1 _ DEVI CE AND METHOD FOR METERI NG A PARTI CULATE SUBSTANCE AND.
APPARATUS ‘COVPRI SI NG A PLURALI TY OF SUCH DEVI CES The present

i nvention rﬁlW a device for and a nethod of netering a gRrpsirRisned
|

s anount o cul ate substance and to a netering apparatus conpri sifg

two or nore of such netering devices. "More specifically, the present
I nvention is directed to the netering or dosing of granular or
spheroni zed substances having poor flowability. The present i nvention

| s especi al 'ﬁtvfﬂ;l% é@@ﬁa @gﬁb&%ﬁk%ﬁﬁﬁ@% PARTRCOLATE SOBSTANCE AN e

particul ate as in the nmetering of a predeterm ned

amount of a AFFARATUS COMPRISING R PEURAIITYSOPSUCK ®DEVACESse in a dry

powder i nhal er. Powders having very small particle sizes (mcronized .-
powders) are comonly used in i nhal ati on therapy. Such powders are

often light and dus and therefore cause handling pr obl.ens.
Furthernnre;ﬁgggﬁﬂgiéggﬁgﬂﬂgﬁgﬂvery poor free-flow ng properties which .

often 15_ nake the handling and precise netering thereof problematic.

It is kndwn to form such powders into | arger particles (agglonerates) in
order to eniTheggesent invéntivaarblatesity a de¥icd\fdr 200 Aridthall sithetering o pecdeteriistdof

.form ng spheroni zed agqgl oner at es whi ch are capabl e of  bei ng broken

down duri ng amount oft 4 particelaigsubstance sand tad 1RRIORIRG ADPILAYS COMPTisifg (RTINS

i st f d . : i cl .
i sadvant so@uHBFRERE AR Yo, YaAPRr DALY dhs pseof (R 1 SRR b nd Ml
This makes g doﬂ?%?{dgxﬁafe')hﬁk' bf spheroifedsubdishceORAvIRE patrFlowibllitpUThe presanng t he

aggl oner at es an at1ng arger aggl onerates, thereby reducing the
f 1 owabi | jot y inwveaitibe iscsspedially bat noteixtiusivelyf adapeedao teter pressustessensitjve particulate
Thus, there is a need for a_ technjque which pernmts a re exact netering
of fine substances; speh as i the meresiag of apredetarinined amoygh e pate £y act

' ' Lally i . ' f handl i
i stri bot i ngeasimERieal iR R wein a bR RBREC 015 o ™ Vol ume or

wei ght tol erances nmust be conplied with. One exanple is the filling of dry
30 powder inhalers, such as inhalers of the kind disclosed in EP-B-0237507.
Finely divided powders having very small particle sizes (micronized powders) are A

15 commonly used in inhalation therapy. Such powders are often light and dusty, and
therefore cause handling problems. Furthermore, such powders have very poor free-
flowing properties which often make the handling and precise metering thereof

problematit.

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

preconditions for exact metering.

Thus, there is a need for a technique which permits a more exact metering of finely divided

30  particulate substances, in particular agglomerates. Exa
T
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2 GB- A- 2113182 di scl oses a netering device for netering granul ar

materi als. The discl osed met eri ng device-is, however, adapted to ‘meter- -

free-flowing granul ar materials, such as granular fertilisers, and not
powders HW@9@8es5ry snal | particle sizes with poor flowabi PFTRES#IM4Ghe -
di scl osed netering device includes a réservoir in the formof an el ongate
t ube, and, whil st suited to the delivery of free-flow ng granul ar
materials to the netering nechani sm woul d be unable reliably to

del i ver powders having very small particle sizes to the  ° tering
mechani srin t8¢ pase of h@ﬂ@aanéﬁlsg'gamg PoRdFHBedicaRsfS MhemsEpulad IR PF ng
mechani s ' ' ridae ] Epﬁmqr | rmed in
t he r_ese%%%{tgfgﬁﬁu%kg%e.y p _gggrkrt_l&hg eg(a&&)leetelgﬁ ow o?°§§%§9’"{"3 t he

net eri ng i¥R&IBRNéTH as inhalers of the kindidistiosed @€ BRBr02373070f t he present

I nvention to provide a device for and a nethod of netering a

particul ate substance in a reliable and exact nmanner. 15 A further aim

of the present inventiqn is to provide a device for,Z and a, pethod of -
met er i g GB-A-%J%MI e%ﬁgimthzpfimqeéa{ melering SEANGIRE materialy, isclosed
aggl oner a .l ' Vol ds Q. | e
subst ance&se%ce it, hotve nb?‘%’% %&5% ﬁegﬁ%vgggﬁ%ﬁ?’%\%%%%g??{#r %’}H&%{ de a

devi ce fWeﬂﬂ&d{s@aﬂﬁ&@ﬁe@fdimé@pb\ﬂdeﬁﬁe_wiﬁ%llirériy _ ; _
performed at hi gh speed. Accordin , the present invention provides

p
a net er i nowabiliye Thediselased metpring device § a reservoir intheformaf an clongatecul at e
subst ance, . conqri si. ng:. bo nber, defini.ng a met eri ng chanber; an
T o o otuhe e WAl aindh B 5 deIERC R ViR erinnlag A IaN e oo
wherein t ' ' . . I¢Ba | i.ned
o it 147 DEctafistr ol b sl VSN o adiRef el Biviliet fontlrstt e fndfering
co- axi al meéHanishe sinot gicl A bf posvderdn thezesereuinsbove the m@@fihg vitckdnisrs i ncl i ned
relative to the rotational axis so as to be inclined downwards in a

| oadi ng swerld resulf in physien! bridgesiof shpawdes being fermeghin therpsarmeir,itherebly path i n

use gul deﬁsre\?enting the free flow of powder to the metering mechanism. '

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

metering a particulate substance in a reliable and exact manner.

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

20 damaging the particulate substances.

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

particulate substances which can be performed at high speed.

2s  Summary of the Invention

'Accordingly, the present invention provides a metering device for metering a
predetermined amount of a particulate substance, comprising: a body member defining a
metering chamber; an unbroken inflow path having an inlet and leading to the metering

30 chamber, wherein the inflow path is rotatable about an axis inclined relative to the vertical
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gravity-induced flow of particul ate substance into the net er i ng chanber in
the | oading state 30.and provides a gravitational inlet-loek -which prevents ..

