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DRIVE MECHANISH FOR DRUG DELIVERY DEVICE

5 The technical field of the invention

The present invention relates to drive mechanisms suitable for use in drug delivery devices, dn

particular pen-type injectors, havinig dosage setting means, enabling the administration of

medicinal products from a multi-dose cartridge. In particular, the present invention relates t«o
10 such drug delivery devices where auser may set the dose.

Description of related art

Such drug delivery devices have application where regular injection by persons without forrmal

15 medical training occurs, i.e., patients. This is increasingly common amongst those having
diabetes where self-treatment enables such persons to conduct effective management of thelir
diabetes.

These circumstances set a numbex of requireménts for drug delivery devices of this kind. T he

20 device must be robust in construction, yet easy to use in terms of the manipulation of the pacrts,
understanding by a user of its opesration and the delivery of the required dose of medicamemt.
Dose setting must be easy and unambiguous. In the case of those with diabetes, many users will
be physically infirm and may also have impaired vision requiring the drive mechanism to have
low dispensing force and an easy to read dose setting display. Where the device is to be

25 disposable rather than reusable, the device should be cheap to manufacture and easy to disp-ose
of (preferably being suitable for recycling). To meet these requirements the number of parts
required to assemble the device and the number of material types the device is made from meed

to be kept to a minimum.

30 User operated drug delivery devices are well known within the medical field.
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In US 5304152 a dispensing device is dlisclosed which has a body length to plunger length ratio
of about 1:1 in order to allow the dispemsing of relatively large doses. Whilst this device
provides many improvements over the -prior art the easy cotrection of a set overdose remains

unresolved without either dispensing thme set amount of fluid or dismantling the cartridge.

WO 9938554 A2 teaches an injection s yringe for apportioning set doses of a medicine from a
cartridge wherein a drive mechanism comprising a unidirectional coupling (i.e., a ratchet) is
disclosed which allows correction of a set overdose without dispensing the set amount of fluid
or requiring the dismantling of the cartmidge.

10
Surprisingly it was found that the drive mechanism according to instant invention without
baving a unidirectional coupling provicies a valuable technical alternative for drive mechanisms,
wherein reduced force is needed to actmate the mechanism. This is achieved by the introduction
of a clutch means as defined by insta nt invention. The drive mechanism according to instant

15 invention further provides the advantage of intuitive and easy to use correction of a set dose.
Description of the invention

According to a first aspect of the prese nt invention, a drive mechanism for use in a drug
20 delivery device is provided comprisings:
a housing having a helical thread;
a dose dial sleeve having a helical thre ad engaged with the helical thread of the said housing;
a drive sleeve releasibly connected to t-he said dose dial sleeve;
and a clutch means located between th € dose dial sleeve and the drive sleeve;
25 characterized in that,
a) when 'the dose dial sleeve and the drive sleeve are coupled, the dose dial sleeve and the
drive sleeve are allowed to rotaate with respect to the housing; and
b) when the dose dial sleeve and the drive sleeve are de-coupled, rotation of the dose dial
sleeve with respect to the housiing is allowed, whilst rotation of the drive sleeve with
30 respect to the housing is not alllowed, whereby axial movement of the drive sleeve is
allowed so that a force is transferred in the longitudinal direction to the proximal end of
the drug delivery device.
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In a preferred embodirnent of the drive mechanism of instant invention the said darive
mechanism further cormprises a piston rod adapted to operate through the housing: and transfer
the said force in the sa-id longitudinal direction to the proximal end of the drug deRlivery device.

In another preferred embodiment of the drive mechanism of instant invention the ssaid dose dial
sleeve further comprises a helical thread, which has the same lead as the lead of thie helical
thread of the said drives sleeve.

10 In a more specific emb odiment of instant invention, the drive mechanism further Comprises a
nut, which is rotatable ~with respect to the drive sleeve and axially displaceable bus not rotatable
with respect to the housing,.

The term “drug delivery device” according to instant invention shall mean a singlez-dose or

15 multi-dose, disposable ot re-useable device designed to dispense a selected dose o=f a medicinal
product, preferably multiple selected doses, e.g, insulin, growth hormones, low molecular
weight heparins, and th eir analogues and/or derivatives etc. Said device may be of any shape,
€.g. compact or pen-typee. Dose delivery may be provided through a mechanical (optionally
manual) or electrical drive mechanism or stored energy drive mechanism, such as & spring, etc.

20 Dose selection may be gprovided through a manual mechanism or electronic mecha-nism.
Additionally, said device may contain components designed to monitor physiologi«cal properties
such as blood glucose levels, etc.. Furthermore, the said device may comprise a necdle or may
be needle-free. In particular, the term “drug delivery device” shall mean a disposat>le multi-
dose pen-type device having mechanical and manual dose delivery and dose selection

25 mechanisms, which is d esigned for regular use by persons without formal medical -training such
as patients. Preferably, the drug delivery device is of the injector-type.

The term “housing” according to instant invention shall preferably mean any exteri or housing
(“main housing”, “body™’, “shell”) or interior housing (“insert”, “inner body™) havirag a helical
30 thread. The housing mays be designed to enable the safe, correct, and comfortable haandling of
the drug delivery device or any of its mechanism. Usually, it is designed to house, £ix, protect,
guide, and/or engage with any of the inner components of the drug delivery device «(e.g., the
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drive mechanism, cartridge, plunger, piston rod) by limiting the exposure to contami nants, such
as liquid, dust, dirt etc. In ge:neral, the housing may be unitary or a multipart compomment of
tubular or non-tubular shape . Usually, the exterior housing serves to house a cartridgze from
which a number of doses of a medicinal product may by dispensed.

5 In a more specific embodiment of instant invention, the exterior housing is provided witha
plurality of maximum dose stops adapted to be abutted by a radial stop provided on sthe dose
dial sleeve. Preferably, at le-ast one of the maximum dose stops comprises a radial st-op located
between a helical thread andk spline means provided at a second end of the housing.
Alternatively, at least one of° the maximum dose stops comprises a part of a raised w-indow

10 portion provided at a second end of the housing.

The term “engaged” according to instant invention shall particularly mean the interlccking of
two or more components of the drive mechanism/drug delivery device, e.g. a spline, thread, or
meshed teeth connection, preferably the interlocking of helical threads of componen. ts
15 (“threadedly engaged™).
The term “helical thread” according to instant invention shall preferably mean a full or part
thread, e.g., a cylindrical spiiral rib/groove, located on the internal and/or external su xface of a
component of the drug delivery device, having an essentially triangular or square or rounded
20 section designed to allow continuous free rotational and/or axial movement betweem
components. Optionally, a thread may be further designed to prevent rotational or axial

movement of certain composnents in one direction.

