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(54) Title: DEVICE AND METHOD FOR METERING A PARTICULATE SUBSTANCE AND APPARATUS COMPRISING A

PLURALITY OF SUCH DEVICES
(57) Abstract

The present invention relates o a method
of and a device for metering a predetermined
amount of a particulate substance, and to a me-
tering apparams including two or more such
metering devices. The metering device com-
prises: a body member (2) defining a metering
chamber (20); an unbroken inflow path hav-
ing an inlet (6) and leading to the metering
chamber (20), whersin the inflow path is ro-
tatable about an axis (4) inclined (o) relative
to the vertical (V) such that at least a part
of the inflow path is inclined downwards in
a loading state and upwards in an emptying
state, whereby the inflow path in use guides a
gravity-induced flow of particulate substance
into the metering chamber (20) in the load-
ing state and provides a gravitational inlet lock
which prevents the flow of particulate sub-
stance into the metering chamber (207 in the
emptying state; an outflow path having an out-
let (8) and leading from the metering chamber
(20), the outflow path including means which
prevents the flow of particulate substance cut
of the metering chamber (20) in the loading
State, but admits the flow of particulate sub-
stance out of the metering chamber {20) in the
emptying state; and a reservoir (30) connected
to the inflow path so a5 in use to rotats there-
with and being adapted, when containing any

volume of particulate substance, so as on rotation to provide movement of the contained particulate substance at the inlet (6) and thereby
ensure the flow of particulate substance to the metering chamber (20).
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DEVICE AND METHOD FOR METERING A PARTICULATE SUBSTANCE AND
APPARATUS COMPRISING A PLURALITY OF SUCH DEVICES

The present invention relates to a device for and a method of metering a predetermined

s amount of a particulate substance and to a metering apparatus comprising two or more of
such metering devices. More specificaily, the present invention is directzd o the metering
or dosing of granular or spheronized substances having poor flowability. The present
invention is especially, but not exclusively, adapted to meter pressure-sensitive particulate
substances, such as in the metering of a predetermined amc-mnt of a particulate ‘

e pharmaceutical substance for use in a dry powder inhaler.

Powders having very small particle sizes (micronized powders) ar¢ commonly used in
inhalation therapy. Such powders are often light and dusty, and therefore cause handlin g
problems. Furthermote, such powders have very poor free-flowing properties which often

ts meake the handling and precise metering thereof problematic.

It is known to form such powders into larger particles (agglomerates) in order to enhance
flowability. 'WO-A-95/09615 discloses onc method of forming spheronized agglomerates
which are capable of being broken down during inhalation to provide 2 fine powder. Such
20 agglomerates consisting of more dense and compact particles present, however, another
disadvantage in that the agglomerates are relatively pressure sensitive. This makes it
difficult to meter the agglomerates without damaging the agglomerares and/or creating
larger agglomerates, thereby reducing the flowability and hence the preconditions for exact

metering.

Thus, there is a need for a technique which permits a more exact metering of fine
particulate substances, in particular agglomerates, Exact metering is especially important
in the case of handling and distributing powders containing medicaments where stipulated
S volume or weight tolerances pust be complied with. One example is the filling of dry
7/ VGSTH;‘&(\@ powder inhalers, such as inhalers of the kind disclosed in EP-B-0237507.

)
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GB-A-2113182 discloses a metering device for metering granular materials. The disclosed
metering device is, however, adapted to meter free-flowing granular materials, such as
granular fertilisers, and not powders having very small particle sizes with poor flowability.
s The disclosed metering device includes a reservair in the form of an elon gate tube, and.
whilst suited to the delivery of free-flowing granular materials to the metering mechanism,
would be unable reltably to deliver powders having very small particle sizes to the
metering mechanism.‘since the head of powder in the reservoir above the metering
mechanism would result in physical bridgés of the powder being formed in the reservoir,

18 thereby preventing the free flow of powder to the metering mechanism.

Itis thus a general aim of the present invention to provide a device for and a method of

metering 4 particulate substance in a reliable and exact manner.

1s A further aim of the present invention is to provide a device for and a method of metering
pressure-sensitive particulate substances, such as agelomerases, in 2 manner which avoids

damaging the particulate substances.

Another aim of the present invention is to provide a device for and a method of metering

20 particulate substances which can be performed at high speed.

