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POWDER DISPENSING AND SENSING APPARATUS AND
METHODS Cross Reference to Related Application This
application claims priority based on Provisional Application Serial
No. 60/738,474, filed November 21, 2005, which is hereby
incorporated by reference in its entirety. 10Field of the Invention
This invention relates to methods and apparatus for dispensing
and sensing powder and, more particularly, to methods and
apparatus for dispensing recsely -controlled quantities of powder
into mu# .:‘: f‘ﬂ':" 4 -a;,ig_i S ’41*"’ i NG a i‘\‘..!g‘..,’r: e §...¢£§n. B ktdiB L
each of the cartridges. The Lapowdergapsentain a drug, and the
cartridges can be used in an INhaler. HOWeVer, the invention is not
limited to this application. Background of the Inventlon It has been
proposed to deliyer cerialp, YRS of HudsdR RASE
inhalation of a pOWUET a5 a detivery particular
examﬂlhwspplﬁbhatuqumlpﬂmlqrdnpmﬁdﬂsﬂﬂmmi Application

o R T e e St & AU Rt o e,

BeerforaxdmplefdlencPaient dieirs352,461, issued Oct. 4, 1994
to Feldstein et al.; U.S. Patent No. 5,503,852, 25issued Apr. 2,

1996 to Steiner et al.; U.S. Patent No. 6,071,497, issued Jun. 6,

2000 to Steiner et aI., U.SeRaiest ie rf4aiib 41, issued Aug. 6,
2002 to Steiner et al.; U.S."Patent NO. 6,444,226, issued Sept. 3,

2002 tbistaényentgion relates to methods and apparatus for dispensing and

sensing powder and, more particularly, to methods and apparatus for
dispensing preciseiy-controiléd quantities of powder into muitiple 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.

Backoround of the Invention

It has been proposed to deliver certain types of drugs to patients by |
inhalation of a powder as a delivery mechanism. One particular example
uses diketopiperazine microparticles known as Technosphere®
microparticles. The Technosphere microparticles have a platelet surface
structure and can be loaded with a drug, See, for example, U.S. Patent No.
5,352,461, issued Oct. 4, 1994 to Feldstein et al.; U.S. Patent No. 5,503,852,
issued Apr. 2, 1996 to Steiner et al.; U.S. Patent No. 6,071,497, issued
Jun. 6, 2000 to Steiner et al.; U.S. Patent No. 6,428,771, issued Aug. 6, 2002
to Steiner et al.; U.S. Patent No. 6,444,226, issaed Sept. 3, 2002 to Steiner et
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2 al.; and U.S. Patent No. 6,652,885, issued Nov. 25, 2003 to

Steiner et al. One use of these microparticles is the delivery of

insulin by inhalation. An inhaler having a replaceable cartridge or

capsule containing the drug powder is used for drug delivery.

5The administration. of drugs by inhalation typically requires a very

small quantity of powder in the inhaler cartridge. By way of
abxandplé Sapplieetitie of, FsURE 1 sismdEslno Sph @G0 MicrSpdriiglesal.,

an require a dose of as little as 10 mijlligrams of the powder. In,
e S 3,0 OB RIS o R KERG PR A oS R g A
ispdeified may railasveribe gesited d0darapaidie et dhilend powder
_larger than specified dose can have an adverse effect on the
IutRchioEdrgedpibrevhile T'echnosphere microparticles are

highly sifeaiyRiQFArue delivery By inhAIAton sk nlReRlires a very

surface structure causes Technosphere powdeérs to be cohesive

saredl Wmﬁf @de@ aningalsncansidam rﬁ?@r_cieﬁizaﬁ@maqﬂple,
aﬁ%%@?&?f%@i:@%{gﬁjﬂ%éﬁﬂg é%ﬁ%%ﬁ%@ﬁ%%&%ﬁ%ﬂ?&%é Cofné 199, Gose

ug must be produced in an efficient and economical manner.
oAnsddtisratel asd logpaveder thrust e aelirepdditoomadicodmtgdiyes must

T S P
thégih 2t eguahpui-ideraastce mancaadtivald detopaicnfadverse

handling powders which are cohesive and thus do not flow freely.

ey PSR R EIEE oY ANe] EUIBBRETRAVE FOPBaISTes are
Bnest H}Eg%gm%% inhAasordingly. gheteissa-need

for iovel methods and apparatus for powder dispensing and
stassing c25°3 SerhneigheteHodertiorbe coBystepadrigmewhat

dﬂﬁ%hqu O%agn?[gvided for simultaneously dispensing
precisely-controlled doses of a powder into multiple cartridges.

The povitiecoamneantalizatidnugf dnegztielcanyidyesicaatbausegddan
I;GHl lg{ss byggrg‘gdsgtgé%on‘caimng the drug must be produced in an efficient
and economical manner. An accurate dose of powder must be delivered to
each cartridge, and the drug dose in each cartridge must be verified.
Manufacturing techniques and equipment should be capable of high
throughput to meet demand and should be capable of handling powders
which are cohesive and thus do not flow freely. Existing manufacturing
techniques and equipment have not been adequate to meet these demands.

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

powder dispensing and sensing.
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5 of each cartridge, typically the powder weight, is sensed during
filling, and powder dispenser modules are individually controlled in
response to the sensed weight to ensure accurate dosage. The
system operates at high speed and can be very compact to enable
production filling operations with migimal floor space
requirements. 10According to a first aspect of the invention, a
powder dispensing an ng Aral rises a tray
support structure to re? ~Artndge-trayhotding cmtlidges, a

powd&y ersperset meurbhyr inplodigdibwdandispersalynasigsing

r,into respective cartridges of a batch of
R S 50 Fan s &y The poweer
cdeln@rtdh paivogr dndiieepoinedp dispanse R8s AISRNSPhe i1l state
odthle incltédin sensgr cells to sense respective fill states of

SRR LF L CaRria @ity (e PRTEABrEashbge seasertusimedilling, and
peystmdieentokibenevden disprrser madHiosdn ﬁ??@%&e% the

the respective sensed fill states of each of the cartridges

SBRIER Bbatriages i THE bR sispdiNseTIHer s e Do iigh speed
AHarshost SxlPm ARdde SRRBR SRIREAD PR foNfguted for e
powde to the batc oPgar I

concurrent dispensing o aes and
resRELT Svrsehsimgrofuikefibstate of each of the cartridges in the

batch artridges. The sensor ¢ells can camprise wejght sensor
cellsé)gu(g)%%ﬁﬁ%gea fay 3R %@Hﬁg‘ﬂ?’é@&%ﬁuﬁ&w & dispensmg and
scasindgepaain atvpdivensionalppay ahewsaRrreelMNScartridge

The powder transport system can include a blower assembly to
t%??@%&ﬁﬁﬁméé%,ﬂapﬁmaéﬁm&f@sa@w@mm}aé% pRavder

dRpudes-HeReNse toddispense powder into respective cartridges of a batch

of cartridges in the cartridge tray, a powder transport system to deliver
powder to the powder dispenser modules, a sensor module including sensor
cells to sense respective fil states of each of the cartridges in the batch of
cartridges, and a control system to control the powder dispenser modules in
response 1o the respective sensed fill states of each of the cartridges of the
batch of cartridges.

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

The powder transport system can include a blower assembly to move

a transport gas, a powder aerator to deliver powder to the powder dispenser
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assembly and a hopper assembly to supply powder to the powder

aerator. The powder transport system can further include a

manifold that couples the transport gas from the powder dispenser

assembly to the blower assembly to form a closed-loop

recirculating gas transport system. The powder transport 5 system

can include a transport gas conditioning system to control the
arstativlytamdidiboptive taxcperbtuce sesdiothoaiddredransporh@asserator.

ach of the powder dispenser modules can |nclude a housing that
GO S BT S TSP TR RV ouples the

tHERBEPAT:8Y SHOR 1BNVERS: kiSénantdhasBRVICE SRl 8% GandMitmbly to

connecting the 10 powder inlet and the powder outlet, and a feed

LHEEA AN ORI BeadRa ot SiHtHROEb RAtRTro P @PEdRIdFansport
s\t he ROMEE, Quligbort %@%ﬁﬁ%f&&fﬁ%ﬁ@%{@xﬁ% 6lde fe

eed wand to move powder through the conduit, an actuator to

refesrediiel b herinpovalvestotbatiol ahdhedtspod gas.
actu r%i%’of{ﬁreaéﬁ&hc%?’é%’geenTh?fr?c?c?u‘["%”%%ﬁ‘ci%&'é‘%' 8P that
elic C sfe FS IS

shaft and a open space frame Including spaced-apar
dafliveddptivedshaiicThe spacsdiaparbsparsfioan Have@helicainsport

ST AENL SHEor HGrE AIPEC S LEF AN SATTRcEr o

Joe saaess-apathsparedEheutlisesaedningludaeneEmeseelXpowder
arrangements secured between the ends of the 20 spars and one

tBraw BORSHIATRAY R AT IS IHEY SRV elrarWidelected
radiah{QeatiQns, I ISAMECRPadineRts 2GRS 18 Sldabhowder

secured through holes in intermediate spars and is attached at

thrwebriticcanbiss anesputs: Thepesdarandderthanihoriddyato control
tgles 83&%&%%'{?%?%@%&6 gotggt %%Stﬁhég}?gl (he.DECa) §RSA include a

space frame. rent embodiments, the discharge element can
shefimplémbatedlapennapalifidthspaihduiiga gheubtedpelik spars affixed to

onfiguration, a roller pin and support element used in
B Mt 1 SARFCATPOHEE BIToHE O B UF DT egEg on the
SRmbTaidaith.ad esificertlemantprisd he peuwdendispesseie or more
assembly can include an array block having an array of vertical

BERS STRESLRAINERISFRIAS Y OIS SRR BEABRRh RS 1 he 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 element used in combination
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5 respective vertical ports of the array block. The array block can
include channels to deliver powder to the powder dispenser
modules. The powder dispenser modules can be provided with
powder inlets aligned with the channels in the array block so that
powder is delivered to a row of powgder dispenser modules through
a channel in the array block. Each channel in 10 the array block
witinzpaasfieeotighn the @ eipdlogkdes teell GHIBHRG IFARSROMHBRRL B rifice
iqh%é)lower assembly. The channels in the array block can have
© Gent capacity to store powder for one or more powder
d'SpeIﬁé%W@é?%@é}&%ﬁ?%W%ﬂ?%ﬂ%ﬁEﬁ&@Hl?ﬁngp%mving an
assembly can include a hopper body defining a powder 15
aFEseRIOiP e PeTEn iR PRV e sertimodiecpodenounted in
dSREROU TN ArBBHILNGER COMBIRE N1Ph2NG S8R0, can include
agglomerator rolfers and tirst and second motorsto actlate the
clizsnahd s detindragglaizetathe netierdrd specive iy ddabis of The powder

agglomeratar rollers can be proyided with a plutality of pins or a
IRV BRIR A PR SRR TSIt HSEghesth the
cinelele i blewerto biwplesa tanspardensthsonehd teaRWAlNgowder

transport gas system and a gas-particle separation device to

L5 e PoRBSTIRSRHEG SEBL RIS wRASpShegas] in
(9 semeempedineRtRg SAIHRAHAS BRRATMIOR ARMIARR: wansport

implemented as a cyclone separator and in other embodiments

ZHiQEE: photite @épmhlﬁon’i_‘;i@ ab@m@{s implermzaycbl agkacenieve
s&ﬁP&E%P&%%%?tf l&%%@b@ﬁ&%@@ﬂ@&%%&o gﬁ}ﬁ%rtgf?ensmg

transport nimpe motor to rotate the im eran

chptbeseriibesing érolegiegsthrernogdelésr and having a discharge port
to supply, the transport gas to.th wder aerator, The blower
sserT ) EAR R SRR Tl R RSB 2 povwder
reerdiionsd fransnostgas inte Ibe dloveefdrmotporpeasictheservoir. The
powder aerator can include a manifold block defining a powder 5

R BB IR oMS R R WIRE HOMILR Gispifsrand first and

s@RSeMht &R PgamiR alcavpieddadbsklapehaRsemp Yo T1he,

powder aerator can further include a pneumatic broom to deliver

ryeRdETahroligrlTisb aBes e webe s rpubp are vAs It
pﬁﬁjéfﬁﬁoomyo? QBRH%&;‘?’ fo?%}é’gc%dt% digks.

"~ The blower assembly can include a blower to move a transport gas
through a recirculating transport gas system and a gas-particle separation

device to remove powder agglomerates from the recirculating transport gas.

In some embodiments, the gas-particle separation device is implemented as

a cyclone separator and in other embodiments the gas-particle separation
device is implemented as a vane separator. The blower can include an
mpelier to move the transport gas, an impeller motor to rotate the impeller

and a blower housing enclosing the impeller and having a discharge port to
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the powder inlet to the pneumatic broom. The dump valve also

seals the 10 closed loop transport gas system from the external

environment. The powder aerator can further include a bypass

manifold coupled to the powder output ports and a crossover valve

that directs selected portions of thestransport gas from the gas

inlet to the pneumatic broom and to the bypass manifold
sikpACeRsdingdsor seeandiaspesidet thedtuerine owethoddmbly can

provided for. dispensing and sensing powder. The method .
A AREP HOS B AR P ERb O TG A PR ELPERQY 2es into
tHISRRNSIPG RRWNERTJRL0 a batch of cartridges in the cartridge tray,

and concurrently sensing a fill state of each of the cartridges in the

batcTbe cantitiesToOACaBIAGHS & T ElLPBK MRt tiaR 7 der
11?&{% O;%%ﬁ%%{gfﬁ%f%?e@mf@%@@&&Qﬁé&ﬁ%@ PNy and a

nlet, powder ports and a transport gas inlet; a pneumatic
gbsdnhet todpladktptheddotetsyontizr dltpwopoles; asraessyakisther

' 1%%3%%%%5 u%{ﬁr{l@é%o%?‘%vcg 8&&@@%@%&@"{ 5&%&?&%&}}@{365 to the

ypass manitofd coupled to the 25 powder
pRuas pERSE poe a0 ashvenvalle:to dingol selecterdiporiopeyater from
the transp(_)lgﬁgas from the gas inlet to thg}%n{?umatic rog oas%(gltsothe
thsePBYSEE NN BRCWRRES HiRGTo d FSHHUSYaCK

pect of the
JRUERTSH, ZRWEEr disRoBssr assartbherempises omrray: bibik
including an array of vertical ports and horizontal channels :

T{%éﬂe}o the powder

fintedsectirgaashl GRTHevEahE oo Y PARIPENGI- FiepR
modulcs. matnted Jn esRecieaica pos SbthaiRL Hlods Be

B e powder dispenser modules having powder inlets
reqmpaumigatingryiictbeschigtrielfinrhearesiBTERRIIE irihe bypass
powg r.delivered to the channels in the array block is dispensed

BEEEH of the powder dispenser modules. According to a fifth ]
aspech,of theiinventiescandowgeritedithportvention, a method is provided

for dispensing and sensing powder. The method comprises positioning
cartridges in a cartridge tray, concurrently dispensing powder into a batch of
cartridges in the cartridge tray, and concurrently sensing a fill state of each
of the cartridges in the batch of cartridges.