The term “dose dial sleeve” according to instant invention shall mean an essentially tubular
25 component of essentially circular cross-section having either:
a) both an internal and external thread, or
b) an internal thread, ox
¢) an external thread.
Preferably, the dose dial sleeve according to instant invention comprises a helical th-xead having
30 a lead, which is similar to, prreferably the same as the lead of the helical thread of thee drive
sleeve. In yet another preferred embodiment the dose dial sleeve is designed to indicate a
selected dose of a dispensabsle product. This may be achieved by use of markings, ss/mbols,
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numeralss, etc., e.g. printed on the external surface of the dose dial sleseve or an odometer, or the
like.

In a more specific embodiment of instant invention, the dose dial sleeve is provided with a
plurality of radially extending members adapted to abut a correspondaing plurality of radial stops
provided at a second end of the housing,.

The ternm “lead” according to instant invention shall preferably mean. the axial distance a nut
would aclvance in one complete revolution; preferably “lead” shall nmean the axial distance
through ~which a component having a helical thread, i.e. dose dial sleseve, drive sleeve, piston
rod, etc., of the drive mechanism travels during one rotation. Therefore lead is a function of the

pitch of the thread of the relevant component.

The term “pitch” according to instant invention shall preferably meam the distance between
consecugive contours on a helical thread, measured parallel to the axis of the helical thread.

The tern “drive sleeve” according to instant invention shall mean amy essentially tubular
component of essentially circular cross-section and which is further xeleasibly connected to the
dose dia 1 sleeve. In a preferred embodiment the drive sleeve is further engaged with the piston
rod.

In a more particular embodiment of instant invention, the drive sleewre is provided at a first end
with first and second flanges with an intermediate helical thread betwveen the first and second
flanges, having a nut disposed between the first and second flanges &and keyed to the housing by
spline maeans. Optionally, a first radial stop may be provided on a se«cond face of the nut and a
second r-adial stop may be provided on a first face of the second flan ge.

The termn “releasibly connected” according to instant invention shall. preferably mean that two
compon ents of instant mechanism or device are reversibly joined to each other, which allows

couplingz and decoupling, e.g. by means of a clutch.

The terrn “piston rod” according to instant invention shall mean a cOmponent adapted to operate
through./within the housing, designed to translate axial movement therough/within the drug
deliveryr device, preferably from the drive sleeve to the piston, for thxe purpose of
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discharging/disprensing an injectable product. Said piston rod may be flexible or not. It may be a
simple rod, a lead-screw, a rack and pinion system, a worm gear systesm, or the like. The “piston
rod* shall furthe-r mean a component having a circular or non-circular- cross-section. It may be
made of any suigable material known by a person skilled in the art.

In a preferred ermbodiment, the piston rod comprises at least one, more preferably two, external
and/or internal hmelical threads. In another preferred embodiment of th € piston rod according to
instant invention, a first helical thread is located at a first end and a sescond helical thread is
located at a second end of the said piston rod, whereby the said threacls may have the same or,
preferably, opposite dispositions. In another preferred embodiment the piston rod of instant
invention compmrises threads having the same leads at the first and the: second end.

In yet another preferred embodiment of instant invention the lead of the first helical thread of
the piston rod skall be greater than the lead of the second helical threzad. More preferred, the
ratio of the lead s of the helical threads of the said first and the secondl helical threads is 1:1,01
to 1:20, even meore preferred 1:1,1 to 1:10. Preferably, one of the saicl threads is designed to

engage with thes drive sleeve.

Alternatively, im another preferred embodiment of the piston rod of imstant invention, the piston
rod is designed to have attached, optionally by means of a journal be aring, a toothed gear, and
wherein said to«othed gear is designed to mesh with the threads of thes drive sleeve and the teeth
of a toothed racck, whereby said toothed rack is fixed to the housing.

The term “first end” according to instant invention shall mean the proximal end. The proximal
end of the deviece or a component of the device shall mean the end, which is closest to the

dispensing end of the device.

The term “secosnd end” according to instant invention shall mean thes distal end.
The distal end ©f the device or a component of the device shall meara the end, which is furthest

away from the dispensing end of the device.

The term “clutch means” according to instant invention shall mean any means, which releasibly
connects the dose dial sleeve and the drive sleeve and which is desiggned to allow rotation of the

dose dial sleevee and the drive sleeve with respect to the housing when the dose dial sleeve and
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the drive sleeve are coupled and, when both are de-coupled, allows rotation of the dose dial
sleeve with respect to the housing, but does not allow rotatiom of the drive sleeve with respect to
the housing and allows axial movement of the drive sleeve. Preferably, the clutch means
releasibly connects the drive sleeve to the housing. Accordinzggly, the term clutch means is any
5 clutch engaging for the purpose of reversibly locking two cosmponents in rotation, e.g., by use
of axial forces to engage a set of face teeth (saw teeth, dog te eth, crown teeth) or any other
suitable frictional faces.
In a more specific embodiment of instant invention, a second end of the clutch means is

provided with a plurality of dog teeth adapted to engage withe a second end of the dose dial
10 sleeve.

In an alternative embodiment, the clutch means of instant inwention is a locking spring, '
operable, e.g., by means of a dose dial button, between a firsk, relaxed position, in which the
dose dial sleeve is locked with respect to rotation with the driive sleeve and a second, deformed

15 position, in which the dose dial sleeve is locked with respect to rotation with the housing.

In still another embodiment of instant invention, the drive mechanism further comprises a
clicker means, optionally disposed between the clutch means- and spline means provided on the
housing.

20 Optionally, the clicker means comprises a sleeve provided at a first end with a helically
extending arm, a free end of the arm having a toothed membesr, and at a second end with a
plurality of circumferentially directed saw teeth adapted to eragage a corresponding plurality of
circumferentially saw teeth provided on the clutch means. '

Alternatively, the clicker means comprises a sleeve provided at a first end with at least one

25 helically extending arm and at least one spring member, a fre=e end of the arm having a toothed
member, and at a second end with a plurality of circumferentially directed saw teeth adapted to
engage a corresponding plurality of circumferentially directesd saw teeth provided on the clutch

means.

30 In still another embodiment of the drive mechanism of the in—vention, the drive mechanism is
provided with a first stop means, preferably in the form of an_ external flange on the dose dial

sleeve, adapted to engage limiting means associated with the housing, preferably in the form of
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an internal flange in the housing, to limit the maximurn dose which can be dialed. In yet another
embodiment of the drive mechanism of the invention, the drive mechanism is further provided
‘with a second stop means, preferably in the form of an_ external flange on the drive sleeve,
adapted to engage limiting means, preferably in the foxrm of a limiting nut keyed to the housing
and mounted for rotation on an external threaded section of the drive sleeve, to provide an end

of life stop.

-A second aspect of instant invention provides an assenably for use in a drug delivery device

<omprising the drive mechanism according to instant i-nvention.

-A third aspect of the present invention provides a drug: delivery device comprising the drive

amechanism or the assembly according to instant invengion.

-A fourth aspect of the present invention provides a method of assembling a drug delivery
<evice comprising the step of providing a drive mechamism or an assembly according to instant

dinvention.

