drive nut which is axially
fixed in the drug delivery device 100 and comprises a thread engaging a rotationally fixed
plunger to advance the plunger when the torsion spring is released. The torsion spring may be
tensioned by rotating a dose setting member such as the dial button 110. The housing 102
may further be connected to a not shown cartridge-holder provided at the distal end of the
housing 102. This cartridge-holder may support a not shown cartridge containing the drug. The
cartridge-holder can be exchangeable or irreversibly connected to the housing 102.

[0052] In conventional injection pens the helical opening 141 has a uniform width over its
entire length. As opposed to this, the helical opening 141 of the present disclosure has a width
which slightly increases towards the distal direction D, in particular in such a way that a pitch of
a more distal edge 141.2 of the helical opening 141 is steeper than a pitch of a more proximal
edge 141.1. Moreover, one of the helical guiding surfaces 136.1, 136.2, in particular the helical
guiding surface 136.2 is configured as a resilient beam having a fixed end 136.2.1 attached to
the slider 130 and a free end 136.2.2 opposite the fixed end 136.2.1, the resilient beam being
configured to frictionally engage an edge, in particular the more distal edge 141.2, of the
helical opening 141. The resilient beam may have a bump 136.2.3 configured to contact the
edge of the helical opening 141. Depending on the width of the helical opening 141, i.e.
depending on the axial position of the slider 130 relative to the sleeve 140, the resilient beam is
more or less pretensioned. This pre-tension determines the friction between the resilient beam
and the sleeve 140 during relative motion and thus the torque from the spring drive consumed
by the scale display.

[0053] Due to the width of the helical opening 141 increasing in the distal direction D and the
helical guiding surface 136.2 being configured as a resilient beam engaging an edge of the
helical opening 141, the friction between the helical guiding surface 136.2 and the helical
opening 141 decreases as the slider 130 travels in the distal direction D, i.e. toward the indicia
"0" along the sleeve 140. This may compensate at least in part for a non-constant torque from
the spring driven dosing mechanism.

[0054] The disclosed configuration may allow for adding friction to reduce the operating
loudness of a clutch feature that resists spring torque within a spring driven dosing mechanism
of a drug delivery device.

[0055] The disclosure provides additional functionality to a medical device that can be
operated to deliver doses of medicament via a needle. The additional functionality involves the
introduction of friction which works to resist the torque from a drive spring allowing a clutch
feature that may also resist said torque to be weaker so that the operating loudness of the
clutch feature is reduced.
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[0056] By adding friction that tends to reduce the amount of torque acting at the dialling clutch
at high dialled doses, the clutch teeth geometry or clutch spring force can be relaxed, reducing
the loudness of dialling.

[0057] A number of locations for the introduction of friction are possible. These fall into two
categories:

« Interfaces related to the gauge, arranged so that friction is created at high dialled doses
and gradually reduces to zero at low dialled doses. Within this category an embodiment
involves varying the width of the gauge tongue to increasingly interfere with the gauge
aperture within the body at large doses. This embodiment aims to minimise the effect of
component tolerances on the axial force.

« Friction between components that move relative to each other during dialling but that do
not move relative to each other during dispense. This friction does not need to vary with
dialled dose as it will not affect the usable output torque from the drive spring during
dispense. Within this category an embodiment involves adding friction by introducing
radial interference between a dial Grip and body. This embodiment aims to minimise the
effect of component tolerances on the axial force.

[0058] The addition of the friction does not in itself alter the dialling noise or feel. However, it
enables a more relaxed clutch teeth interface, which will then reduce the dialling loudness.