Accordingly, the present invention provides a metering device for metering a
predetermined amount of a particulate substance, comprising: 2 body member defining a
metering chamber; an inflow path having an inlet and leading to the metering chamber,
25 wherein the inflow path is unbroken, rotatable about an axis inclined relative to the
horizontal and includes a first part which is co-axial with the rotational axis and a second
part which is inclined relative to the rotational axis so as to be inclined downwards in a
loading state and upwards in an emptying state, wheréby the inflow path in use guides a

gravity-induced flow of particulate substance into the metering chamber in the loading state

and provides a gravitational inlet lock which prevents the flow of particulate substance into

ANZNDED SHEET
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the metering chamber in the emptying state; an outflow path having an oudet and leading
from the metering chamber, wherein the outflow path includes flow consrol means which
prevents the flow of particulate substance our of the metering chamber tu the loading state,
but admits the flow of particulate substance out of the metering chamber in the emptying

5 state; and a reservoir leading to the inlet of the inflow path, wherein the reservoir is
rotatable and configured so as in use to rotate together with znd provide particulate
substance to the inflow path; characterized in that the reservoir is further configured such
that on rotation a tumbling effect is achieved at the inlet of the inflow path for every

volume of particulate substance containable therein.

The metering device is adapted to meter a predetermined amount of a particulate substance,
either as a predetermined volume or a predetermined weight. In this application, it will be
understood that the term state transition encompasses both a transitior: from the loading

state to the emptying state and from the emnptying state to the loading state.

A feature of the metering device is that the inflow path to the metering chamber is
unbroken. In this application, it will be understood that the term unbroken is used to mean
that no mechanical valve members or the like are disposed in the inflow path. Thus,
damage to particulate substance present in the inflow path can be avoided. and the metering
0 device is particularly suited to the metering of pressure-sensitive particulate substances
such as powder agglomerates. The use of mechanical valve members downstream of the
metering chamber is, however, not excluded so long as such valve members do not block

or disrupt the outflow path. An example thereof will be described hereinbejow.

35 Another feature of the metering device is the provision of a gravitationai inlet lock
upstream o-f the metering chamber; that is, a locking function which results from the
gravitational force acting on the particulate substance present in the inflow path. Asa
result, it is possible, even after filling of the metering chamber has been completed, to

maintain unbroken contact between the particulare substance present in the inflow path and

AT , L .
7o ‘é?(/“‘,\ the metered amount of particulate substance present within the metering chamber. Thus,
LY

4 _

b4
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no mechanical valve member or the like is required at the inlet to the metering chamber to

prevent the further inflow of particulate substance after filling has been completed,

In addition to the above-described gravitational inlet lock, the outflow path also includes

s flow control means which prevents the flow of particulate substance from the metering
chamber in the loading state, but admits such outflow in the emprying state. Asa
consequence of the fact that the metering chamber, and the outflow path downstream of the
metering chamber, will normally be empty during the filling step, the flow control means
downsiream of the metering chamber may, ini contrast 1o the inlet 1ock, be in the form of a

1o movable mechanical valve member or the like, the operation of which is controlled in 2
suitable manner in response to each state transition. However, in a preferred embodiment
the metering device of the present invention includes a gravitationai outlet lock
downstream of the metering chamber. In order to provide a gravitarional outler lock, the
state transition further involves a rotation of the outflow path so as to prevent the flow of

15 particulate substance from the metering chamber in the loading state, but admit such

outflow in the emptying state.

The flow paths preferably define a channel which extends through the body member.
However, the flow paths may also be in the form of non-closed surfaces which support and
2  guide the particulate substance, provided that such surfaces can be inclination-shifted for

accomplishing the gravitational locking.

The present invention also provides a method of metering a predetermined amount of a
particulate substance, comprising the steps of: providing a metering device for metering a
25 predetermined amount of a particulate substance, the metering device comprising a body
member defining a metering chamber, an inflow path having an inlet and Jeading to the
metering chamber, wherein the inflow path is unbroken, rotatable abour an axis inclined
relative to the horizomai and includes a first part which is ¢o-axial with the rotational axis

and a second part which is inclined relative 10 the rotational axis so as to be inclined