-A fifth aspect of instant invention is the use of a drug Clelivery device according to instant

dinvention for dispensing a medicinal product preferabl y dispensing a pharmaceutical

20 formulation (e.g. solution, suspension etc.) comprisings an active compound selected from the

25

Zroup consisting of insulin, growth hormone, low molecular weight heparin, their analogues

and their derivatives.
Brief Description of the Drawings:

“Without any limitation, the instant invention will be exxplained in greater detail below in

<onpection with a preferred embodiment and with refexence to the drawings in which:

¥Figure 1 shows a sectional view of a first embodiment of the drug delivery device in accordance

30 wwith the present invention in a first, cartridge full, posi tion;

Wigure 2 shows a sectional view of the drug delivery device of Figure 1 in a second, maximum
fFirst dose dialed, position;
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Figure 3 shows a sectional view of the drug delivery desvice of Figure 1 in a third, maximum
first dose dispensed, position;
Figure 4 shows a sectional view of the drug delivery desvice of Figure 1 in a fourth, final dose
dialed, position;
5 Figure 5 shows a sectional view of the drug delivery desvice of Figure 1 in a fifth, final dose

dispensed, position;
Figure 6 shows a cut-away view of a first detail of the drug delivery device of Figure 1;
Figure 7 shows a partially cut-away view of a second etail of the drug delivery device of
Figure 1;

10 Figure 8 shows a partially cut-away view of a third detzail of the drug delivery device of Figure
1;
Figure 9 shows the relative movement of parts of the dirug delivery device shown in Figure 1
during dialing up of a dose;
Figure 10 shows the relative movement of parts of the drug delivery device shown in Figure 1

15 during dialing down of a dose;
Figure 11 shows the relative movement of parts of the drug delivery device shown in Figure 1
during dispensing of a dose; ‘
Figure 12 shows a partially cut-away view of the drug delivery device of Figure 1 in the second,
maximum first dose dialed, position;

20 Figure 13 shows a partially cut-away view of the drug delivery device of Figure 1 in the fourth,
final dose dialed, position;
Figure 14 shows a partially cut-away view of the drug- delivery device of Figure 1 in one of the
first, third or fifth positions;
Figure 15 shows a cut-away view of a first part of a m_ain housing of the drug delivery device of

25 Figure 1; and
Figure 16 shows a cut-away view of a second part of -he main housing of the drug delivery
device of Figure 1;
Figure 17 shows a sectional view of a second embodirment of the drive mechanism according to
instant invention in a first, cartridge full, position.

30 Figure 18 shows a sectional side view of a third embo-diment of the drug delivery device in
accordance with the present invention in a first, cartriclge full, position;
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Figure 19 shows a sectional side view of the drug delivery device of Figure 18 in a second,
maximum first dose dialed, position;
Figure 20 shows a sectional side view of the drug delivery device of Figure 18 in a third,
maximum first dose dispensed, position;
Figure 21 shows a sectional side view of the drug delivery device of Figure 18 in a fourth, final
dose dialed, position;
Figure 22 shows a sectional side view of the drug delivery device of Figure 18 in a fifth, final
dose dispensed, position;
Figure 23 shows a fragment of the drug deslivery device of Figure 18 in a larger scale and )
Figure 24 shows a further fragment of the drug delivery device of Figure 18 in a larger scale.

Detailed Description of the Embodiments=
Example 1

Referring first to Figures 1 to 5, there is shown a drug delivery device in accordance with the

present invention in a number of positions.

20 The drug delivery device comprises a housing having a first cartridge retaining part 2, and

25

30

second main (exterior) housing part 4. A first end of the cartridge retaining means 2 and a
second end of the main housing 4 are secusred together by retaining features 6. In the illustrated
embodiment, the cartridge retaining means 2 is secured within the second end of the main

housing 4.

A cartridge 8 from which a number of dosses of a medicinal product may be dispensed is
provided in the cartridge retaining part 2. A piston 10 is retained in a first end of the cartridge
8.

A removable cap 12 is releasably retained. over a second end of the cartridge retaining part 2.
In use the removable cap 12 can be replaced by a user with a suitable needle unit (not shown).

A replacable cap 14 is used to cover the cartridge retaining part 2 extending from the main
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housing 4. Preferably, the outer dimensions of® the replaceable cap 14 are similar or identical to
the outer dimensions of the main housing 4 to gprovide the impression of a unitary whole when

the replaceable cap 14 is in position covering thhe cartridge retaining part 2.

5 In the illustrated embodiment, an insert 16 is pmovided at a first end of the main housing 4. The
insert 16 is secured against rotational or longitvidinal motion. The insert 16 is provided with a
threaded circular opening 18 extending thereth-rough. Alternatively, the insert may be formed
integrally with the main housing 4 having the £orm of a radially inwardly directed flange having
an internal thread.

10
A first thread 19 extends from a first end of a peiston rod 20. The piston rod 20 is of generally
circular section. The first end of the piston rod 20 extends through the threaded opening 18 in
the insert 16. A pressure foot 22 is located at thhe first end of the piston rod 20. The pressure
foot 22 is disposed to abut a second end of the «cartridge piston 10. A second thread 24 extends

15 from a second end of the piston rod 20. In the Sllustrated embodiment the second thread 24
comprises a series of part threads rather than a complete thread. The illustrated embodiment is
easier to manufacture and helps to reduce the overall force required for a user to actuate the

device when dispensing the medicinal product.

20 The first thread 19 and the second thread 24 are oppositely disposed. The second end of the

piston rod 20 is provided with a receiving recesss 26.

A drive sleeve 30 extends about the piston rod 20. The drive sleeve 30 is generally cylindrical.
The drive sleeve 30 is provided at a first end wiith a first radially extending flange 32. A second
25 radially extending flange 34 is provided spacedl a distance along the drive sleeve 30 from the
first flange 32. An intermediate thread 36 is preovided on an outer part of the drive sleeve 30 -
extending between the first flange 32 and the second flange 34. A helical groove (thread) 38
extends along the internal surface of the drive ssleeve 30. The second thread 24 of the piston rod
20 is adapted to work within the helical groove 38.
30
A first end of the first flange 32 is adapted to conform to a second side of the insert 16.
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A nut 40 is located between the drive sleeve 30 and the main housing 2, disposed between the
first flange 32 and the second flange 34. In the illustrated embodiment the nut 40 is a half-nut.
This assists in the assembly of the dlevice. The nut 40 has an internal thread matching the
intermediate thread 36. The outer surface of the nut 40 and an internal surface of the main

5 housing 4 are keyed together by splines 42 (Figures 10, 11, 15 and 16) to prevent relative
rotation between the nut 40 and the main housing 4, while allowing relative longitudinal

movement therebetween.