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

manifold.
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10 system comprises a powder dispenser assembly to dispense
powder into cartridges; a blower assembly to move a transport
gas; and a powder aerator to deliver powder entrained in the
transport gas to the powder dispenser assembly. According to a
sixth aspect of the invention, a powger dispenser 15 module
comprises a housing that defines a powder inlet for receiving

powdepcrawdes auliatiangaROdRs SRIMRI LA der dispenser
connecting the powder inlet and the powder outlet; a feed wand to

AREUROPLRIBPIHIBLEh aFapbleak HAE EONUTRYY af aetiieabptots and

mg&;%m%%ﬁ@wmgés@&mgﬁamm %Pc%‘ivag&rtg“%'@; z(%%%?r

an actuator to operate the valve. 20According to a seve

Bephestivatbhcarbiowsddssasblyttonyerises! amitmpéiee tommowock,
a r ;- an;impeller motor, to rotate the impeller; a blower . .

R R R e e B e B icating

viginshorhgase ks inathifale 4y teoekyesthansposbaalerartieered to the

as-particle separatjqn device affixed to the manifold to )
C%@%%?ﬁﬂ&g}fséﬁw {8 &Rﬁaﬁ?gnbwﬁwéﬁéﬁmgggr dispenser

As&eYeling to an eighth aspect of the invention, a powder handling
apparatus.comprises a tray sugport structure to receive a cartridge

tray SFeRatipatacaith afbeshRiiiyt barendigas anavadss g port
Q@E&&%@B@?&%ﬁpéﬁ&?%@%ﬁs&‘%Xéﬂ?ﬂh}‘i’od' & BOWHEF into

into a batch of the cartridges in the cartridge’tray; and a tray
okitigang Mlecharissmd indvethecaltidgectitayety sedjagntialyr aerator -
tg%silion the first an s.ub%te% nt batcher? of C'f\ort{}lg% esinb

ey T SRR E R Woenser
assembly. :

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

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

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

apparatus comprises a tray support structure to receive a cartridge tray
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According to a ninth aspect of the invention, a method for
dispensing powder into a cartridge comprises positioning a
cartridge below a dispenser module having a hopper containing a
powder, opening a valve that controls the hopper, operating a feed
wand in the hopper to dispense pogvder through 10the valve to the
cartridge, and closing the valve when a desired fill state of the

hSRIHINGE d3LE2ERE0, 411 rﬁ{}?ﬁ%%‘s:%?at%es%gv %Eg;é%%i&g%%dges; a

rotating the feed wand and reversi no

disprieiingnsiies poeniepinithersoprerdEhimteedbamidocanderataies n

t variable speeds.and can be.dithered during 15 rotation. The
HEPHRE SR r%%‘%parf%%’té’,“’éﬁlf’&?ﬁﬁgtﬁée AT KRy dhasartridge
trafacksvingesatidiBoposeiclodknite: duiRgRINEROBIN AL H1e Aridges in

volﬁtlons E’;’Ehe method can include sensing a weight of

th gé)\%eaég%? &k HIEISAY MY Henravis s hstsecsansed
weigheds RAHA 0N GFR ASINRIT IAPGLWRINS 19%?1%@ %thhgispansin g

valve can include rotating a valve 20 member in a selecte
POTHEEIBHO AridCodas eBIYAIoR aritinoingearowtindgthbclaive: dispenser
MENLERIR, e direction, Opening the valve can include
mpost-positiogr:ﬁg e \l;al{)/e Eitrnk(gle!%}r%)é)r8 v%%?fg?gso tiothe” %}i‘sr%éqﬁaste?ommls
thpdeziecopeping Tibe fieed wand icathbboptateth alispsatectedvder through

TR SRS O S PR LA UL O AN,

rotated at a reduce ee
theyelaridpe saeaofsgortion of the fill cycle can be initiated when the

powder dis,pensfeg)rig o0 the cartridge is equal to or greater 9 than a
seletBIAEAGH! ST ERE SHRdRoratREReaihsofres  wandend

reVidiizeg iipng:AoYROTen Ahiteiblle¥dfion 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 methed can include sensing a weight of powder in the
cartridge and closing the valve when the sensed weight is equal to or greater
than a target weight. Opening the valve can include rotating a valve
member in a selected direction, and closing the valve can include rotating
the valve member in the same direction. Opening the valve can include
post-positioning the valve member with respect to the dispenser nozzle
opening.

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

initiated when the powder dispensed into the cartridge is equal to or greater
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According to a tenth aspect of the invention, the powder
dispensing and sensing apparatus is a highly compact, modular
system which is 5 operable both in a research laboratory and in a
production plant. This feature facilitates regulatory approval for a
common machine and results in cogt reduction due to common
technical support and training and reduced parts inventories.

tihecosdlegéd aigleyePibrasEeshDEdaeivantien ithePAOWEaEd0can be
dispensing and sensing %pﬂﬁgaratus has the capability to fill inhaler

UELAEHGEEng AR Yimertics HarmEkompact multiple use
inhalarseobhis sapatiipncande sehievaddyiisial 9 dispensi
changes to thgsystegm tr%bdelivers conts?r}]%%’tgw tﬁa%y ﬁﬁéﬁc}%od% e e

IpS ARSI SRRasHTgSARd beelsingapparatusdBrisf thascriptidniof

rai r.understanding of the present .

o R SR e R, i

{eatmrindacidrate ddppigintyyamferesicennd dmwtvehnachin& ghdlriswts in

erspective view of a powder dispensing and sensing 20
S T A AR
phig- i3ve@abréxploded view, of the powder dispensing and sensing

Fig. 3 is a partial vertical cross-sectional

apparatus of Fi%)el; > C

view OFPRRE PRV HRpERRh g RatbmdrasphRtu S OB IIA
digRSahemed s hlest digsiam oheRowdehdiRpensnti i er cartridges,

sensing apparatus; |
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.

Brief Description of the Drawings

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

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

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

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

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

sensing apparatus;
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10  Fig. 4 is a perspective view of powder dispenser modules,
cartridges, a cartridge tray and weight sensor cells; Fig. 5 is a
perspective view of a powder transport system; Fig. 6 is a
cross-sectional diagram of an array block and one powder

Stransport system;  Fig. 7 is a cegss-sectional diagram of a

cartridge tray and a tray positioning system; Fig. 8 is a perspective
viewloga# wreayebbpektiFigvies aipexpleddispiewenfihealtaycartridges,

block of Fig. 8; 10Fig. 10 is a perspective view of a powder
_aalsp%cr?éeep%}’o%%g?ﬁé%&ieﬁs§ “&Xpioded view of the powder

dispeniges madiiespbligelfewia Ldisaisehemaliat system;
cross-sectional diagram of the lower end of the powder dispenser
moddiié: PoERST BRI HRIHAT E R A WHFRYIR SEEGHaR M Powder

D SR8y stem;

Fig. 7 is a cross-sectional diagram of a cartridge tray and a tray
positioning system;

Fig. 8 is a perspective view of an array block;

Fig. 9 is an exploded view of the array block of Fig. &;

- Fig. 10 is a perspective view of a powder dispenser module;

Fig. 11 is an exploded view of the powder dispenser module of
Fig. 10;

Fig. 12isa schematic cross-sectional diagram of the lower end of the
powder dispenser module; ' |

Figs. 13A-13B illustrate a feed wand in accordance with one
embodiment of the invention;

Figs. 14A-14F illustrate a feed wand in accordance with another
embodiment of the invention; ,

Figs. 15A-15D illustrate a feed wand in accordance with a further
embodiment of the invention; '

Figs. 16A and 16B illustrate a fill valve in the open and closed
positions, respectively;

Fig. 17 is a block diagram of a control circuit for a single powder
dispenser module and weight sensor cell;

Fig. 18 is a flow chart of a powder dispensing process;

Fig. 19 is a flow chart of a cartridge fill cycle;

Fig. 20 is a perspective view of the sensor module;
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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 20
embodiment of the invention;  Figs. 16A and 16B illustrate a fill
valve in the open and closed posiiiff)ns, respectively;  Fig. 17 is
a block diagram of a control circuit for a single powder dispenser

pov‘jgeg ?1%"’%%?8@@&%%%) ﬁg&&%&% OGS ?Eﬂg 20;

ISpensing process; iS 2 flow Chart of a ¢ rtridge fill

cycl&iEi§23e mxppcspechuemeﬁmﬂrﬁt&mﬁmﬁnmnduf@, vidighgsensor

2% is an exploded view of the sensor module of Fig. 20; Fig, 22 is
pérspectlve view of a first embodiment of a weight sensor

Fig. 23 is a perspective view of a second embodiment of a weight

sensor probe;

Fig. 24 is a perspective view of a first embodiment of a powder

~ aerator;

Fig, 25 is an exploded view of the powder aerator of Fig. 24;

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

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

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

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

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

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

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

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

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

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

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

Fig. 37 is a perspective view of a {irst embodiment of a blower

assembly;
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probe; Fig. 23 is a perspective view of a second embodiment
of a weight 5 sensor probe;  Fig. 24 is a perspective view of a
first embodiment of a powder aerator;  Fig, 25 is an exploded
view of the powder aerator of Fig. 24; Fig. 26 is a perspective view
of a pneumatic broom used in the 1Q powder aerator of Fig. 24:

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

Figs. - I iews of the powder aerator, of
Fig, 24 L B R a1 & SRy TR,
emboBigéit isfaapprpdetdbarmator a fgh R dmdodixploded Vigwver
of tpnenpowder aerator of Fig. 29; Fig. 31 is a perspective view of a

aps)%%umgﬁc broom used in the powder aerator of Fig. 29; Fig.

32 is Aigekplodedekplydddhecpnenmatisdes s @ihigy 530 9.
33 isrﬁ.persp,ective view of a first embodiment of a hopper

assembiyt! Eig SshualeHa5asy Uesat e disparasEaimBly of
Fig. 38iclith #5ai%ARRISPRCYSV IS ?B@a&@ﬁa@ﬁ‘%rﬁfgﬁ{&%m of a

_hopper assembly; 25Fig. 36 is an exploded view o opper
RSB FRPNSSE chapi§ey is a perspective view of a First

emboﬁi@?a@t ) Q%W@ﬁe%é%&p%tﬁezsmsor chamber shown in Fig. 42;

H

Fig. 44 is a pictorial representation of a fill process for an inhaler

cartridge; and

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

Detailed Description

Powder dispensing and sensing apparatus 10 in accordance with an
embodiment of the invention is shown Figs. 1-7. A purpose of the apparatus
1s to dispense powder into multipie cartridges 20 and to sense and control a
fill state of each of the cartridges, so that each of the cartridges receives a
precisely-controlled quantity of the powder. As used herein, the term
“cartridge” refers to any container or capsule that is capable of holding a
powder, typically a powder containing a drug substance. As used herein,
the term “fill” includes filled and partially filled, since each cartridge is
typically nét filled to capacity and in fact may be filled to only a small
fraction of 1ts 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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Fig. 38 is an exploded view of the blower assembly of Fig. 37; Fig.
39 is a perspective view of a second embodiment of a blower
assembly; Fig. 40 is an exploded view of the blower
assembly of Fig. 39; 5Fig. 41 is ,a schematic diagram of a gas
conditioning system; Fig. 42 is a perspective view of a po_vvder
delivery system incorporating a sen$dr chamber; Fig. 43 is an

I | sor chamber shown in Fig. 42; Fig. 44 is _
e K e i«
tovanppge fande 24Hig: fhoisa Ristotial iepfagntationof ﬁ%ﬂf

Drocess for a compact inhaler. Detailed Description 15Powde ‘
o%ﬁ@%s?ﬁé ﬁﬂf&‘%’éﬁsiﬁa %‘bfbﬁ%{ammocwmgﬁ@mc&mmm?nﬁm ght
embediknentaf e ol igs. 1-7. A purpose of the
appba’?gtus‘islto dispgélég'g§J powﬁ?ﬁﬁ%ﬁlg e%%??f%é eztéagré]zt%nd the
IR andiesnebliguintiene bhepohtos the mitgidgﬁS:;}SQrH?faﬁP@@éin ple

' : lve recisely-controlled guantity of the
e A e SRR i g e

@&ﬁ@ﬂmddhaamm&gm@mmefcbfmmﬁi E@\ﬁgg{tﬁrmt
d ini bstance. As used herein, the term

A R AHRR S Siter G Lo eaveingelirent ay
dynfeativatioh fileditoreapasity apehinfachmay, be fled i Q. Adiment

mall fraction of its capacity. As described below, the apparatus
%&ﬁ%‘ﬁ@@%ﬂﬂé{é@ﬁ [FaT S EREHer dgddo! 2 cesmipaigen hletrhige tray

a3 Bak BeGASAY, iSS: frame 24 and removed from support frame 24
by a robot,

rin an array

Components of powder dispensing and sensing apparatus 10, in
addition to tray support frame 24, include a powder dispenser assembly 30
to dispense powder into cartridges 20, a powder transport system 32 to
deliver powder to powder dispenser assembly 30 and a sensor module 34 to
sense a fill state of each of cartridges 20. Powder dispensing and sensing
apparatus 10 further includes a frame 40 for mounting of tray support
frame 24, powder dispenser assembly 30, powder transport system 32 and
sensor module 34, and actuators 42 to move powder dispenser assembly 30
and powder transport system 32 with respect to cartridges 20, |