the fl ow of rtij ate substance into
3 * t he ‘ﬁ@t’é’?’ﬁ% chanber in the enptying state; an outflovl\’/cggsFﬁ"/?]lg\‘/T ng-

an outlet and | eading fromthe neteri r?‘g chanber, wherein the outflow
~path includes flow control neans which prevents the flow of particul ate
substance out of the netering chanber in the | oading state, but admts

erptying 5 Geh{taf1BT a D ARTENGY pall e inCE NGV IR PGNP

wherein the upVARISf iah ehriptying sta@! wherebg diviafiew phatlcivruee gaidess giavitydndiced
rotate together with a provi de particul ate _substance to the inflow
pat h; char adlosv ofzeiticulate lsubstarice inte sher mefering chdmber lire thedoading) statgcind peovides a
that on rotation_a tunblin ffect is achieved at the inlet pof the inflow
path for eVSF%Y“a“m@}é‘PlG‘n\?cgf” RTF\E‘?PF%\‘SQ Een'&ftpéﬁ&é‘i%mbé?ﬂ%!"@ thednetening 10
The neterin ' ' K f '

part | cut &t o LA 3f e ef ek e Bk Abw BaialiE S DB IBuElg Romithe
predet er m negktay@igidiamber| the\bRflawPatitikkivdihg héansiwhictgrevents theflibev of pretciilitet
the termstate transition enconpasses both a transition fromthe loading
state to thsubsincgionyokthamstering dhamber indhe loadipgstates tbat admigs thadlomoefdi ng
state. A ]feat-%r?e of th? met eri.ng device is that, the i.nféow ath to
the net eri ng2eieYiRisubstEnce out of thameferng chamber in;the sMRCIRE te: apd a geservolf
under st ood . : |+ : I cal
val ve nenbetf:gﬁé)erc {e.aﬁ%hﬁ@“ﬁ%%ﬁ?&é@?%%e@%@w“&% ﬂﬁtaﬁz}gtseﬁ?ﬁﬂ@rp .
damage t1p paohtaihilgeing vohinat af partipulersabstante] socasionfrogition 3 provide rhevediveint 6£d,
and the netering 20 device is particularly suited to the netering_ of

pr essur e- se ths gantainggoparticulate substanse atihe dnlet and thesebyensyredbodlow ofpartinuliatet es.
The use of chani i{%ﬁval ve nbers downstream of the nmet eri ng chanber
i's, however SUBRHNCEfQ.the Agiedng ¢ %s such val ve menbers do not bl ock

or disrupt the outflow path. An exanple thereof will be descri bed

her ei nbel ow. 25 Another feature of the nmetering device is the provision
of a gravit The aetdringrdesicelipadapted to miart 4 pradeterinihdibamendnt of a pantivalaxesubstahed,
is. a locking function which results fromthe . .gravitatignal force
acting dh tﬁghqm piPEsflesrmIRdOiuAe or dPredeisrmingd weighf-nin his gpalicationsitavill be

understood that the term state transition encompasses both a transition from the loading

state to the emptying state and from the emptying state to the loading state.
An important feature of the metering device is that the inflow path to the metering chamber

20  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 the particulate substance present in the inflow path can be avoided, and the
metering device is -panicularly suited to the metering of pressure-sensitive particulate
substances such as powder agglomerates. The use of mechanical valve members

25  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

hereinbelow.

Another important feature of the metering device is the provision of a gravitational inlet _

30  lock upstream of the metering chamber; that is, a locking function which results from the

RO
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result, it is _p055| cqdi | | i ng of the nmetering chanber has been
tonpl eted,-to---- n contact between the particul ate
subst ance present |n h and 30 the netered anount of

parti cul aivO 9M88GSance pr esent Wlthl n the met eri ng chanber . POAEEITO1347

-
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no nechani cal valve nenber or the like is required at the inlet to the -
nmet eri ng chanber to prevent the further inflow of particulate

bst ft f h it to th
Shove. docERYRReng) foee SHPG A 1 FATBRUIG SYbsRe Pmam%\'sbedaﬂ% ool A3 udes s
fl f f

oW cont L0l ﬁﬁ@%%ﬁg@%gégfn aﬁqumgtgggc Ana%gg ﬁck fisd iR e camgﬁﬁ@a; rom

t he metering
t he enpt ymamtﬁﬁ ahlroké¥bcantact between mmmate&uﬁstmcé ptbkcﬂt e thetibffowphthrandg
chanmber, and the outflow path downstream of the met eri ng chanber, wll
normal |y the msired amountf partisutate substanee prosent within themetaringshambena sThus,

downstream of t he terl cha m in contrast tQ the inl | ock, be
't he { oA MEEhag! PIRET AR L S TeTu B8 Sk 10 D mAting Qamberls
operatio r Eja&g sponse to
egch slt a{gﬁgrﬁmﬁc@%ﬁﬁﬂg&e@ u%]agea&p?rs% erreérfizlmg’?lcjl meniémhﬂc{eahg met eri ng

device of the present invention includes a gravitational outlet Tock
downstream of the metering chanber. In order to provide a tg‘ravitational

out | et | olsladditipa to the amvatdesqrmgmvatshoﬁab inletdeck, mmum@,waa Astipeludest t he

outflow path s N cul at e sybstance, from
Che. ot et R orhih Ve S Firdtvs ePartic s Suostgge i g aloing Shambgffrthe
the enppty b whi ch
ext endo. 1 ioPAng KAl but adpics sl Buirlodia Spiey MR a%?f*ﬂpﬁﬂﬂﬁe%?yﬁw s "be

i n the :f othat thé neesring chnmbes undl ﬂmtﬂﬁvphth&impmnr&amoﬁthﬁ@netgmgdﬁmﬁiber, will
particul ate substance, provided that such surfaces can be

i ncl i nat i ermaly be emprofuring the filing-gien. s means N@wgstmm oft the metering ckamber

Th d
anount oruey iR £GPt & Riodbek £ b JF el witsuilled R ERE T o7 g
a meteri nge tiRy, the of)é}hn&?bﬁirhlaﬂ iscottrolled ﬁﬁ@ﬁﬁﬁﬁkﬁ@ﬁnemueipoﬂge @ dadh blaeul at €
subst ance, the met eri ng device conprising a body

15 transition. However, in a preferred embodiment the metering device of the present

invention includes a gravitational outlet lock downstream of the metering chamber. In
order to provide a gravitational outlet lock, the state transition further involves a rotation of
the outflow path so as to prevent the flow of 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
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 fnetering device for metering a
predetermined amount of a particulate substance, the metering device comprising a
metering chamber, an unbroken inflow path having an inlet and leading to the metering

3% chamber, an outflow path leading from the metering chamber and a reservoir connected to

utflowin -



menber defining a netering chanber, an inflow path having an inlet and

Teading to'the =~ metering chanber, wherein the inflow path is unbroken,
rot at abl e aPRygsm‘saxi s inclined relative to the hori zop¢pbedmdssr
incl’'udes a first part which is co-axial wth the rotational axis ane

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

inclined 30 downwards in a |oading state and upwards in an enptying state,

an outfl ow path having an

AVENDED SHERL : it hei ing i e D
the reservoir being adapted, when containing any volume of particulate

outlet and -eEalgflﬂg%thdmt%e rreterlnﬁg cpha-nber and a rgesgrvmr | egdl ng to the

“inlet of thgubstance, 5ol 8wn{ratation whsroeids mdvemeasefitho contained particalatesubltande dthe

rotational axis and configured so_ as in use to rotate together with and --

provi de par thednlehand thereby gasure the flaye of partiglats substance to e meteringchamberc | at e

The: second Bisviding epERRllahual 8 i Fsdriois ling HelBEmer gl bk Bbichiies,
particul ate m&?‘@%?ﬁ% Sf1RE FArREQNR  ubRaie thrdugh the ihflew PRihS preventpedroer ;

preventing uced flow of the particul ate Substance out of

t he net eri ngragltpiidiuced flowngf théparfitulhtesgbstinep out of the afetdringghuinber dringnheat h
so'as to incline the second part thereof upwards and thereby = provide a
gravi t at i onfillingrstep; retaing theiiefiow pathahout anaxis ipelined relgtivsoghe rfamcn&' vch that

substance 10, into the netering.chamher; an ing t .Net ering. chapber
hiTe part i guipes & Paind® oS nBow PR e uRP S AR R SR £ el fatoral
_nmetering chiiiesck whithrévenisaReifurihes o of PArticERA J6BSthndeSnto the mietdringer
configured such that on rotation a tunbling effect is achieved at the inlet
of the 10 chanitbeoyempptyingfthe metesing chamberawhile tha gravitationabindes heckprevents the
cont ai nabl e _t herein. 15 The present invention further proyides a
metering apfuthsr flewrafpapriculate sphstancs iatpthe metering chamber; apd, Fatatipg the inflow

