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Field of the Invention
5 This invention relates to a device for the

transmission of one-way torque and in particular to a
device which may readily be moulded from plastics and
. can transmit high driving forces.

10 Background

Devices for transmission of one-way torque are
well known, common examples include a socket wrench
and the winding mechanism of a clockwork motor, watch,
clock etc. Generally such devices comprise at least

15 one metal part and a biasing spring to bias a pawl in
engagement with the teeth of a ratchet wheel.

W090/13328 discloses a dry powder inhalation
device comprising a housing defining a chamber in
communication with a patient port in the form of a

20 mouthpiece or nasal édaptor, and an elongate carrier
bearing a powdered medicament, the device being
constructed and arranged such that areas of
predetermined size of the elongate carrier may
sequentially be exposed within the chamber, the device

25 comprising one or more air inlets such that when a
patient inhales through the patient port an air flow
is established from the air inlet(s) to the patient
port through the chamber such that particles of the
powdered medicament of respirable size from said

30 exposed area of the elongate carrier are entrained
within the air flow.

The elongate carrier is preferably in the form of
a tape having a surface with grooves, pores, apertures
or other embossed features which contain particles of

35 medicament._ The tape is conveniently wound on a
supply spool and preferably contained within a
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5 contained within that area of tape. It is essent1a1
that the tape is advanced in well defined steps from
the supply to the take-up spool to facilitate
accurate, reproducible dosing and to prevent drug
wastage. The advancement of the tape is conveniently
10 facilitated by pivotal movement of a lever, either in
a similar manner to the winder lever of a camera, or
more preferably in the form of a mouthpiece cover,
such that the tape is automatically advanced when the
patiént opens the cover. Such arrangements require an
15 efficient one-way drive providing precisely controlled
advancement and so that closure of the cover causes no
movement of the tape.
The requirements of such a drive mechanism for
use in an inhaler are manifold. It is desirable that
20 the mechanism be cheap, preferably injection moulded
in a minimum number of plastic parts. The device
should be compact and lightweight, able to transmit
large drive forces in relation to the torque needed to
reverse the mechanism, capable of achieving low levels
25 of variation in any lost motion, reliable, able to
withstand temperatures of -20°C to +70°C for several
hours without creeping or stress relaxing when
"parked" in any configuration, able to resist wear and
tear after ©prolonged |usage (several thousand
30 operations in each direction), reasonably immune to
dirt or powder ingress, cheap to assemble, and quiet
in operation.
The invention has been made with the above points
in mind.
35
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predeterm ned size of the elongate carrier Iy be
exposed within the chanber, the device 25 co nDre air
inlets such that when a pati ent inhales thro e patient port an
air flow is established fromthe air inlet(s) to t he patient
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particles of 35 tape i s conveniently wound on a
supply spool5 and prefan abhgercamnailagd mewbér nhaving a plurality of

radially inwardly projecting teeth each comprising a
driving surface and a cam surface,
a shaft concentrically mounted with respect to
the outer annular member, the shaft comprising a
10 plurality of drive elements each having a driving
surface and a cam surface, whereby:
rotation of the shaft or outer annular member in
its driving direction causes engagement of a driving
surface of at least one drive element with a driving
15 surface of at least one tooth thereby resulting in
joint rotation of the shaft and outer annular member
and )
rotation of the shaft or outer annular member in
its non-driving direction causes engagement of the cam
20 surface of at least one drive element with the cam
surface of at least one tooth resulting in additional
relative movement, substantially radially, between
said drive element and tooth thereby preventing
rotational movement being transmitted between the
25 shaft and outer annular member,
said engagement of the driving surfaces and the
cam surfaces not requiring the presence of spring
biasing means.
The invention .also extends to an inhaler having
30 an elongate carrier bearing powdered medicament and an
advancement means for moving the carrier to position
an area of the carrier in a predetermined place for

dispensing medicament, the advancement means
comprising a springless device for the transmission of
35 one-way torque as described above.
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contain many doses of the drug e.g. H m In use, areas of
the tape are sequentially adva chanber to di spense the

medi canment 5 contained within that area of tape. It is essential
that the tape is advancegyi n aMldrdiidd'edy SEEPScheOMembodiment of the
~ invention the drive elements are mounted on the shaft

in a manner allowing substantially radial movement.
Conveniently the device comprises two drive elements
5 which are interconnected to form a slider or
reciprocating pawl, which is mounted in a channel
extending substantially diametrically across the
shaft, the slider or pawl being free to reciprocate
along its length. The driving surfaces of the teeth
10 and slider or pawl are preferably substantially radial
and the length of the slider or pawl allows engagement

of only one of tﬁe drive elements at a time.
In accordance with a further embodiment of the
invention the drive elements are fixed to the shaft in
15 the form of radially outwardly extending teeth each
having a driving surface and a cam surface and the
radially inwardly projecting teeth of the outer
annular member are substantially radially movable
between driving and non-driving positions. The
20 movable teeth are conveniently integrally formed with
a wedging element which wedges between the drive
elements on the shaft and an inner surface of the

outer annular member to transmit the drive.
Either the shaft or the outer annular member may
25 be connected to a drive means e.g. lever, inhaler
cover etc. Preferably the drive means is connected to
the shaft. The outer annular member may be axially
connected to a spool etc. or may comprise gear teeth
moulded onto its radially outer surface which may be

30 used to drive a spool etc. via a gear wheel.

Brief Description of the Drawings

The invention will now be described with
reference to the accompanying drawings in which:
35 Figure 1 represents a cross-section through a
device in accordance'with the invention.
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lower views of a further embodiment of the invention,

and
Figures 6 and 7 represent cross-sections through
10 the device of Figures 4 and 5 during the drive and
return cycles respectively.

Figure 1 shows a cross-section through a
transmission device of the invention comprising an
outer annular member (2) having 16 inwardly projecting

15 teeth (4) each comprising a driving surface (6) and a
cam surface (8). The annular member (2) may be a gear
wheel having gear teeth (not shown) projecting
radially outwardly.

20 Detailed Description
A shaft (10) is concentrically mounted within the
outer annular member (2) and is associated with two
drive elements (12,14) which are joined to form a
slider (16). Each drive element (12,14) comprises a
25 driving surface (18,20) and a cam surface (22,24).
The slider (16) is located within channel (26) within
the shaft (10) and is free to reciprocate in the

radial direction. In order to ninimise friction
‘between the slider (16) and the walls of the channel
30 the surface areas in contact are reduced by the

presence of rounded projections (28) extending from
the wall of the channel (26). It will be appreciated
such projections may equally well be present on the
slider (16). The shaft (10) may be attached to a
35 lever (not shown) e.g. the pivoting cover of an
inhaler, to cause rotional movement of the shaft (10).

- 5 =



‘Iarge'drive forces in relation to dto reverse the
of variation in any |ost

t
mechani sm capabl e of achi eving IO\A”! y E”FH
notion, reliable, able to . W thstan atures of -20[err]Cto

+70[ err] C for several hours w thout creeping or stress rel axi ng when
"parked" in any configutatio abl rasist .wear r er
prol onged usage (se\L/J@P%? enoﬁgghg 3@‘%) 6Berﬁ?€%n€esdi r?lggg‘n%ﬁ(ﬁer eg{.‘l&on),
reasonably i mune doiving surfacer (18)derf i tige edrivehedementastihbl €ildnd
qui et ' N OPCLALLQR the griving JUFrdEYCPs) 08s "GSt86ER [Bflecibkinghe

| nd? é%r

above points

This Sheet Has Been Rtﬁl’aced

the outer annular member (2) to be rotated through the

5 same angle. If the rotation of the shaft (10) is
reversed the slider (16) will be caused to reciprocate
as the cam surface (22) of the drive element (12) will
engage the cam surface (8) of a tooth causing radial
movement of the slider (16) in one direction and

10 thereafter the cam surface (24) of the drive element
(14) will engage the cam surface (8) of a different
tooth (4) causing radial movement of the slider (16)
in the opposite direction. Thus no driving force will
be tfansmitted to the annular outer member (2) and the

15 shaft is free to rotate. Thus, this embodiment of the
invention is effectively a form of escapement with the
slider (16) reciprocating to allow the teeth (4) to
escape past it at alternate ends.

Due to the shallow tooth angle of the teeth (4)

20 there is more force tending to cause reciprocation of
the slider (16) than back rotation of the outer
annular member (2). In practice, there is likely to
be enough friction in any gear train etc. of which the
outer annular member may form a part, and low enough .

25 friction of the slider in its channel, to ensure that
back rotation of the outer annular member does not
occur. One of the major advantages of inhaler drive
mechanisms according to this embodiment has been found
to be the complete lack of back rotation of the outer

30 annular member (2).