A shoulder 37 is formed between a second end of the drive sleeve 30 and an extension 38
10 provided at the second end of the dxive sleeve 30. The extension 38 has reduced inner and
outer diameters in comparison to the remainder of the drive sleeve 30. A second end of the

extension 38 is provided with a radlially outwardly directed flange 39.

A clicker 50 and a clutch 60 are disposed about the drive sleeve 30, between the drive sleeve 30
15 and a dose dial sleeve 70 (described below). '

The clicker 50 is located adjacent the second flange 34 of the drive sleeve 30. The clicker 50 is
generally cylindrical and is provided at a first end with a flexible helically extending arm 52
(Figure 6). A free end of the arm 52 is provided with a radially directed toothed member 54. A
20 second end of the clicker 50 is provided with a series of circumferentially directed saw teeth 56
(Figure 7). Each saw tooth comprises a longjtudinally directed surface and an inclined surface.

In an alternative embodiment (not shown) the clicker further includes at least one spring
member. The at least one spring 1member assists in the resetting of the clutch 60 following

25 dispense.

The clutch 60 is located adjacent the second end of the drive sleeve 30. The clutch 60 is
generally cylindrical and is providied at a first end with a series of circumferentially directed
saw teeth 66 (Figure 7). Each sawv tooth comprises a longitudinally directed surface and an

30 inclined surface. Towards the second end 64 of the clutch 60 there is located a radially
inwardly directed flange 62. The flange 62 of the clutch 60 is disposed between the shouldex 37
of the drive sleeve 30 and the radially outwardly directed flange 39 of the extension 38. The
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second end of the clutch 60 is provided wvith a plurality of dog teeth 65 (Figure 8). The clutch
60 is keyed to the drive sleeve 30 by way? of splines (not shown) to prevent relative rotation
between the clutch 60 and the drive sleev-e 30.

5 In the illustrated embodiment, the clicker 50 and the clutch 60 each extend approximately half
the length of the drive sleeve 30. Howev-er, it will be understood that other arrangements
regarding the relative lengths of these paxts are possible.

The clicker 50 and the clutch 60 are enga ged as shown in Figure 7.

10
A dose dial sleeve 70 is provided outside of the clicker 50 and clutch 60 and radially inward of
the main housing 4. A helical groove 74 is provided about an outer surface of the dose dial

sleeve 70.

15 The main housing 4 is provided with a window 44 through which a part of the outer surface of
the dose dial sleeve may be seen. The main housing 4 is further provided with a helical rib
(thread) 46, adapted to be seated in the helical groove (thread) 74 on the outer surface of the
dose dial sleeve 70. The helical rib 46 ex-tends for a single sweep of the inner surface of the
main housing 4. A first stop 100 is provided between the splines 42 and the helical rib 46

20 (Figure 15). A second stop 102, disposed at an angle of 180° to the first stop 100 is formed by
a frame surrounding the window 44 in the main housing 4 (Figure 16).

Conveniently, a visual indication of the d-ose that may be dialed, for example reference
numerals (not shown), is provided on the outer surface of the dose dial sleeve 70. The window

25 44 conveniently only allows to be viewed a visual indication of the dose currently dialed.

A second end of the dose dial sleeve 70 is provided with an inwardly directed flange in the form
of a number of radially extending membe rs 75. A dose dial grip 76 is disposed about an outer
surface of the second end of the dose dial sleeve 70. An outer diameter of the dose dial grip 76
30 preferably corresponds to the outer diamester of the main housing 4. The dose dial grip 76 is
secured to the dose dial sleeve 70 to prevent relative movement therebetween. The dose dial
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grip 76 is provided vvith a central opening 78. An annular recess 80 located in the second end
of the dose dial grip 76 extends around the opening 78.

A button 82 of generally ‘T’ section is provided at a second end of the device. 4 stem 84 of the
button 82 may exten-d through the opening 78 in the dose dial grip 76, through t"he inner
diameter of the exterasion 38 of the drive sleeve 30 and into the receiving recess 26 of the piston
rod 20. The stem 84- is retained for limited axial movement in the drive sleeve 30 and against
rotation with respect thereto. A head 85 of the button 82 is generally circular. A skirt 86
depends from a periphery of the head 85. The skirt 86 is adapted to be seated im the annular
recess 80 of the dose dial grip 76.

Operation of the drug delivery device in accordance with the present invention wvill now be
described. In Figures 9, 10 and 11 arrows A, B, C, D, E, Fand G represent the r espective
movements of the buatton 82, the dose dial grip 76, the dose dial sleeve 70, the dxive sleeve 30,
the clutch 60, the cliccker 50 and the nut 40.

To dial a dose (Figure 9) a user rotates the dose dial grip 76 (arrow B). With thes clicker 50 and
clutch 60 engaged, thie drive sleeve 30, the clicker 50, the clutch 60 and the dose dial sleeve 70
rotate with the dose Jial grip 76.

Audible and tactile feeedback of the dose being dialed is provided by the clicker =50 and the
clutch 60. Torque is transmitted through the saw teeth 56,66 between the clicke x 50 and the
clutch 60. The flexibyle arm 52 deforms and drags the toothed member 54 over t-he splines 42 to
produce a click. Prefferably, the splines 42 are disposed such that each click cormesponds to a

conventional unit dosse, or the like.

The helical groove 74t on the dose dial sleeve 70 and the helical groove 38 in the= drive sleeve 30
have the same lead. "This allows the dose dial sleeve 70 (arrow C) to extend frorm the main
housing 4 and the dri-ve sleeve 30 (arrow D) to climb the piston rod 20 at the sarme rate. At the
limit of travel, a radial stop 104 (Figure 12) on the dose dial sleeve 70 engages exither the first

stop 100 or the secon d stop 102 provided on the main housing 4 to prevent furth €r movement,
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Rotation of the piston rod 20 is prevented due to the opposing directions of the overhauled and
driven threads on the piston rod 20.

The nut 40, keyed to the main housing 4, is advanced along the intermediate thread 36 by the

5 rotation of the drive sleeve 3-0 (arrow D). When the final dose dispensed position (Figgures 4, 5
and 13) is reached, a radial s top 106 formed on a second surface of the nut 40 abuts a xadial
stop 108 on a first surface of the second flange 34 of the drive sleeve 30, preventing beoth the
nut 40 and the drive sleeve 3 0 from rotating further.

10 In an alternative embodimen.t (not shown) a first surface of the nut 40 is provided witim a radial
stop for abutment with a radial stop provided on a second surface of the first flange 322. This
aids location of the nut 40 at the cartridge full position during assembly of the drug de livery

device.

15 Should a user inadvertently ial beyond the desired dosage, the drug delivery device allows the
dosage to be dialed down wigthout dispense of medicinal product from the cartridge (Figure 10).
The dose dial grip 76 is councter rotated (arrow B). This causes the system to act in reverse. The
flexible arm 52 preventing thae clicker SO from rotating. The torque transmitted through the
clutch 60 causes the saw teet’h 56,66 to ride over one another to create the clicks corresponding

20 to dialed dose reduction. Pre-ferably the saw teeth 56,66 are so disposed that the circurmferential

extent of each saw tooth corresponds to a unit dose.