Pady. memor PABARRIAGE ook SRl bt A2ah PRt e MRl MleciEdh 45 ARFP RS, "2,

l'eading to filling sidpoBRirepdated. Chanber, wherein the inflow path is unbroken,

rotatabl e about an axis inclined relative to the horizontal and

includes a first part- which is rotatable about the 20 rotational axis and

a second p whi ch.i s i.nclined regﬁtive to the rotﬁ,tional axi s so as tdo be
° gleree

i ncl i ned® doRRABRCHENIRVERUPE GG Pevides 2 Msteris, gppanys oL melsHpe 3 efelory

e g f AP it ool ) RUGERYSUEMGRY |

and provi demetrigf d¢viced motmted thekedn ih eirbumferenitially spaesd poditiensi withva common
rotational axis, each metering device comprising a body member defining a metering
chamber, an unbroken inflow path having an inlet and leading to the metering chamber,

20  wherein the inflow path is rotatable about an axis inclinéd relative to the vertical such that -
at least a part of the inflow path is inclined downwards in a loading state and upwards in an
emptying state, the inflow path thereby guiding a gravity-induced flow of particulate
substance into the metering chamber in the loading state and providing a gravitational inlet
lock which prevents the flow of particulate substance into the metering chamber in the

25 emptying state, and an outflow path having an outlet and including means which prevents
the flow of particulate substance out of the metering chamber in the loading state, but

admits the flow of pafticulate substance out of the metering chamber in the emptying state.

An advantage of disposing a plurality of metering devices on a rotatable wheel is that one

30 _ metering device can be loaded at a loading station, while another, previously filled
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of particul ate substance into the netering chanber in the enptying state,

and an outflow 25 path having an outlet and including flow control neapns - -

whi ch prevents the flow of - particul ate substance out of the netering
chanber i WQPROR0EHdi ng state, but admits the flow of HEKRRTYHIe -
subst ance out of the netering chanber i6 the enptying state; characterized
I n that the netering apparatus further conprises a rotatable wheel
having two or nore nmet eri ng devi ces nmounted thereon in
circunferentially spaced positions with a cormon 30 rotational_ axis.

6 W"&lﬁfiﬁ‘ﬂ%@é“g‘f* emplipd simpiltanequsly: atjap epbting gtation. 1n agucfered on a

rot at abl e | ] Vi can, be |oaded.at a,l oadi ng
St ati on, - ehutp st et dng spparadiPL s A€k R B BT EL BbeeR.

enpti ed sidiamdtacutigusppsitd eadh ofiEPbi tHtCrofukinf wiRkel, Suthahdt vwileRi'onE Of the at Jeast -
enbodi ment the netering apparatus conprises at |[east two netering devices
di sposed two metesingtdevicgs isin dhglosding statecdnotiien évin dire drhptyingtsadté.ng wheel , such
t hat when one of the at | east two netering devices is in the |oading
state dnother is in the enptying state. When using only one netering

device, t ' ' i ally fixed .l

position :‘ﬁhégq'fﬁsg%ozng f(S gfﬂ%fegﬁg dggirc P’%ggﬁ%t giezéﬁl?r%érﬂgé t“ﬁg Hy a igbsﬁanpg@gﬁrxi(?d the
f1ow of ppositiewinad Rorizontal PIans dafine a kiaf Vrdn3Rio W82l reghl ¢ v bfpdrfictisgd. | 1
contrast, in the case of a rotating wheel provided wth a plurality of
met eri ng Shsianes fram e dewice isfocused s Butontragtainithe tase of atrdtetingvheel provideh
netering deyice is,. n st atiqQnar ur,i a state transition. In order to
avoid the™ anBV@%%JP&“‘PF%&F"&‘f%&PW gﬂ’P&’t EeiEyiAc Pathe hieougdpt ofieach it | et s - -
dur i nge I Ohitdrie detidEy | 2o ot %] t | .e__each

met er i (r’lg devi cg pref egrgtgls?ﬁggﬁgﬂug@g aé%l n |s§/t?’ hgﬁ? P@Ipwd%é’doﬁ%%%?w%ﬁfce

val ve menflewof\partichlatssubstants frolahs\oetetadrings0cktiBR Sofr B8 16ainChAS P thet he
outlet of the netering device in the |oading state and an open position for

openi ng t FRBPLYING styg; qach meteringdeyice prefergblycspmpeisesan indivisuplly congrallablee. The -
operation ve nenbe may be contraqll ed by a camtype '
alror angem%@cﬁlﬁ]ﬁg‘{g’#?lggwsi'ﬂ%‘@é% Betwesn 4 éf"?—f’%ﬂ?sﬁ“@g Frfeesin ‘hEG“SFWy ®tation -
of the rofetepialdcvideal the loading sttt Ah&hH egﬁgﬁa&sﬁn&}g@ﬂg %PSuﬁ’&%?w | \

invention will now be described hereinb exanple only
wi t h nef emeteriag device in the coplying statp. (Thewpemtion bfsuchivalve members may be

controlled by a cam-type arrangement which is configured to operate in response to the

rotation of the rotatable wheel.

L4

Brief Dcscrié tion of the Drawings

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

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

Figure 1 is a cross-sectional view of a metering device, shown in the loading state, in

25 accordance with a preferred embodiment of the present invention;

Figure 2 is a cross-sectional view of the metering device of Figure 1 in the emptying state;
and

30  Figure 3 is a schematic, cross-sectional lateral view of a metering apparatus in accordance

This Sheet Has Been Rep

LD




25 Figure 1 illustrates a vertical sectional view of a netering device,

illustrated in the | oading state, in accordance with a preferred..
enbodi ment Qo baiegoes €Sent i nventi on; Figure 2 illust ri‘t‘i‘%nﬁm:u7
verti cal - sectlona view of the netering dgw ce of Figure 1 in o
enptying state; and 30 -
AVENDED SHEET 7
Figure 3 illustrates a schematic vertical sectional view of a netering

appar at us i Qith anoftief mBadinnVbf the ?ﬁ&&ﬁl‘iﬁv&{tﬁﬁ CdhioWn WitDEIRE MBRTing el i€ in

present invention, I1llustrated w one netering device In the Foa I ng
st.ate and atmﬂhfgrstatehm anghatanstering devidecinelpémiptyingstare.c. 5 Figures 1
and 2 illustrate a netering device in accordance with a preferred

enbodi nent of the present invention. The netering device is typically
used for thﬁe@ér‘ !noﬂ%fﬂi ﬁ@yﬁgg}@g di n!i nhalers with a predeterm ned anount
(referred t phar maceuti cal substance in
granul argor spheroni zed form The netering device is pref erabl y nade of
stainless steel. 10 The metering device conprises a body nmenber 2

whi ch i n usEigueesrleand ® ilustrate g meteririgedevite in accorance withlBfteferred entbodimért of
inclined rotational, axis 4 _between a |oading state as illustrated in .
Figure 1, at¢ PreseRipysntiog. dihis metgang device ﬁéYE‘Ga]FYrFSFﬂé’QFr'ée filing of drycpawdesnal

