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POADER DI SPENSI NG AND SENSI NG APPARATUS AND METHODS
Cross Reference to Related Application This

wappriocesi on clains priority based on Provi si oPal/usS2006/044972

Application Serial No. 60/738,474, filed Novenber 21,
2005, which is hereby incorporated by reference inits
entirety. Field of the Invention This invention
relates to nethods and apparatus for di spensing and
sensi ng powder and, nore particularly, to nmethods and
apparatus for dispensing precisely-controlled

Mnarvi RO S NR AN SN BING AP RATRAT G
cartridges. The pomderéﬁﬁmmug, and the
cartridges can be used = However, the

invention is not limted to this application.
Background of the Invention It has been proposed to

del i ver cert i} ¥ RESeRbn L YIR AR N i catidin

i nhal ati on of —a—powde Sre—ar—oe LT SR 1 A LVG AL One
parti ' i ner.azi . . .
P oo HAREH MRS pRICKRY P i} Rivisional Application

Sered1aV8! 60171383474 ctENOReRIRE 2, PODSORAiChGs Rréigy e
pl atel et surface structure and can be’l oaded with a

ideotporaesl by eefeaeaoPiwitsUnbiretyat ent No. 5, 352, 461,

issued Cct. 4, 1994 to Feldstein et al.; U S Patent

No. 5,503,852, issued Apr. 2, 1996 to Steiner et al.;

U S. Patent No. 6,071,497, issued Jun. 6, 2000 to

Steiner et al.; U S. Feldof the Ingent®n/71, issued Aug.

6, 2002 to Steiner et al.; U S Patent No. 6,444,226,

i ssuebhisdpyentonzebutes to masheds and apparatng for dispeasiig and
No. . 6, 652, 885, .issued Nov. ZF, 2003 .to, Stejner et al..
sonsingspowider pade mpterR ek e doimethodsand gppsragys tor

ciirslsgrllsliﬂg%elc{]sg }lf-%toln’?rrc])lleénquantities of powder into multiple cartridges

and for individually sensing the fill state of each of the cartridges. The
powder can contain a drug, and the cartridges can be used in an inhaler.

However, the invention is not limited to this application.

Background of the Invention

It has been proposed to deliver certain types of drugs to patients by
inhalation of a powder as a delivery mechanism. One particular example
uses diketopiperazine microparticles known as Technosphere®
microparticles. The Technosphere microparticles have a platelet surface
structure and can be loaded with a drug. See, for example, U.S. Patent No.
5,352,461, issued Oct. 4, 1994 to Feldstein et al.; U.S. Patent No. 5,503,852,
issued Apr. 2, 1996 to Steiner et al.; U.S. Patent No. 6,071,497, issued
Jun. 6, 2000 to Steiner et al.; U.S. Patent No. 6,428,771, issued Aug. 6, 2002
to Steiner et al.; U.S. Patent No. 6,444,226, issued Sept. 3, 2002 to Steiner et



i nhal er having a replaceable cartridge or capsule

containing the drug powder is used for drug delivery.
wab@7a6wsni strati on of drugs by inhal ation typPCHEIUB3006/044972

requires a very small quantity of powder in the

i nhal er. cartridge. By way of exanple, application of

i nsulin using Technosphere nigroparticles can require

a dose of as little as 10 mIfigrans of the pomder In

addi tijon, the drug dose nust be highly accurate.

addogad YnerPateah Nipdu6 52 88 SmissuadtNawy 25 1 momeusrt@ner et al.

(éherape tjc effect, *Ie a Iarger t han specified dose

Bf Usawd ¢ ﬁseaauef@@refz csds the deh¥epaof egulin by inhalation. An

nor e, e chn here m croparticl.es re
1ﬂﬁa’fﬂr§ﬂa@@@%&rﬁp R IFUG 08 0 SPpSBLF SoHamInERE drug powder
L heir t el .surface structure causes Technosphere
1&6%8@#5@6 ) e’&é’ﬁ@él ve and sonmewhat difficult to

el T gftifgHEAEROERIR LB B ol PR A Raery
S Al E r%a[%éei b8 ififalSt eaf KL, Y FEERETKElpte,
1RAGONCET f‘rfshﬁﬁeumﬁ'% Q’écﬁﬁgrg?ﬁgreﬁg?ﬁopﬁrﬁﬁ% ek Lf8% dose

st be verified uf act ques an

oot tRNAs $OenilH mng afahe ?o‘*ﬁdeﬁ' dh dddideahig dhwy HB@é must
demand and shoul be capabl'e of handli ng pomders whi ch

b kighdy escueatand\ doss lewendiarf sppoeifiedehsy nothsvienbe desired
manuf act uri ng techni ques and equi pnment have not been

thdexpeatie ¢ffectpethilche argde tlamu spedifiedrdtisegtan havear adverse
a need for novel methods and apparatus for powder
edfeqtemsthegpatients dhigiternsoreyavhilef echrospharatminroparticles are
Systens_ and net hods ar.e provided for S|nultaneousl
hgbbeatieagve |f@1£: dreg deliyery byliahalagess thsir plasigtauriaceo
nul tiple car The g %F
structufe causes Tec osphere powders to be cohesive and somewhat
difficult to handle.

In the commercialization of drug delivery by inhalation, large
numbers of cartridges containing the drug must be produced in an efficient
and economical manner. An accurate dose of powder must be delivered to
each cartridge, and the drug dose in each cartridge must be verified.
Manufacturing techniques and equipment should be capable of high
throughput to meet demand and should be capable of handling powders
which are cohesive and thus do not flow freely. Existing manufacturing
techniques and equipment have not been adequate to meet these demands.

Accordingly, there is a need for novel methods and apparatus for

powder dispensing and sensing.
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can contain a drug, and the cartridges can be used in
inhalers. The fill state of each cartridge, typically

wo b@7pemser wei ght, is sensed during filling, BOMUS2006/044972

powder di spenser nodul es are individually controlled

in response to the sensed weight to ensure accurate
dosage. The system operates at high speed and can be

very conpact to enable production filling operations

with mniml floor space requirenents. According to a
first aspect of th&uriugity 6fthéReehidondi spensing and
sensi ng apparatus conprises a tray support structure

t o r Sstarms andanethatipearermyvidddforginardtariedasby dispensing
powder di spenser assenbly including powder dispenser
precisekyscontrdlledeloses pbadeowder mto enpﬁmlemmiadgersi. dbles powder
of a batch of cartridges. in the cartridge tray, a
cppwentains a dsiprandthe eartridgerccaw be YseddBrinhalerse The fill state

e e S I Mg, an
RO S SR SRul ARG R al R s e
skt SRt ShaF A BUPF BB iR wh i S igh speed
B b YR Pl B0 b s R B A OB AT
SRENFI NG acgqﬁgﬁg@ tntt@e bat ch of cartridges and

concurrent sensi e fill state of each of the
car t rAGqnding td iRt bspeiofMAE AV EAESn, d ?@\Aﬁﬁ?iﬁépensing and
cells can conprise weight sensor cells. The cartridge

seh&in BRI PHIses attenySspRsUt strivetiaertoriedei® 4 bartridge
t wo- di mensi onal array of rows and columms. The powder

tigyahslling caysiduess apowddndispendsrassemidy entluyling poowder

a transport gas, a powder aerator to deliver powder to
dispeenrentes dulies fe nkspameqiw genindo acspuiie ecartdpesof @ batch
osf%%ﬂr¥dg|[)e()sm§1etrklet c?ar%r?c?gg ‘?r\g}df,e er1 pacl)%&rfc?grot;énsport system to deliver
powder to the powder dispenser modules, a sensor module including sensor
cells to sense respective fill states of each of the cartridges in the batch of
cartridges, and a control system to control the powder dispenser modules in
response to the respective sensed fill states of each of the cartridges of the
batch of cartridges.

The powder dispenser modules, the powder transport system and the
sensor cells can be configured for concurrent dispensing of powder to the
batch of cartridges and concurrent sensing of the fill state of each of the
cartridges in the batch of cartridges. The sensor cells can comprise weight
sensor cells. The cartridge tray can be configured to support the cartridges
in a two-dimensional array of rows and columns.

The powder transport system can include a blower assembly to move

a transport gas, a powder aerator to deliver powder to the powder dispenser
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The powder transport systemcan further include a

mani fol d that couples the transport gas fromthe
w@owde61987 spenser assenbly to the bl ower assenmPCT/USH06/044972

forma closed-1oop recirculating gas transport system

The powder transport system can include a transport

gas conditioning systemto coytrol the relative

hum dity, the tenperature, or both, of the transport

gas. _Each of the powder _di spenser nodul es can i ncl ude
agsembly 85diheppes assemtly govipply ﬁp@féqup the &7 #yator.

owder fromthe powder trapsport, sysfem a .po r

pewdes hansbeshwaEstermany rﬁﬂe@dﬁame 2 S @fﬁﬂ@af geuples the

tﬁ%%i%ﬁ 'g% f%ﬁ@@%%ﬁ%&iﬂ?ﬁq@%% AStemBo KA B Bltpusk assembly to
BEAS Rladetonrr skl oS HobShonaaRtart U BpRdet Bansport
SR o P LR RS S bl
r$BIF: IBRAGSthoRAhERRNENGE it B tadibreghel | c2l

open space ane 1 n I'ng’ spaced- apart s fixed

to theashafthe PO dePAHRNRBRAModiHIE BafidAchidéea Rousing that
hel i cal arrangenent on'the shaft. The feed wand can

defindsed peqriinktdor arcesigene wa&ferd‘n@npﬂqdmwdw traasport
secured between sone or all of the spaced-apart spars.

shiseemi agoweder oudttydrdanpowdendelivert canduit aogereting the
secured between the ends of the \?tgars and one or nore

pivedeninlat anddeerpovales evtlesdand adeed napehanism toaneyeqpwder
radi al | ocations. In sone enbodi nents, each wire is

tggui%tb nly? tgenﬁuigdr@mrtb@%wwdm‘eigﬂ@wq heapowdenostighar s
Feed Tandesdmashanisio canaaciidh  dreef Bl GrBmy W agk
tiqy%p\tel&]? @ﬁé‘ %f@hggﬁl, %\/ ﬁ%: ?at{)]ﬁg) Sglera?g the T6& sve{nrd?%e\?ahlzg to control
the outlet, and an actuator to operate the valve. The feed wand can include a
shaft and a helical open space frame including spaced-apart spars affixed to
the shaft. The spaced-apart spars can have a helical arrangement on the
shaft. The feed wand can further comprise an arrangement of one or more
wires secured between some or all of the spaced-apart spars. The wires can
include one or more helix arrangements secured between the ends of the
spars and one or more chevron arrangements secured between spars at
selected radial locations. In some embodiments, each wire is slidably
secured through holes in intermediate spars and is attached at each end to
one of the spars.

The feed wand further includes a discharge element affixed to the
shaft below the helical open space frame. In different embodiments, the
discharge element can be implemented as a modified spar having a double

helix configuration, a roller pin and support element used in combination
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di scharge el enent can be inplenented as a nodified
spar having a double helix configuration, a roller pin
war@786pDrt el enent used in conbi nati onwi t h aPCDUB{@@44972
el ement or auger bl ades used in conbination with an
orifice elenment. The powder dispenser assenbly can
i ncl ude an array bl ock havin%ban array of vertica
ports. The powder di spenser dul es can be nmounted in
respective vertical ports of the array block. The
vaihr ay opifoeskelearentron anger diaderctsed n demibieatigowdth ahworifice
t he powder dispenser nodul es. The powder dispenser

€ tes can be provided with powder inlets aligned
vvithi;he channel]s in the array bl.oc o that powder is
del i V8ERPWECAispRNeRT drsrimhly ¢rBgaskide apamaysbloskhaying an

afay ”le' afegﬂ ilgea% v °Cﬁ1%n%3§§¥§%?f %e'ﬁﬂfbt&hmounted in
rdpEcifE Rt RORIRPIG aflaf tiek e YRV 33K SRnnclude
ARG devat B eSV%%%?ﬁée A0 She TR BN The powder
ARSRASEr FRTRIE! Yot B0 5100w ATIORRBE: HORY, S6ERSR Q8P

Ir an ranul at’or 1 n r pOf 1 on

cHénﬁél@ 1R HE 8fral %bk%‘o&ha??@xxﬂfe@'w ldRliQEr&Rfh 8RBW bBBowder
first and seco agg onerator rollers and first and

dispeaner mydules t}ﬁoaghtaaélﬁaﬁlf& if ithé armytb Rk rEach channel in
aggl onerator rollers, respectively. Each of the

tlegatraydiatlocan pase ItISrOI@h the grraw btk fort tecarcplatied traypsport
of pins or a plurality of spaced-apart disks. The

gh¢ tovthie bbseebassenaplyi nEheidbamndls énghe torayblock can have
transport gas through a recirculating transport gas

sufficient eaprcatygtesstoae powrderdep anataranote aralispensing
povvder ggl onmerates fromthe recirculating transport

cyeles afthg graw PRRYRIINO H@Sgas particle separation

devi ﬁ"%elﬁoﬂp rlaes.rsre:l:'\rrr]ltb(?}gI can include a hopper body defining a powder
reservoir and a granulator in the lower portion of the powder reservoir. The
granulator can comprise first and second agglomerator rollers and first and
second motors to actuate the first and second agglomerator rollers,
respectively. Each of the agglomerator rollers can be provided with a
plurality of pins or a plurality of spaced-apart disks.

The blower assembly can include a blower to move a transport gas
through a recirculating transport gas system and a gas-particle separation
device to remove powder agglomerates from the recirculating transport gas.
In some embodiments, the gas-particle separation device is implemented as
a cyclone separator and in other embodiments the gas-particle separation
device is implemented as a vane separator. The blower can include an
impeller to move the transport gas, an impeller motor to rotate the impeller

and a blower housing enclosing the impeller and having a discharge port to
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a cyclone separator and in other enbodi nents the
gas-particle separation device is inplenented as a

wae ang/oewpar at or. The bl ower can include an i npRCT/@82006044972
nove the transport gas, an inpeller notor to rotate
the inpeller and a bl ower housing enclosing the
i npel l er and having a discharge port tosupply the
transport gas to the powder aerator. The bl ower

assembly can further conprise an jinducti rod t
supphothe-trangpeit 2es de dhe PanglssracT¢ies. e blayeek pesgmiply can

transport gas. Th owder ., aerator can includ .
7 SpEISAR dudtianrod rimedueh cendifisnad Fapsngyt gas into
orfs c | ed to the powder dispenser assenbly and a
tgggquogﬁpa@gpﬁ%aq.o the bl ower assenbly. Theypovvder

el 1 vare Oy abHbr oS iHidGeR LRI U IGEEtifing a powder
1@%&5@?\&7@% ?ﬁﬁ%@ﬁ)@v\g g?ﬂpl‘r@' t\SethtecpcﬁW@ﬂ disﬁgﬁb’é’tnéds*eﬁlblﬁl and a

et tothe pneumatic broom

%Qgﬁn%t%u@#cg o ﬁﬁ BIS0at Assehebl§! OFkEpberteridepasp@ah further

S syste e external environnent. The powder
iﬁ@flﬁ%@oﬁ feAmiatd B@onh 16 ldetie e poywaks shrougH cisdr tubesl tedhe
to the Bowder out put ports and a crossover valve that
shwaet susl poirecamdntdueng valve teestpplyspquantts of pomider from
the gas inlet to the pneumatic broom and to the bypass
threpdwlle: indetctor hieryneumatis broouh. aEhe dunep vekee also seals the
invention, a nmethod is provided for dispensing and
clessd happtradsport Bes systérodremntbe; seernsd envirmmgnt. The
cartridges in a cartrj dcge tray, concurre

powden gfew@om@m gurther mcAudaaynsss @&Hﬁ?@tgguﬁlﬁdttﬂéhe powder
cartr t , d [ '

glﬂtp@é:?!ﬁ)lg%far{d% ce%qqg‘éﬁ Gelvd f S0 St ot Bt e
ccording t [ . [ '

asnsnet Ss Tabe gasiartis e prEill PridE R s pass

i nl
rln%nﬂb’ldpomer out put ports

According to a second aspect of the invention, a method is provided
for dispensing and sensing powder. The method comprises positioning
cartridges in a cartridge tray, concurrently dispensing powder into a batch of
cartridges in the cartridge tray, and concurrently sensing a fill state of each
of the cartridges in the batch of cartridges.

According to a third aspect of the invenﬁon, a powder aerator
comprises a manifold block defining a powder inlet, powder output ports
and a transport gas inlet; a pneumatic broom to deliver powder to the
powder output ports; a dump valve to supply a quantity of powder from the
powder inlet to the pneumatic broom; a bypass manifold coupled to the
powder output ports; and a crossover valve to direct selected portions of the
transport gas from the gas inlet to the pneumatic broom and to the bypass

manifold.
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and a transport gas inlet; a pneumatic broomto
deliver powder to the powder output ports; a dunp

WO 207061987 supply a quantity of powder from t heP@DUEEN6/044972

inlet to the pneumatic broom a bypass manifold

coupled to the powder output ports; and a crossover

valve to direct selected portions of the transport gas

fromthe gas inlet to the pneJnatic broom and to the

bypass mani fol d. According to a fourth aspect of the

i nvenficeardiaggovatourth sppectarf thedanbhtionpapoiveder dispenser

array block including an array_of vertical ports and

avenlNicamprsenhan ariay kloskdnchigingam aray lod westicakgports and
nmodul es mpunted in

Ralisaiiel Gbabis S BIATspURS carh Ohih veByCRIRRIIS; Anbpowrer
AERrR RSN e ResmeelTervitiiB Biven g Tife array block,
G B A RSt i
R R A R
é‘l*?a%ﬁ{@% n Hee Qh%g%é@k RO WiGHenk 84 ‘By‘:@c{cg{ d)fjﬂ%o@’d@ A¥denser

a and a po

assenbly to nov transport gas; er aerator
dEeed ver powder entrained in the transport gas to
t he powder dispenser assenbly. According to a sixth

aspe CAc@f)rdihg tony Bifihi &ypeca o ol Biv editkng RSgowde tadsport
conprises a housing that defines a powder inlet for

systemviorg ppises erpovad godidpensertdssembdndo alipmsmberpowder into

delivery conduit connecting the powder inlet and the

paotddges) et bl emadsentblyebodnoye ravtven spomti gas t andagrowder aerator

&gwder delivery condujt; an actuator to operate the
delivermpowdey antrainasl wodertsanspest gesiie the pometer disprenser

an actuator to operate the valve.

assembly. \

According to a sixth aspect of the invention, a powder dispenser
module comprises a housing that defines a powder inlet for receiving
powder, a powder outlet, and a powder delivery conduit connecting the
powder inlet and the powder outlet; a feed wand to move powder through
the powder delivery conduit; an actuator to operate the feed wand; a valve to
contfol the powder outlet; and an actuator to operate the valve.

According to a seventh aspect of the invention, a blower assembly
comprises an impeller to move a transport gas; an impeller motor to rotate
the impeller; a blower housing enclosing the impeller and having a
discharge port for the transport gas; a manifold to receive transport gas; and
a gas-particle separation device affixed to the manifold to accumulate
agglomerates entrained in the transport gas.

According to an eighth aspect of the invention, a powder handling

apparatus comprises a tray support structure to receive a cartridge tray
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According to a seventh aspect of the invention, a
bl ower assenbly conprises an inpeller to nove a
WO e@®pst gas; an inpeller notor to rotate theBCT/US2006/044972
i mpel  er; a bl ower housing enclosing the inpeller and
havi ng a di scharge port for the transport gas; a
mani fold to receive transport gas; and a gas-particle
separation device affixed to8the manifold to
accunul ate aggl onerates entrained in the transport
hojdéng at beastiarfrst batoh ef gatiidgspeant afedonel bateRrsf datridees; a
powder handling apparatus conprises a tray support
dispensingratbsysiest é0 visspensapowdigdnto ayfasthiofghatcatriies in
a first batch of cartridges and a second batch of '
thémfi‘i%%gﬁyaaﬂdﬁp@ﬁ}é Pegitutisg seechanisol tperse fhevaetridge

into a batch of the cartridges in the cartridge tray, i
tra kS SOANGH 4 e POS B e Btk ARFMsSaHBbatebes aftcarsiges in

o S Pt OR R A Sepng PR

o AL B OB oSSRk i
P BT DR M SRR TR W «dispnser
e R

thB Gripper! Op&liatin@ns CeRPWERAH ihbthle %\%‘F %0 ‘@%ﬁéi‘r}sireg%&plaﬂ through

cartridge, and closing the valve en a

thetvailee 06 thideareidoe] so@ clesing dkd edlveOndleat 4 8sioéd Estate of
feed wand can include rotating the feed wand and

the waetrrklgwisrrenahédn of the feed wand to condition the

powder in the hopper. The feed wand can be rotated at

var i @Qpemtepeetthafatdoaand eadiinbkrdedratatingdhe deed wemd and

The feed wand can reci procate, causing the wand to
reyersirg yotastan of thetaedi wand id conditien thoplwidsr, indheihopper.
TRa e BpIE she FAGIEH AbFeeblsreRssdaand oan he dithered during
rotation. The feed wand can reciprocate, causing the wand to quickly rotate
clockwise and counterclockwise, during some portion of one or more
revolutions. The method can include sensing a weight of powder in the
cartridge and closing the valve when the sensed weight is equal to or greater
than a target weight. Opening the valve can include rotating a valve
member in a selected direction, and closing the valve can include rotating
the valve member in the same direction. Opening the valve can include
post-positioning the valve member with respect to the dispenser nozzle
opening.

The feed wand can be rotated at a selected maximum speed during a

first portion of a fill cycle and then rotated at a reduced speed during a
second portion of the fill cycle. The second portion of the fill cycle can be

initiated when the powder dispensed into the cartridge is equal to or greater
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cartridge and cl osing the val ve when the sensed wei ght

is equal to or greater than a target weight. Qpening
wo b@7%6l98E can i nclude rotating a val ve nenberPCTIUS2006/044972

sel ected direction, and closing the valve can include

rotating the valve nenber in the sane direction. -

Openi ng the val ve can incl ude post-positioning the

val ve nenber with respect to % he di spenser nozzl e

openi ng. The feed wand can be rotated at a sel ected
thaixn selacsed seight.i Beprortionst cpotrol endédr iatdgral cogtrbbcan be

and then rotated at a reduced speed during a second
upbized shirdrg eRg qutlpﬂé%fdh@.ﬁlﬁ'hﬁc&cond portion of the

fill cycle can be initiated when the powler dispensed .

| nt 0AGGOTdiNg 1o aé%ntﬂsawa%pf the Brvegition, dhe pawvder dispensing

sal ect ed vveifgh{. Pr olgortli onal cqgntro and/ Q[r inte ral

apg fERNC AP AR 1913 ’&%ﬁ&ﬁﬁﬁf&‘ Qe PG ERICH S |
oBEE S A5 35 b bR PSR anhur Bl i
TR Y AERac ke MR SRS Lot AR St i
e384 BRI APLbMbRYE RediRAUAIN AR BRE Whi Ohnd reduced

common machine and results 1n co ucti on

pafagIRVehteefdRi cal support and training and reduced
parts inventories. According to an el eventh aspect of

the Awcendingnto ahelsvente h_s?ecﬁﬂﬁf’@lbriﬁv_@ﬁﬂoﬁ,eﬂﬁ péwder
apparatus has the capability to fill inhaler

despensimpasd sensing appanstesilmsahe rcapabilityoiopfill tinhmlerricatteidges,
use inhalers. This capability can be achieved by .

oneltanewskynhakers ant megesactanthepleywsednhaleas. ddis eepability
containers to be filled to the powder di spensing and

cae bsi anhieygphbirtreiatively spinpssbanges o the sy stenDihati dejiyers

For ,a better _.understandi ng of. the present invention,
cppragnersde besﬁﬁl@géo the powder cLspenmgg anc{1 sensing apparatus.

Brief Description of the Drawings

For a better understanding of the present invention, reference is made
to the accompanying drawings, which are incorporated herein by reference
and in which:

Fig. 1 is a perspective view of a powder dispensing and sensing
apparatus in accordance with an embodiment of the invention;

Fig. 2 is an exploded view of the powder dispensing and sensing
apparatus of Fig. 1;

Fig. 3 is a partial vertical cross-sectional view of the powder
dispensing and sensing apparatus;

Fig. 3A is a schematic block diagram of the powder dispensing and

sensing apparatus;
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to the acconpanyi ng draw ngs, which are incorporated
herein by reference and in which: Fig. | is a

w@erspersi ve view of a powder di spensing and SPOEUSZP06/044972

apparatus in accordance with an enbodi nent of the
invention; Fig. 2 is an exploded view of the powder

di spensi ng and sensi ng apparaltous of Fig. 1; Fig. 3is

a partial vertical cross-sectional view of the powder

di spensing and sensing apparatus; Fig. 3Ais a )
scherii€i  1pRRSCSEPEEFRIRET of o wsicdispansaranednlesanartridges,

i Fig. 41 i i f
%&3@%&%?@%@%&%&%9@5 6T dons. & cartridge tray
i 1. ll1s: Fig. 5 i ti i
0 Sl ap g
O oa ity B al3ostsBei A iaBPad' (i AR5 hIBRE aBGong powder

tpgrg?%m hefy:Cartridge tray and a tray positioning
system g. 8 is a perspective view of an array

bl ochky;sFi hSs- | I
o Eie g sty Jhomupliaghan eluthngt i sl aokey
pUsapemiser syt e; Fig. 11 is an exploded view of the
powder di spenser nodule of Fig. 10; Fig. 12 is a
scherRipi B is hqsgspectiveonriv df agramypblddke | ower end of

t he powder dispenser nodule; Figs. 13A-1 3B illustrate
a f eddgwans anrexgdoded anee ofithb avreyy block of Fig. 8;
Fig. 10 is a perspective view of a powder dispenser module;
Fig. 11 is an exploded view of the powder dispenser module of
Fig. 10;
Fig. 12isa schematic cross-sectional diagram of the lower end of the
powder dispenser module; ‘
Figs. 13A-13B illustrate a feed wand in accordance with one
embodiment of the invention;
Figs. 14A-14F illustrate a feed wand in accordance with another
embodiment of the invention; ‘
Figs. 15A-15D illustrate a feed wand in accordance with a further
embodiment of the invention; '
Figs. 16A and 16B illustrate a fill valve in the open and closed
positions, respectively;
Fig. 17 is a block diagram of a control circuit for a single powder
dispenser module and weight sensor cell;
Fig. 18 is a flow chart of a powder dispensing process;
Fig. 19 is a flow chart of a cartridge fill cycle;

Fig. 20 is a perspective view of the sensor module;
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enbodi nent of the invention; Figs. 14A-14F illustrate
a feed wand in accordance w th anot her enbodi nent of

wo b@7ioeneent i on; Figs. 15A-15D illustrate a feeRCTVEHRIING/0H4972
accordance with a further enbodi nent of the invention;
Figs. 16A and 16B illustrate a fill valve in the open
and cl osed positions, respectively; Fig. 17 is a bl ock
di agram of a control circuitllfor a single powder

di spenser nodul e and wei ght sensor cell; Fig. 18 is a
fl OVFi‘"ghQ'ltis%fn é&q;ﬂ@!i@&fviéiwscﬁeﬂhé's'éﬁséf atehde dfile. 20,1 s
a flow chart of a cartridge fill cycle; Fig. 20 is a

per spiec DRVig avp@wpettivdeisernger finmdmhbodingentofla Meeight sensor
expl oded vi ew of the sensor nodule of Fig. 20; Fig. 22

priobea perspective view of a first embodinent of a
wei ght sensor probe; Fig, 23 is a perspective view of
a seltignd3eistopenspactivd vieweifghsecomsembpdoment pf g. waight
IS a perspective view of a first enbodi nent of a
sepsauerokesr ator; Fig. 25 is an expl oded view of the
powder aerator of Fig. 24; Fig, 26 i . per spective
Ui evFig 24 I5eneRpeEtivg iy edetlirst emBogistet OLa pavider
of Fig. 24: Fig. 27 is an exploded view of the
agigQimati ¢ broom of Fig. 26; Figs. 28A-28C are

SO P 9 s HPex ol vibw' SFRBERGP BERSE oPFif S4;

Fig. 26 is a perspective view of a pneumatic broom used in the
powder aerator of Fig. 24:

Fig. 27 is an exploded view of the pneumatic broom of Fig. 26;

Figs. 28A-28C are cross-sectional views of the powder aerator of
Fig. 24;

Fig. 29 is a perspective view of a second embodiment of a powder
aerator;

Fig. 30 is an exploded view of the powder aerator of Fig. 29;

Fig. 31 is a perspective view of a pneumatic broom used in the
powder aerator of Fig. 29;

Fig. 32 is‘ an exploded view of the pneumatic broom of Fig. 31;

Fig. 33 is a perspective view of a first embodiment of a hopper
assembly;

Fig. 34 is an exploded view of the hopper assembly of Fig. 33;

Fig. 35 is a perspective view of a second embodiment of a hopper
assembly;

Fig. 36 is an exploded view of the hopper assembly of Fig. 35;

Fig. 37 is a perspective view of a first embodiment of a blower

assembly;
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Fig. 29 is a perspective view of a second enbodi nent
of a powder aerator; Fig. 30 is an expl oded vi ew of

wo b@7pemeer aerator of Fig. 29; Fig. 3 1 is a PCT/US2006/044972

per spective view of a pneunmatic broomused in the
powder aerator of Fig. 29; Fig. 32 is an expl oded view
of the pneumatic broomof Fig. 31; Fig. 33 is a
perspective view of a first ekbodi ment of a hopper
assenbly; Fig. 34 is an expl oded view of the hopper
assentigy 38fiskngexplddediview3st the Bloneiresinbly ofiEw, 97;
a second enbodi ment of a hopper assenbly; Fig. 367is
an explgod@dsi pevspéctive vioppdra ssoaabémbotiimieat 08a;blower
Fig. 37 is a perspective view of a first enbodi nent of
assBindlgr assenbly;Fig. 38 is an expl oded view of the
bl oner, assenbly of Fig. 37, Fig. 39 is a perspective
vi ew 158. 4058 sarexnipdediviewtofgheblpwarassembdyinfFigr39;
40 is..an expl oded view of the pl ower assenb]y of Fig.

; g 4i 13 & schematye digeramyp @tgéﬁwc@ﬁldétl g system;

o povkier Tdor VR BEYAYS RS A R RER JobeBh uRte
(BRBRERtub e b P g™ s T8 2 pi crorial
PSS SRk P O5RSh s RalBRE Sy e 4
of a il B4NKACERBor A rePrEYMATSN of a fill process for an inhaler
cartridge; and

Fig. 45 is a pictorial representation of a fill process for a compact

inhaler.