[0059] Figure 4 is a schematic detail view of an exemplary embodiment of an expelling portion
in the drivetrain of drug delivery device 100, e.g. in an injection pen adapted to receive a non-
shown cartridge containing a drug. At a proximal end of a housing 102, a button 110 is
arranged which may be depressed in the distal direction D. A low-force button spring 111 may
be provided for biasing the button 110 in the proximal direction P. This low-foce button spring
111 should be understood as an optional measure for increasing the overall biasing force
acting against the button 111, when necessary. In general, the more significant contribution to
the overall biasing force is applied over the distal end to the button 110 where it abuts against
a central part of the drive sleeve 150. This contact between the button 110 and the drive
sleeve 150 preferably restricts to a point-like bearing 152 that allows relative rotation at very
low friction. The drive sleeve 150 is arranged within the housing 102, movable along the
longitudinal axis X and rotatable about the longitudinal axis X depending on an axial position of
the drive sleeve 150. A spline 151 is arranged between the drive sleeve 150 and the housing
102 to prevent rotation of the drive sleeve 150 when the drive sleeve 150 is in a proximal
position. The spline 151 is adapted to disengage when the drive sleeve 150 is moved into a
distal position so that the drive sleeve 150 can rotate. A plunger 160 is arranged within the
housing 102 and within the drive sleeve 150, the plunger 160 being movable along the
longitudinal axis X and adapted to push a piston (not shown) within a medicament container
such as a cartridge (not shown) or syringe. A plunger spline 161 is arranged to prevent rotation
of the plunger 160 relative to the housing 102. The plunger 160 comprises an external thread
162. A drive nut 170 is arranged within the housing 102. The drive nut 170 comprises an
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internal thread 171 engaging the external thread 162 of the plunger 160. An axial bearing 172
is arranged between the drive nut 170 and the housing 102 to at least substantially prevent
axial movement of the drive nut 170 relative to the housing 102.

[0060] A sleeve spring 180 is arranged between the drive sleeve 150 and the drive nut 170
biasing the drive sleeve 150 and the drive nut 170 apart along the longitudinal axis X. A drive
spline 173 between the drive sleeve 150 and the drive nut 170 couples the drive sleeve 150
and the drive nut 170 for joint rotation relative to the housing 102 but allows for axial
movement of the drive sleeve 150 relative to the drive nut 170. If the button 110 is depressed,
the drive sleeve 150 is moved from the proximal position into the distal position disengaging
the spline 151 so that the system comprising the drive sleeve 150 and the drive nut 170 can
rotate. The rotation may be caused by a drive mechanism comprising a torsion spring (not
shown) rotating the drive sleeve 150 and/or the drive nut 170 relative to the housing 102 so
that the plunger 160 is moved in the distal direction D to displace the piston within the cartridge
or syringe. The drive mechanism and the limitation of the rotation angle corresponding to a set
or available dose is known in the art, e.g. WO 2014/166909, WO 2017/001692, WO
2010/1492009.

[0061] Upon depression of the button 110, the force acting on the button 110 due to this
depression is propagated through the point bearing 152, the drive sleeve 150 and the sleeve
spring 180 into the drive nut 170 contributing to a minimum actuation force in addition to the
button spring 111 required to trigger an injection. As the sleeve spring 180 does not bear
against the housing 102 in the distal direction D but against the drive nut 170, this force
propagation can also relieve the axial bearing 172 fully or partially from the reaction force of
the plunger 160. This reaction force occurs when the drive nut 170 rotates pushing the plunger
160 in the distal direction D. Consequently, the drive nut 170 is pushed in the proximal direction
P against the axial bearing 172 causing friction so that part of the torque from the drive spring
is dissipated. By relieving the axial bearing due to depression of the button 110, the friction can
be reduced. Part of the reaction force is thus diverted from the axial bearing 172 to the point
bearing 152 which generates significantly less friction than the axial bearing 172. This, in
instances, may allow to implement the axial bearing 172 at reduced cost, in particular using
sliding bearing rather than ball bearing, to comply with economic constraints or needs.

