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WD 200/ 061987PCT1US20061044972 PONDER DI SPENSI NG AND
SENSI NG APPARATUS AND METHODS 5Cross Reference to

Rel at ed Appllcatlon ' This application clains

WOR0P 0628 based on Provisional Application S®CTAIS2006/044972
60/ 738, 474, filed Novenber 21, 2005, which is hereby
incorporated by reference in its entirety. 10Field of
the I nvention This invention relates to methods
and apparatus for dispensing and sensi ng powder and,
nore particularly, to nmethods and apparatus for

di spensi ng precrsely controlled quantities of powder

into
the f W]!EER

powder can cont ar n a mpmﬂwps}:artrr dges can be
used in an inhaler. HOwever, the invention is not
limted to this application. Background of the
Invention It has been proposed to delrver certain
types of drudsg emee; t ptcdnhppdicatie

gg\gdnﬁ’éS m@ﬁg{q@;ﬁ;@& iaﬁﬁﬂerﬁ) %ﬁ%ﬁalglazﬁﬁakﬁata@l
SRRl SRR LR AR B %Zaeg?'iifaﬁﬁi FORIERY and
i pfak B At plishte th s B, ') IS0k to

Fel dstein et al.; U S. Patent No. 5,503,852, 25

i ssued Apr. 2, 1996 to Steiner et al.; U S. Patent

No. 6,071, 497, issuckiellof the IROORtIOA St ei ner et al.;

U S. Patent No. 6,428,771, 1ssued Aug. 6, 2002 to

St ei s mtveation relases Ranmhhodﬂoancs appmﬂ%fon disprawsing and -

Sept. 3, 2002 to Steiner
sensing powder and, more partlcularly, to methods and apparatus for

dispensing premsely—controlled quantities 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.

Backeround of the Inyention

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 bave 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, issded Sept. 3, 2002 to Steiner et
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WD 2007/ 061987PCT1US20061044972 2 al.; and U.S.

Patent No. 6,652,885, issued Nov. 25, 2003'to Steiner

et al. One use of these mcroparticles is the
WORPHEBY of insulin by inhalation. An inhal ECTAS0KGH4972

a replaceabl e cartridge or capsul e containing the

drug powder is used for drug delivery. 5The

adm ni stration of drugs by imhalation typically

requires a very small quantity of powder in the

al NA@d B) SCRAfeht 808 6 642 W8% . kuSXNW}. 95, 3pB51 163 tefllr & al,

i nsulin using Technospheré m croparti ¢fes can require
Omedaseofthess rictdpeetios 19t HElioersaf inbulil &yPRiMRItion, An
In addition, the drug dose nust be highly accurate. A
inhader hoveg attephlacepble ¢artddgmyr capsulaventdinimethierdagifbwder
_therapeutic effect, while a larger than specified
isered foaniragelizgradver se effect on the patient.

Lt P B RAS io
o LB o B O RS TSR
apihfon SPhBulinfutAITRCRh G it el Ll bt o dose
of heliftiaigs F’U%ilﬁg@ﬁ@ degesd pbvdap. §h iR, tR@drug dose must

econom cal mann An accurate dose of powder nust be

béldlighleraduifne.eacdosatdwedgen spedifidemdiyugotdese the desired

each cartridge nust be verified. Manufacturing

theeapmitipeffectnuhta targat thehospatified dapabhe hevehingdvagse
t hroughput to neet demand and shoul d be capable o

effaeian the patigns ;th@mca‘ﬁem&wcﬁﬁbermcwaﬁg@les are
LkGohEeela o BN St O sCLUELRD & ech lee. A
S 50RAS ou Tr RS0 o S
AEERS1NY handfk 2007/ 061987PCPUS2006/ 044972 .
In the coinmerciaﬁzation 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,



10

15

20

25

3 Summary of .the | nvention Systens and net hods
are provided for sinultaneously dispensing
preci sely-control | ed doses of a powder into nultiple

WO YY1 ¥des. The powder can contain a drug, BEHUSHE6/044972

cartridges can be used in inhalers. The fill state 5
of each cartridge, typically the powder weight, is
sensed during filling, and powder di spenser nodul es

are individually controlled”i n response to the sensed

wei ght to ensure accurate dosage. The system operates
at -hi gh speed'and_E£HHB£IiEﬂﬁEgEﬁﬁBE!EHo enabl e

pro L.on filling operatians . with m.nimal flqor .
.spa%?‘%&gﬁ Fpd FRRPDds %%BE%‘PBF?%S&& %H%PIF%WSLYSQ@EWW@

A [ nsin ,
prbdISchueR s 4B SONEE LUl RS MY AR, The powder
cah @eINe AR, BhddHe chfiiigh9lcdh M 1GRHRIiHESR s, 2 g\fﬂ?ﬁtate

di-spenser assenbly including powder di spenser nodules
ofeacHicaptenize, poidslly tins powdeperdigive icasiseld diRfngfillthg, and
bat ch_of cartrld%es in the cartridge hay, a powder
powrdarahspansey maules axteindieiduaBy ponttel letddntreepaussder the
di%fenser modul es, a sensor nodul e including sensor :
sepd wetghtde gpsurcapaiaiodosegr Ihesysternfopsaales of higlespeed
artridges in the batch of. cartri s, and g contr.o
and Fandie VY SHEPB Dbl Bt opdi e oianess pith

. to the respective sensed fill states of each
.mlg&?gg%ggrsﬁwedrge&uﬁn?m. batch of cartridges. 20The

DOM%rcosﬂaag%%fﬁrﬁrf%gﬂéa%f hagn P d pERABP HlspBY S8

and the sefisor ce can be configure rconecurre

nd the : ) !
Bl T A COMPALES o Pl P SPuPLrE Mo LECIOPD cBflidee

tragdidldirgoestiidgéd) @ pavder dispemscr aksgably dudiepssywder
_cells can conprise wei ght sensor cells. The cartridge
dispeayerane dutescondisgensedpawd suimpo respebtive arntiridggs 91 26batch
in a two-dinensignal array of rows and col ums

of eperidagr & the earbpdee ey se MoV Traspodesystandeaieliver
po a?e?\%) !lﬁ/ebbag \r/?ibsa};{ : rs‘%%\%esg%isl’ggg@gﬁm Gle fhetn icr)lrg SEGCI)ISOI‘
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
ina twovdimensional array of rows and columns.

The powder transport system can incl-ude\ a blower assembly to move

a transport gas, a powder aerator to deliver powder to the powder dispenser
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WO 2007/ 061987PC T/ US2006/ 044972 4 assenbty and a
hopper assenbly to supply powder to the ‘powder
The powder transport system can further

W(fzﬁé%g%% mani fol d that couples the transpoﬁ’%@ég"mm“”n

fromthe powder dispenser assenbly to the bl ower ‘

assenbly to forma closed-1oop recircul ating gas

transport system The powder4 transport 5 system can

include a transport gas conditioning systemto
aseRibl9landnehoghet dssentbiyritdistiypl Herpehat erator.

both,yof t he ransportgas.ﬁlypytﬁ%;ch of tf%ﬁ‘g%‘\s/\ﬁ%rmtor
THE poerdetramgotiesy stan candudder andlods iangatifeld tet icoeples the
‘a powder inlet for a receiving powder fromthe powder
trengpespges froys therpowdso dikmensen assembdyido shp blwieer assembly to

delivery conduit connecting the 1() powder inlet and '
forpea ghvigdrlogpmesiroun a2 asdsnhoshamtem « bhepowder transport.

SRRl UA RaSOR S b BAEMHRE AT LR b2
T S S BT

| t : :
va ‘@aélp?ﬁgﬁ \}g(f’é\v/vg& _Iﬁ_hsgléﬁétﬁimoéﬁfés%&nQﬁEHﬂfe% hbﬁ’sllglg that

operate feed wand can 1 nclude a

desfivddsta podder helet tad a enRivisparevisefien e prtﬁdvd& transport
e

spaced-apart spars affixed to the shaft. )
syspaned papatdr osiibat sarcha poawier aletiviery abnduit @oygnesimg the
the shaft. The feed wand can further conprise an

10 paewdemigdeteand tic powder owidele and relsed doerhaniyatipaaave pewder

Pt Srist Sian chn Bbides TR o s det ardg.
A

b R ! RERMCR 10 qpbRaBHIE FEEDAChET ARy RFfontrol

thlgf ; B PLS a RS &) drot@iHeAe41906. atheeRel veaill Ean Hitude a

€ spars. wand further includes a -

sHifesiibh elichbspet spadd fathd mchiding Spabed-tphr|spard fifixed to
hel i cal open space franme. In different enbodi nents,
thelskafti SBiasppecel-apa spatsroapehavies babiealearangesment on the

nodi fi ed spar having a doubl e helix configuration, a
shadl. | Bhe ;Eeec{) Wﬁﬂds@ﬂ@bghﬁleélcé’mﬁs%% AITARZRBFBE ﬁﬁ?ﬂ@ [T TOTe

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 épar having a double

helix configuration, a roller pin and support elément used in combination
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S with an orifice elenment or anger bl ades -used in
conbi nation with an orifice el enent. ~ The powder

W&L@%{E&f assenbly can include an array bl oggg@%%o%“gu

an array of vertical ports. The powder disp

nodul es can be nmounted in 5 respective vertical ports
of the array block. The array bl ock can incl ude
channel s to deliver powder t5o the powder dispenser
nodul es. The powder di spenser nodul es can be provi ded

withtdh BORLeeldmbat S Algenasi ﬁ&dfi&ieccﬁﬁﬁﬁl%ﬁbﬁ dvﬁhtaﬁfeoriﬁce

array bl ock so that powder is delivered to a row o
elpmwier di spenser nodul es through a channel in the

arra_}Il bl ock. Each channel in 10 the array block can

passThdpowgbr dispenaserassbinddk choinelade madreay blpck having an

transport gas to_the bl ower assenbly. The channels in
arde Dﬁwﬁﬁysag peek. ddie Prvdesdispeaseamodulss senmbe moyntedin

re?ﬁ%cﬁﬁ%wgéiicgf ﬁﬁ%giﬁéﬁﬁgﬁﬁ&& E%E%&?bl%ﬁé%iﬁgwﬁ

. & L .
et 1§ SREBS P W 1€ pofiR? B hrottue” DBl Bptwaer
AR Sy CadbE PO TR A0 1A SR L pliBhied Mih the
chHEBhelsSn'the a6layBIBck 38 that SéwaBHiSESPRT @99 GERF 8f Bbwder

rollers, respéctively. Each of the aggl onerator
dismdniser madiedthrpugh iaddchnnict n thepdaabldok. dEach oBarateldn

plurality of spaced-apart disks. 20The bl ower ,
thassmyiblpck aanipass thteughitheweraytbloakfer recircakstipag tragsport
srglo B bisresieihs 1 el ookt SR b
T e S e
oy TR AR RE e 0 ar i on 25 devi ce i s

| npl a{ﬁ%r%sflrxégp@aﬁ A ho pg? bQH?V&%'fnﬁﬁ@ 2 IPowder

i ncl'ude i npe to nove the nsport gas,
reddiR8irlaid aptaiulhdrintiaé ¢owbepbitial betheapsivdebtadeproir. The

housi ng encl osing the inpeller and having a di scharge
grpmulatdracanGcomprise first and second agglomerator rollers and first and
“second motors to é,ctuate 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 assémbly can inclhude a blower to move a transport gas
through a recirculating transport gas system and a gas-particle separation
device to reniove 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




supply the transport gas to the powder aerator. The
bl ower assenbly can further conprise an induction rod
-to introduce conditioned transport gas into the flow
of transport gas. The powder aerator can include
a mani fold bl ock defining g powder inlet, powder

supphia The GHESPANoEa L e POV T B Bel DB USSRy can
R e B bR kg SRR R into

t ' d I t I tit f

the L RShORE Ouder i ni et to the preumat o br oom
Th-erwgywa%l; \é%re?cb]f":‘l %aﬁqﬁl:ﬁlder& HAGITSIE bRRR JERABROA tpowder

gas systemfromthe external environment The powder
inle?ef)é{r?@%r Qupdtupdiie colipiduretiee pyndes disgrinket dssemiplyeahd a

)

o the powder ‘output ports and a crossover valve that

gasdinlectsupsled gotthd omterassembly hellie posyter tacgaor faaonfurther
the gas inlet to the pneumatic broom and to, the

inchyjeas spmamndtod dhroom tacdadidirngowden thenighd riggpdabesfto the

the invention, a nethod is provided for dj.spepsin
povader eeipyt PeTiscwder AU VAR BY S‘éﬂﬁﬁra gggn%gpf PERitsg from
the&?é%é%:{%}grﬁét %J&%ﬁ&%‘%ﬁ?h%@ﬁl oiﬁgc %ﬁg@égéia&sq sgals the
el SORA%Erb e S5 SRBL AR eSS0, Enlibbshet =i
poﬁ%%ﬁ%%?@ﬂs?@%ﬁﬁgg#ﬁn@uﬂEWPB ﬁ%ﬁﬁhﬂﬁbﬁpﬂgg%gﬂﬁgtﬁepoudﬁr

ining a powder 1nlet, er out put
outgﬁf tr&Ndnd AT@B8RBIEr dalvel At diractingsledietcpbrtieis od the
el rver powder to the powder output ports; a dunp

trangpove gh® fumnhy gasamdett ict theopnpometic broom thd foothiebypass

inlet to the pneumatic broom a bypass nmanifold
mandofd.ed to the powder output ports; and a crossover

val ve tq direct sel ected Por&flons of . the tr sgort .

gahdeadingto gasecppdeispest Phdhe AYRRIia, HPsEReAAs prgvided

t he bypass nifold. 7 i,scl osed ,herein.is a .. .
for pé}\ﬁa%@%g sH¥h SEnSIREs BAMAFTco 33}? JeHGOd nCYPPLoh RS ioning
including an.arr of ' : ' t
carlhfatan o APItE By p5ouGR 0 RSB BaROEL RRDIFbaich of
| MindiheR ! ' 112 state of each
R ASPARIRAL SRTHELBLD CARBR T st gf ac
[ eﬁﬁg R Batdhavl atdyeler i nlets communi cating
(ﬁH%??ﬁ th eghannels in the array bl ock, wherein powder
delhiselorddtiterehie is hapostderi actaher aompyisbh®ak manifold block
di spensed by each of the powder dispenser nodul es.
defiiag | © yedvder milet, ipowdgoadtputt peris podt a siyanspert gas inlet; a

conpri sing a powder dispenser assenbly to di spense
pnepovaits brpew tadelivegaowaeh iR iee RREEHLORtRY EB%; g dump

transport gas; and owder. aerator to deliver, powder ..

valgete AVPRY 9 AUARLY ?ﬁﬂg‘ﬁ%{ fp B Pﬂ‘ﬁéfe;s&&ké 16 the pricuimatic
di spenger assenbl-yv;.; j scl gse In.is.a :

 brofigpanBee ot dnsPreloy 16 ARCDoNEIF, Sptiur pBRLS Fhd

. i L ‘ ¢ , _
croSRRE VST E) et EREIC RIS MBI L8 G, the eas
inld td e bpifadaMdpil.t o nove
1nk323§%?ﬁ?ﬁ%ﬁ%ﬁcﬁﬁggggﬁg%r deliggry conduit; an

actuator to operate the feed wand; a valve to contro

the powder outlet; and an actuator to operate the

val ve. Di scl osed herein is a bl ower assenbly

conprising an inpeller to nove a transport gas; an

inmpeller notor to rotate the inpeller; a bl ower

housi ng encl osing the inpeller and having a di scharge

port for the transport gas; a manifold to receive

transport gas; and a gas-particle separation device

affixed to the manifold to accunul ate aggl oner at es

entrained in the transport gas. Di scl osed herein

is a powder handling apparatus conprising a tray



Di scl osed herein is a method for di spensing powder

into a cartridge conprising positioning a cartridge

bel ow a di spenser nodul e havi ng a hopper containing a

powder, opening a valve that controls the hopper,

operating a feed wand in the hopper to dispense

powder through the valve to the cartridge, and

cl gyispdstddeyeinvie apewder déspiensdr Adseintdyatoenprfisingean array

cartridge is reached. Qperation of the feed maﬂd
blodenmqiugmge arot abRbg afherded VRO apir r BoEZENt, channels

. .rotatio fe d c it her: j
inteRthish afh b eeeSrilElphls B poRfticy SiseeRt spddules
mosRedds ARPeeive kertitdl heredofithé agraydrlack peachrbe theedwder

. wand can_recjprocate, cauging the wand. to i ckl .
dispensar eedwekhpe@epRIVEey %ﬁsawm?m@m%ﬁgtﬁs &ﬁ%ﬂﬂels n
' f -Or [ t;
the ARl B8R RE R pafRlc ARl dhe cRABNARRRHe 3y block
is dapgnstddiyrachhd thalposvddratispéreses emsidesei ght i s equal
to_or greater than a tar e%r vvei(glgt. %nig}%?the val veder
camisalosad dareaf APAWYS (FATHRMH Y SI £ OTUPLTPE F POW
e . _ L os) JaCh ud ity ¢
dls}?%wl{as%g%ve %@%e@sﬁﬁﬁ%ﬁ%&ggﬁgﬁg?%ﬁ ili‘iggﬁ, %peni %Igaf?he_ Y _0
" movelaveansport pakydad popowdes igciator g dehisyev glovedereerifegined in
with respect to the, di spenser nonl,e openi ng. The
theﬁ%ﬁpﬁﬁlﬁﬂséﬁﬁﬁﬁ@Oﬁ’ﬁeétcégjeé}seﬁéﬁﬁ%@yed nmaxi mim speed
dur])it@%ﬁea'ﬁef‘éinpﬁré E)B'Gvdéfr dspddser aY¢difle AEnpridAg a housing
rotated at a reduced speed during a second qgl)ortl on of
that defiheb la pypelder ifbet fecondiviogt powder, awddn oullet eind a

podim S S R AR S oL AR ourtes
a 981 Ghnd RoORRSd HRYd&GOHroakbhatl powddredeidergobdndhit; an

can be utilized during any portion of the fill cycle.
actiBiter toopdratertbe feed veanshvadwalvgi topearyrolgthgmpederspwidet; and

appar at us, [ s, nodul ar and operable both in a
anq%@gf&rgﬂ QPSE%FEFSWQIV&%M in a production plant. This
g%i?éER)sEéChéﬂe‘iﬂti@SaﬂﬁW@t Q&sendhIRT @Mﬂgrfs‘ilﬁg anc gmipetler to

fe
machi ne and results in cost reduction

ue to GCONMD
move chhiranaposugdssran dmpel leaimptey &haoteéidbe drqmjlleg; 2 blower

i nventori es. - i SC (JF I
houistig Ehelosteathe unelforRE By i € fhclprey BOY Bk the transpor
gasC aRaRhifbid/td Redkivd tranbisdreicasaatd adgsspartioke sdpaeatisre device

i nhal ers and conpact nultiple use 1 nhalers. This .
affixadaito | they manlfggi deniaspumulgter aieglomerajes, gaffained in the
ir cha?ggg to the systemthat delivers containers to be

ARSPO Yo the powder di spensing and sensi ng appar at us

Br ifsclpear h@ehons of pohelebrleaidig apparatocomprisingra tray

under st andi ng of .the present invention, reference is
suppatestructiretonksssisan garREdgedihgs, which are

i ncorporated herein by reference and in which:

Fig. 1 is a perspective view of a powder dispensing

and sensing apparatus in accordance with an

“enbodi nent of the invention; Fig. 2 is an

expl oded vi ew of the powder dispensing and sensing

apparatus of Fig. 1; Fig. 3 is a partia

vertical cross-sectional view of the powder

di spensi ng and sensi ng appar at us; Fig. 3Ais a

schemati c bl ock di agram of the powder dispensing and

sensi ng appar at us;



10 Fig. 4 is a perspective view of powder
di spenser nodul es, cartridges, a cartridge tray and
wei ght sensor cells; Fig. 5 is a perspective view of
a powder transport system Fig. 6is a
cross-sectional diagram of gan array bl ock and one

er 5 transport s¥sten1'

hol?i?%g@-lgwa Brafbarhgl saoiass aada Faged b gl parides: a
Ltr itionin S ig. 8.1 ' ' :

dispind ey R 5 g . SRR PRRESE Y Frdt e
corf g 5T BBl RS 2 0y PR e
to s%ﬁkﬁﬁﬁ?y ﬁpgi&i&g %{%“ﬁrﬂoéﬁﬁﬁéuﬁgeﬁﬁéﬂﬁﬁﬁtcﬁéﬁ \fa8fridgied in the

( S a schemati'c cross-sectional
carﬁ‘n%(%%lrt@@ A aligemkareyitteme dispédngeubsystelinspenser
ul e;

15Figs. 13A-13B illustrate a feed wand in
ac @isclased heirtin tne reethodi frendispéngihg powden inda;a cartridge
comprising positioning a cartridge below a dispenser module having a
hopper cdntaim'ng a powder, opening a valve that controls the 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.

Operation of the feed wand can include rotating the feed wand and
reversing rotation of the feed wand to condition the powder in the hopper.
The feed wand can be rotated at variable speeds and can be 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 seleéted 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 bortion of the fill cycle can be

initiated when the powder dispensed into the cartridge is equal to or greater



Figs. 14A-14F illustrate a feed wand in accordance
W t h anot her enbodi nent of the invention; Figs.
15A-15D illustrate a feed wand in accordance with a
further 20 enbodi nent of the invention; Fi gs.
16A and 168 illustrate a fidl valve in the open and
cl osed positions, respectively; Fig. 17 is a
thahl ®gklddtab vasizbf. Rr iodl conteel 4nd/or iﬁteg'rallgbentrol can be

r .di spenser, i ght sensor cell;
utlgg%jéumigapg@mogv@ SrﬁPBYéE powder di spensi ng
pr QP%%%%dﬁh&elrﬂ% 4 potvdch Meehafde Md Sewan Hppariths, IWhich

f the_ sensor

cycle; er spective Vi ew o
is m@dulaé and\operabie ¢ dp1bgnreTrssrdnbaloratry and Fi gt ppoduction
P TP FLEE! RSP SPRANE lcBihon fiacine
ancbfesaﬂtsangctﬂstsredaohon rd:meto common technical support and trammg
and reduced parts inventories.

Disclosed herein is a powder dispensing and sensing apparatus that
has the capabﬂity to fill inhaler cartridges, one time use inhalers and
compact multiple use inhalers. This capability can be achieved by relatively
minor changes to the system that delivers containers to be filled to the

powder dispensing and sensing apparatus.