Powder dispenser assembly 30 includes an array block 50 having an
array of vertical ports 52 and a powder dispenser module 54 mounted in
each of the vertical ports of array block 50. Array block 50 can be
conﬁgure-d to match the array of cartridges 20 in cartridge tray 22 or a
subset of the cartridges in the cartridge tray, In the above example of a
cartridge tray that holds forty-eight cartridges, array block 50 can have a
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as to the type of container to be filled. 13 Cartridges 20 can
be held in a cartridge tray 22 that is positioned in a tray support
frame 24 for processing. The cartridges can be held in an array of
rows and columns, In one example, cartridge tray 22 holds
forty-eight cartridges 20 in a 6x8 array. The configuration of
cartridge tray 22 and the 5 correspdnding configuration of
apparatus, 10 are given by way of example only and are not
8%?1%%

ity &4 ¥STHEAL BBl RUBHIHSSE Mvmtne dt & sisigigpowder
dicpHAidgedEaYRe San mﬁ&@sya%@nagﬁpﬁb%@éﬁf%gmg@ BRI Rfles 54

cartridges and that cartridge tray 22 can have a different arra

axeoRFaton Wiifndhecsabpe of telirpewigersiacihibtes different
s%%ddpeg%eme eagHhRAfelou, &H%%%%dl&% &y ﬂ%‘%ﬁ& As

ges. Cartridge tray 22 can be n support frame
stendranioged froraysbiosbr b frdvreh2dibyladebpdwdeCampgaents of

owder dispensing and.sensin rat in addijtion to tra
AT B e B i b Bh e b e e
citispense pavidenintd garpidges Asmpawdesdransporisystem 32
to deliver powder to powder dispenser assembly 30 and a sensor
ewm@%ﬁ? 1 QAHEE 5 iff Y&f&%?éé’&?‘g%é%‘?éa%@ SYS BBwdet Powder

diispeRsing and ssnsingaRPraistush B furtiesdaciuleses trameaidribed
for mounting of tray support frame 24, powder dispenser assembly
bgovpoliedr dmmimr@@t@wyézaaﬁafﬁ@@éﬁg@mm &tgre pawder for

S és\&gyﬁ;%é%égrtgi%%&R%\gfaggispenser assembly 30 and powder
with re

ransport system spect to cartridges 20. Powder
dispansie assbothity 30 afdfiged éh porayidi e §tapngaiadrmgiudes
vertical, ports 52 and a_po r dispenser module 54 mounted in
QST e RRRCR! BOrA S arrAl BISGI 5, Aol blSck 50 e e Of four
channels 60a, 60b, 60c and 60d in array block 50 and a second powder
transport system 32b to deliver powder to a second group of four channels

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

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

the powder transport system, a powder aerator 72 to deliver powder to
powder dispenser assembly 30 ‘;ll'ld 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 2 tube 76 to a gas inlet 78 of
powder aerator 72 and produces a flow of transport gas through gas inlet 78.
Powder aerator 72 inciudes a powder inlet 80 to receive powder from
hopper assembty 74. The powder is delivered by powder aerator 72 through
four powder output ports 82 to inlet ends of respective charnels in array

block 50, The powder is trangported through the respective channels to the
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25 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, array
block 50 can have a 14 6x8 array of vertical ports 52 and provides
mounting for forty-eight powder dispenser modules 54. In this
embodiment, powder dispenser mbtlules 54 are mounted on
one-inch centers. It will be understood that a different spacing

POFIRERSERM AR PEd AR TRY PR HThe fRrasto RSk By 30.

TROQWRRHY: fridiaxiRlogkp dughe ting! ROWSES SHIAA G spenser
and transport channels'60a, 60b, 60c, 60d, 60e, 60f, 60g and 60h,

mwﬁﬁle‘néfbh‘adngl_lfbﬁéé@ipm\/v of six powder dispenser modules
54 in iz empbogimaent @%"fﬂ%ﬁ%ﬁgyﬁva%{ %%)%% BWAS APt crion
odules 54

system P powder oi?spenser rough each channel
misndfohy BlaskebOpks desatisedrt bélihw cBachethaiihel aferatyignifold

has, sufficient yolume to store powder. for several powdgr
S i B oD D RSP FiRs B0 elics epds of
cHERNRNO RV EBIN a3 iihel ddesa firsinpmdied tedrsporidsysteder32ansport

to deliver powder to a first group of four channels 60a, 60b, 6Qc .
SUHEB08 AT 50 0 S EBE HoEEP U8 Ry Suetion
T 340-40,06liver PONIBHIQA S8 EIRH SravR AHRUT GhatReEming a

60e, 60f, 60g and 60h in array block 50. Each of powder transport
chysté oo 2eciindl 3Eng el Hes W BT RETEs i BRI T0NS Mega Hts, the

tra rt gas through th S
GRS B e er‘%%%‘%éﬁ%?§%§?£§g;%%§£%@%? Ay
andier hopdetiassamblycidder supppowdshRes td/pondercderatbe

p72. In other e';n odiments, a single i’é{dﬁ{ [ransport sgstrenrglggrm As
CRABRER SRS Hgﬁ ﬁ%%té%ﬁquggms caﬁa%e Utized. '
JRlovvsE ABsEmbIyIERs sossmieditimoUghentichenth tiraegas intetifd@lude 2

of powder aerator 72 and produces a flow of transport gas through. .
cEPRRIetI? SOPEIAUER AETAGT P2TIEHIIEES POWHE: MHELBGS5IcS While

sfﬁﬁﬁig%@@&%éf&%?ﬁé@%’@%&%&@ﬁt@h&%&h@e@@‘eﬁ%ﬂgi& for
delivered by powder aerator 72 throu%h four powder qutput port
I

deiverinle ead YT dussastasermEIS Un AFaybisEEEUTIRY below,
Doy 98(4 o %?%%%dsyg{@fﬂmﬁl@é@@g@@s channeliRdthgit to control

the relative hurmnidity and/or temperature of the recirculating transport gas.
The powder transport system 32 can include sensors to determine the
powder level in different components of the powder transport system.
Hopper assembly 74 can include a hopper ievel 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 iocated at the

suction manifold 84 of blower assembly 70. The powder level sensors can
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15 powder dispenser modules 54 in each row of powder dispenser

assembly 30. The powder is individually dispensed to cartridges

20 by powder dispenser modules 54 as described below.

Channels 60a-60h pass through array block 50, and a tuned

suction 5 manifold 84 is coupled to outlet ends of the channels.

The suction manifold 84 of first powder transport system 32a is

connected to oqutlet ends of channels 60a-60d, and the syction
ushaRisK] &4 rsags i %%EPMHEE)%‘FP@;%\%%@B & chhnacEder

leiihe et ends qlcanBeln 808l SWelioR MK @M 84y system 32

returns the transport gas to blower assembly 70, thus fowling a 10
anfolsading pireeislamerpegHs taesbet Systsih RveRs:

embediment transport: C éﬁPiES&%%pﬁfb

loop g%%sﬁgﬁgsb[%}ﬁegﬁgﬁ% Z% %%{vtvlggﬁ}hgg %gfl'li%\}ered to powder _
(Hisknsatdnnciies 54 omstoressamigesHarthelsuntesne eeagihousing

ction,mapifold 84 to blower assembl . As discussed:belo

Tk b S S
irtdsdeanticlesseparation tevicadoYesin 4asgeipeddarcuitry. Thus, one

agglomerates, while small powder agglomerates are recirculat
SEHPERERSTHRIPald 23 %F%&%%%v@%r%}%@ﬁ%% ‘é%fb%g In

oA fstheldiscussed brlawmssash Randenbirasosusysiessacell or

Include a gas conditioning unit to control the relative humidity _
rnd/Orae inpesanses oftise ideuraheY A ATEsBRAgERTRYFR 10 and the

oPONGIST LANSPOI SYSIE, 38 cAM NG AR SERsRre R HEGIBHR e
powder [ével in different components of the powder transport
ssyste relHoppemassethblyondi gareiteiuciecarogper I8l sarisdetray 22

sense the der level in the reservoir of hopper assembly 74, -
0&8&@8?%?@% %&‘? e ugrée’aC um;:)g\(_fzattir\?(gP Ie%((g,{iggnsorlétﬁog ore
deteapineathenmwdes ey ébitytbtioapmiaiyes 29 of pawdenray on one
_aerator 72. The blower asc?emil 70 Car}li?je(‘%llude a.!aggg sensor
imeSiata 16 PSR ER R b MR AP 5 8 SanEby e
Jocatedial the spetianshaniieleh8d of pipwerassemMblyl A0nThex8 array on

powder level sensors can 16 .
one inch centers. In the embodiment of Figs. 1-7, each of the sensor cells
114 is a weight sensor to sense the weight of the powder delivered to the
respective cartridge 20. A weight sensor probe 112 is affixed to each of the
sensor cells 114 and contacts a lower end of cartridge 20 through an opening
in cartridge tray 22. |

The sensor cells 114 individually sense the fill state of each of

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

and are accurate within 5 to 10 micrograms in the present embodiment. An
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use optical technigques to sense powder level, for example. The
powder level sensors can be used to control operation of powder
delivery system 32 and loading of powder dispenser modules 54
with powder. Sensor module 34 (Fig. 20) can include a sensor
housing 100 5 (Fig. 21) and an array of sensor assemblies 110
mounted in sensor housing 100. inthe illustrated embodiment,
each of the sensor assemblies 110 includes two sensor cells 114
clepfpoalag beaprisbmisrlityed Rag Batebervorcassamblications

reémﬂggg Hvigh &W&P&Wﬁfg@%@@é%ﬁ‘%‘éﬁﬁ%ﬁﬁ% small

. 1
] iments, each sensor assembly can inclu single’sensor
we@ltsr 10 more than two sensor cells. The number of sensor

ol AR AN s e bien 1101

the arr e suc at fhe Sensor ¢
coppivigatation el sam idghsr2@dwaartdilpe iy 22 Otlassbset efosely

the cartridges in the cartridge tray, For the example,of a cartridge
SrhR i AR R e e
asdmibUidCENletan he 15IR0sa Mt 34Hean R HEe hN e ot ation of

sensor assemblies 110, which provide forty-eight sensor cells 114

copides dratray SRCARVIRER HEReBRST IMasaion bbdim erpistrigs 1-7,
BB Atese0sPEcllsH A4 1518 WRIGN SERRY %ﬁﬁggg @88 apd two

weight of the powder delivered to the respective cart ae 2
sepAsip helse h6rapeaiie ageiktaffivber to danin of thes@Dssensincelhe

: nd contacts a lower end of cartridge 20 through an opening
B S e e T e
asfitirstdte dbeantebticanitidgrd RAddringdispensisghahowdemnsenents

ntéwatp wder dispensing can be t imi%?% d when the desired .
a ﬁ%&ﬁ%ﬂ&*ﬁa SR RAD el SRSt RS B N6 SERRigSnblies

calie sensoradisahldaserprafeiahtsuriaht s8asermuhichmenitor

the weight of cartridge 20 during the powder dispensing process

and B KBS A RGNSt PRI Has ateiRD i elght sensor
mBRROHINE K oARodd IRIBRQRAIANGS, REAALIBIRIEAIY Ysed RE:R

weight sensor in applications requiring high accuracy, high speed
argmgespahbillisewihleapslineiwidiy Asarray having six cartridges per

row. In the tiered arrangement, probes of different lengths are used to
contact the cartridges.

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

of the array can be offset with respect to an adjacent row.
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The physical configuration of the weight sensor assembly 110 is a
5 consideration in systems where powder dispenser modules 54
are closely spaced, such as on one inch centers. Preferably, the
weight sensor assemblies 110 can be placed in an array that
matches the configuration of cartridge tray 22 and powder
dispenser modules 54. In a preferrad embodiment, sensor
assemblies 110 have a vertical configuration and two 10 sensor

cel!s i&mm@%ka@;]wégqeﬁwﬁmmg &@ﬂﬁ@l : tg@ﬁ@?%?b{oﬁﬂ@fned in

| nag m anica onents are |ocated a etopo
t%%ﬁe %@iﬁ%&?ggﬁ@ﬁgﬁéﬁﬁ@%? SuBtheiRuRBatanisagchanism.
Ceotriggndris aﬁdsamheetrimﬂwwmdg&Igeaéﬁéiréis@t?j?&ﬂ%idge

tThe%?h nsor assemblies can be mounted in an array for weight

e %Yo‘ﬁ%ﬁ LN R RTERSS 1514 emstRRe eivBoaibenassemblies 110
andmeIpBbnasBlApIe N, SensaidpodLle BISAIBONAled wim
configuration and can be utilized in a tiered arrangement on three
ORRTERSHtARYRIES AT EI EEr IRCAROINEP SR ISRt geSsPa2r owpdsstiierough
Lig HARIEMENt, :0f different lengths are used tg contact

Cthg?g?tr%?ges. ZOTAig{ggV%glgééjlgs%@ngﬁgsagﬁgcse%%ggﬁggrﬁ?@s ©

wedghad bremdeddtibedrasthating powdtbiodispeaderdnosiales 4riridge

ensor cells 114 mounted-on ope in nters. It will be
A TS R EP S R 2h e oEbn LomBthits 2
to@e-peintiinpdorition charscape®f theinveation dther, ﬁ?@oe 112
. cgmponents, 1‘cgéjft_he apparatus 10 are not necessarily mounted in
Hf@“é%ﬁ}?f& 167 ERPROG ARp AR geRRcisslsadipenaavasaembly

3@qmm@&&wd?@p@iﬁ%g%fgﬁm&h%mg %&E?&?ﬁ%%ﬂ%i‘ﬁ%?ﬁ’%%@h
components, or a row of the array can be offset withrespect td an
PaBateRtsRsmser groduis Gidrmo ioandialighthy o nolaidgn alignment

wiAltidoes 2Q is,pesiioned in tray support frame 24, preferably by

a robot or other automation mechanism. Cartridge tray 22 is
lowerksl i iatcdiigidyct@0ate caisedfram civtriggs-dray 22.by middle

FORLRAIRP LR RER Fh. 0N eSS RO h B ST Bl Rame 40b
are secured to a base plate 41. Upper frame 40c provides mounting for tray
suppdrt frame 24, powder dispenser assembly 30 and powder transport
system 32. Array block 50 is connected to actuators 42 and moves
upwardly or downwardly when actuators 42 are energized. Sensor module
34 is mounted in a fixed position within lower frame 40a and middle frame
40b.