Tor ti cal v, DRt 2 prealeciheichnl bichelo AEP osd Heklibbolh B BERL 50 b
enpl oyed. ApkdifdedutichicsubSdivce’ TR @e@ﬁua% or SpHePsrifédforthl Mhe Ynet@imy &Hidells .

this preferred enbodinent, it will be understood that the metering device
coul d ahso preferahinumdbpfbmmesmled by rotating the body nmenber 2 in a
si ngl e sense. The body menber 2 includes a flow path extending _
therethrough froman inlet 6 to an 20 outlet 8 and a netering chanber 9 in

bor ed chann i Heffing Bevice EMofed s bbd§ siepi D%tloh b pse i repBiciftngll RIAE
12 and a ththmhghh@ﬂﬂe!boﬁtén indlined kdm@omhmmal(a-@bewv&m;baaﬂagameaé ways

| nt er connect ed;
illustrated in Flgure 1, and an emptying state as illustrated in Figure 2. The rotational axis = -

15 4is inclined by an angle o of about 45° relative to the vertical V, but it will be understood
that other 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.

20 A flow path extending through the body member 2 from an inlet 6 to an outlet 8 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 interconnected; that is, no

valve member or the like obturates the particulate substance guided inside the flow path.

25 The first and second channels 10, 12 together form an inflow path from the inlet 6 to a
metering chamber 20, and the third channel 14 forms an outflow path from the metering
chamber 20 to the outlet 8. In this embodiment, the metering chamber 20 forms part of the

 third channel 14.

30 The first channel 10 extends downwards from the inlet 6 and is co-axial with the rotational
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that is, no valve nmenber or the |ike obturates the particul ate substance

- guided -t hrough the - —--—flow path. 25 -- The first and second channel s
10, - 12 together forman inflow path fromthe inlet 6 to the net ering
chamber OWOHA8#884%e third channel 14 fornms an outflow path PCIHREIHUMREt ering
chanber 9 to the outlet 8. In this enboginent the metering chanber 9 is
part of the third channel 14. 30

8 The first channel 10 extends downwards fromthe inlet 6 and is
co-axial with the rotational axis 4. Thus, the inclination of the
first chaaxied. Thusghe inclination af the first chanpel A5 corstany inbtimg and unaffactadby a
transition. 5 ..The second channel 12 forns a gravitational |ock upstream
of the nef@iEtREs®8nber 9 and extends froma | ower portion 16 of the
first channel 10 to an opening 18 to the netering chanber 9. The
second channel 12 extends at an angle [err] relative to the rotational axis
4. Tifhe s6tohed shdrmel 12 forths hfyi'i\]ltaﬁbﬁl $sckaipegedin bithe midwerirpachandec2@nnel 12
is not directed in a horizontal | ane in either the | oading or

enptyi ig sediexsendidTom piewerRosticn 16 of @aﬁéﬁ channeli1®to appopening 18 tetaei fi cal |y,

t he second C nthe | e for
permtti ng’c ?@‘3@‘?‘% ‘f ‘#l{l&#&ﬁ%&iﬁ%@%?@%ﬁ a&'t‘?&ﬁ%@f"e&%v‘éh‘ﬁ%pmr ds in
the enptyidigtional axi§ #atThe lcﬁ&%&'ﬂtdré‘ﬁb &lfo%é’dﬁﬁiﬂh@@@éonﬁ'cﬁﬁdem?lstm met ering
chanber 9. Reference sign designates a seal inserted In an outer:

end of t hgirestedinch lodrizontl plhﬂe in ciftfer theleadiig mdexﬁ;b‘tyiilg@taték‘hsﬁmfs&&tea in °
gravitatiognal |ock downstream of the netering chanber and extends

from the Figugsi inndch Mioes spscifigaliy, dheosecond channeiHg is W}l@ﬂmﬂ&m thet ends

Sna [ &7 ) el s Rl perhfody énkPidifbab Yo B Hedferii ifiber 207 agBMBlaRy 1"
Figure 1 e ettiptying\staetfor ﬁe%mgx? é?é{wiah@nzﬂ MoWdinfd e Aftterikg chamber 20.di r ect ed-

upwards so as to prevent gravitational flow fromthe netering chanber 9

duri ng 20Referénce miirieral 32 wdasigrasés a mblmscrtetdhn ae optey emdjofsthe second chaﬂmlslz ated

in Figure 2 the outflow path . . defined by the third channel 14 is
directed downwards for admtting and assisting gravitational flow from

the. met er g ufRPdHIfhel 4%k £8RGiRIonM BPBEWAGNA S (R RSLARE Shamber 20,

15  and extends from the metering chamber 20 to the outlet 8. The third channel 14 extends at

an angle ¢ relative to the rotational axis 4. The angles o and ¢ are so chosen that in the
loading state as illustrated in Figure 1 the outflow path defined by the third channel 14 is -
directed upwa;ds 50 as to prevent gravitational flow from the metering chamber 20 during
the filling thereof, and in the emptying state as illustrated in Figure 2 the outflow path

20  defined by the third channel 14 is directed downwards for admitting and assisting

gravitational flow from the metering chamber 20 of a dose of the particulate substance.

An adjustable plunger 24 is arranged inside the third channel 14 on the side of the metering
chamber 20 facing away from the outlet 8 so as to provide for volume adjustment of the

25 metering chamber 20. The plunger 24 is longitudinally positionable by an adjustment
means 26 in order to set the internal volume of the metering chamber 20, and thus the
volume to be filled in the loading state. The position of the plunger 24 may be manually
adjustable by a nut and thread arrangement as illustrated in Figures 1 and 2, or optionally
by a stepper motor or the like (not shown). fn a preferréd embodiment, a feedback-type

30  control arrangement' could be incorporated, wherein the weight of a dose dispensed from
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~The body nenber 2 further includes an adjustable plunger 24 di sposed inside
the third 25 “c¢hannel 14 on the side of the nmetering chanber 9 facing away
fromthe outyglegissss as to - provi de for vol une adj ust nent

met eri ng chadvnger 9. The plunger 24 is | ongi tudi nal |y posrte?‘{)sﬁgﬁ?lg‘%y -
~an adjustnent neans 26 in order to set thé®internal vol une of the
nmetering chanber 9, and thus the volune to be filled in the | oading state.
The position of the plunger 24 nay be manual |y adjustable by a nut and

e ea0 ar " anfe Ba: 1R pikdryed. 413 i hdndie S & uhed s foeaRok WgnaPRR biring”
9 I N tRe RItGhSI Vol6me BP eI iReinPcHaRitP 20 ir 4 dRFreq YBREC! ar rangenent

_cduld be i ncorporated, wherern the weight of a dose dispensed fromthe ..
outlet 8 is neasured, and a correspondi ng signal is used as a feedback
signal for ettingﬁkng |.nternal volume of_ the netering chanber 9 at a

desired val JBUS%1 ng state 3s,illusteatad jn dignge 4 particylatespbstance flows through ther e