Detailed Description

Powder dispensing and sensing apparatus 10 in accordance with an
embodiment of the invention is shown Figs. 1-7. A purpose of the apparatus
is to dispense powder into multiple cartridges 20 and to sense and control a
fill state of each of the cartridges, so that each of the cartridges receives a
precisely-controlled quantity of the powder. As used herein, the term
“cartridge” refers to any container or capsule that is capable of holding a
powder, typically a powder containing a drug substance. As used herein,
the term “fill” includes filled and partially filled, since each cartridge is
typically not filled to capacity and in fact may be filled to only a small
fraction of its capacity. As described below, the apparatus can be used to
fill an inhaler cartridge or a compact inhaler, but is not necessarily limited

as to the type of container to be filled.
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i nhal er. Detail ed Description Powder di spensing and
sensi ng apparatus 10 in accordance with an enbodi nent

w@boowlel9snvention is shown Figs. 1-7. A purposeCDiS100€044972

apparatus is to dispense powder into multiple
cartridges 20 and to sense and control a fill state of
each of the cartridges, so that each of the cartridges
recei ves a precisely-control | Bd quantity of the
powder. As used herein, the term"cartridge" refers to

any cOattaidges 20r carape bietd irhatcartzidmpahy @20th M9 Bosdiched in a
powder , tytpi cally a powder containing a drug
g.ir

iy suppe. frameudefohprosiessingh el heecanttitliges ‘canrie hieldsin an array
filled and partially filled, since each cartridge is
fyrawapng cedemms| |laconeoexampald, opriaidgd tray 22 hoks foety-eight
filled tQo only smal | fractiogn of its capacity. As
C&égréﬁ?g%%ﬁo |ao@e?8 aayaphhe aendgeratiaeolicanridgeftray 22rand the

i nhal er cartridge or a conpact inhaler, but is not
GRESRRONAING CORHRUERHGR 0&' @Ppﬁ@twa ¥e Sypndheaytef eample

S Ao Il e Tt
ISR g RO 0895, 600, L) I B0 Rl
Ak ARG RO L0983,80 0723 LA R4 aray

c@ﬂﬁ@ﬁﬁﬁf@ﬂi WRhEPH );%Pﬂle%v%ﬂ%p?tmsarﬂ&hgg Epfoithent

by way of exanple on and are not [imting
desepdedfbdlow, ithy eatthidiae thdy Wah holke 192%%%@5?%’@%. tOattridge tray

cartridge tray 22 can be configured to

21 theberglacedriresupportfrdmedgesndpeinbhat] et sustagt fraive 24
22 can have a different array configuration within the

hgcapebof. the invention. In another enbodi ment
descri bed below, the cartridge tray can hold 192

car t rtCageoneats of paguler dispaming andsepsingeapparatuspbyin
chcﬁggn %g t?e{]yds&};?prz)or\t/ efgar}clé OZrérl], ?llljc%ger: ta I];(g\?fggr czlidrspenser assembly 30
to dispense powder into cartridges 20, a powder transport system 32 to
deliver powder to powder dispenser assembly 30 and a sensor module 34 to
sense a fill state of each of cartridgés 20. Powder dispensing and sensing
apparatus 10 further includes a frame 40 for mounting of tray support
frame 24, powder dispenser assembly 30, powder transport system 32 and
sensor module 34, and actuators 42 to move powder dispenser assembly 30
and powder transport system 32 with respect to cartridges 20. |

Powder dispenser assembly 30 includes an array block 50 having an

array of vertical ports 52 and a powder dispenser module 54 mounted in
each of the vertical ports of array block 50. Array block 50 can be
conﬁgure'd to match the array of cartridges 20 in cartridge tray 22 or a

subset of the cartridges in the cartridge tray. In the above example of a

cartridge tray that holds forty-eight cartridges, array block 50 can have a
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by a robot. Conponents of powder dispensing and

sensi ng apparatus 10, in addition to tray support
wo ec@mwe®47 i ncl ude a powder di spenser assenbl yPGDUSIN0G6/044972

di spense powder into cartridges 20, a powder transport

system 32 to deliver powder to powder di spenser

assenbly 30 and a sensor nodule 34 to sense a fill

state of each of cartridges . Powder di spensing and

sensing apparatus 10 further includes a frane 40 for
6RBWHAYSf f rfodi

O S B R O R g bt povider
dispenber Brbduder54c Thahiy émb3dimenn v wdwdéispehsdaransdules 54

assenbly 30 and powder transport System 32 with
areesyenited oncand-indgesnt2fs. Rowmilkbe dinsleestoed that e nibffir&a

includes an array block 50 having an array of verti cal
sipaving aseangementpeandee utiligpdnsidhimtvus@iiofrthenimedntion. As

each of the vertical ports of array block 50. Array
showekndtige 8n ameyddack o uthes inaludesiprovder siprage and

SarbonSSn 2D b0 L 050l Bl 08 o 35E30h, Sl e
Bl Sk ol et i SEE e
e PR e St R Bl 32t ponder
GRS AR RS, 1 FuCPURYERITD RS I SO tscrived
bRl EN ISR R B YISO B dor for

i nd transport channels 60a,
S% ayg@%g%%%ﬁg§1@6@ and 6Ch, with one channel

for paehe eAbRfinfnt aFAMEEr 191, $i trameporesyStém B2 includes
thi s enbodi nent. Powder is delivered by powder

atfigpopporder tyads Sy stemp3Raiey deliispepserdemoal fsst §goup of four
t hrough each channel in array bl ock 50, as descri bed

channels 60a, 60b, 60c and 60d in array block 50 and a second powder

transport system 32b to deliver powder to a second group of four channels

60e, 60f, 60g and 60h in array block 50. Each of powder transport systems

- 32a and 32b includes a blower assembly 70 to move a transport gas through

the powder transport system, a powder aerator 72 to deliver powder to
powder dispenser assembly 30 ;and a hopper assembly 74 to supply powder
to powder aerator 72. In other embodiments, a single powder transport
system or more than two powder transport systems can be utilized.

Blower assembly 70 is coupled through a tube 76 to a gas inlet 78 of
powder aerator 72 and produces a flow of transport gas through gas inlet 78.
Powder aerator 72 includes a powder inlet 80 to receive powder from
hopper assembly 74. The powder is delivered by powder aerator 72 through
four powder output ports 82 to inlet ends of respective channels in array

block 50. The powder is transported through the respective channels to the
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bel ow. Each channel preferably has sufficient vol une
to store powder for several powder dispensing cycles.
WO poovkervgnbodi ment of Figs. 1-7, powder transpBECT/US2006/044972

system 32 includes a first powder transport system 32a

to deliver powder to a first group of four channels

60a, 60b, 60c and 6Qd in array block 50 and a second
powder transport system 32b td deliver powder to a

second group of four channels 6Ce, 60O, 60y and 60h in

SWdRy dRetsehtodiled Sdf inpvtierow vépoyaddr digperses (32ambly 30.
pand 32b i ncl udes a bl ower assenbly 70 tg rnxgl\?emaﬂ:T ey

Theaspdéert isdaditidually it hen yedviderartrl dgxpd0 bysyewday dispenser
powder aerator 72 to deliver powder to powder
nmbdidensSdrasadesenibley Bdownd a hopper assenbly 74 to

supply powder to powder_ aerator 72. | th
emboGhaeneks 66a-60hgyassbuelgh aﬂaﬁiﬁ@fsﬁ Q) a06ra Binegorustion

h . .
L e iy s
8groft iEst POSY er %&%grgr SRRV i GoSLRE Gt Bnlds Q¥

Gotasosdrgasta iEIjLet@a% Fife i B30daRR 2
FEREHE Wy e
aer at %2 th .
SR8 S B SR Bt g i
R SR S i s v
c%s&fﬂoﬁ‘% ;ﬁe‘i’:;i/@glfé’cg’g% §§§ semRpbyrt3stethe Ipawter eirtbodiments, the

i ndl Vi I 'S ed to cartridges 20 by powder

RS SRS g eenbda sitidieecan bebwwas Greaspettssystem. An
pgJOa- 60h péggdt%rough array bl ock 50, %gg a tuﬁed Y d

déonotaslifered t85dwdendispensdranodulest 54 odstaediinghe
channel's. The suction manifold 84 of first powde
dhaans horetumsstheou g2 auction onaeifokdd® 4 60 blewer aé$ﬁi§{75f 70. As
qhannel s 60a-60d, and the suction nanifold 84 of .
disoumsddimioer, blowes pssambly 70, in some embodiments, can include a
gas-particle separation device to retain large powder agglomerates, while
small powder agglomerates are recirculated to powder aerator 72 for
delivery to powder dispenser assembly 30. As further discussed below,
each powder transport system can include a gas conditioning unit to control
the relative humidity and/or temperature of the recirculating transport gas.
The powder transport system 32 can include sensors to determine the
powder level in different components of the powder transport system.
Hopper assembly 74 can include a hopper level sensor to sense the powder
level in the reservoir of hopper assembly 74. Powder aerator 72 can include
a dump valve level sensor to determine the powder level in the dump valve
of powder aerator 72. The blower assembly 70 can include a large

agglomerate level sensor. A dispenser fill level sensor can be located at the

suction manifold 84 of blower assembly 70. The powder level sensors can
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system 32b is connected to the outlet ends of channels
60e- 60h. Suction manifold 84 returns the transport gas
wo ooosloameTr assenbly 70, thus formng a cl osed PODPS2006/044972
recircul ating gas transport system |n other
enbodi nents, the powder transport systemcan utilize
an open | oop gas transport s gten1 Any powder not
delivered to powder dlspensei nodul es 54 or stored in
the channels returns through suction manifold 84 to
ubt opticahteohmiiyesno. sase gicvdasksehdonwxammpeerThe powder
assenbly 70, in sone enbodi nents, can inc]ude a
leyeed lspasmsoctaen bepsedto santteV operation ef gpwdeardgdivssyggstem 32
onerates, while snall powder _agg| onerates are
anggpadmgaeﬁﬁowdebdm@rnsa%mcmlesr§4f\&tﬁdw @y to

Dol oRensaE MSBIAGA GiEndgbPeh I9QNER A SHRSPR BRI ) 0
(R el R pyad Srsphessasmlite d I Thytfiedh  Ssbp housine
18 Méimﬁ@&ﬁ%@?ﬁ@i@%ﬁﬂ Rep e oo aEASERIRNE B0

11&&]6989 e she"nrs § il 1@@2@ n3c)r é’l?(? Q%ocﬁét%ﬁh'ﬁﬂ‘é’tu? .C®RAus, one

ude 'a

eveI 0 sense the po
sbRYSH aésegfzﬁlg 1f1etfr%r1¥§€éi with tmpﬁswc@m p}sez 4110&’@1% &4. In
aer at or e a dunp val ve sensor to

o@l%leérﬁ'b@)&ﬁl@ﬁtdo %@'ﬁ’ rsehﬁﬁeéssbﬁlﬁlf) %aﬁt&@ﬂ@lw@ ¥ eirgflepenser cell or
aerator /2. Thé bl ower assembly 70 can include a |arge

NG AR Rt sélﬁétmceﬂ%nﬂe ndmbespdiseasof asderhblies 110 and the
sensor can be |located at the suction nanifold 84 of

ablpwemastsefitengor Assethblipo M6 inlthe akrayecapbe suahab@t the
optical techniques to sense powder |evel, for exanp
sehsopoaitiel 14 enalchshasondigrunatior ofseetridgescif i partrldge tray 22
operatlon of powder dellvery system 32_and | oadi

opawsldrsetiof flae saririgges e she sagiridge foae F or Hag g3 elﬂf@
ooty sl o AL 98, 2SS 515 Ak bl one
inch %‘éhter}S uﬁle "®nsor module 34 can include twenty-four sensor
assemblies 110, which provide forty-eight sensor cells 114 in a 6x8 array on
one inch centers. In the embodiment of Figs. 1-7, each of the sensor cells
114 is a weight sensor to sense the weight of the powder delivered to the
respective cartridge 20. A weight sensor probe 112 is affixed to each of the
sensor cells 114 and contacts a lower end of cartridge 20 through an opening
in cartridge tray 22.

The sensor cells 114 individually sense the fill state of each of
cartridges 20 during dispensing of powder, so that powder dispensing can be
terminated when the desired amount of powder has been dispensed into each
cartridge 20. The sensor cells 114 are preferably weight sensors which

monitor the weight of cartridge 20 during the powder dispensing process

and are accurate within 5 to 10 micrograms in the present embodiment. An
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100. In the illustrated enbodi nent, each of the sensor
assenblies 110 includes two sensor cells 114 (Fig. 3)
w@ar@7ae®8Ti ated circuitry. Thus, one sensor asBENBE3006/044972
110 is used with two powder di spenser nodules 54. In
ot her enbodi nents, each sensor assenbly can include a
single sensor cell or nore than two sensor cells. The
nunber of sensor assenblies 110 and the arrangement of
sensor assenblies 110 in the array can be such that
elefotrobatemre bedthds tygicatityasedhss ©orfightsatsoerin @pplications
cartridges 20 in cartridge tray 22 or a subset of the

reguntingdyel docuraey,dighrsipdgd andagpeambilityevattavptyesmalla

cartridge tray 22 that holds forty-eight cartridges 20
Wenghtsex8 arr ay on one inch centers, the sensor nodul e

34 c i ncl udﬁ t ty-f.our nsor, assenblies 110, )

wni chDgr el OIS EAERR ldRgoreigt SgnsoassRmblE g 0 is a
e BLelCBF s ehso B Skl SRR AR e Shofbiosel

th ight ;of th [ i d to th

SR SR S e A R
oSS, | PSRRI g i3SRAE S A SR8 of
cAEUELd0y 207 fon A0F (RERRAE Sldted 34 TAY sty
RN GesoP AYERADIIES 11 DHavROWIBFt il ORI PeH6A Bnletwo

term nated when the desired anmount of po has been

sehsoperiied lihhe spadoedrtopette tddorhhe seestsiUsseglbly. ik

are preferably weight sensors which nonitor the weight
wad gletagdnsig enéthaghicdl nprhpenarivdes 1ocspé as ithe tap of tlss
and are accurate within 5 to 10 mcrograns in the
agreaslkly, elsditdaheincuitng lecatasbbdlame thdrmohianidal ponap dyents
used as a wei ght sensor in applications requiring high
and enrelestriaal genspeted ishecated e thodbpitop.wilte seaser gssdmblies
| ght s. . . . .
can b mounted in an array for weight sensing on one inch centers.

In another embodiment, a commercially available weight sensor
module has a horizontal configuration and can be utilized in a tiered
arrangement on three different levels for an array having six cartridges per
row. In the tiered arrangement, probes of different lengths are used to
contact the cartridges.

The powder dispensing and sensing apparatus 10 has been described
as having powder dispenser modules 54 and sensor cells 114 mounted on
one inch centers. It will be understood that a larger or smaller spacing
between components can be utilized within the scope of the invention.
Further, the components of the apparatus 10 are not necessarily mounted in
a uniform array. For example, the x-direction spacing between components
can be different from the y-direction spacing between components, or a row

of the array can be offset with respect to an adjacent row.
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The physical configuration of the weight sensor

assenbly 110 is a consideration in systens where
w@onwdms1987 spenser nodul es 54 are cl osel y spaceBCT/S8z006/044972

as on one inch centers. Preferably, the weight sensor

assenblies 110 can be placed in an array that matches

the configuration of cartridge tray 22 and powder

di spenser nodules 54. In a préferred enbodi nent,

sensor assenblies 110 have a vertical configuration

and THREREMIOR, @a@tﬁ%é%yamheﬁﬁhg%%@tmas f;esﬁl%% in

a sensor assenbly e wei ght senSing hani ca

tregruppTt $ramne 240 ?éi%ﬁalﬂ?f Be rbbbt of othér AxeMIMNiYn mechanism.

electrical circui ry is located bel ow t he nmechani cal

triay Zihis Joweredor thagcartoidiges O0r ariesral seehfreth sartridge
the bottom The sensor assenblies can be nmounted in an

trayr 28 biyoveightghnserepribeg ldi? oneespastiveesensos as$embhes 110
anot her enbodi ment, a commercially avail able weig

and e suppaticd biséﬁr@bqso} 12 okiasiridgentrpy &Qa@ambeamavniﬁd with
be utilized in a i&%arrangenent ogthree di ffeyent

OPgPHIES FlFACKCHFH tio & Rewai mrphged 1gdo pa@wt rough

canEidgediry 2l B HadBes A0 aGus, caqis cFBligss 20 San be
WGHERET RS ﬁeensyﬁﬁgﬁﬁ%ﬁl%@%éﬁﬁ%ﬁ% BT i Gidee
PO HRSEH OB BRRiRR GRBLESS ani blothe 1 $00BERIANG

arger or snaller cing n conponen
88 g ShbpeRT g0 2 PR e BRI, bl 112
1@@1@1@é§ ar lylmdfmmts ggbﬁ Rr WrfrRIgs 201 Powdkar dﬁgéﬁ@reassembly

he x-direction spacing betmeen conmponents ca
3@' ikflenered t6 ardibpensingi Tp“ ; oRfidronTrs e dikghehet t%pﬁsmon each
0

conmponents, or a row of the array can be set with
posaferalispensen mdfaleei iy pusitionedesiahithynabeas tnd dgalignment

véliﬁﬁnizof'lﬁédéa?&lcfg%tzré dges 20 1s positioned in

As shown in Fig. 2, frame 40 can include a lower frame 40a, a middle
frame 40b and an upper frame 40c. Lower frame 40a and middle frame 40b
are secured to a base plate 41. Upper frame 40c provides mounting for tray
support frame 24, powder dispenser assembly 30 and powder transport
system 32. Array block 50 is connected to actuators 42 and moves
upwardly or downwardly when actuators 42 are energized. Sensor module
34 is mounted in a fixed position within lower frame 40a and middle frame
40b.

As discussed below, powder transport system 32 can operate
continuously or at intervals. The powder dispenser modules 54 are
activated to dispense powder to cartridges 20. The dispensing of powder to

cartridges 20 is performed concurrently, so that all cartridges in cartridge

tray 22 or a subset of the cartridges in the cartridge tray receive powder
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tray support frame 24, preferably by a robot or other
automati on nechanism Cartridge tray 22 is |owered so
wo bav/ocest ri dges 20 are raised fromcartri dge PCHRYSRA6/044972
by wei ght sensor probes 112 on respective sensor
assenblies 110 and are supported by probes 112.
Cartridge tray 22 can be provided wth openings at
each cartridge location to p&rnit probes 112 to pass
through cartridge tray 22 and lift cartridges 20.
sirﬁhlt&ne@%l?. Gas powdlze dSpanind eroetegbes] thy vaeighes of bertridges
sensor cells 114 without interference fromcartridge
20tareywedBed by eepectevdsehsoetedls (IHi4gsTh Dwpdt @8raclpseisor cell
112 includes a three-point support for cartridge 20.
1 14nseonpledthediomtraller. prodiscbiged helavdesach cyntrolder cal
support for cartridge 20. Powder dispenser assenbly 30
cotzpdrendre sensedawei gy ergh regtapgeti weight whichheome tagthe
posi tion, each powder dispenser nodule 54 i's

detgﬁgd QU@ﬁéléb(; of ip@;miegr-Asaﬁ&\:,]@n& A8 the sensaghierghivist soenghe
(TR AIBI HOUP $ISERGS B ORTHeda WHePhe OB I i
califER ot 57 et Hap §8Bros o TERA] At Sobifas e
cof b BYRRRER) skt BodlIRER o LhARwE s dRiNAe,
diﬁ%)&mgyxgbﬁgﬁtgg% gfatpg[gyaﬁg &@véigh@&e@éc&fagngar%gﬁﬂgn MY¥RFable

en actuators 4

wegl%ﬁf 9ftéethe ﬁﬂ”«ﬁs@cfle,r@féuécﬁrr d?ﬂiﬁg%a%@m(gerbam bexeftked as

sition wthi ower fra Oa and m ddl e frane 40b.

~ defisctilies CThES IpdRiderdispendiic AndMedight senkihg Préedhn

operate continuously or at intervals. The powder
coticapensler foredbatel didantréd gt inverraddge tdiysiinThefdmtdr can

to cartridges 20. The di spensing of powder to
include all the cartridges in cartridge tray 22 or a subset of the cartridges in
the cartridge tray. A powder dispensing cycle can include concurrent
dispensing of powder to and weight sensing of a batch of cartridges and
achieves 100% inspection and control of powder dispensing.

In one embodiment, the number and spacing of cartridges in cartridge
tray 22 matches the number and spacing of powder dispenser modules 54 in
apparatus 10. In other embodiments, the cartridge tray can have a different
number of cartridges and a spacing between cartridges that is different from
the configuration of powder dispenser modules 54. For example, the
cartridge tray can be configured to hold a multiple of the number of powder
dispenser modules 54 and to have a smaller spacing between cartridges than
the spacing between powder dispenser modules 54. By way of example

only, the cartridge tray can be configured to hold 192 cartridges 20 spaced

on one-half inch centers. With this arrangement, a 12x16 array of cartridges
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cartridges 20 is perforned concurrently, so that al
cartridges in cartridge tray 22 or a subset of the
W@ 2000/06198ES in the cartridge tray receive PCT/US2006/044972
powder si mul t aneously. As powder di spensing progresses,
the weights of cartridges 20 are sensed by respective
sensor cells 114. The output ,of each sensor cell 114
is coupled to a controller. di scussed bel ow, each
controller conpares the sensed weight with a target i
oneinghhalfiinch ceoters 9seupisstibetsamalatior a2 §HIramey ngartﬂdges
powder. As long as the sensed weight is |less than the
Oné?rgbmcmftjﬁﬁr,s-powder di spensi ng conti nues. \Wen the

i M e R T
BB R8Ty TR ook SOAGL 2088 b gerens
B AL e P38 e oy 2
PR SRR 18,00 sy atsedoning

niéhant<m 17F iﬂ%ﬁﬁg@s SAX i @éthaﬁdi@ﬁﬁéélglgléﬂ% tirfly support

cartridge tray 22 or a subset of the cartridges in the

feaht Ni4dged hresdirdtieeanatbrsasnsongledyol teay auppoxt! fuaiac 24.
concurrent di spensing of powder to and wei ght sensing

Tusa thagt atpreirt Ganie Ddgesl cantridgdimye2?2 £a0 el moyedtinen
and control of powder dispensing. In one enbodi nent, .
hiohrizontaitKr Y apldns fac positiohingofbaticess o hcadridges gerelatipn to
22 mat ches the nunber and spaci ng of powder di spenser
povederedispanser rapgatest iband sensprogells 1 E%odi nents, the
cartridge tray can have a different nynber of

car t fiiyeartzidge Araspwathnk) D caiiEidges sanrhepracesped a5 follows.
S, S 85, S 84 8L o Bl ROV h3P8DEFostion
(LRI s P B S PRY BBt
ak%(reetlngf E1SCpaorvtv{lé:rd gﬁ%ehgﬁr}nodules 54. Powder is dispensed into the first
batch of cartridges and then the cartridge tray is moved to a second X-Y
position (0, 0.5) to align a second batch of 48 cartridges with the array of 48
powder dispenser modules 54. Powder is dispensed into the second batch of
cartridges and then the cartridge tray is moved to a third X-Y position
(0.5, 0) to align a third batch of 48 cartridges with the array of 48 powder
dispenser modules 54. The cartridge tray is then moved to a fourth X-
Y position (0.5, 0.5) to align a fourth batch of 48 cartridges with the array of
48 powder dispenser modules 54. Powder is dispensed into the fourth batch
of cartridges to complete processing of the 192 cartridges. In the above
example, the order of the tray positions and the order of the batches of

cartridges can be changed.
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t he spaci ng between powder dispenser nodul es 54. By
way of exanple only, the cartridge tray can be
wa@oni7iogesed to hold 192 cartridges 20 spaced OPCT/US2006/044972
one-hal f inch centers. Wth this arrangenent, a 12x16
array of cartridgeson one-half inch centers occupies
the sane area as a 6x8 array of cartridges on one inch
centers. As shown in Fig. 7,2ithe cartridge tray 22 can
be displaced in a horizontal direction by a tray
PoSITt LA BIOuRBERARSE MckAflid Brolcs g Baf
of cart!ll dgegavvl th pov%e?lgqﬁs@eeﬁggﬁﬁyo%ﬁf}gg%ﬁ&aﬁw&%m tray
arﬁé{%éméi@t@ With, didfdrenPsddihg Mefwibn thaltidpeRpaiffelendfMmbers
~ 24 Tor processing. Tray posrtioning mechani Sm 120
ofl axetridiess, andxhdililest Irotheae temab odindd s cthepdptrid ge tragyis
support frame 24 and a Y-direction actuator 232
displaptédn tthe hoaizontaprlane o achicd. alignment bagwesarppatdhes of
frame 24 and cartridge tray 22 can be noved in a
cantridgesrarxd the arrpy axf@cfmderpé@pﬁnmri mgdoieshalbebatds of
cartridges in relation to powder dispenser nodul es 54
cagtiidgasriypically matghes thenaray of poydert digpengarimedples 54.
cartridges can be processed as follows.. The cartridge
Heygyer.shnioreg 2pphikRHORS tht gﬂt T Do feer prHLdess than the
ositign (0,0),.such that first batch of 48
mﬁﬁﬁ?? Pg88§vqe§ q}%ﬁ"?qs@ﬁlm?d@eﬁgned with the array of 48

Phe ired, SRR 5T Tn iy "CHREDn Ao oS BARRT ApigRl arrey
oI R0 § YA B ASSRESatoeP R AR cBaBlobogn oob
6@, 6t I@s@\éd%f,d%@%saa%}g%%' GRnpdl cgﬂ*égﬁén&ﬁlg(dﬂﬁ@ﬁ]ﬁﬁﬂw in

Iito the second hatch of cartridges and then

th%aJrIfégj g9 POW&% di§péRéetnbQuiks 54, rBach ¥ RIS chhanels®0a-60h
0) to align a third batch of 48 cartridges with the

ex@bhay tifoudd pexwblock SOemsentersdetsehe Srtidhlepeas SRiidghe
tray is then noved to a fourth XY position (0.5, 0.5)

cd;???ydr%ifing roouof thebatrap. &h the eodvadingeofdfigh. 1HE powder
transport system 32a delivers powder to one side of array block 50, and
powder transport sysfem 32b delivers powder to the opposite side of array
block 50. Accordingly, Figs. 8 and 9 show the inlet ends of channels 60a-
60d and the outlet ends of channels 60e-60h.

In the embodiment of Figs. 8 and 9, channels 60a-60h have slot-
shaped cross-sections and are parallel. As shown in Fig. 10, each of the
powder dispenser modules 54 is provided with a powder inlet 130 in the
form of a slot-shaped opening that passes through the powder dispenser
module. When powder dispenser modules 54 are mounted in array block 50,
powder inlets 130 are aligned with the corresponding channel in array block
50. Powder inlets 130 and channels 60a-60h preferably have cross sections

of equal sizes and shapes and are polished to provide smooth inside surfaces.

Each channel in array block 50 and the corresponding powder inlets 130 in
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48 powder di spenser nodul es 54. Powder is di spensed
into the fourth batch of cartridges to conplete

w@e@cee®sng of the 192 cartridges. |In the aboveCT/US2006/044972

exanpl e, the order of the tray positions and the order
of the batches of cartridges can be changed.It wll be
understood that this process can b e applied to
different tray arrangenents @2th a different spacing
bet ween cartridges, different nunbers of cartridges,

paRdidritspéreer mhadtRe SRt §5heshBRRESee Hﬁ%ug?[]e}r{e'é\t;g BFodK 3Y for

5
is displaced in the horizontal" plane to

dalivennefipobrictescabhtcibe pwdar dispeass moduldesar Pa¥vder is
of powder dispenser nodul és. The batch of cartridges

suppliedtd pachtofipesvddredispeaserafiofdoleded4 threopghssswder inlet 130.
modul es 54. However, in sone applications the batch
Poavrdarduietfi8(kis eanfiguntdes a thmougheopambgsodhappartef the
diﬂafenser nmodul es. Array block 50 is shown in Figs. 8
pamiles trauspesies thewga bt ehanneldy deliveked to the firsipaiwder
ith powd h s 60a, 60Db
d\gd;%:psggmoe st‘z’;[%gd? a%@ﬂaegﬁnr%@ﬁw tlrht y V%gggiﬁsq@'angborted through
cor y espondi to.each row.in the array of powder
piRelsE BB ddfn S et inGrtaaftaicd b sbegEbumpowder
t t u array bl ock 50 and intersects the
d%reﬁg%r:‘{nog[}ﬁ?gggz in the corresponding row of the
arra . - .
£ i aipidolf, ERSLTEN-o0h B8 pki fesP SEEEs funggjon
| 0 r t: . .
S O S AP R i< R (0% Qispgpsing to o

siidle BageH oF Bgﬁtﬁg%@s.g $n oBedtbIdRAGNY, PaSvddt! tBin sPdtem 32

channel s 60a- 6 and the outlet ends of channéls

og@@rté@ bt idtervdle. Subadicte povalerHods. nEmdes of batdtaRnef s

Oa- 60h have sl otshaped cross-sections and are

cparidigee20 dsupipbied fironFheppdasseatily 614 tdehqravele60a-60h,

di spenser nodules 54 is provided with a powder inlet
Thea, powdes is dispensed to several batches of cartridges 20 until the
powder supply in dispenser modules 54 becomes low. In other
embodiments, powder is supplied continuously to channels 60a-60h, and -
channels 60a-60h serve as buffers to store powder not dispensed to
cartridges 20.

The closed-loop pneumatic powder transport system 32 feeds the
agglomerate particles into the array block 50 from the powder aerator 72.
Then, the transport gas is recirculated back to powder aerator 72. The
transport gas can be conditioned by a secondary process control gas that is
supplied to the blower assembly 70.

The array block 50 functions as a dynamic powder storage device that
feeds batch loads or continuous loads of drug powder into individual

powder dispenser modules 54. More generally, the array block 50 includes

one or more channels used to transport powder aerosols and/or agglomerate
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formof a slot-shaped opening that passes through the

powder di spenser nodul e. When powder di spenser nodul es
WG dooaper9spunt ed in array bl ock 50, powder inl ePGI/LISI06/044972

are aligned with the correspondi ng channel in array

bl ock 50. Powder inlets 130 and channel s 60a-60h

pref erably have cross sectio of equal sizes and

shages and arﬁ polished to provide snmooth inside

surfaces. Each channel in arr bl ock .50 and th

deriiesobaAmiggopsipie to ARty @ %Owldﬁéﬂmerm% ﬁéﬁ‘g‘élﬁs- The

o byt G R APk TR R P58 bk B
SRE8lo o ol Sechite 220l 85 e W SOMAT i, spgpain and
il Post drwe BoSTB R B S S PR PR R 2l 1 s
ot ST Bl i it fhSpSmaete ey foiociatd
Shehfd fd %@&ﬁ@&h&b@&%ﬂgs{wd@ agfdtay 70 ﬁ@:ppéﬂaéﬂembly

successi ve powder di spenser dules 54. In addition,

Thai@lon RRAi RN SEavd Puhpwisembly 78 enf additionn array block 50
Channel s 60a-60h can store nore powder than is needed

eldsdirspensiofpdwder dispghserhabdilesf 54 ot dispgasing powder to an
enbodi nent, powder transport system 32 operates at .
amag ofdastrididst i ol ® prefeoredeembodimentythearisy blockhagludes a

of cartridges 20 is supplied from hopper ly 74
maio Ihémiellg%aéomﬁate ané@momslglgtes bgﬁ:%ﬁgg% 134 and 136

several batches of cartridges 20 untjl _the wd
nghpdy Q-ningsswhinteservsds @Hdes and 8§ qud?&‘gﬁ(‘f?r g’{SHETrlSCT

owiies S4coiBaRTARI kB e b Res R Aetesyl A€ and clamping
B B AR ST

7o operaeuon, powder is transported through each of channels 60a-60h
by the transport gas and is delivered to each of the powder dispenser
modules 54 in a controlled particle deposition process. The powder drops
by action of gravity into each of the powder dispenser modules 54. Any
powder that passes through the channel without dropping into one of the
powder dispenser modules 54 and without being stored returns through
suction manifold 84 to pump assembly 70.

Each powder dispenser module 54 dispenses powder into a cartridge
20. The powder dose is typically in a range of 5 to 30 milligrams, but the
dose is not limited to this range.