Bricf 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 dlspensmg and

sensing apparatus;
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- expl oded vi ew of

Fig. 23 is a perspective view of a second.enbodi nent
of a weight 5 sensor probe; Fig. 24 is a
perspective view of a first enbodi ment of a powder

WOL0PHeod 87 Fig. 25 is an expl oded vi ew offCITAE2006/044972

powder aerator of Fig. 24; Fig. 26 is a perspective
view of a pneunatic broomused in the 10 powder
aerator of Fig. 24: Fig. 26 is an expl oded vi ew of
the pneumatic broomof Fig. 26; Figs. 28A-28C are

ZLOSE’% .@ngigﬁgﬂsg%t?\)’@v%fw b go%@ij ‘?ﬁg?e?fs@f ﬁ{ocgﬁef, | @rtridges,

perspective view Ooff a secon

a@aﬁ@ﬁigmm{dm@gmséﬁesmtor: Fig. 30is an
e he powder aerator of Fig. 29; Fig.

31 i Fig Spsraspaspéctévervienw of agng@arl’tmﬂs'?obt optemsed in
the Epvvde_r aerator of Fidql. 29; ig. 32 is an

expl Btpd Miacwoss-see¢teonal eliagtane ofrananrayf blidg arRllone powder
20Fig. 33 is a perspective view of a first enbodi nent
LrgRsSREThEPEEM; assembl y;  Fig. 34 is an expl oded view

LR e ST T NN Y
pEERERY St S 35, " “KeT"57 s perspect v,
Lo R g S e
Fig. 9 is an exploded view of the array 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
F ig. 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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12 Fig. 38._.is an expl oded view of the .blower
assenbly of Efg. 37, Fig. 39 is a perspective view of
a second enbodi ment of a bl ower assenbly; Fig. 40 is

WhWEedtiided vi ew of the bl ower assenbly of MPRCEUSI@6/644972

5Fig. 41 is p. schematic diagramof a gas
conditioning system Fig. 42 is a perspective view of
a powder delivery systemingorporating a sensor
chanber; Fig. 43 is an expladed view of the sensor
chanber shown in Fi g 42, Fig. 44 is a Fi ctorial

r epFég.eht i aroexplodad Miew qirtbe seaseronogiile ahHizr2010

cartridge; and . Fig. 45 jis a pictorial )

r ep&:é%'gﬁ 3 BRISpeclve vigw @c@‘é% eﬂ@?"‘é‘”&‘é‘ﬁ'&ié‘t“’elght sensor

inhal er. Detailed Description 15Powder dispensing
PraR% sensi ng apparatus 10 in accordance with an

ebegh ks LhefsPectiPy T B a ciE Wh b dimer of a Aoight
pur posé o € apparatus is to di spense powder I nt
fhdbg: cartridges 20 and to sense and control a
se?%tlg IE’st ate of each of the cartridges, so that each of
t he Fgar24 iggparspectivy edeva ofraefiist elbudintentloff acowder
quantity of the powder. As used herein, the term 20
aetadaritri dge" refers to any container or capsul e that

I's capabl e of holding_.a powler, typically 0 r

contag.nihip an %B@@G%@W@é@le@ @&qé%i%ﬁg\ﬁggi erm
S "fi )" ipcludes fil.led.and partiall illed i.n

cacKiE2% 1 dgernectiys vidh of e nse oo ALRfe

and in_fact  filled to only a small fraction of
p()lvtf(ger 5%%)}.9;%%\'5&)%'680“ bed bel ow, the apparatus can

o0 8027 LA o o st aagpes
typg;f, IOV eFe E@sh8ebiibhfldriews of the powder aerator of

Fig. 24; |

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

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

Fig. 31is éperspective 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 :i 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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WO 2007/ 061987PCT1US20061044972 13 Cartridges 20
can be held inya cartridge tray 22 that is: positioned
in a tray support frame 24 for processing. The

WO Yi618ges can be held in an array of rows EEHUS2006/044972

colums. In one exanple, cartridge tray 22 holds
forty-eight cartridges 20 in a 6x8 array. The
configuration of cartridge Hgay 22 and the 5
correspondi ng configuration 6f apparatus 10 are given
by y %f exanpl e only and are not limting as to the
scopbiHP & wean expdnded viewofithe bloser asrgablycidFigh3?;
cartyidge tray 22 can be configure \d.to, hold
di £ 1 E1EenY HuhbusPeriYa i ahastasrd srbtodimant odgelover
2 can have a different array configuration
a%#@ﬂﬁ%’the scope of the invention: In another

e”boﬂi%%'@tis]a% ggg'{a@%@?ﬂfgﬁ\é biJl@elcgizs%hh%goeftI‘;igg%gg”

hol d Z cartri rtridge tray can
i n sERpANtisty alRnidicdidgtarRtsdy amdtbRad sydene 24
by a robot. Conponent s of powder di spensing and

sensFipg 42pparpergpediive vievadiatpowddraldiveyy syptent t
franme 24, include a powder dispenser assenbly 30 15
Incerpopsgsesawed shamies; cartri dges 20, a powder

i SpEIEd 1540cernly b Vit of e Ao e erabortn e 42
bl 5 S oAl RS B iter

: gg(ea'] for nmounting of tray support frane 24,
.C%‘g&g r’ fgs)

penser assenbly 30, powder transport system '

gg e%' 43 i%%ﬂéigfoﬁ@%bﬁes%ﬂtatﬁﬁﬂo% ﬁg@we‘ésﬂoﬂ 8 cORYct

di sp r assenbly 30 and powder transport
irfhedérem 32 with respect to cartridges 20. ‘Powder
di spenser assenbly 30 includes an array bl ock 50
havi ng an array of vertical ports 52 and a powder
di spenser nodul e 54 nounted_in each of the vertica
ports of array bl ockDetpilest Desceipdiom 50 can be 25

ST e, N R R,
cbPEALH B, MRy SV PR pbedgtihe eppars
i B¥pdlRGowlelRflo MR 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” mcludes 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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WO 2007/ 061987PCT1US20061044972 14 6x8 array of
vertical ports)52 and provides nounting for
forty-ei ght powder dispenser nodules 54. In this

WeeHe1MInt , powder di spenser nodul es 54 ar e PONUR2603/044972

on one-inch centers. It wll be understood that a
di fferent spacing arrangenent can be utilized within
the scope of the invention. 5 shown in Fig. 8,

array bl ock 50 further inclutles powler storage and
60g

transport .ch el s_6Qa, 60b, 60c, 60d, 60e, 60f,

and Z%W%‘?ﬁ(gﬁ@l@ﬁ ﬁnﬁmarl@iadge trap2dfthai is psiwdencd in a
ng; 35 ﬁm)du%l? 54 in this enbodi nent. Powder is

R Tk iAo g er Prockssig, (The eartiges eas bowehd in an array

[ dul.es;. 5 Qu each channel _in. arra
o roBRERS ol i CLBHAl, S PN AR eI OS Torly-eight

P | i, Ci ; re.powder f.or

RHEIdBEAOIN 16X HiiayC A cdPhiidadod 6f G A REY 20ind the
cerrespomaing cinffph@sti : f )

i ncl udes g first pt(;a%gr?a ?gﬂ%%rlg) ﬁg@gg@{ﬁﬁa}"éﬁa@le

ogly evé arpootiEmitingasftonhe sgopaiprl tHe fiventioRATRYH 1504,
and 60d in array block 50 and a second

6Qb, 60
ugém@o Hiah sporidgeyisae A2 32h teccatefigured to glgléh %iﬁéeger:]nt
g an

R of Forrbits ond hatwrigndpetiem 22 vambpor # dffsrantuuay
O I AR e e
SRR 00, B i s Ty G B 2SS T argicge tray
B0 ot o o A TR TSR S Bl Sagpe 24

by hawbbwwo powder transport systens can be utilized.
Bl oner assenbly 70 is coupled through a tube 76 to a
gas Camponeatsodl powder dispeating atl sording appaesual 0) @w
c&g_transport gas throuah gas inlet 78. Powder aerator
aGtOR AP B SE ¢ afteincdala a posudsindésprnsde assemobly 30

AR SOET T ot A A s o 12
O )RR SRIE D ol LA e 4 o
sepl@ANeH Stdt€ o Bech WP cARPIHRE 98 7#’&%8%‘38@6%@%% 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 havir;g 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
conﬁgured 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, a:rray block 50 can have a
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15 powder di spenser nodul es 54 in each row of powder
di spenser asséhbly 30. The powder is individually
di spensed to cartridges 20 by powder dispenser
WOaHAGP¥87 54 as descri bed bel ow. Channel s 60at@UHS3YEA4972
t hrough array block 50, and a tuned suction 5
mani fold 84 is coupled to outlet ends of the
channel s. The suction manifqld 84 of first powder
transport system 32a is corllected to outlet ends of
channel s 60a-60d, and the suction manifold 84 of
6x8ertaoPoeantisel poradgond pyetides syymtingclonfesyeighbpowder
.the outlet_ en f channel s 60e-60h., Sycti on nani.fpl
disgpnet MO+ TS Pboimans b iler debeBim hogntes 54

ar Pl Podfhefionp Gntandt SN R fB5aron

Sp%éiﬁg%% :rfrges yeg{tgiﬁ&%ﬁ'ﬁiéd 41181 the §Fkl) o8P vention. As

amspo powder not de ered to powder

shOWIREEE! 3Rl B0 5O usther ﬁibllhﬂeé pewdbasRehEe and

returns -t ht ough suction manifold 84 to bl ower ]
trafSpORUhanAEls G, B0BE 696,600y 60t m@andﬁ)hnwl‘;h a@oe
I n" some enbodi nents, can include a 15 gas-particle
chaepelrfar ieach dewi eksikpaveder dispensgs mpodides 54 in this
aggl onerates, while _sm:\elgig pom%{pzaggl oner at es :,}re d
embadimentaPowdas 1p SatizeresbbnPevdes FRspaE SYFIRY 240 powder
.powder di spenser. assenbl 0. .further di sgu :
difpmser mosicnstoerrchstrnesT i firbd Foflk SHua® §hpibed
ondit i oni,ng _upnit 40 tr '
el drachontieel aref Bty Ml ButhiEgt TpRbt o WA powder for
! T )ort system 32 can incl ude
segéﬁggégvc[l% @%&%gﬁ?ﬁg powder level in different
CO"HHQF@E&Mdiﬁ{bﬁt . I-7apepaki tsnspemsysiepp8e includes
assenbly 74 can include a hopper |evel sensqr to
a GeApovidie iRmsgert dyetah 32 thdelresgromder tofa Hopgspup of four
assenbly 74. Powder aerator 72 can _include %@gurgp
chaahels 60sy 6i0bs 6As andi e diis aray bhoeln 80 sodfeseqoagdiower
the dunmp valve 25 of powder, aerator 72. The
ranSpeRLNFD A0 AP ID Agebee Ll Thamels

o RS A TR bk FRSRRT Sy g

SO SRR g 10 o movo s maspont g tough

the powder transport system, a powder aerator 72 to deliver powder to
powder dispenser assembly 30 ;md 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 fransport 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 acrator 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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use optical techniques to sense powder |evel, for
exanpl e. The powder |evel sensors can be used to
control operation of powder delivery system 32 and

WO 28947 of powder di spenser nodul es 54 wi t h BSGVH$a906/044972
Sensor nodule 34 (Fig. 20) can include a sensor
housing 100 5 (Fig. 21) and an array of sensor
assenblies 110 nmounted in Sﬁpsor housi ng 100. In the
illustrated enbodi nent, each of the sensor assenblies

posc et oty 1 i Sndd il s oty 0.
[ i Lt di . 5 .

T RSO RS Lo PR R B Bl ghepegpoer

m%@l%'ﬁ%#%ﬁ@&%ﬂﬁ)@d'b(ﬂ)wlo nore than two sensor cells.

er of sensor assenblies 110 and the

a”%ﬂ%ﬁ&% A- tﬁﬁﬁ%ﬁ%ﬁr‘ bldék 50, 4i¢ aanhéd seetion
be suc thlll'iatwtt@€F1 enssor cells ?SZSM mat ch t he

mERHTHIcO84 & bowpletl toanticr dpds o2thé chammelsi dFe suchipnananifold

or a subset of the cartridges in the cartridge tray,

Sfof ﬁr#tq)oauhdﬂmrmsgfogasyﬂcm Zyis qonmeched thautlplogngds gf
orty-eight cartridges.20 in,a,6x8 a 5
chongRIscRIE6Dd, anchehes s TIRHCM! $4 GLFFcoRasgader transport
t went y- foour sensaor se ies ., 11Q, , whi j .
sypsm 3 lt@w’@@ﬁ@rt@?@m@? 1800R0, Céﬁgnglgr@{?%wgﬁg"“"“
In ers. Lo f. _ .
mengolE R sFhgns Mo bR B 7 BloPir ity 70, (B8 fyphing o
. . . : . ‘ th
LGS g, Bsbbpat iy e pesmim g e
p(?\f?g& Qhnditet 20steaDEt utitizk sndpbnalbdpognt atspoat bystem. Any
end of cartridge 20 through an opening in cartrjdge
péwayr 23 deliveredhe prandardispéniser tiadiles v aiusbrad mchse
the fill state of each of cartridges 20 during
cltirspinsitamsothr poghi euctien manifol g & blavigraasserple 4R As

el e then, L e dosh o AUt ol ROUECT icude
oS BB ALY A BSOS AR Gt
SRS RIS SR N Byt
agigsly S gL Ansiias eyl
cSEEGwWABE traBPpeitabistent yaniihélude aygameonditientg snit 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 éomponents 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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The physical configuration of the weight, sensor

assembly 110 is a 5 consideration in systens where

powder di spenser nodul es 54 are cl osely spaced, such
wO0as07@®a19%8he i nch centers. Preferably, the wei §AT/USEA&0#4972

assenblies 110 can be placed in an array that matches

the configuration of cartridge tray 22 and powder

di spenser nodules 54. In a ef erred enbodi nent,

sensor assenblies 110 have a vertical configuration

usEGPHCE] sé%ﬁ%%éﬁ%%%o%rié%ﬁ?%%ﬁ%ﬁn&?ﬁ%ﬁ B

leEAlGRRRPReord e R Sl iufatiBR ot ph iR IEEK Kyglom 32
tFy P Podad | j

g A S R e S

an A HRYIdIEBANFISEXS) G Pehiliea seaturdeststns 10051 n
anot her enbodi ment, a commercial ly avail abl e wei ght

(Fe€ B0y aribaluh@apas senbor assenttdiescor( irpumied om semedr dwusing
be utilized in a tiered arrangenent on three _ |
1061 f retherilluserateidse mbodiment; eash phthesersox assempbliggdd 0

in&?xrdrﬁé AR AL iﬁi?ﬁ%b??%%%@@%@ P cudry, Thysone
20T i - g, |
scheh 3@@3@?@% SERRavT R auer ae disBRBE TheRuE e
oL P AL S D SRR Bt ol
mgfé iﬂﬁa%ntv&@ T ?efls? aﬂhéoﬁufﬁbbf bE 88nWrtdikenibies 9d0pmd the -

€ I'nvention. Further, the conmponents of the

m?ﬁpéérﬁéﬁtsoﬂ&ngbﬁaﬁs&nlﬂmﬁ@m the amaptoad bansieh that the
uniTormarray. For exanple, the x-direction spacing
sapebireells ¢ dameatehtihe canfipmration ef eartritiges0ra cartndge tray 22

LS Seae g beuveen sqmporents, B & ol
cafrde ioH D2ceE PPIITESS e GIg 20aT p S5 doon gne
ks, eeroanieidPPor s RERE RS AT
e A e e R S e A H
ohE SRAFELMErsS SISO @RbedhémofIHi@s. 1-7, each of the sensor cells

114 is 2 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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5 and are supported by probes 112. Cartridge tray 22

can be provi-ded with openings at each cartridge

| ocation to pernmt probes 112 to pass through
WO Wde tray 22 and |ift cartridges 20. THEI/USERN6M44972

cartridge 20 can be wei ghed by one of the sensor

cells 114 without interference fromcartridge tray

22. In sonme enbodinents (Figs. 22 and 23), probe 112

i ncludes a 10 three-point support for cartridge 20.

el e PRt iDaY pioaly e el iy Scpossii applications

' : [ r t.0, 3. di spensin
reQLERENARh FRRFR idl shiey 313 Ehed BT y2HE St dmall
wéiighpenser nmodul e 54 is positioned slightly above and

in alignment with one of the cartridges 20. 15As
shoWhe phyf¥igal cdnfigantod ®fehe wdichtsiisar hovsh i
40a a.prﬁ)gsdl e franggﬂ40b and an u%per fSr ame 4025;%%@\/\3&‘
consideationin nystengdvberer powddOdisperseranodetbstot arddsescly
plate 41. Upper frame 40c provides nounting-for tray
SP§%?L seh @as preone iIngoorriersd | Risderably,dbe ovtight sensord

0 r nsport stem 32. Array block 50 is . -

asg%ﬂmﬁﬁeﬁ iﬁistcaﬁ%& E}%%& 30 30 Gy et aaatobes enfjgwation of
n actuators 42 ar ner.gized. nsar

caf BB, o R s b Endr B OWEE S o Spreie eRover
erfSR ARt B P00 s Syt Rnd o
seRSUH deM U] ¥reQackaghlteE¥ALE to Tdlen RALHSHT Qﬁgmﬁ? 'The

modul es 54 are 25 activated to di spense powder to
weight sémies nhahhal cosprirmntgaed loeawdedt the teprdfithgges

20 is performed concurrently, so that all cartridges
assembby, elatgrcalrdycuyais lacated delowfthe meedmnticaldgespoments

the cartridge tray receive powder 19 )
and an electrical connector is located at the bottom. The sensor assemblies

~ can be 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 moduies 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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si nul t aneously. As powder dispensing progresses, the
wei ghts of cartridges 20 are sensed by respective
sensor cells 114. The output of each sensor cell 114

WG 0080IM7ed to a controller. As discussed belrw/usemhgssrz

controller conpares the sensed weight with a target
wei ght whi ch corresponds to the 5 desired quantity of
powder. As long as the sensed weight is |ess than the
target wei ght, powder dispeﬂ§ing conti nues. Wen the
sensed weight is egual to or greater than the target
wei gt OpeIhl opprantnidge trayditrhaliing kertridpes $00B¢iositioned in
gﬁmder di spenser ng%yle 54 to term nate the powder

tray SPRReTt{fpBs e apretsrally bna robakerothsr gutomatioadscehanism.

CHBFHBE TR F BfermA et h e s larasaide ﬁérﬁ’v:gﬁ%%ge
e P Bl SR P A ol B i 8 SR it 110
arld %6 &é}&&?{é‘r@}a@agﬁ%&aﬂl n@aﬂ?ﬁi@'t%s# b8 crﬁflﬁer Hd58ed Yith

cartri 2 or a subset e ca es I'n
opdiangsaint eactoeartridye iR pethAPBRSHIRIL 10V £ ga%rough

i ncl ude concurrent 15 dispensing of powder to and
cangidgs trapdd angl bift cartvidges 20. Thusréathazraidoadicanas:

100%_ i nspection and control of powder dispensing.
weighgdeane af thmiensonecHatdérwithautimdeifexproie from cartridge

TN S

- nfRERb Rt tnhln 1P oR a0 of R St et rBe g

inBRRIY Aflibei A %ﬁpggﬁgfgtggﬁﬁggg%. PoWab] B hsbf Smbly

e contiguration spenser  nodu

3exABNRed tHQ diIg5dsisy ngokﬁﬁiﬁ. canh%ediggggé% @ﬁ@%@d F%EH

a multiple of the nunber of powder
pdsdandispenderneodulerid Isgiosifianed gligkflyabove amdrindgd ent

than the spacing between powder di spenser nodul es 54.
with ongyofgheaasimslges29.only, the cartridge tray can be

confjgured to h0|deé92 cartridges 20 spaced on o
one“haPROWRAR Fdgnt chamen ) gan prelude adegerdrame £0p2r 1giddle

R b R S BB RS2 2 o
e8GR bB e 90411 958 8T 898 AR S Bunih or ey
sofpoR e o1 o ol SBgbl o Byt rspor
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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5 batches of cartridges with powder dispenser nodul es
54. Cartridge fray 22 is positioned in tray support
frame 24 for processing. Tray positioning nmechani sm
WO /4648 7udes an X-direction actuator 230 coR§ITEEE2006/044972
tray support frame 24 and a Y-direction actuator 232
coupled to tray support frame 24. Thus, tray support
frame 24 and cartridge trag 22 can be noved in a 10
hori zontal X-Y plane for p gitioning of bat ches of
. cartridges in relatign to.powder dispenser nodul es 54
SlH&ﬂEﬁD@Q r B8 DOIVAeT AllSpensing REOFEFISS, Hife Wiciglits wiftagrtridges

20 B i, FEorEVa S e bma oles BPUBEAIfaRSh seaser ool
[ - 1] fl f
114} Surfed (BRI A oAb g FuchhB e Efe:©

corg fRY-thekeds t Wit RERREL \%‘i%‘ﬂk SehieH goﬁ%ﬁgﬁgd}f ﬁ)et%ae

spensed I1nto the first batch of cartridges

desife tity defpdwder. | As toweds tite seriedongight ¥s 08§ thawthe
(O .5) to al |gn a second batch of 48 cartridges

targﬁti\heilgjhm, rowdgr dispdssipgwiatiniespéiiben theosenses Wwéight is
Powder is dispensed into the second batch of

equad te or ggeaten than Hisiargad weight,i thgsonirg)ler somuvends the
ol oL e Ry Gt
dispEPBEE R o Ro Fiibd SepdaE il SHRReS Wtaitnbiihopaple
weldtiller (B B clé ot gRRRIE Elfilge Thi BE Maridil oo

dofebfivé 0T, bl Blspeasiiy dPVCEORIBIR! frdepegessi ng

of the 192 cartridges. I the above 25 exanple, the
corugemtbf farhebatchy fresiridgessinandiridpe wag@R. ofhd beatch can
. batches of cartridges can be changed. WO o )
inchelprald sroearddsesiooetidge nayAA2 or a subsetid thetsartridges in

understood that this process can be applied to
thedariidasirays g«/PQWldﬁﬁ m@wyﬂe &2pitpedeonghEEnhg

o SRTTD AR b TBET R0
ol SEPRSEH: b BRELEPREENIS g, v

Of RUHCEnboARARAL haRAMIRT anl bR bf ehuifiaELe ileAridge
typically matches ‘the array of powder di spenSer

trayRduheshed theawaitRr andspacing eppoivdal dspentdembalulds 54 in
can have fewer cartridges than the nunber of powder

apmirsipenider Imother embodinmntithe kcaftidgs tedyovan haveiaghifegent
and 9. As described above, array