As discussed below, powder transport system 32 can operate
continuously or at intervals. The powder dispenser modules 54 are
activated to dispense powder to cartridges 20. The dispensing.of powder to
carfridges 20 is performed concurrently, so that all cartridges in cartridge

tray 22 or a subset of the cartridges in the cartridge tray recetve powder
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- dedectht all

5 and are supported by probes 112. Cartridge tray 22 can be
provided with openings at each cartridge location to penult probes
112 to pass through cartridge tray 22 and lift cartridges 20. Thus,
each cartridge 20 can be weighed by one of the sensor cells 114
without interference from cartridge tray 22. In some embodiments
(Figs. 22 and 23), probe 112 inclugdes a 10 three-point support for
cartridge 20. In other embodiments, probe 112 includes a

siraylitmisoakiupparbiordartidesn SReRovder disperseL asse mbb3Qdges
is lowered to a dispensing position. In the dispensing position,

LOHETPERAEY TRSHENP RHarCsHsd bbsitibietsnehul b enin cell
11 Rlignpratwioepgaidhe calidaes. 154 SRAWR IR Big, 2.

frame 40 can include a lower frame 40a, a middle frame 40b and
CORPEPER frapRscdor cighierfraniergcavesighthiaticfreonesiindseo the

d r : A er frame 40Qc provides mountin
e?oﬁ;é tga@%@rﬁ ort gr%!gg 4,%{)30%%)%5 i?bee%%%sreasggf‘%?f 3 %Sn%‘a% the

tangsivdergranspertesydtprmsoAmayibieck Blhsrchrnesiedi tweight is

actuators 42 and moves 20 upwardly gr downwardly when
oo S SR e R s e Ui emaand e
cofinag patiiippovidin daenfame d0a saddniddieiane-AQy derAs

.discussed below, powder transport, system 32 can operate

ISR QBRT Tt irH R fEne e WelR AL P g pdh adr Ardms Bl wib e
wpAGHvateck o dispanse PO Ia AR IE9R51 40 L be marked as

dlspensm%ég powder to cartridges 20 is performed concurrently,

tiayatsii Edaerisige sag pRishhssubisg pfehesd

coﬁ@@%ﬁ? %J%%&?Jﬂ“&%%}[%&é% %&"c‘?aﬂ%‘ﬁgg rtralﬁg 22. The batch can
include all the cartridges in cartridge fray 22 or a subset of the cartridges in
the cartridge tray. A powder dispensing cycle can include concurrent
dispensing of powder to and weight sensing of a batch of cartridges and
achieves 100% inspection and control of powder dispensing.

In one embodiment, the number and spacing of cartridges in cartridge
tray 22 matches the number and spacing of powder dispenser modules 54 in
apparatus 10. In other embodiments, the cartridge tray can have a different
number of cartridges and a spacing between cartridges that is different from

the configuration of powder dispenser modules 54. For example, the

cariridge tray can be configured to hold a multiple of the number of powder

'dispenser modules 54 and te have 2 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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simultaneously. As powder dispensing progresses, the weights of
cartridges 20 are sensed by respective sensor cells 114. The
output of each sensor cell 114 is coupled to a controller. As
discussed below, each controller compares the sensed weight
with a target weight which corresponds to the 5 desired quantity of
powder. As long as the sensed weifht is less than the target
weight, powder dispensing continues. When the sensed weight is |
ORGSR 6N SENERRACPRPIET (e WARM BT BRcA8 SritrtiFray of cartridges
oEURMaRds the.corresponding powder dispenser module 54 to
terminate the powder dispensing operation. If the sensed weight
exceddsshawaximiig. Jllshabiemi OgodightZartearttes Ml mjekedthe a
n GRS AT 0% 0B NG BAE AR RIRH MO0 N Rl e difforent
pov,vCPer dispensingan V\I%I%%Sf sensiitg proceed concurrently for a
bhaicks of cartridges initiaptidderttiyp22sdrhe ddubls Geln iQeludégalltray 22

. the cartridges in cartridge ga 2 %r a subset of th artrid%%s in 5

RO HRRE Y, AOBBATY %ﬂ&é S PTORIS R indify@osioning

nFNGHIEeNY 3D disReRsing ol epwdeaioangiwelsit sensiedioftay support
batch of cartriggies and achieves 100% inspection and control| of

fisoonied ansherisiAgeotion SHEERBOdiINRR I EnimbRReg trame 24.
THRACH J%%&%ig%@ﬁ?&ﬁ!ﬂs%mgg%mgh@&tﬂg AlRberand

spating of dispenser modules 54 in apparatus 10. In other
hembudrh&nis s ietridegtivayreanihaiehsdfaratit dessintsdptam to

cartridges and a spaci tween. cartri that is different from
pﬁ\gi%r?ﬁéﬂ?gﬁ%rn%? p%f\%\%dgga%pgﬁgseor%r%%%j 62%4. For example,
the canddgerttaycanbe thrifigurediddgmidanrealtiplecsttdes follows.

number of powder disyﬁfgr module§%4 and.to havefas% a
[

Thpemligetben e AR B PR R B Powder position

(dispensgrmmosyles BBy airexageplt 2eoninlthe tantidgeth the
tray can be configured to hold 192 cartridges 20 spaced on

prLIRdIf freAvedreisPovit e H e Tent 2R H8 R 6F 10 the first
gL el oo oo memen s
theitant(idigs Dy 2ligma treeisphatelloh 48 cartridges with the array of 48
powder dispenser modules 54. Powder is dispensed into the second batch of
cartridges and then the cartridge tray is moved to a third X-Y position

(0.5, 0) to align a third batch of 48 cartridges with the array of 48 powder
dispenser modules 54. The cartridge tray is then moved to a fourth X-

Y position (0.5, 0.5) to align a fourth batch of 48 cartridges with the array of
48 powder dispenser modules 54. Powder is dispensed into the fourth batch
of cartridgss 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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horizontal direction by a tray positioning mechanism 120 to align
different 5 batches of cartridges with powder dispenser modules
54. Cartridge tray 22 is positioned in tray support frame 24 for
processing. Tray positionino mechanism 120 includes an
X-direction actuator 230 coupled to tray support frame 24 and a
Y-direction actuator 232 coupled tg, tray support frame 24. Thus,
tray support frame 24 and cartridge tray 22 can be moved in a 10

horizegal ¥e YiRienaden ResitigRi o%&a&%ﬁ%oiﬁgﬁ[%d@e&ﬁrem tray

relation to powder dispenser modules 54 and sensor cells 114.

arrﬁﬁtg@aﬁmgéi%y diffisreod pariidyes wapepindessedifisrent numbers
off 8&&1"1&%&@] %&&‘%‘c{%ﬁ&eﬁrﬁﬁﬁt}h@&‘é‘?ﬁbﬁﬁ%

eutral position 1o a .
first X-Y position such that a first {%t%#%;{ &g & rilé%%sfi 1

divehicallinahgrie wittt 4h pldBearr ayhod 8 igwaent ispereer batches of
les 54. Powder is.di d into the first bat f cartrid

o A S Ag L TR VP CHEUNAS B oh .

cPiB)iteatighalsecand atah-o 48 cafpigars With sheeanrayiof 44,

powder dispenser modules 54. Powder is dispensed into the

Hewesht Batomsr anliraiessily brtrrarchr b s trtrrsdgn the
n@ﬂb&dﬁp\é‘p%}tigﬁ&%g&%%ﬁ%gjign a third batch of 48

cartridges with the array of 48 powder dispenser modules 54. The

caittidgetrolpiithaBnsmboea 1@ Higurthexd . pdsitdsacdbsdmbyte, array
igna f t ' i f
I L A O B ST P AR SRR, o00,

6(af, cdrdridfesiofcotmiets iocessingaohthe d92spartddget: tatheow in
above 25 example,.the order of the t osjtions, and the order of,
Sk e DR B A G0 e e Hoch1o! T fjfBReLs C0i60n
ex1066s Steadhaithistiseress sahibe: Appliethéovdifferanidrays? in the
arrangements with a different sp cin%@et een cartridges,
CQFFERORCHINTOETL G ARG D 4Rt 3 ARETRiRg 8. 17, povider
reiepodinents, e earkidasuanis displaceskinihe-honzemtado, and

plane to achieve alignment between batches of 5 cartridges and

pereleriagneppovidaerishendelvasunedame pa¢cppapsite side of array
block 50. Accordingly, Figs. 8 and 9 show the inlet ends of channeis 60a-

60d and the outlet ends of channels 60e-60h.

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

Each channel in array block 50 and the corresponding powder inlets 130 in
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cartridges typically matches the array of powder dispenser
modules 54, However, in some applications the batch can have
fewer cartridges than the number of powder dispenser modules.
Array block 50 is shown in Figs. 8 and 9. As described above,
array 10 block 50 is provided with powder storage and transport
channels 60a, 60b, 60c, 60d, 60e, £0f, 60g and 60h, one channel
corresponding to each row in the array of powder dispenser

pRwdserPAnEachRfdle shanngls Q%%g@%%&%%% %&%ﬁ%@g% for

block 50 and intersects the vertical ports 52 in the™corresponding

drdin sy tRE RAvEYen tethecbmbEimerer Figsensa; powdbes 54. Powder is
PP RO UL YSeR, SAR ASllyela BONART 0.0 SIdE 8f BUAV DO, 130,

50, and powder transport sy IVers pow
PoppissitelsidE36f iavayitgookds6. Atoordihglyefigs. s6 and fshofithe

the jnlet ends of 0a-60d and the.outl hanne|
PR 2 MR o I 4 SE b TE B B

died $lomat ibapeth¢rassisacions it pewsalich AsSheWiough
' ach _of the powder dispenser modules 54 is provided with

R RICE I 130 T YGHH oF oI R RGRFRYe povveer

dPaRsRs tieuaihr powder dispenser module. When powder
dispenser modules 54 are mounted in array block 50, powder

inletsk3ulditdoal ghaenghstofireCdressiye ndegvdrnsinshize dhragtion.

. | ) -
e B L g B M o
spreMdashobdtrinsigessulfaces ciaadchann elow derdyablomk 56 stem 32

d th di der inlets 130 in 22 [
SAUTeS SH AETTE A HALCkS PARSCch By SOGRESD R cnutly
caftpeweer (0 caghrtitthe-pavidephdispaasen g uleshadnBowderdsh.
supplied to each. of powder dispenser modules 54 through powder
TRb PO BEWHESRIBIErRE REBRIGUTET S5<Ca SRFGUEH S pening sde
pghatpasebitephaydss rapannsied heeygrdhewhannahis

delivered to the first powder dispenser module 54 and another part

co1tREipsRie PRV p SHBR g siggkinuousty to channels 60a-60h, and -

channels 60a-60h gerve as buffers to store powder not digpensed to |
cartridges 20.

The closed-loop pneumatic powder transport system 32 feeds the
agglomerate particles into the array block 50 from the powder aerator 72.
Then, the transport gas is recirculated back to powder aerator 72. The
transport gas can be conditioned by a secondary process control gas that is
supplied to the blower assembiy 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 inlet 130 and the channel in array block 50 to successive
powder dispenser modules 54. In addition, channels 60a-60h
serve a powder storage function. 10 Channels 60a-60h can store
more powder than is needed for dispensing to a single batch of
cartridges. In one embodiment, powder transport system 32
operates at intervals Sufficient poweer for a number of batches of
cartridges 20 is supplied from hopper assembly 74 to channels

HOaieObf Thenppodesrits dispensed towdvetibpaiebemotiules. The
cartrig?e%ﬁﬁ until the 15 powder supply in dispenser modules 54
8550, SAPRREFE B TR 498\ ér fe0SBPphien gas transport

SepdRuopslyigwnanelsS 0 60 RB G RISk 60AHRR S€VRtASn and

buffers to store powder not dispensed to cartridges 20, The

WW%@@&M%@%WS@%%&? ayete RIagkralds the 20
agglomﬁrgg%ggcr %@%Aﬂ?r@ﬁ&r r@émﬁﬁjf &&Hﬁ%f@ﬁ fr associated

aerator 7/ n, the transport gas is recirculated back to powder
@ergiondis Thé srlsyptrngasichrabpaodditisnaidhyZa Beppadasyembly

ocess control at is,supplied to the b ra bly 70.
TSR e S RSB B A i proek s0
lodd 2 brfeeds batshdasdiopeanrtinuous]ieatis fot diygepeivdesdntder to an

individyal powder djspenser modules 54. Mare, generally, the array:
TRk S HEIESS oo BT A ERS 1EH TMmRp O trdes a

RASEANSRNA/Or Aggiqmesate4 23 8lHmiesost giHe POYIeEitesan4 and 136
array of powder dispenser modules. The array block 50 can

BedrdeGhrines FaHIBoS UE 2THBEEEIGHS e TimdpsHdsy dimenser
TR T st e S0 st o
handles 142 for attachment of the array block to frame members.

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

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

As shown in detail in Figs. 10-16B, powder dispenser module 54
includes a powder dispenser housing 150 having a lower housing section
150z, 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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5Array block 50 can provide the main structural support for
associated components and subsystems, such as powder aerator
72, hopper assembly 74, suction manifold 84, and pump assembly
70. In addition, array block 50 holds an array of powder dispenser
modules 54 for dispensing powder to an array of cartridges. In a
preferred embodiment, the array bick includes a 10 main block
132, a top plate 134 and a bottom plate 136. Plates 134 and 136
cordigheebomyiivhivnalbpvesasepiidesandrssalsiéoe ppwider in array

' e 4. This array.block further includes bearings
S B R S B A B e on
oframentemiers Mndopehatiom gpeyetenis Itnspotad thsough eaeh1 30

of channels 60a-60h 1 he transport gas and.js delivered to |
0 L AL AP HOD e IR HOHTCR GOVt ZACB Y st o nle
1 depestion PRGESS stheopoder drepsNARHRR AfaryilyiRtthcludes a
each of the powder dispenser modules 54, Any powder that

tapseed SRt hothEeharseri ARSI Breipife it prrser Reezle 158,
vRRWORr HisPRASAEMRAYSS: i%?ﬁtyvmﬁ%a%}&g%ét@é?dfﬁég%%%md

through 20 suction manifold 84 to pump assembly 70.
cpodiiel ispdnshcaotukoBit dispshseps, powddeimdraicatipiedgeom the
20. The powder dose,is typical i nge of 5.to 30-milligrams
R B e TR e L o
1 RFige it By podvitel dispensés hadliedebonctudessd define a

K55 HRUE o0 SO PLSGIELAR BpGLrHRS Qb g der i
disReRRAGHSerVe5E30thriha Baywliendisaensen hdisigdetheanie 158 is

have an elongated 24 configuration with a small cross section to

cpfianiehie S5aEHYE RPHYEYBIoCKeEnidES d8ted above, powder
dispepsermoduies 24 £ANE BOHNEd M cludes a feed wand 160 to

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

communicating with control circuitry that controls operation of powder

" dispenser module 54.