1, tigul t | nt| th f d by the
ot and sduiod BEN/RAREL by BTy YnySbrd Mbannels 10, T2t foncli et andy o
up the vol ufRiseip m@?omﬂtﬁanﬁ&ﬁ Rhariber 202 TheleRftnt iPwhich tik thit8 chiine 14

channel 14 is filled during the filling step is dependent upon t
‘inclinati on isfilled during:thg fiiling stefnis dependent Gponcthe inviihatioh, anidithe fehgihedfithd thirdof

the particul ate Esﬁg ce and 't&s pressure resulting fromthe _wei ght
of the parti© fﬂ"&f! ot E‘P‘é‘(ﬁ%é‘%? & Rertigplats swostarce; 2ressyrp sesulting foam thee
neterin : : I re so chosen. that no
over 1 ow wi MeifHLEE B pasticibed kel pres N ARR U Y b Upfiusiin SEIRS Bibscrly

15 ~Whenot hehinnbst 202 Breferably, shese baeietsis hi¢ so@hadeadhdtMo@veHloWdRill @ké PRce

enptying state as illustrated in Figure 2, the dose present within the
netering chifesetheputlewd dudng be/loading stepnwar dl y-i nclined third channel 14
flows out through the outlet 8 under the action of gravity. During the

enptying step, particulate substance is prevented fromflowing into the

e eyl ng S O WER thEbase fichibel 2 & SBEAIC R niduch 180 ) BSirpfE Ll &5 | 1

enptying 20 state; that is, the infl 'S avitation It

i s i npor t anillustrated ireFiguae 2,the dode\present withinthe metring lthambér20vididahe fow! d
damage t he Earticul at e substance obturates the flow path. As will be

seen frdin FAgYRwardly-ielined thirdchanpal (14 Slowesrout theough: the putdeti8undentbe iagtion of

plane 1o . iavRY° PRE i dofpdfd/ b bt chibeetubbiled il VS BB Alwiag it e
metering chamber 20 because the second channel 12 is inclined upwards in the emptying
state; that is, the inflow path is gravitationally locked. It is important to ﬁote that no valve

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 outlet 8 in a horizontal plane is
substantially unaffected by a state transition. This is due to the fact that the outlet 8 is co-
axial with the rotational axis 4. In order to guide the outflow essentially in a vertical
direction, for example into an inhaler (not shown) located below the outlet 8, the body

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

The metering device further comprises a reservoir 30 having a flow-guiding surface 32 at
_ the inlet 6. In this embodiment, the reservoir 30 takes the form of a hollow, truncated cone
- which is co-axial with the rotational axis 4 and is fixedly attached to the body member 2 in

30 order fo rotate therewith. The particulate substance to be metered is fed into the reservoir
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25 axial with the rotational axis 4. In order to guide the outflow

essentially in a vertical direction, for exanple into an inhaler (not |
illustrated) |ocated below the outlet 8, t he body menber 2 is
provi ded WD©B/O8065 ug- shaped gui de nenber 28. The nePEF/PERJIMT ce

further conprises a reservoir 30 havingyg fl ow guiding surface 32 to 30
the inlet 6 of the inflow'path In this enbodi nent the reservoir 30 takes
the formof a 10
hol | ow, truncated cone which is co-axial with the rotational axis 4 and is
fixedly a3Q,préfexably mtqrmuméym@h; tormainsain 2 predetaroninedtievel @ti&m'nethcheseewn h. The
parti cul ubstan to be er ed 0 e.reservoi.r

D ef or abl 0. Re@Rv of Brryra cstmhﬂtea@évrnﬁg'q&rt@&e AR . R SIationl

within th f es a

tunbl i ng @ﬁ%@?x{t tBe ﬁ?%l @Q&as%%érga{tr‘\ésrﬁt {hgxzeg ?rénv\r?gn @8%9{%}9 Leé]part iculate
subst ancegihiahé flom!fOAHMEY dhysiva erid?S which doliRi dithift 6itlédiethe W mfr@ef r om
form ng a physical bridge which coul'd disturb or block the flowinto
t he et ermetgriog ahdraber®0. Figure 3 illustrates a netering apparatus
provided with a plurality of netering devices A, B 10 of the kind as
described in relation to Figures 1 and 2. Conponents of the netering

devi ces F&r&t@é’ ﬂ)gr?d‘eﬁ o
nmeteri ng%‘g\%e\g;ﬂo En%l%ﬁ?qu% 8 I“fmﬁ bwﬂggpﬁggﬁmﬁ%ﬁhﬁe sanme

r ef er encepfahgRind a3 illustratbasin Figlirésoham 2.t Oémponents sTAhSinetégibg daviesApBer ati on
thereof will not be repeated is . The nmetering apparatus corrf:)rl ses a

r ot at abl ewmbéavesdmdy@nen desgtibasdnconnastion withshemetening device of rsngeed and -

f Ll tat | t t I
DT O™ % GBS R Do S A FRURR o DR on iRl 2000
45 rel at |Mﬁctlﬁrgum tH&Eéﬂ»Qm'noVbe _PeateBUt it will be understood that ot her. -

inclinations could be enployed he rotatabl e wheel 50 conprises two
opposite main malls 56, 58 and a peripheral wall 60 interconnecting t he 20
sanme. The _walls 56, 58, 60 define-an internal volu 2 for _receiving

par ti cul alke metering apRAratys comprissn asatatablecwheel 80 Shl‘%l i é'!PHOFFeﬁ Ry adwyh S2and
appar at us h S sfiiEsl e betfortPP kv, o girsctibal obfiony! mevrrodt bl "Pre
1s  rotational axis 54 (B-B). The rotational 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
employed. The rotatable wheel 50 comprises two opposite main walls 56, 58 which are
interconnected(by a peripheral wall 60. The walls 56, 58, 60 define an internal volume 62
for receiving 'particulate substance S, which substance S is fed in through an opening 64

20  provided in the upper main wall 56.

First and second metering devices A, B of the kind described with reference to Figures 1
and 2 are mounted on the rotatable wheel 50 in diametrically opposite.positions. In Figure
3, the rotatable wheel 50 is illustrated in a position where the first metering device Aisina
35 loading state and the second metering device B is in an emptying state. The operation of
the metering devices A, B is essentially the same as the operation of the metering device
described in relation to Figures 1 and 2. Thus, the metering devices A, B are répeatedly
shifted between a loading state and an emptying state, without requiring any valve
members which could damage the particulatc; substance within the metering device.

30 _However, whereas in the metering device of Figures 1 and 2 the rotational axis 4 extends
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25 kind as described in relation to Figures 1 and 2 nounted on the

rot at abl e wheel 50 in di ametrical |y opposite positions: In Figure-3; -
the rotatable wheel 50 is illustrated in a posi tion whepgrihSndisdst -
metering deW@&MOY i a | oading state and the second netering -

.device Bis in an enptying state. The operldtion of the netering devices A .
Bis essentially the sane as the operation of the netering device as
described in relation to Figures 1 and 2. 30 Thus, the nmetering devices A
ENErN%EE)e gﬁ%ﬁ%%gh ?h@lilétggn é’ évvi\geeanndais lr.:g-aa%a? a'itittﬁet Ers?;%ian%& 10, the metering devic¥1

enptyi ng stgf b Ll ; YhithGdhat kit 84 dagRoe the
parti cul at e‘i\fB oé%%gﬁa%rl%%&%%@g?w aﬁéégs’{ﬁﬁﬁ%eﬁreﬁﬁet eﬁhnggﬁevi ce of