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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to block 50 i.s provided with powder storage and
transport channel s 60a, 60b, 60c, 60d, 60e, 60f, 60g
and 60h, one channel corresponding to each rowin the
WOPYTAP1BT powder di spenser nodul es 54. Each SET{I§a006/044972
channel s 60a- 60h extends through array bl ock 50 and
intersects the vertical ports 52 in the correspondi ng
row of the array. In the emgpdi ment of Figs. 1-7,
powder 15 transport system 32a delivers powder to one

orS o 1305 b BtpBlRBciies ¢ s S MBS g i
Org%géhgg{)c%lﬁg&or dingly, Figs. 8 and 9 show the inlet

channéel s 60a-60d and the outlet ends of

chafpe bﬁmﬁﬁqﬂ@ﬂ% 7] thetdagtredgrogt et caaf bddispladbdainda 9,

channel s 60a-60h have slot- 20 shaped cross-sections
hariwbrasledipeston by a thasy positionimg Riagrhabiym d20houligrhdifferent

powder dispenser nodules 54 is provided with a powder
batchest ofl Gotiidgesheithpowder dispericrgnagelessfent-agridggiray 22
. passes through the powder gifspenser m)dqure. We .
is poatiiancd BN SHPRUA dTA0ac 24 12F S RGRIIE | FAPPSfioning

bl ock 50 owder, inl - 130 ar L] i _
mEeRsRo A e Tef e i o ChRioR23E byl Bfiray support

inl Y, .
et e B PRI RIRAS B SR BIGL 5 sl bl Riges
Thés M@f%&ﬂﬁ%&e hnshdeastHdgcesy 28ankh sharnad i

array b 50 and the correspondi ng powder inlets

hddkbrta]l XV R1afé &Bﬁ%@ﬁﬁﬂﬁﬁigﬁﬂ bawhed 49 tart2kigesd eelation to
di spenser nodul es 54 defme a passage through array
pdwdekdBPehser retulesrds aid povigsrcells lddeh of the powder

D owiiEne dripdas syt O 6o HHEsLGH pb ey SISan g 1DUgwS-

Powder. jnlet 130 is,configured.as. a.thro i
The carsidegdrty Bimoned s aBnr s esiipt i HiEREY Pihition
(GRGRE 4is? afsL KR! % bfigiebR is POMREN,UIRRRASRI the
i e T

b%&éﬁe‘c%réfdgésrhrﬁﬂﬂiehi the caclhrivearsy BOmosed teer seeond X-Y
powder storage function. 10 annel s 60a-60h can
p&sidion (D05 )nowdim 4 becoridsbalebdd§ cartddgpenaihgeragray of 48
singl e batch of cartridges. In ane enggdinggt, gowgﬁr h f'
powales dispensgsmnoduds AbePaveler as dispeassd o BespreRe Apten ol
cgr(%l\gggés ;1(1)3 t}?enn néoggrtr? gep?rtagr qg ?nc())\f/ed 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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cartridges 20 is supplied from hopper assenbly 74 to

channel s 60a-60h. Then, powder is dispensed to

several batches of cartridges 20 until the 15 powder
WO20916y987 n di spenser nodul es 54 becones | ow. PICA/GS2¢06/044972

enbodi nents, powder is supplied continuously to

channel s 60a- 60h, and channel s 60a- 60h serve as

buffers to store powder not di spensed to cartridges

20. The cl osed-1o0op pneunatilc powder transport system

32 feeds the 20 agglonerate particles into the array

bl olikwBDbé nmdersteos thatdhisqeroetss cattbe Tpeticdttbalifferent tray

transport gas i s _recircul ated back to. powder aerator _
arrgpgempBts Withspaiffergatspaning between cadridgesydisferent numbers

ot S SRREEE B RRT o0 B B eSS BBE A
o BB AR LYo e of
ca%lgﬁggéa%ll@ kh%) Eégz :Orfgjﬁgﬁitﬁgg% ﬁ%@s %o 22{ egl?atﬁ% rgg

caﬁﬂagwng@ieﬁlw midchéQNRNATdy BEWIM/dcadifiplser Authies 54,
agglo ate " WD 2007/ 061987PCT/ US2006/°044972 23
Hostrener] ﬁsscﬁhe@p?@caﬁmdﬁﬂse batchreaarhaane fefvaraatizidges than the
di spenser nodul es. The array bl ock 50 can operate in
numbes pd povadber dispenser osedblesop gas transport system
The powder aerator, 72 and.th

1 uﬁmf}bfebiof#t fr(biwlﬁzm i Biapd andigy g?%géﬁkfé% ichabpesarray

.\ 50. 5Ar 0 :

blgeka Tubrovadan ity Pocen Rtiraghahd et Bptt Rl ap. 60b,
cof TRERIL B S s P RN o i

I o} | -
theBREFInboter! d1stiel nfduIRs Ay IcBEsT B (iRl P60a-60h

arra penser nodul es 54 for di spensing
exROIE ehrduphaarray biyclob0 eadtintdgeass the vartivad perisei? in the

enbodi ment, the array bl ock includes a B
corresponding row of the array. In the embodiment of Figs. 1-7, powder

transport system 32a delivers powder to one side of array block 50, and
powder transport sysiem 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 thé.t 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.

Fach channel in array block 50 and the corresponding powder inlets 130 in
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10 main block 132, a top plate 134 and a bottom pl ate

136. Plates 134 and 136 i ncl ude O-rings which serve

as gui des and seals for powder dispenser nodul es 54.
WOPMTE6HBY ay bl ock further includes bearings P&O/USH6/044972

cl anpi ng handl es 142 for attachnment of the array

bl ock to franme nenbers. In operation, powder is

transported through each of .channel s 60a-60h 15 by

the transport gas and is def? vered to each of the

powder, di spenser nodules 54 in a controlled particle
pavegrsdispersosmsedules Sthdefiuma passagspbroygerrayrblock 50 for

AT T S
T e T
PP PR S SRSE hioT o 8 RO,
poAtdertign thiesEh tise ENRURAKS YeliVerd BNBE st Potvder

30 mlligrams, but the dose is not limted to this
digpeiger module 54 andansthenwpaitroftbe gidwder BitgsspbBed GBrough
powder di spenser nodule 54 25 includes a powder
podvdgreindetr | Hbarsd thy dsonredin ngray blowk S Ohimugsicegssive posvder
.150a, a m ddl e housi ng section 150b, an upper housing
dispensepmadiges affd a cover 150d. The powder di spenser
housi

zoo?lnn R A S A TR R
CifiBisls BRETN G P b Pk AN RRRAL ol Boplhdilig o o
sig R (RCHDERRACRS TIR cHE ChB AR, pRbAE: FlsHoH Wstem 32
opeYhicl it isRlvA9N BuitfickpR polader €t gien Bevefeadhys 6f om

powder inlet 5 130 to | ower housing section 150a.
caridrestui appdrdtirom hopperi assémivds 74 thapensd]scalint 0.
154 that extends domnwardlag to_a dispenser nozzle

Theg ponnderhisidisprinsed Spsreardl betchsmmdtaantridges 24 vatl the
PSSP OKAREDSH BRGNS 33 DRSS W1 oWiEhe
e RS0, B L S S L e
R S0 PR SEPLERON pOSART Beripsa o
RN hul k pouder bed. Dl Spenser novele 156 s

confTlgsickéetidodp ppenseatiopoieder transpant sysdge 32deeds 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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Powder di spenser nodule 54 further includes a feed

wand 160 to .15 nove powder downwardly in.a controlled
manner through di spenser hopper 156 to nozzle 158, a

WOWRBITdheH8Y uat or 162 to actuate wand 160, a di PPEASR06/044972

fill valve 180 at the |lower, end of hopper 156, and a
val ve actuator 182 to open and cl ose val ve 180. Wand
actuator 162 and valve actuggor 182 can be miniature
not ors. Wand actuator 162 can be coupled to feed wand

SReR e BB b A OGP BURLAT e
afagRIGAETE Yan Her B arl G ik} Bf'a bfodell Bbb s transport
sReehd 'Fﬁé‘?g%eﬁ %efétb? gDt ther bioek! 30 @uv@id, entrain and

act uat or 2 and val ve actuator 182 and for

treAgpomidead pogvdurtihtctrt diennely efartray bidet S@ont rol s
operation of powder 25 dispenser nodul e 54. Fill
val vArigobloek Sheimgeodde she snaipsbactursd suppodfenasspciated
-as a gear provided with an eccegtri cal |l y-1qcat ed
comippaciseichgn beystenys,) speh sy dengsrator”72, hopper assembly

T4 oIOTOEPHS1d S ADH PSR Shimbiay 101 BBl s bbels 50
S s PB4 RS B e o on

e - ' {ors include
oS Eerfilch? 0% ALl nfodiilci Bidiarthy Block inhudos &
nPRANHIO8 192

é"fé&] platesizanagt a botohe pldis 180e PRlatggnE3 and 136
partially aligned, fill valve 180 is open and powder

indlude Epenhpedvhivhoserve as tguidigeandenls foit pewdge dispgnser
Is not aligned wth dispenser nozzle 158, fibl valve
oi@dules 581 cHed aaray rther iagludes besrdags 140 and clamping
Pr ef er abl %( fill val vqc}éé% IS a]Ht iégeéhat canbbe
hpadidsal43 fapsirshment ofdbe prigdPiogk d, rAB YRV b er
190 of fill.valve 180 can b { Q. -
act ug? SPERALON, PO q@&%@ggﬁ%ﬁﬁ Oﬁ%hu%%er%bg%%nv\%} s 602-60h
ear .192 t k I
W358 Rl R atpi b8 ARG R
i j Iomepracepsr Thergoveder drops
r‘?ﬁéélgg?4%lea?g&€tg§§§&m%§%§2 ir?arrmunt ed, a% upper P
rgeastickO4r atdvaghidoteach v the pervdendlisgenser modules 54 Any

powder that passes through the channel without dropping into one of the

powder dispenser modules 54 arid without being stored returns through
suction manifold 84 to pump assembly 70.

Each powdgr 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, 2 middle housing section 150b, an upper housiﬁg section 150c and a

cover 150d. The powder dispenser housing 150 can have an elongated
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15 drive shaft 193 and an upper a gear 195 attached
to valve actuator 182. Upper gears 194 and 195 are

i nt erengaged such that valve nenber. 190 is_caused to
‘Voﬁgpﬁﬁgmahen val ve actuator 182 is energizedP?Egéﬁmgggyn
can match val ve nenber 190, and gear 194 can match
gear 192. Thus, the position of gear 195 is ,
i ndicative of the position ¢f valve 20 nenber 190 and
the position of valve opening 191 relative to nozzle

oo AR BB EcHBRTh A A0, Ay
IR 2 DGR PRI B8} SSHRN fd on

ortd A lh%@érs.t id ABOUSIAS ﬁctﬂl@wﬂyb ARIISPSHNEEr inlet 130

nodul e 54, between powdéer inlet 130 and di'spenser
artba eyEndf8al ¢endiipysL thmtfexgendRdoviawsiidynirodh ppamieeinlet

hopper 156 may be consi dered as having a powder bed
130 tphrvedr leousig eedien | SGa.p haveer hasing apoteys 1 60e vbudes a
2007/ 061987PCl YUS2006/ 044972 26 zone éggb and a _
tapeeasheongait birk tha @ec.te@@v@%wnmd@r@p% coseAnrela 468,
[s.located in th | i i.cal dui t ,152 b :
whihie dmmelonedolor SORBHHILE w6l Staoe 200 elsppred
I A ) . i c
coitul Sbnab il SRR ¢8R5 & el BAOH RS R g Hom he
dlgrg%rgs?cﬂff}g gyﬁﬁ?ﬁﬂéﬁ co"rﬁﬁlifT p5eed éH?HHnéﬁQoﬁ ¥ di I IE ndzzle

e formof aro hat extends axially

144 %gemék,saaa&ﬁﬁﬁcam QBAGNILED, afé ethetad dodaAitf 15t define a
I ncl udes one€ or nore feed elenents affixed to shaft

dillsggmstegm%PgeE@ 56lfenhotdingmevgavidere dispemgrsladEhe poveter in
dispohce hepipod] §6ris [windd g bulk poralsd biendOBEnFGTAGTELS 158 Is
cgn gumlggrto dispense powder into cartridge 20..

Powder dispenser module 54 further includes a feed wand 160 to
move powder downwardly in a controlled manner through dispenser hopper
156 to nozze 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 132 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
comrﬁunicating .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

4
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10 bed preparation elenment 164 in powder - bed

preparation Zohe 156a, a powder bed conpression

el enent 165 in powder bed conpression zone 156b and a
WORHKAde el ement 166 in di scharge zone 156&CT/US2006/044972

Exanpl es of feed elenments 164, 165 and 166 are

descri bed bel ow. One enbodi nent of feed wand 160 is

shown in Figs. 13A and 13B. 49 In the feed wand

enbodi nents descri bed herein, the powder bed

CATERLEL D HETE32Eo e H5HRRR Aotgt e  s
SRATSPAE 2Ty 0P Racaelinl Mansly yith dppeser

1fzzI1 §8 Ay Eovaih fih ¥eel 1A sied 8ad b2 rotided bat bf Alh@nment with
Spar s 172 can extend radi ally fromshaft 170 in

diypdrsdr noakleZb & anshown I8 FigntoBap¥hed vabvel upenitg41 91 and

Spars 172 can extend nearly to the inside wall of

dispsmser 198zl k¥oute dignescen partially aligiade filavalve Y is open

o e ipis DGR B eiadesol ogpolte oaRamE 19k ot

1/ int t t 170, d 4. diyf I .

TR i BtrSRL Boffe 355 AL At E8Y powder s not

BB, TPELFa R0, IPLURE RO AR Bal G B paBibfF opened,

ds"ddsHeBed wpars. In this exanple, adjacent spars :

are spaced apart along shaft 170 at WO _
2007 N08%9 87 Biebe/$200F/ 14 48R2 PJO0 Gad D% donpled tu ealval actuator

and each spar is rotated by 45 degrees relative to
18icbpadj drivenassepably ieglodpog bdpwiengehnd P2 thet mpshes with the
the bottom of shaft 170, whjc re rotate 22.
gragof salvermensherr | ), ardtiee Sié%ﬁ 193 ek emgé %&B  Tower
ﬁ? 3 1:9191%? tsg%tgﬁle% %@&ipg&e@gﬁ %ﬁp&f pgftﬂ)znsthte?e(% Whare valve
actuator 182 is mounted, an upper gear 194 attached to the upper end of
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 uppér 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 éonsidered as

having a powder bed preparation zone 156a, a powder bed compression
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5 be stainless steel or other structurally stiff,

inert material:»that is corrosion-resistant; such as
metal, ceramic; plastic and the |ike. The feed wand

WOcadTA8E98ade of conductive or non-conducti ve PREMUSEI06N44972

dependi ng on the powder norphol ogy. Non-conductive
materi als such as ceramcs, plastics and el astoners

can be netallized to providgga conductive outer

surface. Too 10 many spars cause the powder to

2GBTS M LB, B LD TR AR St i
GERE ALY SABR 6 BUGL 5Pk 150 301 35S er e

) - t . : - 1 13
cBRRITEsgiGE donéd SEBLS doced §n aﬁggg)ﬁw@méﬁ Q,fltﬁysér%a%o%fndun 154,

wires affixed to spars 172. 1 he enbodi'nent

ahi gischhfge aone 13B¢ it becatéd &5 adefvienpoaticlo vl tepdietliconduit 154.
174, a first chevron 176 and a second chevron 178. As
showHgediviaide! 6 can indude achafick7iimthe form o€ a1dddhatt

or near,qpe _end of each spar 172 and a_helix wire

extengs aedally Hrgp rdéswegﬁtmp%bﬁ@f Fegad pvash} 6Q fyrther

iggifer G Bah i e ReminS A55R0 G5 388k I abhGirbebeféents
oV PR oL POVRRR AL 1300 sl AHEIGY i tofimolled
nifed. o thébmbddifneht %P?’%%”ER freadnvehiaf 160 1b1u88¢a powder

second chevron 178 can |'ude a second chevron re
béd Prepdrhtiva¢lémeap 64 id povaler bedaneparativaciore [56una

shaft” 170. First chevron wire 176a passes through a
pbueider bé6 eonmprebsioh &m0 | 6anu peeadardeadhenmpressiarezone

178a passes through a hole 178h in shaft 170. It w |
156b ander disebargerelemens LR6Iinxdisehasge pae thécc Aianaples of

eodkeleagatsant Lob ol apapedeigy. © <

V020@y7/. 061 88 LRCT SPRAE/I44P 180 28 shown in Figs. 13A and 13B.
In the feed wand embodiments described herein, the powder bed preparation
clement 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. In this example, adjacent spars are spacéd apart along shaft 170 at
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chevron wire 176a is affixed to the first spar (the
upper nost sp'ar) and the fifth spar. Second chevron
wire 178a is affixed to the third spar and the

WO8VHi¥Tspar. The first and second chevronsPEANSHE6/044972

spaced by 900 relative to each other. 5hi the

enbodi nent of Figs. 13A and 13B, the helix wires and
the chevron wires are threadgd through holes in the
respective spars and are attached at each end. The

0% %%"W;%%‘f??fﬁ%‘? ApaSAE o sdouled byt 4R deliivE o the
. " . _
R, BRI To] TRl o tnt Do PERRARTHD, which

atdrqiatetiyr 29, SeddgdbseThe sFBﬁdMnh&ér tan BBARE tp%gi?err%_rc?

edmdrilled at angles that avoid significant bending
agglomrrat sies, oM thsorddrofib02S te 0.084cimchpaFhaspar material can

apfr,oxi mately aligned with the adjacent spars. This
ba stainigsssiee! prptharstiussunslhyegiff,anertirdeterial shafristdoerosion-

R B S b o e b
oL A AR BT, SRR B e
FASTREST NSRSl SRS Ml

elaBdnedrs \th@beNncesl 1126 @ (& pPORdenCebd dhctivamRitef surfi&. Too

doubl e helix 174 can be forned by |lacing the outer
mangspafs ¢dwese2Bie peividal thycompadtesitls pairal fot2tivh | Whbeddstoo
wres 174a and 174b. Wring the spars 172 on bot h
feowi sparsemdbnot syt thaiderble Hedixi configwrationt éfle spevéng
doubl e helix wire pattern perforns three main
betyvser spHEs and fag anglecbgbwiechimdéscont Fparsangdpe sversely
co ..esslgd owder frgm adhering to conduit walls,
PIEROF ORI e Enben ¢ESRAS Sy o0 condui t 154,

CPCRGmatE R ENE RNt G016 RIS BhEL THQEIM SBars 172.

(from or sha oKing

[0 B bH& hént éﬂr%ﬁt NeARSYH e Bathel Rfret REcta pgiﬁﬂgzg dheIix

interface and further reduces it into the pre
1240 firsrcakerdd 0BG £ yecoindechevnge 1 78ni Adlshadvan dbhible helix

I%Afnmdcl&ggs 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 spér 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 178k 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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WO 2007/ 061987PCT/ US2006/ 044972 29 is rotated
count ercl ockwi se, the double helix feeds the bul k

powder down al'ong the shaft 170, as well as al ong@t he
WOSHEPPBE Wi re free paths and into the di spenf&l/U§GPHPH972

158. In addition, this rotary bul k powder feed

operation tends to break up conpressed powder disks
whi ch formhorizontally 5 begween the rotating spars
172. The feed wand 160 utilizes a helical open

cIRR0 18 T J8hebREY Ytk SR spe (s TprnERYt Sar) and the
ﬁﬁcﬁ&@aﬁ B@bbﬁ&lchegfdrﬁm-emi 180 B SPRedabliie tapa spar hodvehe

geonetry, and wres that form double helix 174

seARatH is%ﬁ{ "Bhe fizscant sedved drsrdiScanbe kpaced BydH)° relative to
described above. The inverted conical shape

edohamthieri ons the spars froma larger diameter conduit

to a smaller dianmeter_powder discharge nozzle. Wr
ar e hif thiexaubodiment ebBigs. ﬁ%Ar@fﬁé%Bb %ﬂ%&?es and the

SR e B TR Ao s nd e
oGRR apld FERE RO Bt LR a0 o
SBARA U5y USSR el Sosgcnpmas gt 170,

Iﬁe%otlégiﬁl a5 20i-8PBOSRS] drildaljilagr dititechet edal ddlied. In a
space fra provi des an optimal bul k powder transport

prefeRen eMbsdiments epahblesdh sparcl Kl ere ¢dmrbjléed abangles that
di spensing of all types of powder norphol Qgies from
atoesighifideamtiending bf g wikashdhuse therhplesda sashspay are
is achieved by allow ng@ginly a mnor_portion of the its
appraxistatelyctiignashvithoihe sl #enk §PESy e bRIS FIHRiE IR ™

g SHRRLEE L s AR SO L o s o
1epfaE bR s BT sl e HRLGRL IRRIRSIoToRY [oducing

t@é’g&%@ﬁ&g Lof@hesiien RaMIEsSullratse béakiagegdn other

er condurt to a snaller one in an effective
e fnents, theShats cdd Qefiachsd td¢he sparsasudiy 2 by darert

of the feed wand 160. Shaft 170 su&r;or_ts sp&:ﬁil 172, . ‘
vsldbice fhedstampled bunthis exampls dhe beBREViER® 9@ §YCTIE WITES are
WO 2007/ 061987PCT1US2006/ 044972 :

0.008 inch in diameter.