[0062] Figure 5 is a schematic view of the drug delivery device 100 with the button 110 being
in a fully depressed position. In the outlined situation, there is enough bias or pre-strain
provided in the packaging of the sleeve spring 180 in order to maintain a certain degree of
axial force on the axial bearing 170 throughout all positions of the button 110. The almost
practically relevant boundary condition is the force required for pressing the button 110 into the
shown lower end position as this directly relates to the ability of an individual user for triggering
the device for delivery of the drug. Additionally, there may be regulatory or other needs for
having a minimal trigger force that prevents unintentional operation during handling. Someone
skilled in the art will understand how spring rate and spring biasing has to be selected to
achieve the desired behaviour. According to the respective choice, as the button 110 is being
depressed, the compression of the sleeve spring 180 will cause the axial force to increase and
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the ability of relieving the axial bearing 170 from plunger 160 reaction force will increase in the
same amount. Additionally, for providing further relief to the axial bearing 172, a second force
path can be provided for shortcutting around the sleeve spring 180. In the depicted situation
this is implemented by means of an abutment between the drive sleeve 150 and the drive nut
170 that occurs at a slightly offset point before the button 110 and the drive sleeve 150 reach
their ultimate axial end positions. Subsequent travel of the drive sleeve 150 in the distal
direction D between the offset point and the ultimate end position will therefore not cause
further compression of the sleeve spring 180 but will immediately push the axial bearing 172
downwards. In instances, this can be used for bringing the axial bearing 172 into a floating
position wherein it effectively does not transfer any axial force to the housing 120. In such
situation, the full extent of plunger 160 reaction force is supported in the point bearing 152
provided there is enough force on the button 110.

[0063] It should be understood that there is vast space for applying variations to these
concepts for matching with the typical axial load situations in preferred use cases. Some
situations may result in over-relieve, i.e. a state in which the said force propagation is fully
resolved in the axial bearing 172 absent a reaction force from the plunger 160. This may for
example occur if in an initial state a gap is provided between the plunger 160 and the piston of
the cartridge or syringe which is a conventional configuration for handling tolerances. The
sleeve spring 180 may thus be dimensioned such that given full force propagation into the axial
bearing 172, the frictional torque of the axial bearing 172 is certain to be less than the drive
torque of the drive mechanism. Otherwise, the drive mechanism might be incapable of closing
said gap. However, an increase of friction in the axial bearing 172 due to an untypically low
plunger 160 reaction force may be taken advantage of for creating a desired mechanism
behaviour. For example, the layout of the axial bearing 172 might be carefully adjusted not to
create a friction that would stall the drive mechanism even in full absence of any plunger
reaction force 172 but to create a friction that merely slows down the rotation of the drive nut
170. This, in instances would allow protecting the drive nut 170 from speeding up in a situation
where the plunger 160 has no contact to the cartridge bung. This might for example occur in
an initial priming operation of a disposable device or after replacement of the cartridge in a
reusable device. Speeding up of the drive nut 170 in such situation might result in rotational
energy accumulation that causes high force peaks when the plunger 160 hits onto the bung or
when the mechanism reaches a mechanical end stop feature. Preventing the mechanism from
excessive acceleration and operation at high speed is not limited to purpose of avoiding
damage but may also relate to the use case of avoiding excessively high expelling rates for
therapeutic improvement or convenience reasons. An appropriate layout may, for example,
help in reducing the dependency between the expelling rate and the gauge of the cannula
mounted to the device. Smaller sized cannulas will require an increased plunger force for
create the same flow rate as wider ones will do at lower forces. The explained frictional
adjustment may be used for taking away a portion of the drive torque in a situation where the
plunger 160 acts against a decreased force need.

[0064] The illustrated way of relieving the axial bearing 172 may reduce friction loss in the axial
bearing 172 without generating the same losses in a different place. The point bearing
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generates only very low friction due to its low diameter. The disclosed solution thus mitigates a
drawback which has been considered to be intrinsic in drive system based on a rotating nut as
opposed to fulcrum shaft drives. Inherently, a drive system based on a rotating nut has at least
the same friction loss than a fulcrum shaft drive because friction losses in a thread are the
same at equal diameter, pitch and frictional coefficient. The same is true for the, in comparison,
low friction loss from the sliding movement of the plunger 160 relative to the plunger spline
161. However, as opposed to conventional drive systems based on a rotating nut, greater
friction losses can be avoided by the present solution. Conventional solutions without low-
friction bracing of the drive nut 170 generate friction loss in the axial bearing 172 which, in
conventional layouts, is at least as great as the friction loss in the thread because the axial
bearing 172 surrounds the plunger 160 so the axial bearing 172 has a greater diameter than
the thread. In conventional layouts, the axial bearing 172 bears the full reaction force from the
plunger 160. With similar friction pairing, due to the same axial forces in the thread and in the
axial bearing 172, the same linear friction force is operative in the thread and in the axial
bearing 172. However, due to the greater diameter of the axial bearing 172, the friction torque
loss in the axial bearing 172 is greater than in the thread.