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

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

i
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~ one inch centers. Middle housing section 150 includes powder

inlet 130 and a cylindrical conduit 152 that extends downwardly
from powder inlet 5 130 to lower housing section I50a. Lower
housing section 150a includes a tapered conduit 154 that extends
downwardly to a dispenser nozzle 158, which is dimensioned for
compatibility with cartridge 20. TheXapered conduit 154, which
can be conical in shape, provides a transition from the dimension

bitghndsarassierinlsyes isednasssiorrot Wedensetabiorzdae an axis
skl tRRORIRRY oEMIRAE G copduit %@%ﬁ&ﬂn@pﬁéggxé)g&%ﬂ%%spemex

define a dispenser hcpper 156 for holding pow
whepenketl. sptrhpowder ig.diSpsreet topberdiateis detmesl st with

%’1 o;‘é"\?%gérbeéjz-z[?ésf E%‘Qgg%ﬁg]}ss .'?%%f‘f%%%é%ég's Piae 191 and

r into cartri ge e}l Ispense
diglates adeeld Wadrd 60 gactbompyeipbwdipdeytiavdlydni 80 is open

controlled manner through dispenser hopper 156 to nozzle 158, a
R ETa RSP AR LA RN PRIV Tbes ot
Aighedlower eRgaLbORPLII 965 and ielve AriuaIesd 820 PRBer is not
and close valve 180. Wand actuator 162 and valve actuator 182

dishepechinatirsabioidil. Yixsd 8Ctiridy e shaarpetsorpiéaly opened,

feed wapd%00 Ry a 20 flexible coupling 186 or other coupling
which can provide vertical wand agitation, displacement, or both,

in additidmeanorhion] Powdst vidper$ér eanduleBrplediteralve actuator
includes a circuit board .184 having, circuitry fo trolling wand.
Eopntivie Su vt JolcH g Bl COR RS
vath sbnitokbaietitrrthad codtiols dpdrdentiodipowsaeisZbom a lower

dis enser(gé%dule 54. Fig valve 180 can includ

_ ﬁla valve 1
ARSRERARRE 28 1 JELPRR G RISE G ErEOT Where valve
sacenricatyrHasaiado@ive GRenipgtIbavatversemhee 25:k9end of

can be mounted in lower housing section 150a for rotation about

drivaabadtdf rend anBrRseAisget 9P ¢ attard pok et IReora gt >
yoggtqug%@ﬁw%a'%% astshawadodig A GhuandveandiBber 190 is

ed out of alignment with dispenser nozzle 158 as shown in

F&gselds@. m&wh%\@bm@im aRd Scﬁgp@géﬁnozzle 158 are
a!lgneeié)e[rpﬁg Ay, lighgd ARl $80 19FREY gear 194 can match gear

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

A schematic cross-sectional diagram of the lower end of powder |
dispenser module 54, between powder inlet 130 and dispenser nozzle 158, is
shown in Fig. 12. As shown, dispenser hopper 156 may be considered as

having a powder bed preparation zone 156a, a powder bed compression
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and powder is dispensed into a cartridge. When valve opening

191 is not aligned with dispenser nozzle 158, fill valve 180 is

closed and powder is not dispensed. Preferably, fill valve 180 is a

type that can be partially opened, as described below. 10Valve

member 190 of fill valve 180 can be coupled to valve actuator 182

by a drive assembly including a lovggr gear 192 that meshes with

the gear of valve member 190, a drive shaft 193 that extends from
Zgnewebpenion disdispensenmbiitte bétalenbudnaepartivodherrot 56a is

v actuator 182 is.m d,.an upper gear-194 attache
S S RIS RSP e
cattaoitesido vetweladbiatqodded ippengarsélioand LRAIE conduit 154,
B\I]/_\I‘}l eéﬁsré%%ged such thq‘at valve member 190 is caused to rotate

EREGthr 185 LEHE IRt EA PLsE Sl rmers Y avrduit 154,
membeed 96 andageanlddican MMeh 99851 9 IS ol rod that

position of gear 195 is indicative of the position of valve 20

cprERiserdgdyaheoneh shsns s hrimerdidnifitpad eadins thirther
inozAlEs1R8: & m%%ﬂfée@t@gﬂl%%a%ﬁgsa 98%L%i%caﬁ?%%%er%%fvﬁ%mmm

to open and closed sensors 220 (Fig. 17) to in e the open a
mivsepopesitidneyrespatctinely; dBfiltvaise d86r Aceheifditn a controlled

cross-sectignal diagcam of the.low. d,of po 25 dispenser
e R P L R L ARy Fepcer
bsdshayarinibigeittohs Bhownpeisparisal pappestkabingy bsa, a
considered as having a powder bed preparation zone 156a, a
élbagd‘,wggpoﬂemem 165 in powder bed compression zone

156b and a discharge element 166 in discharge zone 156¢. Examples of
feed elements 164, 165 and 166 are described below. |

One embodiment of feed wand 160 1s shown in Figs. 13A and 13B.
In the feed wand embodiments described herein, the powder bed preparation
element 164 and the powder bed compression element 165 are implemented
as a helical open space frame, including a plurality of spaced-apart spars
172 mounted to shaft 170 and one or more wires affixed to spars 172 and
shaft 170. Spars 172 can extend radially from shaft 170 in cylindrical
conduit 152 and tapered conduit 154. Spars 172 can extend nearly to the
inside wall of hopper 156 without contacting the inside wall. The spars 172
in tapered conduit [54 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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26 zone 1 561) and a discharge zone 156¢. Powder bed

preparation zone 156a is located in the cylindrical conduit 152

below powder inlet 130. Powder bed compression zone 156b is
located in an upper portion of tapered conduit 154, and discharge
zone 156¢ is located in a lower portion of tapered conduit 154.

5Feed wand 160 can include a shaft7170 in the form of a rod that
extends axially through dispenser hopper 156. Feed wand 160
futdeinplinges seandmarh Spedielmtredshaffiteddtashaft bi9e to the

f inlet 130
e R TR b S AbARGAO, which
ofehigfal?] get iaheh A60.inthedgsadansier 38bedRreprRl

element 164 in powder bed preparation zone 156a, a powder bed

b
CERTELElo e MUAL G5 Bbdien H &or gressicHhsmerysetsrial can
i lisshacgp s omentd 0GRl ohATOR EANAA G BXRRAIGR osion-

of feed elements 164, 165 and 166 are described below. One
TSEBRmRR SEEsiAk SSErB0. iBleRonanth thiyke 3 A e det@Bvatfl can be
mathedesd, ime r herein, the, powdey, bed
O o e e e R SR e Foweer
BRIPRIOLBS Mentepidisie thateddlelioahopereapans filetics and

' ' lurality of.spaced-apart.spars 172 mounted to shaft

B B S L R S o R e oo
Bpaysifa casextensoradially tompsball i Ginevlindrieal 2hereas too

onduit 152 and taperéd onduit 154. Spars 172 can extend .
Al %ﬁﬂ%f&@%ﬁo&‘ﬁ&ﬁb‘&lﬁ%@%iﬂ%&%ﬁf&&m digespacing

tesitewelhrl hasau el BLtarereskiraRdvit IR vanpin;langthto

match the conical inside wall of tapered conduit 154. Spars 172

%@%Bﬁ?éaotmmbm fif eFstenseradial directions. In a

el T L Tl 12
Iinéheous hedisparsoiifiibs Exdmpte | ABjdbtentapardednesspdoete helix
f"ﬁf}% ﬁll%?gh%%fotnlz%a %nd a second chevron 178. As shown, double helix
174 includes a helix wire 174a at or near one end of each spar 172 and a
helix wire 174b at or near the opposite end of each spar 172. Each helix
wire 174a, 174b progresses downwardly from 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 & 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 1784 passes through a hole 178b in shaft 170.

It will be understood that the helix wires and the chevron wires are not

necessarily affixed to every spar in the feed wand 160. In particular, first



10

15

20

25

27 0.125 inch intervals, and each spar is rotated by 45 degrees
relative to the adjacent spar, except for the last two spars at the
bottom of shaft 170, which are rotated by 22.5 degrees. The spar
diameter can be the preferred agglomerate size, on the order of
0.025 to 0.075 inch. The spar material can 5be stainless steel or
other structurally stiff, inert material ghat is corrosion- resistant,
such as metal, ceramic, plastic and the like. The feed wand can be

dMadrRisenduetive prmert e rlIctivesmiatariahHsPeRdingRR)ed the

gowder morphology. Non-conductive materials such as ceramics,

fHsaparamt enstGRBATBAN e ImdtdiisBirer drothadhirdomiy dagethe
shsuiace 1097109 %@nyeéeﬁﬂscﬁeuﬁ%mﬁ%%55&@&9%9@@&@1@1% to

with wand rotation, whereas too few spars will not Support'the
gimibdéhiselix configuration. The spacing between spars and the

angle petween adjacent spars ¢ ein ly,propertiona
numbg" ﬁ\ésﬁg}goﬁgcf?ig@r%@d a ovaen,(¥e?e \’/@%ﬁ%é ?ﬁ&%gd%e%mhe
WiEescaffeestarsphreatizd. thboupthkodebo dimeatmafchigs sp8A antlare

13B, the wires define_a double helix 174, a first chevron 176 anﬁ a
SKEUHRS eI Te, JE SOl BERBIE MG RUdbLS BTk Of e

hes 1448 RbUHCA P ISe e 0N 6apR ERatdlR argda el iwiteshalt 170.
174b at or near the opposite end of each spar 172. Each helix wire

Thsdolouin srsgrete saolminat diiishiap 4 dghripgm drilied. Ina
clogwioe- A dURRIAR A viswed IguNarElY U OmmIARIACi Blffes that

Irst chevron can include a first chevron Wire; 176a
affpiddignisipars bZading Gfshepeicing Fbons starh oo, arvpekeppbare
chevron 178 can.include cond chevron wi 7 ffi i
PRt DR R SR A ol PR ADURHS pormits
{6 nassesiiaotghahale Lot imstadt 25670 ey sabenithe powder

%Qgc\llirggr] fv(\)/;g%sl;?ea 1sat1§i %%égra 3§§ ’31&? 81!1%%87 \%Qrienlggg{ﬁ,l&%reby reducing
the wire siress concentration which could cause breakage. In other
embodiments, the wires can be attached to the spars, such as by laser
welding for example. In this example, the helix wires and chevron wires are
0.008 inch in diameter.

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

the preferred agglomerate flowability size range. Third, when the wand 160
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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 28 chevron wire 176a is affixed to the first spar
(the uppermost spar) and the fifth spar. Second chevron wire 178a
is affixed to the third spar and the seventh spar. The first and
second chevrons can be spaced by 900 relative to each other. 5In
the embodiment of Figs. 13A and 13B, the helix wires and the

' hreaded through holes in the respective spars
R S R s G R B pas i aown
*ieagﬂif eha o7 th asmrfs ?alabbﬁgeltqi@@:hle&mmi keEarRelopatRg Béid into the

sired spaci rom shaft,170. The holes in spars 172 can be
SO0 Aimeks 87 ST s B B sftad feed operation
erthodi Mmk'ﬂﬁﬁdm%hééﬁtﬁ#ﬁ@ agedmidnltedatargissngt
ew

avoid significant bending of t ires. Thus, the holes in each spar

RSB BrosnLAIp & RBREd fAth the adjacent spars. This
aITangeruent PerRiLS e IesdQ ﬁ@%%éh&%%%@é@(gﬁﬁﬁgg%% Btudes

less freely so that the powder loading forces ar ong
thelehtifeewir e dtRythuEherobspard liches M tvtuvdt e stsessembers which -

C i ich could cause breakage. ln other embodiments,
B O B B O Rty oo
Yorexdaniplerindbid kxashipld, 7theriefixsnires endaheheofoniye36 and 178,

are 0.008 inch in diameter. The double helix 174 can be formed b
?5?%%@0{%%8@ ﬁ‘t%?veend lﬁa‘é%%n%ﬂegﬁfg}.ﬁaaﬁfé@éaéﬁgﬁ% SRS Hrom a
Taelix \Wiras ckédaoandil 748 iRy demfRarsdkaandpthestalozzle.

ends creates a double helix wire pattern. The double helix wire
Paresragerfbnes thibe rrans Wretses brllcpand pesmmateeshive effects

lpn @J%F&H&E%é%ﬂ&%@ﬁé%ﬁﬁl@r?@l%@?ﬁ%%%% Walls: 160 has the

i
- particularly the walls of tapered conduit 154. Second, when the

swandiligoas e vprarstxlvekiviselitone thevebtrmvitis mafttogtdang
T e
flowabilityrsiZBoradgecdihipdsidneiedtie waodvd6Dcompression lock-up and
thus causes dispenser clogging. The helical open space frame provides an
optimal bullkk 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 confrol, it is possible to mfaﬁsport 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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29 is rotated counterclockwise, the double helix feeds the bulk
powder down along the shaft 170, as well as along the chevron
wire free paths and into the dispenser nozzle 158. In addition, this
rotary bulk powder feed operation tends to break up compressed
powder disks which folin horizontally 5 between the rotating spars
172.  The feed wand 160 utilizeszg helical open space frame
that includes shaft 170 as a center support, spars 172 as

astiuCTdraltehssmmembess spbichiokmaliRlici-paterd Mt sensing. The
conic %tagg)re lower end geg;gé}eéry, ipd wires that fonn double
R AP S A SRR BEGTORS B 76 ARBE S SRy R surface
1eeseHIRehaRaye ckhe: inyerted conical shape transitions the spars

from a larger diameter conduit to a smaller diameter powder

disch8RFESnbZZ RECVIFET R aXfisednertAers skt tecrddupelisuprmmpacted
pRwden compressioneaffects.and fo,pro @&gfoﬁl%@ﬁglsﬁ and chevron

agglomerate slurry. The feed wand 160 has the capability of
wiags pbrthdgitighl pruhdsitepoide thalithinabspipaimeshanism necessary

SRR A TR T

powder'‘compaction. Powder compac
compéssibiziock-wirantiibaamhl$es gispehsentiaggagemieyithin the
ical ogen space frame provides an optimal bulk powder

hel
Bk S5BH Thditiber Whith 5 BHpHISEot BHEBRIGH tharfBRagte! powder
AIgReRPNY PIRHYRAS BidavdemRIRAAIHeRIEOFI €828l lows minute

flowing to highly cohesive. This capability is achieved by allowing
BARPRITRhEOPEIIOBEIAE TR AE AP HeRhdmRarRIdRsthameaifag lagpvder

&%%@MRWWQS&?HB%P&%%@% Wi‘fésc&ﬂté? Iﬂﬁgbulk powder disk
cCompressio

effects appropriately to the individual charactéristics
tbfitHerpowmiewbeingpais pdiscth Becdivke wkthiswompyessigressive

controltiltrlls Bossmledtf tranSstort cépf&eswe owders gom a 2%11,65‘ By

(ig.%%a |a°meﬁerrc?:%%8u' 5% sr%%ﬁéreon%gﬁ{ a%?eeff%% |V§rrr$5rr%lr?er.