The double helix 174 can be formed by lacing the outer ends of the
helicatly-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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30 and 178 which, in turn, transport bul k- powder for
preci sion dispéensing. The central drive shaft allows
fine powders to flow along its snmooth surface toward
WORUHeRSar nozzl e 158. Spars 172 are struct uPEI/US2006/044972
cross-nenbers that break up the conpacted 5 powder
aggl onerate bed. Spars 172 al so support the helix and
chevron wires. In addition, ,gpars 172 provi de the
helical spiral mechani sm neggssary to convey the bulk
er, bed in a cantrolled, |ow conpression manner.

is PRI EY SOPOIPrRIOLkS HosRe dabley Balim 66 bedutlic paywder down
alBfb afaRel) 172 decmih 88 alioeethodStarins £k Rithb g iafo the
GiSpp AR 1587 LhAai, Thi fote RIS #28 apeggfion
Ao i B DI TR M

betinglentthatrofainpssiees Wgen spars 172. These disks are
created by progressive conpaction forces and form

sus pEbel fetdaggnd gatlcuipbineiea heli caloaparespacByfrdfedhat inchides

t he disks, preferably at m d-span, the disks becone
sheift 1¢0 gs a qeylt@rnﬁtmr}é @At bbyep strychirabirosp nagmbersowhich -

d Ay, dri by th hani ¢cal f f h i
fogR) & BaiGL patRonitl Leanigaldy taimgod 1QwRE PR 2eoBHaRb And

166 {Fig. 1 ' d I t ed b k
Wikl SomShaR R 2 R SSHAAT Sihd SRRl 178 dha 178,

vai v%e%f g gﬁzlogj EE: Ie?lc;%%ld ang t%@légln%ﬁ?g? I'S p%é%]g}efmﬁ%gs from a
laPetrkdipawaey cormititth aRehATee dihm@tdRRvaddiomischiicthrikle.

the di scharge el enent 166 to di sl odge and reduce the

Witekaretdffixdidst the ypdrsotrednce batk pberdeszatprossivnelfdcts
fall into the cartridge when the val ve opens,

ampbls piimotealienof ter agglameratesdiiry| Thrnfeedoweand 160dias the

oo BTSN GOV SOOPAET. HD EAEE#Ent o
N I TR N
c&ﬁb.h&%n.o PS%der 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 h’aﬁsport 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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WD 2007/ 061987PC T/ US2006/ 044972 31 space franme of

spars and wires described above, but uses:different

di scharge el enents. Powder is induced to fall in
Woamé}%%ed preparati on zone 156a by rot ati n§CT/H&2006/044972

hel i cal open space franme descri bed above. The outer

helical wres break attraction forces between the

powder and the cylindricalmﬁ@nduit 5 wall, and |ift

and aerate the powder bed en rotated in the reverse

it d T deh. o Rrs ARPOrE bR e POYSE 808 PERGUSIoR: '?%é‘a%%ag; The
I ' 6
T A D A G SR
to ﬁrcﬁg%ﬁ%‘é?[ﬁb f}ipg)vvder bed conpression zone 156b.
er tlowa

e po iTTty is enhanced 10 by the ability

of tdiemrBgl7cat stRRMSDFSs IS tharbfealdupr ik compacted
aggl onerates that allow the powder to flow when

powdercaegiloynérhte bed.cBpant 1 Thelseaiuppait thedrel spane cheans
In the powder bed conpressjon zone 156b, the .
wingg! dnedditéen,ppatel 73 gaceidedhe heliss] spirprmeshamisapecessary
to the olurlgred ction of the ﬁaeed condui t.. The :
tocenipicysar dills paavasrdind inye papirelsdsloys cpgpression manner.

oo SRRt TR ARE 1P Bl ERblE pRBR offfin the
ol AR, TRy SRR v
a:éﬁl?é)pe Afadb ﬁ@é?tﬁiﬁgﬁﬂﬁﬂtth@ bovidee beddnat 4w Miinute

si ng characteri s of the powder. | nadequate

aMOVHEY of pehwabl apglonéatds toalewsdawawdidighthrospi2the powder
orifice to clog. inadequate powder reduction control

bed by gravitpi s addiien, the shensmyiwistdeivar thespelk powder disk
time limt without dose overshoot. The dj scharge

thett éomns bebvesmspas 1Re Thess diskyats crerigseRy PRgETSHNC
e e B TG Bk L0 e s By
c%ré?[&% déggse iﬁf‘iﬁgﬁg%i @gjkgﬂ%@ﬁhé 19 B &finé Rtk Aty
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 bléck 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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modi fied spar 181 extend downwardly in a ene-half
turn countercl ockwi se helix, thus formng'a double
hel i x. Doubl e helix nodified-spar 181 and WO
WOZMPFIBL987PC T/ US2006/ 044972 32 doubl e hel P&TAF2006/044972
have opposite pitches. In other enbodi ments, one side
of the nodified spar is turned upwardly in a helica
shape. The nodified spar carsluse a cl ockwi se or
countercl ockwi se helix. In sonme enbodi nents, the

SERA/ Al Fer 34 R PUTRAIRT, Aoy DR HEE, HIFIBREdREharge
eleh@arts! PoiderioMiRiced whialEint hewSesbe® prévirhBbAZone 156a by

better for cohesive powders. 1n the U shape, both

raiating thé heliealnmpbif spatesframcadescribed abovondile viner helical
di spenser nozzle. In the S-shape, one side of the .
winssi treeki atipactions farges batwenmine powrder apé therpy hodueal conduit

S B bR A T ol
O L R R P SR b o P e
R A T T

ﬁﬂﬁﬂ' t idet Bed @RMTEbAterstisOtabckaE sonduit
E:po gr%)ttﬁg\j\%‘g@ﬁg %‘gﬁlliééﬁgﬁdrdieng t he raking cyﬁi{e. 15

off Bbsrder datiesoniprassiich 2dne?] $6b.4 Thieljovedanflpwabditydsephanced
at the beginning of the dispensing c%[cl e and all ows
byahe ability dfthethelicahgpen sphec frathe to formpneturel agglomerates
enbodi nrent of feed wand 160 is sh%\g\r/n in Figs

thist alloar the powder snbley wéhen adured by theAotogs of the helical
di sch | enpnt, 166 i.s i npl enent ed |
opBR SR S oo e PO A6 DY SOBTBEOP ZeBrdot s 55

o2y, P SRR oet PobEr ST ARG P vpiums

r&ﬂb&ﬁ)ﬁ 6?@%[ %ﬁgfé&if #&?d%l? P¥heRIMipRRsiOh ZoHREIt8&dily increases

con I'xed to | ower” housing section

t%t? ?@Il%(gfdgﬂgﬁle ﬁ{ ﬁiiégi;@@ﬁemé@ whié the spherandnwiredesntinue to
reduce and acrate the powder bed. In discharge zone 156c, the powder
agglomerate clumps are further reduced and discharged through nozzle 158.
The discharge element controls the reducﬁon 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 dese overshoot. The |
discharge element determines the final powder dispensing flow rate and
powder agglonierate consistency.

In the embodiment of Figs. 13A-13B, the discharge elemem’: 166 is
configured as a modified spar 181. The two sides 181a and 181b of

' modiﬁed spar 181 extend downwardly in a one-half furn counterclockwise

helix, thus forming a double helix. Double helix modified spar 181 and
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mounted in the |ower end of tapered condujt 154.
Oifice el ement 187 may 25 have one or nore
sl ot-shaped orifices. In one embodi nent shown in Fig.

wWOo2aD06A7 ori fice el ement 187a includes two sPETASHApE#I72

orifices that intersect to forma cross. In other
enbodi nents, orifice elenents 187b and WO
2007/061987PCT/U82006/04497g 33 187c include three
i ntersecting slot-shaped OTI?ICGS as shown in Figs.

d%tﬂvﬁaﬂw?% 74,0248 eBbgid BRGRRY o B oftirpSatndiiirgnd Side of
pa sFge B0 00}y TS AR S HBbagitid spar
ceél ﬁ:ﬁ@& icReLKSFisk @ TLoRntdte b ki s8 %Mkalmasqﬁh@ BBl dEments, the

size. In operation, roller pin 183 rotates relative
mbdifed Epaecal bo¥oiméd ds aaduserigd idstepe boaben S-shape. The

di scharged through the orifices in orifice el enent
Uélsﬂlhpe works%@tmﬁmfseedﬂsmng povedersewhsledhe &-slane performs

owder bed advancenent rate a o.further re
%&«f@rc& gﬁwm@%rsﬁéntthw—é @B@ﬂfm tﬂ‘i‘ézst Ified spar
erE QUi dtcﬂmncgéf?%as?r e gl SBAP e, g fyhe
maﬁeﬁ?@tsﬁér%%% o4 Bt bl Mol Ll GRnsie s

gtw#ﬁ@ roller pin 183 and orifice el enent 187
con reducti on and di spensing characteristics

of tiRe ARWBER! helik adedifiatiospaevidarof Biguc13.4r13B faaotions as a
causes the discharge orifice to clog. Inadequate
ragie pol @dxiepi eleneantvitiindhs dowehehd tof thedajeered conduit. The
di spensing wthin a specified tine [imt Wligtout dose,
revessshidh gevheetgupptha medstied spasaddspowder Hibt ard agration to

183 determ ne the, fina| po er dIS nS|n flowr
cenfgohpuder dg-?@q % %%‘Hgsé%tﬁﬁlﬁysﬂ}the reverse

| pgpcig%dglg}n Sé S8 Eyg%ﬁg%aghgoggmé%ﬁplw BPﬁﬁgrtgg ‘ii%kmg cycle.

135 RERR BRUIED R OBLREEEBhtypieoagiming o e
dispensing cycle and allows more tlmc 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—sﬁaped orifices that

intersect to form a cross. In other embodiments, orifice elements 187b and
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185 tracks in _a perineter groove of |ower -housing

section 150a to self-center the feed wand 160. The

roller pin 183 conbined with orifice elenent 187
WORAHHGEBE | ow force powder aggl onerate di spe®ETAH20061§E4972

orifice 25 el enent 187 provi des powder aggl onerate -

consistency within, a tighter aggl onerate size range.

WO 2007/ 061987PC T/U82006/0§4972 34 A further

enbodi nent of feed wand 160°1s illustrated in Figs.

15A- 15D. Disgharge el egent, 166 is_i npl enented, as.
18 insardedbges ea@stingsdotshepedoonafices g shevanis Figs. 14E

ey D8 LG oG BN O LR VLY 10n S RPN T 455 or
refiffely RASS, SIAPS it PR 417 P8 SRRIETGATH, Bblirionsd such
thAfrA N Hin lt‘éﬁeisfsg%ge% rifitedSlembh- @%%ﬁ%gﬁg : ef less

Sspars t'han the odi ment of Figs. 13A-1
thaflth natureb ag?l@n@éiﬁw size WMIN @peeaivyaotibf pkedBBaotdies

upper edges of auger bl ades 240 and 242. Auger bl ades
rePidibve 4@rificed etiombhiel $g| dansiipdpoadehty be dpgdsirged through the

piitches. 10The powder di spenser nodul e 54 shown in :
oniges im@afigeplemenhb$7.i ncl udes an orifice el ement 244

mounted. i n. the | ower end of .tapered,conduit, 154. In
t henﬁ%h@ﬁlfeaisko}g@%%. ¢ 1850 16BONGP! IcROBEhBR 244
as an inverted conjgal shape and.i i '
afioBmer] Y S (o Rists R00RE PO ek ABlMGHRE by bnter
- N r A ) r
AU BoRe RoBs SUANSE ohq IS en Al
cmg@%ﬁe rBfAhEL S 8n 8 BER Biraddd b theabidiie2Alerpintied wiough
t | ower end of shaft 170 engages an opening in ,
therdrifics ial @At eldderntB AsThblmsttemismdasludidg spaportg
bet ween auger bl ades 240, 242 and orifice el epent )
el2darent T8S, belder pip DB andorifweslpment 15dtconte] the gedpaiion
ruby or sapphire, which_is non-contanm nating to the. .
anyi disprssinghaaciorisbae ef the H0W6‘§¥-aifﬂfg}rﬁqu%f‘g89%356&uwon
240 and 242 rqtate relative tp orifice ele , :
QiR HyE dee IS B GER LR St HSGEREtRSRHef fetution
i I ] [ 4 . . ' . e s
o4 s BT TR Bk 3 SR gt Wit it
re]&H88E 195 A GRE rblladpm 249 defmine
d%@#ﬁgh??gﬁ%ggﬁgﬁﬁﬁ etlﬁtggori fice el eéent . B o
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 parﬁcula,r 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 withina tighter

agglomerate size range.
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25Thi s enbodi ment rotates opposite to the feed wands

shown in Figs. }13A-1313 and 14A-14F. In the discharge

zone 156c¢, powder agglonerates are caused to flow b
WORPEAPESLr se pitch auger bl ades and then ext FGHEG24HEH4972

WD 2007/ 061987PCT/ US2006/ 044972 35 granul ated by the

rotating auger tip through the orifices in orifice

el enent 244. The nmechani smgf auger bl ades and

orifice elenent controls the reduction and di spensing

SR Bfbes S o LA ML i 5
RS PO AR R Qe s 240
olf PR ES QUL 96 EBRREEhal Sm o 2yaephladasiely

o@f—hﬂgmﬁn&%hﬂ%ﬁa?ﬁ 11heTharxedli lhgth of atife Hedeer4dedd

uirdic head height, thus reducing the sensitivity of
240 @utbe ppproxithaielycmss hald ¢itthe pavud dengthdofapered conduit
conditions. The half-turn double 10 helix of the
15dugAs shbwte thé Soidawandwdiliigsal SAtLfilduses &wenppars than the
fromthe powder in the nozzle, thus eli '?ﬁti ng the
embm@mwaf@gsm%ﬁ%nwdél KX pOtRPetnd RS HONI¥YSE gan

o e ot M RS o DB B

PRl e N R L S T

t i'ghﬂa&r, 399LP Hi—’ggéﬁeﬁhﬁaui@ﬂ@ %homﬁnuﬁ%ﬁ:. lngAzaLsD further

provides” auger I'gnment and support, _
inl:fﬁjd@:ts,adn%ﬂi'ﬂcé‘@%ﬁeﬁtoz‘m hfdwated ovter lovesrberahef tapered conduit
‘thi ckness. In some enbodi nents, the discharge

13 elrette diebodimenuof Bigsi i SA-hoDe orificenddemient grddmsran

170. In other enbodinments, the discharge enent
inivsriedwionieal shapeand is previder avith g I&P@&é{fqefl qgg?ﬁ%%‘?‘?a for
SIS 2,050 20, el 2Rt SLETRp R P e
o582 SR e LR TRUPO o B o ens 20
A];t?elsa:gg}végg% U SR G 20 TP lowbeRPSF #4101 707 eri2Apes 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 156c¢, powder agglomerates

are caused to flow by the reverse pitch auger blades and then extruded and
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nodul e 54 ref\e“rs to raking operations and dispensing
operations forithe 25 enbodi ments of Figs. 13A-1313
and 14A-14F. Raking is an operation to groom and

WOZBE @Y i on a powder bed into an evenly aer ZE&E(S2006/044972

preferred aggl onerate size matrix, thus providing
greater flowability characteristics WO
20071061987PCT/ TJS2006/ 044972 36 for bul k powder
transport. The preferred agglonerate size is the

I
eaBltal by sheRBISE R OSBRI IR A Bhco
244 pTh@'ﬂlNchdi‘ns’mr(g:m%P e blddZind H6Hch elé,}ngﬂﬁcéﬁtﬁals the

spherical dianet owder bed raking can
redectionmad disperséngl chardceaistizsarf thp lpofderp dﬁadequate powder
However, cohesive powders prefer uplift raking to
reguopiien @On‘ploﬂ ﬁalusqségatdmhaag@ otifirgrioedog! amcﬂnquatq powder

nsin S an eratj on totr SpOI‘t dl‘
regaaﬁ%ﬁa %ai E‘M I gisPRAFREWIthE) wn@m@ﬁéetimﬁﬂgmt

wiBbiEagie ot ﬁia?%fﬁ ThE AR @Ea%”gb%&mﬁ(ﬁg%%aﬁ%

LTINS S SO st o
th@ e?r id ARRI&head H@l garaRdye ﬂ’féPsre?Jsﬁ:ﬁn oﬁthe
nge of 0.005 I nch to 075 |nch spheri cal ter,

d1bpt§nsn1$g pedcdsk b the poovddr itedrtangecontigohie eﬂ‘hbﬁﬁﬂf 168 double

is rotated in a clockw se direction as viewed from
helheof the afgeridadisisotates verittal futdictmed fovees fpono theypawder
aerate the bul k 15 powder bed. C ockw se rotation

- inithe nezele theveleminaieng haforapweetors Mavich deed fo prek pewder

e bRl B St e OIS 2 B0 et
A

sizes. The mechanism provides powder agglomerate consistency within a

tighter agglomerate size range. The bearing 246 provides auger alignment

~ and support, while maintaining auger-to-orifice powder membrane thickness.

In some embodiments, the discharge element 166 is mountedina
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 aefated, preferred

agglomerate size matrix, thus providing greater ﬂowability characteristics
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aggl onerates toward the center of the dispenser

hopper. As the ;wand 20 rotates, the spars force |large

aggl oner at es to break up evenly This aerates the
wWoRgspBRder bed, creating better bed consi stPERAIE2006/044972

To di spense the powder, the wand 160 is preferably

rotated in a countercl ockwi se direction. Spars 172

and chevrons 176, 178 breakagp t he powder bed’'and

open a free path for the powder to flom1along shaf t

170 25 The doubl e heI|x 174 adds a downwgrd

fardmlk dnsvdar ansnort. + She preferiadoagalameralgoiiae inthe natural,

stalsoula CODETNE RN re P cr g cEtpPi BY o poder bed
o7 PRS0 ANE Tha 19k R£0:925 fnch to 0.075 inch
sﬂ%@ic%gﬁahe&rt PUAG Bl @ﬁﬂg cad M drforr8ad 8 Be d6wn-feed

I's much greater for pomder di spensi ng by

of Eni_gﬁﬁ' 90des Hgvelackuhatvepoeataroprefer uplifinrakingg to achieve
odi nent s descri bed above, the spars and the helix

opiinas aesatiorpand enkmiceel ﬂowfabdmyatﬁ)tspeasmg ievasdoperation to
the top. It will be 5 understood that the arrag r}(ﬁn%

trahspdré dsp dutk pewdar in g ‘sprinkdings daanpei felhin er the Torce
reversed wthin the scope of t elnvetlon Thu the

o§ gﬁcrvsltiéﬁﬂﬂmé camnrfeswne%s g RS BW%P&FIG

ﬁ ﬁ%)irga p%ts | eWEdlq gbag ldé#ﬁel;[%gf mtbr}at é%}‘tlgdge The
pf)gﬁ%’o.:%]%% gir{&e&ﬁ& g@ns}lﬁg %P%de%ﬁ? d@md hél%l-lli] $s capable of

ussion o e operation of po

g SRS Rt RSl Rdoloti@atestif e[ﬁiﬁgégbﬂmet}ﬁtmdmw 81475 inch
I Spensi ng ‘'operations for the enbodi nents of Figs.

sphéiddiRiiatieer bodiynoulihéRdie thi mned. i n a

count er cl ockwi se di rectl on as viewed fromthe top

t he dihenfend avanbd6l és satatas! igr » 6akingse dﬂﬂ@%‘@%ﬁér“%‘é@d from
(Botmaf thasGisprBEsI BAGVECH {0 FRCaEvem #i %gwi%ﬂ“aﬁm

pevlen ek 6loskacs Aoiausld et pougeh dheio MRk ow
vieﬁ{cg c[rﬁgte\@dt%; pleggcgﬁl#lg%eﬁ&e Oﬁ?ﬂ? bpbratiohe I RMmdWan be

or aer a
"viewed as a screw, held vertically at 1ts 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 ina
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.



g

10

15

20

25

To di spense the powder, the feed wand 160 is
preferably rotated in a 20 cl ockwi se direction.
Cl ockwi se rotation lifts the upper bed powder due to

WOIMTWeMEY d fl ow vector created by the doubl e PREIUSR006P44972

the helical open space frane. In-this operation, the
upper wand can be viewed as a screw, held vertically
at its cap, being rotated igto the powder. The double
hel i x scrapes the conduit walls and al so noves the

PN 0 Ao R SRR P overt o
mb6h ?eét@f o6 m%ﬁgrﬁﬁgggxb P%ﬁoﬂ R §4E Rl ok Hirection.

aerates the

2007hhE W29 A6 HBAT S, Ghe shartariPitieThel BE dires
consi stency. Spars 172 and chevrons 176, 178 break up

havieer plowlisvisbednfigdratpenasavievesl franhtieotopt. Nk vpidhber to
f| ow al ong shaft 170. The powder in the auger ,
ungesstogrdpahidicrarangeserieff the spers and wdresebibghfeedovand can

be&}%‘ﬁ%ﬂﬁ%@%ﬂﬁgﬁq‘%ﬂ”o“%r??f&s%[iﬁgﬁéﬁ%mg%f ﬂt&.ehélﬂgggﬁrééhwleﬁx
kS e A BB SRR 4o B BBl TSk B REhupd tiom thrtop. In
Lo N B S PR I5 DKL T i lon o
digpdrine gér. of the spars and wires of the feed wand

can 10 be reversed within the scope of the invention,
ThusThd fdlepiargsdisogssitee ofiche wpetatiem cpowdeedipenser

.countercl ockwi se configuration as viewed from-the
modple $hrefrstemking oparitoms aredispaosing qresédonbior the
MEET NG R RO
coﬁ)l%\f\gr%ioc%gﬁg Qﬁl?erctig?ldausl viewed from the top of the dispenser module
54 to groom the bulk powder bed and fill the auger. The double helix 174
adds a downward compression 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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15 54 and the correspondi ng sensor cell 114 is shown

in Fig. 17. Preferably, the powder dispenser controls

provi de strategically concentrated redundant
wOQoIeLd8ng power at the | owest | evel. Powder pdirapseos®ni972

nodul e 54 includes a di spenser controller 200 (Fig.