Figures 1 apgtagble\@hdeP50! Tothid regardsit will bé apparertdbatttis @ugionhhexis bethieng

device and is co-axial with the first channel 10, the _metering devices
A, B of t he mut¢ring deyicepfdiigires 1 aed 2 mayderineated outside theaneteningdevieael y 5
the rotational axis 54 of the rotatable wheel 50. Al t hough the

met eri ng3apparatus of this enbodi nent includes only two netering devices
A B it wlij regl t y tR ;

addi ti onal r‘r”éfl’g’rﬁ?ﬁ fié 'ﬁ&bﬂégg'?ﬁé‘gﬁﬁ‘ré{)%% fi;itn@f[ﬁhgs Hif o ettt & gD A B, It
support  si X wgil'be UpprRERRId thht thie FIIstaBI0 whesl 50Ty suppoltadditionsiineeting dedces.
devices, such that in a given rotational position of the rot at abl e

wheel 50, a Typically.dbe rasatable wheel $miay support six eircumfereatiallysand-gymmetrically
second and - third | paded devi.ces arg in the process bei ng. ratated
towards an SRIRCHMRieringdeviges, sych that in 3 given r%%’@gp‘?sém?%oﬁﬁ%réﬁtﬁ%i%iggt e
at the enptyi Is | ' tRiSRt ' 1 e
process O )éef#}% g&&%{ca{? l(g1dth? ?)‘?/\L}gﬁﬂtffsﬁtlﬁ 2{1? %%Hiﬁgg}’ st at Qiég?ﬂd adeq httd q@a‘laﬁ&el ?g‘nlbésk %{Q
further diffigarisecessbibeing tdisedaivearisign etaptying seriodes fourtheidvice is mlthei on to

Fi gures | and 2, and the netering devices A B of the netering
_apparat us. lemptyieg steterss the efaptying staties; andsffth and sixth smptdevices are ins&e pracess | v

unaffected by,a state  transit.iaqn,.whereas in the |atter . the outlet 8

i s moved al 8%‘8“386?%‘5?&|‘3W“§3%'}‘Fq8%4‘f‘%§‘“§°%1 ate transition. Therefore, the 30
particul ate substance present in a filled metering chanber 9 of one of the
nmet eri ng devi ces A, B leaving the |oading station may fall out through

t he .out et &hereris péitrtherrdifferegdecdicaigen the meberingrdevick es illasyaed in/Eignetsdrand®,

device A, B has reached  the emmtying station. In ordl?r to,. _.
and the metering devices A, B of the metering apparatus as illustrated in Figure 3. In the

former, the position of the outlet 8 is substantially unaffected by a state transition, whereas
in the latter the outlet 8 is moved along a circular path during a state transition. Therefore,
the partiéulate substance present in a filled metering chamber 20 of one of the metering

20 devices A, B of Figure 3 leaving the loading station may fall out through the outlet 8, in
part or completely before the metering device has reached the emptying station. In order to
prevent such premature emptying of the metering devices A, B, the metering devices A, B
are each provided with a mechanical outlet locking member in the form of a controllable
valve arrangement. Each valve arrangement comprises a pivotable arm 66 having a valve

2s  member 70 at one end and a cam follower 72 in the form of a roller at the other end. The
pivot axis of the arm 66 is designated by reference sign 68. Each cam follower 72 is
guided along a circumferential grobve 74 fortned ina stationafy 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 fargcr in the loading state than in the emptying |

30  state. As aresult, the angular position of the arms 66 will be shifted during a state
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prevent .such premature enptying of the nmetering devices A B, the netering
devices A, B~ are each provided with a nmechanical outlet |ocking nenber
in the formof a controllable 25 val ve arrangenent. Each val ve
arrangenmeW0D 98108865i ses api votabl e arm 66 having a valve  PCT/SEMB4770 at
one end and a camfollower 72 in the fgpmof a roller at the other end.™ The
pi vot axis of the arm66 is designated by reference sign 68. Each cam -
foll ower 72 is gui ded along a circunferential groove 74 fornmed in a
stationary ring 76 and provides a gui ding cam surface for the cam
fol | ower tradsitiba. Mdrespecifieaily] the Fadius of the carh groovei7dds cliosemsucB@hat the valve
circunferentjal_ groove 74 is sonewhat |arger in the |oading state than in

t he enpt ypember 70 will be in its closed position in the loading state and along the path towards the 12

state. As 1) ar, posi ticon .of the .arns 66 wil.l be _shifted
during a es“?paé :‘éﬁ Yake, 1“5 Q@gﬁﬁ%g#e ﬂﬂg&gdeg BE%%‘T?} raced by ‘Pﬁ'&“}‘%m"w 81 Ipthe cam
groove 74phgtyiap Q) tiedlvd Mehbéd ) Wl Bein its pEﬁéHﬁﬁd ' '@em' W ¢l osed
position inrﬁ hg | oadi ng state and al ongntlheo__ pat tﬂ)ﬁf%’sﬁli{nﬁ Eli)loerrptyi'ng
st at e,s i rpacticidate substanos fromithe outldt & asillustsated by mictering detiye Bet er i ng device A
In the 5 enptying state, the valve nenber 70 will be in the opened
position, admtting the flow of particul ate substance fromthe outl et

8, il i i Lt wild, der stoqd t hat
mechant cdf VL BtbeiodFinat s Aafical fabe momber mal befiledin dieMSERng 4ves oo s
1 and 2. ofFigudes 1 and 2.Md fach® vﬂnw&?gb@hﬁ&dttﬁﬁtthé _vﬂitﬁa\ﬁhf&&ie?@kf&’rﬁeldet I ock

formed 10 y the third channel in the netefing device 0O igures 1 and
2 may be bydpe thirdcchagned 14 in themastéring devicewf[Figurest b2 svay bbirepladedibyal edl y
opens- and c ose-sj-tare outlet 8. .. . Finally, it wll be ag)pr,eci ated by a
per soff siEpenagicaly W?én%“ﬁ‘@mﬁwa'(hlfh@Pﬁ?tsélmpevw@rm@ssﬁmeyuﬂm . limted to
the described enbodi nents but may be nodified in many different ways within
15 the scope of the invention as defined in the appended cl ai ns. *

11111! NFimdly, it Will 8¢ appretiated by a person skilled id the art that the present invention is not

limited to the described embodiments but may be modified in many different ways within

>

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

\
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CLAI M5 : : 1. Anetering device for netering a predeterm ned

anount’ of ‘a“particul ate subst ance, conpri si ng

a body nmenmber (2) defining a nmetering chanber (9); SESTlolsld | ow
pat h™ havi ngwg Bt (6) and leading to the netering charrbe f§$ erei f-
the inflow path is unbrokéh, rotat abI e about an axis (4)

inclined relative to the horizontal

part (10) which is co-axial with the rotational axis ( ond

part (12) which js inclined relative to the rotational tl!ﬂ D&E,@ "tﬂ be

inclined CLAIMS downwards in a | oading stare ar

enptying state, whereby the inflow 10 path in use gui des a

gravity-induced flow of particul ate substance into the netering

chanber (9)1in t ReméterAns devied Mmewtﬁxh fgm predetesninedamount af aqnaaiculané substancd
the ow

whi ch prevents of particulate substance into the
met eri ng cheorhprisif®) in the enptying state an outfl ow