Sinanic RO fisias refeaninhdmid-shaft, ofi¢hd fleedavanc: E&@icShalty
70 sybpods spars 172, double el A4 A0 005t 204 58900
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 vaive 180 is closed and the wand 160 is
performing bulk powder raking and grooming operations. Without the
discharge element 166 to disiodge and reduce the disk, the disk would either
clog the nozzle or would fall into the cartridge when the valve opens,
possibly causing cartridge overfill, The powder disk has the greatest
tendency to block the nozzle when the ambient humidity is above 50 percent.

Embodiments of discharge element 166 are shown in Figs. 13A-13B,
14A-14F and 15A-15D. Each of the embodiments uses the helical open
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and 178 which, in turn, transport bulk powder for precision

dispensing. The central drive shaft allows fine powders to flow

along its smooth surface toward dispenser nozzle 158. Spars 172

are structural cross-members that break up the compacted 5

powder agglomerate bed. Spars 172 also support the helix and

chevron wires. In addition, spars 172iprovide the helical spiral
mechanism necessary to convey the bulk powder bed in a
swrgdlietclofispernprebsiomninnshethboheVson wire gitkeammmlischarge

78a provide cuttin tter ithin the bulk powder bed.. The
SRR o B A s oy i e 562 by
wietingones hélee pathingthcetiepevwder fiedithiod Al ows gt helical
amounts of powder agglomerates to flow downwardly through the

PRRHSF B P BAGHARLP ARG EReIMYEH tfhissvdpacal conduit
Rk pawder digkathatfamaRelveensRat Yigtdhesadisksaie

created by progressive compaction forces and form suspended

aigerEgate PowdshEruBtiesCB g Buthay edeiske: pratdratipdes the
- : | beai

B s oy S eI M 2R g

drovartties el Chlly gpitched Sparpal7@erTivel adis charge eleen@pefgbeonduit

Fig. 12) i toured and located tg break der . ... .

A AR B MR DM ot

powdesidisly fofms WigehIhe feaghyadve 8Os flesethandthegiomerates

wand 160 is performing bulk powder rakin%and grooming

Bt alionshoummadetie HRuhaRE sttt B8 Iietge hsdrelical
IRRHGs the fliskethedisk i eibetsing: the BRzeis0r sep il

into the cartridge when the valve opens, possibly causing cartridge

el fimeTrE PRSP HISK 153D ShE RFe O R PB tRRacHE) '© o erlinae

| Pé’&:’ré%é%h&m%%ﬂ&@& RHRYMIditAs @&%ﬁ?e@gm%{%tsteadﬂy increases

the consollidation of the powder bed, while the spars and wires continue to
reduce and aerate the powder bed. In discharge zone 156c¢, the powder
agglomerate clumps are further reduced and discharged through nozzle 158,
The discharge element controls the 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 dose overshoot. The |
discharge element determines the final powder dispensing flow rate and
powder agglomerate consistency.

In the embodiment of Figs. 13A-13B, the discharge eiemen’; 166 1s
configured as a modified spar 181. The two sides 181aand 181b of

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

helix, thus forming a double helix. Double helix modified spar 181 and |
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Embodiments of discharge element 166 are shown in Figs.
13A-13B, 14A-14F and 15A-15D Each of the embodiments uses
the helical open 31 space frame of spars and wires described
above, but uses different discharge elements. Powder is induced
to fall in powder bed preparation zone 156a by rotating the helical
open space frame described abovezhe outer helical wires break
attraction forces between the powder and the cylindrical conduit 5

dsalh ahdilitt EndiaskatetRsiropidticediitaerefabodim #3s, one side of

reverse direction. The chevron wires cut and further reduce the

WRRTIHED SRAtHS HEned gpuriatng fnlired sreepolntcmpsfied spar
Rrenasalion aeRed saanliaRessineslawability abthe powdanbsds, the

as it enters the tapered conduit of powder bed compression zone
e baqtheppowate P STy I se iiverited Beshynh erabsilrp Sfthepe. The

oo e A B A0 ko

hﬂmefﬁxamheMpqnm‘nder beﬂlcdﬁqpineps;dmﬁom@aﬁﬁﬁthhmodlﬁed spar

lomerated bed due to t
R AL B br e B SRR gy me
slecidibi @pﬁeam&ﬂ&itmasahdaspm@éﬁh@mwﬁﬂ sl otvhiteide is

the spars and wires continueto reduce and aerate the powder
Beeedakeriige zone 156¢, the powder agglomerate clumps are

furtherriedyGed andidischarged WU REZZIEs198ALNSR functions asa

discharge element controls the reduction and dIS ensing

mtam@%mgmgthb@@wd@ﬁhﬁaﬂ@qlﬂwér thedgogapd conduit. The
?&”%’J SRR fs?ii@m g%%ig Oﬁsgrcgaas g@%gyﬁ&% anvge%non to

ductior spensing within a specified

ﬁm&hhpbwﬂeodmmmngammem@m@e etemisgncy. The reverse

A A o (B SoIaRE TR B 185 A BB raing cyole
Thzs creates an initial 2 to 4 milligram powder dump at the beginning of the
dispensing cycle and allows more time for filling at the end.

Another embodiment of feed wand 160 is shown in Figs. 14A-14F,
In the embodiment of Figs. 14A-14F, the discharge element 166 is
implemented as a roller pin 183 mounted to shaft 170 by a support element
185 having an inverted U-shape. In the embodiment of Figs. 14A-~14F, an
optional multi-stot 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-sh-ape.d orifices that

intersect to form a cross. In other embodiments, orifice elements 187b and
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In the embodiment of Figs. 13A-13B, the discharge element 166 is
25 configured as a modified spar 181. The two sides 181a and
1,81 b of modified spar 181 extend downwardly in a one-half turn
counterclockwise helix, thus forming a double helix. Double helix
modified spar 181 and 32 double helix 174 have opposite pitches.
In other embodiments, one side of g@e modified spar is turned
upwardly in a helical shape. The modified spar can use a

' I [ lix. In. some embodiments, t
e e S e
ag8&hébe Theeosi shapy Workdabietiby fordiseesfhbing PoMidensiE, or

hile the S-shape perfolitis better far cahesive rs. In the
R i e L S ORAEA P (ofs Fbsened such

thispetisephozaeidnihe-8 Sbaperione sidaoithe madiigghspal &¥ less
urned towar thea%spenser,nozzle and the other side is turned

ARVHIIRANERF HEGOmTE et Jaifeg eans salls pigs! 83t
rfunclions %@c@@émrﬁ@gﬁz@aﬁﬁ@?ﬁ%&m@%%ﬂ%ﬁ% %fough the

the tapered conduit. The reverse pitch geometry of the madifie
Appsdapbwasismenid 8ération to control powder dispensing

and te st Th e pitch,gegmetry
AR e TR S e
afivisnceaatesiancnitbi @ fothenitigresm powdteraguiomat 4t as they enter

S SRS el LSl
dhigepd 4A-ldfudeithedembodimteat bk igse dtAtbdrolng @ischesarough

element 166 is implemented as a roller pin 183 mounted to shaft
e OB Up PO IS0 85 RAGIRE ShrHYEHEE bodng serReTt
dhenembadimentebigg 14y LdnRNRRtianal ulihsiel baflediskion

189 can be located in the upper portion of tapered conduit 154

aa-immresng RheeraRiiging ebdivnorsde. Inmiswaeledispelmsaeduction
A e e P A A
contro! also inhibits powder dispensing within a specified time limit without
dose overshoot. The support element 185 and the rolier pin 183 determine
the final powder dispensing flow rate and powder agglomerate consistency.
The mechanism including support element 185, roller pin 183 and orifice
element 187 can be configured to provide an optimum powder flow and
agglomerate size for a particular powder morphology. The support element
185 tracks in a perimeter groove of lower housing section 150a to self-
center the feed wand 160, The roller pin 183 combined with crifice element
187 produces low force powder agglomerate dispensing. The orifice

clement 187 provides powder agglomerate consistency within.a tighter

agglomerate size range.



10

15

20

25

25 have one or more slot-shaped orifices. In one embodiment

shown in Fig. 14D, an orifice element 187a includes two

slot-shaped orifices that intersect to form a cross. In other
embodiments, orifice elements 187b and 33 187c include three
intersecting slot-shaped orifices, as shown in Figs. 14E and 14F.

The orifices may be relatively wide, gs shown in Fig. 14E, or

relatively narrow, as shown in Fig. f F. Feed wand 160 is
bosaneg- S LnaAAleR PIT 18315, PR 408 TOMRIIRELE RN 15a-
187 by a spacing of less 5 than the natura aggfomera &'size.
oferatioschaolier gham83 rofatesnplativentocbaifinel eigmepged Biades 240

T A A L Fo S P A R pporiraately
aewear hed acvanteraent TateTanrdatd JUrhetiedusg HoMdess 240 and
agglomerates as the){ enter 10 the tzggrecj conduit. In the

RS FBREPXEBRISH AR A Mheraral iimps sideBarrdkepnduit
and thenexiudad e so@ingfallerspln 1153 EQUBR P&pars than the

orifices in orifice element 187. The mechanism including support

@té?ﬁéhﬂ&%?f&iéﬁ-pﬁﬁ&ﬁ@Bnmwwlém@ﬁmw@@hﬂqueﬂres can
t?%%gggl(gﬁ %nﬁlg %é}g%ﬁ%%ﬁf %Ei e&%i%?é)sf ﬁgﬁ R%We ggﬁ Auger blades

quate pow ontrol causes t ischarge

- Dificedd aldgidnbiddeiitd pouatehasdugiersitopitohedso inhibits

powder. dispensing, within a specified time limit witho S
oversHUBt T ROE BB AL A S ARG Fordegin 15 oD further
frledwping the fivak pawdendispensingilowratewandpowdesipered conduit
agglomerate consistency. The mechanism in¢luding support

SREABSTIBREIR BT AR brifice 20 QdRient £ EhaBEhas an
sRfignred o provide anoRtMUIREWAR! Jonandaeglanmriate 44a for

size for a particular powder morphology. The sup?}ort element 185

thackergepoaimeesyensmendd Rodsing sethedoryomedpes of auger
T DY S P S e 2
digpansin@4bhe arificd 25ktdment 887 piobifed Hownzages an opening in
JAHOMGINE SONRISIRN AR ST PG RMSIAR SRR ANERr 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 maich the orifice element.

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

134-13B and 14A-14F, In the discharge zone 156¢, powder agglomerates

are caused to flow by the reverse pitch auger blades and then extruded and
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34 A further embodiment of feed wand 160 is illustrated in Figs.
15A- 15D. Discharge element 166 is implemented as helical auger
blades 240 and 242 affixed to shaft 170. Each auger blade 240,
242 has approximately one-half turn around shaft 170. The axial
length of auger blades 240 and 5 242 can be approximately
one-half of the axial length of tapergd conduit 154. As shown, the
feed wand of Figs. 15A-15D uses fewer spars than the

ceabtdivd dnt beFigeling/Auss tantiiwechale witdsanih cheterloment
ires-can be.affixed ta the upper, edges of auger blades 240 and

it Ko BIRid >0 542 A GO0 RASISHESH fraparols the

reppagite pitclizpehbitizechamoRiditRenseldpodiie:SAShHMAAR powder

Figs,.15A-15D further includes an orifice element 244 mounted in
TR SR T P AL AT SR RIBBaREAR @ aRovrder

rdBhciSbeaifisE-alemantAd4lasampvaniad sonicakshans andis

provided with a plurality of orifices 244a for discharge of powder
G KAz IsEe ot ukhemerhsaiser efigusorbiader 19002 end

o | ical orifice element . .
e 2t iy A KBRS S TRbiy of
ten gayelsabedfbnidiy incodficecble thentreddcing thstabtisiesta of the '

esired spacing between auger, blades 240, 242 and_grifice
B e e P e e B e e AP R doubie
hielby o thapplise badieh i on-ceriaminaling Wthieispensadhe powder

-,dr%g 20 pf)wder. In.operation alg}e‘:r blades 240 and 242 rotate
e

De%8iBriivS BHERBATDA NG RSHY FoWaeY Rcbdaddrapgelapoder
ithieugbAhe otificesdorpriiice slement Bhdcinathes embadimantSelement

the orifice element can be fiat, as shown in Figs. 14D-14F, and the
Ztiverrebig 68 HE SHIGEr tBIHERS SUePAHIPA EROIRRINAWIES thgelomerate

e Hemenh- 205 STReCmenLleins AEARSIS 3 e Pt inin o

wands shown In Figs.” 13A-13 14F. In the dis
tidrier 186y powtiesiiggiomeratbs brercag Sl orfluiddsyatheer alignment
A gﬁ%%(?r'ﬁc Q/I%Lllg %Ea% g&%nagngug]e%ﬂg)gﬁ 1(%dp%%ider membrane thickness.
In some embodiments, the discharge element 166 is mounted in a
hole in the tip of shaft 170. In other embodiments, the discharge element
166 is implemented on a removable tip of shaft 170. For example, a double
helix discharge element can be formed on a removable tip that is press fit
inte the end of shaft 170. The removable tip can be changed to
accommodate different powder morphologies.
The following discussion of the operation of powder dispenser
module 54 refers to raking operations and dispensing operations for the
embodiments of Figs. 13A-13B and 14A-14F. Raking is an operation to

