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DEVICE FOR TRANSMISSION OF ONE-WAY TORQUE

Field of the Invention
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.

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
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
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
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
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
medicament._ The tape is conveniently wound on a
supply spool and preferably contained within a
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cassette having a supply and take-up spool. The tape

may contain many doses of the drug e.g. 200 doses.

In use, areas of the tape are sequentially
advanced into the chamber to dispense the medicament
contained within that area of tape. It is essential
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
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
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
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
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
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.
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Summary of the Invention

According to the present invention there is

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

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
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
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 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
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
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
one-way torque as described above.
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In accordance with one embodiment 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
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
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
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
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
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
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:

Figure 1 represents a cross-section through a
device in accordance'with the invention.
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Figure 2 represents a cross-section through a

modified device of the type shown in Figure 1,

Figure 3 represents an alternative construction
of shaft and drive element suitable for use in a
device of the 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
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
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.

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
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

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
lever (not shown) e.g. the pivoting cover of an
inhaler, to cause rotional movement of the shaft (10).

- 5 =
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When the shaft (10) is rotated clockwise the
driving surface (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 (16)
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 rotation of the outer
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
occurs at a random position, then the next driving
point will be reached after between about O0° and

- 6 -
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360°/32 of lost motion, 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
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
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
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,
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.

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
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
scale plastics ratchet mechanisms are unable to ensure
that parking cannot occur with a spring in a loaded
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configuration and leaving most such mechanisms in a

hot car in bright sunshine, a few hours at 50°c, for
example, would be sufficient for enough creep to occur
to prevent the ratchet functioning properly again.
The device of Figure 1 has no spring function,
however, so 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
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
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
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
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
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
(4) it is possible to provide a bistable biasing
action which causes a snap action during radial
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movement. Figure 2 shows the slider (16) provided
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
more 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 1links (36) allowing radial
movement 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 member
{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

-9 -
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central, and so it will have an uneven bias towards

one of the two extreme radially positions although
this should not significantly affect its function. 1In
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
elemént (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
member (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 engagement of the driving
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
through the thin tails (52), which serve only to
retain the wedges in the mechanism.

_10_
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The return non-driving cycle is shown in Figure
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

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
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
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 1is 1if 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 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
time. In practice there is generally enough friction
remaining to force the teeth (4) on the wedging

- 11 -
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elements (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
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
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
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
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.

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
perform gquite 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
the tails to cause proper engagement. on these
occasions short advances were noted.

- 12 -



10

15

290

25

30

35

This Sheet Has Been Replaced

AR

As a general guide for plastics, during

accelerated aging tests each 10°C of elevated
temperature corresponds to a decade increase in time
(source - RAPRA). Therefore 65 hours at 50°C mimics
65000 hours at 20°C, or approximately 7 % years at
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.

- 13 =~
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CLAIMS

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

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
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
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
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
shaft and 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

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

_ 15 -
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3. A device as claimed in Claim 2 comprising two

drive elements which are in_terconnected to form a
slider extending substantially diametrically across
the shaft.

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
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.

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
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
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.-

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.

- 16 -
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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
of the teeth during driving movement.

AN O

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

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
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.
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