Another advantage is the cohsistency of the lost
motion in the device of Figure 1. Consider a back
rotation (free wheeling) action of the shaft followed
by a reversal i.e. driving action. If the reversal

35 occurs at a random position, then the next driving
point will be reached after between about O0° and

- 6 -
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L 3. - -Summary of the Inven ding to the present invention
.there is provided an inhaler f \m‘
conpri si ng: a housing ha

i on of a powdered nedi canent
et and, spaced therefrom an

air outlet, said air inlet and said air outlet defining a flow path for air

through said housi{gdpgs ngsi 1Rt MAon, i.e. there will be a random

- amount of lost or wasted motion of up to approximately
11°. Obviously more teeth (4) on the outer annular
member (2) would reduce the maximum possible lost

5 motion, but at the expense of requiring smaller teeth
with less strength. Consider reciprocation of the
shaft between two given positions, as would happen if
the shaft were fixed to an inhaler mouthpiece cover
which was being repeatedly opened and closed by a

10 patient, for example. Although there would still be
lost motion, it would be constant, as each driven
tooth would be contacted, and subsequently left, at
consistent positions. The approximately 11° angle
petween adjacent drive ©positions provides an

15 estimation of the tolerance of the system to
variations in shaft freewheeling angle. If the shaft
is rotated by 5° less than usual in the freewheeling
direction e.g. the inhaler mouthpiece cover is not
completely closed, then the next shaft drive cycle,

20 linked to the mouthpiece cover opening, will be 5°
shorter than usual, but the 5° will be subtracted from
the lost motion, so that the driven rotation of the
outer annular member, causing advance of drug coated
tape, will be the usual full amount.

25 A further advantage of the device is the lack of
potential éreep of such a plastic ratchet mechanism.
Most known ratchets require springs of some nature for
them to operate correctly. The choice is usually
either a metal spring, which can be expensive, hard to

30 produce accurately to small tolerances, and may cause
substantial wear of other fine plastics parts, or a
plastics spring which will suffer from creep or stress
relaxation if parked under any significant loading
force at elevated temperatures. Most simple fine

35 scale plastics ratchet mechanisms are unable to ensure
that parking cannot occur with a spring in a loaded
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surface and a canlsgréggg’ tgg is not susceptible to such a creep
problem.
In an alternative embodiment (not shown) of the
device of Figure 1, eight teeth inside the outer
10 annular member were present, each deeper. This
arrangement thus provides 1larger teeth of higher
strength and greater tolerances. Although the device
has fewer drive positions, eight teeth and two slider
endsigiving sixteen drive positions, it is possible to
15 be more certain which will engage if the shaft is
rotated by an angle which varies slightly, i.e. there
is a large tolerance on the freewheeling angle. For
example, consider a lever attached to the shaft being
reciprocated by around 165° each time. Each stopping
20 point corresponds to 360°/16=22.5°, so that 165° is
equivalent to seven times the angle between drive
positions plus 7.5° slack. In other words, there will
be approximately 7.5° of wasted motion of the shaft
each time, but exactly 7 x 22.5°=157.5° of outer
25 annular member rotation, i.e. the drive should
theoretically provide a consistent 157.5° one-way
rotation of the outer annular member as the shaft is
reciprocated repeatedly by approximately 165°. Tests
of this device showed the expected mean rotation of
30 the outer ring, with a standard deviation of the
rotation angle of less than one and a half degrees.
Whilst the device of Figure 1 does not require a
spring biasing means for operation since the slider is
free to move entirely under the influence of the teeth
35 (4) it is possible to provide a bistable biasing
action which causes a snap action during radial

- 8 -
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causes engagenenttg ég¥ié§”2§%gé§§31y with the slider (16). The wings
5 (30) have a bistable action tending to move the slider

(16) towards one of its ends or the other with a snap

action. Full engagement of a drive element at the end

of the slider with a tooth (4) will thus tend to be

more assured, reducing the possibility of tip wear of

10 the slider due to large torques being transmitted via
too small a tip/tooth overlap. Even if the slider
(16) is 1left with the plastic spring wings (30)
strqined i.e. cammed towards but not beyond the centre
position by a tooth (4), any stress relaxation of the

15 spring wings occurring with time, although reducing
the snap of the over-centre action of the slider in
one direction, will not prevent the slider operating
as in Figure 1 since the operation is dependent upon
the teeth (4) and not the spring bias.

20 Figure 3 shows an alternative embodiment of shaft
and drive elements in which the drive elements (12,14)
are in the form of a pawl (34) which is linked to the
shaft (10) by flexible 1links (36) allowing radial
movement of the pawl (34} as indicated by the arrows.

25 The pawl (34) will reciprocate in a similar manner to
the slider (16) of Figure 1 by the cam surfaces
(22,24) acting on the teeth (4) of the annular member
{not shown in Figure 3).

A steel spring may be mounted between the pawl

30 (34) and the shaft (10) so as to provide a snap action
between two bistable positions, thus acting in a
similar fashion to the embodiment of Figure 2.
Alternatively, an intrinsically bistable all moulded
shaft/pawl could be produced, with an over-centre snap

35 action. This arrangement has to be moulded in a
cranked condition i.e. offset to one side, not

-9 -
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any event the device will function in absence of any
5 spring biasing means.

In the embodiment shown in Figures 4 to 7 the
drive elements are fixed to the shaft (10) in the form
of radially outwardly extending teeth (40) each having
a driving surface (42) and a cam surface (44). The

10 outer annular member (2) is provided with radially
movable, radially inwardly projecting teeth (4) each
having a driving surface (6) and a cam surface (8).
The teeth (4) are integrally formed with a wedging
elemént (46) having a wedging surface (48) capable of

15 engaging a mating surface (50) formed within the
annular member (2). The wedging elements (46) are
integrally formed with the annular member and attached
to the interior surface by flexible tails (52) which
allow radial movement of the wedging elements (46).

- 20 Figure 6 illustrates the driving mode. The shaft
(10) is rotated clockwise causing engagement of a
driving surface (42) of a tooth (40) on the shaft with
a driving surface (6) of a tooth (4) of the annular
member (2). The engagement forces the wedging element

25 (46) to move until the wedging surface (48) abuts the
mating surface (50).

The tails (52) are almost fully extended and the
wedging elements (46) have moved up to their mating
surfaces (50) to ensure full engagement of the driving

30 surfaces (42,6). This allows very high torque to be
transmitted because the higher the input load the
harder the wedging elements are forced into engagement
with the mating surfaces of the annular member. The
drive is taken through the angled mating faces and not

35 through the thin tails (52), which serve only to
retain the wedges in the mechanism.

_10_
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« the drive el enents are nount ﬁm
substantially radial novenent!

drive elenments 5 which are interconnected to form a slider or
The return non-driving cycle is shown in Figure
o 7 with the shaft (10) rotating anti-clockwise. The

wedging elements are initially carried anti-clockwise
with the cam surfaces (44) of the shaft sliding down
5 cam surfaces (8) and bending tails (52). The cam
surface (8) of a tooth (4) encourages the tooth (4) of
the wedging element to ride up over the tip of the
tooth (40) on the shaft and this is repeated every
time a tooth (40) goes past a wedging element. Since
10 the only resistive forces are the friction between the
shaft and the wedging elements the torque required to
reverse the drive is low, or conversely the torque
transmitted through the drive in the reverse direction
is minimal. This is an important feature as it means
15 that the load being driven by means of the device of
this invention can be designed with quite low friction
without worrying about the danger of it being back-
rotated during the ratchet return cycle. This is an
- important requirement for a tape advance mechanism in

20 the inhaler.
A major concern with an all plastics drive in the
- long term are creep and stress relaxation. The worst
case scenario for this type of drive illustrated in
Figures 4 to 7 is if the wedging elements are
25 inadvertently left parked with their teeth (4) just on
the tips of the teeth (40) of the shaft causing the
tails to be bent under load for long periods of time.
This is unlikely to occur if the device completes a
drive cycle just prior to a long period of non-use,
30 but is statistically quite 1likely if the device
completes all or part of a return cycle and is then
left unused. 1In such a situation the tails (52) will
inevitably stress relax, so that the contact force
between the wedging elements and the shaft decays with
35 time. In practice there is generally enough friction
remaining to force the teeth (4) on the wedging
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wedgi ng el enent I Ch™we ween
into more positive engagement with the shaft as they

slide down the steep side of the driving surfaces
(42). The lost motion or backlash should never be

10 more than 360°/N where N is the number of teeth on the
shaft, because the teeth of the wedging element should
not be able to slip up the steep side of the saw-tooth
and out of engagement.