[0065] One further aim of the embodiment of figures 4 and 5 may be seen in preventing too
high injection speed caused by low friction force of the piston for a drive nut spring driven
device concept. The drive nut 170 is threaded to the plunger 160 and the plunger 160 is axially
guided in the housing 102 or in an additional component, e.g. a plunger spline 161 or spline
insert.

[0066] The axial bearing 172 is pushed in the proximal direction P during an injection by
pushing the piston in the distal direction D. The force which is needed to move the piston is
expected to be almost constant over one injection stroke; according to this the bearing output
force of the mechanism may be estimated. But as the mechanism is not damped the injection
may be too fast in case the force needed to move the piston is too low or missing as in the
case of a gap.

[0067] In an exemplary embodiment, a clutch spring could be placed between a dial sleeve
and a drive nut 170. The clutch spring force is pushing the drive nut 170 in the distal direction
D. The drive nut 170 is pushed in the proximal direction P during dispense and the drive nut
170 abuts the axial bearing 172 in the proximal direction P. If the force to move the piston is
too low or missing, the clutch spring would push the drive nut 170 in the distal direction D
against a surface of the axial bearing 172 which may have specific frictional properties to
generate high friction to slow down the rotation of the drive nut 170 and therefore decrease the
injection speed. As soon as the force to move the piston is high enough, the drive nut 170 will
back off in the proximal direction P again and will no longer be in contact to the high friction
surface of the axial bearing 172.

[0068] The embodiment of figures 4 and 5 may be combined with the embodiment of figures 2
and 3.
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[0069] Figure 6 is a schematic detail view on a modification applied to the upper portion of the
embodiments of figures 4 and 5. provided in figure 6 where a force multiplier 190 is arranged
in the uppermost portion of the force propagation path between the drive nut 170 and the
button 110. In conventional layouts, the trigger button 110 typically provides a trigger force
which is about half of the minimum force on the plunger 160. Thus, in the embodiment of
figures 4 and 5, the axial bearing 172 may not be fully relieved. The force multiplier 190 can
remove this restriction, e.g. by transforming the actuation force acting on the button 110 by
means of a support 191 on the housing 102. The benefit in placing the force multiplier 190
between the button 110 and the point bearing 152 becomes apparent when taking into account
that the multiplier will require some support in the housing for providing the additional force. In
the outlined situation, this support may be non-rotational and can therefore avoid additional
loss. Providing the force multiplier 190 downstream below the point bearing 152 would require
means for rotational uncoupling the axial support in the housing from the drivetrain rotation. In
the illustrated embodiment, the force multiplier 190 may comprise a button spring 111
configured as a diaphragm spring which is part of the non-rotating part of the force
propagation path. An outer edge 111.1 of the button spring 111 is coupled to the support 191
while a center region 111.2 of the button spring 111 is engaged by the button 110. An
intermediate part 192 is arranged between the button spring 111 and the drive sleeve 150 such
that the point bearing 152 is between the intermediate part 192 and the drive sleeve 150. The
intermediate part 192 comprises a number of proximal protrusions or a circumferential
proximal edge 193 engaged by a part of the button spring 111 between the outer edge 111.1
and the center region 111.2. Depending on the location where the button spring 111 engages
the intermediate part, the force from the button 110 propagated to the intermediate part 192 is
amplified while the travel is reduced. Figure 7 is a schematic detail view of the drug delivery
device with the button 110 depressed. The embodiment of figures 5 and 6 allows for a nearly
full relieve of the axial bearing 172 of the embodiment of figures 3 and 4.