As shown in detail in Figs. 10-16B, powder dispenser module 54
includes a powder dispenser housing 150 having a lower housing section

150a, a middle housing section 150b, an upper housing section 150c and a

cover 150d. The powder dispenser housing 150 can have an elongated
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aggl onerate particles into the array block 50 fromthe
powder aerator 72. Then, the transport gas is
w0 e@7i06198at ed back to powder aerator 72. The tPENERING/044972
gas can be conditioned by a secondary process contro
gas that is supplied to the bl ower assenbly 70. The
array bl ock 50 functions as a dynam c powder storage
devi ce that feeds batch | oadg4or continuous |oads of
drag powder into individual powder dispenser nodul es

cohfighipattony evith al dryall chessaygotionbioosdrnd clowd sistRSn®Ne aefay
nore channel s used to transport powder aerosols and/ or

bigdt 60erAs asted abese,gfovddelgdispedsersmioaudes 54 rcay bef mounted on
powder di spenser nodules. The array bl ock 50 can

opgangh eenteran Mpddielhmping sectidwd §8blinohdgaspawdersindet 130
system The powder, aerator 72 and the array bl ock 50
apdia @B’lz’édfléﬂt ¢cmdulbﬂ162tthetn@>§@nds dovgnwardlyrrom powder inlet
E) array bl ocg g I\,;Arra bl ock 50 can ovVi
; A A B pBAt Lsewehboysing: weth mcudes a
t, h wd t 2, h
t%é‘egsﬁa@@at?%ﬁ%ﬁetﬁiﬁswﬁ{vg% 8 adispensEaismle 158,
70 di tion, bl hol d of
"BiehdP SRSl Aot s iR sl Bibs? f o topgred
Py’ e R0 AL E B il the
dF&duif!
d?{?fén@ﬂ??%%ﬁé@tﬁ%le AR uglﬁ .13235 gﬁg”dégiaeqlg@@of Hﬁﬁﬂ@er nozzle

1883 ngg@LheFUé%Hhﬁﬁlé:a‘l coﬁ'd'ui*t PSI @ﬁd%ﬁ@x‘édf etSﬁdlﬁ’f 154 deﬁne a

i ncl udes bearlngs 140 and cl anpi ng les 142 f

daépeasbrhoppef 158€oahoddinpl mekdéeptd badéspazedr sThd powder in
operation, powder is transported through each of

diyporset hO?Pal‘ 666 ibyertnhed artank pawdegalsednDispentel inoerkr] 58 is
to each of the powder dispenser nodules 54 in a

confiiguoed ¢o dpspremselpowidgrasito icaririsigec2®s. The povvder

drops by action of grawtg into each of the
di sp&evedendigneaseranodalg 54 further includes a feed Wand 160 to

move powder downwardly in a controlled manner through dispenser hopper
156 to nozzle 158, a wand actuator 162 to actuate wand 160, a dispenser fill
valve 180 at the lower end of hopper 156, and a valve actuator 182 to open
and close valve 180. Wand actuator 162 and valve actuator 182 can be
miniature motors. Wand actuator 162 can be coupled to feed wand 160 by a
flexible coupling 186 or other coupling which can provide vertical wand
agitation, displacement, or both, in addition to rotation. Powder dispenser
module 54 further includes a circuit board 184 having circuitry for
controlling wand actuator 162 and valve actuator 182 and for
communicating .with control circuitry that controls operation of powder
dispenser module 54.

Fill valve 180 can include a valve member 190 implemented as a gear

provided with an eccentrically-located valve opening 191. Valve member

1
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powder that passes through the channel w thout
dropping into one of the powder dispenser nodul es 54

war@7metoBput bei ng stored returns through suctPONUS2006/044972

mani fold 84 to punp assenbly 70. Each powder di spenser
nodul e 54 di spenses powder into a cartridge 20. The

powder dose is typically in aggange of 5to 30

mlligrams, but the dose is n limted to this range.

As shown in detail in Figs. 10-16B, powder dispenser

kB was Bmiownited és lewpohduesing seettose! 50w st Tegatién about an axis
having a | ower housing section 150a, a_m ddl e housi ng

sech that vabow opaning b%? chBs 1ejatedcintoaligorentnwith dispenser
cover 0d. The powder dj spenser housing 150 can, have .
BAZZLdmsats R Hy FAE B AnaRe can qtat%do@%t @ﬁ@lﬂg@ment with

T
AT 20955 N T AR Eh bR TS 198 cpon
BP0ty AT RO e B B BIEE 191 i o

HREhEYSAHR dﬁ%&%@@ﬁnﬁgﬂ%ﬂ?& %ﬁl}ﬂ gﬁﬁi?il%ti? Eﬁ?seﬁgégﬁif"g?éud%r is not

to-a di spens nozz di mensi on

g??@ﬁbéd!i Préferibly) RyAKEIDB0 20a tyhetharanast pantilly opened,

whi ch can bé conical in shape, provides a

h¢ desaribbedh belgyn t he di nmensi on of cylindrical conduit
152 to the dinension of dispenser nozzle 158.

Toget Nalve aydrnbdr il 8@lofddbdaive 18Q candbd epepled tooralue tactuator
154 define a di spenser hopper 156 for hol di ng powder

182 thy aidspvenassdmbifianplodieg ai lovdirgeendé? thap peeshesevith the
ternmed a bul k powder bed. D spenser nozzle 158 is
goarf ofjualye memherps @ poweshaftnk®3 tt exitenyds from a lower
PRI 66 dIPARSPE TR e LISyHEPRSY PPRIGR SesiepgMiate valve
ggagfgr{Qigggﬁnﬂhggfgfﬁﬁpgpgggg194aﬂachedtotheupperendcﬁ
drive shaft 193 and an upper a gear 195 attached to valve actuator 182.
Upper gears 194 and 195 are interengaged such that valve member 190 is
caused to rotate when valve actuator 182 is energized.

Gear 195 can match valve member 190, and gear 194 can match gear
192. Thus, the position of gear 195 is indicative of the position of valve
member 190 and the position of valve opening 191 relative to nozzle 158.
A magnet attached to upper gear 195 rotates relative to open and closed
sensors 220 (Fig. 17) to indicate the open and closed positions, respectively,
of fill valve 180.

A schematic cross-sectional diagram of the lower end of powder
dispenser module 54, between powder inlet 130 and dispenser nozzle 158, is

shown in Fig. 12. As shown, dispenser hopper 156 may be considered as

having a powder bed preparation zone 156a, a powder bed compression
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156 to nozzle 158, a wand actuator 162 to actuate wand

160, a dispenser fill valve 180 at the | ower end of
whoppes19856, and a val ve actuator 182 to open pemUSioo&@44972

val ve 180. Wand actuator 162 and val ve actuator 182

can be mniature notors. Wand actuator 162 can be

coupled to feed wand 160 by \a/\% | exi bl e coupling 186 or

ot her coupling which can pro e vertical wand

agi tagion, displacenent, or both, in addition to _
%Qﬁeaf %@h ?mdcﬁ/\éléﬁlalafmﬁﬁ@d Rosvder Bad prepraratioh udes 156a is

et ST A SA e ok e 1015 Poer e
PG 0 Bl Ao i oncu 54,
P 550 GTETER Y OASTERY G o 15
S C s Ly e

S AR, 28 o LS o O e

iggudee dret 6 RfbreYbe@lel @hbAR Bk tol s PROS qflbézf’e?ﬁig@lements

158 as shown in Fig. 16B. Wen valve opening 1

s p posedenipedl pokkir dhket dB0d0edspenditioz2lé ¥ 58lihgneshtrolled
fill valve 180 1s open and powder is dispensed into a

mannet. dgethetmbodidneat op #iig iR, 18¢diwamdl 68l inghstksvi pbwder
di spenser nozzle 158, fill valve 180 is closed and
heshpreparatiowelahepehe4 dn pevedarta prephration abne 158@, ias

a type that can be partially opened, as described

mwéw baghcomprestien element 1601ih poavder hed comprssion zone

I t I t uat 182 by a drive assenbl
{50t il schasie el gmant 166 ordipcharRong 1306 nExgawmles of
f I 0, ive,shaft 193 that extends’
fRed HRe Bl o0 B SO e BberRIPY o4 £ o an

UPPeTOROLH KU & el S Sndf ?|6I§e13 shown in Figs. 13A and 13B.

In the feed wand embodiments described herein, the powder bed preparation
element 164 and the powder bed compression element 165 are implemented
as a helical open space frame, including a plurality of spaced-apart spars
172 mounted to shaft 170 and one or more wires affixed to spars 172 and
shaft 170. Spars 172 can extend radially from shaft 170 in cylindrical
conduit 152 and tapered conduit 154. Spars 172 can extend nearly to the
inside wall of hopper 156 without contacting the inside wall. The spars 172
in tapered conduit 154 vary in length to match the conical inside wall of
tapered conduit 154. Spars 172 are mounted to shaft 170 in different radial
directions. In a preferred embodiment, the ends of spars 172 define a
double helix.

In the embodiment of Figs. 13A and 13B, feed wand 160 includes ten

spars. Inthis example, adjacent spars are spaced apart along shaft 170 at
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actuator 182 is nounted, an upper gear 194 attached to
the upper end of drive shaft 193 and an upper a gear

wadwmaswarhed to val ve actuator 182. Upper geaPGI/LIS2D06/044972

and 195 are interengaged such that valve nenber 190 is
caused to rotate when val ve actuator 182 is energi zed.
Gear 195 can match val ve ne 190, and gear 194 can
mat ch gear 192. Thus, the positi Ion of %gar %gg isd .
[ ndicat f th osition of valve nenber an e
%225 ﬁﬁ%‘#\{%ﬁg‘%lﬁvgn ﬁz;?ﬂtl fgan siratatedtby 4 Stdegroes relatiss to the
. t attached t ear 195 rotates relative )
UL BT i B bt b, wn
| osed positions,,.respectively, of fil
a@%ﬁ‘e@*’?‘?@ 8 §n%2§ ccf?gfﬁ?é?c%@? Sbar diame eﬂano‘?eg aRTefertere
I i u 54 ween .
AR T IR oI BT R B TRULDT: M, Tre e amtenial can
| gai i per 6 e. . .
i s O ther SR ERSETy HPREcrE B ERL Ry s gorrosion-
réSigeint asRMEE I 18D &P&gg\%\cggﬁh%f@gﬂ& tHe fkeaMPh & foed wagd can be

di scharge zone 156c. ed preparation zone

nadd of abaduttivé be novlEaedudale SRRGAL d%?éggﬁg% g@%g)gvder

inlet 130. Powder bed conpression zone
niorphol ogpe Npocohdoctibe aperiats seidu beﬂa"i’ﬂicsﬁi?fhstics and

di scharge zone 156¢ is located in a | ower portion of
clagtemets candei metlized ¢e prowide 466 dactivaolitdasuaimeali Too

170 in the formof a rod that extends axially through
IATSHEPAS camep e poselerreadmpact wiih wand hetations Iwilike®as too

one or more feed elenents affixed to shaft 170. The
fe wespags @‘ﬁ{elrﬁ%t W%%@@Ubh@d}ﬂlmvﬂ@ﬁgurﬂtm&1Thets<pacmg

di spenser nozz|.e 158 i.n a contyolled manner. In the
bshﬁg%ﬁ ARHS %}?Cf h}eg@naglﬁ,bqiwanv@éﬁ%p%@pamcm be invpraler

atjon el.enent 164 in.powder bed preparation

pg(gﬁ%&rf%%ﬁogh%mer RgsHredsi on el ement 165 in

Powdays RSE BV TP WA P60 includes wires affixed to spars 172.
In the embodiment of Figs. 13A and 13B, the wires define a double helix
174, a first chevron 176 and a second chevron 178. As shown, double helix
174 includes a helix wire 174a at or near one end of each spar 172 and a
helix wire 174b at or near the opposite end of each spar 172. Each helix
wire 174a, 174b progresses downwardly from spar to spar in a clockwise
direction as viewed downwardly from wand actuator 162.

First chevron 176 can include a first chevron wire 176a affixed to
spars 172 at a first spacing from shaft 170, and second chevron 178 can
include a second chevron wire 178a affixed to spars 172 at a second spacing
from shaft 170. First chevron wire 176a passes through a hole 176b in shaft
170, and second chevron wire 178a passes through a hole 178b in shaft 170.
It will be understood that the helix wires and the chevron wires are not

necessarily affixed to every spar in the feed wand 160. In particular, first
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156b and a discharge el ement 166 in di scharge zone

156c. Exanples of feed elenents 164, 165 and 166 are
wale®cnstet bel ow. One enbodi nent of feed wand BGDUBH06/044972

shown in Figs. 13A and 13B. In the feed wand

enbodi nents descri bed herein, the powder bed

preparation el enent 164 and the powder bed conpression

el enent 165 are inpl enented a helical open space

frame, including a plurality of spaced-apart spars 172

clevymewvite 190afis affived el thEirstrspan (thenippernad st spad) and the

spars 172 and shaft 170Q. Spars 172 can extend. radi al

fﬂ%@ spehaPecand chavian with i%&a icaffond tote tid ﬁﬁ@e&%%/he

condyit 154, Spars 172 can extend nearly to the inside .
oA Tospatopas ITseand speand EBFNTRRE IcA] b gpacedt s SRS relative to
Th sgars 172 in tapered conduit 154 vary in length to

el €he conical inside wall of tapered conduit 154.

oP IR S BaTRAGHETEE Rt A a3 B Rhrithethe
TS pifed iy 5af UGl ity i Ty PSpECREEBEEY 2t are
agggpga%;?égﬁgn% S”PHé %%ﬁ&twﬁﬁé aPe @&tg@ a¢ 8¢ ndRAkhe 8hadef the

Inch 1 nterva and each spar is

s@%?ta‘f'ﬁi e él%:ﬁ@ﬁrv@ﬁés aed Ridared h@déﬁ?e@gfi)@@iﬁgk fe¢xarshaft 170.
xcépt for the |

ast two spars at the bottom 6f shaft

BHOhoVdY i@hspirs 170t ctinebe byol2driBedldgseedrilldd@rsyhn drilled. Ina
di aneter can be the preferred aggl onerate size, on the

prefaiedentb Ofidr, theOiblesinispaifh 72 pae ednt drilleld ateamghes that
stainless steel or other structurally stiff, inert
avatidrsighifidaat beading o thowitssi sthus, the hotesin eaelaspar are
ceramc, plastic and the |like. The feed wand can be :
apptexuhatadydiignedevith theradjeeanispptee Fhissayrapgement permits

htwiteal siderthees e Hhnholes TBPESO! lesS a5 asih g powder
12)3, irgbg:f go_nfecttpgl@lrie %i?s‘jtri‘oatgciglvoin%ethae en ﬂ%uv%{rie &nd t, $hereby reducing
the wire stress concentration which could cause breakage. In other
embodiments, the wires can be attached to the Spars, such as by laser
welding for example. In this example, the helix wires and chevron wires are
0.008 inch in diameter.

The double helix 174 can be formed by lacing the outer ends of the
helically-mounted spars 172 with helix wires 174a and 174b. Wiring the
spars 172 on both outer ends creates a double helix wire pattern. The
double helix wire pattern performs three main functions. First, the
perimeter wire inhibits compressed powders from adhering to conduit walls,
particularly the walls of tapered conduit 154. Second, when the wand 160 is
rotated clockwise (from the actuator shaft looking downward), the double

helix lifts the powder at the conduit wall interface and further reduces it into

the preferred agglomerate flowability size range. Third, when the wand 160
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many spars cause the powder to conpact w th wand
rotati on, whereas too few spars will not support the

walombloe9Bel i x configuration. The spaci ng bet weROT/EpENG 044972

and the angl e between adjacent spars can be inversely
proportional to the nunber of spars used. As noted

above, feed wand 160 includes wres affixed to spars

172. In the enbodi nent of Fig8. 13A and 13B, the wires
define a double helix 174, a first chevron 176 and a

is ectarel ctenteor] obkSvisésthehivuble telikl Relistha bilé pF)Wder rﬁiown

includes a helix wire 174a at or near one end of eac

abmag the 2hafvd 79, hsviedl vk rabori%&te cievaonnwate frbe }})@ﬂmﬁn d mto the
end of each spar 172. Each helix wire 174a, 174Db

dpsizapses slezzltoﬁﬁﬁ\aﬁni laglditiam thisarotary bpht powder dked opesation
directjon _as viewed downwardly from wand actuator 162.
tendssto braakr e comepreased pewder disksi whichcfesvn boridongally

176a affixed to spars 172 at a first spacing from

bekween the rotatangsswnd 7ehevr on 178 can incl ude a second

RV, e SR S e e i it
shitel 278 e gRulsmaalon: 1o &SRR T Enar RERbaR which -
i B P RS Pl SR e and
PR L85, AGRCIBIE 198t oy atghereana 176

a3RRELriBRE AR el I Thd i5Pated &8RRIV IrAAsHIdR th%_%_?g@from a

affixed to the third spar and the seventh spar.

1Adgeptdiam@tsressithic fe vrsand ratl abfetePpe fdeb lihai 8t abizvke.
to each other. In the enbodi nent of” Figs. 13A and

WaBstdre dffiked tvithespandtot eeluch dulk powd@ascanerédsi@adfdcts
through holes in the respective spars and are attached

aaid teqetoneot. flaheohtid agglonesate dutgealhd faed svantb 460 has the

" the ends of the

capability of transporting highly cohesive powders with microgram
dispensing precision, while controlling the tendency for bulk powder
compaction. Powder compaction leads to powder compression lock-up and
thus causes dispenser clogging. The helical open space frame provides an
optimal bulk powder transport member which is capable of precision
transport and dispensing of all types of powder morphologies from free
flowing to highly cohesive. This capability is achieved by allowing only a
minor portion of the helical mechanical forces to be directed downwardly
into the bulk powder bed, thus controlling compression effects appropriately
to the individual characteristics of the powder being dispensed. Because of
this compression control, it is possible to transport cohesive powders from a
large diameter conduit to a smaller one in an effective manner.

Shaft 170 forms the central drive shaft of the feed wand 160. Shaft
170 supports spars 172, double helix 174 and first and second chevrons 176
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spars, and the chevron wires are |ocated at desired

spacings fromshaft 170. The holes in spars 172 can be
wo oal7/06r981 | ed, |aser drilled or edmdrilled. |PCBHUS2006/044972

preferred enbodi nent, the holes in spars 172 are edm

drilled at angles that avoid significant bendi ng of

the wires. Thus, the holes in each spar are

approxi mately aligned with tH adjacent spars. This

arrangenment permts the wires to slide through the

dml £%8 witiehoin hess tfanspoit ndktgravdéhforimediioh dishaising. The
forces are distributed along the entire wire | ength,

deimtrat lolyiveeshedt at owsefing peveders ss flronadmng #sistnowvtti surface

coul d cause breakage. In other enbodiments, the wires
toavardalispansenawzete 1H8. spars, such as by |aser wel ding

for exanple. In this exanple, the helix wres and

ﬁhevrSi?ﬁfﬁ/i lfigsagr wructood qrassrmembetmias breafhupdbasiosmpacted

lix 17 be f d by_laci th end

R A O ot bRt e 42 A10 SRPROHIhE ok @d ehawron

and 174b. V%ri n thﬁ. pars.&?ﬁ} o]g lbOtlh out.er elggs-.

WREs: 8 Agditdmy s 17 Riovide i helicalpiral sneshasm gecessary

LS S BB pL AR RS RS npn e
dheri o . _ o

Caper L eheuiT ity 1R S TSRLROVRE Shhii oD Within the

RS B TIR WSS M) YIS oo PPRLI powder

firnopenal tenigurarf &R }lﬁiﬂﬁ \i'i*ﬁl;ii_trﬁt?i% ﬁ&@ﬂé@ﬁeﬂ&h&rﬂ?ﬁr{’%@v@ eninute

preferred agglonerate flowability size range.

amhentshst pendel 0 ometateth fowntonahosidly $Brod%1€the, powder
doubl e helix feeds the bul k powder down al ong the

sdthby gtavity adnwelditien, tleacievirbr wirey sevenviheebilkgsowder disk
paths and into the dispenser nozzle 158. In addition,

thiat formns between Rpapowde:. These disks are emeateddyy prognessive

up conpressed powder di sks which form horizont al I%/
dampeetion herqestad s gaspentded aggregate powder structures. By

cutting the disks, preferably at mid-span, the disks become structurally
unstable and begin to break up and flow downwardly, driven by the
mechanical forces from the helically-pitched spars 172.

The discharge element 166 (Fig. 12) is contoured and located to break
up a powder compression disk located at the dispenser nozzle 158. The
powder disk forms when the feed valve 180 is closed and the wand 160 is
performing bulk powder raking and grooming operations. Without the
discharge element 166 to dislodge and reduce the disk, the disk would either
clog the nozzle or would fall into the cartridge when the valve opens,
possibly causing cartridge overfill. The powder disk has the greatest
tendency to block the nozzle when the ambient humidity is above 50 percent.

Embodiments of discharge element 166 are shown in Figs. 13A-13B,
14A-14F and 15A-15D. Each of the embodiments uses the helical open
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The feed wand 160 utilizes a helical open space frane
that includes shaft 170 as a center support, spars 172

W@20031061981 ur al cross nenbers which form a hel i PET/US2006/044972

pattern with a conically tapered | ower end geonetry,
and wires that form double helix 174 and first and

second chevrons 176 and 178, @as described above. The
i nverted conical shape transitions the spars froma

T O IR R -
G RS S LR S P e 1560 b
SRR A Sl ARRO B B E L8 R oo
5 AR PSR RS s sonci
WAHS afi@Y5E ﬁgﬁia%&’ﬁ'éstﬁé.ﬁilvl&?@%tlf@ va\%glellr?)% fefi3h tﬁ@%vé?p%g?

fraie provides an optima ransport ne

élY?é@tP?ﬁ.S TP RoRTWREECLIE élg@ fhFRES PAIdcehd éﬂd\%ﬁ@ﬁﬁé@ @s the
(0] a e

types of powder norphologies fromfr fl ow ng

Kélidul Splave Falifs ryitest e GrRAdEd bdd pteparativr \Rhebls56a
allowing only a mnor portion of the helical
dreehivescht ffdlml@ﬁit% oflthe @iowﬁtérdﬁecﬁwy\h\mndﬂsythierw?etdabconduit

bul k powder bed, thus controlling conpression effects
appowder ded| gormpreskiorn roiie/1 86bl Tdteapawder flotwalsilioy is kehanced
powder bei ng di spensed. Because of this conpression
by the abjlitytofl thegwdwiablopenspacaftpoe to forasiaturaaggdemerates
froma | arge dianmeter conduit to%s Il er one j n..
it eow tharpawser tahlaw vilen shies tbﬁéna&‘eﬁifﬁ% ofthg gelical
shaft of the feed wand 160 haft 170. suppor par s
QI SRR BT | Tk (AT ROURT PO SSIST ARG Do
176and 178, whi ch, bi turni transF[?rt bul k. powdgr f
ARReraeTaePeBEist Y. XpsEiensst CamErYEnSiE O g yilme
{ﬁc@%@ﬁglev\gfs ﬁb‘}z’%%gltelfgévoﬁa&?g T‘htescd:'rﬂB?égéio%‘ LORS StdaiR/ fhereases
the consolidation of the powder bed, while the spars and wires continue to
reduce and aerate the powder bed. In discharge zone 156c, the powder
agglomerate clumps are further reduced and discharged through nozzle 158.
The discharge element controls the reduction and dispensing characteristics
of the powder. Inadequate powder reduction control causes the discharge
orifice to clog. Inadequate powder reduction control also inhibits powder
dispensing within a specified time limit without dose overshoot. The
discharge element determines the final powder dispensing flow rate and
powder agglomerate consistency.

In the embodiment of Figs. 13A-13B, the discharge element 166 is

configured as a modified spar 181. The two sides 181a and 181b of

" modified spar 181 extend downwardly in a one-half turn counterclockwise

helix, thus forming a double helix. Double helix modified spar 181 and
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Spars 172 are structural cross-nmenbers that break up

t he conpacted powder aggl onerate bed. Spars 172 al so
WGapo6t98t he hel i x and chevron wires. |In addit POTUS2006/044972

spars 172 provide the helical spiral nmechani sm

necessary to convey the bul k powder bed in a

controll ed, | ow conpression ner. The chevron wres

176a and 178a provide cuttingpatterns within the bul k

c@g’:ﬁer ggd. The wires are | ocated to reduce_ the .
Braiadie b%gévemqsse@@ eg- fBeibenembodimepss.ipne side of
Ao oo Sl R ol s
' ey qdit i .
BRI » Ao rnutherclaclivias i bre D sb et BodiSiis, the
ST : . .
PSSR F4 58 b BeR Sy Pl X BRB o PT TR The
t i e
DR85S S TePE SRR BTy IORR 5Lfpe porforms
Bt Rr fchlé‘si%WFé‘l‘sY : Ilndt'hieV[gIbHég)eE BEtH"BERAWIGRE modified spar
e y-pi tche 2. The

forces fromth Ically-pit Spars 172.

4t $aha DR eaRIBIY dibenddrirbzz1e) I the SnélRipesdnanide of the
| ocated to break up a powder conpression disk | ocated

rabdified dpaprrsened cawhal fSdispbasqgavelede dngdkhtather side is
when the feed valve 180 is closed and the wand 160 is

tpenédupivagdbul k powder raking and groomi ng operati ons.

W thout the discharge elenent 166 to di sl odge and |

r educBhe Houblleskelix meodifisid spaul 1B leof Hegs. dlh@ﬂaﬁ famctiors as a
or would fall into the cartridge when t val ve opens,.
notassng pelariisgrrlenwnt widya tb@épwquen&wﬁﬁmm@@refgpg uit. The

rERBreritLBramYy Of AorodiBed et atds ER I g greration to

RSS! SR o BB B sobaRR, The rovere
S5, bR RE e AR LSS R A Ring cyce.
This creates an initial 2 to 4 milligram powder dump at the beginning of the
dispensing cycle and allows more time for filling at the end.

Another embodiment of feed wand 160 is shown in Figs. 14A-14F.
In the embodiment of Figs. 14A-14F, the discharge element 166 is
implemented as a roller pin 183 mounted to shaft 170 by a support element
185 having an inverted U-shape. In the embodiment of Figs. 14A-14F, an
optional multi-slot baffle disk 189 can be located in the upper portion of
tapered conduit 154 and affixed to lower housing section 150a.

Powder dispenser module 54 further includes an orifice element 187
mounted in the lower end of tapered conduit 154. Orifice element 187 may
have one or more slot-shaped orifices. In one embodiment shown in
Fig. 14D, an orifice element 187a includes two slot-shaped orifices that

intersect to form a cross. In other embodiments, orifice elements 187b and
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el ements. Powder is induced to fall in powder bed
preparation zone 156a by rotating the helical open
wapacecfsanme descri bed above. The outer hel i caPCTMIBES6/044972
break attraction forces between the powder and the
cylindrical conduit wall, and Iift and aerate the
powder bed when rotated in the reverse direction. The
chevron wires cut and furtheB3reduce the powder bed as
the helical space franme rotates. The powder bed

187enackideahree ittedseotingniensiespdderificevedy shdwndh Ribs. 14E

powder bed as it enters the tapered conduit of powdér

ahdd 4Afonbhe saificesmay HbdlatiTély wode ers sHowwabn Higy14B, or
enhanced by the ability of the helical open space

rélativelyt nafrommasasshovan imgae.ohdr aFesd twiand db0dw pdsétioned such
powder to flow when induced by the forces of the

thasirollgr popdS3sisspaced dram arifietheleperiiel8hby a spacing of less
conpressi on zone 156b, the_aggl onerated powder_ bed

tharp e easEal ey adtosizay éntqpeméoqu(im MBdE Teatess

e LIRS e E SISt SRy BT BBt e e
t. spars.and wres tinue to reduce and aerate the
0 Mgﬁn@gﬁcef ﬁ}lgﬂﬁl%thggge zone 156¢, the powder

| g ; ' d
o TR R AP RR AR o ORI Ina RO 9P

agg cgérriheﬁtnrg@%g ISR rEH@&ﬁ@BWde?taiggorl%{eréﬁég as they enter

equat e powder re tron c causes tnhe

tlgéb ﬁatii;eg'éa RofAduft I8 the (ﬁb&i’argb NRWHRAUTY W ?%ggﬂ%m&ﬂ

al so I nhibits powder dispensi

chiRfpk rededudl] Andthernekitadéd e @Bt ebller™pi 183 through
di scharge el enent determ nes the final powder

tlté epi€ivek g Jrifive ekheermn’ hole meagdgirdser aioduding support
consistency. In the enbodi nent of Figs. 13A-13B, the
etbmenti §% millergin 1836and ocidivki ¢ amedt 48 7acontdol thedrespation
181. The two sides 18la and 181b of )
and dispensing characteristics of the powder. Inadequate powder reduction
control causes the discharge orifice to clog. Inadequate powder reduction
control also inhibits powder dispensing within a specified time limit without
dose overshoot. The support element 185 and the roller pin 183 determine
the final powder dispensing flow rate and powder agglomerate consistency.
The mechanism including support element 185, roller pin 183 and orifice
element 187 can be configured to provide an optimum powder flow and
agglomerate size for a particular powder morphology. The support element
185 tracks in a perimeter groove of lower housing section 150a to self-
center the feed wand 160. The roller pin 183 combined with orifice element
187 produces low force powder agglomerate dispensing. The orifice
element 187 provides powder agglomerate consistency within a tighter

agglomerate size range.
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nodi fied spar 181 extend downwardly in a one-half turn

count ercl ockwi se helix, thus form ng a double helix.
wmewloe19Bel i x nodi fi ed spar 181 anddoubl e hel i RC1/V82006/044972

have opposite pitches. In other enbodi ments, one side

of the nodified spar is turned upwardly in a helica

shape. The nodified spar can use a cl ockw se or

count ercl ockwi se helix. |In sdfe enbodi nents, the

nodi fi ed spar can be fornmed as an inverted U shape or

as ap fushéPembbidembns BaPE ARG 180 ieilids®fated in Figs. 15A-
free-flow ng powders, while the S shape perforns

1583t Eiscf}m%e hesiert] 66isl émplerhentdibad heliegleaugdertbiades 240
sides of the nodified spar are turned toward the

add Qfenstxabar sieaft 170t Heach: siggrehlade @49, @d2diag Meproximately
nmodi fied spar is turned toward the di spenser nozzle

oanachal fisurt areunsl shafi §70uhedaxiphiength of Bvged dlades 240 and
hel i x nodi fied spar 181 of Figs. 13A-13B functions as, .

242 a0l ApprvTiaratelyngnethakiont t%m pHphlength|odaperadeqduit

ik o Suie et et 1, 13461561 WO &bl i e
R U I SR R SR o
SRS, 8 s L ARy P
280y PR S RGHIIEY £78 A S BodT F1ehe e

160 ﬁ%l Do 'e_i Hti.ﬁigﬁg?rs éﬁoﬁi}%é’ﬂ dHOWR én Wg@?gl‘ SEOESOffurther

Fi gs. e el enent 16

ihdRUesRRt K988 eherhOh 244 M durk8d iAHB16Wet endheff fapdrdll conduit
by a support elenent 185 having an inverted U shape.

154 . tTetherdiaBbdinenodf Figs 1 5SMASDiForifice epdrhenal44 has an
multi-slot baffle disk 189 can be | ocated in the upper

inveitédoonfcal shepednddsguovidedswithch phirakigdof orlftesr244a for
disotinge o priwdasthanuigh noveks b S Emriies7ihe lower edges of auger
blades 240 and 242 are angled to match inverted conical orifice element 244,
A bearing 246 mounted at the lower end of shaft 170 engages an opening in
orifice element 244 and establishes a desired spacing between auger blades
240, 242 and orifice element 244, The bearing 246 can be a jewel material,
such as ruby or sapphire, which is non-contaminating to the dispensed drug
powder. In operation, auger blades 240 and 242 rotate relative to orifice
element 244, causing powder to be discharged through the orifices in orifice
element 244. In other embodiments, the orifice element can be flat, as
shown in Figs. 14D-14F, and the lower edges of auger blades 240 and 242
are flat to match the orifice element.