pat h having an ou d| n rom he nejering chamber (9),
wherein the outf?bﬂ&%‘é‘g’ﬁk%&gﬂ ¢hafmb @é whi ch prevents the
fl ow of 1 t er
(9) in the I oadi ghugb(rgl&rﬂﬁﬂh%fﬂéﬁ?ﬁﬁnﬁé‘&?ﬁﬁ&?@) Ridlesing ﬁ%gmegﬁvzidg&hﬁﬂﬁep
particul at e(ztl),bwhetam&h@mﬂow‘ pdtinis rottable algput bm akis (4)iglined (cheelativetty ithey

st at e; a reservoir (30) leading to
the inlet (ee)mcal(Nhsuclrﬂmmlqaatmpméﬂ:eumﬂqwmathewphmdr c(vmyard%m a loading

rotatable and co flg’ureqnso as i.n use with,and

8 8‘ ‘glet he 48 I’%’/I de
parti cul at estate and up a"eg‘aﬁ'&%ﬁé'é vherehy. the infig) pﬂt&tnnuse guides a gravity-
charact eri zgghLdy A& or ﬁ%cﬁlﬁé% ce(lﬁ@)thé ﬁxefét‘fn%%ﬂimﬁ DO tRE IoakfE stdi@t on
rotation a fect 1s chlev at the inlet (6) of
the inflhow aﬁiﬂsroirﬂt’.s Qgﬁrvytaﬁmiall inietdbck which prevents the flowpdiparticulatt sibstabes inte e

cont ai nabl e t herein. 2. The nmetering device as clained in
claim1, mmeénﬁemgeck@mherm)mﬂnemtmga%l e about t he

rovetional xS il SO EoRin Tl i o BRI L1 {1

inclined rega togﬁfq\ﬁﬁ tﬁhﬁ’ﬁl hé‘?ﬂe‘iﬂ@hh&ﬁ éﬁe\feﬁ)s tﬁ@ﬂow of particulate substanc@8utld? be:

i nclined upwards 1 n°t I'ng state ownwards in the enptying state,
wher eby t hetheusdtéring ¢hanibep (29) inithe loading stateabutadmits the flew of pmucuhtecwbstancc

revents the fl ow
P 15 out of the metering chamber (2(;) in the emptying state; and

a reservoir (30) connected to the inflow path so as in use to rotate therewith 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).

2.  The metering device as claimed in claim 1, wherein the outflow path is adapted to
rotate t6gether with the inflow path about the rotational axis (4) such that at least a part of
the outflow path is 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
25 of particulate substance out of the metering chamber (20} in the loading state and guides a
| gravity-induced flow of particulate substance out of the metering chamber (20) in the
emptying state.

_—
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of partlcul ate subst ce out of the netering chamber (9) in the loading .
:State and guides f g”'ﬂr uced flow of particul ate substance
out of the meteri ng (,muﬂﬂ "g enptying state. 5 3.

" The net eriwgwstsoésce as clai fred"i ns C|*al m1 or 2, wherein th®CRSESIARGT -
chanber (9) has an internal. vol gge whi ch can be altered. 4,
The nmetering device as clainmed in claim3, further conprising vol une
control neans. (24, 26) for altering the internal volume of the
nmetering chanber (9). 10 5. The metering device as clained in any of
claims 1 80 4, Theeietéring deviceras slrimed in elaino! or 2, wherein thidwetetingiclatiies (20
substantially unaffected by a state transition. . 6. The netering
devi ce ashas avariable intermal VGﬁ“ﬁ -aimse 1 to 5, wherein the body nmenber (2) 15
i ncl udes the flow paths and the fl ow paths conprise a channel (10, 12, 14)

whi ch extends through the body nenber (2). 7. The rreteri ng
device asg4cl ai mgd nid?crﬁ@’dc@fce%%]ﬁ'iﬁeémt&mﬁﬂ‘@Bﬁﬁ&'c@nfpﬁﬁné%éﬁidl%éanﬁ?@ i's
co-axial with the inlet (6) of the inflow path 8. The netering

devi cesas 26) for adjdsting the\intefnatvalums otﬂteanétenn@elrmher&ﬂxaj or section (32)
of the inner surface of the reservoir (30) tapers inwardly towards the
inlet (6). of the i nfl ow path. 25 9. The netering device as

Curt aco ob- { ne THk B il BuSBLEn A5 B 180 g che gl pans

10. The ngifkd HehadlA¥l (A6, BE 18) whith@Extendahroudh thé &bdysm&msa (). when configured
for one- di rect i onal rotational nbvement.
1 6. The thetering device as claimed in any of claims 1 to 5, wherein the flow paths
define a channel (10, 12, 14) which has a cross section that is substantially unaffected by a

" state transition.

7. The metering device as claimed in any of claims 1 to 6, wherein the reservoir (30) is

15 co-axial with the inlet (6) of the inflow path.

8. The metering device as claimed in any of claims 1 to 7, wherein the reservoir (30) is

substantially éonical in shape and tapers towards the iniet (6) of the inflow path.

20 9. . The metering device as claimed in any of claims 1 to 8, wherein the angle (a) of

inclination of the rotational axis (4) is unaffected by a state transition.

10.  The metering device as claimed in any of claims 1 to 9, wherein the rotation is

one-directional.

25
11.  The metering device as claimed in any of claims 1 to 9, wherein consecutive state
transitions involve a reciprocating rotational movement.
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15 ' 11. T e as clained in any of clainms 1 to

9, when configured for Eﬂ“ﬂ“ﬂﬂm Ilm ‘mrem procating rotational movement:
12. The net ewigwodées ce y«O0f clainms 1 to 11, wherpgmsEIh®1347 -
outl'et (8) of the out f path is | ocated adjacent to -
-the rotational axis (4), V\/nereby the positidon of the ' :
outlet (8) in a horizontal plane is substantially unaffected by a state
transition. 13. The metering device as clained in any of

claims 1 to %3, “ﬁ‘ﬁ&%&eﬁﬁ?dév’iﬂe% cidile@%ny BEclaims 1 to 11, wherein thel dutleO(8) BRtH2

I's located adjacent to the rotational axis (4), V\/nereby the position of the
10. i nl et ogffjow path iskncatzd adjatent kathe rottiond axia{d), suherebyribd pesitiemofithe autlet
state transitiaon. 14, A method of netering, a predeterm ned -

amount of a &%)r%%?@%ﬂ%@?&ﬁ%s‘a@qu pejed by a state transition. = { e st eps

of ¢ provi ding a netering deV| ce for netering a
predeterm ned anount of a particul ate 15 substance, the

metering devijge CORpphetbritl devited clBmMe in &@oﬂiﬁxm@'m& 12, ﬁﬁéx@fdtﬁgmlet (6%ofthe
chanber (9), ‘an inflow path having an inlet (6) and |eading to the netering

chanber inflow path is located pdjavent tethe rbtaaonaifakm\mp athcrebg thslpommnof the inlet
rot at abl e about. an axis (4) inclined relatjve t he

hori zontal affR)ipAdergenta lﬁwrerlgtsumtm{lw}mﬁmWM%ste'astﬁwl&pnwth t he

rotational axis (4)- and a second part (12) which is
inclined relative to the rotatlonal axis (4) so as to 20 " be

i ncl i ned domwrdam&hadlo%ﬁmﬁ% predetémsinaDANAGES of B paficBRRS ibs@nsd, at e, -an
out f | ow pat h having an outlet (8) and l-eadi ng fromthe

met er i ng 1chanbmaprigiog thersteps afeser voi r (30) leading to the
let (6) of th fl th,  wh t he r, t at abl

ot e ot et opmavicine 8 kol ot BeEER 8 preterhinpb et b peulae

together w tQyangce the pictering dewce comgﬁﬁﬁk %&@:ﬁ{ﬁ &H}rﬁfznegb?’ RSB &tehq?%&?