When the desired dose has been dialed, the user may then dispense this dose by depres.sing the
button 82 (Figure 11). This displaces the clutch 60 axially with respect to the dose dial sleeve

25 70 causing the dog teeth 65 to disengage. However the clutch 60 remains keyed in rotation to
the drive sleeve 30. The dose dial sleeve 70 and associated dose dial grip 76 are now £ree to
rotate (guided by the helical rib 46 located in helical groove 74).

The axial movement deformss the flexible arm 52 of the clicker 50 to ensure the saw teeth 56,66
30 cannot be overhauled during dispense. This prevents the drive sleeve 30 from rotating with

respect to the main housing 4- though it is still free to move axially with respect thereto . This

deformation is subsequently wsed to urge the clicker 50, and the clutch 60, back along #he drive
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sleeve 30 to restore the connection between the clutch 60 and the dose dial sleev e 70 when
pressure is removed. from the button 82.

The longjtudinal ax3al movement of the drive sleeve 30 causes the piston rod 20 to rotate
5 though the opening 18 in the insert 16, thereby to advance the piston 10 in the caurtridge 8.
Once the dialed dose has been dispensed, the dose dial sleeve 70 is prevented from further
rotation by contact «f a plurality of members 110 (Figure 14) extending from thes dose dial grip
76 with a correspomding plurality of stops 112 formed in the main housing 4 (Fi_gures 15 and
16). In the illustrateed embodiment, the members 110 extend axially from the dose dial grip 76
10 and have an incline d end surface. The zero dose position is determined by the abutment of one

of the axially exten ding edges of the members 110 with a corresponding stop 1R2.

Example 2

15 In another embodirment of the invention (Figure 17) there is seen a drive mecha_nism comprising
a second main houssing 4’ having a first end and a second end. A cartridge, comtaining
medicinal product, can be mounted to the first end of the second main housing -4’ and retained
by any suitable me ans. The cartridge and its retaining means are not shown in ~the illustrated
embodiment. The cartridge may contain a number of doses of a medicinal prociuct and also

20 typically contains z displaceable piston. Displacement of the piston causes the medicinal

product to be expelled from the cartridge via a needle (also not shown).

In the illustrated emmbodiment, an insert 16’ is provided within the main housin_g 4’. The insert

16’ is secured aga&nst rotational and axial motion with respect to the second maain housing 4°.
25 The insert 16’ is p¥ovided with a threaded circular opening extending therethraugh.

Alternatively, the 3nsert may be formed integrally with the second main housimg 4°.

An internal housirag 154 is also provided within the second main housing 4’. Whe internal
housing 154 is seccured against rotational and axial motion with respect to the ssecond main

30 housing 4’. The imternal housing 154 is provided with a circular opening extemnding through its
length in which a series of longitudinally directed splines are formed. A heliczl thread 150
extends along the outer cylindrical surface of the internal housing 154. Altern atively, the
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internal housing may be formed iategrally with the second main housing 4’ and / or wit-h the
insert 16°.

A first thread 19’ extends from a first end of a piston rod 20°. The piston rod 20’ is of generally
S circular section. The first end o-f the piston rod 20’ extends through the threaded openimg in the
insert 16 and the first thread 19 of the piston rod 20’ is engaged with the thread of the insert
16°. A pressure foot 22’ is located at the first end of the piston rod 20°. The pressure feoot 22°
is disposed to abut a cartridge piston (not shown). A second thread 24’ extends from a second
end of the piston rod 20°. The first thread 19 and the second thread 24° are oppositely
10 disposed.

A drive sleeve 30° extends about the piston rod 20°. The drive sleeve 30’ is generally
cylindrical. The drive sieeve 30’ is provided at a first end with a first radially extendings flange
32’. A second radially extendimg flange 34’ is provided, spaced a distance along the dr-ive

15 sleeve 30’ from the first flange 32°. An external helical thread (not shown) is provided. on the
outer part of the drive sleeve 30 * extending between the first flange 32° and the second flange
34’. An internal helical thread extends along the internal surface of the drive sleeve 30x°, The
second thread 24° of the piston xod 20’ is engaged with the internal helical thread of thes drive
sleeve 30°.

20
A nut 40’ is located between thes drive sleeve 30’ and the internal housing 154, dispose«d
between the first flange 32’ and the second flange 34’ of the drive sleeve 30°. The nut 40’ can
be either a ‘half-nut’ or a ‘full-mut’. The nut 40’ has an internal thread that is engaged wwith the
external helical thread of the drive sleeve 30°. The outer surface of the nut 40’ and an fnternal

25 surface of the internal housing X54 are keyed together by means of longitudinally direc:ted
splines to prevent relative rotation between the nut 40° and the internal housing 154, wihile

allowing relative longitudinal mmovement therebetween.

A clicker 50’ and a clutch 60’ axe disposed about the drive sleeve 30, between the drivwe sleeve
30 30’ and the internal housing 154.
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The clicker 50’ is located adjacent the second flange 34’ of the drive sleeve 30°. The cLicker
50’ includes at least one s-pring member (not shown). The clicker 50 also includes a sest of
teeth (not shown) having = triangular profile disposed towards the second end of the dri_ve
mechanism. When compmressed, the at least one spring member of the clicker 50’ applies an

5 axial force between the flange 34’ of the drive sleeve 30° and the clutch 60°. The outer surface
of the clicker 50’ and an i-nternal surface of the internal housing 154 are keyed together by
means of longitudinally d-irected splines to prevent relative rotation between the clicker 50’ and
the internal housing 154, ~while allowing relative longitudinal movement therebetween.

10 The clutch 60’ is located madjacent the second end of the drive sleeve 30°. The clutch 60’ is
generally cylindrical and Js provided at its’ first end with a plurality of teeth of triangul=ar profile
disposed about the circunnference (not shown), that act upon the teeth of the clicker S0° .
Towards the second end Of the clutch 60 there is located a shoulder 158. The shoulder= 158 of
the clutch 60’ is disposed between the internal housing 154 and a radially inwardly directed

15 flange of the dose dial gri p 76’ (described below). The shoulder 158 of the clutch 60’ i_s
provided with a plurality «of dog teeth (not shown) extending in the direction of the seccond end
of the drive mechanism. “The clutch 60’ is keyed to the drive sleeve 30° by way of splimnes (not

shown) to prevent relatives rotation between the clutch 60’ and the drive sleeve 30°.