This embodiment rotates opposite to the feed wands shown in Figs.

13A-13B and 14A-14F. In the discharge zone 156¢, powder agglomerates

are caused to flow by the reverse pitch auger blades and then extruded and
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nmounted in the | ower end of tapered conduit 154.

Oifice elenent 187 may have one or nore sl ot-shaped
woerio7iog®8? | n one enbodi nent shown in Fig. 14DPCHENS2006/044972
orifice elenment 187a includes two slot-shaped orifices

that intersect to forma cross. In other enbodi nents,

orifice elenents 187b andl187 5include three

i ntersecting slot-shaped origlces, as shown in Figs.

14E and, 14F, The prifices may be _relatively w de, as

%%‘%ﬁt@%%ﬁitb? TQIAtNgGHAUGR) t&?nﬁva%h{hﬁrmﬁcg%lmﬁmeiqlement
14F. Feed wa 160 .i uch that rqller

244 T3S mi e hRB P it RN OBk SleBreiotrols the
SRR 3R i B Rt e AR RERE fofdiiiate Boveder
G aCtReh: pOffol AU R Rk rtletS SR B edpERowder
re R Bt P B BT U peh S I o A A RO R

VA&t dGR $PReh66t. CTREYhtchddisther &h%&;%a‘tei 2%0?215%(1

powder aggl onmerate clunps are reduce

oeifideuslechdit 2daehaotias eahbiity 6f cBhipeh@atihrfordhe VAtability of

orifices in orifice elenment '187. The nechani sm .

the pbudlerdesifipatic hebdrright] 85us reduoing the séBdtiaisy of the
orifice elenment 187 control the reduction and

dispemsireg prpadsartadhe piostdarseanf hedkcponditiems. |'Hae bglfatven double
powder reduction control causes the discharge orifice

hebixaifdhe augenddadesispbatas vertichl duidic bedtfprtesdirem the powder
.inhibits powder dispensing within a specified tine
in the nogrkenthns elondnaiiag $he dercenrreteispybich tanshienpadigpowder
e L AP S P ab B R B e ctemen
P B R R RS SRR e B Blomera
ST N i Bp RN RGP OB LBHEy e
tibBersAPPOM erate iR kange. The bearing 246 provides auger alignment
and support, while maintaining auger-to-orifice powder membrane thickness.

In some embodiments, the discharge element 166 is mounted in a
hole in the tip of shaft 170. In other embodiments, the discharge element
166 is implemented on a removable tip of shaft 170. For example, a double
helix discharge element can be formed on a removable tip that is press fit
into the end of shaft 170. The removable tip can be changed to
accommodate different powder morphologies.

The following discussion of the operation of powder dispenser
module 54 refers to raking operations and dispensing operations for the
embodiments of Figs. 13A-13B and 14A-14F. Raking is an operation to

groom and recondition a powder bed into an evenly aerated, preferred

agglomerate size matrix, thus providing greater flowability characteristics
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185 tracks in a perineter groove of |ower housing
section 150a to selfcenter the feed wand 160. The

WO eio7e6199T n 183 conbined with orifice el ement R@WUS2006/044972
produces | ow force powder agglonerate dispensing. The
orifice element 187 provides powder agglonerate
consi stency within a tighter agglonerate size range. A
further enbodi ment of feed wafd 160 is illustrated in
Figs. 15A- 15D. Discharge elenment 166 is inpl enented

fas boHt poatderugaisporadEhe p46faarat] 2gglomhéiatedizedisthafiatural,
170. Each auger bl ade 240, 242 has approxi mately

statsle lsid of vohesive puivderadggloEraiisecrasical by empawider bed
auger bl ades 240 and 242 can be approxi mately one-hal {
tumbiling aperatidreand ks Bipicalhy ied repgd @it0.983 inph te KAy Inch
the feed wand of Fvizgs. 1(§A- 15D uses ars.than

%fsbe

e o
cgggﬁ e halrs. 178 oo hava on @QW@ﬁrgdaggFegzgﬁﬁﬂ%@ggﬁto achieve
SO L 7 SRR R 10 R
iRt fnd BB bobifTh Wikl tha CHENER LIS (P e force
Sl U EEpRY BT, A4 PIPRT pOURI SO AR
%ﬁ?ﬁ#&%ﬂ 1?212{3? i‘fo@@dé}fndﬁl‘@ ehattdispetfesnaeg h%alﬁ&idge. The

wer edges of auger bl ades 240 and 242

daPai SRk aEE Rehsing rdpparaonideatribedtiereirels le of
Ig(gj A b%%ri ng 246 m)un?e at the | ower end of m
df&afiBgaghs Fowdeensglomerates i @ eargeotMt0B4mdn 0.075 inch
establ i shes 'a desired spaci ng between auger bl ades

Stbricd liamatar, bt ¢enet Bmatad athis TRgdear i ng 246 can

be a jewel material, such as ruby aor sapphire, which
s nobhedaedniarad 16 is cotated in 8 siodouiserGaeiwas Vigyed from

G oot the dispenser module 5416 Take, groom and defaft thebilR
powder bed. Clockwise rotation lifts the powder due to an upward flow
vector created by the double helix. In this operation, the wand can be

viewed as a screw, held vertically at its cap, being rotated into the powder.
The double helix scrapes the conduit walls and also moves the outer
agglomerates toward the center of the dispenser hopper. As the wand
rotates, the spars force large agglomerates to break up evenly. This aerates
the bulk powder bed, creating better bed consistency.

To dispense the powder, the wand 160 is preferably rotated in a
counterclockwise direction. Spars 172 and chevrons 176, 178 break up the
powder bed and open a free path for the powder to flow along shaft 170.
The double helix 174 adds a downward compression vector to drive the

powder down and through the dispenser nozzle 158. In other embodiments,

the wand 160 is rotated in a clockwise direction to dispense powder.
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el ement 244, causing powder to be discharged through

the orifices in orifice elenent 244. |n other
wepwodsryent s, the orifice el enent can be fl at, PEBEUSIV0&0M4972

in Figs. 14D 14F, and the | ower edges of auger bl ades

240 and 242 are flat to match the orifice el enent.

Thi s "'enbodi nent rotates oppO}ite to the feed wands

shown in Figs. 13A-13B and 14A-14F. In the discharge

HRueyndhe 2B oanraag e o bedatssa aidhedsndanen to overfil is
1B EReAtef Topo et QATHERanE By 0 HRD HoHMHHOSGS direction.
e udniBh B i deitriBrg PRoe, b draS gndiig helix wires

! [ t,r.ol th
HRIFElockSANE BRI, PAYNFES LRAEH TR0, SRRUERL FSIC, e
IRE§8bdaha Pt Birkh & Smeh e BE ﬂ%g&tﬁ‘aﬁnﬁ' \Qlil%ssﬁetﬁ'effegg wand can
tine limt wthout dose overshoot. e nechanismo

RUgSerfldedesin 4Re siﬁéeaéf ﬁiéﬁﬂ\fén‘ﬁﬁ)ne.' ”Pﬁﬁé‘tth]%i )?'i‘%?ng E@e helix

capability of conp ting for the vari abi

wievslean badefd chuhterdioakvid b figlitfon’ fdvidvied in the top. In
sensitivity of the dispensing process to the powder

th'sObdrEﬁ%tmaoindi thonandliserofdriblyratatkolinl & chetkiwisefditdwtion to
auger bl ades isolates vertical fluidic bed forces from
dispensevmerdem t he nozzle, thus elininating the force
vectors which tend to pack powder in the nozzle, The
nechahesliswig dlrSCbB%szDﬁEl@ omezztion @fgdwderdispensen

244 can be_confiqured to %orovi de Qpti nmum nonot oni c

medaker Shpeficsnte sakangionstations and chspanskng operateens for the

Sopametiottize FakobsDrirslerd wand B biEmtaie Maer
cGugtrraories BB s Vi IRt BuR g ibe disnsser module
STRGARR 1B phiE pP\SHAR ! ATy A e DR HRRR AR 174
A28 LaSGRNHE IfEPRRkion vector to drive the powder down and into the
dispenser nozzle 158. At the same time, the auger blades 240, 242 supply
upward force vectors on the powder to bring the powder in the auger up into
the upper bed for aeration.

To dispense the powder, the feed wand 160 is preferably rotated in a
clockwise direction. Clockwise rotation lifts the upper bed powder due to
an upward flow vector created by the double helix of the helical open space
frame. In this operation, the upper wand can be viewed as a screw, held
vertically at its cap, being rotated into the powder. The double helix scrapes
the conduit walls and also moves the outer agglomerates toward the center
of the dispenser hopper. As the wand rotates, the spars force large

agglomerates to break up evenly. This aerates the bulk powder bed,
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166 is inplenmented on a renovable tip of shaft 170.
For exanpl e, a double helix discharge el enent can be

wo coomoaioeh a renovable tip that is press fit | PCDUS1006/044972
end of shaft 170. The renovable tip can be changed to
accommodat e di fferent powder norphol ogies. The
foll ow ng discussion of the ggeration of powder
di spenser nodul e 54 refers to raking operations and

di spensi ng pgrati ons for the enbodi nments of Figs.
creing BeHRE bed gonsistenviki npaiss] Ghangdshevrons 1 669t 6dMreak up

I RE BB RS SO SUTDL KBS e 170,
R T R —
B84y o] SRS ST QS S
RS o Beed SRLE 0 R B RS e yooer

bed. t he down-feed or uplift nodes. However, cohesive
powders prefer uplift raking to achieve opti nal

aer ailh Qe dnebedinaaedestlibeaidoviey thdhsaangidthe 1gelaf wires

operation to transport dry bul k powder in a

hasperd clolckndse ganfiguratied bs vjewosddromheftopcdt ofill be
gravity wi thout conpression, as a preferred

vaglgrsiopdahet thet atrangetinsnhef gexisparsrana wonedeof thedzeé wand can
that dispenses into a cartridge. The powder dispensing
bencve wathap plae acope déthe irbentiver. e"ifﬁus,sthceqmm endfthe helix
operation with powder agglonerates jn a range_of 0.005
wineh caio have zecoweierel prlswisaroriigwiation apyiewed fgm the top. In
jmted to this range., The fe wand 160 is rotated in
thi a9 o Pk AR I8PToFaBly ol weatcebln&fm£ wise
dgja%g.enser nodul e 54 1o rake, groom and aerate the bul k
10 (e HSPENSE RV r ot ation lifts the powder due to

? Ei g%‘i?d%l% :dgqvér\éfrﬁ tg? %@é‘?@&&ﬁe‘%@ al ﬁﬁg%oﬁg\kzaep %A&mH‘ module
54 and the corresponding sensor cell 114 is shown in Fig. 17. Preferably,
the powder dispenser controls provide strategically concentréted redundant
computing power at the lowest level. Powder dispenser module 54 includes
a dispenser controller 200 (Fig. 17) on circuit board 184 (Fig. 11).
Dispenser controller 200 can include three processors. One processor is
provided for each of wand actuator 162 and valve actuator 182, and one
processor is used to control status LEDs 224 and optional analog sensor
inputs. A control processor 210 is located on a backplane of sensor module
34 as described below. The system utilizes one control processor 210 for
each dispenser module 54 and its associated sensor cell 114. Processor 210
controls the communications between the sensor module 34 and the
dispenser module 54, as well as external communication. When given fill

parameters and a “go” command, the control processor 210 provides the
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viewed as a screw, held vertically at its cap, being
rotated into the powder. The double helix scrapes the
weonwdostoswal | s and al so noves the outer aggl onMRPCHUSR06/044972

toward the center of the dispenser hopper. As the wand
rotates, the spars force |arge agglonerates to break
up evenly. This aerates the %glk powder bed, creating
better bed consistency. To di"Spense the powder, the

160 is preferably rotated in a countercl ockw se

ig&‘ggg?lﬂ%to theisensan ged e ermmens! thezdispeaseaup oduée

R E RapeTo, Cori e BN o, Ao LA CS oA
ct%%g]ige{(t%g v%/}?li %gs:lf@tg?vﬁé% Sgé%%g_ P ?ﬁi&pﬁ(ﬁ;\l\é}l gr}getwork interface.
RGNy AroGettE e o dorEhRIER el cBnfigl Al egnowder
R A ol B T Ey Totation in the
T o Y o e S b S N

repedted forichoh dispetiseratbdulerdd fed hogocihteddnsobeell 114 in the
understood that the arrangenent of the spars and wires

sybtenhe If ¢ke abend esample ofevex8 adayi @ﬁdﬁﬁéh&ﬁml@s‘, the
the invention. Thus, the spars and the helix wires can
syatieen ancdodes diotadkollers. con iagrangententasrowidesethdivisnal
the top. In this configuratjon, the wand is preferably
contred @ndi moaitormgof pewdier dispensing intosashsearprodger .

The foll ow ng discussion of the operation of powder

di spdAs®e emdedansnt,tae govdes digremsgropeduts dhds ganfigured

SHaRESTRIS 2 B o i LB S b o in o
coun@ﬁer b%ckwi se di rection la(? viewed fro the toB of £
SEHER _-sﬁ AYPTAGY Lo B3y g S PPhES B % A pBRGEF e ©
944 Hé, s paHEt: THE AW &rdfik Xakdedat least 20 decisions per

second to fill at this flow rate. In other embodiments, the control circuit

makes more or fewer than 20 decisions per second to achieve a desired
accuracy. The feed wand geometry provides sufficient flow consistency to
achieve this performance. The feed wand breaks down powder clumps into
small agglomerate particles. The mechanically-fed agglomerate slurry has
flow characteristics that allow the powder to be halted when the feed wand
is stopped, with minimal powder overspill, which would cause overfilling of
the cartridge.

The control circuit can provide the following controls and functions.

1. Wand speed is variable from 0.1 revolutions per second to 5
revolutions per second in 50 different speeds.

2. The wand can be dithered while filling. In dithering, the wand

alternately rotates clockwise then counterclockwise, such as for example
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adds a downward conpression vector to drive the powder
down and into the dispenser nozzle 158. At the sane

W 2ovg/06t9BE auger bl ades 240, 242 supply upwar dPEDUSE06/044972

vectors on the powder to bring the powder in the auger
up into the upper bed for aeration. To dispense the
powder, the feed wand 160 is4 referably rotated in a
cl ockwi se direction. C ockw se rotation lifts the

er bed pogger dye to an upward_ flow vector created

Vgﬁﬁtahhf@vw StapsdoRwWRr Oﬁﬁ steR bﬁ@kwagsﬂ, tarpébrpfsrp@é@ngb%s@d. upon a

| . i on. . .

rePERALE dpdier Raslory A it (648 (hBarvRIZhb Heliomeagages
R o b L PP SE BBl ROt 5
“TbE e} Eﬁ%ﬁ@iﬁ?@e@ggﬁ%ﬁé{rﬁa@%ﬁﬁg PR 05680 o the fil
Lk SEEALS L B L1RQU e o cathBOn AL Befon
&:g%%ﬁﬂlﬁ’@ﬁitﬁéﬁ%rﬁﬁ?oﬁ’%{énaﬁer \Pﬁ?ﬁt iﬁbeﬁﬁ’@erp %kldARed
flo ha er in en

along s t 170. The po t he auger

vikigheds Andithér Bidextirths seReciéd f@dtibRaPSgeed BhilkodiZhering. A
by the downward force vectors of the auger. During
diilspensighg is titdsdleored weiphteao stat ouppdp dithbyinkheand a
aerated powder falling fromthe upper bed. In the
reirhndimetithetdsoeidbdbe ableeted dithespaightacah baeeclestédk In some
w res have a clockw se configuration as viewed from
appdicatipns) ditheting maj&m@ébgtuiadzddhat the arrangenment of

the spars and wires of the feed wand, can_be reversed

wi t hixa t helhgeprirel cirpuiticanconanoand thiss, thepowger dispgaser fill
the helix wires can have a countercl ockw se

Vadwe i guration as viewed fromthe top. In this

ST M TN T, N —
dispensing cycle, and can stop the powder dispensing cycle.

5. The control circuit can rake the powder in the powder dispenser
with a sequence defined by rake time, dither time and speed.

6. A new load function starts a raking/dither cycle usually run
after loading the dispenser module with fresh powder. The rake time, dither
time and speed are specified.

7. Additional functions include automatically opening and closing
the fill valve during a filling cycle, automatically raking the powder each
time the valve closes, and automatically dithering the powder after raking
each time the valve closes.

8. A “stop-steps” function sets the number of steps to reverse
rotate the feed wand after reaching a target weight. This tends to pull the
powder flow back to prevent overfill and depends on the type of powder

morphology and relevant ambient humidity conditions.
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A bl ock diagramof a controller for a single powder
di spenser nodul e 54 and the correspondi ng sensor cell

waie7iost98hown in Fig. 17. Preferably, the powdBC€T/US2006/044972

di spenser controls provide strategically concentrated
redundant conputing power at the | owest |evel. Powder
di spenser nodul e 54 includes4g di spenser controller
200 (Fig. 17) on circuit board 184 (Fig. 11).

Di spenser cont r(gl l er 200 can include three processors.
One Froceddépeed conbipl deaction fercen the fopchavaist tenruay at full

162 ,and..val ve actuator 182, and one processor i.s used
spged éW?‘ll deachipg asel E@%edzfgﬁ V&‘?\‘&%Bpgfrtcﬁﬁbﬂ TP Bbns or
10 i s,l ocated on a

i LS. t | .
piaBRirfnd ot el FS ST he ubid sBRS) 84 pBOPBHon iy the

ST 58 805 AR L 557 30D BB ol e

TR SUE T e
a ﬁll‘%ei%htt %"ef\ﬁgeﬁ gg@ qh§ @7 gﬁ‘g tl_i‘%@ébgﬂhﬂfen $irlde an overfilled

par anet ef's and conmman contr ol processor

aiRidpovidebeldistdrded] fillRNE & dtoppeadsisoonsansedsikiel dft
Candldcgorrmamd tehe di spens}eﬁfgrmdulgpact SaStOPS to psérforrr?r

reachingabe rhidihiurg. wdiphit ¢eoirded topdwsidssensibtbwdrsitls. The

. communi cates with a supervisory processor 212 through

naimetusmn rkeight és fet; éor Shamplgeo . eHmyg pwhdels s0sligtitly above the
provi des high |level control of all the powder

adiwaldovelimit 06iPe30 argl s tr neceisbary Beeauserwhen lpewdsdr falls
Fig. 17, except for supervisory processor, is repeated,

intsy theaeartadgp.cpriephersl iorees sush @s dvedi, acsad weames, static, and
cell 114 [n the system In the abqve ex |l e of a 6x8

naagwl%?‘le&?ﬁ;%r@ér CREGUICER OTRRE “éeggﬁ%rﬁa g, et agg Slightly

A A S A MR .
Vﬁ% 'Q%%ger 8 tlg?%gne e aggévgetgltlthstorfea ROV gietstpr?gﬁ?erminimum
weight to 0.05 mg above the actual low limit reduces the risk of an
underfilled cartridge.

10. Parameters associated with the fill cycle include the
proportional gain of the fill servo loop, the integral gain of the fill servo
loop which is activated, for example, at 1.0 mg less than the target weight,
and the maximum wand speed allowed during a fill cycle. The wand speed
can be controlled by specifying a speed index between 0 and 50. The wand
speed in revolutions per minute as a function of wand speed index has a
characteristic that is relatively linear for low values of wand speed index
and then increases dramatically to the maximum wand speed. This
characteristic provides finer control at lower speeds than at higher speeds
and permits the wand to be run much faster during the initial 70 percent of

the fill cycle to quickly fill the cartridge to 90 percent of its fill weight. The
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and controlled to accurately dispense 10.0 ng

(mlligrans) of powder in ten seconds. The average
wob@wosBe is 1.0 ng per second at an accur acyPOf/US$7006/044972

0.3 ng, or 3 percent. The control circuit nmakes at

| east 20 decisions per second to fill at this flow

rate. In other enbodinents, the control circuit nakes

nore or fewer than 20 deci siolis per second to achieve

a desired accuracy. The feed wand geoqnetr rovi des

maKimunkeand Sﬂﬂeé%ﬁsffymfélﬂéfyab(dltaﬁ:fﬂ%@l@tl@ng pgr second. Beyond

B BSSHh eI e R DASRFEE GhCEOWMRE SRGHRY Shat PERbpenser
FRACHRIELS b8 reiabundBnd sl RR TFUEHE The 6Piein el ow

i th mni.mal powder overspill, which would cause
% F?tieﬂshﬁ@‘ of the cartridge. The control circuit can

br OVidﬂedi{}{E? tfagtc}rgé'&iﬂr'fgor%% ggﬁi&)%cc‘atfdl}? of YAC RS and %svﬁg%ates, if

speed is varia revo I ONs per secon

G P OTRY, 38t 8 oS opAGracd ot to
78RRk A 8 BALE bWol OFAiE $h6 fesdk vwian@ fdigtes 2n steps forward and n
countercl ockwi se, such as for exanplewith a two steps

dtepybadkward sipedime tuayduetofitbedfitirotfaotorbdbed, fproexample, a

programmabl e dither factor. A "dither |ess than
deehghfattdrmt 500 mepregegtss] 0 sttps ferwand and Skesteph backward,
fill weight is less than a selected weight. A "dither
whertasra dither faitghof 1fnepeesents 2stensetormvaed dinchkistep backward.
noti on when the fill weight is greater than the .
Beother ethbedighents Athegiatiesot Hutieadaotationte bevesag sg@sion can
the dither potion when the fjll ight is between two
haves vainadifeneat fromgitwpeand/ga eanibs pragragiaap
rotatjonal ,speed while ditheri.ng..A di.ther weight is .
he-sbPocadhlidimherto Spfto! itidhy Suue i b kimuly index
Qvlggﬁren%fefggr}%{mtdgg)eﬁggﬁ £ e LS gf)eend[ & ﬁltﬂesrpe\g%l' (@Ltﬁtlng e 1ast fill
cycle. The time spent at full speed is a good indication as to how well the
powder is flowing. If the actual time at full speed is greater than the setting,
then the control increases the maximum wand speed index to speed up the
filling. Conversely, if the actual time at full speed is less than the setting,
the maximum wand speed index is decreased to maintain a consistent
process time. While filling as fast as possible appears desirable, there is a
risk of packing the powder, clogging the dispensers or overfilling the
cartridges.

The parameters of the powder dispenser module 54 are interrelated as
follows. Greater overshoot control is available when smaller particle
agglomerate sizes are dispensed into the cartridge. Speeding up the wand
increases flow rates but compresses the powder into large agglomerates.

Large agglomerates increase flow, but are more likely to overfill in the last
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applications, dithering may not be utilized. 3. The
control circuit can open and cl ose the powder

waleepoeer fill valve. 4. The control circuit BEMUSEN&044972

the sensor cell and start a powder dispensing cycle,
and can stop the powder dispensing cycle. 5. The
control circuit can rake the powder in the powder

di spenser with a sequence def4hed by rake tine, dither
time and speed. 6. A new |oad function starts a

sevondlg/ofl filgig. chclagodipudlder resitvallt fivesQHghétsel N8ading time,
di spenser nodule with fresh powder. The rake tine,

bt demprésses dhe popaiat iatelapecighi@erates Addiregoiiek more
functions include autonatically opening and closing
powder conditloningdpriortoafiling.i Dytheyirgecheps opdhé datdey

raki ng the powder each tine the valve closes, and
2gglomarates foy mprsaesurgte Allingvinigrednces theallomyrasach

{:i mcsl,the val ve cl gses., 8. gl",stop-steps" function sets
REAHINHIEE 1B RAVERRT PHOF &y Ellipg Avergases AHing eansistancy, but

%@rgea%w ﬁg.a %.arget wei ght. This tends to pull the

Y¢ e 18 prevent overfill and depends on

hun : y rﬁfaﬂgi’rr“f%ﬁhgf‘é BRBR AT b PR D Poredaienoe to
ER. 1334 PO IR éﬁﬁﬁk  Hr R A il feRE 0 Example of
PR B PRidEp s iRe PR RolEel T udutdRtpRaftles in 10
Y&RIolds: TTWiH PBhASGR6E M%ffe‘i‘&aﬁ&ﬂhﬁtéﬁ cdil HBthrf/Tf_%red for

a nomnal fill weight of 10 ng and 'a tol erance of
|

difRaenenl] w@?htfs,i differenhs bb_\ﬁ%&‘fﬁ@@h&@%i@@ﬂdiﬂerénwﬂl fimes and
accept abl e. nce an overfilled cartridge nust be

gifftﬁegrahﬂ edyirbhhidmgl ¢enditiopped lascanddgadsilbogsledan be executed
by control processor 210 and dispenser controller 200.

The dispenser control processors in conjunction with the supervisory
computer monitors all of these control factors against the filling weight
values, read 20 times per second, as the dispensers are filling the cartridges.
This data, when compared against ideal dispense cycles, provides feedback
to promote improved powder cohesivity, flowability, consistency, patient
drug efficacy and overall quality control. It will be uﬁderstood that the
weight values can be read more or fewer than 20 times per second within
the scope of the invention.

Referring to Fig. 18, control parameters for dispenser module
operation may be set in step 250. For example, initially, dithering is set to
“off.” The valve control parameters can be set such that raking is set for
two seconds after a new powder load, the speed index is set to 44, auto-open

is set to “on” and automatic rake after close is set to two seconds. Fill

parameters can include a setting of 8.8 mg at which proportional control
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reaching the m ni mumwei ght in order to avoid possible

overfills. The m nimum weight is set, for exanple, to
w@2005/06m987 Wwhi ch is slightly above the actual |POI/UBI006/044972

of 9.70 ng. This is necessary because when powder

falls into the cartridge, peripheral forces such as

i nertia, aerodynam cs, statig} and magnetic field flux

can cause tenporary weight r édings that are slightly

hi gher_than the actual powder weight. The readin i

bsgins, ébe targehéilhveight oasn baseiipet 04 g, @ropmmmg gain can be

feM/aenth of a second. Setting the m ni rumweight to

sgt t5 1y 1nfsevel gra cas basel W-p%nandrtg]@ mesinpa wasd speed

T P9 T el DL e o35kt i con
bRy 60 500 biiner I B SF e iPOF spPR Il sectidsy 4 tigoter
530 LU A AR LB et O, BB 08y mocule
8 HERRERIARE by Spec 1ying @ specd [ndex between 0
functry %%;8?5’4’?&% éﬁ?@ﬂsézr‘lﬁ’%éﬂa}% GihREAsHRh 'gg)é)lé(geﬂwt

is relati'vely linear for val ues of wand

I
opeggtorod thé powdeteaspdriswian 32l PywdertibeleiBxréd fo array
wand speed. This characCteristic provides finer control
tock 605y ppoclts dehator 92, Hgb powairedssupplegehrovgh thee

wand to be run nuch faster during the initial 70
chennelstincdrranbldik 50 ¢y caehtaf theipokvderf dispenser modules 54.

cartridge to 90 percent of its fill weight. Thenmaxinmum
Whet exsess ppwdeypiasaed thrapghwarmyr blosku10 end ipsensed by the
iersndal 16 SPRN it Siraion Mandold & ool of hedisbenser
RPOUCEA PP B HIGPORERT PRESBPTOI Bl 1S de-hergized.
f}?echf)s%%ﬁgéri }?onplggr fogcheed ARag Cﬁ‘l?‘lﬂgt t}{eoﬁgf)fg’f ﬁhfcycﬂe to
remove large air gaps and inconsistencies in the powder bed.

The hopper assembly 74 is filled by the operator or other automatic
injection system. The flow assist mechanism rotates to breakup the new
compressed powder. The agglomerator rollers rotate to deliver large
agglomerate powder to the dump valve in the aerator 72. A dump valve
level sensor signals that the dump valve is full to stop the agglomerator
rollers. The blower assembly 70 rotates at approximately 3500 rpm to cycle
gas through the system. The pneumatic broom rotates in preparation for
powder delivery by the dump valve. The bypass valve is set to 50% to
facilitate both powder and air stream gas transport.

The dump valve rotates in 10 degree per second increments to

gradually drop powder into the pneumatic broom chambers. As powder

becomes available to the pneumatic broom, fine agglomerates are
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dithering is enabled. In this enbodinent, the ratio of
forward rotation to reverse rotation is twd. Thus, the

wo e@d/ossT rotates 2n steps forward and n st epBCT/US2006/044972

backward, based on the value of the dither factor.

Thus, for exanple, a dither factor of 500 represents
1000 steps forward and 500 stgps backward, whereas a
dither factor of 1 representé 2 steps forward and 1

step backward. |In other enbodinents, the ratio of ]
tragsparigdiun the daensandeinse she dispensenfilaghamber.aMest fdlling
different fromtwo and/qQr, can he progra ble. 11. A
OCPps 1 the lagh JispeBsrT RISIHiORE af HHS dupés dsitehhedumpivalve

SN N R T
sl iner3REEs 14 ey 07 Rl iR PRl b?fﬂ%“@%é%%gf JThis
tlt%rﬁ{lgﬁbﬁg AR %?%Séé%%é@%?%ﬁg gnﬁoﬁfegﬁtsgéﬂ%rﬁﬁfaﬁgber and

maxi nmum wan eed u

. . . o]
RN RSLe S PUREAE RIS £y SREMghtrSSembly 70
16@ehSES G dtoNBONY b ® GEASICT B rdh AERRS JfitAB podhddefrom
filling as fast as ‘possi bl e appears desirable, there
the paetisiictropat khambdreonhwdakt rak908idigpdnzer modules.
di spensers or overfilling the cartridges.” The

par ares #hrese dfll thelgsmuttimudi, Spedspensadubepérd scome full. The
interrelated as follows. G eater overshoot control is

bhwaet apdeenblye R0 snmbhebingtioniwith the dlypass anb/es¢vasout the

di spensed into the cartridge. Speeding up the wand
dispansge bed ictghtr agress the dispepsersmesuldseby seaeengingpowder
| ar ggJ oneyates. Large aggl onerates increase flow,
mgtgfsgngll@ﬂo@a ﬁk‘élﬂfwlﬁ&n&ﬁbfﬂ%ﬁ}q PeYdeh Ehyosighg wiergrand
filling. . A large pa r .reservoir saves (dj spenser
depamitie o Bt Db DR doBESoF Rl BRAS Dt BoMidyebed
bag‘%l on?rat eslfand requires nore powder conditioning

8 Vg %GPF‘TI §’ng. Dithering chops up the large

In step 258, a cartridge is positioned below the dispenser nozzle 158
on the weight sensor cell. As described above, a tray of cartridges is
positioned between the array of powder dispenser modules 54 and the
sensor module 34. In step 260, the cartridge is filled with the prescribed
dose of powder. The fill cycle is described below in connection with
Fig. 19. In step 262, the fill valve is closed and rotation of the feed wand is
stopped.

In step 264, a determination is made as to whether the dispenser
hopper requires refilling. If the dispenser hopper requires refilling, the
process returns to step 254. If the dispenser hopper does not require
refilling, the process returns to step 256. In the present example, the
dispenser hopper can be refilled after four 10.0 mg doses. It will be

understood that refilling of the dispenser hopper can be initiated after more
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aggl onerates for nore accurate filling, but reduces
the flowrate. Conditioning the powder prior to

wo poolziosnysT ncreases filling consistency, but adB&T/US2006/044972

overall filling tine. An enbodinent of a cartridge

fill cycle is described with reference to Figs. 18 and
19. The fill cycle is descriggd wth reference to an
exanple of filling the cartri'dge with a 10 ng dose of
Technosphere mcropartjcles in 10 seconds. It will be

oy fewies thar fewneartiidge fdhey plas adepanding or bsammpl e ionethe
for different fill ights, different powder .