<

mx\downwards in a loading state and upvards in an emptying state, an outflow path having an
Fak

i
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outlet and leading from the metering chamber and a reservoir leading to the inlet of the
inflow path, wherein the reservoir is rotatable about the rotational axis and configured so as
1n use to rotate together with and provide particulate substance to the inflow path;
providing particulate substance into the reservoir; rotating the inflow path so as to incline
the second part thereof downwards and guide a gravity-induced flow of the particulate
substance therethrough so as w fill the meterng chamber; preventing a gravity-induced
flow of the particulate substance out of the metering chamber during the filling step;
rotating the inflow path so as 1o incline the second part thereof upwards and thereby
provide a gravitational inlet lock which prevents the further flow of particulate substance
into the metering chamber; and emptying the metering chamber while particulare substance
is prevented from flowing into the metering chamber; charactenzed in that the reservou‘ 1s
further configured such that on rotation a tambling effect is achieved at the inlet of the

inflow path for every volume of particulate substance conrainable therein.

The present invention further provides a metering apparatus for metering a prederermined
amount of a particulate substance, comprising at least one metering devics comprising a
body member defining 2 metering chamber, an inflow path having an inlet and leading 1o
the metering chamber, wherein the inflow path is unbroken, rotatable about an axis
inelined relative to the horizontal and includes a first part which is rotatable about the
rotational axis and 2 second part which is inclined relative to the rotational axis so as to be
inclined dowhwards in a loading state and upwards in an emptying state, whereby the
inflow path in use guides 4 gravity-induced flow of particulate substance into the metering
chamber in the lbading state and provides a gravitational inlet lock which prevents the flow
of particulate substance into the metering chamber in the emptying state, and an ourflow
path having an outlet and including flow control means which prevents the flow of
particulate substance out of the metering chamber in the loading state, but admits the flow
of particulate substance out of the metering chamber in the amptying state; characterized in
that the metering apparatus further comprises a rotatable wheel having two or more _
metering devices mounted thereen in circumfercntially spaced positions with a common

rotational axis.

B AMENDED SHEET
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An advantage of disposing a plurality of metering devices on a rotatable wheet is thar one
metering device can be loaded at a loading station, while another, previously filled
metering device can be emptied simultaneously at an emprying station. In a preferred

5 embodiment the metering apparatus comprises ar least two metering devices disposed
diametrically opposite each other on the rotating wheel, such that when one of the at least

wo metering devices is in the loading state another is in the emptying state.

When using only one metering device, the outlet thereof can Be heid in a substantially fixed |

10 position in a horizontal plane during a state transition. As a result, the flow of particulate
substance from the metering device is focused. In contrast, in the case of 2 rotating wheel
provided with a plurality of metering devices which follow a circular path; the outlet of
each metering device is not stationary during a state transition. In order to avoid the
premature flow of particulate substance from the outlets during rotation from the loading

is state to the emptying state, sach metering device preferably comprises an individually
contollable valve member, which is movable between a closed position for closing the
outlet of the metering device in the loading state and an open position for opening the
outlet of the metering device in the emptying state. The operation of such valve members
may be controlled by a cam-type arrangement which is configured ta operate in response to

10 the rotation of the rotarable wheel,

Preferred embodiments of the present invention will now be described hereinbelow by way

of example only with reference to the accompanying drawings, in which:

s Figure | illustrates a vertical sectional view of 2 metering device, illustrated in the loading

stare, in accordance with a preferred embodiment of the present invention;

Figure 2 illustrates a vertical sectional view of the melering device of Figure 1 in the

emptying state; and

3
“] AMENDED SHEET
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Figure 3 illustrates a schemmatic vertical sectional view of a metering apparatus in
accordance with another preferred embodiment of the present invention, illustrated with

one metering device in the loading state and another metering device in the emptying state.

5 Figures | and 2 illustrate a metering device in accordance with a preferred embodiment of
the present invention. The metering device is typically used for the filling of dry powder
inhalers with a predetermined amount (referred to as a dose hefeinbelow) of a
pharmaceutical substance in granular or spheronized form. The metering device is

preferably made of stainless stesl.

The metering device comprises a body member 2 which in use is teciprocatingly rotated
through 180° about an inclined rotational axis 4 berween a loading state as illustrated in
Figure 1, and an emptying state as illustrated in Figure 2. The rotational axis 4 is inclined

by an angle & of about 45° relative to the vertical V, but it will be understood that other

s inclinations could be employed. Although the body member 2 is reciprocatingly rotated in
this preferred embodiment, it will be understood that the metering device could also

equally be operated by rotating the body member 2 in a single sense.