[0070] Figure 8 is a schematic view of an exemplary embodiment of a drug delivery device
100, e.g. an injection pen adapted to receive a non-shown cartridge containing a drug. The
embodiments of figures 2 to 7 may be modified by the embodiment shown in figure 8. In the
embodiment of figure 8, the axial bearing 172 is configured to have reduced friction in only one
direction of load, e. g. in the distal direction D, but configured to act as a brake in the opposite
direction of force, e.g. in the proximal direction P, i.e. the direction of the reaction load from the
plunger 160. In an exemplary embodiment, the axial bearing 172 may comprise matching
surfaces 172.1, 172.2 on the housing 102 and on the drive nut 170, wherein the matching
surfaces 172.1, 172.2 taper in the proximal direction P. As the reaction force from the plunger
160 increases, the matching surfaces 172.1, 172.2 engage each other as shown in figure 9 so
the friction in the axial bearing 172 also increases thus reducing the drive torque effective on
the drive nut 170. This may be used to limit the axial force of the plunger 160. The drive sleeve
150 and drive nut 170 may be configured to allow for some free travel between them in this
situation, i.e. they do not necessarily abut against each other.

[0071] The injection device may comprise a cartridge containing a liquid drug or medicament.
In instances, by pressing the injection button a portion thereof may be expelled from the
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cartridge according to the dialled or pre-set amount. The terms "drug" and "medicament”, may
refer to a pharmaceutical formulation containing at least one pharmaceutically active
compound. More details on particular pharmaceutical formulations may be taken from the
disclosure of the copending application PCT/EP2018/082640, attorney docket DE2017/081.

[0072] Those of skill in the art will understand that modifications (additions and/or removals) of
various components of the substances, formulations, apparatuses, methods, systems and
embodiments described herein may be made without departing from the full scope.
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Patentkrav

1. Legemiddeladministrationsanordning (100), som omfatter:

- et hus (102),

- et stempel (160), der er anbragt i huset (102), hvilket stempel
(160) kan bevages langs en langdeakse (X) og er indrettet til
at skubbe et stempel i en medikamentbeholder i en distal retning
(D), 1idet stemplet (160) forhindres 1 at rotere og omfatter et
udvendigt gevind (162),

- en drivmetrik (170), der er anbragt 1 huset (102), hvilken
drivmegtrik (170) omfatter et indvendigt gevind (171), der gar i
indgreb med det udvendige gevind (162) pa stemplet (160), hvor
der er anbragt et aksialleje (172) mellem drivmegtrikken (170)
og huset (102) til mindst i1 det vasentlige forhindring af aksial
bevagelse af drivmetrikken (170) i forhold til huset (102),

- en mekanisme, der er konfigureret til at udeve en kraft pa
drivmegtrikken (170) i den distale retning (D) gennem mindst én
roterbar komponent (150, 180), der er koblet til drivmetrikken
(170), til samlet rotation og mindst én ikke-roterbar komponent
(110),

hvor der er anbragt et leje (152) mellem den mindst ene roterbare
komponent (150, 180) og den mindst ene ikke-roterbare komponent
(110), hvilket leje (152) har en mindre diameter end aksiallejet
(172),

hvor den mindst ene roterbare komponent omfatter en drivmuffe
(150), der er anbragt 1 huset (102),

hvor drivmgtrikken (170) og drivmuffen (150) har mulighed for
at bevage sig aksialt i forhold til hinanden,

hvor drivmuffen (150) kan bevages langs langdeaksen (X) mellem
en proksimal position, hvor drivmuffen (150) forhindres i at
rotere i forhold til huset (102), og en distal position, hvor
drivmuffen (150) har mulighed for at rotere omkring langdeaksen
(X)

der er kendetegnet ved, at den mindst ene roterbare komponent
(150, 180) er koblet til drivmetrikken (170) til samlet
rotation, hvor en drivkile (173) mellem drivmuffen (150) og
drivmgtrikken (170) kobler drivmuffen (150) og drivmegtrikken
(170) til samlet rotation i forhold til huset (102), men muligger
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aksial bevagelse af drivmuffen (150) i1 forhold til drivmetrikken
(170) .

2. Legemiddeladministrationsanordning (100) ifglge krav 1,
hvor den mindst ene roterbare komponent yderligere omfatter en
muffefjeder (180), der er anbragt mellem drivmuffen (150) og
drivmegtrikken (170), som pavirker drivmuffen (150) og

drivmgtrikken (170) fra hinanden langs langdeaksen (X).