CABRY |Oééf1%§}snﬂrﬁ% epper ang the guanthyotppies dispensed on

R A oo Al 8
np R Eahetore r SR Sl F5F B oxIE15R 3 it Saptricge in
S S50 08 e 0 v
pWRidr fol it elalf}h 3 OQ?M%HQQ&%S: Inl$¥fe %%@odi%%gabac {lg‘ljg process

agal nst i i spernse cycl es, provides

iPaepEr derit YoV 8fé ef heHe$h thé Wi bbi
lcoﬁg?zt encm}{ pat ilg(ﬂotlo’qdr ug@gfﬁfi gg%)%hs ru}e'&ﬁ%@gpg?%ﬁ’a%g{eiatt?adry

posvderdliuidi¢ head landeowzdist $h %@Qvi A hdabel peialt flewUeNithout
an

can be read nore or fewer t ti mes per second

ani adeiquatehHusdiofeadf thid&lling ¢imé ocreBedsebeyorgld the filgime limit.
18, control paraneters for dispenser nodul e operation

Qthgr techevquénimstyelpe 256d te-deteendnpitkat refiltingl dfythe dispenser
dithering is set to "off." The valve control
heppendbérs required for exasmlenttlittigkomeo povedar is slispansed
seconds after a_new powder | opad, the speed | pdex is,.

dyging theLartr, %ﬁélp@fﬁ@sltgaay 6 asspmeshitap gelding ef digpsnser
afterégl Qse is. set to two seconds. Fill paraneters can

hoRRPUIdatds Leq9i®d of 8.8 ny at which proportional

SO0 AT, St et e Bfridas AT R "W i3 Fig' P9, An
initial operation is to tare the sensor cell in step 280. The tare operation
subtracts the empty cartridge weight from the sensor cell reading so that the
sensor cell reads zero or near zero at the beginning of the fill cycle. The
control circuit waits 0.5 second for the sensor cell to complete its tare cycle
and proceeds with the fill operation if the sensor cell reads less than 0.02 mg.
Otherwise, the tare cycle is repeated.

In step 282, the fill valve 180 is opened. As described below, the fill
valve opening can be slightly offset from the dispenser nozzle 158 to ensure
consistent operation.

In step 284, the feed wand is rotated in the counterclockwise direction
for filling. Typically, actual filling starts after about 2 seconds, the time
needed to advance enoﬁgh powder to restart powder flowing after raking.

Initially, the feed wand is rotated at the full speed specified during dispenser
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set to 1.0, integral gain can be set to 0.03, and the
maxi mum wand speed i ndex can be set to 4 1 (two
WO ewaloedBbns per second). The dither factor caPCheES®e&/044972
to 50, and the fill time servo can be set to 10.0
seconds. A bipolar ionizer can be activated to charge
neutralize the powder dispenggr nodul e and t he
cartridge. In step 254, the di spenser hopper 156 is
filled w th_powder by eration of the powder ) )
MedHS D s Jdeaweght widhechispensed paredlenin theagargijdge is

oo dnE e ST n array bl ock 80 to each of t he

Phr ol PED. BrsTResRlng 1 olehatl Hehe iR ol Sonsed
Wit SYSatartiaB e detetitd SidRErL Rbfel Rron Bl sBpurol is
HEERSE0T) (Y EATIS o  AORSPUSSC )l Sl BARRE's.§ g
If ﬁr@y@ﬂear\gei@g is 0P r&dter t@%%i sﬁlé’éteaﬁﬁ?iiggnwﬁt process

powder bed. opper assenbly 74 i1s fil

réRenat@step 284 A rotitidm bl ¢thd etlwaad contiiBs atifallfdpeed. If
assi st nmechanismrotates to breakup the new conpressed
thhorelesed Weezledylgroateathan tlod sedestadotvaightt serd@l ¢oretrol of wand
I ar‘gc_e aggl onerate powder to the dunp valve in the
speeaioutilized An dtepp288! i limitial esmrds detérgrialed astthe tatget

dunp valve is full to stop the agglonerator rol|ers.
witighbhunus the selestsd weiglt attwhich seipprapatraltisipitzged In the
rpmto cycle _gas .through the system_ The pneumatic

 abpyeereBiRieeta mifabprpnis 6f.0of. §ovdémaellReygangyspeed is

t he du val ye. The bypass valve is set to 50%to
W&Eﬁoﬂeggq@oﬁékf}g%wder and air stream gas transport.

The dunp valve rotates in 10 degree per second
increments to

New wand speed index = ((current error/initial error)*proportional

gain*max index) + (integral gain*elapsed time).

In this embodiment, the control circuit sets the wand speed based on
the current error 20 times per second. The current error is determined as the
target weight minus the current sensed weight. For a current error of 0.6 mg,
which is one-half the initial error in the above example, the wand speed is
reduced from the max index of 41 to an index of 20. Due to the nonlinearity
of the index-speed curve, the actual wand speed is less than half of the
initial speed. As noted above, the index-speed curve is linear to zero where
the most control is needed. The proportional gain value allows the amount
of speed change as a function of error to be varied. The elapsed time is
turned “on” when the current sensed weight is greater than the target weight

minus 1.0 mg. The proportional error equation reduces the wand speed
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gradual ly drop powder into the pneumatic broom

chanbers. As powder becones avail able to the pneunmatic
whe@anp1987 ne aggl onerates aretransported up t hECT/USENG044972

and into the dispenser fill chanber. Mst filling

occurs in the | ast dispenser positions at this tine.

After the dunp valve cycle i%8conplete, t he crossover

val ve rotates to 0% bypass in 10 degree per second

increnen%s t.o phase in maxi mum pneumati c broom

besed onra 1X¢ﬁ1ir§?if>r%%¢ﬁaak@ desiraslyveight. nBasticeare times at very
AR S N B B L
i e i BRERSERESY. nf ek Al Tt Sl FECERSBMd run
AR i i B Lahilete ¥Rt BT S TR gL e factor
e L -
tigﬁ;% thgﬁg%g%ﬁégﬁxgﬁa%@&n Sehid Rt ERchYases e ?ng'r'\;\ggvand speed

peaks, circulating the

apAWdeEed tHeowand 1§ & otate fefhe sl od8RUThE thE ﬁmﬁ%@ er
into the | ow pressure areas of the powder bed between

the Ragflesring agaireto FE8, 1Y tharcukietyehsedagiighioizatbmpared
bel ow t he di spenser nozzle 158 on the wei ght sensor
veith ithe Asindesion wWeeghbhostep 200.r Hythefcureentrsetiged weight is less
E%;iti oned between the array of powder dispenser ]
thaa themisdmam wehght sasa cantol ef Sie wWandsspgedasmtinues in step
cartridge is filled with the prescribed dose of .
rthe pheremit isensgd weight igeaspial be @1 igapdigr ithan the minimum
canpection with Fig. 19. In step 262, .the fill valve |, .
Wl 2B Gbe AU r6Eed BYFIBR! (RO parE I WegHpEm Weght in
tep,264. .,a determnati.on is nmade gs {0 whether.the .
SIS p2hsdF UhoBIGETT SETCKaReIEiiF Eroer o HE BrshBgaeight,
the %gﬁ{ridﬂg%qg'de%éc’rrﬁﬁ{édl {0 B9oviiilled in step 294. If the current sensed
weight is not greater than the maximum weight, the fill cycle is complete
and the process returns to step 262 in Fig. 18.

In step 262, the control circuit can adjust the servo. If the fill time
was greater than 11 seconds, the control circuit can increase the max speed
index by one. If the fill time was less than nine seconds, then the control
circuit can decrease the max speed index by one. This control attempts to
maintain a consistent fill time of 10 seconds.

Preferably, valve member 190 is positioned such that valve opening
191 is offset with respect to the lower end of tapered conduit 154 when fill
valve 180 is in the open position. More particularly, valve member 190 is
offset such that valve opening 191 is post-positioned relative to tapered
conduit 154. That is valve opening 191 is offset toward the closed position

of the valve. In addition, valve member 190 is rotated in one direction when
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process returns to step 254. |If the di spenser hopper

does not require refilling, the process returns to
WGeL@p/020687 | n the present exanple, the di spensPCT/NSIPE044972

can be refilled after four 10.0 ng doses. It will be

understood that refilling of the dispenser hopper can
be initiated after noreor fewgr than four cartridge
fill cycles, depending for exanple on the capacity of

t he. di spenser, hopper ,and the quantity of powder .
0&%8&%@ ¢ 188613 fvialye ts eprpengatedios sardaystamsisein the drive

o T3 o SrRpfi e HS%EEE# 1P c@ﬁé%qtéfe%t‘hb‘fﬁme to

i i 256, . ex .
ofRh 36 38 B 53R 55 ol R SR Rl b ave. This
BB RS O OB R Y i Qe L% t can resu
ﬁsarﬁm&rdlm@ffsa%aﬁ»%hevaggcg%em\e@ q0f @p&;{kﬁgg{lduit

and to assist In gravity-in powder f1 ow.

184 iﬁC{ﬁ@L@e@l Lf,(l,gjﬁ@'hp head, the filling time increases
beyond the fill tinme imt. OQher techniques nmay be

used Arey defiset betveedrhablveadpdringd 9df andeapbred @08 6UIt 154 in the
hopper 156 is required. For exanple, if little or no

opengesiticn girspecesea sthall steelf be thatop iodoalde ember €90 that
it may be assuned that refilling of dispenser hopper
cas@ccynriaiel peddennlithsodilve mipening h81dapreipgetidndd relative
cycle is shown in Fig. 19. An initial operation is to )
te gal@r@ﬂ soadugiol Sbaany pawses pnabe sheHasidumpegdevhen the valve is
ubtracts the enpty ca{iﬁrid e wei ght fé&g]the sensor,
crasipg ianginajendakiy averpling figoeargadger Aaen »alve gpening 191

IS Bt opedieiaae o Bpetedrondie doh AR Yafisarioges pithout
dlFufBEr Povidte R aB¥ ShEIT "ThERBSRELEs thinpl §pchyhe valve
e S AT SRR e Pog g by e
séhddr cell.

The powder dispenser module 54 and its operation have been

described in connection with embodiments for dispensing a specified
quantity of Technosphere microparticles in a specified time. It will be
understood that a variety of different dispenser module structures and
operating protocols can be utilized within the present invention. For
example, the feed wand can utilize different structures, such as different
spar configurations, different wire configurations, and in some embodiments
wires may not be required. Different numbers of helix wires and chevron
wires can be utilized. Different discharge elements can be utilized. The
feed wand can utilize a different feed mechanism, such as a screw
mechanism, for dispensing powder. . Any suitable fill valve mechanism can

be utilized to control dispensing of powder. Regarding operation, any
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val ve opening can be slightly offset fromthe
di spenser nozzle 158 to ensure consistent operation.

WO p0030e18284, the feed wand is rotated i n the PCT/US2006/044972

countercl ockwi se direction for filling. Typically,

actual filling starts after about 2 seconds, the tine
needed to advance enough pom%e)r to restart powder

fl ow ng after raking. Initially, the feed wand is

rot ated at full speed speci fied during

QReSploR B éh%tef! dyevesn emcbﬂpewm@pal@mqier&mn be utilized.

owder in the ca dge.is ored d r|n filling.
i ‘?%a@%ip Gnya%‘@i)i? HGHAN oh thetanddiwang, sfpEtionhe

AR O T S o

08, SRR b B e ks 508D 58 contol

SRS 0 DA LB 0 Rt o i
c'ofrnlt)f?l%tl%?lr‘fsel%é’éfécg hqlé %Fﬂm%ﬂul@@éh bBS: t(ﬁ)l?i@ﬁ‘ga% provide

wel g ht, servo contro speed IS u

seheed Q%es/éﬂ Ay (ﬂés@fecﬁfdt@rwitﬁnﬁjﬁi@ EapaifitiRs dfitBels@hest
wei ght m nus the sel ected wei ght at Wwhi ch servo

modtleo! In gendtal,ipiveder dﬁg&ﬁ@erﬁh@d@tl@gmﬁhbald hhee a compact
initial error is 10.0 - 8 = 1.2 ng. The wand speed

stsicturettoopdratit acownting an aa: arm/ay\desbrslpmé dboneexdshould be
((current error/initial error)*proportional gain*max

condigred toidnspeyrsala desired quapiiydof pawyer im atdpiesified time
enbodj nent, the control circuit sets the wand speed

ipteswal iprraspenseite @rﬁonémlcsnmut thaﬁégcep@ﬁs sersashvalpgs from a

current error is dete as the target weight m s
SERSOL: € Sehsast %ﬁe\"’&!ﬂﬁ 1 SEBROTTL ther GRPOGHRGR geSari

aﬁ which is one-half the initial error in the above
Apl e, the wand speed is reduced fromthe max index

of 4 A S i 1eg)§. 9b 2% 2B‘Jsents8r hiSadien4 8521 dide sensor
assemblies 110 mounted in sensor housing 100. In the illustrated
embodiment, each sensor assembly 110 includes two sensor cells 114. The
sensor assemblies 110 are mounted in sensor housing 100 so that sensor
cells 114 are positioned to weigh cartridges 20 in cartridge tray 22. In one
embodiment, sensor cells 114 are mounted in a 6x8 array on one inch
centers. In this embodiment, 24 sensor assemblies 110, each including two
sensor cells 114, are utilized to provide an array of 48 sensor cells.

Fach sensor assembly 110 has a vertical configuration wherein two
sensor cells are packaged together. Weight sensing mechanical components
are located at the top of the assembly, electronic circuitry is located below
the mechanical components and an electrical connector 300 is located at the

bottom of the sensor assembly 110.
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of the index-speed curve, the actual wand speed is
| ess than half of the initial speed. As noted above,

W b@7i06198% - speed curve is |inear to zero wher eP€TESI006044972

control is needed. The proportional gain value allows
t he anmount of speed change as a function of error to
be varied. The el apsed tine |? turned "on" when the
current sensed wei ght is greater than t he target

AR I T YT e
BRI BT R
PR b A AP LB ! e

chiflon 2 Allorsiee oL 40 %néeﬁgtsafrrtt@fff@%?e btely
pBLARIRA wlﬁre@ﬁet@@) tﬁt@&g@é 2gai lfd%g&lﬁf &lﬂbt gﬁ% L9érmits

|ncreases ew wan pged an

lé@étﬁige{nfa%égqo t&ﬁb@ egﬁmcitcttﬁséﬂddﬂa@gmﬁweb 1 1@9Whrdumg

agal n he current sensed MEIg IS

daeimdng dthéﬂsﬁhé probleSUMval thiet senBof tells 28ensbdf tra8 14 can
current sensed weight is |ess than the m ni num wei ght,

iselude amartrangernient b€ dneiders forgubsidanhingussnson assenbhigs.110 in
If the current sensed weight is equal to or greater
sehsor miodule d#num wei ght the current sensed weight is

conpared with the maxi mum wei ght in step 292. |If the
curr&%ls@emﬁéhl aeddgharth @@fs esrsenranbacleplangs ddMhaving

artridge i.s determ ned to be overfilled
Cpﬁn§§‘@63 %@2 for ﬁngﬁglregjthee%l@cm?éé@nmp £ 300 gbsensor

Sesinpbes 1400 Thiibegopadinea o hies gﬁsqnép&és Fhsor pgdule 34
1@%@98.3 tWPel?%%p??tltshﬁ (idhafinkrid ofBR 6 i shas
SFLGROLERs LA} o4 SRR CASPROI A KA B sbp ol
380eEhd BR1GEESARLrol circuitry for processing signals from sensor ‘
assemblies 110 and for communicating with powder dispenser modules 54
during cartridge fill operations.

Sensor module 34 can be provided with an arrangement for cooling
sensor assemblies 110, including a sensor cooling grid 340, a sensor cooling
housing 342 and sensor cooling manifolds 344 and 346. Cooling air can be
directed through cooling manifolds 344 so that forced air cooling is
provided to the lower portion of sensor module 34 which contains electrical
circuitry. In the embodiment of Figs. 20 and 21, cooling manifolds 344 are
attached to sensor tray 314 and cooling manifolds 346 are attached to
cooling housing 342. With this arrangement, cooling air circulates into the

sensor module 34 through cooling manifolds 344, circulates through sensor

tray 314 and then downwardly into cooling housing 342, and is exhausted



10

15

20

25

circuit can decrease the max speed index by one. This

control attenpts to maintain a consistent fill tinme of
wagmewsts. Preferably, valve nenber 190 i s pPSI/UBNECH4972

such that valve opening 191 is offset with respect to

the | ower end of tapered conduit 154 when fill valve

180 is in the open position. ?bre particul arly, valve

menber 190 is offset such thg val ve opening 191 is

ost-positioned relative to tapered conduit 154. That
theough ¢eolingmamifalls 349. oln enethes waolingrarrangement, cooling

el b are A intamsar s pbip A Gseo BB sitng dircoted

I R A TR

R AR HEF FreEBiaitolifl it 343 HnE e R include

R R RTS8 8 o,

TR&IdeRE6n Y é‘(‘)c‘fl?ngﬁﬁ%ﬁgolﬁggéﬁf‘%d g%rc%ﬁ’l i‘ﬁ%ﬂ?d’l% fer%éé‘ra'tﬁ‘re sensing
on. Ve openi ng

t he open’ posit ny offset between va

é&%eﬁ@fdr%@hﬁ@rﬁ%&éns& Mmbdulehe BrRESi tion

produces a snal | f on the top of valve nenber 190

t hat Adirspepibodinikat pdieveight §dioy ?mbe Qﬂﬁ@hfliﬁoirﬁies an
is pre-positioned relative to tapered conduit 154, an

intentiere etviden theekéight sensmecklivard caneidg 2@ is shown in Fig. 22.
closing, thus potentially overfilling the cartridge.
Bbba Ma) inelugend mpindiodys360snelpdsng agrost 3621 that engages the
tapered_ conduit 154, the val ve closes w thout dunping
sgRsopesitier head dotandsaeup.36thidhap eggemulated st andisiay
e i Opeed, 85, LD Rettjcor L Soe IR et
BBLBR e RHiSUR FHRY I OF DFSSISRERES Sprbins 5 72 o
e‘%llig‘z’tﬁﬁpgs 'arrfg s%pl%g%‘t%rilé icglqridge 20. The three pins 372 are equally
spaced at 120 degree intervals and are designed to elastically flex and then
return to their original positions. In addition, the pins are designed to buckle
in an overload condition to protect the sensor cell. In the embodiment of
Fig. 22, pins 72 are removable for pin height changes for different cartridge
tray designs. The small cross-sectional area of the pins reduces the
aerodynamic effects of thermal currents which can add bias load forces to
precise microgram weight measurements.

A second embodiment of the weight sensor probe which provides an
interface between the weight sensor cell and cartridge 20 is shown in Fig. 23.
A probe 112a includes a main body 380, including a post 382, a head 384
and a cup 386. Cup 386 accumulates dust and stray powder particles. A
dust skirt 390 deflects dust and powder particles away from the sensor cell.

In the embodiment of Fig. 23, probe 112a includes pins 392 that are formed
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quantity of Technosphere mcroparticles in a specified
time. It will be understood that a variety of

waledo7memet di spenser nodul e structures and opePEL/URLP06/044972
protocols can be utilized within the present
I nvention. For exanple, the feed wand can utilize
different structures, such as di fferent spar
configurations, different w ré configurations, and in
_soneéﬁnbo,di ments Wi res may. not be required. Different

iptagselly voth heard 8. r Eachmd RinevPers wemdoreehwith a radial gusset.

B LR T T o i i

B0 T By B SR i AR v e
L 0l i ' wder. R di

b 5 h e e M BRAL B HRE “acii cvee desired

oper af i il . F :

obr o, S T M5 A, 007

PELIVOC AL 5&bnPEMBIHiRehf of poAt RS ethidr 728k shbien in Figs. 29-

of

spee not1on can be fixed or variable, or a

I0nphRAet aBrdtbe7edhcluddshefdamifoldmdeck S0onahidtratfinks gas
integral control, and other control techniques can be

intet| 78 edwadgaanisted Y and powdanhitpat pontsad2. ndedisdcribed above,

sensor nodul e can be configured to provi de sensed
oaalinkst 78 isaconibesed eih tltee76 vo bhower besemaphb70) hopserof

the sensor nodule. In general, powder dispenser nodul e
2B54cmibby 74 ikaneuntedoioppewder inlet 8P sand ppavarrtouwrpuhpprig 82 are

in an array as descri bed above and shoul d be
copmRrtRd dfaspeaii¥p eharnelsdasrray biekneV+ Y oyrdgscgator 72 can
.a specified ti interval in.response to a cpontrol
iB ke 4 PRPRMAERIOPES S DOFIVAT RIS Hraug B Al tubes 512 to

nodul e, such a e i ght sensor.,iyn. t he enbodi nent
RiBedr it it SAind R e i §20e il QY of

nmodyl e~-34 can i NGl £nsor [ in
By i RNl Gt R R RO RRRL LiSore 5107 e
embodiment of Figs. 24-27 and 28A-28C, four riser tubes 512 in manifold
block 500 connect pneumatic broom 510 to powder output ports 82.
Powder aerator 72 further includes a crossover valve 524 that directs
transport gas received through gas inlet 78 to pneumatic broom 510 and to a
bypass manifold 526 in a desired proportion. Transport gas directed
through bypass manifold 526 is caused to flow through powder output ports
82 to array block 50 so as to transport powder to the powder dispenser
modules 54 mounted in each channel of array block 50.

Pneumatic broom 510 includes a generally cylindrical aerator tube

530 having a hollow interior and provided with discharge nozzles 532.
Aerator tube 530 is located in a bore in manifold block 500. Discharge

nozzles 532 can be formed in a helical pattern on aerator tube 530 and can

be approximately tangential with respect to a cylindrical surface of aerator
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enbodi nent, each sensor assenbly 110 includes two
sensor cells 114. The sensor assenblies 110 are

woreunne®st n sensor housi ng 100 so that sensor P€l/US2004/644972

are positioned to weigh cartridges 20 in cartridge
tray 22. In one enbodi nent, sensor cells 114 are

mounted in a 6x8 array on on%J nch centers. In this
enbodi ment, 24 sensor assenbli’es 110, each incl uding

tgo sensor cells 114, are utilized to provide an arra
type

430 eRdvidese PP arespaced apwit aderg ppraton iupehad0and define
vertical confi ation V\,hgreintvvo sensor cells are
%ﬁ%&&amgﬁéi &POVESBHP H¥Ehq ??épﬁﬁgﬁ%ﬁlséﬁFUbeS 512. In
LRERSRoRhSuific RopyT S18iineiiies Hoeklies MR ARERAL Y dividers 534
a%%%é%p@&ﬁ&ﬁ@%%i%%9§f2%§ Theduphatie e
Qo3R8 AUk HYRY P RS 900 RESIIAL AR Flsndit of

Sensor- encl osure a sensor ‘tray

&Wdésﬂ%@ M%tﬁ ;a?ragt?gﬁ%t ?}Z. A Aoy aﬁ%c{dgcé 30I5&a difdzgﬁe end

of openi positions of cartridges

dMactafdrtuBeS 30 mtlddes $shdihdlpeotnear rulﬁ@hh‘ipéléﬂgéﬁ\@ier and
accurately positioned with respect to cartridges 20.

toudigectaranposeahs frodd Grogovet valvacs4 ng the AbH o¥l thtkfior of
be positioned on sensor assenblies 110 w t hout

ataargitnbe 3O, sAnsicrator qored88 Ha?a oontche teerssist iwetjualizing
Sensor tray 314 can include an arrangenent of dividers
flow glosansport ggs $lenesrgh dischatgei rezzi¢DS53A. Semotormsducauses
34. Sensor_nodule 34 further_ includes sensor |
asaatop|tuhe S 383 d fevn dirgeimeritaraate wathiamaamifalf black 500.
el ectrical connectors 300 qf sensor assenblies 110.
Vidowafi0 drmisorarmalgls. soged swd Tiates dReomatisibreors 510 at

i ncl udes .t backpl anes 0 ch_havi 12 connector.s
Lighules o backplanes, 300, ach el 09, 12, FoRESt O
%10. Each .sensor backpl ane

starry. ’

Dump valve 520 includes a cylindrical core 550 having diametrically
opposed cavities 552. Core 550 is mounted in a bore in manifo‘ld block 500
above pneumatic broom 510 and is connected to a motor 554 for rotation
about its central axis. Core 550 is positioned by motor 554 with one of the
cavities 552 facing upwardly toward powder inlet 80. Powder is supplied
by hopper assembly 74 through powder inlet 80 so as to fill or partially fill
cavity 552. Then, core 550 is rotated by 180°, causing the powder to be
dumped into the annular chambers 542 around aerator tube 530. The
maximum quantity of powder supplied in a single operation of dump valve
520 is defined by the volume of cavity 552.

Crossover valve 524 includes a valve member 560 mounted in a bore

in manifold block 500 and a valve actuator 562 to rotate valve member 560

about its central axis. Valve member 560 can be configured as a hollow
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330 can include control circuitry for processing
signals from sensor assenblies 110 and for

w@ooomoeiosat i ng wit h powder di spenser nodul es SECTIUR1006044972

cartridge fill operations. Sensor nodule 34 can be
provided with an arrangenment for cooling sensor
assenblies 110, including a §§nsor cooling grid 340, a
sensor cool i ng housing 342 and sensor cooling

Cgﬁiw&g %H?ﬁ%ﬂég %%?%ﬁgi g@hﬁﬁ@“«it{mg?snﬁgg @gldrs%é gtdselected
R B0l LR, R S, 588 e o Bt it
VR85 P e B8 uib AP St B ehtingt B AiStwent of
vafe Bl 360 nh it Res DR IRE Byl goy TS, 2R cBp be
R RO M LR A S

bypaks Rear1 18l 306, 32 ond e bSditdiRy st SLbREPYER LCOM iﬁﬂlacrgusted

imani f ol ds 346. 1 n another cool i ng arrangenent, coo g

direitid @éldser3Asf powdet taahed Blockets o hfidthes bisaditiait,

cooling air is directed through sensor tray 314.

cksoedr vpbrs 524 hag ssfiredpokition aﬂtﬁngaielheeryldi}ﬁdw@efr to array
cover plates 348.. Each of cooling manifol ds 344 and

bBack 68n i ncl ude i nternal passages which provide
uniformair flow through the sensor nodule. In

addi tlosvdercassatarg/ raan farther Brdude dlosy straightenersudi®) and

tenperature sensing el enments for nppitoring of sensor
CRBERHIEd: @laﬁw@%m toj a%tstémavwﬂng aommgﬁ@nv@mgmf

terpht GireeebircRind R on dRseoaUt PORRGRR TACKRgIPu port
DR o AR A8 TRl i RPiREL L B of one
o sHERoRECSO LRSS ER AT BB SRR s e
ubPRt pdBf d£&4ch discharge cavity, and each riser tube 512 supplies acrated
powder upwardly into the flow of transport gas in the discharge cavity, as
best shown in Fig. 28A.

The powder aerator 72 serves as the interface between the hopper
assembly 74, the array block 50 and the blower assembly 70. Powder
aerator 72 receives fresh powder from hopper assembly 74 and receives
recirculated powder from blower assembly 70. The fresh powder is
received through durﬁp valve 520, and the recirculated powder is received
through gas inlet 78 and is distributed by crossover valve 524 to pneumatic
broom 510 and bypass manifold 526 according to the position of crossover
valve 524.

The second embodiment of powder aerator 72 shown in Figs. 29-32 is

similar to the powder aerator shown in Figs. 24-27 and 28 A-28C, except as
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dust and powder particles away fromthe sensor cel

and pins 372 for engagi ng and supporting cartridge 20.
wab@7obroer pins 372 are equally spaced at 120 PEDUSH06/044972

intervals and are designed to elastically flex and

then return to their original positions. In addition,

the pins are designed to buc@éai n an overl oad

condition to protect the sensor cell. In the

IR, ER kst G Bt bRl ity
R S80St B2
ST bR SRS SO PRRAE sl
RS P2k S RHERD ol Y coes o
BEBRR Pokkflet SEAE R Ful e il C oo, ) BARicRA She

PG lePilétatdr YT RANISL3 P34 bt syided viitH Shofest 540%2\%& rotates

defl ects dust a%? powder particles avvayO?romt

[ARERELE Brbom! 511 0 heraatiodiy W spéedi for eX@mpledbe 103pm, for
i ncludes pins 392 that are fornedintegrally with head

té@sporpohagfovwpddrsadd®Bol.s reinforced with a radi al
gusset. This configuration adds structural rigidity to

t he Veomipomiehys chpoirdey aeeatot i72tinplude pitumatic broom 510,
configuration also reduces vibration and di spl acenent
dumphilye §20amd erossovier; valves anin additias, hyipasy ntasikold 526,
effect. A first enbodi ment of powder aerator 72 js

flowlementiSge. anchilow sifaighteners &7 Oparsaesnsdtose@ien izeegas flow
bl 81Ty o ivesl eatTay ARG oD ThoBRE OB SHTORTSH Inle
GoSsorials spleib e diugin Vol SR R Boudh BBl Gh are
SRS bY 4obEh ARRETmbier sonder “out put por ts 82

are  The crossover valve 524 channels the incoming transport gas in two

directions: into the bypass manifold 526 and into the pneumatic broom 510.
The rotary cylindrical valve has longitudinal slots to channel flows while
maintaining a relatively constant hydraulic loss, thus promoting a stable
discharge.

The pneumatic broom 510 has several elements. The intake

- channeling vanes on flow director 536 change the direction of the incoming

transport gas in an efficient, low-loss manner, while creating an impactor
system that blocks and obliterates stray agglomerates before they clog
downstream discharge nozzles 532. Tangential gas discharge nozzles 532,
preferably having a double helix configuration, are arranged along the
length of aerator tube 530. The pneumatic broom 510 is divided into four

annular chambers 542. The drug powder that is supplied from the dump
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connected to respective channels in array bl ock 50.