The body member 2 includes a flow path extending therethrough from an iniet 6 to an

% outlet § and a metering chamber 9 in communication with the flow path. The flow path is
formed by three bored channels, namely a first channel 10, a second, intermediate channel
12 and a third channel] 14, The three channels 10, 12 and 14 are always intecconnected;
that is, no valve member or the like obturates the particulate substance guided through the

flow path.

The first and second channels 10, 12 together form an inflow path from the inlet & to the
meteting chamber ¢, and the third channel 14 forms an outflow path from the metering

chamber 9 to the outlet 8. In this embodiment the metering chamber 3 is part of the third

«, channe] 14.

AMENDED SHEET
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The first channel 10 extends downwards from the inlet 6 and is co-axial with the rotationa)
axis 4, Thus, the inclination: of the first channel 10 is constant in time and unaffected by a

state (ransition.

5 The second channel 12 forms a gravitational lock upstream of the metering chamber 9 and
extends from a lower portion 16 of the first channel 10 1o an opening 18 to the metering
chamber 9. The second channel 12 extends ar an angle § relative to the rotational axis 4.
The angles o and f are so chosen that the second channel 12 is not directed in a horizontal
plane in either the loading or emprying states as illustrated in Figures 1 and 2. More

1w specifically, the second channel 12 is inclined downwards in the loading state for
permirting gravitational flow into the metering chamber 9, and upwards in the emptying.
state for preventing gravitational flow into the metering chamber 9. Reference sign 22

designates a seal inserted in an outer end of the second channe] 12.

15 The third channel 14 forms a gravitational lock downstream of the metering chamber 9,
and extends from the metering chamber 9 to the outler 8. The third channel 14 extends at
an angle ¢ relative to the rotational axis 4. The angles & and ¢ are so chosen thatin the
loading state as illustrated in Figure 1 the ourflow path defined by the third channel 14 is
directed upwards so as to prevent gravitational flow from the metering chamber 9 during

2 the filling thereof, and in the emptying state as illustrated in Figure 2 the outflow path
defined by the third channel 14 is directed downwards for admitting and assisting

gravitational flow from the metering chamber 9 of a dose of the particulate substance.

The body member 2 further includes an adjustable plunger 24 disposed inside the third

25 channel 14 on the side of the metering chamber 9 facing away from the outlet 8 50 2s to
provide fo;--volume adjustment of the metering chamber 8. The plunger 24 is
longitudinaily positionable by an adjustment mezns 26 in order to set the internal volume
of the metering chamber 9, and thus the volume 10 be filled in the loading state. The

position of the piunger 24 may be manually adjustable by a nut and thread arrangement as

"'*»i,}lustrated in Figures 1 and 2, or oprionally by a stepper motor or the like {not illustrated).

AMENDED SHEET
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In a preferred embodiment a feedback-type contral arrangement could be incorporated,
wherein the weight of a dose dispensed from the cutlet 8 is measured. and a comresponding
signal is used as 2 feedback signal for setting the internal volume of the metering chamber

9 at a desired value.

In use. in the loading state as illustrated in Figure 1, particulate substance flows through the
inflow path formed by the first and second channels 10, 12 under the action of graviry and
fills up the volume of the metering chamber 9. The extent 1 which the third channel 14 is
filled during the filling step is dependent upon the inclination and the length of the third

10 channel 14, the flowability of the particulate substance and the pressure resulting from the
weight of the particulate substance present within the flow path upstream of the metering
chamber S. Preferably, these parameters are so chosen that no overflow will take place

from the outlet 8 during the loading step.

s When the body member 2 is subsequently rotated through 180° to the emplying stale as
illﬁsrrated in Figure 2, the dose present within the metering chamber 9 and the now
downwardly-inclined third channel 14 flows out through the outlet 8 under the action of
gravity. During the emptying step, particulate substance is prevented from flowing into the
metering chamber 9 because the second channel 12 is inclined upwards in the emptying

20 state; that is, the inflow path is gravitationally locked. It is important to note that no vaive

member or the like which could damage the particulate substance obturates the flow path.