17) on circuit board 184 (Fig. 11). D spenser

controller 200 can include three processors. One

processor is 20 provided for each of wand actuat or

A oB A HSAARY S BT CREFRSR P, S
TR e 8698 ik  AEEAE 5B oA S5 B i 170

SYSUEKR Bbldet 8§ tH@&u%a%heh &g;gggigﬁ&%ﬁ@ s ﬁﬁ‘FFd through

di spenser nodul e Its a ed sensor ce

thtItbzzRy b ahs dowdiPardbfoeedveelozs biiehe Ni Datin@ispensing,
bet ween the sensor nodule 34 and the |spenser nodul e

adsfitions] pewlenis s:g;ﬂrad%y ﬁmmemai:a:hpowﬂer Wihnggﬁwmnthe upper

fill paraneters and a "go" connand the contro
ocessor 210 provides the

2007 1987PCJ./ US2006/ Q44 nteII| o,.r ead

the Simbadimc deseren &%PH@: @eﬁ@ﬁ% kegipelix wires

}ubFH¥§§>3§W%§gggfgﬁhﬂ%ﬁﬁ%%%%gggiiwé #kgt :@HUﬁE%rOI
BAGERSEoE 3R ARG, DPln AN Pl s i o

bé)fev%lréed REthRR hle %c&aéjbﬁﬂﬁﬁﬁﬁ/%nﬂ@ﬁm’ﬁﬁlsa‘ﬂ‘i’e §94¥8¥nd the helix
ells. The controll'er of Fig. 17, except for

w&tep ennileeey grntesdockwise ¢cafgairatohes Weskddiompethegop. In
modul e 54 and associ ated sensor cell 114 in the i

thsy serdiguriationh thaand iepaefsirablyfrafateddnar caynterclockwise
di spenser, nodul es, the systemincl udes 48

- digeitaniq @E@enﬁﬂwpgwélﬁfangenent provi des indi vi dual 10

ggp:/ﬁgaa}n 1arrg0rg|1r} ofh %n?rol]o Vfdle A Sgrllg %%%&Ircig dl%é)ns%?%lodule
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 cbminunicatién. When given fill

parameters and a “go” command, the control prbcessor 210 provides the
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I n one enbodinent, the powder dispenser nodule 54 is
configured and controlled to accurately di'spense 10.0
mg (mlligrans) of powder in ten seconds. The average
WOZpENet98T e is 1.0 ng per second at an accur a8yTER20p4/044972

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

| east 20 decisions per 15 second to fill at this flow
rate. In other enbodi nents,3fhhe control circuit makes
nore or fewer than 20 decisions per second to achieve

irfelfiEshee fo RERHIR N ned bl 856 AN RE IE Hihelb oY bt
adBAfoRs f@p&ﬁonﬁf&r&ggb A .bgﬁé?@%&g@;@@%& 26 YIRS

Into smaf| aggl one e parti
camahanicstel With e dupeslisssr piotesiot 22 tiasugh afh@wzor}jc interface.

characteristics that allow the powder to be halte

Thh suptiivesdry gurovnessdr i2d 2giroppies, hightlbveli contedl qbaltite powder
overspill, which would cause overfilling of the

dispenser ageduler andswnset cells cuit can provide the

fol I Qw ng co ,trojéﬁ_. ag‘% funct, ons. ; : 1. Wand

speeti§ § %?ﬁ%‘b? 1§ o> GXEER RS ISUPPEHEOTFePT & EEH T 1% o

5 25 revol utiens per second,in 5 i d .
repeipddBl Sath P aRerRRERE A sP e SOy RER P14 in the

er L . _

sy L e ablfe ¥R LN iy U P PRIAES, the
sy2 e/ 1H61LRIRS UG TEIARrsIfgS OSY drridfgeinent drévides iedividual

forward/ one step backward, type of notion based upon
centrvlogidamvabioging éhpowtler tpendinpdintdeach eaxridigan

wei ght" function engages the dither notjion when the

fi | Inveigambiogiment thé povales elispansdr medyie S4as apindigawed

greater_than wei ght" functiaon engages,the dither .
abepairoled o epeurpisly dispense 10.0 mig mﬂhgramsB of powder 1n ten

seconds. The average flow rate is 1.0 mg per second at an accuracy of
+/- 0.3 mg, or 3 percent. The control circuit makes at 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. 'i"he 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 overﬁlliﬁg 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. Il:l dithering, the wand

alternately rotates clockwise then counterclockwise, such as for example
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5 weight is greater than the selected weight. A

"di ther between" function engages the dither notion
when the fill weight is between two sel ected wei ghts.

WO2003/06198T i ndex is the selected rotational sBEEHSHNHIT2

dithering. A dither weight is the selected weight to
start or stop dithering, and a mninumdither tinme at
the selected dither weight ggn be selected. In sone

10 applications, dithering may not be utilized.

gl A B A SRR i B on
44 :
PP IALSFRSAEe o a4ty BN ntion enoes
1A

theyhitter M&Bor Rehetother Bl widiphtlstlesatharek selebeedowetiait, |
the powder dispenser with a sequence defined by rake

“dithree grelateh duart wekglti duspien engagesw ditdad botioniwhen the fill
starts a raking/dither cycle usually run after

weightiingraater iangbaselectstiviceghl 14 “Oitdien bgbivery”” fupsgion
e@%ﬁg%ﬁit@%éﬁ%ﬁ%ﬂéaiﬁ?@f@%d Jf G pea PRy selected
wiREs A AEeERER e kbt e el s B8 g blshPhlpe. A
OS5 Re SE RSB oLt B G g

miSinARnSifRE tirht 3¢ thoSeleefed difternveiadr cah bt Rbsctéd. In some
reverse 25 rotate the feed wand after reaching a

appiicationsedighéring sy henbls utitized) | t he powder flow
back to prevent overfill and depends on the type, of
powder noFiphobmiygl eimeuit ke waen Andotlent thauppwidey dispenser fill
clondi tions. :

valve.

4. The control circuit can tare 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 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 di'spensef module with fresh powder. The rake time, dither
time and speed are specified.

7. Additional fanctions 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
gach 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 tﬁe type of powder

morphology and relevant ambient humidity conditions.
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WO 2007/ 061987PCT1US2006/ 044972 41 9. A speed
control function forces the feed wand to run at full
speed until reaching a selected fill weight. At this

WO 20pHp@¥87poi nt, proportional control starts tRETVEANGH44972

the wand speed in proportion to the target weight

m nus the actual weight. This approach reduces the
total fill 5 time. For a nogynal fill weight of 10 ng
and a tolerance of +/- 3 percent, any fill weight

over il o PePlToRe! .%tfgi‘?%ﬁ% Beee VAR Rgen ot fl
SIRERRR QR BRRY SOIPRIAN iRl AL PR |

rifbALNEERYET fhits 16 réRioe ther i
p%rﬁ)ch is slightly zb((s)\ll-e tor?e 18“/?&?%&% %ﬂvﬁll-?%rﬁ&téogf&o the

taPgtOweipght Thirtisithereted sesighh e Thissapproach pedwiass thaltbil fill
.into the cartridge, peripheral forces such as

tinerkomg n@mmayﬁglnw exght of dili rog aandba belgrastdiecoff +e13dpercent,
flux cap cause tenporary weight readi ngis that are

any gl weighiibptweendda3 ene Satmgrs grssptablaeiNinee ampwertilled

caids b hiniRentel BITE KEvanted s oot gs ol
reb gL 4 i PR BN atB G Bisripit plBhits. The

R 26 TR RIS P/ T R iSSPy 46 the

adtibPIvAlingidiof 7 0the, flihid issicessdrgdizcalibe vlieh powder falls
activated, for exanple, at 1.0 ng | ess than the

irttertye tameidgb! perdpharatl forces vach a% mewiag aspehthaaticayvetdtic, and
during a fill cycle. The wand speed can, be control|ed
miagnetiedidldithix ean peest temorate wright adingsshat Feeslightly
vol uti ons pe as a function, of

wand speed in r r..m nut
b at%%bg’be retualPAwder weaghla e residing saffesito the actual

SRS ¥ b2 b8 SRR Sl SRRt
o3R8 05 aE SENERE RPN ARl e OLh)

uMB8adilldd ftide.much faster -during the initial 70
percent of the fill cycle to quickly fill the

car t 1§ dgeParandepeassoniatad withsthiei fill cyeleghtcluddiehe WO
2007/ 061987PCT/ US2006/ 044972 42 -
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 pércent of its fill weight. The
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maxi mum wand speed is typically about 5 revolutions
per second. Beyond that speed, there is a risk of
packi ng the powder so tightly that the di'spenser

WORRd198ave to be renoved and cl eaned to resPETASINNE044972

original powder flow characteristics. 5A dither

factor controls reciprocation of the feed wand as it
rotates, if dithering is engbled. In this enbodi nent,
the ratio of forward rotation to reverse rotation is

o gt e S T M SR B, Mo
RSP, T S B PB4 ipenser
viRilaBayeas b3 dhid\eid dirpelened tdrésepreanrtzidabpender flow

forward and step backward. |In other enbodi nents,
chiecteaistiosof forward rotation to reverse rotation can
have a value different fromtwo and/or can be

pr ogAgdﬁ:ﬂm _b_ctor contralg regzipr(pqa!tiogaj gfcthedeod veand asoit.rotates, if
d%gié{a'fg?? gﬁ% = E@&‘fﬁ:ﬂﬁgﬁf&%& %?:%XF&I% &E%vi% gt
reptiaee Fotationas BNOaTHY Tatuidid: WEER kofletdh StRAREhRg Bnd n
steipe PRIVt ehps Bty B vaipe oRGEBither ML s or Liofple, o

dftﬁ%?ﬂadt&dﬁfsbé régfe%gnﬁpl Gdﬂﬁstgﬁé FordghrdGHaVS06 etaps bakkward,
e actual trnme at full speed is less than the
viARIrbad dithBe famst wmmgmeﬁmb steppforward aied d esisp backward.

mai ntain a consistent 20 process tine. Wiile filling
[athiasémbsdipossishile mpioca fordasd retistion torerersegogiion can

ri sk of packing the powder, clogging the dispensers
have aveste differpnt Heon 4w 31y €5 CAITRE IFARERTR Cof the

ol dle. & Blkigmegyara oarol biatgr 14556 4RF By jndex
oA ro B o ST 9 SRR e gl ot
S ol AR ARl otghoy el e
FIRIOE v VifitRe Qvardl kihe anfulhepéabis greater than the setting,
then the control increases the maximum wand speed index to speed up the
filting. Com—xersely, 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. Sp_eedingkup 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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WO 2007/ 061987PCT/ US2006/ 044972 43 seconds of

filling. A large powder reservoir saves. diispenser

| oadi ng time, but conpresses the powder into late
Waygr/ented7at es and requires nore powder condi tRCIMISIP6/044972

prior to filling. Dithering chops up the |arge

aggl onerates for nore accurate filling, but reduces

the flowrate. 5 Cbnditioning%the powder prior to

filling increases filling cofisi stency, but adds to

overall filling tine An enbodi ment of a

wapRds ghéling Aclare posvdtesesdveit saveh digfepsentidig time,

Figs. 18 and 19. The fill cycle is described wth
I?‘E%QPEPF@éSQS&hQ Padsrinto birgeiagelomenates and redqulgss miotd

R B R NN

il . i.ff, fill
i T
GodiohimeRt U o SN MTBRIAI ALl ey, but

aﬁdsct@s;)srefallzﬁﬂjﬂ@ﬁn@&,spenser controll er 200. The
di spenser control processors in conjunction with the

supeAn smbpdihent vpatoartridyei filcych ik dekctibed eviehréfetdnee to
factors against the filling weight values, read 20
Ligtrels® pad 18e diifillagyolnés desspibedewith aeferentd tngn ehemple of
fifibpehe Becyideasyith ol mm psabierimasmeohatisroparicies in 10
' hesi yiity, . bilit L St :
s Bt PP hrPRRRSb et s e fat BaramiosS GaR kUit for

' VWant s val
LR R b e M PP EE SRR Bmes an

d%ﬂ@re?ﬁ @R9irBhnidiftal EMRIILAS: The carfFRS, ﬁlg NGl Be executed

8, control parameters for dispenser” nodul"e operation

byesorolgrb céssos 240 @fidishenseaxampotler DO0L i al 1y,

dithering is set to "off" The valve control

par aifbeatispermer bontrel psordssotsan coafnmefiors wat tHeosup@Bvisory

two seconds after a new powder |oad, the speed index
cpgpgder monaers alliof thgem coptreblacters agamsi fae Slkpgayeight
V%,ﬁll%%, Iagatde 20 %lln(l)gsepel:rsse%%tndf 8s l\ll\elodiss’:ggr?s%gss all':el: hhling 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 understood 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 3 setting of 8.8 mg at which proportional control
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parameters can_include a setting of 8.8 ng at which
proporti onal- cbntrol WO 2007/O61987PC17082006/O44972
44 begins, thé target fill weight can be set to
WO aHT/0p¥8bor t i onal gain can be set to 1.0, |ﬂ?€§@§¥mﬂw“9”

gain can be set to 0.03, and the maxi rum wand speed

i ndex can be set to 41 (two revol utions per second).
The dither factor can be segato 50, and the fill tinme
servo can be set to 10.0 seconds. A bipolar 5 ionizer

oo, dfie kel Al elahy PRUSE AR 1R LA PrBBo AR ain gan be
set B81 4 , 1BRRPS %eﬁﬁraﬁﬁrbelé& th.63 lérﬁﬂm@ X RAVAEaRY 8 speed |

operat| e powder transport system 32. Powd
inllgx @ghibeaiee o 1O (BwbarvbhatdhsTerbcondyeThadidiee facter can
The powder is supplied through the. 10 channels in
beagatay 56, and the fil btimec ferob dandepsaider! Od spemsks: A bipolar
nodul es 54. \When excess powder passes through array
iobizst kad hecrediviated tn shargsynauiraligedhe posrderi dispenses lmodulc
sensor in, suction mani fold 84, |oading of the

. andi@ﬁé‘r%’@id%dul es 54 is conplete, and the powder

hopiBrd é%n%@'sﬁsﬁ%ﬁﬂq%%%ﬁégﬁﬁaﬂ%ﬁﬁﬁwﬂﬂb
e o e e I
bIbPR 5OPSY BbQidcs B RiBET22UTIRIPWelet :ﬁqj lied M@ﬁgmheThe

st nmechanismrotates to breakup t he, new
clipfRlEiFsadap blstk 50 b easly off dnepatwler dadfenser muidules 54

del i ver |arge aggl onerate powder to the dunp valve in
Wies exereas powder pAsskanhroaglv erray hleolk BOsuskisrscasedh Ry dhe

that the dunmp valve is full e ,aggl tor
dispenser 111 Frvel sensasrinasiedion) lyavdgifggﬁx diy £of the dispenser
m%rc)l% es ééimst c?{ln}/lpf’e?;g,oarg éf))oc ér g"ansport system is de-energized.
The dispenser hopper 156 can be raked during the hopper fill cycle to
remove large air gapé 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 acrator 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
faclhtate 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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gas through the system The pneumatic broomrotates

in preparationyfor powder delivery by thé dunp val ve.

The bypass valve is set to 50%to facilitate both
WOBREI98And air stream gas transport. 25The &GHYSYHPAIE72

rotates in 10 degree per second increnments to

gradual |y drop powder into the pneumatic broom

chanbers. As powder beconesg@vail able to the

pneumati c broom fine agglonerates are

45 '

i RN il ey B R B PR pLAS R AT ST Mo flling
00RRPE 1l ARS1adt dis?bﬁséﬂgﬂ?s-itiﬁﬁé 8 tHid Bndl R AR kNE Galvd
conpl ete, the Crossover valve rotates to 0% bypdss I n

cytle tegsaplae, theagonshehaiabrenitatdso Madsypass ] 0rdepree per
pneumati c broom pressure. This 5 transports all but

sechnd heercnestts sy ghese manesitun phhemdtisieoser podsantser This
and fills the middle rows of dispenser nodul es.

trangports all bet thedwaviesi sggbomeraes ppdhs dispapserchamber and
000 rpm,to transport the r i nder _.of th owder
£y s el TeuvRe} SBrBRFhIRAGHIST Tstionthie Plcbyetigmpiy 70
._di spenser . As, th £l cl: | n
infle R Sered TR g ERhort theyBHE R EOEM LGt from
v e
o p TR R ol (b5 BERRSGf HBpENER it
scaveaehdig P Wdeles donfiniiecty @kp@@s’ﬂf&lo ef£Beedmadull. The
the fine powder through t he system and depositing the
bipossitersémbly 70énlcomipinetion veitiatieabypdsstvedve ewdroub ¢
between the peaks. 15In step 258, a cartridge is
dippsiser hedhebghoacrobe tht dispessar modules bysgeayenging powder
wei ght. sensor cell. As descri bed bqég, tray of _
fremy thei high pepks peisewlaing dhe dRcROW e HE PPE@ the sydfmeand
di spenser nodul es 54.and the sensor nodyle 34 . 11 ;
aGsfiiag i Prudet s, HEAOPAPERT TR Tor A PR dgt Prea
r. The fill- cycle is described belowin
bRRadbe BT ; A,
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 hoppe_f can be mitiated after more
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20 Fig. 19. In step 262, the fill valve is closed and
rotation of the feed wand i s stopped. . In step

264, a determination is nade as to whether' the

WO dégfoers8er hopper requires refilling. |If thePdiARze&eK972

hopper requires refilling, the process returns to

step 254. If the di spenser hopper does not require 25
refilling, the process retuffs to step 256. In the
present exanple, the dispenser hopper can be refilled

or e b o e SR isich dSpEPd B s P rcihe
caP iy o PAF aisibeeortid b MRS st fifgStige on

caBi FIPLFcIRN Tﬁ@d&g@ﬁé’éﬂﬂo Her i ?eﬂfléc@frpgégzp %?Ffﬁzﬁg@gng is

the quantity of powder di'spensed on e

not hequiirshahs probeppatceads eithl thedill @ysleefor 2hé nekt cam;]idge in

refilling is not required, the process proceeds wt

staph256. [h thy presehbexathpladke déspensedbepper ot dtigh
In the present exanple, the dispenser_hopper cantains

pogriiidRT poraet 19 rmeoncy. 1o sommemsediments, isndlling process

s SRRSO She gt ehl SRR of B o
d fluidjic h d i [ .

P kg RRRR kL B S 80 AL BoRREhELA e lpy. Withous
2l oidi | g - . o
aniddipf HERHe HoRt, e fllk FalnoRRLETRE TR RO T e limit.

Otthef eSdinGuédayt®f iiddd Rodetbrmhe: that PERHRIg SPREdispEser

is required. For exanple, if little or no powder 1s .
hogppepd Gédsi reuired Fbeeramiplé,dfditfie ok noywdwdei is dispersed
assunmed that refilling of dispenser hopper 156 is,
durig tiheesirtridgeefilogichent mey bhessuned thgaefilling of digpenser

is shown in Fig, 19. An 15 initial operationis to
hopgee 1pfhds geqigised-cel | in step 280. The tare operation

cel 1A gamodmeat bt ke BariuERau CLdfis phlil UFETTS An
T L 10 55 2, e on
sub8acQpk

operation | ﬂy:éﬁaeﬁlzggn‘esg?&%% Wﬁleg{je?éﬁggg C?lrl]gﬁa% gZSUrrﬂgbt 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 -cdrnplete its tare cycle
and proceeds with the fill operation if the sensor cell reads less than .02 mg.
Otherwise, the tare cycle is repeated.

n step 282, the fill valve 180 is operied. 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 enodgh powder to restart powder flowing after raking.

Initially, the feed wand is rotated at the full speéd specified during dispenser
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20 Otherwise, the tare cycle is repeated. In

step 282, the fill valve 180 is opened. As’ descri bed

bel ow, the fill val ve opening can be sli ghtly of f set

woR20ovdotds2 di spenser nozzle 158 to ensure CONPICIIESAC06/044972

operation. In step 284, the feed wand is rotated in

the counterclockw se direction 25 for filling.

Typically, actual filling sgparts after about 2

seconds the time needed to advance enough pomder to

o3l S 1wl P18 P vt bt

]ngﬂgbﬂgjﬂhﬁﬁgQﬁﬁﬁg_WQ 2007/061987PCT/U82006/044972 47

setu wei ght of the di spensed powder in

t he 1pagtp DEGSa IR tERtinhA6A s Hidess {0 Whetier the curﬂeﬂt sensed
step 28 a determination is made as to whether th

werghrw arastdnbioseledted grebgitert whizh 5 oﬁﬁbﬁ@ltcﬁﬂltrol is

i ght at which proportional control is initiated.
mltratetthe Ipsberpkemgile af 80l hgidess, the: ee]s:eteeicWetglvtmaglhe 8.8 mg.
can be 8.8 nig.. If the sensed vvel iS not qgreater
Ifthe senyed wel tl%@or«gr@q’r@r gf‘éé%d i‘r‘@ﬂ&}ﬂfnghﬁt Breqeép,
84 and.ro t e nt| ues at ||
330 5140 21 280 Blarl g bR s b0 ate Epofinass Bt gl specd. 1f

RS se%%grﬁ%&r;rerrcr&gr@%rt 3G ebfiyehagwand
spR3d getﬂl%a ¢h sth 3889 n miﬂarseltrgﬁ lfﬁétteﬁfm%der o taRbet

servo contr Is initiate ove

W@?@Hﬁhﬁms tthe sel@ﬂctdcﬁ{ve@gﬁtfdt wisichGe®vo 8oftral is MitigedTHa the

d speed is controlled according to: New wand

' ak&nmeﬁgampﬂe;(the {itial emot i£10.0r-/8.8i% 1& mg. The wand speed is

error) proportional 15 gain*max index). (integra
cogarailas] agnosding as) . In this enbodi ment, the

control circuit sets the wand speed based on the

current error 20 times per second. The current error

NeB Gl BT indor Mol BT JrOy7tolfprtihar™

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 i8
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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20 which is one-half the initial error in_ the above
exanpl e, the wand speed is reduced fromthe max index
of 41 to an index of 20. Due to the nonlinearity of
WO RHE06198E X - speed curve, the actual wand speeBCT/ESI8&844972

than half of the initial speed. As noted above, the

i ndex-speed curve is linear to zero where the nost
control is needed. The propggtional gain value allows
the amount 25 of speed change as a function of error

e OF, i Pk Sutid ST B b0 et P Bl Juery
}o\f@%%ggé (Ril-%gi%mn : getw&%ﬁf,tﬂhgf‘ﬂie ®hh@'speayad i on
in2@EYAS 19 BrRfbeS3RE6! 06427148 dlesgedheild chtkedould run

rati o of actual to desired weight. There are tines at
ovestisned ad fpikedcomipdetc thatimgt WeeghtarHet integoiltgain fiadtor
_ the wand speed is inadequate to produce powder fl ow
in¢rieabes theaipsrd byt m&mulaﬁahgcalepmﬁumermd pudtiplytegshepsed

REINUECOPNLT e e

. St S L . ! |

ar ’é‘aft I -(?gcqasg oF 'f“tlc%‘&? Lol fq;?@rfﬁcqxtéeggggle%/t#g r}ﬁgﬂ%%?s peed
1 il S B g 10, ML moAtecilsel Bl foGippaRd

wﬁmg Irtféﬁ ?Einﬁﬁﬂﬁ?qre%%ﬂﬁl} %t't:? 200MFkRS cibrbht $dised weighiis less

In step he current sensed weight is

thhe e dfiniMam Webot, semoncovtiralhdf theevared spedd cbnifiudshia step
wand speed continues in step 288. If the current =

2 88 nHatie waingnit séissexhwaightds exqual waorgraaterrihan dheiminkmmim
wei ght, the current sensed weight .is conpared with . .

‘weightihriowranisrgsed weightds compared with the masximue yeight in
weight (i.s greater than the. maxi num wei t he .