Powder aerator 72 can include a pneumatic broom 510 to
waledorwerdspowder through riser tubes 512 to poOWRKET/US2006/044972

out put ports 82 and a dunp valve 520 to supply a

quantity of powder from powder inlet 80 to the

pneumatic broom 510. In the gﬂbodinent of Figs. 24-27

and 28A-28C, four riser tubes '512 in manifold bl ock

V%%O % nnect pneymatic_broom 510 to powder output ports
ve pglidspereaaranylan chambersitd hddhedangordahdischarge

il P51 ehgttiuely inie pod vl ot awdar Bapmdle chamber
Wl Ph Fhdsidn Y Fe et wE R b8 raBartdts sieimsp be
o YRR BRI hbPohe BRR LR iBCisaRelMitie B Slietp 38085
R EA ) TR SIRRRE i LGB! R e M TR Pl
hahe G382 RfnAChARMAT A &§hEE %ggmneméis?f@! ThER the

di scharge nozzl es 532. Aerator-tu 530 1's Tocated in

tPariRPoOet %é‘s Rl £t Bedt@nkilyp Hbre AR aRSINRE %ﬂl@ﬁel’%@@% ggwder

can be Torned in a helical pattern on aerator tube

szlmdyagﬁriba s it intot thegdanhinels of bfray ddpele 50 ovidch fills

cylindrical surface of aeratortube 530. Dividers 534

the arspyaoledkaghmnnedd ong caatralled parbiel68€p@sitiodgironess. This
annul ar chanbers 542 corresgonding to respective riser

transporiopcess takas advamtagmelitha hudesivahie provdercingdplology of
paddl es 590 affixed to dividers 534 and spaced around
aeradiynagglomeiatingrrosders antbceerions taemdnte Andiggipmcgate state

1Y

(BealgNs dhem @ boatlerose br PYSTRAB Cally BABPOEIEds0. A
{Low iy seLor oo of Lached, o, aneyend o ieer et bRt por
2.6 LR PORP BB, A MRUGE T Biing
emerging powder slurry and downdrafts it into the channels of array block
50. This process creates the conditions for the controlled particle deposition

process. '

The powder aerator 72 receives a known quantity of powder from the
hopper assembly 74. The powder is collected in the dump valve 520. The
dump valve 520 isolates the transport gas from the hopper assembly 74. In
addition, the dump valve 520 transfers the powder through this gas interlock
and into the pneumatic broom 510. The dump valve 520 can have an
optional capability of making a coarse weight measurement of the initial
drug powder deposited into the system from hopper assembly 74. The
weight measurement can be performed by a load cell positioned in cavity

552 of dump valve 520. The coarse weight measurement can be used as a
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aerator tube 530. An aerator core 538 has a contour to

assist in equalizing flow of transport gas through
wale®cloerwge nozzl es 532. A notor 540 causes aer BEDUSI00&@14972

530 and flow director 536 to rotate within manifold

bl ock 500. Motor 540 can have vari abl e speed and

rotates pneunmatic broom 510 q%;relatively hi gh speed,
for exanple 3500 rpm for transport of a powder

lurry. Dunp_ valve 520 incJudes a cylindrical core 550
ﬂses»divﬁek &oRESL L9 dWppgr epyeably ¢4aswald asselditconal dita tps

mounted in a bore_in manifold block 500 above
mﬂ%@ﬂmrﬂ@P%ﬁng§a&§ﬂnect ed to a notor 554

bosi { Fbneachys: bross s i THRE sfiserises abfniding drug

R PR P s b R BB B0 s Bt R4 Bovhir sl pprsgid2 are
S Tl R B M, BB B 2
}i_ll_ ‘i@alt&)?lrf%y]?ﬂﬁéﬁ. mgﬁc;%laﬁém lﬁﬁﬂgna%h?ﬁm‘éludé‘@ﬁ? gff‘Qnore

e maxi quantity o r Supplied in a sing

1981eEet 5ach @k addulbléaelE. SBPad8itidel the pnbdnidtR MRIoWIS 10
of cavity 552. Crossover valve 524 includes a valve

imRMildss Q@clﬁam{ﬁlﬂgg vaneés ipoflew direeoir f53lcdthal e€kiceiflyadigdect gas
a val ve actuator 562 to rotate val ve nenber 560 about

irite theatrabr tubes 53 Vandeaotrmstiarpdéorstancdace darfgegaggddmerates
as a hollowylinder having an inlet port 564 and
eforetheporeactsds disdhaes rmozaes 832ed circunferenti al
positions. The ports 564, 566 and 568 can be provi ded

wi t h Vhassossovier yekvands shivides he pjaoeming (iansportgas between

appropr.iate adjustnent of valve r 560, transport .
PRSUINAHE; @@ﬁ@M&W@W%ggg frassouer Yalve 524 is
desired proportions throu umati ¢,.broom.510 and
bt bl RRbh I oy SRR g Fongiha MR € Compact
&ésoléfcipvlel{e ylgfvveeha%zsﬁojt il SOveRTS optimize and control the flow of

gas. The crossover valve is used to control the transport of the aerated,

agglomerated powder slurry into the channels 60a-60h of array block 50.

Contoured flow element 572 is placed within bypass manifold 526 to
enhance the conduit flow geometry. As the bypass gas flows from the
crossover valve 524 and into bypass manifold 526, it is preferable to create
isokinetic flow patterns to inhibit the formation of tripped flow or eddy flow
stagnation zone conditions.

Flow straighteners 570 include vanes which regulate gas flow by
restricting and straightening gas flow as it discharges into the discharge
cavity 580. By altering the spacing between vanes, it is possible to achieve
uniform flow rates through each of the channels 60a-60h of array block 50.

A first embodiment of hopper assembly 74 is shown in Figs. 33 and
34. As shown in Figs. 33 and 34, hopper assembly 74 includes a hopper
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during delivery of powder to array block 50. In
anot her enbodi nent, crossover val ve 524 has a fi xed

w@o61987 duri ng delivery of powder to array bPOUKSH06/044972

Powder aerator 72 can further include flow

strai ghteners 570 and contoured flow el ement 572 to
assist in providing a uni for[ﬁgfl ow of transport gas
t hrough each of the powder out’put ports 82. Each

b S Ae B e et Shee 2500, o o e oot of

R%gasr% S BpWelsE ousied %iidz'p Séwi‘eé%%‘éééa}?eaéa&%e&!ig@ 80 of
512 [ ' .

e AR RO BB L O bV W pinged

[ §g. . 72 .th
AR L 80 s R T BR3Pl 2s S Ry 520
o1t g@&ﬂ%ﬂ%?%@@%ﬂ%ﬁﬁh% ngd:é?\i‘??é gﬁr ¢104nd%
powder y 8" aRd

receirves fres rom hopper*assenb

hets mﬁs B&taf S BHAIED . gglég)ggr %ﬁé&%@hﬂ)w %aﬁ%ﬁfﬂygk gg%l?lde a

The fresh powder 1s re rough dunp va

@aduldier 680iih Glc3t & Gases jgévvrdéﬁ e&3¢0irh6 P19 GrgAS]ator 630
inlet 78 and is distributed by crossover valve 524 to

qareimrhideca Hirepap 2lbn eradobiil ka6 3o disled to2bfiastaabedr@34 and a
to the position of crossover valve 524. The second

secbodiagghomefatoondHer 686 atoupléd®tshenond nkdigs.638- Bach of
is simlar to the powder "aerator shown in Figs. 24-27
agg]omt@mmlexa:é@g ansf @ 6 wprovidedasith sidwrelity of pins 640
3 1 and 32, pneunatjc broom 510 sim./larly includes
Qﬁten@@'gsrasisalgy e the respgsdivsdaodlssr nansngmbediment, the
t ube 530_.and I ne annul.ar,. chanhers rr onding to
lpeapiers P oing 85{9 qrn%'il P rqlléﬁm%gﬁowml égé 1€ g Or more
B AT BaltE R, ORh3dRior aegornSios SR bIF Bhd 38 et have
p 28

hollow centers and can be provided with air holes that connect to the hollow
centers. Gas connectors 650 at the ends of rollers 632 and 636 can be
connected to a source of pressurized air. Air flow through the holes in
rollers 632 and 636 assists in aerating the powder being Supplied to the
system. |

In operation, after the powder reservoir 610 has been filled to the
level of the hopper level sensor, first and second agglomerator rollers 632
and 636 rotate, causing powder agglomeration and discharge of the
agglomerated powder through powder outlet 612 to powder aerator 72. Ina
preferred embodiment, agglomerator rollers 632 and 636 rotate in opposite
directions, with the tops of rollers 632 and 636 rotating toward each other.
However, operation is not limited in this regard. Agglomerator rollers 632

and 636 can be rotated continuously, with reciprocating motion or with a

combination of continuous and reciprocating motion, and can be reversed.
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i ncl ude paddl es spaced around the annul ar chanbers. In
addi tion, the powder aerator of Figs. 29-32 is
wW@e@vioswse? wit h a notor 540a which rotates pneuPEl/U82006/044972
broom 510 at relatively | ow speed, for exanple 1 to 10
rpm for transport of a powder aerosol. Conponents of
powder aerator 72 include pngun&tic broom 510, dunp
val ve 520 and crossover valve~’524. In addition, bypass
nifold 526, flow elenent 572 and fl ow strai ghteners
Tgraporoéafém@; psatacel dgpandy engresvdenmorphalogye aGranhlabore630
of ;array bl.ock 50. The pnpeumatjc _broom 510, the
PE?%%%W%QW@&}" paekormergies itha despd wids mngriogrhansegrowder

BT s eSO 12 e e AR 1

by ol S Rt othobbRr A Rbhnad i SBbSeinchigs. 35

oS RRERRECL ALl ARG 75 bR 3B G 45188 BB
T . ] .

oRAARB DEFIES RS LN PER AL Futl BEPERely of

FebarBRihd g 6V ae o abdisnchesisel 1936t 6iIRREE. Theddition,

Trection of the incomng transport gas in an

geddulat@nd30 ivinplessemrdnetth apdild@eedteatrbNersie3 24BA8 16316,
system that blocks and obliterates stray aggl onerates

cheli of evhilchyis pirogi dbelwyithr @ phordiise béspacetbaphesdiSB2 660
Tangenti al gas di scharge nozzles 532, preferably
navited ta Sha%ﬂsloé" thelrespeasiva mplleasi dihe disks &#60acegebe provided
along the |l ength of aerator tube 530. The pneunatic
veHosrtdes 662 wihiclessishinonfoying & poavder imwsewardlyxhrough
The dru owder .that is supplied fromthe dunpval ve .
Ie3eyV L -aﬂ@ disksahtolier ¥sbe itermgshed ngénthedisks
gi sgha nozzl es 532 effectively aerate and sweep the
Ogre e]bé%%r from t he chamber

Bulk powder can be introduced into powder reservoir 610 through the
opening at the top of hopper body 600 with cover 614 open. In the second
embodiment of hopper assembly 74 shown in Figs. 35 and 36, a powder
slurry can be introduced into powder reservoir 610 through a fitting 670 on
an angled portion of hopper body 600. Fittings 672 mounted in the upper
portion of hopper body 600 provide an exhaust for transport gas introduced
through fitting 670 with the powder slurry.

The hopper assembly 74 is the main powder reservoir and is the stage
at which powder is introduced into the powder delivery system 32. The
hopper assembly 74 is designed for highly cohesive powders such as
Technosphere microparticles. The granulator 630 produces powder
agglomerates in a finite size range. This preconditioning enhances the
powder aeration and entrainment characteristics by creating a more uniform

polysize agglomerated powder blend. In addition, the process of powder
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wal | s. The crossover valve 524 allows the two

transport gas streans to be controlled inversely, i.e.
woer@7o6r¥8he i ncreased while the other is reduckdl/USiwe044972

control function allows the drug powder to be tunbl ed

wi t hi n annul ar chanbers 542 to formthe natural"

aver age aggl onerate size. The({l the transport gas fl ow

can be steadily increased to transport the aerated

powder, slurry up riser tubes 512 and into the channels

gfﬁnafatwl W@{% o nyipces khe ppmler fhataisigrmpléy: kompressed by

channels in a.cqontro]led particle depgsition process.

SFRV LY tWRSI SEICKCdrBs KD WREE 1esey¥Rir &d)- of t he

a00) QPR ShaRGet Rsetua oW gssist mechanism

GHELHEES 37 Py WIS LIS bR o fCl 5 finbilacor 630.

1;1{%% fited %or HRG Qésﬁ%@gﬁaﬁﬁ}ﬂ B?o 95 cBARR Qﬂﬁ BH'th8 Vel
juncture, € hori1 zontal transgor gas

piﬁ{zagf&ﬁqéﬁﬁtyp MR é‘ﬁ"e@tgﬁérgbgf%lﬂg\f‘tﬁgﬁer g{}ﬁ%{e}ﬁt ko the drug

downdrafts it“into the ann ock 50.

cOiceniafienss iAERALES, slth sPaMlindeRsSe iPpréteen eonidi®thedmakes
particle deposition process. The powder aerator 72

thegrirtiesanbnowiscousristickef powder from the hopper
assenbly 74. The powder is collected in the dunp val ve

520. Atestembodimentsfblower asesmbhe 70risshpent inghies. 37 and
fromthe hopper assenbly 74. In addition, the dunl}))
&l De shrovn iaddgery anhd 38owaarpartenssigh blewsr gsgembly 70 can
interlock and into the pneumatic broom 510. The_du

ingluds seriahle secs Blovesn T0aNd caqiealpRe SyPoRIRGRD Ag Tower

R STwtE! ENa eI Sl e AL 2L 0 PO
aadlroBAEIONILRQ i 5 Ble T HSEE JAPy @S AeyEpp\phas o
TR TR N B 55 eieR! REPR 69 € pbcer
aerator 72. Tuned suction manifold 84 is mounted to the lower end of
blower housing 710. As described abdve, transport gas is recirculated from
array block 50 to blower assembly 70. Suction manifold 84 includes inlet
ports 714a, 714b, 714c and 714d, which are connected to respective
channels in array block 50. Cyclone separator 702 includes a cylindrical
housing section 84a of suction manifold 84, which is mounted to blower
housing 710, and a cyclone vessel 720 mounted below suction manifold 84.
Cyclone separator 702, which serves as a gas-particle separation device,
receives powder agglomerates that pass through array block 50 without
being delivered to powder dispenser modules 54.

A porous induction rod 724 is located within the center of cyclone
vessel 720 and is connected to a gaé conditioning system 730, as shown in

Fig. 41 and described below. The gas conditioning system 730 supplies
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noni t or bul k powder dispensing rates. The pneunmatic
broom 510 fl uidizes, disperses and entrains drug

wEowdes®si n a ,transport gas in annul ar chanmbePGT/B&R06/044972

The chanbers 542 are supplied with transport gas by
mul ti pl e tangenti al di scharge nozzles 532 in a helica
configuration. The helical configuration can include

one or nore helices, such as doubl e helix. In

addi tion, the pneumatic broom 510 i ncl udes gas, )

nienedgasdhesughh porews mdustionrros3é24 kaestablisbiacptacisely-
dire as, i.ntq the .aeratar fube 530 d act as

@%&@ﬁ%& §§1@HVP3&a&dlt}aM@Ehlaéé¢ BoRrdR! qbwrsysmﬂ

reach, t hg di schar.ge nozzl es...532., The crossover, val ve .

e dn el PR fon iR ta0 aro e Bepaled By & Yalve into
neymnmat | broom 510 and bypass nifold 526. The

BRGUERA fodkh Riemn P S HRRE SRRk s T ERter oz gyree or a

e W . . i . .
SRS AOL B i I bR SRS RER Ao TR e gosin
. |
§ ROy PAS LoSBRNAL AFEMECIURY & dehstiEEChd RbEL T Rmperature,

%'Odéélﬁﬁé aid felhfife HRARTHLE s&RRreOThefbyidsalobh @ak Blocated

ntoured flow el enent '572 is placed w thin bypass

B dedl theSA0wer dipd paie 7¢2nahd theftuawd geetihrmantidld 84.
the bypass gas flows fromthe crossover valve 524 and

Imfintletpaabodanehty, thd pélseidtvalse gystoar abh det corfigated as a dual
I sokinetic flow patterns to inhibit the formation of.
portsyeteni ithat allowddy dhount ofgaadittmerogas tobelipulsadsinto the

FIl ow strai ghteners 570 include vanes which regul ate

oased loop sysiesstand e icompansatng LM iane0 yalsof iranspayt gas to
be diichagEed o hERn 6 IOEMBER SYAIRES, i1 i possible to
D ot hog s S Bl a5 ¢ ls Swm in Figs. 39
and 40. The blower assembly of Figs. 39 and 40 is similar to the blower
assembly of Figs. 38 and 39, except as follows. In the blower assembly of
Figs. 39 and 40, the cyclone separator is not utilized. Instead, a vane
separator 750 is positioned in the housing section 84a of suction manifold
84 on the suction side of the blower. The vane separator 750, which serves
as a gas-particle separation device, has a cylindrical configuration of vanes
752 separated by vertical slots for separation of heavy particles from the
transport gas. A tangential flow of transport gas outside vane separator 750
removes heavier particles, while lighter particles and the transport gas move
to the interior of vane separator 750 and then to impeller 708. The induction
rod 724 is positioned in the interior of vane separator 750 in the second
embodiment of blower assembly 70.

The powder transport system 32 in the present embodiment is

configured as a closed loop system where excess particles and agglomerates
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A first enbodi nent of hopper assenbly 74 is shown in

Figs. 33 and 34. As shown in Figs. 33 and 34, hopper
w@as®enbioy? 74 i ncl udes a hopperbody 600, whi ch Pef/URES6/644972

powder reservoir 610, for holding a supply of powder,

and a powder outlet 612, which engages the powder

inlet 80 of powder aerator 728 The hopper assenbly 74

can be provided with a hinged-cover 614 and a fl ow

assi st mechani sm 62Q. Fl ow assi st nmechani sm 620 can

arg extigeteckiiopnthe seeir@dating gasdaopite hnhihibparicle clogging of

Lgserv ir 610 apnd a notor 624 _to r?ﬁate coil 622.

the ppevderassatr disohasss nogdsiess ndiiais aceranlisacdby the

I st ot nthe SanS PR Pr <t AP O SASchattisle o1
SR UTbT of | er 836 coupl ed o a second motor 636,
u th e PINRPEAsor QD L eiag LRy HediEhry
P OEefSPERTRIOp e e 2 BARCETRASHMECH €S andthe
dséHa8e 912 B ol 00, PRIs &rtfol 100 '%ﬂitgﬁvguce

aggl onerator rollers 632 and 636 can have ho

seeshéns @@lﬁﬂiﬁ@ﬂe@?a@ft@\ﬂegalhtWehbiI@irﬁném:bP atdiféters of the
connect to the hollow centers. Gas connectors 650 at

privmasndcindulatbhf eranspdet gag) s68hb asdaniperaumegstesdute) ralative
source of pressurized air. Air flow through the holes
humidity, electéatatinde s, mesclargeiconsentintiogss pas plenuent

bei ng supplied to the system |In operation, after the
mbEss, perasol dine paticleseediag, £10.1 ed to the | evel of

the hopper |evel sensqr, fjirst and second_ aggl onerat or
ol | HiE glosedrlqopaowaridelivay Sistmpbattedriven by blower

oBAPB G0 TDollEr A oI BOTEL0T 68 BLIHIST IABFAF6PIoMer Pataied to the
cft@ﬁ:gl%ré&qeﬁf g%&gg@&: Qépar%&%l S&h2L %Ets-rp%tl i6 esse%%%aﬁ‘cr)lg R3e.
The blower assembly 70 forms the transport gas prime mover and includes a
self-cleaning powder agglomerate filtration system. In addition, the
transport gas is conditioned by the secondary process loop which controls
the gas properties of the primary process loop. These two loops are nested
together within the blower assembly 70. The blower assembly 70 includes
impeller 708 which has a paddle wheel configuration with scroll curves
between each impeller blade. The paddle wheel impeller configuration
produces dynamic shock waves in the form of pressure pulses down tube 76
and into powder aerator 72. These shock waves assist in the breakup,
aeration and dispersion of compressed drug powder.

The blower has a variable speed capability and is driven by blower

motor 704. When the motor 704 is operated beyond normal operating
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directions, with the tops of rollers 632 and 636
rotating toward each other. However, operation is not

wo peo7ed8T n this regard. Aggl onerator roll ers BGRUSIVA6/044972
636 can be rotated continuously, with reciprocating
notion or with a conbination of continuous and

reci procating notion, and ca 4be reversed. The rotation
prot ocol depends on powder r'phol ogy. Granul at or 630

produces powder agglonerates in_a desired size range,K
speednihadtanspauegas adhy asrarmcitsypating ges sorubbes that assists in

R BE FoTAURL PRRH [FMARGSTOPS! lonp owiduih ShABRB:

S 0 R B A By S i
iEIBoA SRS Conbd o Suaten 230 d8Rtudsi e SHAGRRY 2S depgtment
1pp 4R SOBAC, o] ARl BT AUy S SO iR A6y of
tRARPRSE EROAMd HeBNErPOF ORI 30 BT BRQEST, 4 Plrtion, of the
rg@f‘réﬁl%ﬁn%‘s@al%}id‘i@ §ﬁ§ $4 ﬁivérféd%Vﬂstécﬁﬁdﬂ%ﬁg freatment loop

ownwar dI'y through reservoir 610. The dis roller
k32 disoharbe port 71 degitdowar bhsdhblyd7OksTHY comditRmed36s: is

Bul k powder can be introduced into powder reservoir
réitAréduczdoimtd e opeinduigtiap ttdispoopgad 1dugptiroughdydaeion
with cover 614 open. In the second enbodi ment of

rodpfiet. Ehserasl gonditiehimgnsy steti G0 ilkBudesia3@poa gemarator 800,
i 8 v gD 80 i sVt N
00 o 72, T S0 A L, Ut BOCLLEO 01 e
SHrL b Br o S ARG Yap GreSRg ok S DR EES oF BB igh Ant filers
fand g2B° stage

The relative humidity of the transport gas can be measured by a
sensor, such as the sensor chamber described below, positioned to sense the
transport gas. When the relative humidity of the transport gas is to be
increased, valves 812 and 814 are connected to vapor generator 800. Vapor
generator 800 includes a bubble generator and flash evaporator heaters for
rapidly producing water vapor. The diverted transport gas in the secondary
loop passes through filter 820, vapor generator 800 and filter 822, thus
returning gas with increased relative humidity to induction rod 724. When
the relative humidity of the transport gas is to be decreased, valves 812 and
814 are connected to desiccator 810. The diverted transport gas in the
secondary loop passes through filter 820, desiccator 810 and filter 822, thus

returning gas with reduced relative humidity to induction rod 724.
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at which powder is introduced into the powder delivery

system 32. The hopper assenbly 74 is designed for
whe@hlog198bhesi ve powders such as Technospher e PCT/US2006/044972

m croparticles. The granul ator 630 produces powder

agglonerates in a finite size range. This

precondi ti oni ng enhances the powder aeration and

entrai nnent characteristics 85 creating a nore uniform

pol ysi ze aggl onerat ed powder blend, In addition, the
pr ocig §H§E01%<gﬂ!§@|0@ldﬁi*@ﬂ1@tgi igrachegvadhy antroduging @ peocess

owder that i.s. narmally coppressed by gravity when .
t@@ﬁ%ﬁ% 205 19ths JRAer corss ¢y Qone Viegse hEZC%' d hegginghitioned

o S SE EThE  40  BA PR S 3TT taon
o7 B, TR ISl S PR SRR
BHLCHFAORE SO T RO GRYIER 105, rging
(BHSRBHEOR Bk bALRESeotPondBlc O S TBE KRRy, The

pBOEHM théhthrieds- gba§ To8pés %ﬁlan@%d%%ei@nﬁhﬁéof;f%gaﬁeﬂ 11#@ on the

conponents of Dbl ower assenbly can includ
diszhiaagy sidepefbldwa@wr00.7 20partibraofYied enelosrnpatsior 708. or
Bl ower 700 includes a bl ower notor 704 supported by a
housing saniion 346 candedabiitatdd fony @hssofontvéstidlingpection of
bl ower housing 710. Bl ower housing 710 has a di scharge
cpbectedidrugopowdprs. yifrihetaodlestest powdsr ihsalvghcables it7gin be
to powder aerator 72. Tuned suction manifold 84 is
reiptiodsgetdgninehe hoppereansenrbly| her 1hear ibeglizaardeds
descrj bed above, transpor as is recirculated frqom
arr a;[] hg) GRiralook thedh 1f11&§gleﬁmf§p@\@delsdafmgrppﬁ&ﬁtmmq{ the

Pl AT Tosh e rhs o mELpen i Hiaahana! iy iisgd surface.
aPdO§H thseopo%%lr %Hgnégsoaﬁralhgrthg rzaﬂs?)glrtugr%sce%s.c ienlgor\;vglg} is
initially prepared in the agglomerated state. However, as the powder breaks
down and disperses during gas transport, its exposed surface area increases
significantly, in turn causing rapid moisture uptake. In order for a
humidification process to keep up with and control this rapid dehydration of
the transport gas loop, the gas treatment system must be capable of rapid
forced hydration.

The cyclone separator 702 has an integral tuned intake manifold that
merges into the cyclone body with minimal hydraulic loss. The blower
assembly has a large flow range and can serve as a system powder scrubber.
The blower is equipped with a paddle wheel-like impeller having scrolled,
curved surfaces between each paddle to efficiently transport fine powder
aerosols and to inhibit powder reagglomeration and caking. The paddle

wheel-like impeller directs dynamic shock waves into the powder aerator 72
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housi ng section 84a of suction manifold 84, which is
mounted to bl ower housing 710, and a cycl one vesse
w(a2@7/men981 ed bel ow suction manifold 84. Cycl onBCT/US2006/044972
separator 702, which serves as a gas-particle
separation device, receives powder aggl onerates that
pass through array bl ock 50 wgthout bei ng delivered to
powder di spenser nodul es 54. g por ous i nduction rod
724 js,locagﬁg within the center of cyclone vessel 720
g Agsisk 1 digatign plidrmemudersonlhe blgwee assublya 0
.S in Fig. 4.1 and descri hed bel ow. The gas )
RGeS iaoa%gog%@&%%sf@abm €& doifePnAlanegag dpatment loop is
1 hr h porous induction rod 724 t abl.i.sh, a
1%&8@.“%%?51& R ot e R, i CHBﬂingtif‘t\nWhFH%ﬁéydone vessel.
Lver ol h odi ment s
BRGR o SFuleatite SRR cafcoufreB yEhy BA B4 RS iesuch as
' SOur . wat .
rEARR ALY YT A o R AR SSRRY, oB iR Heding,
tFHod dlefent SeE Q] @lak ' | i
bypass Ioopethat’%? ?gﬁﬂzgﬁggﬁ?@ﬂgﬂ eﬁgl JsgﬁggggﬁbégpnuoL
etenperature, pressure and relative humdity sensors.

The bypass | oop can be | ocated between the bl ower

di schiat genlpeditnetitofanserisoe chandsbrs360 fanseming dhelc8ddition of
In further enbodi nents, the pul sed valve system can be
the trangposidgassinathdyadwder tranysare systeat iskhows iafigspddtand 43.
of conditioned gas to be pulsed into the closed |oop
Tegnspont gasdwathc papisies aemoyedriodhe aixtentothat ivpractical, is
transp rtkrgas to be di scharged_ out of .the c|osed | oop

caxeaklat Qehy sensarshaimaken 8 ) impaalel axih be porpderdransport
shown [n Figs. 39 and 40. The bl ower assenbly, of Figs.
S38(eAha Ths $e0iser RhARIDGT & 0O R BUTeTHEES Sensing-frgasport gas
R B P SOl DB A e Trag TP bbsport
o ol e PP R " hcti on mani rord

Sensor chamber 850 receives transport gas through an inlet tube 852
connected to blower housing 710 of blower assembly 70 and outputs
transport gas through an outlet tube 854 connected to suction manifold 84.
Each of inlet tube 852 and outlet tube 854 is insulated and may be
configured as inner and outer tubes separated by spaced-apart rings. Inlet
tube 852 may be connected to blower housing 710 perpendicular to the
direction of transport gas flow to limit intake of powder into sensor chamber
850.

As shown in Fig. 43, sensor chamber 850 may include an upper
housing 856 and a lower housing 858 having an interior volume that is
roughly equivalent to the interior volume of array block 50. The sensor

chamber 850 may include a relative humidity sensor 860, a temperature

sensor 862 and a pressure sensor 864. In the embodiment. of Figs. 42 and 43,
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84 on the suction side of the blower. The vane
separator 750, which serves as a gas-particle

wa@epaietd8dn devi ce, has a cylindrical confi gurBtT/U82008/044972

vanes 752 separated by vertical slots for separation
of heavy particles fromthe transport gas. A
tangential flow of transport ggas out si de vane
separator 750 renpoves heavier particles, while lighter

rticles,and the transpqort gas nove to the interior .
rgﬁtvs SUPEHEY gerByOr &rﬁgugﬁﬁeﬁ tePergiere senswg whink permits
B el R ERS al SRl snae sersor
o AT b I R
PRI TER AR So AR SR AL Rhaens soo
PRIGHRShARABIAL SOhe PSSR o h SR s ccourt
seB#iALas Othe /Ebhditibas \WERRe %Pa@ﬂgéfft‘)%as B t}%gﬁo%% "transport system.

e. The powde t

gas-particle separation devi r transpo

syst epdétorial egprickentacidnvaf thegpsodenfiflrah ® heeesblydgocess for
| oop between the gas-particle separation device and

ahhehdles chatr gt episr shorhi2 iwFig) £he A ¢lridgbitsottmntdad introduced
| oop can introduce secondary conditioned gas to

integihleatystemvinrooantridge tregr anbispesitibnet @rpwiengntysensor
recircul ating transport gas, such as tenperature,

Pipes 4126 for dlllingy & ariritlgs bpitoss S60risdillad witlodais powaer by

charge.concentrations, gas elenment m xtures, aerosgl

povier shispetases raedulenyft agdescribed in dstaal aboye.pdvider filling, a
e R, Tt S e LT SRR &
DR e oSl S GG e o

iaﬁile eéot;e%l e{boc{\%s, thl %onéﬁﬁ%éns@ﬁg A SChsiyY gﬁp%%s of the
present invention can be utilized for filling different types of containers. In
another embodiment, the powder dispensing and sensing apparatus is used
for filling a compact inhaler as described in U.S. Patent No. 6,923,175
issued August 2, 2005 to Poole, et al. As illustrated in Fig. 45, a cartridge
bottom 920 of the compact inhaler is positioned on weight sensor probe
112a for filling. Cartridge bottom 920 is filled with drug powder by powder
dispenser module 54 as described above. Then, a cartridge top 922 is
attached to cartridge bottom 920 and a mouthpiece housing 924 is fastened
to the cartridge assembly. Finally, a dust cover 930 is snapped over the
mouthpiece housing 924 to provide a complete compact inhaler 932 ready
for sealed packaging.

Having thus described several aspects of at least one embodiment of

this invention, it is to be appreciated various alterations, modifications, and



sel f-cl eani ng powder agglonerate filtration system In

addition, the transport gas is conditioned by the
w@e@ona®sy process | oop which controls the gasPCT/US2006/044972

properties of the primary process |oop. These two

| oops are nested together within the bl ower assenbly

70. The bl ower assenbly 70 iqﬁludes i npel l er 708 whi ch

has a paddl e wheel configuration with scroll curves

.between each jnpel|er blade. The paddl e wheel inpeller

lpgReveeats villgeaduy escuy kathesestkdrdiiavhe arth Sueh altenations,

ried BiGHHions, aflsErepe Tl e RaRas {0 he Ret of Hrik disclosure,
agﬁéﬁéﬁﬁ%@% oy %ﬁ'@ﬁﬁbéfsal‘;rﬁfa ESeees ok ik he'e {q'mglhe

: 704 |
ARG, T RisbPttg d5ERubS B e iy B BGATER Fxampte

Oﬂz%g recircul ati ng gas scrubber that assists in

r ving residual powder fromthe closed | oop conduit
channghst jSclaehieqsti ¢ bl ock di agram of gas
conditioning system 730 is shown in Fig. 4 1. @Gas
condi tioning system 730 i ncludes a secondary gas
treatment |loop that is distinct fromthe closed | oop
system for recirculation of transport gas and delivery
of powder to array block 50. A portion of the
recirculating transport gas is diverted to the
secondary gas treatnent | oop near discharge port 712
of bl ower assenbly 70. The conditioned gas is
reintroduced into the recirculating transport gas | oop
t hrough induction rod 724. The gas conditioning system
730 includes a vapor generator 800, coupled to a water
supply 802, for rapidly generating water vapor, a

desi ccator 810 for reducing the relative humdity of
the transport gas, valves 812 and 814 for selecting
vapor generator 800 or desiccator 810, and filters 820
and 822.
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The relative humdity of the transport gas can be
nmeasured by a sensor, such as the sensor chanber

_Walewasteet bel ow, positioned to sense the tranBQDUB2006/044972

gas When the relative humdity of the transport gas
Is to be increased, valves 812 and 814 are connected
to vapor generator 800. Vapor.,generator 800 includes a
bubbl e generator and fl ash e&gporator heaters for

rapi dly producing water vapor. The diverted transport
gas in the secondary | oop GRadMS t hrough filter 820,
vapor generator 800 and filter 822, thus returning gas
with increased relative humdity to induction rod 724.