As will be seen from Figures 1 and 2, the position of the outler 8 in a horizontal plane is

substantially unaffected by a state transition. This is due to the fact that the outlet § is co-
35 axial with the rotational axis 4. In order to guide the outflow essentially in a vertical

direction, lf;)r example into an inhaler (not illustrated) Jocated below the outlet &, the body

member 2 is provided with a lug-shaped guide member 28.

The metering device further comprises a reservoir 30 having 2 flow-guiding surface 32 to

ST R ) B
[/// P 3 the inlet 6 of the inflow path. In this embodiment the reservoir 30 takes the form of a
£, 5 _

3
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hollow, truncated cone which is co-axial with the rotational axis 4 and is fixedly attached
to the body member 2 in order to rotate therewith. The particulate substance to be metered
is fed into the reservoir 30, preferably intermitrently, so as 1o maintain a predetermined
level within the reservoir 30. Rotation of the reservoir 30 accomplishes a tumbling effect,
s thatis, a ranslational movernent, of the particulate substance therein, thereby preventing
the particulate substance from forming a physical bridge which could disturb or biock the

flow into the metering chamber 9.

Figure 3 illustrates a metering apparﬁms provided with a plurality of inetering devices A, B
10 of the kind as described in relation to Figures | and 2. Components of the metering

devices A, B which have already been described in connection with the mietering devics of

Figuares 1 and 2 will be designated with the same reference signs, and a description of the

construction and operation thersof will not be repeated.

15 The metering apparatus comprises a rotatable wheel 50 which is supported by a hub 52 and
arranged 1o perform a stepwise, one-directional rotational movement about a rorational axis
54. The rowational axis 54 is inclined by an angle ¢ of about 45° relative to the vertical V,
but it will be understood that other inclinations could be ernployed. The rotatable whee] 50
comprises (wo opposite maint walls 56, 58 and a peripheral wall 60 interconnecting the

x  same. The walls 56, 58, 60 define an intemal volume 62 for receiving particulate
substance §, which substance $ is fed in through an opening 64 provided in the upper main
wall 56,

The metering apparatus fusther comprises first and second metering devices A, B of the

3 kind as described in relation to Figures 1 and 2 mounted on the rotatable wheel 50 in
dlamctrical'ly opposite positions, In Figure 3, th_e rotarable wheel 50 is iltustrated in &
position where the first metering device A is in a loading state and the second metering
device B is in an eruptying state. The operation of the metering devices A, B is essentially

the same as the operation of the metering device as described in relation to Figures 1 and 2.
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emptying stale, without requiring any valve members which ¢could damage the particulate
substance. However, whereas in the wetering device of Figures 1 and 2 the rotatiopal axis
4 extends through the metering device and is co-axial with the first channel 10, the
metering devices A, B of the metering apparatus have a common retational axis, namely

s the rotational axis 54 of the rotatable wheel 50,

Although the metering apparatus of this embodiment includes only two metering devices
A, B,l it will be appreciated that the rotatable wheel 50 may support additional metering
devices. Typically, the rotatable wheel 50 may suppér: six circumferentially and

10 symmetrically spaced metering devices, such that in a given rotational position of the
rotatable wheel 50, a first device is in the loading state at a loading station, second and -
third loaded devices are in the process of being rotated towards an emptying station, a
fourth device is in the emptying state at the emptying station, and fifth and sixth empty

devices are in the process of being rotated towards the Ioadin g starion.

There is a further difference between the metering device as described in relation to Figures
1 and 2, and the metering devices A, B of the metering appararus. In the former the
position of the outlet 8 is substantially unaffected by a state transition, whereas in the latter
the outlet § is moved along 2 circular path during a stare transigion. Therefore, the
2 particulate substance present in a filled metering chamber 9 of one of the metering devices
A, B leaving the loading station may fall ovt through the outlet 8, in part or completely
before the respective metering device A, B has reached the emptying station, In order w
prevent such premature emptying of the metering devices A, B, the metering devices A, B
are each provided with a mechanica! outler locking member in the form of a controllable
% valve arrangement. Each valve arrangement comprises a pivotable arm 66 having a valve
membez 70 at one end and a cam fol]ower 72 i the form of a roller at the other end. The
pivor axis of the arm 66 is designated by reference sign 68. Each cam follower 72 is
guided along a circumferential groove 74 formed in a stationary ring 76 and provides a
guiding cam surface for the cam follower 72. As illustrated in Figure 3, the radius of the
_ circumferential groove 74 is somewhat larger in the loading state than in iﬂ.e emptying

AMENDED SHEET
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state. As aresult, the angular position of the arms 66 will be shifted during a state
transition. More specifically, the radius of the cam groove 74 is chosen such that the valve
member 70 will be in the closed position in the loading state and along the path towards the
emptying state, in order to close the outlet 8, as illustrated by metering device A. In the
emptying state, the valve member 70 will be in the opened position, admiuing the flow of

particulate substance from the outlet 8, as illustrated by metering device B.