i nfl ow path, ng-particul ate su ance 1 n

reservoir (3gath hav1 an inlet (6) and leadmgttathmdeﬁ@g thaimbey(20)] 4h G\Stﬂéﬁ CPath leBding ne
the second part § t hereof downwards and '

gravit y i ndufreth tht owtering ¢hamber (20} andia cesenvioiri(30)monnented:torthe mﬁo\’e pathstheo .
fill the chanper

br event 2 SPRBIT(G) g MPRAOHBGT contaniie Y Yhlumecof Aapiculae SibSHICE 008
Metering  on rotatith to provid€ biWefEnt obthé Liritdifled PiftriCulhte 'sikeicE Rt the inlet (6) and

thereby ensure the flow of particulate substance to the metering chamber (20);
. providing particulate substance in the reservoir (30);
filling the metering chamber (20) by guiding a gravity-induced flow of the
20 particulate substance through the inflow path;
preventing a gravity-induced flow of the particulate substance out of the metering
chamber (20) during the filling step;
rotating the inflow path about an axis (4) inclined (o) relative to the vertical (V)
such that at least a part of the inflow péth is inclined upwards and thereby provides a
2s  gravitational inlet lock which prevents the further flow of particulate substance into the
metering chamber (20);
emptying the metering chamber (20) while the gravitational inlet lock prevents the
further flow of particulate substance into the metering chamber (20); and

rotating the inflow path about the rotational axis (4) so as to remove the

30 gravitational inlet lock and allow the filling step to be repeated.

This Sheet Has Been Rep

TRV




rotating the |nflow to incline the second part (12) thereof
upwar ds and ' miﬂﬂ' !Wla gravitational inlet |ock which
prevents the further 41 ow ate substance into the

met eri ng WOAHRO65 (0): and errptyl ng the netering CMCRISESTOLBY whi | e
particul ate substance Is prevented frongb5 flowing into the netering
chanber (9); 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 vol une of particul ate
substance cont ai nabl e therer n. 15. The method as clained in claim

14, V\/ner ?ﬁ rovr dlg part | cul ate substance into the
reser v0| ( 30 %Bt?ﬁfq ‘1‘ g"’b#“tfégh?rr@“}?ﬁst“igé’éﬁ gerokiepding the

into the tfr?t:g) predeterm ned | evel therein.
16. The H%rtﬁﬁlggeéaggﬁ% al r%'é Hlﬁﬁteg? ﬁés@l‘@dirgcﬁ erer n the step.of providing
particul ate 15 substance into the reservoir (30) conprises the step of
feeding particul ate substance intermttently into the reservoir
(30).5 16  Tire mpthedrmsclaimediin claim i dr 15, fortherabmptisingthelsteptef 16, furt her

conpri si t he, st deternining the wei ght of a netered anount
of the pﬁawwmngﬁﬁg%@t of 2 mefrsed.amaunt of the marticulate ﬁ@sm%qhsmse%&mr (9)
in the e | : I r i nt er nal
vol e o g tabie? () e gt SR dod 8hdsfe B ihtdFoa volume ofgné

met er i ngmeepiag shambérqRONntresponse theftedet er mi ned anmount of a particulate

subst ance, conprising at |east one netering device (A B)
conprising a body member (2) defining 25 a metering chanber (9), an

T el i e AR S o, 1 71
(54) '”%ﬂb@ﬁﬂce, comprising é‘E{ag‘b &¥ihd (%dg%abﬁﬁ %83k ﬂtor{r%?tehﬂ é'&i?.és @.( ?f st

part (10) which Is rot ) and a

second pmotntéd theredni in hxmamfﬂalﬁangdpmklgbsmeni with heoﬁﬂtoatrbﬁﬁahal axis (54),
axi s (542.acﬁ0 as_to _be inclined dowmwards in_a | oading state and upwards in

an 30 metering dryics: (4 8) compricipg atbedy membsry(2) defining ammstering chamber
gravi ty- 85 4a sbidkiiftlow path having an inlet (6) and leading to the metering chamber (20),
15 wherein the inflow path is rotatable about an axis (4) inclined () 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 e’mptying state, the inflow path thereby guiding a gravity-induced flow of
particulate suhstance into the metering chamber (20) in the loading state and providing a
gravitational ihlet lock which prevents the flow of particulate substance into the metering

20  chamber (20) in the emptying state, and an outflow path having an outlet (8) and including
means which prevents the flow of particulate substance out of the metering chamber (20) in
the loading state, but admits the flow of ;rarticulate substance out of the metering chamber
(20) in the emptying state.

s 18. The metering apparatus as claimed in claim 17, 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.
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particul ate substance ilhﬁ t he metering chanber (9) in the |oading state

and't PI’O?/i ;:ies a- “”M“"H"ﬂ"”' | e;- | ock V\ﬂi ;:TB pre\éenjts the flow of |
et yi ng. st at YOS ' 0t Fout nat h *havi ng an oot et (g) | TOTREEOIMT

i.ncluding flow control means which preventslihe flow of particul ate

subst ance out 5 of the netering chanber (9) in the |oading state, but
admts the flow of particulate substance out of the netering
chanber (9) in the enptying state; characferized.n tha . the .
metering appaktat usTlP‘{JTH‘F*é\"g@BP&FP%@%‘:&“P ‘thzﬂwgﬁvﬁfe@b WE’S’@)“ eachiaf ghe Mgteripe
mor e AN bfigs al IR Sr bPGhRLahd dogihd HHLAEEB) bRlteY
spaced posi ti%ér?gée\%({\hggg&*bﬁ&g?vg}:vg@r%n ro%ngftafo ar!?ég(}}_s ?5% 10 @(’8§b€gk
The netering anﬂawg;hﬂﬁome edspeative meterilgodeVickS A, B)/gach vaive nﬁch#xﬁﬁﬁbohﬁﬁsinﬁ a
nmetering evices (A, B) disposed dianetrically opposite each other
on t he rot at avdles member (760, which 1s movablabgtwe¢naa clasesipasitiondpr ¢lnsing the aulket (& wo
metering devices (A, B) is in the, loadin tqte,, anot her .is |n the
Crtyi ng. % at @t pspective seetermaAtyine LA B 1 g dPinstat 4 26 0Bh PASOniTH 15
or 19, whereifp.e i i : . : B AC j .

mechani sm f'or‘gbé3 Bg%qﬁgsgﬁé}(g?%@ﬁ%ggﬁ?%wgu ﬁt%r%ngg%)“ CET(AI’ EZW ihé%_ﬁlp@y lxgl%tt\éﬁ %‘\3\‘/j a
pat h thereof , catefpe\aerargeriient (72) 78 or aneeharitally opevatingeherealoemembe) (70Mdukifg i S
movabl e between a cl osed position for closing the outlet (8) in the |oading
state and an ®@gation of theotetatable wheeldP0X or opening the outlet (8) in the
enptying state, and a camtype arrangenent (72, 74) for

mechani cal |y operating the val ve nenber (70) during rotation of
the rotatable wheel (50). ' '
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