T e ik R
secordlry sBBgre ARG %%%h“% A RRRRIdgstay LI caprtridges:
810 a \Rf‘ﬁlbf 8l p%%g?r LS IS gg%}}v%ﬁ &isggﬂ%’&%ﬂodules to

relatlv o 1 nduc |on ro ans
t reatsr‘?eﬂé{wggrsifﬁﬁff%%ﬁ%nﬁ%ﬁﬁ@% FoUER ARl of e R in the
cuegRBle tf89; The conditioned gas is |ntroduced into the
vessel at”the end of induction rod 724. Induction rod
724 igspdwidet trahsgoftrsyRteam 3o retived portddr torthe prowadersdispenser
pl astic polymer which allows the conditioned gas to
mevéuleg; m x into the recirculating transport gas
W t hout produci ng water droplets or slug flow
conduatsem@l nTodulerinebaling replunalily ghsensossells tbaleaseed

a return takeoff brapnch line on the dischar e Sﬁg%:
1‘©$PQﬂtheﬁ1 I=pates mimachi Qﬁqth@fcaméigq&mdh@ baigh s; and
or housing section 84a c be fabricated from gl ass
for i %QUHIO} $&eR: IosrmsFo dbeIReYder wﬁsnﬁm&dgﬂeamresponse

tpafe EPRRGEEE TSEL ANk ST} CAGLakghy CofidEeS B the haish of

&E&C ded The control of the hum dification of powder
Operatl on of the powder transport systemis
conplicated by the fact that the exposed surface

2. Powder dispensing and sensing apparatus as defined in claim 1,
wherein the powder dispenser modules and the powder delivery system are

configured to concurrently dispense powder to the batch of cartridges.

3. Powder dispensing and sensing apparatus as defined in claim 1,
wherein the sensor cells are configured to concurrently sense the fill state of

each of the cartridges in the batch of cartridges.

4. Powder dispensing and sensing apparatus as defined in claim 3,

wherein the sensor cells comprise weight sensor cells.
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area of the powder changes during the transport
process. The powder is initially prepared in the

waoghom®sat ed state. However, as the powder brRERESHOM4972

and di sperses during gas transport, its exposed
surface area increases significantly, in turn causing
rapi d noi sture uptake. In ordgr for a humdification
process to keep up with and ntrol this rapid
dehydration of the transport gas |oop, the gas, .

% r eathwdes dispensingsand sersipg iappargtus gpidefingdcianclaim 1,

v hisHed Kag OB ek (P BRTIBCE FROCWER g SoRs0r ERLS apditbRgontrol
b ith m.Ji L, ch [ l. . ,The bl |
satetn Art LB riied £ S00%, shsind 2ind ul PIther B ey of cach

er..scrubber. The bl ower is equipped with a paddle
(ﬁﬁéglc-afﬁ%igqsnpel | er having scrolled, curved surfaces

bet ween each paddle to efficiently transport fine
powder aerosols and to inhibit powder reaggloneration
nd . h L . I BELS:

Gynan VR dePSnba el KORThe DA RS QLI CRim 1,

B&icth th chﬁ?idge%ir@' 7PE bitfg Qe AU IROMIEHS cartFidghs anartwo-
assenbly 70 incCludes a gas conditioning system where a

dintanieisl gesy bf eatwgrind ¢slomriss i ntroduced into the
unit through i nduction rod 724 within the cycl one

vessel . The gas conditioning system can control many

gas paraneters, such as relative humdity and .
T.enp@ewdeedispensitgand sensing eippatatue apateafingdein claim 1,
seeding, trace el enent seeding, gas catal yst
wbeteinthe povedes/dispenses maedules atheopowesr ignspertesyspm and the
enbodi nent of a_sens chanmber 850 for sensing th
sennar celds ary comfigur ﬁq;oqqncgla%em disPepBigePO ﬂ&ﬁ?b&b? batch
system,is shown i.n Fj 42 and 43, nsport, gas
08 Saidesrand swavas e Hih s L sdch liRP S8 ideidy the batch
(i%s aﬁ’“ﬁm ated through sensor chanber 850 in parall el

i S &%Dowder transport

8. Powder dispensing and sensing apparatus as defined in claim 1,
wherein the powder transport system includes a blower assembly to move a
transport gas and a powder aerator to deliver powder to the powder

dispenser assembly.

0. Powder dispensing and sensing apparatus as defined in claim 8,
wherein the powder transport system further includes a hopper assembly to

supply powder to the powder aerator.

10. Powder dispensing and sensing apparatus as defined in claim &,

wherein the powder transport system includes a manifold that couples the
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system The sensor chanber 850 contains sensors for
sensing transport gas paraneters, such as relative

wheoo7d61997 and tenperature, to permt transportPQEES2006/044972

condi tioning as described above. Sensor chanmber 850
receives transport gas through an inlet tube 852

connected to bl ower housing 710 of bl ower assenbly 70

and outputs transport gas through an outlet tube 854
connected to suction manifold 84. Each of inlet tube
ganspg gasdram tl?la moveder dispemsar asseanbdyido tag bbewer assembly to

onfigured, as i nner and outer tubes separated by
‘ %%%T%W‘?OQH Fﬁfélfcq?ﬁq”ég 228 NSRS connect ed to

bl ower housing 710 perpendicular to the direction of
transport gas flowto limt intake of powder into

ns in_Fig 43, Nsofr .
EFiancey X685 ehin e Ald S8 Besthradus R GBS Efpyclpim 8,
WASEp AL HRC AT Ryt DICABUEE o RIrsBB G qgiditioning
%yg%yﬁ_SO. The sensor chanber 850 nmay include a

el ative hum dity sensor 860, a tenperature sensor 862
and a pressure sensor 864. In the enbodi nent of Figs.
42 and 43,relative hum dity sensor 860 includes a

12npePatvdee dégneing whd cbnp@prapmiretiess: ddfeedd igclaim 1,

agai nst the tenperature val ues sensed by tenperature
whessin 6h. ofthdi sewdpadispenserr madubgsinchndésnalhoasimg that
that the sensors are caked with powder and therefore
defings @ povvder iatetufoatrecaiwing pgwden from thaffdvwed@sBansport
nmounted in | ower housing 858. The sensor chanber 850
srsteting espeivder audet éndimpgovier Helivernaconduy comnegting the
transport gas |n the powder transport system A

powiler inlet Aad the apvaldramist, 8 dpeehanisgytp move powder

ssenply process for an inhaler cartridge is shown in
&F@Ugﬁiﬁeﬂog PﬂﬂpdgéfﬁﬁY@%%?@@ﬁ'introduced into the
systemin a cartridge tray and is positioned on wei ght
sensor

13. Powder dispensing and sensing apparatus as defined in claim 12,
wherein the feed mechanism comprises a feed wand to move powder
through the conduit, an actuator to operate the feed wand, a valve to control

the outlet, and an actuator to operate the valve.

14.  Powder dispensing and sensing apparatus as defined in claim 13,
wherein the powder delivery conduit includes a powder bed preparation
zone below the powder inlet, a powder bed compression zone below the
powder bed preparation éone and a powder discharge zone below the

powder bed compression zone.
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probe 112a for filling. Cartridge bottom900 is filled
Wi th drug powder by powder di spenser nodule 54 as

wale®ciooted i n detail above. After filling, a CRCT/UBZIGE044972

top 902 is snapped onto cartridge bottom 900 to

provide a conplete cartridge 910 ready for seal ed
packagi ng. As noted above, t powder di spensi ng and
sensi ng apparatus of the pres€nt invention can be

utilized for filling different types of containers. In
bhot Reweleh dispamsing and spositerappasprssisnde et ieakiingl3,
agpanatgsigs used for fjlling a conpacgt .inhaler as
wastsinihg feed wand pampriseng. shelioand axischargelament attached

2,.,.2005 to Poole, et. al. As ill rated, i.n Fig. 45, a
f@aﬁh@ﬁ%&g&aﬁbw@wﬁ@z@sghm@ﬁ@% e Ganiiby | o
posi ti oned on wei ght sensor probe 112a for filling.
Cartridge bottom 920 is filled with drug powder by

kg PO PR S .
\%ﬂgﬁlln gg% td??dk?&ngf: Iy%‘l’é&é:eﬂg F?x?/fbr%s%(sj ET;}?E &g geEg%{l) @ﬁesu*s extending

cartr e asse cover

FOAPRROSIONE O thE fERHRIdesR] havision g h8Rdal ComfiSiAR A

conpl ete conpact 1 nhaler 932 ready for seal ed

packagi ng. Havi ng thus descri bed several aspects of at

| east one enbodi nent of this invention, it is to be

Eppr ekowided d‘i’@pfdrxsm% ahtlgeatingrepparagisfdscdd fiwed in claim 15,

andi nprovenents will readily occur to those skilled in

whereainteacBuafithel pewder dispenserdinbidudes trtherazamprises an orifice

i nprovenents are intended to be part of this

eleswndshaeingaaideasteona veiftied positinned adiiagerhio ts powder outlet,

and_scope of the invention. Accordingly, the foregoing .
¢hangsrelamend mmprg@ngraerqﬂﬁrvmpq@pa@ﬂaaﬁﬁa@ew heorifice

“\iz,/l%@%tgﬁnlﬁg‘l < % Q\%@S@%%oﬁg;e%oﬁgﬁeedﬂ ﬁPeeposﬁer}gpi%na%d the shaft

of the feed wand, wherein the wand actuator rotates the roller pin relative to

the orifice element.

18. Powder dispensing and sensing apparatus as defined in claim 15,
wherein each of the powder dispenser modules further comprises an orifice
element, having at least one orifice, positioned adjacent to the powder outlet,
the discharge element comprising auger blades coupled to the shaft of the
feed wand, wherein the wand actuator rotates the auger blades relative to the

orifice element.

19. Powder dispensing and sensing apparatus as defined in claim 18,
wherein the feed wand further comprises a bearing positioned between the
shaft of the feed wand and the orifice element to define a spacing between

the auger blades and the orifice element.
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a tray support structure to receive a cartridge tray
hol ding cartridges; a powder dispenser assenbly

wo p@diosy powder di spenser nodul es to di spenseCPUSIIN6/044972

into respective cartridges of a batch of cartridges in
the cartridge tray; a powder transport systemto
del i ver powder to the pomder,ﬁgspenser nodul es; a
sensor nodule including a plurality of sensor cells to
sense respective fill states of each of the cartridges
in the batch of cartridges; and a control systemto

control the powder di spenser nodul es in fesponse to
e Mapder dipensieand sensisg apperafiis aaleisied Huclaim 18,
cartridges t he batch of, cartridges. 2..Powder
ifetsin 4 grilies Enitianafinet 3 fel SfGeefeiartl n 1 ai m
1, wherein the powder dispenser nodul es and the powder
delivery systemare configured to concurrently

SPESSE r [ : r
2c]illl'spensl ﬁgpan egfgﬁqsé %Igd gg%%?%?j&?%g%théeag%ﬁe?ﬁ?dnl c?re%?l?ln 18,
whei"tRE %Ffﬁhee él%ﬂ?é%ﬁ lﬁﬁh* sy @0&9&{ bR Gebon.
concurrently sense the Ti state of each of the
cartridges in the batch of cartridges. 4. Powder

di spensi ng and sensing apparatus as defined in claim
B. Wrseder divpesitgoand sbhsingipparsteiswsi dgfinabisolaim 14,

~cells.5. Powdér dispensing and sensing apparatus as

whtieirdhe feed aiandlcomipeises a shaét, pdveleoal dipepespsee frame

modul es, the sensor cells and the control systemare
attarthieguboettief shaftl andd eeated iy tha powster tsid pieparation zpne and the
states_of each of the cartridges. 6. Powder dispensi n%
poradeeheil wgnapisssionueonss andra disghprgeelgment, atigehed: to the shaft

the cartridge tray, is cqnfigured to support the
angt tegadedén e ROWMSH| rgpgone.

23. Powder dispensing and sensing apparatus as defined in claim 22,

wherein each of the powder dispenser modules further comprises an orifice
element, having at least one orifice, positioned adjacent to the powder outlet,
the discharge element comprising auger blades coupled to the shaft of the
feed wand in the discharge zone of the conduit, the auger blades having a

reverse pitch with respect to the helical open space frame.

24. Powder dispensing and sensing apparatus as defined in claim 23,
wherein the feed wand further comprises a bearing positioned between the
shaft of the feed wand and the orifice element to define a spacing between

the auger blades and the orifice element.

25. Powder dispensing and sensing apparatus as defined in claim 24,

wherein the orifice element includes a conical orifice region.
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array of rows and colums. 7. Powder dispensing and
sensi ng apparatus as defined in claim1l, wherein the

wWQ@owdmes1987 spenser nodul es, the powder transporPCHYS1086r044972

and the sensor cells are configured for concurrently
di spensi ng powder to the batch of cartridges and
sensing the fill state of ea of the cartridges in
the batch of cartridges. 8. Powder dispensing and
sensi ng apparatus as defined in claim1l1, wherein the
powder transport systemincludes a bl ower assenbly to
d a.powder aeratoy to deliver

w83 FPsBsMe; i serviBE rbRasdnn 5 eginedoipgdpim 22,

hSTE A 2SR AR A, ] OB B Bnaing
IR OOt SATRh uHB KRSl

apparatus.as defined in claima8, wherein the powler
transport systemincludes a manifold that couples

2Aet TRRGAG &isggﬁ%@goe%%d fendRAREBHafliR e a8 IR W n' 2,

the bl ower as ose oop

wiesrel® shéth bfgh@ powWdanEHSEAses 96 @illes FhirthBP WBaiprises an orifice
di spensi ng and Sensing apparatus as defined in claim

eSemehgreiving fa¢ |postdere ¢rifiospesditioned ewljadeitudahe powder outlet,
transport gas conditioning system 12. Powder

thie sisohsirge elordestosinpgisapp aratles pas laeted adjdoent kaithe orifice
1, wherein each of the powder dispenser nodul es ‘

cleroentiand @ suppsirhmamber dedpled deswsendbe roHeepin and the shaft
recei ving powder fromthe powder transport system

a
of shadeed Wanst, Whergin thewead arduatpsrotaiendhe roller pin relative to

gonn, ti t he powder inlet and the powder outlet, and
the P Hfftsm t o nove powder

28. Powder dispensing and sensing apparatus as defined in claim 13,
wherein the feed wand includes a shaft and a plurality of spaced-apart spars

affixed to the shaft and having a helical arrangement.

29. Powder dispensing and sensing apparatus as defined in claim 28,
wherein the feed wand further comprises one or more wires secured

between some or all of the spaced-apart spars.

30. Powder dispensing and sensing apparatus as defined in claim 28,
wherein the feed wand further comprises wires secured between some or all
of the spaced-apart spars at or near the ends thereof in a double helix
configuration and wires secured between some or all of the spaced-apart

spars in a double chevron configuration.
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t hrough the conduit to the powder outlet. 13. Powder
di spensi ng and sensi ng apparatus as defined in claim

wda2p07mbwsei N t he feed nechani sm conpri ses a ferdr/ueId6/044972

to nove powder through the conduit, an actuator to
operate the feed wand, a valve to control the outlet,
and an actuator to operate tgg val ve. 14. Powder

di spensi ng and sensing apparatus as defined in claim
3, wherein_the powder_ delivery conduit includes a

3éom 89"6&! Gspersingiang saasing apparatheap dediaed indaim 28,

owder ,be onpressi on zone bel ow the powder bed
“g}eéf By the f?ﬁ%iz%ag a‘ﬁ&gﬁr gemIStsesiseshatge Jemany affixeddo the
ﬁOﬁder bed cogn]{J)r SSi ?n zone. 15. Powder di spensing and
SURMTIT REOXHPLY. @ ¥efined in claim 13, wherein the

feed wand conprises a shaft and a di scharge el enent
attached to the shaft in a powder discharge zone of

he [t . [ ' i .
S par B disehsiE AR s s B ARG GRL, AERRRRn claim 12,
S L B bRt e A T pelow
thepowder oKt hadratdpen i | i i
setrjlsi ng appar at us gg %% isﬁté(gl)&iwﬁﬁf:\ivg}lén%?gﬁld\?\%g???)ﬁuggbh
of the powder dispenser nodul es further conprises an
orifice elenment, having at |east one orifice, ;
3Posi Powrdst disparsing anad gemsimgoaiearaous detlefihbé in claim 8,
di scharge el ement conprising a roller pin:located
reineite powdeedispehserassearyitinahulea auapay thbloekbearing an
coupl ed between the roller pin_and the shaft of the
arrag hegrdicalpertsi whereindhe pascderadispenseranesul¢seare mounted -
.roller pinrelative tq the orifice eII@Firrent.,18. Powder
Inyrespertivay catisaleeds af the paaxihlecksand mhasgin theampynblock

nmodul es

ngcﬁpflq:\l\gr%%g ftlé ae?]fé(ﬁ} Ema\x?cf%gg rthéJI ipSoF\)z\(feé]eSrecﬁispenser modules.

34. Powder dispensing and sensing apparatus as defined in claim 33,
wherein the powder dispenser modules are provided with poWder inlets
aligned with the channels in the array block, wherein powder is delivered to

a row of powder dispenser modules through a channel in the array block.

35. Powder dispensing and sensing apparatus as defined in claim 34,
wherein each channel in the array block passes through the array block for

recirculating transport gas to the blower assembly.

36. Powder dispensing and sensing apparatus as defined in claim 33,
further comprising an actuator to move the array block carrying the powder

dispenser modules relative to the cartridge tray.
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el ement, having at |east one orifice, positioned
adj acent to the powder outlet, the discharge el enent

w@ompie®8Ng auger bl ades coupled to the shaft PET/UR®06/044972

feed wand, wherein the wand actuator rotates the auger
bl ades relative to the orifice elenent. 19. Powder

di spensi ng and sensi ng apparg%us as defined in claim
18, wherein the feed wand further conprises a bearing
osi&;ongg agtmeen the shaft of the feed wand and the
ri f iRV EPleMSRENSIHSRIT] sRNSING pRPpRTATUB 88 Wisdimedria clajur33,

| ades ,and the orifjce el ni.20. Powder dispensing
eu s %Ba%ﬁﬁlﬁrllatth% aarélygﬁgpfﬁ&@thtf 1glgRt r@PagH#E e shore

thgdor'fice el enent ine¢ludes a.flat rif% e reg}on..
POP AR e TS Y S ISBRaTIRG e al the REWger dispenser
I%g ﬁfgin118, wherein the orifice elenment includes a

% €3l orifice region. 22. Powder dispensing and
sensing apparatus as defined in claim 14, wherein the
feed wand conprises a shaft, a helical open space
3% a”‘?’(ﬁif&é}c@i@gehﬁn r}ﬁqc{s&é}{%né ngéf’d%ﬁ% 8¢ definelISinPAUHAT,
bed preparation zome and the’p er bed conpression
wighein esihapgésadendstyenelRYs Ahopséesody dfeﬁ%h%@ affowder
and | ocated 1 n the powder discharge zone. 23. Powder
résgpensimdaranakist iiga dpwear pbrsorddet ipoeeddrrestsioir.
22, wherein each of the powder di spenser nodul es
further conprises an orifice elenment, having at |east
one orifice, positioned adjacent to the powder outlet,
3the dAoseder dispehsimgrandsansing appataiyees edides inoelpinds,
to the shaft of the feed wand in the di scharge zone_of
wieretn Hirigranul ator nogepripgatied anssesgnd agglemasaprireplers and
fMtrlrespec to the helical open space Egﬁne. 24.
mshard sarapd motess khackeis ihelisy sadsacondsagalomatoryollers,
claim?2 wherein the feed wand further conprises a

rﬁwtﬁ@?},ﬁrosi ti oned between the

40. Powder dispensing and sensing apparatus as defined in claim 39,

wherein each of the agglomerator rollers is provided with a plurality of pins.

41. Powder dispensing and sensing apparatus as defined in claim 39,
wherein each of the agglomerator rollers is provided with a plurality of

spaced-apart disks.

42. Powder dispensing and sensing apparatus as defined in claim 39,
wherein the first and second motors rotate the first and second agglomerator

rollers in opposite directions.

43. Powder dispensing and sensing apparatus as defined in claim 8,

wherein the blower assembly includes a blower to move a transport gas
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shaft of the feed wand and the orifice elenment to

define a spaci ng between the auger bl ades and the
worio7ioe®sel enent. 25. Powder di spensing and sePGSI/N§2006/044972

apparatus as defined in claim?24, wherein the orifice

el ement includes a conical orifice region.26. Powder

di spensi ng and sensi ng appargzgs as defined in claim

22, wherein the discharge el nt conprises first and

second spars extending fromthe shaft of the feed wand

thionohog regirenlaing 2as teangpoglissteenand 2. gasepatsicle separation

di spensi ng and sensi ng Fpparatu as defined.in claim

dsyice, e %ﬁ’rﬁ)V@al%@]W T 2E8QPatiades gp@bﬁﬁ%é@mrﬁiﬁ@ﬂﬂég transport gas.

further conprises an orifice elenment, having at | east

one orifice, positioned adjacent to the powder outlet,

e 965508 5ol B SRl oL B e g,
BB AL B35 o bl
didsel d@id“sd&gﬁééi\d%.dtotﬁé‘ﬁld%bfi ce el enent. 28. Powder

I'spensi ng an ensi ng apparatus as defined in claim
13, wherein the feed wand includes a shaft and a
plurality of spaced-apart spars affixed to the shaft

43nd [Pawider dispehsiegland) sanrgeBpparads abdetieed in claim 43,
di spensi ng and sensing apparatus as defined in claim
wierewhtireegas-pheti¢leadpasatibif device rcm?ﬁsdﬁ&s:%rolmqeomparator
nore wires secured between sone or all of the
dssposed - pasuctspnsisle cdthefdoder. di spensi ng and sensi ng
apparatus as defined in claim28, wherein the feed

wand further conprises wires secured between sone or

Il of the spaced-apar}y spars at or near, the ends .

her €6WAer GSHERBNG anel ssusiem APBAAYs 8 dghidediingdaim 43,

ecured between so or.all of the spaced;apart spars
HET S i IOV ea GG o Gt SOt eos axptston rodES
ig:58608 L OaRShRF ARG R RRE A the oWt HERsp el Ball ™

47. Powder dispensing and sensing apparatus as defined in claim 46,
further comprising a gas conditioning system to supply the conditioned

transport gas to the induction rod.

48. Powder dispensing and sensing apparatus as defined in claim &,
wherein the powder aerator includes a manifold block defining a powder
inlet, powder output ports coupled to the powder dispenser assembly and a

gas inlet coupled to the blower assembly.

49.  Powder dispensing and sensing apparatus as defined in claim 48,

wherein the powder aerator further includes a pneumatic broom to deliver
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wherein the feed wand further conprises a discharge
el emrent affixed to the shaft in proximty to the

WO 2007061982. Powder di spensi ng and sensi ng appaP@El/usS2086044972
defined in claim12, wherein the powder delivery
conduit includes a cylindrical portion below the
powder inlet and a tapered pogtion bel ow the
cylindrical portion. 33. Po r di spensi ng and sensing
apparatus as defined in_claim@8, wherein the powder
Vgt qauéw@ﬁﬁruyb@sﬁ@ heqrowdeapyippt postsandaidignarvalve to

arr of verti cal rts, erei n the powder dispenser
B a SuapBtysbRostds {tpeL eceawdey aplef Eafhe BReRMGHC broom.
the array bl ock, and wherein the array bl ock includes
channels to deliver powder to the powder dispenser

SO o BOISR LPRIRS LR BM RS AR R ALY 4
L 5P AR Y gt B SERe PR e o
tlg@ ?b%&%t%tﬁut@ﬁbﬁ‘é’ #ld Q@Y&g;?iyé’ﬂ éQﬁ/‘%St%rdiﬁ’P%lﬁe?éctEH?gfﬁan of

hannel e array b 35. Powder di spensi

the @raﬁ@ﬁéﬁr@saﬁ@ﬁf tHaisadmeefd thedphdurfheit Prédm Wh¢ ke Bypass
each channel in the array bl ock passes through the

nadgiidyldol ock for recirculating transport gas to the

bl ower assenbly. 36. Powder di spensing and sensing
apparatus as defined in claim33, further conprising

an actuator to nove the array block carrying the
Sdowd Powidepdispensimgiandsensehgapparatus aheefimedrindgeim 50,
tray, 37. Powder dispensing and sensing apparatus as

vlagricHe the powider mesator WHEher RONPEISER |séraightenerappd

bl ock haye sufficient capacity .t,0o store._.po r f
ontoied Howealemsng farmseishm peddding at%f%ﬁ%&vv of transport
di dul es. 38. P di i d i
Rt (DA BCh QR TP iR o o1 N9 and sensing

52. Powder dispensing and sensing apparatus as defined in claim 1,
further comprising an actuator to move the cartridge tray downwardly so

that the cartridges are supported by respective sensor cells.

53. Powder dispensing and sensing apparatus as defined in claim 1,
further comprising a tray positioning mechanism to move the cartridge tray
to sequentially position first and second batches of cartridges in the
cartridge tray in alignment with the powder dispenser assembly and the

sensor assembly.

54. A method for dispensing and sensing powder, comprising:

positioning cartridges in a cartridge tray;
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wherei n the hopper assenbly includes a hopper body
defining a powder reservoir and a granulator in a

wo ome68Tti on of the powder reservoir. 39. PomMiIBUS2006/044972

di spensi ng and sensing apparatus as defined in claim
38, wherein the granul ator conprises first and second
aggl onerator rollers and fi r§g and second notors to
actuate the first and second‘aggl onerator rollers,
respectively. 40. Powder dispensing and sensin _
appafangartsstly «tispensing povaden i8¢0 aaa‘c’écle od’ (@aln’tc?gffs inithe
aggl pnerator rollers is provided with a plurality of
Cﬁﬂg’é{éeﬂ:‘rﬁy; er di spensing and sensi ng apparatus as
defined in clai m39, ei n each of .the aggl oner.ator
Fol | SpEcheBiifAeustiad Tl Siath GF Shok 9TUE saLER agarbe batch
[ : . Powder di spensing and sensi ng apparatus as
Ogg ﬁhred&%lgh claim 39, wherein the first and second
notors rotate the first and second aggl omer at or
rollers in opposite directions. 43. Powder dispensing
nd , ) by . . .
e B D a8 3 ot CoRiiding R Bhdling the
dispenshiy bf pasiderdHaNedcH 6F tﬁééﬁr@ﬁﬂg% Yaerd ﬂﬁﬂ%@?éétive fill
systemand a gas-particle separation device to tenpve
staveovieachaggl degiread esluer om t he recircul ati ng transport
gas. 44. Powder dispensing and sensi ng apparatus as
defined in claim43, wherein the gas-particle
separation device conprises a vane separator di sposed
S&t aAstuthod asidedined mhelabhdwerwhe®in Pemsieg afitpstati ofjeach
nd sensing apparatus as defined in claim43, wherein
0% Hee gaKirigges comprisasavaighong ¢eoh of thewprtirsdgesa cycl one
separator disposed at a suction side of the bl ower.
46. Powder di spensing and sensing apparatus as defined
57" Ch{Bfi34 as defined in claim 54, further comprising controlling the

dispensing of powder into each of the cartridges in response to respective

sensed fill states of cartridges of the batch of cartidges.

58. Powder handling apparatus comprising:

a tray support structure to receive a cartridge tray holding at least a
first batch of cartridges and a second batch of cartridges;

a dispensing subsystem to dispense powder into a batch of the
cartridges in the cartridge tray; and

a tray positioning mechanism to move the cartridge tray to
sequentially position the first and second batches of cartridges in the

cartridge tray in alignment with the dispensing subsystem.
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wherein the bl ower assenbly further conprises an
i nduction rod to introduce conditioned transport gas

WO nt0g/061987 f | ow of transport gas. 47. Powder di BOEOS1006044972

and sensing apparatus as defined in claim46, further

conprising a gas conditioning systemto supply the

condi tioned transport gas to bhe i nduction rod. 48.
Powder di spensi ng and sensiné apparatus as defined in

claim8, wherein the powder aerator includes a

mani fol d bl ock defining a powder inlet, powder output
orts co§y ed..to the powder dispenser assenbly and a

S as I‘AhPQ Lﬁdﬁaﬁﬁ%m ulksampﬂaggénmy. 49.  Powder

e S
i . [ wder_ th h ri t ub

BB T § R PATA 5 PR el i S r LafgERpa the

p%v&ﬁé?'ﬁdtlé‘[- of powder fromthe powder inlet to the

pneumatic broom 50. Powder dispensing and sensing

appagakud visnd &b Wugwﬂe§%mog;§h eﬂ%eécfdoc{h&’é-he powder

aerator further es a bypass nmani ’coupl ed to

the poxged aetlingt tdBpemtaRle fedd andver valve to
direct selected portions of the tranSport gas fromthe

gas antatve to coherabtiee patvderivuelen and t he bypass

mani fol d. 51. Powder dispensing and sensing appar at us
as dafvaleed actuatbatoroplratetles ealvet he powder aer at or
further conprises flow straighteners and a cont oured
flow elenent to assist in providing a uniformflow of

transport gas_through the powder output ports. 52.
6Powd éx pewfﬁércbsp@m@ﬁ nedlsi aslefpprd it okimsSAewhareinithe feed

Vi hies o B bmpLI R OF BRECOdraPaK Shara gEie o the

upport.ed .nby respecti ve sensor cells.
shaftand having a hefical arrangement.

61. A powder dispenser module as defined in claim 60, wherein the feed
wand further comprises one or more wires secured between some or all of

the spaced-apart spars.

62. A powder dispenser module as defined in claim 60, wherein the feed
wand further comprises wires secured between some or all of the spaced-
apart spars at or near the ends thereof in a double helix configuration and
wires secured between some or all of the spaced-apart spars in a double

chevron configuration.

63. A powder dispenser module as defined in claim 60, wherein the feed
wand further comprises a discharge element affixed to the shaft in proximity

to the valve.
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53. Powder di spensing and sensing apparatus as defined
inclaiml, further conprising a tray positioning
wore@hasiosm t o nove the cartridge tray to sequePCT/a51096/044972
position first and second batches of cartridges in the
cartridge tray in alignment wth the powder di spenser
assenbly and the sensor asse%?ly. 54. A nethod for
di spensi ng and sensi ng powder, conprising: positioning
cartridges in a cartridge tray;concurrently di spensing
powder into a batch of cartridges in the cartridge

. 5 GRIEER RO B o) S5t o
oS L BB GT e psce
LRIy SRR 5 s

wherein sensing a fill state of each of the cartridges
conpri ses wei ghing each of the cartridges. 57. A

et hqﬂ}a@w&@fdi@ﬁéhde@ b @h 1D afdefinéd NEE1LRIPO! wﬁafgeinhtge

controfling the dispensing of powder into each of t
posvddriiflfassiconfiesped ae dncopating thatvexteads elrduigdt the housing.
states of cartridges of the baftch of cartidges. 58.

Powder handling apparatus conprising: a tray support
structure to receive a cartridge tray holding at |east

6&. f i s pobaterdispersar mnodglesasadefimed it oladnba® cfurdier
cartridges; a dispensing subsystemto di spense powder
compriginga eiceit to weontl the aeprsl actuatos and Fhﬁ Walvetacyator in
and a tray positioning nechanismto nove the cartridge
respgpsedo control signals.