It will be understood that a mechanical valve member may be used in the metering device
of Figures 1and 2. To fact, it will be appreciated that the gravitational cutlet lock formed
by the third channel 14 in the metering device of Figures | and 2 may be replaced by a

mechanical valve mechanism which repeatedly opens and closes the outlet 8.
Finally, it will be appreciated by a person skilled in the art that the present invention is not

limited to the deseribed embodiments bur may be modified in many different ways within

the scope of the invention as defined in the appended claims.

£17THRED SHEET
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CLAIMS

1. A metering device for metering a predetermined amount of a particulate substance,
comprising:
a body member (2) defining a metering chamber (9);

s an inflow path having an inlet (6) and leading to the metering chamber (9), whercin the
inflow path is unbroken, rotatabie abour an axis (4) inclined relative to the horizontal
and includes a first part (10) which is co-axial with th_e rotational axis (4) and a second
part (12) which is inclined relative to the rotationﬂ axis (4) so as to be inclined
downwards in a loading state and upwards in an emptying stats, whereby the inflow

10 path in use guides a gravity-induced flow of particulate substance into the mérering-
chamber (%) in the leading state and provides a gravitational inlet lock which prevents
the flow of particulate substance into the metering chamber (9) in the emptying state;
an outflow path having an outlet (8) and leading from the metering chamber (9),
wherein the outflow path includes flow control means which prevents the flow of

13 particulate substance out of the metering chamber (9) in the loading state, but admits
the flow of particulate substance out of the metering chamber (9) in the emptying state:
and
a reservoir (30) leading to the inlet (6) of the inflow path, wherein the reservoir (30) is
rotatable and configured so as in use to rotate together with and provide particulate

20 substance to the inflow path; .
characterized in that the reservoir (30) is further configured such that on rotation a
tunbling effect is achieved at the inlet (6) of the inflow path for every volume of

particulate substance containable therein.

13 2. The metering device as claimed in claim 1, wherein the outflow path is roratable about
the rotational axis (4) and configured so as in use to rotate together with the inflow
path and includes at least a part which is inclined relative to the rotational axis (4) so

as to be inclined upwards in the loading state and downwards in the emptying state.

{ "% whereby the outflow path provides a gravitational outlet lock which prevents the flow
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of particulate substance out of the metering chamber (9) in the loading state and guides
a gravity-induced flow of particulate substance out of the metering chamber (9) in the

emptying state.

The metering device as claimed in ¢laim 1 or 2, wherein the metering chamber (9) has

an internal volume which can be altered.

The metering device as claimed in claim 3, further comprising volume control means.

(24, 26) for altering the internal volume of the metering chamber (9).

The metering device as clajmed in any of claims 1 to 4, wherein the cross section of

the {low paths is substantially unaffected by a state transition.

The metering device as claimed in any of claims 1 to 5, wherein the body member (2)
includes the flow paths and the Jow paths comprise a channel (10, 12, 14) which
extends through the body member (2).

The metering device as claimed in any of claims 1 to 6, wherein the reservoir (30} is
co-axial with the inlet (6} of the inflow path.

The metering deQice as claimed in any of claims 1 to 7, wherein a major section (32)
of the inner surface of the reservoir (30) tapers inwardly towards the inlet (6) of the

inflow path.

The metering device as claimed in claim 8, wherein the major section (32) of the inner

surface of the reservoir (30) is substantially conical in shape.

. The metering device as claimed in any of clairns I to 9, when configured for one-

directional rotational movement,
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11. The metering device as claimed in any of claims ! to 9, when configured for

reciprocating rotational movement.’

12. The metering device as claimed any of claims 1 to 11, wherein the outlet (8) of the
5 outflow path is located adjacent to the rotational axis (4), whereby the position of the

outlet (8) in a horizontal plane is substantially unaffected by a state transition.