3. Legemiddeladministrationsanordning (100) ifglge et hvilket
som helst af ovennavnte krav, som vyderligere omfatter en
drivmekanisme, der er konfigureret til at udgve et
drejningsmoment pa drivmuffen (150) og/eller pa drivmegtrikken
(170) .

4, Legemiddeladministrationsanordning (100) ifglge et hvilket
som helst af ovennavnte krav, hvor lejet (152) er et punktleje
(152).

5. Legemiddeladministrationsanordning (100) ifglge et hvilket
som helst af ovennavnte krav, hvor den mindst ene ikke-roterbare
komponent omfatter en knap (110), der er konfigureret til at

blive trykket ned i den distale retning (D).

6. Legemiddeladministrationsanordning (100) ifglge krav b,
hvor knappen (110) stgder mod drivmuffen (150), i det mindste

nar den er trykket ned.

7. Legemiddeladministrationsanordning (100) 1ifglge krav 5
eller 6, som yderligere omfatter en knapfjeder (111), der

pavirker knappen (110) i en proksimal retning (P).

8. Legemiddeladministrationsanordning (100) ifglge et hvilket
som helst af kravene 6 eller 7,

hvor drivmuffen (150) wved fuld nedtrykning af knappen (110) er
konfigureret til at stwde mod drivmegtrikken (170).

9. Legemiddeladministrationsanordning (100) ifglge krav 2 og
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et hvilket som helst af kravene 7 eller 8, hvor muffefjederen
(180) er dimensioneret, saledes at friktionsmomentet for
aksiallejet (172) ved fuld nedtrykning af knappen (110) med

sikkerhed er mindre end drejningsmomentet for drivmekanismen.

10. Legemiddeladministrationsanordning (100) ifglge et hvilket
som helst af kravene 5 til 9, hvor der er anbragt en
kraftmultiplikator (190) 1 en kraftforplantningsbane mellem
drivmgtrikken (170) og knappen (110).

11. Lzgemiddeladministrationsanordning (100) ifglge krav 10,
hvor kraftmultiplikatoren (190) omfatter mindst ét stotteelement
(191) péa huset (102), hvor knapfjederen (111) er konfigureret
som en membranfjeder, der er en del af en ikke-roterende del af
kraftforplantningsbanen, hvor en ydre kant (111.1) at
knapfjederen (111) er koblet til stotteelementet (191), mens et
centralt omrade (111.2) af knapfjederen (111) er i indgreb med
knappen (110), hvor en mellemliggende del (192) er anbragt
mellem knapfjederen (111) og drivmuffen (150), saledes at lejet
(152) er mellem den mellemliggende del (192) og drivmuffen
(150) .

12. Lzgemiddeladministrationsanordning (100) ifglge krav 11,
hvor den mellemliggende del (192) omfatter en rakke proksimale
fremspring eller en omkredsende proksimal kant (193), der er 1
indgreb med en del af knapfjederen (111) mellem den ydre kant
(111.1) og det centrale omrade (111.2).

13. Lzgemiddeladministrationsanordning (100) ifglge et hvilket
som helst af ovennavnte krav, hvor aksiallejet (172) er
konfigureret, sa det har reduceret friktion i den distale (D)
belastningsretning, men er konfigureret, sa det virker som en

bremse 1 den proksimale (P) belastningsretning.

14. Lagemiddeladministrationsanordning (100) ifglge et hvilket
som helst af ovennavnte krav, hvor aksiallejet (172) omfatter
matchende overflader (172.1, 172.2) pa huset (102) og pa
drivmegtrikken (170), hvor de matchende overflader (172.1, 172.2)
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tilspidses i den proksimale retning (P).

15. Lzgemiddeladministrationsanordning (100) ifglge et hvilket
som helst af ovennavnte krav, hvor der er anbragt en kile (151)
mellem drivmuffen (150) og huset (102) til forhindring af
rotation af drivmuffen (150), nar drivmuffen (150) er 1 den
proksimale position, hvor kilen (151) er indrettet til at ga ud
af indgreb, nar drivmuffen (150) Dbevages til den distale

position, saledes at drivmuffen (150) kan rotere.
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