‘A device of the type disclosed above with

15 reference to Figures 4 to 7 was fabricated from
polyacetal and tested to advance tape in an inhaler by
rotating the shaft alternatively clockwise and anti-
clockwise through an angle of 180°.

The target criteria were that no advance length

20 should be below 20mm and the minimum of tape should be
wasted whilst achieving that target i.e., 1lowest
possible mean advance length. After 3000 actuations
all advance lengths were above 20mm with a mean of
22.83mnm.

25 The device was then artificially aged by
deliberately parking the teeth of the wedging elements
on the tips of the teeth of the shaft and leaving it
in a 50°C oven for 65 hours before re-testing.

When subsequently tested, the device did not

30 perform guite as well as before aging because the
tails had taken on a "set" in the oven. This meant
that every so often it was possible for a shaft tooth
to slip under the teeth of the wedging elements
because they were not held in sufficient contact by

35 the tails to cause proper engagement. on these

occasions short advances were noted.
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with the ingenti o§5000 hours at 20°C, or approximately 7 % years at

10

15

290

25

30

35

room temperature.

Whilst this device has been shown to be robust
and reproducible and is only prone to occasional
failure under the extreme conditions of being parked
with the teeth of the wedging elements on the tips of
the teeth of the shaft for very long periods, the
performance can reédily be improved.

In alpreferred embodiment each wedging element
(46).previously described is provided with a small
projection (60) (Figures 5 and 6). The projection
(60) has a cam profile on its outer edge which
interacts with a series of lobes (62) on the inner
edge of an extension (64) to the shaft radially spaced
and axially offset from the teeth (40).

The cam projection (60) on the wedging elements
follows the 1lobe profile (62) on the shaft which
forces the tooth of each wedging element into partial
engagement with a tooth on the shaft. Wherever the
return cycle stops, the teeth of the wedging element
will always be in full or partial engagement when the
shaft begins to rotate to transmit drive (i.e.
clockwise in the sense of Figures 5, 7 and 8; anti-
clockwise as viewed from above in Figure 6). As the
shaft rotates the lobe surface (62) pushes on the cam
projection (60) and forces the driving surfaces into
engagement and this action continues until the wedging
element is forced against the mating surface and into
full engagement as described previously.

Such a device was tested as described above after
aging for 287 hours at 61°C with the teeth of the
wedging elements parked on the tips of the shaft.
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5 : Figure 2 represents a cross-section through a nodi fi ed

. deV|ce of the type shown in Figure 1, Figure 3 represents an
alternative construction of shaft and drive el enent suitable for use
inab qevice of the inventi on,

This corresponds to over 3 years at 41°C and is an
S extremely severe test.
After several hundred actuations there were no
advance lenqths below 20mm with a mean of 23.14mm.

This Sheet Has Been R laced

AR lll
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'Figufes 4 and 5 represent'ex Fﬁﬂﬁ%-ﬂiEﬂB of—a furt her

.enbodi nent of the invention, u esent

cross-sections through 10 i gures 4 @ﬁ rﬂ ”] dri ve
r

and return cycles respectlvely. Fi gu

cross-section thropghrns transm ssi on device of the |nvent|on .
gonpri sing an outer annul ar nenber (2) having 16 inwardly projecting
5 teeth (4) each conprising a driving surface (6) and a cam
surface (8). The annul &t Hermevi(:a) foy thea gramsmissiosheef hemergagear
teeth (not shomn)t8£ radially outwardly. 20 Det ai | ed

0
Descri ption ﬁe coft rising:

5 an outer annular member having a plurality of
radially inwardly projecting teeth each comprising a
driving surface and a cam surface,

a shaft concentrically mounted with respect to
the outer annular member, the shaft comprising a
10 plurality of drive elements each having a driving
surface and a cam surface, whereby:
rotation of the shaft or outer annular member in
its driving direction causes engagement of a driving
surface of at least one drive element with a driving
15 surface of at least one tooth thereby resulting in
joint rotation of the shaft and outer annular member
and '
rotation of thé shaft or outer annular member in
its non-driving direction causes engagement of the cam
20 surface of at least one drive element with the cam
surface of at least one tooth resulting in additional
relative movement, substantially radially, between
said drive element and tooth thereby preventing
rotational movement being transmitted between the
25 shaft and outer annular member,
said engagement of the driving surfaces and the
cam surfaces not requiring the presence of spring
biasing means.

30 2. A device as claimed in Claim 1 in which the

drive elements are mounted on the shaft in a manner
allowing radial movement relative to the shaft.

_ 15 -



‘A shaft. (10) is concent r Thisjhes) HasBeay Replaged; i py th | ar
.menber (2) and is associa I driv \HII H‘@ﬂ"ﬁﬁ B whi ch
are joined to forma Each dri

conprises a 25 driving surface (18,20) and a cam surface (22 24)
The slider (16) is locafed ‘Qié\}”icfh @2 R8limedbinMcliRlilh 2 comgriss it ftiwd 10)
and is free to recjprocate in radi al direction. In order to

mnimse fricti orﬁ'lrl"“3 eEGF‘ﬁE&ﬁ el | aBR ANRPeXERPNSRLeR (59 ofoFRe 2
channel 30 t he sﬁt&éﬁcextaﬁaaﬁg ishretahtdhilal di@ﬁéﬁfﬂchllyhfacross

presence of round r ons (28) extending the wall of the
channel (26). %{qﬁo sg'lé"fj"p“prem at ed such pI’OJ ections may equally
wel | be pressnt on the slider (16). The shaft (10) may be attached

fo,8,38 7 Tover 100t ehopriey b oh T RABTR (GREE 8 s unscn ene

i nhal er, to cause rotiohal
slider is retained within a channel in the shaft.

5. A device as claimed in Claim 2 in which the
10 outer annular member comprises at least 8 fixed,
radially inwardly projecting teeth.

6. A device as claimed in Claim 3 in which the
slider is bistable to its extreme radial positions.
15
7. A device as claimed in Claim 1 in which the
drive elements are fixed to the shaft in the form of
radially outwardly extending teeth each having a
driving surface and a cam surface and the radially
20 inwardly projecting teeth of the outer annular member
are substantially radially movable between driving and
non-driving positions.

8. A device as claimed in Claim 7 in which the
25 radially movable teeth of the outer annular member are
integrally formed with a wedging element which, in the
driving position, wedges between the drive elements on
the shaft and an inner surface of the outer annular
member to transmit the drive.-
30
9. A device as claimed in Claim 8 in which the
wedging elements are joined to the inner surface -of
‘the outer annular member by resiliently flexible
tails.
35

- 16 -



urface (18) of the ori iﬁm m m“?m‘;%* ki 1 1114 AR

surface (6) of a tooth (4) the outer ahnii ar* ménbér (2) to be

rotated through the 5 same angl e. If the rotation of the shaft (10) is
reversed the slider (16) wll| be caused to reciprocate
9 10. A device as claimed in Claim 8 in which the

wedging elements additionally comprise a projection

having a cam surface which engages a guide surface on

the shaft to ensure engagement of the driving surfaces
5 of the teeth during driving movement.

11. A device as claimed in Claim 1 completely
constructed of plastics material.

10 12. A device as claimed in Claim 11 in which
the plastics material is polyacetal.

.13, An inhaler having an elongate carrier
bearing powdered medicament and an advancement means
15 for moving the carrier to position an area of the
carrier in a predetermined place for dispensing
medicament, the advancement means comprising a device
for the transmission of bne-way torque as claimed in
Claim 1.
20

- 17 -



as t-he cam surface (22) of the drive elenment (12) w il

surface (8) of a tooth causing radi al novenent of the slider (16)
one direction and 10 thereafter the cam surface (24) of the drive
el enent (14) will engage the cam surface (8) of a different

engage the cam

in

tooth (4) causing radial noverrembsﬂﬁg@@j i% di¥vlosure in the opposite
direction. Thus no driving force w e transmtted to the annul ar
outer nenber (2) and the 15 shaft is free to rotate. Thus, this

invention is effectively a formof escapenent with
t he slider (16) gm Rolglelst ocat |fno(% t,q al I ow the teeth

enbodi nent

past it at alternate en

teeth (4) 2
the slider

In practice,

of the

0s th

(16) th

10

15

20

This

eonpristmgeahooutereadnngaromenbee havipgoeapiloradfity

8 Pgﬁga??ﬂg{a&hggra&y B?oﬁkﬂ:@ing teetﬁnQHl‘:ﬁr cEH?\BQ%lS%)

therel

a driv1ng surface and a cam surface, and a shaft
concentrically mounted with respect to the outer
annular member and comprising a plurality of drive
elements each having a driving surface and a cam
surface. Rotation of the shaft or outer annular
member in its driving direction causes engagement of
a driving surface of at least one drive element with
a di'iving surface of at least one tooth thereby
resulting in joint rotation of the shaft and outer
annular member. Rotation of the shaft or outer
annular member in its non-driving direction causes
engagement of the cam surface of at least one drive
element with the cam surface of at least one tooth
resulting in additional relative movement,
substantially radially, between the drive element and
tooth, thereby preventing rotational movement being
transmitted between the shaft and the outer annular
member,

T

- 18 -~
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be- enough friction in any gear train etc. of which the out er annul ar
menber may forma part, and | ow enough 25 friction of the slider inits
channel, to ensure that back rotation of the outer annular nenber
does not occur. One of the major advantages of inhaler drive

mechani snms according to this enbodi nrent has been found to be the
COQB]ete | ack of back rotation of the outer 30 annul ar nenber (2).