20 A dose dial sleeve 70’ is gprovided outside of the internal housing 154 and radially inwzard from
the second main housing 4’. A helical thread is provided on an inner surface of the dosse dial
sleeve 70°. The helical timread of the dose dial sleeve 70’ is engaged with the helical thxead 150
of the internal housing 154,

25 The second main housings 4’ is provided with a window (mot shown) through which par-t of the
outer surface of the dose «dial sleeve 70’ may be viewed. Conveniently, a visual indicagion of
the dose that may be dialezd, for example reference numerals (not shown), is provided own the
outer sutface of the dose «dial sleeve 70°. Conveniently, the window of the second mair housing
4’ allows only the dose timat is currently dialed to be viewed.

30
A dose dial grip 76’ is loccated towards the second end of the drive mechanism. The dowse dial
grip 76’ is secured againsst rotational and axial motion within respect to the dose dial sleeeve 70’
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The dose dial grip 76’ is provided with a radially imwardly directed flange 160. The radially
inwardly directed flange 160 of the dose dial grip 76’ is provided with a plurality of dog teeth
(not shown) extending in the direction of the first €nd of the drive mechanism to abut the dog
teeth of the clutch 60°. Coupling and decoupling of the dog teeth of the dose dial grip 76’ with

the dog teeth of the clutch 60’ provides a releasabl e clutch between the dose dial grip 76’ and
the clutch 60°.

A button 82’ of generally ‘T’ shaped cross-section is provided at a second end of the drive
mechanism. A cylindrical feature of the button 82’ extends towards the first end of the drive
mechanism, through an opening in the dose dial gr-ip 76° and into a recess in the drive sleeve
30°. The cylindrical feature of the button 82’ is retained for limited axial movement in the drive
sleeve 30’ and against rotation with respect thereto. The cylindrical feature of the button 82’
has lugs extending radially (not shown) that abut the second surface of the shoulder 158 of the
clutch 60°. The second end of the button 82’ is ge-nerally circular and has a cylindrical skirt
about its’ periphery that descends towards the firs& end of the drive mechanism. The skirt of the
button 82’ is located radially inward from the dose dial grip 76°.

Operation of the drive mechanism in accordance wvith the present invention will now be

described.

To dial a dose, a user rotates the dose dial grip 76>. The spring member of the clicker 50
applies an axial force to the clutch 60’ in the direcction of the second end of the drive
mechanism. The force exerted by the spring memuber of the clicker 50” couples the dog teeth of
the clutch 60° to the dog teeth of the dose dial grip 76’ for rotation. As the dose dial grip 76’ is
rotated, the associated dose dial sleeve 70, the drive sleeve 30’ and the clutch 60’ all rotate in

unison.

Audible and tactile feedback of the dose being dialed is provided by the clicker 50’ and the
clutch 60°. As the clutch 60’ is rotated, torque is transmitted from the teeth at the first end of
the clutch 60’ and the teeth of the clicker 50°. The clicker S0’ cannot rotate with respect to the
internal housing 154, so the at least one spring member of the clicker S0’ deforms allowing the
teeth of the clutch 60 to jump over the teeth of th.e clicker 50’ producing an audible and tactile
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‘click’. Preferably, the teeth of the clicker 50’ and the teeth of the clutch 60 are disposed such

that each ‘click’ corresponds to a conventional umit of the medicinal product, or the like.

The helical thread of the dose dial sleeve 70° ancl the internal helical thread of the drive sleeve
5 307 have the same lead. This allows the dose dial sleeve 70’ to advance along the thread 150 of
the internal housing 154 at the same rate as the dlrive sleeve 30 advances along the second
thread 24’ of the piston rod 20°. Rotation of the piston rod 20’ is prevented due to the opposing
direction of the first thread 19° and the second thread 24’ of the piston rod 20°. The first thread
19’ of the piston rod 20’ is engaged with the thread of the insert 16’ and so the piston rod 20’

10 does not move with respect to the second main rousing 4’ while a dose is dialed.

The nut 40’, keyed to the internal housing 154, is advanced along the external thread of the
drive sleeve 30’ by the rotation of the drive sleeve 30°. When a user has dialed a quantity of
medicinal product that is equivalent to the deliv-erable volume of the cartridge, the nut 40°

15 reaches a position where it abuts the second flamge 34° of the drive sleeve 30°. A radial stop
formed on the second surface of the nut 40° contacts a radial stop on the first surface of the
second flange 34’ of the drive sleeve 30°, prevesnting both the nut 40’ and the drive sleeve 30’
from being rotated further.

20 Should a user inadvertently dial a quantity greaater than the desired dosage, the drive mechanism
allows the dosage to be corrected without dispense of medicinal product from the cartridge. The
dose dial grip 76 is counter-rotated. This causses the system to act in reverse. The torque
transmitted through the clutch 60’ causes the teseth at the first end of the clutch 60’ to ride over
the teeth of the clicker 50’ to create the clicks «orresponding to the dialed dose reduction.

When the desired dose has been dialed, the user may then dispense this dose by depressing the
button 82’ in the direction of the first end of thne drive mechanism. The lugs of the button 82’
apply pressure to the second surface of the shoulder 158 of the clutch 60, displacing the clutch
60’ axially with respect to the dose dial grip 76’. This causes the dog teeth on the shoulder 158

/30 of the clutch 60’ to disengage from the dog teeth of the dose dial grip 76’. However, the clutch
60’ remains keyed in rotation to the drive slee-ve 30°. The dose dial grip 76’ and associated
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dose dial sleeve 70’ are no-w free to rotate (guided by the helical thread 150 of the Snternal
housing 154).

The axial movement of the clutch 60’ deforms the spring member of the clicker 5O’ and couples
5 the teeth at the first end of the clutch 60 to the teeth of the clicker 50° preventing elative
rotation therebetween. Theis prevents the drive sleeve 30” from rotating with respe=ct to the

internal housing 154, thow gh it is still free to move axially with respect thereto.

Pressure applied to the bu-tton 82’ thus causes the dose dial grip 76’ and the associated dose dial
10 sleeve 70’ to rotate into thwe second main housing 4°. Under this pressure the clutch 60’, the

clicker 50’ and the drive sleeve 30’ are moved axially in the direction of the first end of the

drive mechanism, but thexy do not rotate. The axial movement of the drive sleeve 30’ causes the

piston rod 20’ to rotate th ough the threaded opening in the insert 16, thereby to a_dvance the

pressure foot 22°. This agpplies force to the piston, causing the medicinal product to be expelled
15 from the cartridge. The selected dose is delivered when the dose dial grip 76’ returns to a

position where it abuts thie second main housing 4°.

When pressure is removesd from the button 82’, the deformation of the spring me mber of the
clicker 50’ is used to urg:e the clutch 60’ back along the drive sleeve 30’ to re-comple the dog
20 teeth on the shoulder 158 of the clutch 60° with the dog teeth on the dose dial grip 76’. The

drive mechanism is thus reset in preparation to dial a subsequent dose.
Example 3

25 Referring to Figures 18 &0 22 there may be seen a drug delivery device in accordlance with the
present invention. The clrug delivery device comprises a two-part housing 2’ writhin which are
located a cartridge 4’° containing a medicinal product, means for setting or selecting the dose of
medicinal product to be expelled and means for expelling the selected dose of medicinal
product. The housing 2” ” is generally cylindrical in shape and houses a rack 6°” to be described

30 in more detail below. T he cartridge 4” is located within a first part 8°’ of the housing 2°”. The
dose setting means and the means for expelling the selected dose of medicinal psroduct are
retained, that is held, wiithin a second part 10°* of the housing 2°’. The first part 8 of the
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housing 2”” and the second part 10”* of the housing 2°’ may be secured together by any sui table

means.