StenPDe Jhind AR LA SIS BREHT TREdhe M Egmgycight
I f the, current sen S ' | r

the o R NP IRET i YRR g 0, AFURE chitght sensed

wé@g Qégéf@,f%’i&lﬂﬁ'éﬁsth %ﬁﬁﬂnﬁ%eilght Fhe fill %KC}E is cofiplete

e control circuit camnm adjust the servo.

arld tHeYrockbdd rdthifis M0Age§26RtAFEhaB. 11 seconds, the
control circuit can increase the max speed i ndex

one.Inl dtep R62f iHel contnel siasuit esms atijus the sarvee Skl ,ﬁkﬁ/time

then the control 20 circuit can decrease the X
wapgeehienten bl sermndsTHe cewiok growt caparease 12%‘ g speed
in?ie;:{%r;rsci)riet:.ef thfei‘gllll tltnilg‘%vaosfle:slso thsa%cr%rr]lgsséconds, 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 towaré the closed position

of the valve. In addition, valve member 190 is rotated in one direction when
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Preferably, valve nmenber 190 is positioned such that
val ve opening 191 is offset with respect. to the |ower
end of tapered conduit 154 when fill valve 180 is in
WORME/O8WER position. Mre particularly, val vePhEifp#poe044972
190 is 25 offset such that val ve opening 191 is
post-positioned relative to tapered conduit 154. That
is valve opening 191 is of f4®2t toward the cl osed
position of the valve. In addition, valve nenber 190

opchih® il *4oding IRE valveae! é&ﬁgéﬁ@.—ﬁe fMCiny hysteresis in the drive
20077 061987PCT/ US2006/ 044972 49 openi ig and cl osi ng

triine Maksy €oit oxaaphs Raddenfaibanlodyai be estated olddkevise to
drive train. Thus, for exanple, valve nenber 190 can

opma thetwatheed and cakvicsmtatoddpethet kiookavise tantbseghebelve. This
rotated further clocicw se to cJ.gse the valve. This

opspaiien refugesdhe sisk: oldneparistmt flapg or qverhlling that gagresult
e S S b S B b g
138 i o RO06B%3 6 Caner ed contiui t 154 in the open

pos iAﬁj? %%%?ﬁeﬁﬁéerﬁvél%'d%eﬁg%@? Bndhapédd &indidt YS4 in the

menber hat can accul powder.” I'f the valve
opepodifion Prolscdy £spRl shethesl thetad bFealie henibapdoedhat
cornidui t 154, any powder on the shelf is dunped when
celtf@:dﬂ&hudatddpowkieﬁi higthetvaise ppenintg K1 js preepbsitibned relative
the cartridge. \WWen valve opening 191 is '

topeperegoasindupn b4 ratyapowder ontthpsheld is dnmnad whan thegalve is
clgmioks thrpoisanaty averBlE Ak g WherhViLcRomRE 191
o TP S B PR R SR s withou
dlﬂlé?@%n%rg}é pBRE: Gt (ABARLHS %ﬁg%}ﬂ%@ %{@Y@g?ﬁ%@hen the valve

I'n connectron wth e
is%p%ﬂ%ﬁ%f‘ﬂlf‘néﬁ@@drfﬂi ,Gwdnthitdtreped petvdes RO glc@sured by the
m-croparticles in a specified tine It will be
sdmeeestiood that a variety of different dispenser
nmodul e structures and 20 operating protocols can be
ut i ITkedowidehidispemsepmexkie Stranshits 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
mechaniém, for dispensing powder. Any suitable fill valve mechanism can

be utilized to control dispensing of powder. Regarding operation, any
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exanple, the feed wand can utilize different
structures, such as different spar configurations,
different wire configurations, and in somge

WO NGIM¥Ent s wires may not be required. Diff&CEAS2006/044972
nunbers of helix wires and chevron wires can be
utilized. Different discharge el enents can be
utilized. The 25 feed wand ggn utilize a different
feed mechani sm such as a screw nmechanism for

O%réﬁﬁﬂﬁiﬁiﬁi&ﬂ i aclﬁ@yess(?)%sﬁ%lﬁlsﬁr;péﬂa{ih%\b%#é&ggg%g EQH 2 tilized.

n be“ut Ized to contr ensi n

Fcﬁiegﬁdlﬂjgl'% iifab¥mcdh ofBle feed wand, such as rotation,
2007/ 061987PCT/ US2006/ 044972 50 operat’i on protoco

recipocaiibnhpoesibiaton echrobe ndtized. ddeaspriedrof BatioR®an be
utilized. For exanple, any suitable notion of the
fire@ ¢r waniables wria epmbutasionothersodt i Pitbering oproportional control,
tion, can be utilized. The speed of potion can

in\é‘%g%f s@utrsh apgrqtast é?n'apie@f:@ameﬁm vhlized separately or in
oS GHRPex BEERE TR AR 2bo8kap G/t EFRB Y Sovide

For ceiin eS| s
scSRR Nk n iy de FRENAG Y B T GEUB TS, AR R gr

meBAILER BEkrhBSowdbd s leﬁgé? h8daki 34 Eﬁtﬁﬁdq{aﬁegaﬁ?%mggct

sensor dul e.” "I n general, powder di spenser no

stBligutedid parenid neONRAEE 115 ih Wetay £ deschidedi dboveuiid simild be
an array as descri bed above and shoul d be 10

carfigurgd tedlispersespdedredquiatity e ppwder inya speqifinddime

in a specified tine interval in response to_a control

ing¢tveliint regpanse &e eionssrod eivsit that trostvesoanged anduss from a

nodul e, , such as the wej ght sensor.in the,enbodjnen
SeSSE Fldsbcapisieas ﬁ&e WIS SPRSGE 1psthe ggnbogiment ‘%éwg%?d
modul e 34 can i nclude sensor 15 assenblies 110
'?ﬂ) ted in sensor housing 100. In the illustrated

ggﬁg%% glégl Sﬁﬁ%s??ﬂ zﬁﬂ 25 SR Ymblfid 84/cUASRCHMR 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.

Each 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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sensor assenblies 110 are nounted in sensor housing
100 so that sensor cells 114 are positioned to wei gh
cartridges 20 in cartridge tray 22. In one

WO Ysent , sensor cells 114 are nounted i n PCTAKR006/044972
array on one inch 20 centers. In this enbodi nent, 24
sensor assenblies 110, each including two sensor
cells 114, are utilized to gfovide an array of 48
sensor cells. Each sensor assenbly 110 has a

backg e PRl 1 00 AR kB oaéﬁﬁ%ﬁaﬁ%téﬁ‘filaas%%sor
eI AERAESNZ AeshP Ry N Pind AP o ad S MREFB! Yocating
plaesBadicaludeO AR 61 8pchiabs EhfGhhichatheGRIINESELHF 300

is,located at the bottom of "the sensor assenbly 110.
can®i dfa72M bl 0ATHAAEL WERODB/ AT thdbdensor cellSdngadre accurately
housi né:] 100 includes a sensor locating plate 310, a
peshened BAth tspeet B gartidgem2®r Guide pdl assemdbly 36 germits
pin assenbly 316. Locating plate 310 includes an
logpting phateHidHionbe ppﬁam%tqzhsemwr pessnables 149 without

cal ad 20 i.n. cartrid tr 22, sO at,the sens
it he Spu e bes ) 2 e sehaRcer i  emeu e § 1 4oan
. « Dl . .
i idd ot i3p emet b B AGrEER HEAoihE R Biomblies 110 in
semssLMYdes 3410 wi t hout damagi ng the sensitive probes

112 or the sensor cells. Sensor tray 314 can include

an RB¢mmogenediled4 flirhetdnshides spasort bavkiplghee3BPhaving

assenbl.ies 110 in sensor nodul e 34. 10Sensor nodul e
crhettors 382 foncngdeing treseleciyaak pbanecto88800 axfisegsor

connectors 332 for enagging the electrical connectors

asggmbdresddis dn thesumbpilisrentief Figs. 20 andrilo genser merule 34
ok St O a5 34 OSSP,
o GErTPRG£istal & 21 ShertoREMles R cHer SRertyit yeRplme

. . . ! )
s{Sagipasasaft) itki SRS SR SRR ER Y
asgé'ﬁbﬂ%sqqf(l dridiger ddhimanesaig orith powder dipRsoEr Module 54

4 can be provided with an arrangenent for cooling
duéms oartedgefil bpsratildhs. i ncl udi ng a sensor cooling
grid 340, a sensor cooling 20 housing 342 and sensor
coolSengoramedwedt eam bapiovded widblansgrangeraent fos cooling
di rected t hrough .copl |,.ng mani fol ds .344 so at forced ., _
SCHSPT 3B blaes lsﬂgrla&ﬁaiéagtaosepﬁer FodRs aadﬁ%& gpensor cooling

SRR bl SO R 8l o
SR R s S AA0E0 318 BapaPlst et
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, circﬁlates through sensor

tray 314 and then downwardly into cooling houéing 342, and is exhausted
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25 cooling hou3|ng 342. Wth this arrangenent,

cooling air citculates into the sensor nodul e 34

t hrough cool i'ng mani fol ds 344, circul ates through
WEBAEE9sTr ay 314 and then downwardly into co®dmNgE2006/044972

housi ng 342, and is exhausted WO

20071061987PCT/ US2006/ 044972 52 t hrough cooling

mani f ol ds 346. | n anot her c%?Iing arrangenent ,

cooling mani folds 346 are attached to sensor tray 314

3Pyt TaiB8 nRifPld T "L Adefer bagad premeemmont chuling
RS8R RpthiBd 1 PR o DL SR IR N S ligected

I t
O} U O ST B o
by eoper plateL348NFHaoh ol RBHMSMBAIFOIANE 44 bha B 48 ca??ﬁféﬁide
nodul e tenperature. A first enbodi nent of the weight

1r§elmmb pagsagis wiiichtprovidd deorn dinflew treuphtthesensdramodule.
(%ht sensor cell and cartri dge 20 is shown in Fig.
Ipaddigigonpeenking mranifelds dédt andadh chndycizde templevafiung sensing
post 3 2 that engaggs the sepsor cell, a head 364 and
e g@“é’cﬁc U§P§§1 ¢ [GMBCEAEy powder

g%t‘{\ﬁi&*? éﬁ ﬁ’ﬁﬁéﬁ‘%ﬁbﬂ&?ﬂsg SELERU R
hﬁ&‘?aéée & echihle \ﬁg%gﬂégﬁs d Sgﬁﬁggg%@g%hown in Fig. 22.

suppor ing car ee pin

PRSBéaAl 1 inkluddas ﬁ%lﬁtb&i%p?:é’@ﬂicﬁﬁdir@f]@%&?ﬂ §6?ﬁ§hﬁ,‘r%ﬁ%es the

designed to elastically flex and return to

seasbgteld) a head Bibdnmd 4 oupBb6t thabacddirukités dasteand stray
deS|gned to buckle in an overload condition to

ppwdeepartiches. sBroduer | t2 fortheninchedesrebdasirakitt 3510 thiag deflects
22, pins 72 are renovable for pin height changes for
dstang pawdespartickreat isrere shg ssnsorfelkargd pins 372 for

1S ARTSLPBPT ek Sag dehdDhal B HHPERTSS aRPaRs cahelia
sl_%lgg ?gg@ Qiegrgg ?nttei’\Azﬁé g@gﬁage '@ngiﬁngﬁqme\{‘%ﬁ{%lg ﬂex aﬁfl then
rebeSe thelrahe ?)Bsﬂfdi’l\é' desditibnlpei 6 aP@Hwﬁgﬁea S buckle

wei ght senso and cartridge 20 i's shown |

in?éh ofelsad eoﬂclﬁﬁan ficprodes the dehsotsedy BBthe d:zﬁbbdﬁhﬁ@t of -
a post 382,  a head 384 25 and a cup 386. Cup 386

Fipc Qpplrat £5 arbustmanablstioapipbeifiy changés fasdifferentstartridge
skirt 390 deflects dust and ovvder articles awa
triy dasigns. ddweswnalgrpss-secticng a@dtméfre#u@e.s 8,

ae@o&?ﬁar%%czeffegtcsl (;de '[?lsérl?ll Pgulgrgr%tstx?f i chcan gu?ci g?ads 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 inclu&es pins 392 that are formed
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WO 2007/ 061987PCT111820061044972 53 integrally with

head 384. Eachiof pins 392 is reinforced with a

radi al gusset. This configuration adds structural
WOX001/$iI98Y to the vertically cantilevered |iftpquios006/044972

This configuration also reduces vibration and

di spl acenent at the tips of the pins, thus danping

the tuning fork effect. 5A fkrst enbodi ment of powder

aerator 72 is shown in Figs. 24-27 and 28A-28C. A

AN BRI ot Pl A Gind 3578 Feibbarcachromiol guset,
ik e e T B e
[ | . i 1 .
Pl 8 YRS Bt el ol USSR o

oBthe ping, thowdemsinprhe thelisfdR offegtconnect ed to
respective channel's in array bl ock 50. Powder aerator

72 carfishembodimephefipatider aeoator 32ds shovel invigs. 24-27 and
BTG LS s S L, U SR RS,
3B B0%dor BREES " inekidies i ani tBId SO B Wich deRnss ens
N TR I,

BAAHRITS T edebEl i EbUORPPORARISRKERLYE YNGRy

that directs transport gas receive hyas
ast8mibly FBGY MG urte 8O PBRIE et 30 aAdPRREEr HBIHuE Dotts 82
526% a desired prgjp?orti on. Transport gas di re?t eg are
cathettadtogtespyqias chamidie in aba§ blsck 30s Rbwdef heator 72 can

"~ _ through powder out putéagorts 82 to array bl ock 50 so

inglndecn prewmptic tbrpomd &1 0 to deliweppowiier thropghsaser tubes 512 to
noqul es, 54 m)u:%t ed@'&nﬁ&ach chan of array bl ogk éjo
PEHEERYIPHL BPES MR AR aelve oehée avPRlycy ArARRTYC
aerat or tube 530 hayhn hol | ow . nteri or..an :
PP Bom HPRACETUEREPIE Ao Beulitsdrobe safula e upe
] A } iAn - :
iPdiol SRS, 1.2, 300 2010280 KA sk Gbks B2 ip manifold
blbgk tS@‘Orbdi’ﬁle@??ﬁé@fhaﬁléQﬁoﬁﬁp 52040 pawdr® ARpLOybLIERE! Y
tangential wth respect to a cylindrical surtface of
Pawdat a¢rator 72 further includes a crossover valve 524 that directs
transport gas received through gas inlet 78 t0 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 aerafor tube 530 and can

be approximately tangential with respect to a cﬁindrical surface of aerator
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WO 2007/ 061987PCT/ US2006/ 044972 54 tube 530. Dividers
534 are spaced:apart al ong aerator tube . 530 and
defi ne annul ar chanbers 542 corresponding to

WORRYMEBT ve riser tubes 512. In addition, pneCGEASII6/044972

broom 510 i ncludes paddl es 590 affixed to dividers
534 and spaced around the annul ar chanbers 542. The
conbi nation of 5 discharge ggzzles 532 and paddl es
590 provides effective transport of a powder slurry

R RAGDR B obedibal ibbiciergian e SSHaR deine
aff B hiinBEN D) OrBAYARNnBR bl Bhsd: 1ASPSTS. 47

rom crossover valve OW 1 nterror of
additiohOpné&wati® Yoorts PR IRiIAcs fAEIIRIE AT iR BB IR W ders 534
to assist in equalizing 10 flow of transport gas
aridspagd atoandahgennobke lchanfiR?s SA2 MOl coABiaimest
aerator tube 530 and flow director 536 to rotate
digiharige nemaldsdiiP nd prdds. SNbprovideetfaciiveatransport of a

var.i abl e speed and rotates pneunptic broom 510 at
pPowAer sluenyinte grray &I< %rAé%wgﬁéecé@ow pHchey to one end
ranspar a er slurry.,1 val ve 520
of fifliabs 3agipREcEeDies e Vil R Mk T a6y pERpifer and
o e . : e
to R BRI B0 5rog e et ST e ot Rk of
adritdrHAPESBOd AR abratBt Core 598 hak ol IibuCid A% lin 'e&;ﬁalizing
central axis. Core 550 is positioned by notor 55 ,
flsint B @agsRIrt EAetieavphidiscizbge hagriey SBWaA dhtdrS) Gauses
powder inlet 80. Powder is supplied 20 by hopper
agragertoby 5340 arki floghd wectoe 530rtbabt8e veithiasmanifold blank 500.
artially fill cavity 552. Then, core 550.is rotated
I\/Eyml 5§40 condwvagyartblpsperd and re@ten prragnatie bregm 510 at
nnul_ar, ,chambers. 542 -ar Qu erato ube 530.. The
reiﬁﬂfﬁﬁﬁhlaﬂ R4y (0B £ XABURIE B%Qﬁﬁﬁ%eféf &H@I’ép%ﬁ%ﬁbﬁ gpowder
operation of dunp valve 520 is defined by the vol une
cavity 552. 25Crossover valve 524 includes a val ve

e ”blg'hﬁ Qal%%?xg}@%%zé’ tegﬁnaﬂcMrE@ 50 M\Hﬁgr&%glgtrically

and Ve act ua rotate val ve nenb
OB dehsti6e52aCARISS0 Mahuentednibel bEROnORANDId block 500
onfig

ured as a holl ow ]
above pneumatic broom 510 and is connected to a motor 554 for rotation

sl

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 filt 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 rota;ce \'ralve member 560

about its central axis. Valve member 560 can be configured as a hollow
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WD 20071061987PCT/ US2006/ 044972 55 cyl i nder having an
inlet port 564jand outlet ports 566 and 568 at
sel ected circunferential positions. The ports 564

WOsWe7/4MB7568 can be provided with vanes to bIPEARIZPRY/044972

break up powder clunps. By appropriate adjustnent of
val ve nenber 560, transport gas received through gas
inlet 78 can be 5 directed isg desired proportions

t hrough pneumati c broom 510 and t hrough bypass

j : : i lov, -
oY BAGAng % hlbedefe 50 A0UT et RO R B4 sekied
cirQumiferedfial PSitiMRO ATHE s 5685568 ahd T8V @rPBE phedidad with

fixed position during delivery of powder to array

vimh@cio Block baddwdak wpepawder CRingps) Byrdpyeoptiatd adjestment of
flow straighteners 570 and contoured flow el ement 572
vakyeamsirdter S60ptranspon gaa recdivod thidugh ges ntefndboan be
gas through each of .the powder output ports _82. Each
dggetsdiinglgsired prepartienscbre g Paguaatiy kioeah é?Q@ng through

cavity t ches the jnlet end of one gf nnel
bRBRAIIBYh 26 H aediabagahedip frovse e ulvp o austed
to the 15 r I [ '
ok 153 BR Bl vBRS o, BlooK T B AR bnbodtigny

_ Jai T
ohdXsByb Pl 524 tag £ FACRHORIAR QUnb tRINeEf W Rder 10 array
blelssnaves as the interface between the hopper
assenbly 74, the array block 50 and the bl ower
assepbiwder @erdbonida rcapuatheatnelude floe sirahténerstd70 and
powder from hopper assenbly 74 and_ receives :

contuiured fve dleqpoontc? 73 toasshitdnagrroxidiag yniform ey of
fresh powder i

oLt bt SSn AL AR U vl 20, b por
5% o S S SRR B VRS by g e
e e
u%%eg ﬁagtﬁodﬁéfgklcgg%iﬁgg C@gggy\,ggﬁﬁ ea€h aiser tlosuR Bﬂp}ﬁi@iaerated
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 hepper assembly 74 and receives
recirculated powder from blower assembly 70. The fresh powder is
received through dunip 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 28A-28C, except as
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WO 2007/ 061987PCT/ 1JS2006/ 044972 56 foll ows. As best
shown in Figs. 31 and 32, pneunmatic broom 510

simlarly includes dividers 534a which are spaced

WwWOoapere1987 ong aerator tube 530 and defi ne ann®@C&uS2006/044972

chanbers corresponding to respective riser tubes in

mani fol d bl ock 500. The pneumatic broom 510 in the
second enbodi ment does not 3J¢include paddl es spaced
around the annul ar chanbers. In addition, the powder

R LS R e o LR e
irRPRAES i\ Mer SR Fhibh e bAoA RERR0 e $30 and
défeé HERUIRR SHERIHSS Béﬁ@ﬁ@&?cﬁng%@ resFRi Nl ﬂ@r%fﬁgsfgﬂmamfold

crossover valve 524. |n addition, ‘bypass mani

bloel, 5(Q. ovTke pareninabicZbrend: 5l 0vin she seghidembadimenadees not

_used to _equalize gas flow w thin each channel of

ingludg paddek spacedrimoupddheaninu] 4rrdom B, Itheldition, the
crossover valve 524 and the_du val ve 520 are notor

[ .aunp . A

poydense@tanel Bigs é8ni4 b proyigsd withya egtos AR gvhich rotates

conput.er. 15The cyrossover .val ve channel s. th
PR SroPB i At TSRVl PR Sherldot SRENDInt 40 dRapm, for

i nd into the pneumatic broom 510.

u%@%&g?gﬁwoeﬁlﬁn%@%% val ve has | ongitudinal slots

o . : L .

c_ongdtj an'li LnfgtsgﬁfPngggﬁtﬁ? E}?%l%térpﬁllghgwg@%bg m 310,
deinpoavd S202Mtherorseeratdlge BnaomSddities, Beyasahanifold 526,

el enents. The intake channel i ng vanes on flow
fldin gletmemt33@ axihfiger fthmptitorecs 530 aoé usbed to sqoalizggas flow

transport gas in an efficient, |owloss nanner, while
withira ehely chanhelefarmy bleakerd+ The prevexasiahpom 510, the

obliterates stray, aggl oner ates fore they clag
RSP NG AP S R B HOBPI A S 580 A PRerEd and are

di scharge nozzles 532, 2 referably having a double
Cﬂrgfﬁ%ﬁgigﬁfq @[ﬁ%?ﬂlic %r rcé’?lé&‘?tg{:iged along the ‘Il ength of ~

aer :

w01 B s U Jalv B PO DRI RSk R doth oo
dir8csp! irfd the 8Fphéendnifold 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 arrgnged 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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aerated in annul ar chanbers 542. The tangentia

di scharge nozzl es 532 effectively aerate and sweep
WOt20ey/ad198y powder fromthe chanber walls. ThePCHAS290/044972

val ve 524 allows the two transport gas streans to be

controlled inversely, i.e. one can be increased while

the other is reduced. 5 Thigjcontrol function allows

the drug powder to be tunbled wthin annul ar chanbers

R 0 P Sa IR B B LRTE ) cheny
w3 9ROy SRR 0 BQUEI AL Bl 5, o e

whalls] THGodédRY WHIPEK28haRRA fhel tlvPraRed® a8 Ytreams to be

particle deposition process. This 10 transport
cartoolbsd invaksdy atleanh@gan be ihbreasediediileabbathomBakeduced.
nmor phol ogy of naturally aggl onerating powders and
Thlssrtmisalt%am: o tadloars thggdrugaraw derstoabeturhbledawitbins annular
themto be effectively pneumatically transported.

chamaberss¥? takeem &@naﬁ)ﬁf@r@f&@gq AgSlerayRts eoc dvienythe
oS up 5l Sneid B b o ol e
_ s f
SBREP bt Y15 ARG 0L Srbbnd T S BRRRT Syfn s
tlfe%%lﬂ%fcmﬁa%@@irpa% GbRed PAHIE! RoRIIRAPBRocess. This
The po a kn

er aerator /72 recelve own quantity of

trR@Wiat plodes tileJwbretags sl Indebirabhepoadde mdrphology of
col'l ected in the dunp valve 520. The 20 dunp val ve .

n&ideally apgloesemtiegt pandemrandgeserteothenh entoappagglomerate state
assenbly 74. In addition, the dunp val ve 520
that alomsrthenhte bowditsctivahopregnmaticaljatranspaiedek and

naveTh %E?ﬁéhf%fiﬁza?;{;%%?p?ﬂb%ﬁl A oSS R D g Pt
T nepE Erienien i shrou@l aRbi S B0 R 0CER et ©

RSB ERUGHAPA D ) pRgEfi g frry lock

580913 § pY&uedh crdias Hicomnditioan foetheseshiasllal pMiicle deposition
2007/081987PCT/U82006/044972

process.