13. The metering device as claimed in any of claims 1 to 12, wherein the inlet (6) of the
inflow path is located adjacent w the rotational axis (4), whereby the position of the

10 inlet (6) in a horizontal plane is substantially u:j.affected by a state transitjon,

14. A method of metering a predetermined amount of a particulate substance, comprising

the steps of:
providing a metering device for metering z predetermined amount of a particulate

15 substance, the metering device comprising a body mernber (2) defining a metering
chamber (9), an inflow path having an inlet (6) and leading w the metering chamber
(9), wherein the inflow path is unbroken, rotatable about an axis (4) inclined relative to
the horizontal and inctudes a first part (10} which is co-axial with the rotational axis
(4) and a second part (12) which is inclined relative to the rotational axis (4) so as to

% be inclined downwards in a loading state and upwards in an emptying state, an outflow
path having an outlet (8) and leading from the metering chamber (9) and a reservoir
(30) leading to the inlet (6) of the inﬂov) path, wherein the reservoir (30) is rotatable
about the rotational axis (4) and configured sc as in use to rotate together with and
provide particulate substance to the inflow path;

2 providing particulate substance into the reservoir (30);

rotating the Inflow path so as to incline the second part (12) thereof downwards and

guide a gravity-induced flow of the particulate substance therethrough so as to fill the

metering chamber (9);

preventing a gravity-induced flow of the particulate substance out of the metering

chamber (9) during the filling step;
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rotating the inflow path so as to incline the second part (12) thereof upwards and
thereby provide a gravitational inlet lock which prevens the further flow of particulate
substance into the metering chamber (9); and
emprying the metering chamber (9) while particulate substance is prevented from

5 flowing into the metering chamber (9);
characterized in that the reservoir (30) is further configured such that on rotation a
wmbling effect is achieved at the inlet (6) of the inflow path for every volume of

particulate substance containable therein.

to 15, The method as claimed in claim 14, wherein the step of providing particulate
substance into the reservoir (30) comprises the step of feeding particulate substance

into the reservoir (30) such as to maintain a predetermined level therein.

16. The method as ¢laimed in claim 14 or 15, wherein the step of providing particnlare
15 substance into the reservoir (30) comprises the step of feeding particulare substanée

intermittently into the reservoir (30).

17. The method as claimed in any of claims 14 to 16, further comprising the step of
determining the weight of a metered amount of the particulate substance metered from
20 the metering chamber (9) in the emptying step, and, where necessary, altering the

internal volume of the metering chamber (9) in response thereto.

18. A metering apparatus for metering a predetermined amount of a particulate substance,
comprising at least one metering device (A, B) comprising 2 body member (2) defining
25 a metering chamber (9}, an inflow path having an inlet (6) and leading to the metering
chamber (9), wherein the inflow path is unbroken, rotatable about ap axis (54) inclined
relative to the horizontal and includes a first part (10) which is rotatable about the
rotational axis (54) and a second part (12) which is inclined relative to the rotational
T axis {54) so as to be inclined downwards in 2 loading state and upwards in an
0 < "\ emptying state, whereby the inflow path in use guides  gravity-induced flow of
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particulate substance into the metering chamber (5) in the loading state and provides a
gravitational inlet lock which prevents the flow of particulate substance into the
metering chamber (9) in the emptying state, and an outflow path having an outlet (8)
and including flow control means which prevents the flow of particulate substance out
of the metering chamber (9) in the loading state, but admits the flow of particulate
substance out of the metering chamber () in the emptying state; characterized in that
the metering apparatus further comprises a rotatable wheel {50) having two or more
metering devices (A, B) mounied thereonin circumferentially spaced positions with a

common rotational axis (54).

. The metering apparatus as claimed in claim 18, comprising at least two metering

devices (A, B) disposed diametrically opposite each other on the rotatable wheel (50)
such that when one of the at least two metering devices (A, B} is in the loading state

another is in the emptying state.

The merering apparatus as claimed in claim 18 or 19, wherein each metering device
(A, B) comprises a valve mechanism for opening and closing the outlet (85 of the
outflow path thereof, each valve mechanism comprising a valve member (70), which is
movable between a closed position for closing the outlet (8) in the loading state and an
open position for opening the outlet (8) in the emptying state, and a cam-type
arrangement (72, 74) for mechanically operating the valve member (70) during

rotation of the rotatable wheel (50).
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