Anot her advantage is the consistency of the | ost notion in the device
of Figure 1. Consider a back rotation (free wheeling) action of the
shaft followed by a reversal i.e. qyf4uing action. |If the reversal 35
occurs at a random position, then the next driving point wll be
reached after between about O[err] and

2 FIG.1

This Sheet Has Been Rer

MR




T ~360[err]/32 of lost notion, i.e. there wll be a random

‘ampunt of | ost or wasted notion of up to approxi mately 11f[err].
Qobviously nore teeth (4) on the outer annul ar menber (2) woul d reduce
t he maxi mum possible lost 5 notion, but at the expense of requiring
smal l er teeth with | ess strength. Consi der reciprocation of the
sHaLt bet ween two given positions, as would happen if the shaft were
fixed to an inhal er nout hpi ece cover

2/4

TIg..} | -\-'\.::::3/1'

This Sheet Has Been Reililced

AN




whi cir was bei ng repeatedly opened and cl osed by a 10 patient, for

exanple. Al though there would still be | ost notion, it would be
constant, as each driven tooth woul d be contacted, and subsequently
left, at consi stent positions. The approximately 11l[err] angle

bet ween adj acent drive positions provi des an 15 estimation of
tHe, tolerance of the system to variations in shaft freewheeling
angle. If the shaft is rotated é%ﬁ%[err] legss than usual in the
freewheel i ng direction e.g. the inhal er nouhNjeiesae, cover i s not
conpletely closed, then the next shaft drive A L i nked to the
nout hpi ece cover openi g rwid=t=t—mhe 5[ err] ui i but the

5[err] will be §ybtr=
rotation of they
tape, wll be thg

This Sheet Has Been Rexilaced E

AR




25 - A further advantage of the device is the |ack of potenti al

cteep of such a plastic ratchet nechani sm Most known ratchets
require springs of some nature for themto operate correctly. The
choice is usually either a metal spring,. which can be expensive, hard
to 30 produce accurately to small tol f nces, and may cause

substantial wear of other fine pl asgpcs parts, or a pl astics spring
which will suffer fromcreep or str rel axation if parked under any

si gnificant Most sinple

| oadi ng force at el eyafed téBperatures.
fine 35 ‘ S

scal e plastics ratche

This Sheet Has Been Reili]ced
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DEVICE FOR TRANSMISSION OF ONE-WAY TORQUE

PR B

Field of the Invention

5 This invention relates to a device for the
transmission of one-way torque and in particular to a
device which may readily be moulded from plastics and
can transmit high driving forces.

10 Backaround
Devices for transmission of one-way torque are
well Xknown, common examples include a socket wrench
and the winding mechanism of a clockwork motor, watch,
clock etc. Generally such devices comprise at least
15 one metal part and a biasing spring to bias a pawl in
engagement with the teeth of a ratchet wheel.
W090/13328 discloses a dry powder inhalation
device comprising a housing defining a chamber in
communication with a patient port in the form of- - a
20 mouthpiece or nasal adaptor, and an elongate carrier
bearing a powdered medicament, the device being
constructed: and arranged such  that areas. of
predetermined size of the elongate carrier may
sequentially be exposed within the chamber, the device
25 comprising one or more air inlets such that when a
patient inhales through the patient port an air flow
is established from the air inlet(s) to the patient
port through the chamber such that particles of the
powdered medicament of respirable .size from said
30 exposed area of the elongate carrier are entrained
within ﬁhe air flow.
‘The elongate carrier is preferably in the form of
a tape having a surface with grooves, pores, apertures
or other embossed features which contain particles of
35 medicament.  The tape is conveniently wound on a

supply spool and preferably contained _wi
' REPLACEMENT SHEET
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10 . annul ar nenber
Al t hough the device
sl i der
be nore certain which wll

whi ch varies slightly, i.e.

freewheel i ng angl e. ‘For
shaft being

were present,
t hds provides |arger teeth of higher

reci procated by aro

each deeper.
strength

TREPLACENE T_f%f@fa

ment
ces.

has fewer drive positions, [efght teeth andjt
ends giving sixteen drive positions, it]i MAR 9970 115
engage if the shaft is ot ated by gn jangl e
t here Is a large tjolerance on the
exanpl e, consider a Ié to the

&nd 165[err] each tine. Each stopping

20 poi nt correapsatitet ha¥bibigear shpHiP2ahfietake—upo stpuadl .16 3fhay fapies
ons plus 7.5

sl ack. In other VBng?ntﬁéanmﬁﬁﬁb%ses %Egggggbgaﬂnﬁtﬁyggééféﬁ?fsbf

equi val ent to seven ti

s .t he

bet

wast ed

noti on of the shaft

of outer

25

In useG¢h araes bof drect bppl X &% S[=aqiertialayerr ]

5

10

15

20

25

30

35

ag&%%ed”%bce& thd t&%én%‘ér ti.cs edisfaggsed rtih\{ae mesciPéJalmdent
contained within that area of tape. It is essential
that the tape is advanced in well defined steps from
the the

accurate, reproducible dosing and to prevent drug

supply to take-up spool to facilitate

wastage. The advancement of the tape is conveniently
facilitated by pivotal movement of a lever, either in
a similar manner to the winder lever of a camera, or
more preferably in the form of a mouthpiece cover,
such that the tape is automatically advanced when the
patiént opens the cover. Such arrangements reqguire an
efficient one-way drive providing precisely controlled
advancement and so that closure of the cover causes no
movement of the tape.

The requirements of such a drive mechanism for
It is desirable that
the mechanism be cheap, preferably injection moulded

use in an inhaler are nmanifold.

in a minimum number of plastic parts.
should be compact and lightweight,
large drive forces in relation to the torgue needed to

The device
able to transmit

reverse the mechanism, capable of achieving low levels
of variation in any 1lost motion, able to
withstand temperatures of -20°C to +70°C for several
without
"parked" in any configuration, able to resist wear and
tear

reliable,

hours creeping or stress relaxing when

after prolonged |usage (several thousand

operations in each direction), reasonably immune to
dirt or powder ingress, cheap to assemble, and quiet
in operation.

The invention has been made with the above points

in mind.



theoretically pr%hlsdﬁee"i‘H?ﬁT@A Ele 157 5[err] one-wdy REPLACEMESITaBRERT ¢f the

oyt er @annul ar reci procated repeat eary ny
approxi mately 165. Tﬂﬁmﬂl mﬂ F
rotation of 30 t

this device showed tih xmﬁtll?gb am
, Wth a standard cewatlon th
rotation angle of |ess than one and a half degrees. ' t he
device of Figure 1 does not require a 3 spring Ri asi ng neans for
operation since the slider is free to nove entTrery onder TNe
i nfluence of the t2¥RRazy of Lhe Inventigrssiple to provide a bistable
biasi ng acti on Whptox®RlirRs &oSntlpe agdewertur ingentdoal there is

provided a device for the transmission of one-way
torque comprising:

5 an outer annular member having a plurality of
radially inwardly projecting teeth each comprising a
driving surface and a cam surface,

a shaft concentrically mounted with respect to
the outer annular member, the shaft comprising a

10 plurality of drive elements each having a driving

surface and a cam surface, whereby:

rotation of the shaft or outer annular member in
its driving direction causes engagement of a driving
surface of at least one drive element with a driving

15 surface of at least one tooth thereby resulting in
joint rotation of the shaft and outer annular menmber
and

rotation of the shaft or outer annular member in
its non-driving direction causes engagemeﬁt of the canm
20 surface of at least one drive element with the cam
surface of at least one tooth resulting in additional
relative movement, substantially radially, between
said drive element and tooth thereby preventing
rotational movement being transmitted between the
25 shaft and outer annular member,
said engagement of the driving surfaces and the
cam surfaces not requiring the presence of spring
biasing means.
The invention also extends to an-inhaler having
30 an elongate carrier bearing powdered medicament and an
advancement means for moving the carrier to position
an area of the carrier in a predetermined place for
dispensing medicament, the advancement  means
comprising a springless device for the transmission of

35 one-way torgue as described above.