The powder acrator 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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58 feedback cantrol to hopper assenbly 74 as well as
addi ti onal daté to nonitor bul k powder dispensing

rates. The pneumatic broom 510 fl uidi zes, disperses

WOZNY/% W8T ai ns drug powders in a,transport gagcgﬁmnmamuyn

annul ar chanbers 542. The chanbers 542 are 5 supplied
wWith transport gas by nultiple tangential discharge
nozzles 532 in a helical corffgi guration. The helica
configuration can include one or nore helices, such

f@e?ib%cﬁl%‘ézl'g‘s\?)l g§ g'li()?ﬁ)(ﬂ' Bs%ﬁ%lﬁri Pas &he %‘zgdvivﬂgbhﬁl 24a%

5Winclu anneling“vanes in Irector 536

mdatordhilk Pornddrydidpersihg gasi nto the aerator tube 530

and act as inpactors to reduce |arge agglonerates 10
bef oTke tpneyniatae bradre Sdsfihializs, dvpeesesE3@] entrains teg

crossover valve 524 divides the incom ng transport
poasiepeime sranspetingasi in dnnadan @_!E@nlafﬁd ﬁ_ﬂ)'?pg'ﬂ@e @hmb@m_szlz are
SO GRF T aah T G e g e 552
eBRa R GmtEentPiy, TR el conRRlBR St BeIhhy Pheortibre
A6 PR BB ape mPRidch, MRS oo 330
'ugcfhgaéé 8 Ehé}ﬁi%lg%, v iuew diteuoessaehdt sifididily direct gas

ced*w thi n bypass nmanifold 526 to enhance the

ireonHeiderdtop vilge 658 nd. achas ifgpabiore s reduscef Jaogs agglomerates
the crossover valve 524 and into bypass manifold 526,
beforesthpy eéastatieedisohangeatarzdes $3bki netic flow

patterns to inhibit the formatjonp of tripped flow pr
eddy Theswossaugn aalve S26savidss (gfuf iRFeENINg tégpsp ort gas Botween

PP S s S VAR BB 5241
c%h%%ﬁ%‘éc??& 1ﬂh%ﬁ a{n@ee&j(i)? $0ALYH1ow conditions within a compact
design. The valve has slot flow ports to optimize and conirol 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
erthance 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 iﬁhibit 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



10

15

20

25

cavity 580. By altering the spacing between vanes, it

is possible tolachieve 25 uniformflow rates through

each of the channels 60a-60h of array block 50. A
WOr0e18Abodi nent of hopper assenbly 74 is sEGEAISRGV6/044972

Figs. 33 and 34. As shown in Figs. 33 and 34, hopper

assenbly 74 includes a hopper WO

2007/ 061987PCT/ US2006/ 044972%¢59 body 600, which

defines a powder reservoir 610, for holding a supply

ek A R T

PENSRE it § Bobler k812 hith (e fp g RN SD of

pgv*iavtalr?? Eﬁ%ﬁ?@. THeARo ! d4dmbey 7830anaRd hroRided %68 & hinged
powder reservolr 610 and a notor 624 to rotate

cowntl 6 BRand bdpperasaiss emuhanisin G20, fRibhassistnakbukbleniem 620
granul ator 630 in a |ower portion of powder reservoir
ca1 nclalaheliaaloroib 802 dacatedovidbin powdestesangglioGd Daink a

roller 632 coupled to a first notor 634 and a second

maiar 64t tareiate spil 22 Jeoppappegmbly o/ SearpAtrthe igelude a

e R0t o BRER SRS o B ik o3 Gt e 630
AR p ST HAOAMEPREIAITF el iy Bl mgtor 634 and o
eI Grterle HCr 656 RBPRIPITE SERUR| HRHLERYS, Bagh of
aggl@n@@atd%%ﬂeb%wm@e@ﬂss%m@dmi@ﬁa phaviidedr wétaiﬁc}o

air holes that connect to the holl ow 15 centers.

exiendans rdialbp fraah the eegpatsivefrotlet.l Bn oné 2nteoding3d, then
be connected to a source of pressurized air. Air flow
ladationglefities A0 e ¢ach of rallers 632 andioHBdehigioneprimore

ot S Sl M GG
b5 AP R PG Gt REBS e oo
SR S P PAPO Y 0L D gt ge o

cORNBIREd 88 habkeed 8f pldbsaripbe sy, &8 RERAUG®EH the holes in
aggl onerator rollers 632 and 636 rotate in opposite

roligre €3Rans] 636 absiklyeint arpating thepberdsr G3thgnebilal to the
rotating toward each ot her.

system.

In operation, after the powder reservoir 610 has been filled to the
Jevel 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 recipyocating motion or with a

combination of continuous and reciprocating motion, and can be reversed.
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25 However, operation is not limted in this regard.

Aggl onerator ‘rollers 632 and 636 can be rotated

conti nuously, with reciprocating notion or with a
WOgHITH18T i on of continuous and reci procati ngPABUSHe/044972

and can be reversed. WO 2007/061987PCT/US2006/ 044972

60 The rotation protocol depends on powder

mor phol ogy. Granul ator 630 ggoduces powder

aggl onerates in a desired size range to enhance

TROYSFtiph poRo Bl AR hm BAPER b ofbhifid, b Elater, 630

. c ) T !
proRu Bl huometed i dored Mg 12087 o B3RATR doPlier
fldw FBomIdoppd ﬁ%m@?ﬂ ‘?ntinﬁﬁgpé\ﬂﬂbp Weratd72.he hopper
assenbly of Figs. 35 and 36, the flow assi st
mecFasesond smbodiment bf hdppémasseditily G4, isgthamal &t Bigs. 35
630 is inplemented with agglonerator rollers 632a and
angl3¥n, Thadtopper absernblysopFigs déding 36 ismsiprilardioithy hepper

aSRERBDGOT VAt dPIEHL3 0Bt SR4oUE e 4 1B6 NowoeT aembly of

Fillbmanarg. D Jaaherosanoopstistos baatiieRs Brdfion,
era ST O RIS E bt h Pl R T4 fhd 6360,
eabBOTWRIch 8 %«&ifae_@twrthta{;smélitjp@ﬂweataﬁéa@disﬁ@ 680

hopper body“600 wi th cover 614 open. In“the second
meéthed toashiafisfofhbprespasisemol ery 4 Thb aisks 660-cgs berovided

and 36, a powder slurry can be introduced into powder
witk setchmsr6 621 Whidh asgibt i miovingthegowder énwawqtrdgr through

portion of hopper body 600. Fittings 672 no ntedd'qn ]
resgreoupp). pbeudisks of rallgfellamay womteresshed wih the disks

exhau for transport gas introduced 20 through
Offﬂoﬂﬁ%g%'m with the powder slurry. The hopper

2t abhboeronph frd LB i quSial Tekerdh 6 HilBugh the

n ! Q4 hS
oA B0 OO T I o o
eﬂ@@ﬁiﬁ?@rﬁr&f}&bﬁﬁc@ raeBanblhe 78shoWieingFaisyB Staed FR& powder

produces powder 25 agglonerates in a fmte size
sl gan Bhirrquueedridid powideg rescraorddl ( theopglndditting 670 on
aeration and entrai nnent characteristics by cr,e%éi ng
1818€ Ubper

ancangled pontipoofheppes body £4). ohitings 87 snauntes

po?%glnt(;f%dppte? %O%ryo&%s Isyrgxtidg %\ﬁdee){haust 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 preconditionir}g enhances the
powdeér aeration and entrainment characteristics by creating a more uniform

polysize agglomerated powder blend. In additic;n, the process of powder
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WO 2007/ 061987PC T/ US2006/ 044972 61 granul ation
aerates and m xes the powder that is norinally
conpressed by gravity when stacked inside- powder

wonrewessyr 610. In the mid-region of powder PETRISYDEN44972

610, flow assist nmechani sm 620 forces the powder to
aval anche downward or fall toward granul ator 630. 5
The need for flow assist nmeghani sm 620 i s contingent
on the | evel of powder cohesivity. The effect can

oL B B M S o
; ! A
B T R,

Fi gsp 86 ﬁi@-{é%oﬁ%f powd I shg)d'f: 698; 3% %%gstgﬁechanism

conponents o ower: asse can’ i ncl

oY@ forek ¢he poodidy| tevRalaiithealsivawayd e Tall I6Rar@bPinulator 630. -

702. Blower 700 includes a blower notor 704 supported
Thy naeddooflompastistAféchatismnd 2 0petdmtingd@ft owthietledel of a

bl ower housing 710. Bl ower housing 710 has a
pewdenheekgsipity: Thepefifest candpgopnmg morgrapparentgaken the drug

t hrough, tube 76 to pomﬁer 15, aeratar 72. .Tuned :
CanfERiGHORER IRGTC@SEh SUShAs it BPTeae ROl coBlntdhat makes

bl oiil"ﬁr housi ng. 710. As..descri bed above, transport gas
theParlElep FHPLR ZIFSPPORT BHFEY bl ock 50 to bl ower

asse j ' ' ' - NP

TSR B RN P LMol 7 SR Rl 0 na
38 £REHIWE ik Fasd &l Band 38! EMponeals G0bloRks! 88émbly 70 can

separator 702 Tncludes a cylindrical 20 housing

imebedd Rafidbleodpandchloover 0l fnd d d¥4lowdseparator TOANtRIbwer
to bl ower housing 710, and a cycl one vessel 720

700 imtladebe bdowsn chdton 7Rdrsuppodiedly ayedtonaneenartf and an
702, which serves as a gas-particle separation,

ingpeliere] 0% masired 1pevdereajousns 4 &s Hiawer pousing 710 has a
th h | ock 50 w.thout Dbej del

digbhie® btk gan<ar Sesnirad sPos Sfeoiet KIRETS i poyger
724 5| -t pi : '

oS5 PRSI DLERS iy X PGSl o

bloWer BSustHOW 0! Ms described above, 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 byc-lone
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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Fig. 41 and described bel ow. The gas conditioning
system 730 supplies WD 2007/061987PCMJS2006/ 044972
62 conditioned gas through porous induction rod 724
WORBTO6198bl i sh a precisely-controlled rel ati vE®CHIFRWHH4A972
wi thin the powder delivery system 32. I n ot her
enbodi nents, conditioned gas can be pul sed by a val ve
into the closed | oop systemgyrom a source such as a
pure water vapor source or a 5 steam source. The | oop

obSTbrES b porAREpBLUER Y 2 B L PR by

cRHRINEN réiQtivk STRRIAH AR URSPYHRCABELTEHAL dem 32.

Ity sensors. ypass 1 oop can be °l ocat ed

bet weeptHerenibed@iertts sehialitendd ghs ¢aR brsulkée byuneslve into

suction manifold 84. In further enbodi nents, the
thutlesed Vabpy sy Syat fone arsobececardh g pdrasvaervaporlsdurce or a
port systemthat allows an anpunt of conditioned gas )
steenrbsoyrees dehd Inap rabhative buwddity ép cepisolag bynienging the gas in

aé&@ﬁ_ﬁ?ﬁ%@%&&@?ﬁ%@%ﬁe@%ﬁ% S8 Em ikt Jos fgperature,
PSR Rl R LB T oAl B ot
R O LN TG i 5
h?'fﬁ‘tﬁ@r efnBedineh&)ehe gﬁ%&@%@ﬂvé Sydtein ¢kl b zedfigured as a dual

nstead, a vane séeparator 750 is positioned in the

posusisten $hat Aldows4a @hoanref cmditiohedgrs 86 benpulbed into the
suction side of the blower. The vane separator 750,
cidsiedHosprystenasaral gasnpeorsaing osegarhamenrd o tpespagLas to
a cylindrical configuration of vanes 20 752 separated
beydisehargedous pbthe cirseddpap Y6 -of heavy particl es

o e ISR 3P0 A BB, A0 B Fig 39
ALY St S APl e bl
o D, 8 TS, XA, mn e asiy of
FiPs.13%eas@aq0N¢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 éf 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 c;f blower assembly 70. ‘

The powder transport system 32 in the present embodiment is

configured as a closed loop system where excess particles and agglomerates



25 enbodi nent of bl ower assenbly 70. ‘The powder

transport system 32 in the present enbodinent is

configured as a closed | oop system where excess
wopsaevaetdses and aggl onerates WO PCT/US2006/044972

2007/ 061987PCT/ US2006/ 044972 63 are extracted from

the recirculating gas loop to inhibit particle

cl oggi ng of the powder aeratgqr discharge nozzles 532.

This is acconplished by the cyclone separator 702,

R HORER cishlefith el 154n SR ERBP rejtiflasloseing of
RO ol 1A BE ORI SEEORAR MR DEIIECDe
cPIbhe $dpardtor 028 he 4A8e sEPASIHGO R Rl JiAeP gﬁiﬁgtagﬁcle

I ntroduce secondary conditioned gas“to re
sepavationdenical] parameters of the primary recircul ating
trans];;ort gas, such as tenperature, pressure,
5 r el afhe pos@eh trardpoyt, system t32ostcanifigured svith aisenondary
charge concentrations, gas el enment m xtures, aerosol

pracees gas laap ketveess the, gastpartivhesenasaiéen desisep enddhe
bk o TS ST i 0. e oo S 3 b
OB Aeb SRR Sl kAR SRR e

primary recirculating transport gas, such as temperature, pressure, relative

10 humidity, electrostatic levels, ion charge concentrations, gas element
mixtures, aerosol fine particle seeding, efc.

The closed-loop powder delivery system 32 is driven by blower
assembly 70, which is a hybrid of an impulse impeller blower coupled to the
outlet side of a cyclone separator or other gas-particle separation device. '

15 The blower assembly 70 forms the transport gas prime mover and includes a
self-cleaning powder agglomerate filtration system. In addition, the
transport gais 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 blowef assembly 70. The blower assembly 70 includes

20  impeller 708 which has a paddle wheel configuration with scroll curves
between each irnpeller blade. The paddle wheel impeller configuration

~ produces dynamic shock waves in the form of pressure pulsés down tube 76
and into powder acrator 72. These shock waves assist in the breakup,
aeration and dispersion of compressed drug powder.

25 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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15 The bl ower assembly 70 forms the transport gas

prime nmover and includes a self-cleaning powder

aggl onerate filtration system In addition, the

WORPHPSH8Yt gas is conditioned by the secondaP§TRBHYEE44972

| oop which controls the gas properties of the primry
process | oop. These two | oops are nested together

Wi thin the bl ower assenbly 4. The bl ower assenbly 70

i ncludes 20 inpeller 708 which has a paddl e whee

R g B S 8RB LR B9t it
BT 5 MO AIEOSNOE CoHRNIS Rl

aer aA gehératithssek Ioeknyay 8as @é'ﬁtﬂiiﬁl"fonﬁx% k¢tet 238 4P shown
r

aeration and di spersion of conpressed ug powder.

inZBiph €1 bl @aecomdisioaing sy stbine7 3p esdudepabetondargrghsitseatment
driven by blower nmotor 704, Wien the nmotor 704 is

loopdhat gdillst;y@tnﬁonbﬁwaq:loggé tean syptemgior recirculation of

RO EaS a0 e 1UETS oL PAFIORG (oA eH Gt SP- thROTHEa dbe
B AL B4 BB AL S Ry oo
oSSR SRLTE OYSR R s o me hdit G
reﬁﬂt‘?@&ﬁ@éﬁ io RO Peéifhﬁﬂaﬁﬁ% @ﬂa&%b@ﬁt%a% nesp theupoiRiction

oop systemfor recirculation of transport gas and
eV 24 e Thefasnnditioniggasysean 3@cinchles/A papdn genavator 800,
the recirculating transport gas is diverted to the
cagseddanywates stppht 882 fargepidie generatingavgier japor.ra 2
of bl ower assenbly 70. The condit,i onedf as iI's
desiventon 810 dar redusingshe sdlative hapidyyoidhe femspgaisgas, valves
- |l oop .t hrough jnduction 10 ro

SO AR iR GoLFIE RS SRETDOBE0] AT iteP L filtrs

0 led to a water supply 802, for rapidly
Sggﬁgflﬁéﬁg wat er vapor, a desiccator 810 for reducing

the fﬁ%@éﬂfﬁ%mﬁﬂﬁeﬁ@opﬁ]é@&l RDEROEAN BB medAlkédy a

812 an or s t1ng vapor génerator 800 or
&R CaROAs $EGensptchimber gescribed 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 300 and filter 822, thus
returning gas with increased relative humidity to induction rod 724. When
the relative humidity of the ﬁ‘ansport 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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820 and 822. 15The relative humdity of the transport
gas can be measured by a sensor, such as the sensor
chanber descri bed bel ow, positioned to sense the

WO IRHSERYt gas. When the rel ative humidity offGIAES2006/044972
transport gas is to be increased, valves 812 and 814
are connected to vapor generator 800. Vapor generator
800 i ncludes a bubble genergsor and fl ash evaporat or
heaters for 20 rapidly produci ng water vapor. The

di v \SROL Ly GaS: :

bt on R pbFAERRGI G Tinkls MR B diRiRg ARRREss
tréddnerit Thit | ' | ti it
iortRs I UiTnGr Bo% 8 415 TPRE Ll 7Bl M. conditioned

gdsusi idtroduoéd e theasssedrdt tigaend vftiodbaisiees®d34d Induction
val ves 812 and 814 are connected to desiccator 810.

roth&24is/fabrisated fonpesiniges] inetalher @poxesgridstiy pbhaper
Bg;lseﬁ t hrough fj]ter 820, desiccatqr 810 and filter

wath allpiys the Corditinged gasipayenbymigdniathe seperculating

tritPrrbeto o Beottaredis dieplels o gng flasy congitions. The
pESRE oA o 1BGB AR LE e RS SR Mk DefbRERRTine on the
di¥fRagl sldpof By o100 ' WOBSRIEAPSE R oYUIAEYESThaldt 120 or

hddng 8dcticn Bahicha deeblicamdafrohniRie donpisahl fispaction of
porous plastic polymer 5 which allows the conditioned

caksteddayepbwders Ifithe collectescpowdenis sajvageabdpdt tan be
gas W thout producing water droplets or slug flow

regyneducashinto thehpppaesssembditite or iigean bodiscasded.
L S ol S S B o of i
pufip B SERT o EORRHAPEY P RBEL B8 sRB0sE surface

area of the powder changes during the transport process. The powder is

b

initially prepared in the agglomerated state.- However, as the powder breaks
down and disperses during gas transport, its exposed surface arca incrcases
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 intak’e: 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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10 col lected drug powders. |f the collected powder is

sal vageabl e, . it can be reintroduced |nto the hopper

assenbly 74, or it can be discarded. * The contro
woeksToeshum di ficati on of powder during oper BCTEIN2096/044972

the powder transport systemis conplicated by the

fact that the exposed surface area of the powder

changes during the transporggprocess. The powder is

15 initially prepared in the agglonerated state.

o SRR STl el ar %ﬁ%&%ﬁv&%@ﬁ%%%ﬁ ly 70

inb LS ﬁg&ﬁ@@h&h@% Pobt B CEMMADY J A0 dhiment loop is
mﬁ’b@‘ﬁ@éé A teamitthroukh iRddcE 6@ 724 hhﬁhfrﬁﬂiedcyc}one vessel.

dehydration of the transport gas Ioop the gas

The gas cenditRydhgsyswst che coapab gaspardndflefs) kel as
hydration. The cyclone separator 02 has an i ntegral

retajtuechumidike andrieipedatvigtionstajiscontrol, e pyticinseeding,
body with m nimal hydraulic |oss. The bl ower _assenbly
traf&selameén gecdingngasraalet @ctxntiony ges/ghbsteyidization control,
ggvvder scrubber. The bl ower is equipped wth a paddle
®Wiheel -1 i ke i npel l er having scrolled, 25 curved

pur (88 S8 RELIEGR SATRAP Pl 85D'15 Sahlite h8RSRNon of

| .
thl %n%gﬁg g riglg‘?lsealgﬂ‘r’]am cﬁgﬁ?ogtgymﬁgiggsl%ﬁtwgﬁ?kl Pipégev\éz and 43.
Tﬁﬁ%}@éﬂ@%&n!ﬂ?@%@f BEhBGEP e thSeRRat B < Hri¢tidad, is

assist Tnth | ui di zati on of drug powders. The
citthudued thsswgtbbynstd dham betedtS laingearatiohwiith the powdgstremsport
where a secondary gas treatnment |oop is introduced
syistern. flhe sexisor ch n SSRdwataing sepsprador vprsing transport gas

N S —
essaritndie HRHE s nen:  ceedi ng, gas cat al yst

act iguald 0 Uha i 850 e ceival ittdnspbHopascBRb G eh anhlet 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 o 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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An enbodi nent _of a sensor chanber 850 for sensing the

condition of the transport gas in the powder

transport systemis shown in Figs. 42 and 43. 10
WOMAHEIRTt gas, with powder renoved to the extGHUS2006i44972