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

agglomerate size matrix, thus providing greater ﬂowability characteristics
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35 granulated by the rotating auger tip through the orifices in

orifice element 244. The mechanism of auger blades and orifice

element controls the reduction and dispensing characteristics of

the powder. Inadequate powder reduction control causes the

discharge orifice to clog. Inadequate powder 5 reduction control

also inhibits dispensing within a spey ified time limit without dose

overshoot. The mechanism of auger blades 240, 242 and orifice
akilly . ; bl

B A B e A Ml

ghifie dispehstigprecesy dethegonvderttredrbaad byrditionderThel

half-turn double 10 helix of the. .auger blades isal vertical fluidic
ibito i e R R )

foteeivectinmetichRendito packehowdenibéhsenzaiedthehe down-feed
mech%ﬂsm of auger blades 24Q, 242 and orifice element 244 can _ |
BRI RE RS o P PR o SRS R OB SRR B grovmer fgechieve

§ﬁ§%ﬁ?ﬁ&£ﬂ%ﬁ%ﬁ%&ég%%ﬁﬂﬁ&ﬁgﬁ%ﬁ§%ﬁg ?QQﬁi@{sﬁ%@&ﬁYon 1o
within a 15 tighter agglomerate size range. The bearing 246

IrevRES dugRv B dsitamd soppblnghieapnahtiatimg under the force
8#9%7&?%%{{&81&% AEmhrane gﬁ@f% agelHROME matrix,
embodiments, the discharge element 166 is mounted in a hole in
thectiprgééHadtl 2Q:dw dtheperithidindesnsntise dischagéslgmehe

166 is implemented on a removable tip of shaft 170. For exa

RS B T AR N Bl ORI ot
rpRevableddih thedidapragd dihintodhmenchnfshdfe U0G6. bk to 0.075 inch

removable tip can be changed to accommodate different powder
Ao HAbGiRT SFe &de%emgﬁaécéfbgp‘bsr IAB&Speration of powder

dispenpgt medulrad refers iadridng QResalions-aiigedisneasingwed from
operations for the 25 embodiments of Figs. 13A-13B and

o thaidiep Rt sprilttforf i gilmeanaetmhafighe 4he bulk
%%Wr‘a@f pegl int,an exenly. acsated. preferad adgiemeralesiad flow

atrix, thus providing greater flowability characteristics 36 for bulk
pevnidecteatapbt. b dprefe frdikady) thie prersienisiisetimd e be

SRl AN RRRNIIS U0 RGHRI R S ALY BB WIS wder

The double helix scrapes the conduit walls and also moves the outer
agglomerates toward thé center of the dispenser hopper. As the wand
rotates, the spars force large agglomerates to break up evenly. This aerates
the bulk powder bed, creating better bed consistency.

To dispense the powder, the wand 160 is preferably rotated in a
counterclockwise direction. Spars 172 and chevrons 176, 178 break up the
powder bed and open a free path for the powder to flow along shaft 170.
The double helix 174 adds a downward compression vector to drive the
powder down and through the dispenser nozzle 158. In other embodiments,

the wand 160 is rotated in a clockwise direction to dispense powder.
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tumbling operation and is typically in a range of 0.025 inch to
0.075 inch spherical diameter. Powder bed raking can be
performed in the down-feed 5 or uplift modes. However, cohesive
powders prefer uplift raking to achieve optimal aeration and
enhanced flowability. Dispensing is an operation to transport dry
bulk powder in a "sprinkling" mannegg; falling under the force of
gravity without compression, as a preferred agglomerate matrix,

Hischeeget draml amnenteraed zle B GisPens esdIla defaitig 98 erfill is
%ﬁ%m owder dispensing and, sensing ag)l_pa(atus described

DB RVY St SHSASE Pt dylioRwr reekTrise direction.
range]RfiQ0RyHEINONS Qitacnel SRBSTICAAIANRLE BUL IS wires

limited to this range.  The feed wand 160 is rotated in a

hageRrssaTEsRprigvisir B ont Wl of the dispénsal be
BOUBHIAIAE - 0T BPTRIIR I IR ROUIHIOR wand can

Clockwise rotation lifts to an upward tlow vector
horeetets ey withtothseduelixofiilthimopetation] tue wanepean Hel the helix

viewed as a screw, held vertically at its cap, being rotated.into the
e B R D bR S cian e top. I
thipves figaratier, apglemel alqsdGyalt tha aenter altbeidispensettion to

Q’;o er. As the wand 20 rotates, the spars force large
ﬁ&%ﬁ?&%&%@% break up evenly. This aerates the bulk powder

bed, arpatpdRALe HeSABSIFEARY operditotl SRGRREIDCHIWAS

the wand 160 is preferably rotated in a counterclockwise direction.

epriile P afasdRawoRe epeatirabradidigrensipawierdtathafiet the

for the,powsder-to fl 17 The
s AR e
ahenpowidek doserd anctitnosgh ¢hedibpenter roralethiS8idpeatremodule

mbodiments, the.wand 160 is, rotated in a clockwise direction to.
R R S A SR
dadger dnitarieodeneyddoveditds el graatpoiadpaludar and into the

iIspensing by rotation in the clockwise direction.. = In the
Cg?ﬁﬁ%“fﬁfé?ﬁglﬂégéﬁ b%a‘fsséeaﬁﬁ%é%& HechBIAde wife S rasuPPLy

B eIeckIES crBfiguralioR-asoviaves fremothigtaBwWh¥lDE e 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 viewead 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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5 understood that the arrangement of the spars and wires of the
feed wand can be reversed within the scope of the invention.
Thus, the spars and the helix wires can have a counterclockwise
configuration as viewed from the top. In this configuration, the
wand is preferably rotated in a clockwise direction to dispense
powder, 10The following discussion, pf the operation of powder
dispenser module 54 refers to raking operations and dispensing

esraansonheembedinents of Eigs %ﬁé'éi?e%&@eﬁ?édﬁ’t%?e al up

160 is rotated in a counterclockwise direction as viewed from

thprorRer dispendarnepaiesaathdroche hevbidk tooflaerabezaria t 170. |
fll the[%%%%wﬁ@?iﬂ %gﬁ?\%sgr@éévé(% adas 2 %\%nﬁxt\%%{g,‘ig forced through

compression vector to r’dowf an
thitsperdernyoizid 48 watdhiosanve diore ohthauggebldoed @460 spensing,

T T O T

bdigpense the powder, the feed wand 160 is preferably rotated in a
20 clockwise direction. Clockwise rotation lifts the upper bed

powddt %%W%%WBW@&@PE%Q@@&WW@@Mﬁéeﬁéll‘%ifés
miibe belisshopensrasefiams hisiapsiatian:dhe Hapar yand

can be viewed as a screw, held vertically at its cap; being rotated

YatetHe bbb e dmase etk hersprss anel someluirbtideatiwand can

%%8@%8%&9&%}@@@ 65 8}9{{%{]&%&&’} o1 22,91 N8 the helix
Ispenser hopper. As the wand rotates, the spars force‘large

vaggiorae tees 4o bueak cip dveidly <OhiSpaestias dhe euwkddwdethe top, In

ed, 38 creating hetter bed consistency. Spats 172 and chevrons
P BRI T hS BB T BT AT R e Gt e
cﬁfwmgﬁt@f&ggp@{g@g@haﬁrﬂo. The powder in the auger when
dispensing first starts is forced througfh the nozzle by the

downtaPP Rl GERID R B tRRERIGET I B Gritigedfspeirgdispenser module
sditionl powdgpisiauppligd by die agratedbpanderiialing oskerapbly,

the upper bed. = In the embodiment described above, the spars

thacevedsebispresheverpd oerwide EBvnginelinserroRtiRseRfreAvndant
c‘aBﬁaﬁ%Fﬁn'é ‘g%fée? %ﬂ%@&gﬁ;@ﬁi@éﬁ%ﬂk@%@%ﬂﬁ@ﬁ%ﬁﬁ?oa@é %4 includes

nd wire wand can
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 systern 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 communicatién. When given fili

parameters and a “go” cominand, the control pfocessor 210 provides the
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10 be reversed within the scope of the invention. Thus, the spars
and the helix wires can have a counterclocicwise configuration as
viewed from the top. In this configuration, the wand is preferably
rotated in a counterclockwise direction to dispense powder. A
block diagram of a controller for a single powder dispenser module
15 54 and the corresponding sensayecell 114 is shown in Fig. 17.
Preferably, the powder dispenser controls provide strategically

iotritieptrated restitidasdmomgetingdoamenahtheionesbitéemodule
Powder di?geﬁféjmodu%’g includes a dispenser controller 200
&

LD 6 181 TsiSpEns eresrirsierSadso
Eainalided iEehI AeRRS Pisory RRIREAESSSAD IO RIOUIARESOF interface.

each of wand actuator 162 and valve actuator 182, and one

‘he casssriRons PR EBtOI SRS des bighdgvah g wptiohel ahalogpowder
(ﬁgﬁ%&nﬁtg&@sc%r%g&cg&;gr 210 is located on a backplane
of 'sensor module 34 as described below. The system utilizes one
control iy ecessole 1¥ Kigeditheetispe fee snpedule 54 mud¢sor, is
associated sensaor cell 114. Processor 210 25 controls the .
B T st I S s A e SR b in the
svadnle b iasaellcaskaxigiaaifcotwdunicaiddi sihese giveddilds, the
arameters and a "go" command, the control processor 210,
T3 IR GNEE 1o Bls P T ERESH BEAARS il
ébﬁtﬁ&%ﬁﬁ&%ﬁbﬁ@@ﬁﬂ% BEMARNS WRRHoHs cadridas tlngdthe

control processor 210 also communicates with a supervisory

proce$B 6RO EXIREIYENG HetpoikdptatRReE SThErgdpénviddayconfigured
%{9 cosihap 5%\5%%&%%3%&?@%%@%%% ?%rl% gffl %(?Wder in fen

Ispenser modules and sensor cells. T of Fig.

- sxoapsfollsupeevissrilprocassor} iS reppateddondacralispansey of

sactudies 48] canireli@osy Tiis diianyemnetiqitnidas, itidividuabl circuit
makes more or fewer than 20 decisions per second to achieve a desired
accuracy. The feed wand geometry provides sufficient flow consistency to
achieve this performance. The feed wand breaks down powder clumps into
small agglomerate particles. The mechanically-fed agglomerate shurry has
flow characteristics that allow the powder to be halted when the feed wand
is stopped, with minimal powder overspill, which would cause overfﬂlihg 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. Iﬁ dithering, the wand

alternately rotates clockwise then counterclockwise, such as for example
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10 control and monitoring of powder dispensing into each
cartridge. In one embodiment, the powder dispenser module
54 is configured and controlled to accurately dispense 10.0 mg
(milligrams) of powder in ten seconds. The average flow rate is
1.0 ring per second at an accuracy of +/- 0.3 mg, or 3 percent. The
control circuit makes at least 20 deggsions per 15second to fill at
this flow rate. In other embodiments, the control circuit makes

wROre el dengssthan2RIded siepRBkREEENG e achieYRA Besiethon a
accuracy. The feed wand geometry provides sufficient flow

rEsBEREBIssIHBRIdvs IS pe dFRsaRsS thA Terlghtafenstiamengages
tHOWRHRPWARIFIUMIRS RtomMal aaolometate,Rarticles eiNGeioht. A

mechanically-fed agglomerate sftrry has 20 flow characteristics

“hshe lowate fhowcke gh i dUnaltarh wheretitaieatithemo isi stopiied, the fil}
with, minimal powder, overspill, which would.cause overfilling of the
S e TR e
dungtionae ditHer\Matidispdes ihydtlablel fiansbivexalutionsabserted

second tg 5 25reyolutians per second in 50 different speeds, . .
SR AT O B PR o TR P AK S O iigrine. A
aliernatahiatates LiRckuaseaban eountersogkis sueh asdor

example 40 with a two steps forward/one step backward, type of

IHiBHBHB A LEBR &idfsgielenissiitmmueiabicrmbeitpleciads In some
dhanowsight function engagesthedither motion when the fil

weight is less than a selected weight. A "dither greater than
weight" funclion eamirag esrenél ditheameTotio sihemthserfitvder dispenser fill

valve.

4. The control circuit can tare the sensor cell and start a powder
dispensing cycle, and can stop the powder dispensing cycle.

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

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

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

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

morphology and relevant ambient humidity conditions.
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. the feed wand after reaching a target weight.

5 weight is greater than the selected weight. A "dither between"
function engages the dither motion when the fill weight is between
two selected weights. A dither index is the selected rotational
speed while dithering. A dither weight is the selected weight to
start or stop dithering, and a urn dither time at the selected dither
weight can be selected. In some 10gpplications, dithering may not
be utilized. 3. The control circuit can open and close the

powder dispangrealbyalie: fundi dhecsontipkoiediteamytare e, s

sensor cell and start a powder dispensing cycle, and can stop the
PeReentisisenbing eyslectessifinesghtrolditbisttigaeakeite

' ' r.wi uence defined by ralce
T e 0T e
trRPIgAitRRY myles dstiatinaivealtartlodtingpbeodispenheronigduletal il

ith fresh powder., The rake ti ither time and speed ar
A A R R T, By sperigroent
anydidlosisigiihedilwalverduidng . fillng eylespueatnally akiverfilled
the powder each time the valve closes, and automatically dithering

JEP S8 ST Ehcon GRe B ORIV G108 B ROSSIDIE aie:

r'éﬁ@ﬂr%%%"ﬂﬁﬁﬂ%%@%@%%@E&Q?Eﬁ@?ﬁg%ﬁ(’i@?g%ﬁﬁ?e

THEVESN SV ishéicterprivertane e’ depantdinh tsestighslpfabove the
RUASE M tRRolegyAnd d SleuanAMPIEnL IUmIA CORdILONS, der falis
into the cartridge, peripheral forces such as inertia, aerodynamics, static, and
magnetic field flux can cause temporary weight readings that are slightly
higher thén the actual powder weight. The reading setties to the acfual
weight over a brief time of a few tenths of a second. Setting the minimum
weight t0 0.05 mg above the actual low limit reduces the risk of an
underfilied cartridge.