9 novenent . Figure 2 shows the slider (16) v ,
two plastic spring wings (30), the ends of which ﬁfébg@’ﬁ@'ﬁ%
recesses (32). The wi ngs (30) may be forned ilntlegrally with
slider (16). The wings 5 (30) have a bistable adtilonqfjeiRMe92 o
slider (16) towards one of its eggs or the otlhgr wth a snap
action. Full engagenent of a drive elengnt at the gn of—ttheslii der
with a tooth (4) will thus tedsbrdam®e withNDheasiSenBIAiREAUC] B8 { ke

pRosibi i1y of 11 ueat 00:10ne dblSeshd 40 L0 (A AR L WS ThT

in a manner allowing substantially radial wovement.
Conveniently the device comprises two drive elements

5 which are interconnected to form a slider or
reciprocating pawl, which is mounted in a channel
extending substantially diametrically across- the
shaft, the slider or pawl being free to reciprocate
along its length. The driving surfaces of the teeth

10 and slider or pawl are preferably substantially radial
and the length of the slider or pawl allows engagement
of only one of the drive elements at a time.

In accordance with a further embodiment of the
invention the drive elements are fixed to the shaft in

15 the form of radially outwardly extending teeth each
having a driving surface and a cam surface and the
radially inwardly projecting teeth of the outer
annular nember are substantially radially movable
between driving and non-driving positions. The

20 movable teeth are conveniently integrally formed with
a wedging element which wedges between the drive
elements on the shaft and an inner surface of the
outer annular member to transmit the drive.

Either the shaft or the outer annular member may

25 be connected to a drive means e.g. lever, inhaler
cover etc. Preferably the drive means is connected to
the shaft. The outer annular member may be axially
connected to a spool etc. or may comprise gear- teeth
moulded onto its radially outer surface which may be

30 used to drive a spool etc. via a gear wheel.

Brief Description of the Drawings

The invention will now be described with
reference to the accompanying drawings in which:
35 Figure 1 represents a cross—section through a
device in accordance'with the invention.
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too small a tip/tooth overl ap. Even if the slider tfwith
the plastic spring w ngs (30) strained i.e. ca ut net
beyond the centre - position by a tooth (4), any]s i pnj of
the 15 spring w ngs occurrlng with time, althoughjréduei h

snap of the over-centre action of the slgder in one direction, Il
not prevent the slider operating as in Figure -hemegeéagion

i s dependent upon he t ee and . not_the spri
Figure 3 shows an al ter ad¥ e e%rb&(f@rﬁsrﬁengf s?laFFOS% ggctbfd&gr \?}Eogpgmfnts
i nowhi ch the dri veneldatfamcs dehidel)of the type |sﬂnotm'e inrFigire paw (34)

which is linked to the ig uréhff{‘%é%%emfsf ?{:grb @She(?@anﬂll

r adi al novement ofF as 1n e arrovvs
The paw (34) will ofecshatatand nderls'emqﬂesrnmnéultt@ le forheausgi dnr  16)

of Figure 1 hy thes3PY'd@%8% invention,

Figures 4 and 5 represent exploded upper and
lower views of a further embodiment of the invention,
and

Figures 6 and 7 represent cross-sections through

10 the device of Figures 4 and 5 during the drive and
return cycles respectively.

Figure 1 shows a cross—section through a
transmission device of the invention comprising an
outer annular member (2) having 16 inwardly projecting

15 teeth (4) each comprising a driving surface (6) and a
cam surface (8). The annular membexr (2) may be a gear
wheel having gear teeth (not shown) projecting
radially outwardly.

20 Detailed Description

A shaft (10) is concentrically mounted within the
outer annular member (2) and is associated with two
drive elements (12,14) which are joined to form a
slider (16). Each drive element (12,14) comprises a

25 driving surface (18,20) and a cam surface (22,24).
The slider (16) 1is located within channel (26} within
the shaft (10} and is free to reciprocate in the

radial direction. In order to minimise friction
‘between the slider (16) and the walls of the channel
30 the surface areas 1in contact are reduced by the

presence of rounded projections (28) extending from
the wall of the channel (26). It will be appreciated
such projections may equally well be present on the
slider (16). The shaft (10) may be attached to a
35 lever (not shown) e.g. the pivoting cover of an
inhaler, to cause rotional movement of the shaft (10).



(22,24) acting on the teeth (4) of the annul ar nmenbp«

(not shown in

Fi.gur e 3) . A steel spring may be mounted UHﬂWAQBVHWeSBQFf 30

(34) and the shaft (10) so as to provide a snap act 0r
bi stabl e positions, thus acting in a simlar’

enbodi nent of Figure 2. Alternatigely, an |ntr|nsﬂ

noul ded shaft/pawl could be produced, with a

&

r\+ ween tV\D
tothe
MAR 992t dblje al |

er-centre sngp 35

action.  This arrangegmgh hgget @HaEtOpl 6pd i) Bofated CERBLRYiB@NAHHd ON

. €.

—

offset to ong si gde,

10

15

20

25

30

35

1v1nglgﬁrface (18) of the drive element (12) will
engage the driving surface (6) of a tooth (4) causing
the outer annular member (2) to be rotated through the
same angle. If the rotation of the shaft (10) is
reversed the slider (16) will be caused to reciprocate
as the cam surface (22) of the drive element (12) will
engage the cam surface (8) of a tooth causing radial
movement of the slider (16) in one direction and
thereafter the cam surface (24) of the drive element
(14) will engage the cam surface (8) of a different
tooth (4) causing radial movement of the slider (186)
in the opposite direction. Thus no driving force will
be tfansmitted to the annular outer member (2) and the
shaft is free to rotate. Thus, this embodiment of the
invention is effectively a form of escapement with the
slider (16) reciprocating to allow the teeth (4) to
escape past it at alternate ends.

Due to the shallow tooth angle of the teeth (4)
there is more force tending to cause reciprocation of
the slider (16) than back rotation of the outer
annular member (2). In practice, there is likely to
be enough friction in any gear train etc. of which the
outer annular member may form a part, and low enough .
friction of the slider in its channel, to ensure that
back rotation of the outer annular member does not
occur. One of the major advantages of inhaler drive
mechanisms according to this embodiment has been found
to be the complete lack of back r'otation of the outer
annular member (2).

Another advantage is the consistency of the lost
motion in the device of Figure 1. Consider a back
rotation (free wheeling) action of the shaft followed
by a reversal i.e. driving action. If the reversal
occurs at a random position, then the next driving
point will be reached after between about 0° and
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10 central, and so it wll have an uneven bias rds ofje
the twp extrenme radially positions although t hi hotlUdMARtpg
significantly affect its function. In any event jtHe device WI
function in absence of any 5 spring biasing neans. 1 rne
enbodi mrent shown in Figures 4 to 7 the 7 drive eldnents are fixed to
the shaft (10) in the form of radially outwardly extending teeth
each havi ng 306y B2 rf shwdaceot i), abhdea thexrsurfilke $d4p. rahdenlO

out er annul ar TeTBELL0E) peo3BER LS ML AT 0 up to TBLIBMAnAAL
11°. Obviously more teeth (4) on the outer annular
member (2) would reduce the maximum possible lost
5 motion, but at the expense of requiring smaller teeth
with less strength. Consider reciprocation of the
shaft between two given positions, as would happen if
the shaft were fixed to an inhaler mouthpiece cover
which was being repeatedly opened and closed by a
10 patient, for example. Although there would still be
lost motion, it would be constant, as each driven
tooth would be contacted, and subsequently left, at
consistent positions. The approximately 11° angle
betwéen adjacent drive ©positions ©provides an
i5 estimation of the +tolerance of the system to
variations in shaft freewheeling angle. If the shaft
is rotated by 5° less than usual in the freewheeling
direction e.g. the inhaler mouthpiece cover is not
completely closed, then the next shaft drive cycle,
20 linked to the mouthpiece cover opening, will be 5°
shorter than usual, but the 5° will be subtracted from
the lost motion, so that the driven rotation of the
outer annular member, causing advance of drug coated
tape, will be the usual full amount.
25 A further advantage of the device is the lack of
potential creep of such a plastic ratchet mechanism.
Most known ratchets reguire springs of some nature for
them to operate correctly. The choice is usually
either a metal spring, which can be expensive, hard to
30 produce accurately to small tolerances, and may cause
substantial wear of other fine plastics parts, or a
plastics spring which will suffer from creep or stress
relaxation if parked under any significant loading
force at elevated temperatures. Most simple fine
35 scale plastics ratchet mechanisms are unable to ensure
that parking cannot occur with a spring in a loaded

40)
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having a driving surface (6) and a cam surface (8).

integrally fornmed with a wedgi ng el enent (46) havin
surface (48) capable of 15 engaging a mating surfag
wi thin the annul ar nmenber (2). The wedgi ng el enyg

integrally fornmed with the annul ar nenbey and attached

e
nt

FORLDWIoN Y aTice]

.......