67. A method for dispensing powder into a cartridge, comprising;:

positioning a cartridge under a dispenser module having a dispenser
hopper containing a powder;

opening a valve that controls the dispenser hopper;

operating a feed wand in the hopper to dispense powder through the
valve to the cartridge; and

closing the valve when a desired fill state of the cartridge is reached.

68. A method as defined in claim 67, wherein operating the feed wand

comprises rotating the feed wand about an axis thereof.

69. A method as defined in claim 68, further comprising reversing

rotation of the feed wand to condition the powder in the dispenser hopper.
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sequentially position the first and second batches of
cartridges in the cartridge tray in alignnment with the

wale@pea®sng subsystem 59. A powder di spenser npAIIUS2006/044972

conprising: a housing that defines a powder inlet for
recei ving powder, a powder outlet, and a powder
delivery conduit connecting Ee powder inlet and the
powder outlet; a feed wand t8“nove powder through the
ondui t; wand_ actuator to operate the feed wand; a
76al vé‘ mﬁtg@ﬁltaﬁ slefinesl ivoclaan Qﬁatwhclzelamdtaam@thaefeed wand
actuat o 0 g eratf the v 60. A powder di spenser

. I ,
C%H?TFS@SLCQ%% Sithe er?dc‘f"ﬁﬂ%d\é&n&\ﬁétﬁgpﬁ-the f eed wand

includes a shaft and a plurality of spaced-apart spars
affixed to the shaft and having a helical arrangenent.

ok (RO MR AT R Lol TR
R RSB SRS S0 o b0l BSETRGEIRAL vlve

cl aim 60, wherein the feed wand further conprises
wi res secured between sone or all of the spacedapart

73par A afethbd ASHefliled @NA8ih 6T, §Pherein @ldjéiﬁggﬁe kel 'erccé?iprises

configuration and wires secured between so or a

sériming peweibland powder i it eartddpt andhgyside the valve when the
configuration. 63. A powder dispenser nodul e as

setedeidnedight islequad &or gheater thanhe tdreet wakght.f ur t her
conprises a discharge elenent affixed to the shaft in
proximty to the val ve.64. A powder di spenser nodul e
as defined in claim59, wherein the powder delivery

T3 onddi methed aastelmedyin elaimdel, whereinappsingithaealve
owder . . . . .

comprises rotating a valve member in a selected direction and wherein

closing the valve comprises rotating the valve member in the selected

direction.

74. A method as defined in claim 73, wherein opening the valve
comprises post-positioning the valve member with respect to the dispenser

nozzle opening.-

75. A method as defined in claim 67, wherein operating the feed wand
comprises operating the feed wand at a selected maximum speed during a
first portion of a fill cycle and then operating the feed wand at a reduced

speed during a second portion of the fill cycle.

76. A method as defined in claim 75, wherein the second portion of the
fill cycle is initiated when the powder dispensed into the cartridge reaches a

selected weight.
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inlet and a tapered portion below the cylindrical
portion. 65. A powder dispenser nodule as defined in

w@b@7ivB87 wherein the powder inlet is confi gup€dUSROEM4972

openi ng that extends through the housing. 66. A powder
di spenser nodul e as defined in claimb59, further
conprising a circuit to contrgl the wand actuator and
the val ve actuator in response to control signals. 67.
A net hod for dispensing powder into a cartridge,
conprising: positioning a cartridge under a di spenser

dul e haying a,dispenser .hopper, containing.a powder;. .
Tmenih i hodiasialinat Hosleidh LorwbSHia fuRRart splgmirol is
perating a. feed wand in the. ho r. 1,0 di spense powder

utsd g dheFoeotooplon aF s BIEY IRy ci osi ng ¢ he
val ve when a desired fill state of the cartridge is
reached. 68. A nmethod as defined in claim®67, wherein

TR, A Bl SAan oY el ahhaRel Byt yca

Al S RHRBs e doridt HsHi orCoPHeSfi Eylcy.er Si ng rotation of the
feed wand to condition the powder in the di spenser

hopper. 70. A nmethod as defined in claim®68, wherein
rotating the feed wand conprises dithering the feed
7and Awoiwderr dispénsen madile domptisotg:as defined in
claimo67, further conprising filling the hopper with
powd erhausing dhali défonéng grdntisriobeecriving paivdsers agowder
valve. 72. A nethod as  defined in claim®67, wherein
aeitles; angd arenduiteomwetingse pawdentnlat ard dhe pewvdsswalet;
in the_ cartridge and closjng, the valve en the sensed
wei gtét faed qud%o RO%R p@M@kﬁrghrqu%ﬁ& et ﬁ/@éﬁg}%ﬁ powder
.73. A method,as defi neg in claim67, wherein opening
inket to 4hg powder outlet; an

a wand actuator to rotate the feed wand in the conduit.

80. A powder dispenser module as defined in claim 79, wherein the
conduit includes a powder bed preparation zone below the powder inlet, a
powder bed compression zone below the powder bed preparation zone and a

powder discharge zone below the powdered bed compression zone.

81. A powder dispenser module as defined in claim 79, wherein the feed
wand comprises a shaft and a discharge element attached to the shaft in a

powder discharge zone of the conduit.

82. A powder dispenser module as defined in claim 81, wherein the
discharge element comprises first and second spars extending from the shaft

of the feed wand in a helical configuration.
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conprises rotating a valve nenber in a sel ected
di rection and wherein closing the valve conprises

WO 0403061987 t he val ve menber in the sel ected di rECT/USIV06/044972
74. A nethod as defined in claim 73, wherein opening
the val ve conpri ses post-positioning the val ve nenber
Wi th respect to the dispenser 4nozzl e opening. 75. A
nmet hod as defined in claim 678, wherei n operating the
feed wand conprises operating the feed wand at a
& ee‘%é}ﬂ)%@@@%ﬁﬁ@ﬁféémdula aydefined 4n chaim 8dn fiarther
fill .cycle and. then operati.ng the feed wand at g .
OB gs%@ﬁ%fﬂ’@rfﬁﬁ@e&ts]&‘ﬂﬁg %geastaneo@rlﬁﬁ@, ppsitioned

le. .76, A hod fi [ | ai ,_Wher ei .
e ab e POMaT St At Hishatdr Flehet GimPRwE Aeier pin
el A E et AR F TR Rl AR B RGNS oppled

. : | o :
ASEEhTHBONSE LPIAN (PSRl B LA VAR LR (RE wand

. . . - e . q
QUL ol IR M DTSRI (o R icE BTohehy o ° 5
powder di spenser nodul e conprising: a housing that
defines a powder inlet for receiving powder, a powder
Ut | A pownderadigpaasirtmoduiess defintdén pdawee 8 1i fiheheand

the powder outlet; a feed wand to nove powder through
domeprisimpuan ofiftom ¢lomepryhizvingratdeastmricherificerpositioned
outlet; and a wand actuator to rotate the feed wand in
adyacangriduthe pooderroytdetsthe disshargeelement cormprigaty aeger
in claim79, wherein the conduit includes a powder bed

hlademeaupled todhe shafioof theefosdwiiand; wheteinghe wand actuator

rotates the auger blades relative to the orifice element.

85. A powder dispenser module as defined in claim 84, further
comprising a bearing positioned between the shaft of the feed wand and the
orifice element to define a spacing between the auger blades and the orifice

element.

86. A powder dispenser module as defined in claim 84, wherein the

orifice element includes a flat orifice region. 4

87. A powder dispenser module as defined in claim 84, wherein the

orifice element includes a conical orifice region.

88. A powder dispenser module as defined in claim 80, wherein the feed
wand comprises a shaft, a helical open space frame attached to the shaft and

located in the powder bed preparation zone and the powder bed compression
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powder bed conpression zone bel ow the powder bed
preparation zone and a powder di scharge zone bel ow t he

w@owdesws? bed conpression zone. 81l. A powder dPCPERREE/044972

nodul e as defined in claim79, wherein the feed wand
conprises a shaft and a di scharge el enent attached to
the shaft in a powder di scharggje zone of the conduit.
82. A powder dispenser nodul e as defined in claim81l,
wherein the discharge el ement conprises first and,
Zémf-oﬁadsapéwgﬂ@sgaeﬁl@m@tfataﬁhﬁdéogﬁafshaﬁfartdwioqaé i
in a hgl [ ﬁal configuration.83 . A powder dispenser
RRUGFIRENFEES A@%Ci n cl aim 81, further conprising an
orifice elenment, having at |east one orifice,

positi oned adjacent to the powder outlet, the

8 acanty g BpraRE B i Reilii Tk aitn 5% Hlllee,
@gﬁﬁ\%ﬁ%?ﬁ &E@k&t ér}l%pgég{tgl\g%\éiﬁi'ggbftqe st &Y SR, ?ngtﬂﬁled

uat or rotates
a[p(ga%cgﬁt :ﬂgggﬁivzﬂéﬁ’ﬁuﬂ?tétﬂgf dg%c'fh.fak eRineERNg mgilﬁ,snfg auger

ser nodu ined in claim
bladeepupRIPId g khaANoPild el whadantthe RAYdRGgatzoheastithe
one orifice, positioned adjacent to the powder outlet,
¢diriudt, sbbaiuger bl ateriadagnr fevieng: pitdewilh adgsect sophetelical
to the shaft of the feed wand, wherein the wand
apdnuspave fratmt es the auger bl ades relative to the
orifice elenment. 85. A powder dispenser nodul e as
defined in claim84, further conprising a bearing
ositioned between the shaft of the f e(id_ d and the
i fi Aep@wdppdispenseemoskile as glséingd bt Wég%}rf@ er

bl ades, and .the orifi.ce el enent. 86. 0 r di spenser
cRBRrsing adhearingPositionss ﬁaeéw?eﬂ%& éﬁ@ﬁt B opf BgAE and the
grliﬁggne erlnré%{ oOI Sgﬁ%efel s‘?gac%!g fble}f?v(\e/eér(le e QUger blades and the orifice

element.

91. A powder dispenser module as defined in claim 90, wherein the

orifice element includes a conical orifice region.

92. A powder dispenser module as defined in claim 88, wherein the
discharge element comprises first and second spars extending from the shaft

of the feed wand in a helical configuration.

93. A powder dispenser module as defined in claim 88, further
comprising an orifice element, having at least one orifice, positioned A
adjacent to the powder outlet, the discharge element comprising a roller pin

located adjacent to the orifice element and a support member coupled
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87. A powder dispenser nodul e as defined in claim 84,
wherein the orifice elenment includes a conical orifice
WO e@o69888. A powder di spenser nodul e as def i PETUB2006/044972

cl ai m 80, wherein the feed wand conprises a shaft, a
hel i cal open space frame attached to the shaft and

| ocated in the powder bed prgﬁ@ration zone and the
powder bed conpressi onzone, d a discharge el ement
attached to the shaft and | ocated in the powder
hetwerarthe reHae pirsend the shalofdhe feed avand;owheredn the wand
defined in cl.aim 8,,furiher conprisi.ng an orifice
acteaten fotatey thigraller pingelaiive tor thei o ,10@@i¢mpahed

adj acent to the powder outlet, the discharge el ement
conprising auger blades coupled to the shaft of the

d d i he di h .of th duit,
%Eée m%gaﬂ:aé‘rﬁaﬁfméﬁ%y%%%ipéﬁl%ﬁﬁf%? T e e
t ¢ ' .
goﬁufbiﬁg@ﬂ L RRERRER S AR dRpefid POREler thRPEDliges;

i i td f f eed d
ord (hEIR0S, A R IE HETE o Bindlit babladd e | B0 tan
t he %gswa*ek 3desonine gbn%pgbwd%@ cBk@iBad in He trAn heegas to

92

di spenser nodul e as defined in claim90, wherein

tgeip‘d\;@@eleﬂi@fgeﬁgeli méyﬂﬂ?, a conical orifice region.
A powder dispenser nodule as defined in claim88,

wherein the discharge el ement conprises first and

second spars extending fromthe shaft of the feed wand _ |
95 a Aglowdér transpaptisysicon as d8finadgoveleim @4 guniber comprising
modul e as defined in claim@88, further conprising an :
sudtior neraieldto tetwminrifedranspost ganto dhe blawer assembly,
positioned adjacent to the powder outlet, the

whergharthe raRost PYSIAE eOMPIISep agas transport loop.

96. A powder transport system as defined in claim 95, further comprising

a transport gas conditioning system.

97. A powder transport system as defined in claim 96, wherein the
transport gas conditioning system is configured to control relative humidity

in the gas transport loop.

98. A powder transport system as defined in claim 95, further comprising

a hopper assembly to supply powder to the powder aerator.

99. A powder transport system as defined in claim 98, wherein the hopper
assembly includes a hopper body defining a powder reservoir and a

granulator in a lower portion of the powder reservoir.
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| ocated adjacent to the orifice elenent and a support
nmenber coupl edbetween the roller pin and the shaft of

wo b@7fem87 wand, wherein the wand act uat or r ot ap@FUSI06/044972

roller pinrelative to the orifice elenent. 94. A
powder transport system conprising: a powder dispenser
assenbly to dispense powder ipnto cartridges; a bl ower
assenbly to nove a transport Yas; and a powder aerator
to deliver powder entrained in the transport gas to

My phvpravder tpasrert systeansrdefowd in ¢glewmi?9,twherspo the
systTn1as defined.in cIain19a,g£Erther conﬁrisiqg a
Sapulder campases st aadresond @gglemesaior rgHers and fiest and

bl ower assenbly, rein th owder transport system
¥ -@@ioréqgaﬁt%t?gﬁs fﬁfﬁ% alp@égw aggfq;aﬁﬁeépr teleispor t
System defined in claim95, further conprising a
E%gﬁgtﬁ%?aly'gas condi tioning system 97. A powder

transport systemas defined in claim96, wherein the
transport gas conditioning systemis configured to

g@gﬂt LRLpé\%H@f {4Rs PTGt L8 &e’fﬁlegig?ﬁ %%gzﬁsﬂﬂf tyh each of

owder transport system as i'n ¢laim95,

fhidr 4 bnf R8I 19l1R8s fs PREGEd Qﬁﬁ?ﬁ?lﬁrélﬁ%’ iy, powder
to the powder aerator. 99. A powder trahsport system

as defined in claim98, wherein the hopper assenbly

i ncl udes. a hopper body defining a powder reservoir and
B0 aAub@wder transporwestanontidefinedd inhelapaw®0, wherein each of
reservoir.100. A powder transport system as defined in
thecagglomeratoarrellers epyraded atith aqdupalityesf spaced-apeaart disks,
second aqgl onerator rollers and first and_second .

ot disks p% the fusteandsecond agglomeratonidllays beirg antsrdigitated.
rollers, respectively. 101 . A powder transport system

as defined in claim 100, wherein each of

103. A powder transport system as defined in claim 94, wherein the
powder dispenser assembly comprises:

an array block including an array of vertical ports and horizontal
channels intersecting respective rows of the vertical ports; and

powder dispenser modules mounted in respective vertical ports of the
array block, each of the powder dispenser modules having a powder inlet
communicating with the channel in the array block, wherein powder
delivered to the channels in the array block is dispensed by each of the

powder dispenser modules.

104. A powder transport system as defined in claim 103, wherein each

channel in the array block passes through the array block.

105. A powder transport system as defined in claim 103, wherein the

powder inlets of the powder dispenser modules are aligned with the
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the agglonerator rollers is provided with a plurality

of pins. 102. A powder transport systemas defined in
wa@b@ros®0D, wherein each of the aggl onerator rptT/@8R06/644972

provided with a plurality of spaced-apart disks, the

di sks of the first and second aggl onerator rollers

being interdigitated. 103 . A$§omder transport system

as defined in claim94, where t he powder di spenser

éfse l'y conprises: an array bl ock including an array

anpels inthe poay dlaels sndhatpewder dalivaredta theeekamalsgn the

res tive rows, of the vertical ports; and powder .
%W%ﬁ@i%%l? PasHS| tBEOwgy ReBEler in fﬁéépmm@m peaTdesstisgenser
ofaﬁﬁe array bl ock, each of the powder dispenser
BO&WHEs having a powder inlet communicating with the
channel in the array bl ock, wherein powder delivered
to the channels in the array block is dispensed by

s Hiflshot &gﬁféﬁg Z*%idr%?%‘é'gﬁﬁx cfé%ff@ hé?@%%‘fé e,
P ARF sl oY 7 o ort system as def i ned |n
cl ai ny #0hi fAIBIBLR defmingWisswtBt Bilst Howast Eﬁtﬁﬁﬁmﬁtg and a

di spenser nodul es are aligned with thechannels in"t
taamgpolbgggkn&@, t hat powder delivered to the channels
in the array bl ock passes through powder inlets to
downsd paeumoderooti $p eledierr potudeeso the povAd@oveaput ports; and
transport systemas defined in claim94, wherein the
powdea dammavelvectonnupipdy st quantityi dfgpewdeo ttond éhe pomgler inlet to
owder inlet, powder output ports and a transport gas
| prReUrAAipe dUG@E.c broom to del i ver powder to the
powder output ports; and

107. A powder transport system as defined in claim 106, wherein the
powder aerator further comprises a bypass manifold coupled to the powder
output ports and a crossover valve to direct selected portions of the transport

gas from the transport gas inlet to the pneumatic broom and to the bypass

manifold.

108. A powder transport system as defined in claim 107, wherein the
powder aerator further comprises flow straighteners and a contoured flow
element to assist in providing a uniform flow of the transport gas through

the powder output ports.

109. A powder transport system as defined in claim 106, wherein the
manifold block further defines riser tubes connecting the pneumatic broom

to the powder output ports.



a dunp valve to supply a quantity of powder fromthe
powder inlet to the pneunatic broom 107. A powder

WO e@nspestr system as defined in claim106, whePEIl/NS1006044972
powder aerator further conprises a bypass manifold
coupled to the powder output ports and a crossover
valve to direct selected por%%ons of the transport gas
fromthe transport gas inlet to the pneumatic broom

nd to the bypass manifold. 108. A powder transport
13;0st eV drstir aRsporhsystemnes detinoghén laim hO6puiesein the

aerator further copprises flow strajghteners . and a

PRgHRRAHS Braom inefliclism hellowsasrator th sﬂww gdseharge nozzles

tuniformfl ow of the transport gas through the powder
O ports. 109. A powder transport system as

defined in claim2106, wherein the manifold bl ock
further defines riser tubes connecting the pneumatic

HOO t : e .
S T anan Py dF PRpT QB o Beifed 1 clfiuP PR uherein the
PRBAHIERLS BrS RTINS lddigSidesiild Bl AREHIOddPHHIAY Hefine
I scharge nozzles thereon. 111.. A powder transport
apyislAeeampelfst ned in claim 110, wherein the pneumatic
broom further conprises one or nore dividers, which
defi ne annul ar chanbers. 112. A powder transport
system as defined claim111l, wherein the pneunatic
14200 o dertramsport sestennas defined elgaddllés wihereactheof
the annul ar chanbers. 113. A powder transport system
10 pasudedticbroom fuirthiemcemprisesr eigor heots pﬁﬂtﬁe&m eath ¢f the

con?rises;
annular chambers.

113. A powder transport system as defined in claim 94, wherein the blower
assembly comprises; l‘
15 an impeller to move the transport gas;
an impeller motor to rotate the impeller;
a blower housing enclosing the impeller and having a discharge port
for the transport gas;
a manifold to receive the transport gas; and
20 a gas-particle separation device to accumulate agglomerates entrained

in the transport gas.

114. A powder transport system as defined in claim 113, wherein the gas-
particle separation device comprises a cyclone separator disposed between

25 the manifold and the impeller.



10

15

20

25

an inpeller to nove the transport gas; an inpeller

notor to rotate the inpeller; a bl ower housing
wen@oeidsy the inpeller and having a di schar geP@DUB200©044972

the transport gas; a manifold to receive the transport

gas; and a gas-particle separation device to

accunul at e aggl oner ates entr@'gned in the transport

gas. 114. A powder transport “system as defined in

il aim 113, wherein the gasparticle, separation device
1d6rpFt Bewdst dlanspes Seinasoleidned iy elpipel Waewherein the gas-

nifold and the inpeller.115. A powder transport
PETFlE SeRarian (EvIcHIPQPBNARSIE YANGREPaTAIOR Hisposed between the

aspartic separ@tion device conprises a vane
n‘%éﬁg(ﬁgta&}dﬁ}eslﬁﬁggﬁerbetv\een the manifold and the
inpeller. 116. A powder transport systemas defined in
claim 113, further conprising an induction rod to

i BAUREH SRR b ' he S icle
P AR A HRAROAS 1Mo I Q1 P50 0R e

c@ﬁfprﬁ?ﬂ% lah @ldacloBGodWaahatBe bBﬁdItE&E&P@%&ﬁ}%@? gas inf% ‘gxe

condi tioni ng system conprises a sensor oup
gh@p@@ﬂi@ﬂdﬁpa&“&tﬁ&ﬂi@@ic@as transport | oop, the sensor
chanber incCluding at | east one sensor to sense a
paraneter of the transport gas, and a gas conditioning
el enent responsive to the sensed paraneter to
1 t3ndiAt powdehdransposimyrstery aes. deifirfed # pkaine? 6§ whiesginrthe
system as defined in claim117, wherein the sensor )
trenapdigasmandddening sydemveorhphisds aysensos ohazubgr goupled in
119. A powder transport, system as

te rature sensor. .
p@@qfqi aith the |2ap fwansportleepe the $w0§§d@mbmﬁ%\&mg at least

includes a relative hum dity sensor and t

' ORgSERSQY fer 3ense a parameter of the transport gas, and a gas conditioning

element responsive to the sensed parameter to condition the transport gas.

118. A powder transport system as defined in claim 117, wherein the

sensor chamber includes a relative humidity sensor and a temperature sensor.

119. A powder transport system as defined in claim 117, wherein the
sensor chamber includes a relative humidity sensor and two temperature

sensors to enable cross checking of temperature readings.

120. A powder transport system as defined in claim 117, wherein the
sensor chamber has an internal volume that is comparable to an internal

volume of the powder dispenser assembly.
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sensors to enabl e cross checking of tenperature

readi ngs. 120. A powder transport systemas defined in
w@b@rnoei7, wherein the sensor chanber has an POI/E@81086/044972

volune that is conparable to an internal volunme of the

powder di spenser assenbly.121. A powder transport

system as defined in cIain11éi, wherei n the gas

condi tioning el enent conpris an induction rod to

i.\ntroduce conditioned transport gas into the bl ower

1 se%P?WC%Z’Z?aINPQ&NWG@i apdeidred e slaim | 1donhereintge gas

bl.ock i ncl udi.n ay of verIic%i ports..

an .arra an, arr )
coRditihgcPment RAmTRIS o BIbisEonpd s prEadude fesditioned
of the vertical rts; and powder dispenser nodul es
tﬁ%ﬁﬁﬁ?’g‘og'f}snmﬁ%?ﬁ%gf‘?%f PEAREA ports of the array

bl ock, each of the powder dispenser nodul es having a
powder inlet comunicating with the channel in the

1220 ARl QU SR Colpymigg o, ol

array S y each of the powder

di s p%ﬂ%ﬂfﬁﬂl@ﬁml&@%&ﬁl BRWISE \@tﬁiﬁgﬂﬁgﬁs ?Iﬁlﬂt 3 idorftal

defined | [aim 122, erel n” each

chhnaylsih@ke Bass esspeltiouabwshef tierwortiehPpbrtsidAd A
powder di spenser assenbly as defined in ¢claim 122,

wher bmvddr&iiW rodeles mbuntet inomdpective penseal ports of the
nodul es are aligned with the channels in the array

abtaycidosh, eaeh op thelpowder idigpeder madwees havieg a powdéreinlet
array bl ock passes through powder inlets to downstream

cpmmamqﬁtmwsiérthmdmm? in % amapdvaek, vihspeinspowder
assenbly as defined, in claim 122, wherein the channel s

dehvered éﬁf@clnﬂmtals atke apyitdpelais dispsosed byocaghopkthe
p%\é%gr for the pavxfler di spenser nodul es. 126. A powder

P& (fHapenses dng YC8s defined in claim 122, wherein

t he

123. A powder dispenser assembly as defined in claim 122, wherein each

channel in the array block passes through the array block.

124. A powder dispenser assembly as defined in claim 122, wherein the
powder inlets of the powder dispenser modules are aligned with the
channels in the array block so that powder delivered to the channels in the
array block passes through powder inlets to downstream powder dispenser

modules.

125. A powder dispenser assembly as defined in claim 122, wherein the
channels in the array block have sufficient capacity to store powder for the

powder dispenser modules.



channels in the array block are slot shaped. 127. A
powder di spenser assenbly as defined in claim 122,
wob@res198t he channels in the array bl ock and ther/psde044972
inlets of the powder dispenser nodul es have cross
sections of substantially equal size and shape. 128. A
powder di spenser assenbly asfgpfined in claim122,
wherei n each of the powder di"§penser nodul es incl udes
a housing that, defines the powder_inlet, a powler

|| e posvderdispapsar assembly ps dotimad inclarmckdhgvherein the
owder jnlet and. th owder outlet, and a feed

qg’@é‘ﬂﬁiﬁ MWIWQE%\EJ&SPH? ‘the conduit to the
powder outlet. 129. A powder aerator conprising: a

mani fol d bl ock defining a powder inlet, powder output

BRI BB BT S e abct £ ORActn he
s CHRRE D EHEPRA I Bl bvRRIBICA BT By AR pense

rﬁBFlHlens%é\% &8s @e&ﬁ&as BESEYEtaRABIIS e RAY srcCARS SRYSS.

valve to Irect selected port fons”of a tr ansport gas

fromthe transport gas inlet to the pneumatic broom
and to the bypass manifold. 130. A powder aerator as

10x8.i n&dwded diisped gt adseiibieasatsfinnddsinnglaimnol®2, wherein each
strai ghteners and a contoured flow el ement to assi st
o ftherpowvdendispensérf modul ¢soimchideshe honsingptrat dgdimes the powder
through the powder output ports.131. A powder aerator

10 iadetdefpiaveden outdetaiand ropowdne delinersheondwiticonaepting khe powder
further defines riser tubes connecting the pneumatc'ic
inleiand the pewdenautlebansia ferst mechansm Aogaoge powder through

aerator ,as defined in cll aim 129, wherein the pneumatic
the conduit to the powder outlet.

129. A powder aerator comprising:
15 a manifold block defining a powder inlet, powder output ports and a
transport gas inlet;
a pneumatic broom to deliver powder to the powder output ports;
a dump valve to supply a quantity of powder from the powder inlet to
the pneumatic broom,;
20 “a bypass manifold coupled to the powder output ports; and
a crossover valve to direct selected portions of a transport gas from

the transport gas inlet to the pneumatic broom and to the bypass manifold.

130. A powder aerator as defined in claim 129, further comprising flow
25  straighteners and a contoured flow element to assist in providing a uniform

flow of the transport gas through the powder output ports.
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broom i ncl udes a hol | ow aerator tube having di scharge
nozzl es thereon. 133. A powder aerator as defined in

waeb@7ne®8D, wherein the di scharge nozzl es are PCT/US2006/044972

substantially tangential to the aerator tube. 134. A

powder aerator as defined in claim 129, wherein the

di scharge nozzl es have a heligal arrangenent on the

aerator tube. 135. A powder rator as defined in

claim 132, wherein the pneumatic broom further )

bhpraqosvderasgatomsedefinedir slaim 138, wheaeinrtheunanifold block

éﬁgchﬁﬂﬁfine,annu ar chanbers. 136. A Powger aer at or
hesdedingsitisez |tubas gepneqting the pPeewHAlS bigoan ta theypervder

core positioned in the aerator tube to assist in

<§§B FB?ﬂﬁg flow of the transport gas through the

di scharge nozzles. 137. A powder aerator as defined in

clai m 132, wherein the pneunatic broom further

(1, bl SrATRE A PSS YSRRH O BRGNS
0y iﬂ&uﬁéﬁgl’hﬁ% Ry %@b@ﬁ&?ﬁ{&ﬁﬁg?ﬁi{% ﬁ%%zge% #erebn.

|'ower asse conprising: an
transport gas; an inpeller notor to rotate the
i npel l er; a bl ower housing enclosing the inpeller and

188/ N4l powldecdeangs: aodéfihed i biaiht #DSpahergiasthealischarge
mani fol'd to receive the transport gas; and a

s gaatd substaepalintimpendey ito ¢he acmtonutabat e
aggl onerates entrained in the transport gas. 139. A
bl ower assenbly as defined in claim 138, further

conprising an induction rod to introduce conditigned
tFhnsharawdesasrater andefepdimctaim 129, wherein the discharge

nozzles have a helical arrangement on the aerator tube.

135. A powder aerator as defined in claim 132, wherein the pneumatic
broom further comprises one or more dividers on the aerator tube, which

define annular chambers.

136. A powder aerator as defined in claim 132, further comprising an
aerator core positioned in the aerator tube to assist in equalizing flow of the

transport gas through the discharge nozzles.

137. A powder aerator as defined in claim 132, wherein the pneumatic
broom further includes a flow director coupled between the crossover valve
and the aerator tube, the flow director having vanes to block and break up

powder agglomerates.
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140. A bl ower assenbly as defined in claim 138,
wherein the inpeller is configured to produce dynam c

wa@bwckewaves at the discharge port. 141. A bl OMET/US2006/044972

assenbly as defined in claim 138, wherein the
gas-particle separation device conprises a cycl one
separ ator di sposed between trb% mani fol d and the
impeller. 142. A bl ower asseribly as defined in claim
3, rein the s-particle separation device
%‘pr&%ﬁ@wﬁr@éwggbﬁgwmﬂgéposed bet ween t he
mani fold and the ir\r]pel Jgrer. 143. A powder transport
syst & HOROVER HAPSROMISSSK, i ncl uding an array

T ARl " S
o RN ST LE YIS 3o g e o

fB?Yﬁﬁgraﬁsﬁg%s-i nl et communi cating with the channel

i'n the ar bdck, wherein powder delivered to the

channehnifold B8 réesiae theednspordsanamged by the each
of the powder dispenser nodules; a bl ower assenbly to

nove Aghd-pasidetsepatiticn dovidertoaricanntlatoagelonverates entrained
powder entrained in the transport gas to the
ihahezomtsplorcgamnel s in the array bl ock; a hopper

assenbly to supply powder to the powder aerator; and a
suction manifold to return the transport gas to the

bl ower assenbly. ) . .

139. A blower assembly as defined in claim 138, further comprising an

induction rod to introduce conditioned transport gas into the separator.

140. A blower assembly as defined in claim 138, wherein the impeller is

configured to produce dynamic shock waves at the discharge port.
141. A blower assembly as defined in claim 138, wherein the gas-particle
separation device comprises a cyclone separator disposed between the

manifold and the impeller.

142. A blower assembly as defined in claim 138, wherein the gas-particle

separation device comprises a vane separator disposed between the manifold

and the impeller. -

143. A powder transport system comprising;:
an array block, including an array of vertical ports and horizontal

channels intersecting respective rows of vertical ports;
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powder dispenser modules mounted in respective vertical ports of the
array block, each of the powder dispenser modules having a powder inlet
communicating with the channel in the array block, wherein powder
delivered to the channels in the array block is dispensed by the each of the

5 powder dispenser modules;

a blower assembly to move a transport gas;

a powder aerator to deliver powder entrained in the transport gas to
the horizontal channels in the array block;

a hopper assembly to supply powder to the powder aerator; and

10 a suction manifold to return the transport gas to the blower assembly.