Is practical, is circulated through sensor chanber

850 in parallel with the powder transport system The

sensor chanber 850 contains ggensors for sensing

transport gas paraneters, such as relative humdity

<2 TPl SN SE0 et L RRBEI SRR SR

SRR R i A SRR oo

862 ans diyckepamyt iy waﬂhl?'b&iﬁhﬂﬁﬂéaté wibat tHe%eh obYReHt @AKE with
suction manifold 84. Each of inlet tube 852 and

powdeetnd there8ai4 not prosudiagestcanate veysing. cAnfaigbafit 866 is
inner and outer tubes separated by spaced-apart

maupged n kwer bousingds %2 h&yelb@rdéﬂndmre%ﬁﬁ praviideseaccurate

housi ng 710 perpendicular to the djrection of
SENSANS B%rﬂ?e ﬁﬁg‘%ﬁf% Qét%ﬁi FRSPORE B3I IR der frapgport system.,
sensQr _.chamher 850..As Sh i n_ Ei 43, , sensaqr _
Bt R R A AP A GeOaU b B8RRI nrocess for
s i:nGzansh nterl Qr: I ‘|
an BHFlIcE OutSHifie ¥ ShaRK RIHRNAA " LpREidEE Hefiorh 880 hfroduced
) T . . 1
Rt PV R oty SEnaor B0 Bremer atur e Rensar
pisie BRIk ﬂ)ﬂﬁl&'ﬁ?ﬂ@aﬂﬁi@g@bo‘iﬁﬁn 900 isHdlahhath driy pefvder by
Figs. 42 and 43, WO 2007/061987PCT/ US2006/ 044972 67
poeldat dispensead micdnls sAssrdesetbedan detal aboespadtardiléing, a

sensor, which permts cross-c¢hecking against the
cargrifge s PE2vsSnappekasiicairid gabettanye0 de pseyideep

SoF RRRLA ' RS AT o7
D oA EHLE! RSSOk AR Gt e
pRisRUt HRnRonUA S? Eﬁﬁﬁ%&ﬁof’mﬁgﬁ deBRint &f céM8iners. In

ransport gas In the powder transport system A

aRbitiep bhflodifRNESEHR I woer dispetidinpg andekenkingd appatatus is used
assenbly process for an inhaler cartridge Is shown in

foti fillingda céngact inliger botdesorigabin U3 dateatiNon6gP2hé75
systemin a cartridge tray and is positioned on )

issgediugsh 202003 to Poole, et al. As illustrated in Fig. 43, 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



10 probe 112a for filling. Cartridge bottom 900 is
filled with drug powder by powder di spenser nodul e 54
as described in detail above. After filling, a
woceenrTosisslge top 902 i s snapped onto cartri dgerPOoSToNG/044972
900 to provide a conplete cartridge 910 ready for
seal ed packagi ng. As noted above, the powder
di spensi ng and sensi ng appagat us of the 15 present
invention can be utilized for filling different types

. of contajners. |In,another enbodj pent, the powder .
iR Sty deah PRIl aoas sics taslbe abr SRRk EHsgations,
' ler as described in,U $. Patent, .Na.
m@aBIRR%S, Wil Baraf et 3t 35auPa ve Bsnstt 6F b Tislosure,
and drd Shichligd 1bbeFbihid the ShifRBhAIHdBe REhOMVAA. { he
conpact 1 nhaler I's positioned on I'ght""sénsor probe
AcSrdingdy | gie fdréébi&hg-déf?@ﬁpﬁbﬁ%db&tabﬂﬁﬁg 2fe b§ Wy bedxample
wi th drug powdefr by powder di spenser dul e” 54 "as
ondigscri bed above. Then, a cartridge top 22 is attached
to cartridge bottom 920 and a nout hpi ece housing 924
is ﬁMba%megannedhﬁ cartridge assembly. Finally, a
dust cover 930 is snapped over the nouthpi ece housing
924 to provide a conpl ete conpact inhaler 932 ready
25 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 appreciated various
alterations, nodifications, and WO '
20071061987PCT/ US2006/ 044972 68 i nprovenents wl |
readily occur to those skilled in the art. Such
alterations, nodifications, and inprovenents are
intended to be part of this disclosure, and are
intended to be within the spirit and scope of the.
i nvention. Accordingly, the foregoing description and
drawi ngs are by way of exanple 5 only. What is '
claimed is:
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1. Powder di spensing and sensi ng appar at us

caonapri Si ng: a tray support -structure to receive
a cartridge tray holding cartridges; a powder -
di spenser assenbly incl udi ‘powder di-spenser nodul es
~to di spense powder into respective cartrldges of a

batch of cartridges in the cartridge tray; -
powder Claiams for tNs tisnehflnseedf P&Tﬂéﬁaéﬂﬂwmm

powder di spenser modules;- - a sensor nodul e

|nclud|ng a plurality of sensor cells to sense S
1 rezp g¢%ye fill states of..each of the cartri.dges in &

: BHACR AFPERTIDE; SCDYRY appara Sc‘b‘ﬁ%ls@gstem to .

ek PRl OB e PR R R i SRR

algﬁr gdges of the 'batch of cartri dges. 2. Powder
gzentl ng and sensing apparatus as defined in claim

s &e &%%d%%f%%&ex%%ﬁ?ﬂé fmﬂggjmaeﬁa?s 8er Irtt?dules

ry system are con d to -concurren

_ to dis@@gs@ g)omefntbordsb@cﬁﬂé @arﬁﬁdg@ 6f bdg@sh offeartr ddges in
| ;

Powder spensi ng and sensi ng appar at.us- as define
thecd:altlrrdgetymrel n the Sensor cells are configured to
- concurrently sense the fill state-of each of the

caa ramsphéne dyatarh tofdedisrerrpaigder to dhe Powdiry

di spensi ng and sensing apparatus as defined im claim
dispensgranedalase sensor cells conprise wei'ght sensor

cells. -
a sensor module including a plurahty of sensor cells to sense -

respectwe fill states of each of the cartndges in the batch of cartndges
and _

a control gsystem to control the pewdéf dispenser modules in ’. "
;eéponse to the respective sensed fill states of egch of the cartridges of

" the-batch of cartridges.

2. 'Powder dispensing and sensing apparatus as defined in claim I,
‘ Whe_reih the powder dispenséi" modules and the powder delivery system .
are configured to céﬁcurﬁrenﬂy dispense powder to. the batch of 7

* cartridges.

3. Powder dfsp!ensing. 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 élaim 3,

wherein the sensor cells comprise weight sensor cells.



- S. Powder -di'spensi-ng and sensi ng appar at us ‘as

defined in claim1, wherein the powder dispenser . °

nodul es, the sensor cells and the control Systemare -

confrgured for 100N, sensing and.control of the fil

states of each of the cartr?gges 6. Powder B .

di spensi ng and sensi ng appa fus_as defined-in claim -
.1, wherein the cartridge tray is configured to o
' support the cartridges in a two-dinensional array of.

5.7 V‘Po@r‘&r‘iﬂk 8H§1nr%ana%@ﬁﬁn%a?@§fmkﬁtg?%§a&t %Eggv\gﬂalml

appar at us as-de a¢ in clai

-thréﬁ?ﬂﬁpomﬁiﬂ &Rpdier povdelest tanseesdr s¥8S emdate control
the sensor cells are configured for concurrently

. systeaperﬁsconﬁgm‘ed far 10@Ybatndingfarcheontrddes thrdiil states of

- sensing the fitl state of each.of the cartridges in _

. eatthrefbhc@larh“fdgwtrl dges. 8. ‘Powder di spensing and

. sensing .apparatus as defined in claim1, wherein the-
povvoler transport' system.includes a bl ower -assenbl y to

| \?fdtﬁr) SHg)rt gas @régagﬁ&ﬁpar zer%o&eﬁ@cgell
Awhgrm%ﬁ@}%eé‘ﬁmﬁ oo ”%qrﬁtﬁ%‘{rﬁ‘%ﬁ%%@pﬁﬁﬁ%a : "é's?ha- |
St Sﬁ?@%ﬁg@&“@?@#g S SORRRR ooar necenbly to.

form a cl osed-I| oop reci rcul ating gas transport
‘'system - 10. . Powder di spensing and sensing appar at us

7. as P‘iﬁfrdiékeétégé iAbRRl shsiRl ApbRerRous e AN HPe dim 1,

. system i ncl udes a“transport gas. conditioning system
whdrkin Rhedarwdes pespéngerend dides) thg peRdeat g Fort system
- defined’in claim’, wherein each of the powder .
anddibspsmmer caibubes uomxﬂgmt@sl fothoersiurgen yptdispéisias ptowder o
- owder_inlet for receiving, powder. fromthe powder, 4
to tﬁﬁéwépbrq wﬁtlétg seapdweBsingithetill state of asbicof the
Y dur onnect,ing the powdér inlet and 't he
car b‘%z% ti C}é GEfgdgChechani smto nove powder .
t hr ough the conduit to the powder outlet. -12. Powder
.di spensi ng and sensing apparatus as defined in claim’

o SRR S o

t-o nove

_whé%egr phRRIdCEABRR: 59s0Rh RCHABAbISKet BesablFto

Betuator 10 operate the val
move a transport gas and a powder aerator to dehver powder to the

-powder dispenser assembly.

9_- Powder dlspensmg and sensmg appara:tus as defmed in clalm 8
wherein the powder transport system includes a manifold that couples -
- the transport gas from the powder dlspenser assembly to the biower _

. assembly to form a cIosed loop remrculatmg gas transport system



13. P,owder dispensing and -sensing apparat.us as
defined in claim12, "wherein the powder delivery-
-conduit includes a -powder bed preparation zone bel ow
the powder .inlet, a powder bed: conpression zone bel ow
t he powder bed preparation zone and a powder’ o
di scharge zone bel ow t-he po%héf bed conpression zone.

8RB SR BB 5.
A e e NG LB TRt ot her

Powder -di spensi.ng and sensi ng .apparatus as ‘defined in
CQR%%%%%&Q%Qggﬁhér-conprising an orifice el enent,
having at |east one orifice, positioned adjacent to
the powder .outlet, wherein the wand actuator rotates
11 he j5abangs &l arennd stmdingeapmrthes esiddfoeed in claim 1,
el ement. . 16 Powder di spensirng and sqnsing appar at us :
‘whsralafdauddof the piwdds disgeaser mediel agiisuludgs adhensng that
conprises a toiler pinlocated adjacent tq the orifice ‘
dedimeeatp candenislgigortrereiioe ROURFE WS isepovider trarisport
roller pin and the shaft of the.féed wand,, wherein . = .
. systemyardadet andict @ogh 2 POPTHET fé@hl‘é?%rzﬁnﬂéﬁg‘e?%e%ng |
-th& orifice element. - 17. Powder dispensing.,and. -
the QFHgr HHShABOLBROBERT MG eR & FrorE B ERLsm tormove
di scharge el enent conpr i an upled to the
paskd#k TPl Saoaatno HRePM RIS act vat or -
~ rotates the auger relative to the orifice elenent.
18. " Powder ‘di spensi ng and sensi ng apparatus as
ef ipR&eid {Bid 3 anth 8é@diR ot Appdraas wanit fiwsdin ses
_ -Izgius?g??‘,iéf;d% I iﬂcgellflgoapen spacg rame attached to the
clshaltl apHetdnatind féed tiecpmisier chegriveaparfacd wazdbe move
- and the.powder bed conpression zone; and.a discharge
- pstéeetitroaichatie donduihenshefuatantd bpesetathaTeed wand, a
powder . di scharge zone. 19. Powder dispensi an _
* vadendo ngrappaitea outles; aedigeaciuater i ppeaat SRR
_each of the powder. di spenser nodul es further
conprises an orifice.elenent, having at |east one .
. .orifice; positioned adjac tQ.1 g )
- 1% neParciniispeadne i SiThe AP AR R B
-he :shaf fo t s S ,
c14iff 123 Whefin Bk A, U RaRR e AR W er bed
LGNt th® poveddeinlenla poa erissd chindission
Pr%@%%@%&%%pnéﬁéggﬁii%gpand sensingfgpparatUSfaS ] A
zof8Tie18e, i fbwdrrlBed prepaeitioranheddnd heppandderdischarge
di spenser dul es:further conprises ah orifice :

.. zofk@Blbtw theyoredet bedasimpnessdoifzose, positioned

~adj acent to the powder outlet; the discharge el ement .
conprising a roller pin |ocated adjacent to the '

corifice element and a suppqrt nember coup ~ bet ween
14t hePpwidesrdigpansiiag wHe sHEFRSEPRAEYREY ‘iﬁ&%&ef mn

clatey 48, v igimal foEr G D ep o o Biftharge
1R ARCH. 36 AR'Sh4N APPRLA At ARcHEFEESAre o the

conduit,



claim15;17 or 19, wherein the feed wand further

conpri ses a bearing positioned between the shaft -of

the feed wand.and the orifice elenment to define a

spaci ng between the discharge elenment and the orifice

element. 22. Powder dispensing and sensing apparatus”

as defined in-claim15, 17-9-19, wherein the orifice

el ement includes a conical orifice region, 23. Powder
15d| s Penved ergd et rsEng i angl a@wngtmpaa@twﬁeas wedingd snai m -
15, 16 or 20, wherein the orifice €le inéludes a
cléimatl dorfufthes ¢@g3,p§’h§1ﬂg4311 PEWdes © 1@6% "i%l%%lt east one

L orﬁﬁfgiépz%m?%ae&aé&%? ¥ def{;}f:g %Cl G g]eg.s th;%etmgng Wand: t
echGaa" bl canbe g i?r??&ﬁa% bR OF (BPR 10k ot

Powder: di spensi ng and sensi ng apparatus as defined-in;
claim 12,- wherein the feed wand incl-udes a shaft, a-

6p| gf’ﬁw&éf &is p%&’ﬁ]%‘iﬁ’ &%énﬁﬁ%@ﬁrﬁtﬁ@ﬂs e fidwel ﬁilaf.t )

ayl ng-a arrange and one or nore

'clé’i’h{ §S, SEecee (het dReRaseselaneat bonfprifes s patled pipdotated
spars’ 26. Powder dispensing and sensing apparatus as

adfiRkeinhed the i fiicese [REnenhendianst prom meenrberoraupieddset ween
T nclude wires secured between-sonme or_all O the

' the palderipapamnid Spashaft obthadaed randsivberdiariast wanda

.. doubl e helix confjguration_and res.secured between

| aclgefer votades tloe rﬂﬂ@réﬂﬁcl@iﬂéﬁﬁﬂf)%ﬁé}% 106 lemsis

" chevron configuration. .27, Powder dispensing and
senS| ng apparatus. as def i ned .i.n claim 25, -wherein the

R P AR
1S TR B aFEE IR AR B el chipica

to tﬁ@ lsHQﬁSoPtEé’ Ebeawvsﬂa RiHerbin thehomd henpovtestaied die
and a tapered portion bel ow the cylindri.cal port| on.

. a,u%é?f rdlarRertoditepensliog ebadenensi ng apparat us as
fined-in claim8, wherein the powder dispenser

assenbly in¢ludes an array bl ock having 'an array of °

vertical ports, wherein the powder ‘di spe dul es
18ar &’w@meﬁspﬁnsesg)@@d SNSIBE FRRATAPEY B8 %@g\rfiﬂgl%pr ay -

cla?lglo%( \R?I{]edre\ll\g %ileel Feed warid comprlses a shaft, a helical open

space frame attached to the shaft and located in the powder bed
preparatmn zone and the powder bed compression zone, and a

d1scharge element attached to the shaft and 1ocated in the powder :

_dlscharge zone.

19 Powder dlspensmg and sensmg apparatus as defmed in
claim 18, wherein each of the powder dispensér modules farther
comprises an orifice element, having at least one orifice, posmoned
adjacent to the powder outlet, the discharge element comprising an

auger coupled to the shaft of the feed wand in the discharge zone of



-~ 75 - the array btock:includes channels.to deliver
powder to the powder ;dispenser Mdules. 30. Powder:

di spensi ng and senS|ng appar atus as defined.in claim -
29, wherein the powder dispenser nodul es are prOV|ded
“with powder inlets aligned with the channels in the .-
array bl ock, wherein powder-%s delivered to a row of

owder , di spenser dul es throu ha i xt the
BRraR st e M CRBAHETS & yEter RChH: Deravsst to e
hcfﬂgﬁ%atus as de%%ned in.claim30, wherein- each

APESRRE 4 E§- bl ock passes through the array
bl ock for recirculating transport gas to t he bl ower

assenbly 32. Powder di spensing and sensi ng appar at us

e defirped d&ﬂ%&ﬁhgegﬁd sfeﬁ‘siﬂ‘ﬁ Eﬁ@f&%ﬁh H8efAfled in

act uator to array carrying the powder
i isRares avheRen | qfcH 6fahe \épﬁ)\kfde:t déspearsts IlﬂGﬂuIdsﬁﬁirther
33." Powder .di spensi ng an eri si ng-apparatus as

~ coefprises in calficen elemdnt; heeringatpeasti mge amﬁce,bqanmtloned
--t 0o nove the cal hinge-tray downwardly So that the

adjmaanidgedcpevsigporiield thy cﬁlé@b@zgq ¢kersens @ﬁmw@g a

34. Povvder di:spepsi.ng and sensi ng apparaté ]
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-76 35. A nmet hod for dlspen5|ng ‘and
senS|ng pomder conprising: positioning cartridges in -
"a cartridge tray; conaurrently dispensing powder into
a batch of cartridges in the cartridge tray; and -

2 [CONPW @t ﬂ%p%ﬁiﬁhggﬁﬁi Eeﬁhng appamfr.u@ ashdefinédién

cartridges in

claim 15,17 or 19, wberem thie feed wand farther compnses a bearmg B

- Aposmoned between the shaft of the feed wand and the orifice element

to define a spacing between the discharge element and the orifice

element. -

- 22. Powder dispensi-ﬁg and séﬁsing apparatus as defined in
claim 15, 17 or 19, Whefeih the orifice element includes a conical

orifice region. °

_ 23, Powder dispeﬁsing and senéing apparatus as defined in
claim 15, 16 or 20, wherein the orifice element includes a flat oﬁﬁce

region.

24. Powder dispensing and seﬁsing apparatus as defined in claim 14

or 18, wherein the discharge element comprises first and second spars



25, Powder dlspensmo and sensing apparatus as defmed in claim,

“batch of - cartridges. 36. A nmethod aS defined in claim
35, further “coniprising terminating the dispensing
of powder i.nto each of the cartridges when the’ )
respective fill state reaches a desired value. 37. A
met hod as -defined in claim35, wherein Sensing a fil
state of each of the cartrlaées conprlses wei ghi ng

each_of the cartri as.definpe
exf@mdmg Iomitier ﬁlé%f%dbﬁ%}q g@%"@gﬁ P BAYIDE r?eﬂeﬂ chf
Iéégensn ng of powder into each of the cartridges in

BFE&0Ro respective sensed fill states : of
cartrl dges of t he batch of cartri dges

i2, Wherem the feed wand includes a shaft a plurality of 5paced~apart

~ spars affixed to’ the shaft and having a helical alirangeme_r_lt, and one

or more wires secured between some or all of the spaced-apart spars.

26. Powder d1spensmg and sensmg apparatus as deﬁned in

claim 25, Wherem the one or more wires include eres secured

between somé or all of the spaced-apart spars at or near the ends B

thereof ina double helix configuratlon and eres secured between

‘some or all of the spaced-apart spars in a double c_hevron_ '

configuration.

27." Powder dis.pensihg and sensing apparéitus as defined AiI_IVC_Iai'm _' .

2""5, wherein the feed 'w'“and fariher comprises a digcharge‘ glement?'

. affixed to the shaft in proximity to the Vélve_.

28, Povgrder 'dispensing' and sensing apparatus as deﬁ‘ne_d‘ in

cl_a.ii:ﬁ 11, wherein the powder delivery conduit inélude_s a cylindrical

portion below the powdEi" inlét_and a tapered portion beIo'x;&_r the

‘cylindrical portion.

29. Powder d1spensmc and sensing apparatus as deﬁned in claim 8

" -wherein the powder dlspenser assembly includes an array block having

an array of vertical ports, wherein the powder dispenser modules are

moﬁn’ced in respective vertical poris of the array block, and wherein
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the arraj,;mblock includes channel_é to deliver powder to the powder

- -dispenser todules.

- 30. Powder d1spensmg and sensmg apparatus as deﬁned n

clarm 29, wherein the powder dlspenser modules are pr0v1ded with
powder 1n1ets ahgrred with the channels i in ‘the array block, wherein "~

i powder is delivered to a row of powder dispenser modules through a

channel in the array block

o 31. Powder drspensmg and sensmg apparatus as deﬁned in

| claun 30, wherem each channel in the array block passes thmugh the

o ‘array block for recrrculatmg transport gas to the blower assembly.. -

32. Powder chspensmg and sensmc apparatus as deﬁned n
claim 29, further’ cornprlsmg an aetuator to move the array block

-carrymg the powder chspenser modules relatwe to the cartndg,e tray |

_ 33 Powder drspensmg and sensmg apparatus as deﬁned in clarm 1
' further comprising an actuator to move the cartrldge tray dovmwardiy .

50 that the cartridges are supported. by respective sensor célls.

34.. Powder dlspensmg and sensing apparatus as deﬁned il claim 1,
. further comprising a tray posﬂmnmg mechanism to move the cartridge -
tray to seqaen’tzaﬂy p_osr_tlo'n first and second batches of cartrldges n -
" the cartridge tray in alignment with the powder dispenser assembly

and the sensor assembly.
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- 350 A method for dlspensmg and sensmg powder comprlsmw '

p051t10n111g cartrldges ina cartridge tray;

comcurrenﬂy d1spensmg powder mto a batch of cartndges in the

. cartrldge tray; and _ |
" concurrenﬂy sensing a ﬁII state of each of the cartridges inthe

batch of cartridges.

36. . A method as deﬁned in claim 35, further compnsmg ’cermmatmg :
: _the dlspensmg of powder into each of the ca:rtrldges when the |

reSPectwe il state reaches a desn'ed Value

37 A methed as defined in qlafm 35, wherein éeﬁsing a _filll-s'tate of.

- each of the cartridges comprises Weighing each of the cartridges.

38, A method as defined in claim 35, further-comprising controlling
the dlspensmg of powder mto each of the cartﬂdges in response to .-

respectwe sensed filI states .of cartndges of the batch of cartrzdoes _