The teeth (4) are

4 i
g(?(%l\ﬂﬂfao?gnzad

S{#6)are
to the

interior surface by flexible tails (52) i ch al l ow radi al novenent
il lustrates .the driving

of the wedgi ng el emenft,s \§4Gt).‘ 20 Figure 6

.nmode. The shaft Contiguxgtien apd; dga¥iBehiPst &NCPnesRiGagsRshtibhi2a
driiving surface. (49t actann 1nobbighe) sonshiwe shaf few Hours atasorcyi ngr
surface (6) of a tqQoth {4) annul.ar . o ITe 2 e, engagenent
forces the wedgi ngeg%arnépn%%t %imﬁe")%tfgcﬁs% fu%fi%ggl(ﬁlg%m%g&lz%gtgug?g%é
(48) abuts the to puwevegtsuthiaceatsbet functioninghexopdmly S5&8yadne
al most fullysextenqed {0 of Figure 1 has no spring function,

however, so is not susceptible to such a creep

problen.

In an alternative embodiment (not shown) of the

device of Figure 1, eight teeth inside the outer
10 annular member were present, each deeper. This

arrangement thus provides 1larger teeth of higher
strength and greater tolerances. Although the device
has fewer drive positions, eight teeth and two slider

ends giving sixteen drive positions, it is possible to

15 be more certain which will engage if the shaft is

rotated by an angle which varies slightly, i.e. there

is a large tolerance on the freewheeling angle. For
example, consider a lever attached to the shaft being
reciprocated by around 165° each time.

20 point corresponds to 360°/16=22.5°,

Each stopping

so that 165° is
equivalent to seven times the angle between drive
positions plus 7.5° slack. In other words, there will
be approximately 7.5° of wasted motion of the shaft
each time, but exactly 7 x 22.5°=157.5° of outer
25 annular member rotation, i.e. the

drive should

theoretically provide a consistent 157.5° one-way

rotation of the outer annular member as the shaft is
reciprocated repeatedly by approximately 165°. Tests

of this device showed the expected mean rotation of
30 the outer ring, with a standard deviation of the

rotation angle of less than one and a half degrees.

Whilst the device of Figure 1 does not require a

spring biasing means for operation since the slider is
free to move entirely under the influence of the teeth
35 (4) it 1is possible to provide a bistable biasing
action which causes a snap action during radial
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with two plastic spring wings (30), the ends of which
are retained within recesses (32). The wings (30) may
be formed integrally with the slider (16). The wings
(30) have a bistable action tending to move the slider
(16) towards one of its ends or the other with a snap
action. Full engagement of a drive element at the end
of the slider with a tooth (4) will thus tend to be
rore assured, reducing the possibility of tip wear of
the slider due to large torques being transmitted via
too small a tip/tooth overlap. Even if the slider
(16) is 1left with the plastic spring wings (30)
strqined i.e. cammed towards but not beyond the centre
position by a tooth (4), any stress relaxation of the
spring wings occurring with time, although reducing
the snap of the over-centre action of the slider in
one direction, will not prevent the slider operating
as in Figure 1 since the operation is dependent upon
the teeth (4) and not the spring bias.

Figure 3 shows an alternative embodiment of shaft
and drive elements in which the drive elements (12,14)
are in the form of a pawl (34) which is linked to the
shaft (10) by flexible links (36) allowing radial
novement of the pawl (34) as indicated by the arrows.
The pawl (34) will reciprocate in a similar manner to
the slider (16) of Figure 1 by the cam surfaces
(22,24) acting on the teeth (4) of the annular menmber
(not shown in Figure 3).

A steel spring may be mounted between the pawl
(34) and the shaft (10) so as to provide a snap action
between two bistable positions, thus acting in a
similar fashion to the embodiment of Figure 2.
Alternatively, an intrinsically bistable all moulded
shaft/pawl could be produced, with an over-centre snap
action. This arrangement has to be moulded in a
cranked condition i.e. offset to one side, not



The return non-driving cycle is shown in Figure 7 W th the shaﬁg (
rotati.ng anti-clockw se. The wedgi ng el enents grqg i mmugklmpa ri
anti -cl ockw se with the cam surfaces (44) of th haft sli1ding gio
cam surfaces (8) and bending tails (52). The cam surface—¢-8)- o
tooth (4) encourages the tooth (4) of t he wedgi el enent to ride
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any event the device will function in absence of any
spring biasing means.

In the embodiment shown in Figures 4 to 7 the
drive elements are fixed to the shaft (10) in the form
of radially outwardly extending teeth (40) each having
a driving surface (42) and a cam surface (44). The
outer annular member (2) is provided with radially
movable, radially inwardly projecting teeth (4) each

having a driving surface (6) and a cam surface (8).

The teeth (4) are integrally formed with a wedging
element (46) having a wedging surface (48) capable of
engaging a mating surface (50) formed within the
annular member (2). The wedging elements (46) are
integrally formed with the annular member and attached
to the interior surface by flexible tails (52) which
allow radial movement of the wedging elements (46).

Figure 6 illustrates the driving mode. The shaft
(10) is rotated clockwise causing engagement of a
driving surface (42) of a tooth (40) on the shaft with
a driving surface (6) of a tooth (4) of the annular
nember (2). The engagement forces the wedging element
(46) to move until the wedging surface (48) abuts the
mating surface (50).

" The tails (52) are almost fully extended and the
wedging elements (46) have moved up to their mating
surfaces (50) to ensure full enéagement of the driving
surfaces (42,6). This allows very high torque to be
transmitted because the higher the input load the
harder the wedging eléments are forced into engagement
with the mating surfaces of the annular member. The
drive is taken through the angled mating faces and not
through the thin tails (52), which serve only to
retain the wedges in the mechanism.
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can surfaces (8) and bending tails (52). The canm
surface (8) of a tooth (4) encourages the tooth (4) of
the wedging element to ride up over the tip of the
tooth (40) on the shaft and this is repeated every
time a tooth (40) goes past a wedging element. Since
the only resistive forces are the friction between the
shaft and the wedging elements the torque regquired to
reverse the drive is 1low, or conversely the torque
transmitted through the drive in the reverse direction
is minimal. This is an important feature as it means
that the load being driven by means of the device of
this invention can be designed with quite low friction
without worrying about the danger of it being back-
rotated during the ratchet return cycle. This is an
important requirement for a tape advance mechanism in
the inhaler.

A major concern with an all plastics drive in the
long term are creep and stress relaxation. The worst
case scenario for this type of drive illustrated in
Figures 4 to 7 is if the wedging elements are
inadvertently left parked with their teeth (4) just on
the tips of the teeth (40) of the shaft causing the
tails to be bent under load for long periods of time.
This is unlikely to occur if the device completes a
drive cycle just prior to a long period of non;use,
but is statistically gquite 1likely if the device
completes all or part of a return cycle and is then
left unused. In such a situation the tails (52) will
inevitably stress relax, so that the contact force
between the wedging elements and the shaft decays with
time. 1In practice there is generally enough friction
remaining to force the teeth (4) on the wedging
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statistically quite likely if the device nmpletes all on part of
a return cycle and is then | eft unused. I n such a1BiM5ARt19971 tfthe tails
(52) wll inevitably stress relax, so that the jcontact force

bet ween t he wedgi ng el enents and the sh?Et decays 35 trme. IIn
practice there is generally enough friction Lning to forcefthe

teeth (4) on the \éﬁ%é}&s (46) to start to engage when the shaft starts
~ to rotate clockwise and thus to drive the wedging

surfaces. (48) against the mating surfaces (50).
Further rotation of the shaft forces the wedging
5 surfaces (48) into still more positive engagement with
the mating surfaces (50) and the wedging elements (46)
into more positive engagement with the shaft as they
slide down the steep side of the driving surfaces
(42). The lost motion or backlash should never be
10 more than 360°/N where N is the number of teeth on the
shaft, because the teeth of the wedging element should
not be able to slip up the steep side of the saw-tooth
and out of engagement.