The cartridge 4” may be secured in position in the first part 8°” of the housing 2°” by any
suitable means. A needle minit may be secured to a first end of the cartridge 4”’. A temporary
covering 12”” is shown in ®his position in the Figures. The cartridge 4” further comprises &
displaceable piston 14”. Andvancing the piston 10” towards the first end of the cartridge 4’
causes the medicinal produact to be expelled from the cartridge 4” through the needle unit. A
cap 16” is provided to coveer the needle unit when the drug delivery device is not in use. T he
cap 16” may be releasably secured to the housing 2” by any suitable means.

The dose setting means andd the means for expelling the selected dose of medicinal productt will
now be described in more detail. The rack 6” is located within a drive sleeve18” located within
the housing 2” and is fixedl both axially and rotationally with respect to the housing 2” by any
suitable means. The drive sleeve 18” comprises an internally threaded portion 20”, which
extends along substantially the entire internal surface of the sleeve. An internal toothed gear
227 is located within the dxive sleeve 18” and has helical teeth which match the pitch of the
internal thread of the drive- steeve 18”. The internal thread of the drive sleeve 18” is a mult-istart
thread with a lead which iss the same as the lead of the helical thread of the dose dial sleeve,
which will be described later. The drive sleeve 18” terminates in an externally threaded secction
24” which extends from an end of the sleeve as far as an external circumferential flange 26*
which projects from the drive sleeve 18”. A limiting nut 28” is mounted for rotation 01; the
externally threaded sectiora 24” of the sleeve 14”’. The limiting nut 28° is keyed to the houising
2’ by means of a plurality of longitudinally extending splines 30°> which extend along thes
internal surface of the first. portion 8’ of the housing 2*. In the illustrated embodiment, th e
limiting nut 28°* is shown as a half-nut, but a full nut could be used.

A piston rod 32” is providesd extending along the length of the rack 6” and through a bole &n the
end of the rack 6”. The pisston rod 32” is generally elongate and is provided with a pressure
foot 34”. In use the pressure foot 34” is disposed to abut the cartridge piston 14”. The toohed
gear 22” is mounted on the end of the piston rod 32” remote from the pressure foot 34” in a
journal bearing (not showra).
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A dose dial sleeve 36” of generally cylindrical form comprises a first section 38” of first
diameter and a second section 40” of larger second diameter. The first section is located within

the housing 2”.

The second section 40” of the dose dial sleeve 36” is preferably of the same outer diametear as
the housing 2”. The second part 10” of the housing 2” comprises an external sleeve portior 427
surrounding a coaxial internal sleeve portion 44”. The external sleeve portion 42” is closed to
the internal sleeve portion 44” at a circular internal flange portion 46”. The first section 3&” of
the dose dial sleeve 36” is located within the second part 10” of the housing 2”, between the
external sleeve portion 42” and the internal sleeve portion 44”. An inner surface of the first
section 38” and the outer surface of the internal sleeve portion 44” are provided with
interengaging features to providle a helical thread 48” between the internal sleeve portion <14” of
the second part 10” of the housing 2” and the dose dial sleeve 36”. This helical thread 48~ has
the same lead as the internal thread of the drive sleeve 18”, as noted above. Within the he lical
track, a helical rib provided on the inner surface of the dose dial sleeve 36” may run. This
enables the dose dial sleeve 36’ to rotate about and along the housing 2”.

The second section 40” of the dlose dial sleeve 36” is provided with an end wall 50” adjaceent its
free end, which defines a central receiving area 52” between the end wall 50” and the free- end
of the dose dial sleeve 36”. A tirough hole 54” is provided in the end wall 50”. A dose bwitton
56” of generally “T” shaped comfiguration is provided, the head 58” of which is retained wwvithin
the receiving area 52” and the stem 60” of which is sized to pass through the through hole= 54,
The stem 60” of the button 56” is provided with a plurality of fingers 62" that are deformable to
pass through the through hole S4” of the end wall 50” only in the direction away from the: free
end of the dose dial sleeve 36”.

The drive sleeve 18” is closed at its end remote from the externally threaded section 24” by an
apertured end wall 64” from which a plurality of engagement features 66” project external to
the drive sleeve 18”.
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A substantially U-shaped locking spring 68” compr-ising first and second legs 707, 72” joined
by a link portion 74” is provided for longitudinal m_ounting on the exterior of the drive sleeve
18”. The link portion 74” is of a length which is substantially equal to the external diameter of
the drive sleeve 18”. Each of the legs 707, 72” of thhe locking spring 68” terminates in a latch

5 portion 76”, the function of which will be describec] later.

10

15

30

When the device is assembled, the locking spring 6=8” urges the dose button 56” axially away
from the piston rod 32” and drive sleeve 18, towamds the inside of the end wall 50” of the dose
dial sleeve 36”. In this position, the dose button 56™ is locked with respect to rotation with the
dose dial sleeve 36”. The dose button 56” is also permanently locked with respect to rotation
with the drive sleeve 18”.

An outer surface of the first section of the dose dia sleeve 36” is provided with graphics 82
The graphics are typically a sequence of reference -numerals. The housing 2” is provided with
an aperture or window 84” through which a portiora of the graphics, representing a dosage value
selected by the user, may be viewed.

The graphics 82” may be applied to the dose dial s-Jeeve 36” by any suitable means. The
graphics 82” may be printed directly on the dose d-ial sleeve 36” or may be provided in the form
of a printed label encircling the dose dial sleeve 36”. Alternatively the graphics may take the
form of a marked sleeve clipped to the dose dial sleeeve 36”. The graphics may be marked in

any suitable manner, for example by laser markings,

The external circumferential flange 26” which pro_jects from the drive sleeve 18” is provided
with a pair of diametrically opposed through apertmures 78” sized to receive the corresponding
latch portions 76” of the locking spring 68”. A cli cker projection 80” from the outer edge of -
the flange 26” is associated with each through apezrture 78”.

In Figure 18, the drug delivery device is provided -with a filled cartridge 4”. To operate the
drug delivery device a user must first select a doses. To set a dose the dose dial sleeve 36 is
rotated with respect to the housing 2” until the des-ired dose value is visible through the window
847, The drive sleeve 18” is linked to the dose dizulsleeve 36” and spirals out at the same rate
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during dialling. During the dialling of a do se, the locking spring 68 is straight and urges the
dose button 56 axially away from the pist-on rod 32” and drive sleeve 18”, towards the inside
of the end wall 50” of the dose dial sleeve 367, thereby providing a clutch mechanism. The
drive sleeve 18” therefore rotates over the toothed gear 22” that is located inside it. The relative
rotation between the drive sleeve 18” and #he housing 2” causes an audible confirmation of the
dose being dialed by engagement of the tw?o clicker projections 80” with the splines 30” which
extend along the internal surface of the first portion 8” of the housing 2”.

The limiting nut 28” climbs up the drive skeeve 18” in proportion to the dose dialed. The
position of the limiting nut 28”, which only moves along the external thread of the drive sleeve
18” when there is relative rotation between the drive sleeve 18” and the housing 27,

corresponds to the amount of medicinal product remaining in the cartridge 4”.

Once a desired dose has been set (as shown for example in Figure 19), to deliver the dose the
user depresses the dose button 56” to urge the button 56” against the locking spring 68”. As the
dose button 56” pushes down on the springs 68, the clutch between the dose button 56” and the
dose dial sleeve 36” is disengaged. The ax-ial force applied from the dose button 56 onto the
dose dial sleeve 36” causes the dose dial s1eeve 36” to spin into the housing 2” on the helical
thread between the dose dial sleeve 36” amd the housing 2”. The locking spring 68” deforms
and the legs of the spring move axially down the drive sleeve 18”. The latch portions 76” of the
locking spring 68” engage in the through apertures 78” on the external flange 26” which
projects from the drive sleeve 18” and maijintain engagement between the clicker projections
80” of the flange 26 with the grooves bet-ween the splines 30”, locking the drive sleeve to the
housing 2” and preventing the drive sleeves 18” from rotation relative to the housing 2” during
dispensing of the dose. The drive sleeve X 8” is thus prevented from spinning and moves axially
in, causing the toothed gear 22” to rotate against the fixed rack 6”. The toothed gear 227,
together with the piston rod 32” on which it is mounted, move along the rack 6” a distance
corresponding to one half of the distance by which the drive sleeve 18” moves axially, creating
a 2:1 mechanical advantage. This has the gwo-fold benefit of allowing the display on the dose
dial sleeve 36” to be larger for a given am-ount of travel of the piston 14” within the cartridge
4”, that is for a given amount of medicameent to be dispensed and secondly of halving the force

required to dispense the dose.
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The piston rod 32” is driven through the drive sleeve 18” tOwards the first end of the drug
delivery device, thereby to advance the cartridge piston 14> and expel the desired dose of
medicinal product. The piston rod 32” continues to advance until the drive sleeve 18” and dose

5 dial sleeve 36” have returned to their initial positions (Figumre 20).

It can be seen that the dose selecting means and the dose exxpelling means extend beyond a
second end of the housing 2” as the dose is selected and aree returned within the housing 2” as
the selected dose is expelled.

10
Further dosages may be delivered as required. Figure 21 s hows an example of a subsequently
selected dosage. As noted above, the position of the limiti ng nut 28” along the external thread
of the drive sleeve 18” corresponds to the amount of medicinal product remaining in the
cartridge 4”, such that when the nut 28” reaches the extern_al flange 26 and can rotate no

15 further this corresponds to no medicinal product remainings in the cartridge 4”. It will be seen
that if a user seeks to select a quantity of medical product gereater than that remaining in the
cartridge 4”, this cannot be done since when the nut 28” st-ops rotating against the drive sleeve
18”, the drive sleeve 18” and the housing 2” will become Locked together preventing rotation of
the drive sleeve 18” and hence the dose dial sleeve 36”. This prevents the setting of a larger

90 dose than the amount of medical product remaining withim the cartridge 4”. Figure 22 shows a
drug delivery device according to the present invention in which the entire medicinal product
within the cartridge 4” has been expelled.

The illustrated embodiment of the device according to the invention further comprises a

25 maximum dosage dial end stop. When the dose dial sleeve 36” is dialed fully out, the external
flange 26” on the drive sleeve 18” engages the internal fla_nge 46” in the housing 2”. It will be
seen that if the user tries to dial beyond the maximum dos=age, this cannot be done. When the
drive sleeve 18” stops rotating against the housing 2”, the dose dial sleeve is also prevented
from rotating. The reaction between the external flange 448" and the internal flange 86”

30 indicates to the user that the maximum dose has been diale=d.
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CLAIMS

A drive mechanism for use in a drug delivery dlevice is provided comprising:

a housing having a helical thread, preferably arm internal helical thread;

a dose dial sleeve having a helical thread engagsed with the helical thread of the said
housing;

a drive sleeve releasibly connected to the said dose dial sleeve;

and a clutch means located between the dose dizal sleeve and the drive sleeve;

characterized in that,

a)  when the dose dial sleeve and the drive sleeve are coupled, both are allowed to

rotate with respect to the housing; and

b)  when the dose dial sleeve and the drive sleeve are de-coupled, rotation of the
dose dial sleeve with respect to the housingg is allowed, whilst rotation of the
drive sleeve with respect to the housing is mot allowed, whereby axial
movement of the drive sleeve is allowed so that a force is transferred in the

longitudinal direction to the proximal end Of the drug delivery device.

A drive mechanism according to claim 1, compri_sing a piston rod adapted to operate

through the housing and transfer the said force in the said longitudinal direction to

the proximal end of the drug delivery device.

The drive mechanism according to claim 1 or 2, vwherein said dose dial sleeve further

comprises a helical thread, which has the same leaad as the lead of the helical thread

of the said drive sleeve.

The drive mechanism according to claim 1 or 2, w~herein the said piston rod is
designed to have attached a toothed gear designed to mesh with the threads of the

drive sleeve and the teeth of a toothed rack, wherelby the said toothed rack is fixed to

the housing.

AMENDED Ry
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5.  Anassembly for use in a drug delivery dev-ice comprising the drive mechanism as
defined in any of claims 1 to 4.

6. A drug delivery device comprising the driv-e mechanism as defined in any of claims
1 to 4 or the assembly of claim 5.

7.  The drug delivery device according to clairm 6, which is a pen-type device.

8.  The drug delivery device according to any «f claims 6 to 7, which is an injector-type
device.

9.  The drug delivery device according to any of claims 6 to 8, which comprises a

needle.

10. The drug delivery device according to any Of claims 6 to 8, which is a needle-free

11.

12.

13.

device.

The use of a drug delivery device as defined in any of claims 6 to 10 for dispensing a

medicinal product.

The use of a drug delivery device accordingg to claim 11 for dispensing a
pharmaceutical formulation comprising an active compound selected from the group
consisting of insulin, growth hormone, low -molecular weight heparin, their

analogues, and their derivatives.

The method of manufacturing or assemblingg a drug delivery device, comprising the
step of providing a drive mechanism as defimed in any of claims 1 to 4 or an

assembly as defined in claim 5.

AMENDED SH1ET
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