‘A device of the type disclosed above with
is reference to Figures 4 to 7 was fabricated from
polyacetal and tested to advance tape in an inhaler by
rotating the shaft alternatively clockwise and anti-

clockwise through an angle of 180°.
The target criteria were that no advance length

20 should be below 20mm and the ninimum of tape should be
wasted whilst achieving that target i.e. lowest
possible mean advance length. After 3000 actuations
all advance lengths were above 20mm with a mean of
22.83mm.

25 The device was then artificially aged by
deliberately parking the teeth of the wedging elements
on the tips of the teeth of the shaft and leaving it
in a 50°C oven for 65 hours before re-testing.

When subsequently tested, the device did not

30 perform guite as well as before aging because the
tails had taken on a "set" in the oven. This meant
that every go often it was possible for a shaft tooth
to slip under the teeth of the wedging elements
because they were not held in sufficient contact by

35 the tails to cause proper engagement. on these

occasions short advances were noted.
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room temperature.

Whilst this device has been shown to be robust
and reproducible and is only prone to occasional
failure under the extreme conditions of being parked

10 with the teeth of the wedging elements on the tips of
the teeth of the shaft for very long periods, the
performance can readily be improved.

In a preferred embodiment each wedging element
(46)‘ previously described is provided with a small

is projection (60) (Figures 5 and 6). The projection
(60) has a can profile on its outer edge which
interacts with a series of lobes (62) on the inner
edge of an extension (64) to the shaft radially spaced
and axially offset from the teeth (40).

20 The cam projection (60) on the wedging elements
follows the lobe profile (62) on the shaft which
forces the tooth of each wedging element into partial
engagement with a tooth on the shaft. Wherever the
return cycle stops, the teeth of the wedging element

25 will always be in full or partial engagement when the
shaft begins to rotate to transmit drive (i.e.
clockwise in the sense of Figures 5, 7 and 8; anti-
clockwise as viewed from above in Figure 6). .As the
shaft rotates the lobe surface (62) pushes on the cam

30 projection (60) and forces the driving surfaces into
engagement and this action continues until the wedging
element is forced against the mating surface and into
full engagement as described previously.

Such a device was tested as described above after

35 aging for 287 hours at 61°C with the teeth of the
wedging elements parked on the tips of the shaft.
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the driving surfaces into engagenent and this action
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CLAIMS

1. & device for the transmission of one-way
torque comprising:

5 an outer annular member having a plurality of
radially inwardly projectinyg teeth each comprising a
driving surface and a cam surface,

a shaft concentrically mounted with respect to
the outer annular member, the shaft comprising a

10 plurality of drive elements each having a driving

surface and a cam surface, whereby:

rotation of the shaft or outer annular member in
its driving direction causes engagement of a driving
surface of at least one drive element with a driving

15 surface of at least one tooth thereby resulting in
joint rotation of the shaft and outer annular member
and ' '

rotation of the shaft or outer annular member in
its non-driving direction causes engagement of the can
20 surface of at least one drive element with the canm
surface of at least one tooth resulting in additional
relative movement, substantially radially, between
said drive element and tooth thereby preventing
rotational movement being transmitted between the
25 shaft and outer annular member,
said engagement of the driving surfaces and the
cam surfaces not requiring the presence of spring
biasing means. '

30 2. A device as claimed in Claim 1 in which the
drive elements are mounted on the shaft in a manner
allowing radial movement relative to the shaft.
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4. A device as claimed in Claim 3 in which the
slider is retained within a channel in the shaft.

5. A device as claimed in Claim 2 in which the
10 outer annular nember conprises at least 8 fixed,
radially inwardly projecting teeth.

6. A device as claimed in Claim 3 in which the
slider is bistable to its extreme radial positions.
15
7. A device as claimed in Claim 1 in which the
drive elements are fixed to the shaft in the form of
radially outwardly extending teeth each having a
driving surface and a cam surface and the radially
20 inwardly projecting teeth of the outer annular member
are substantially radially movable between driving and
non-driving positions.

8. A device as claimed in Claim 7 in which the
25 radially movable teeth of the outer annular member are
integrally formed with a wedging element which, in the
driving position, wedges between the drive elements on
the shaft and an inner surface of the outer annular
member to transmit the drive. .
30
9. A device as claimed in Claim 8 in which the
wvedging elements are joined to the inner surface -of
‘the outer annular member by resiliently flexible
tails.
35
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11. A device as claimed in Claim 1 completely
constructed of plastics material.

10 12. A device as claimed in Claim 11 in which
the plastics material is polyacetal.

J13. An inhaler having an elongate carrier
bearing powdered medicament and an advancement means
15 for moving the carrier to position an area of the
carrier in a predetermined place for dispensing
medicament, the advancement means comprising a device
for the transmission of .one-way torque as claimed in
Claim 1.
20




full engagenment as described previously. Such a device was

tested-.as descri bed above after 35 aging for 287 hours at 61[err]Cwth
the teeth of the viedgi ng el enents parked on the tips of the shaft.

Abstract of the Disclosure

DEVICE FOR TRANSMISSION OF ONE-WAY TORQUE

A device for the transmission of one-way torque

5 comprising an outer annular member having a plurality

of radially inwardly projecting teeth each comprising

a driving surface and a cam surface, and a shaft

concentrically mounted with respect to the outer

annular menber and conmnprising a plurality of drive

10 elements each having a driving surface and a cam

surface. Rotation of the shaft or outer annular

member in its driving direction causes engagement of

a driving surface of at least one drive element with

a di‘ivi'ng surface of at least one tooth thereby

15 resulting in joint rotation of the shaft and outer

annular member, Rotation of the shaft or outer

annular wember in its non~-driving direction causes

engagement of the cam surface of at least one drive

element with the cam surface of at least one tooth

20 resulting in additional relative movement,

substantially radially, between the drive element and

tooth, thereby preventing rotational movement being

transmitted between the shaft and the outer annular
member.

Fig. 6 I _
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1. An inhaler for the inhalation of a powdered nedi canment conpri sing:
a housi.ng having an air inlet and, spaced therefrom an air outlet, said
air inlet and said air outlet defining a flow path for air through said
housi ng during inhal ati on; an elongated carrier, at |east a portion of
whi ch is disposed within said housing between said air inlet and said air
outlet, said elongate carrier bearing the powdered nedi canent; and and
advancenent neans for advancing said elongate carrier to position an area
of the elongate carrier in a predeterm ned position in said flow path for

di spensing a portion of the nedicanent fromthe carrier during inhalation,

t he advancenent neans conprising a devic@ﬁﬂor t he
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transm ssi on of one-way torque conprising: an outer annul ar nenber

havi ng “a plurality of radially inwardly projecting teeth, each tooth
conprising a driving surface and a cam surface, ° a shaft concentrically
mounted with respect to the outer annular nenber, the shaft conprising a
plurality of drive elenents each having a driving surface and a cam
surface, two of said drive elenents being interconnected to forma slider
extendi ng substantially dianetrically across the shaft, said drive el enents
bei ng mounted on the shaft in a manner allow ng radial novement relative to
t he shaft, whereby: rotation of t?ﬁ%?haft or outer annular nmenber in
its driving direction causes engagenen a driving surface of at |east
one drive elenment with a driving surface of east one tooth thereby

resulting in joint rotation of the W outer annul ar nenber, and
“i"‘ 2\
%,
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rotation of the shaft or outer annular nenber in its non-driving direction

catses ‘engagenent of the cam surface of
- 16 - at |l east one drive elenment with the cam surface of at | east one

tooth resulting in additional relative novenent, substantially radially,
between said drive el enment and said

- 3/4
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tooth thereby preventing rotational novenent being transmtted between said
sh&ft and said outer annul ar menber, sai d engagenent of the driving
surfaces and the cam surfaces not requiring the presence of spring biasing
means. -+ 2. A device as clainmed in Caim1l in which the slider is retained
wi t-hin a channel in the shaft. 3. Aég ice as clainmed in daim1lin

whi ch the outer annul ar nenber conpris i&t | east 8 fixed, radially

i nwardly projecting teeth. 4. A4Qevici as claimed in Caim1l in which
the slider is




-&surface and the radially inwardly projecting teeth of the outer an
~menber are substantially radially novabl e hetween driving and non-
" positions. 6. A device as clained in Cl&ierrrtBny appligddonc¥e. t he r adi
. mpypRNaTt@eeihsp{rdihrepter annul ar menber ' ally fornmed w
“wedgi ng el ement which, in the driving pos ?ﬁﬁ6¢§§§85%§
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A device for the transmission of one-way torgque comprising an
puter annular member (2) having a plurality of radially inwardly projec-
ting teeth (4) each comprising a driving surface (6) and a cam surface
¢g), and a shaft (10) concentrically mounted with respect to the outer
snnular member (2) and comprising a plurality of drive elements (16)
sach having a driving surface (18) and a cam surface (22). Rotation of
the shaft (10} or outer annular member (2) in its driving direction
Fauses engagement of a driving surface of at least one drive element
§ith a driving surface of at least one tooth thereby resulting in joint
sotation of the shaft (10) and outer annular member (2). Rotation of
the shaft (10) or outer annular member in its non-driving direction
pauses engagement of the cam surface of at least one drive element

gith the cam surface of at least one tooth (4) resulting in additional
palative movement, susbtantially radially, between the drive element
and tooth, thereby preventing rotational movement being transmitted
Batween the shaft (10) and the outer annular member (2).

4het ween t he

a cam
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drive
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7.; A device as claimed in Gaim6 in which therm@dmﬂg_ELeﬂBﬂLsmﬁL&J_Q_ﬂﬂi_..

to the inner surface of the outer annul ar nenbe
tails.
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Summary of the Invention
D7 L0 DECEPT LAY

According to the present invention there is prov1ded an
inhaler for the inhalation of a powdered medicament
comprising:

a housing having an air inlet and, spaced therefrom, an
air outlet, said air inlet and said air outlet defining a
flow path for air through said housing during inhalation;

an elongated carrier, at least a portion of which is
disposed within said housing between said air inlet and said
air outlet, said elongate carrier bearing the powdered
medicament; and

and advancement means for advancing said elongate
carrier to position an area of the elongate carrier in a
predetermined position in said flow path for dispensing a
portion of the medicament from the carrier during inhalation,
the advancement means comprising a device for the
transmission of one-way torque comprising:

an outer annular member having a plurality of radially
inwardly projecting teeth, each tooth comprising a driving
surface and a cam surface,

a shaft concentrically mounted with respect to the outer
annular member, the shaft comprising a plurality of drive
elements each having a driving surface and a cam surface, two
of said drive elements being interconnected to form a slider
extending substantially diametrically across the shaft, said
drive elements being mounted on the shaft in a manner
allowing radial movement relative to the shaft, whereby:

rotation of the shaft or outer annular member in its
driving direction causes engagement of a driving surface of
at least one drive element with a driving surface of at least
one tooth thereby resulting in joint rotation of the shaft
and outer annular member, and

rotation of the shaft or outer annular member in its
non-driving direction causes engagement of the cam surface of
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8% A device as clai rfed in Caim6 in which the wedgi ng el enents
additionally conprise a projection having a cam surface which engages a
gui de surface on the shaft to ensure engagenent of the driving surfaces of

the teeth during driving novenent. 9. A device as clained in daiml
conpl etely constructed of plastics material. 10. A device as clained in
Caim9 in which the plastics material is polyacetal.

- 3a -

at least one drive element with the cam surface of at least
one tooth resulting in additional relative movement,
substantially radially, between said drive element and said
tooth thereby preventing rotational movement being
transmitted between said shaft and said outer annular member,
said engagement of the driving surfaces and the cam

surfaces not requiring the presence of spring biasing means.
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17, = 10. A device as-clai-med in Daim8 in which the
wedgi ng el enents additionallﬁ conprise a projection havi ng a cam

surface which engagmuwﬂ! “E i‘]]lt‘e on the shaft to ensure
engagenent of the difNARHURISEL . of the teeth during driving

nmovenent .
- 15 -

CLAIMS

1. An inhaler for the inhalation of a powdered medicament
comprising:

a housing having an air inlet and, spaced therefrom, an
air outlet, said air inlet and said air outlet defining a
flow path for air through said housing during inhalation;

an elongated carrier, at least a portion of which is
disposed within said housing between said air inlet and said
air outlet, said elongate carrier bearing the powdered
medicament; and

and advancement means for advancing said elongate
carrier to position an area of the elongate carrier in a
predetermined position in said flow path for dispensing a
portion of the medicament from the carrier during inhalation,
the advancement means comprising a device for the
transmission of one-way torque comprising:

an outer annular member having a plurality of radially
inwardly projecting teeth, each tooth comprising a driving
surface and a cam surface,

a shaft concentrically mounted with respect to the outer
annular member, the shaft comprising a plurality of drive
elements each having a driving surface and a cam surface, two
of said drive elements being interconnected to form a slider
extending substantially diametrically across the shaft, said
drive elements being mounted on the shaft in a manner
allowing radial movement relative to the shaft, whereby:

rotation of the shaft or outer annular member in its
driving direction causes engagement of a driving surface of
at least one drive element with a driving surface of at least
one tooth thereby resulting in joint rotation of the shaft
and outer annular member, and

rotation of the shaft or outer annular member in its
non-driving direction causes engagement of the cam surface of

REPLACEMENT SHEET

09 SEP 1998




11. - A device as clained in daim1l conpletely constructed of

%?§L| cs mt?LgaL\‘Hmmm|“wm“unzl . pé\l Sg\éiefgl fas clained in i:lsfai m iﬁ in

i nhal er having am elohgate® carrier beari ng powdered nedi canent and
an advancenent neans 15 for noving-tlié carrier to position an area of
t he carrier in a predeterm ned place for dispensing medi canent
the advancenent nmeans conprising a device for the transm ssion of

one-way t orlgukeast corg el ve elementwith theeam surface of at least
one tooth resulting in additional relative movement,

substantially radially, between said drive element and said

tooth thereby preventing rotational movement being

transmitted between said shaft and said outer annular member,
said engagement of the driving surfaces and the cam

surfaces not requiring the presence of spring biasing means.

2. A device as claimed in Claim 1 in which the glider is

retained within a channel in the shaft.

3. A device as claimed in Claim 1 in which the outer
annular member comprises at least 8 fixed, radially inwardly

projecting teeth.

4, A device as claimed in Claim 1 in which the slider is
bistable to its extreme radial positions.

5. A device as claimed in Claim 1 in which the drive
elements are fixed to the shaft in the form of radially
outwardly extending teeth each having a driving surface and a
cam surface and the radially inwardly projecting teeth of the
outer annular member are substantially radially movable

between driving and non-driving positions.

6. A device as claimed in Claim 5 in which the radially
movable teeth of the outer annular member are integrally
formed with a wedging element which, in the driving position,
wedges between the drive elements on the shaft and an inner
surface of the outer annular member to transmit the drive.

7. A device as claimed in Claim 6 in which the wedging
elements are joined to the inner surface of the outer annular
member by resiliently flexible tails.
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8. A device as claimed in Claim 6 in which the wedging
elements additionally comprise a projection having a cam
surface which engages a guide surface on the shaft to ensure
engagement of the driving surfaces of the teeth during

driving movement.

9. A device as claimed in Claim 1 completely constructed of

plastics material.

10. A device as claimed in Claim 9 in which the plastics

material is polyacetal.
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As a general guide for plastics, during

v s s et st =
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ccelerated aging tests each 10°C of elevated
'temperature corresponds to a decade increase in tine
(source - RAPRA). Therefore 65 hours at 50°C minics

5 65000 hours at 20°C, or approximately 7 % years at
roonm temperature.

¥Yhilst this device has been shown to be robust
and reproducible and is only prone to occasional
failure under the extreme conditions of being parked

10 with the teeth of the wedging elements on the tips of
the teeth of the shaft for very long periods, the
performance can readily be improved.

In a preferred embodiment each wedging element
(46). previously described is provided with a small

15 projection (60) (Figure.s 5 and 6). The projection
(60) has a cam profile on its outer edge which
interacts with a series of lobes (62) on the inner
edge of an extension (64) to the shaft radially spaced
and axially offset from the teeth (40).

20 The cam projection (60) on the wedging elements
follows the 1lobe profile (62) on the shaft which
forces the tooth of each wedging element into partial
engagement with a tooth on the shaft. Wherever the
return cycle stops, the teeth of the u;edging elenent

25 will always be in full or partial engagement when the
shaft begins to rotate to transmit drive (i.e.
clockwise in the sense of Figqures 5, 6 and 7, anti-
clockwise as viewed from above in Figure 4). As the
shaft rotates the lobe surface (62) pushes on the cam

kJa] projection (60) and forces the driving surfaces into
engagement and this action continues until the wedging
elenent is forced against the pating surface and into
full engagement as described previously.

Such a device was tested as described above after

35 aging for 287 hours at 61°C with the teeth of the
wedging elements parked on the tips of the shaft.