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

the fill cycle to quickly fill the cartridge to 90 pércant of its fill weight. The
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41 9. A speed control function forces the feed wand to run at
full speed until reaching a selected fill weight. At this trigger point,
proportional control starts to reduce the wand speed in proportion
to the target weight minus the actual weight. This approach
reduces the total fill 5 time For a nominal fill weight of 10 mg and a
tolerance of +/- 3 percent, any fill wgjght between 10.3 and 9.7 mg
is acceptable. Since an overfilled caluidge must be discarded,

ﬁﬂ%@:ﬁ@@ﬁ@%&&qg@y@&mﬁm@aﬁ@w@m e sRimNBeyond

weight in order to avoid possible overfills. The minimum weight is

that Wpcexapids RSk hRpckingAhe By apsiebthethal daqdispenser
wMITNLQS 2 1 Mg, IS S AREESRAI Y PREAUSE MNGARANARIAAUS fiow

into the cartridge, peripheral forces such as inertia, aeérodynamics,
aitatistemetinsagnetic field flux can cause temporary weight

g S e T s,

The réading settles to

dethiiringfia aeddnd. Setting dhdodimimutiSraiaight forG:Bfimgation to
above the actual low limjt reduces the risk of an underfilled
EXRFIGRTA O 1 [Py bt LS CEL AR A e LSRR Rr g and 1

dhe prepriinaalaséd ohthe: flkker\d thomithe legraligais, bthgample, a
fill servo loop which is activated, for example, at 1.0 5rg&less than

dHbwafgetoweighOeriReete HIQR HieRs PaR@ By Hidileas backward,
Sung.afilgygle. e wand speedicanshe canthelied.ay sPasHiRsicward.

a speed index between 0 and 50. The wand speed in revolutions
Peotmingte msinfonictidneokant SpesadngstpadQrenara iaiien can

that is relativel Iinegr for low val f wan i and
bags ?n‘ézrl(i%es@s%g Fgrrﬁa{?ﬁ%al?/ S (Laé? ira%(?r% ﬁ%%v%)%g %r{?egesc}%‘rhis 25
charaqteristig, giivides fisreo control dtiwiven sdeeds thamarxhigherindex

speeds and permits the wand to be run much faster during the
Phh BEFCet BEARTHATE IR ?of%?c%&?%ﬁ{h@éﬁﬁ%égqfalg% the last fill

pergent ok itaddl swetaht: Tespeed is a good indication as to how well the
powder is flowing. If the actual time at full speed is greater than the setting,
then the control increases the maximum wand speed index to speed up the
filling. Con{ferseiy, 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 isa
risk of packing the powder, clogging the dispensers or overfilling the
cartridges.

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

Large agglomerates increase flow, but are more likely to overfill in the last
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42 maximum wand speed is typically about 5 revolutions per
second. Beyond that speed, there is a risk of packing the powder
so tightly that the dispenser would have to be removed and
cleaned to restore the original powder flow characteristics. 5A
dither factor controls reciprocation of the feed wand as it rotates, if
dithering is enabled. In this embodiment, the ratio of forward
rotation to reverse rotation is two. THts, the feed wand rotates 2n

rnwasd.and n steps backward, based on the value of the |
S A R it oo operssrassliog ime.
WOWSM@W@&%Q%E%%@%&%r&@é"ﬂ?ﬁ?@ri@rgitﬂ%re

factoy of 1 rgfresents 2 steps forward and 1 step bacicward. In

BHhEr & FBOaIHREHES HeFddbinswaighestiagoihaps ewetise leotation
agaibaecabe diferentiamne aniorean e programmable.

6Lvl. A fill time servo control function adjusts the maximum indéex of

aRdipeingihp RPoHoPLetie fitinsimeasdsiitbes dehuingibe, but
lastfill, %@%[qiﬁﬁ%@ﬁgl%spent at full speed is a good indication
W

as to how well the p er is flowing. If the actual time at full speed

is gredterahdmdisisattirg, thenidpe OhtsallingreasasHbe with refe;ence to
ingim d speed.index to speed.up the filling. Conversely, i
et s QB cn CmE hee o mle of
Wi sheedrindex ivdeereasad HbmaANPIRMENNSEN A particies in 10
rocess tkme., hile fllllngE as fast ag possible appears desirable,
HRERAGE ol PGS PehbeH fersgpgame arspenskesiiized for
evectiling: the,caridagseTha patamets 5?%&%\,’\/ IS RGNS mes and

module 54 are interrelated as follows. Greater overshoot control is

didmplenrsanraliel prirdbions ddylomersgesibsane can be executed
S LB PG O g s o
agglonbeadéspintreasafiolvphutasesore dikelycoopvefil {hdlaapewisory
!:%Sr’ltlputer monitors all of these control factors against the filling weight
values, read 20 times per second, as the dispensers are filling the cartridges.
This data, when compared against ideal dispense cycles, provides feedback
to promote improved powder cohesivity, flowability, consistency, patient
drug efficacy and overall quality control, It will be uﬁderstood that the
weight values can be read more or fewer than 20 times per second within
the scope of the invention.

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

is set to “on” and automatic rake after close is set to two seconds, Fiil

parameters can include a setting of 8.8 mg at which proportional control
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43 seconds of filling. A large powder reservoir saves dispenser

loading time, but compresses the powder into lafge agglomerates

and requires more powder conditioning prior to filling. Dithering

chops up the large agglomerates for more accurate filling, but

reduces the flow rate. 5Conditioning the powder prior to filling

increases filling consistency, but aglds to overall filling time.  An

embodiment of a cartridge fill cycle is described with reference to
bédiss, 1Beaatht O fillhedifliayeia Isedrsesibedowith, referereentsl @hin can be

example of filling the cartgdge with a_10 mg dose of Technosphere

SGhiCroph R h S0™ B RE a5 U Wi b e raa i ek snged
irRRramBIeESeatle ythzerfonditatant flbwaiahtsTHifigrept factor can

powder morphologies, different fill times and ditferent

bengirenhient Buntilicine Tre e srrbget ieytisloars ordex b biaglar
iAPURY %88?%9&@9000?}&%9&%Méﬁé&%ﬁ#‘&{ﬁ%?ﬁis Dfser module

ISpenser control processors’in conjunction € supervisory

addtbomputetgmonitors all of these control factors against the filling

weight valu ead 20 times per secand, .as.the.dispensers are

g b oS RSB ARG Foh a0
ofispanse Cyiesopntidendpenbasietn pronFote deritodsivpasiderarray
cohesivity, flowability, consistency, patient,drug efficacy an

bigkrall QYaRBPESHRSTAIP Wil be (A d%ﬁam%@%?%g%ﬁhe

AR GRS MELLS IRW I IRRH N BB PRR SAcRIR YN Y

the scope of the invention.  Referring to Fig. 18, control

VWararssesss forvdispensessHugurRlopERAIvAR AP BaGE SasRpLY the
S8 7 LR Y BRSO T
nsetaieds after anmelstpowdehiozeivtive Spoepoiridextiyset te4agrgized.
T%%tgiglg)eer?ser hopper 156 can be raked during the hopper fill cycle to
remove large air gaps and inconsistencies in the powder bed.

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

The dump valve rotates in 10 degree per second increments 1o
gradually drop powder into the pneumatic broom chambers. As powder

becomes available to the pneumatic broom, fine agglomerates are
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IS set to "on" and automatic rake after close is set to two seconds.
Fill parameters can include a setting of 8.8 mg at which
proportional control 44 begins, the target fill weight can be set to
10.0 mg, proportional gain can be set to 1.0, integral gain can be
set to 0.03, and the maximum wand speed index can be set to 41
(two revolutions per second). The dither factor can be set to 50,
and the fill time servo can be set to 10.0 seconds. A bipolar 5

tieniperiedupehactivatedrio shange orpkatizee-noweer, dideeNstling

module and the cartridge. ,In step 254, the dispenser hopper
opggTsRIlen Wi RS RPspkratishestHEs oWt thpshBRp valve
HYRARCIh AW ARE IS HeIVRLEd IR AR BIOGKY BYRRWHRH ¢ degree per

aerator 72. The powder is supplied through the 10 channels in

sapRBA BRIERBENS taBhask tHerpRWaewSpRHBEH mbeles BasWitser his
B D e an
fdisribﬂs_nﬁddieduies _&dSpm@ermchmthbqsdwp‘éreﬂ:énsmrmssembiy 70
R R SRR e e o
tinconsistericivsoibrthehpawdedad. fTRke fepper assenlyiddales.

filled by the operator or other automatjc injection system. The flow

assist MBI P GIAEROTI BRea kY HRE TR ApHpresdsgome Tull. The
HIOWEess LRSI MEIAHRRHRUESS (PO SIRIMGBIE8 even out the

dispenser bed height across the dispenser modules by scavenging powder
from the high peaks, circulating the fine powder through the system and
depositing the powder into the low pressure areas of the powder bed
between the peaks.

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 1s
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. Ifthe 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 dosés. It will be

understood that refilling of the dispenser hoppe;f can be mitiated after more
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agglomerate powder to the dump valve in the aerator 72. A dump
valve 20 level sensor signals that the dump valve is full to stop the
agglornerator rollers. The blower assembly 70 rotates at
approximately 3500 rpm to cycle gas through the system. The
pneumatic broom rotates in preparation for powder delivery by the
dump valve. The bypass valve is set to 50% to facilitate both
powder and air stream gas transport. 25The dump valve rotates in

I Fecendd owder int
o%h@g%?eﬁﬁrg% broom ng@glﬁsﬁ%gg E%ﬁ%ﬁ%%%%%é% Ig\rlggﬁgf)llglt%

cepagietnibei di@mﬁrfh@aggm dhatesaateyAS panahortisbapsed on
i d-into the dispenser fill.chamber..Most filli curs.in .
A B L N B R R L
n'gt cm@aiethh@nzommﬁmm ths 0%y Fasstn dékt cartridge in
e r.second increments t ase in maximum pneymatic
SRt pBER PRI £ AT oS ATPEEHS REBRAEOMa: tnough
pagglenieraiesiniq (e :disenser Thasnher A dita dhe ddBI IOWSrocess

, of dispenser modules. Lastly, the blower assembly 70 increases

ISR HTBOTT Rt AR BFERE Pl fiaBp BT R RORET Fromie 2 dry

pl\dRRenmatic Ligamcaamber o g%f@ﬁaﬁ@eaf WRIELw. Without
modules. As these fill cycles continue, the dispenser hoppers

apegsmutuliluitie beasiotefibsertibly M nassmbiyativhtdtfilitiene limit,

' bed height-across.the ..
R R RS B gigpense
hopputatiFyithe dimegoovitterethaoygb, iidigistemmapd wdpositiigptiged

G R T (T T
h@ﬁmnpﬂ ﬁngl@iﬂ@"@ﬁ on the weight sensor cell. As described
above, a tray of cartridges is ) o

An embodiment of the cartridge fill cycle is shown in Fig. 19. An
initial operation is to tare the sensor cell in step 280, The tare operation
subtracts the empty cartridge weight from the sensor cell reading so that the
sensor cell reads zero or near zero at the beginning of the fill cycle. The
control circuit waits 0.5 second for the sensor cell to complete its tare cycle
and proceeds with the fill operation if the sensor cell reads less than 0.02 mg.
Otherwise, the tare cycle is repeated.

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

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

Initially, the feed wand is rotated at the full speéd specified during dispenser
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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 20 Fig. 19. In step 262, the fill valve is closed and
rotation of the feed wand is stopped. In step 264, a
deteituination is made as to whethey_the dispenser hopper
requires refilling. If the dispenser h(%per requires refilling, the

RERGESSIEIr (Jf the dispenser hopper does nat, .
require 25 ef%%ﬁ%%gpﬁ%ged‘s% l%é PHE0 %?é?)%pé]ér} fg?l'%%?éﬂfﬁfts
regaripte] theidisfiéisgr hopper can be refilled after four 10.0 mg
doseihlt will he understoad that refilling of the dispenser hopper

can ba'iRtiRte BRI ARO, RRar R o R et dbe gHirent sensed
ww@ﬁsisdgﬁemiiﬂmfpwmtemé%%@apaﬁﬁmf)mg&iﬁeﬁa%nm is
IS

.hopper and the quantity of powder dispensed on each fill cycle.

IHEEEpdMERT ReppBISOfiEdnE drss.2be splrstinthypighdtean be 8.8 mg,
rrafisedsdNeRIRRERSRIOSREHS Wil the llicyela @é%ﬁs‘%p&ﬁ? rocess

cartridge in 5 step 256. Inthe present example, the

rﬁ%@%ﬁ%ém_mw@mﬁrtmmmm.@om@rmtaseas.ﬂm speed. If
B e Bl R SRR RO BoRol of wand

powder he ISpenser hopper to create & dry po
shedicshetldzad drieapskiitin Jraifyihdncedpdvveien fimd Miteautget

R RIS AR 2 iy B A T BER AR, In the

- disfifkingcafhiple dispenser Bappes 166 isgeasiten or exanplRd fpeed is

little or no powder is dispensed during the cartridge fill cycle, it

cd SSGREH e refilling of dispenser hopper 156 is required.
An embodiment of the cartridge fill cycle is shown in Fig. 19. An
15initial operation is to tare the sensor cell in step 280. The tare
Nperatod spbtthiidake dfaprcoarridyenis o egisol

éﬁ?ﬂ Igad ri‘lgd%%)thra(tiggggral gain*elapsed time).

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

minus 1.0 mg. The proportional error equation reduces the wand speed



10

13

20

25

iRt eGHEGRar SHREIXLER ey P

sensor cell reads zero or near zero at the beginning of the fill
cycle. The control circuit waits 0.5 second for the sensor cell to
complete its tare cycle and proceeds with the fill operation if the
sensor cell reads less than 0.02 mg. 200therwise, the tare cycle is
repeated. In step 282, the fill valve 180 is opened. As
described below, the fill valve opery'gng can be slightly offset from
the dispenser nozzle 158 to ensure consistent operation. In step

b284 thefasdvand iseriatad ingtheca wé‘fgﬁ{@l%@ Arealien 25 ery

for filling. Typically, actual filling starts afterabout 2 seconds, the
laiepseedetian eeivirpeheriogsh povgliertimtéstanapuivgerfiowing

. after raking. Initially, the feed.wand js retated at.the.tull speed
A o s R R T e
odispenseddimidecimipétattridgegist meitaredlauninggfiling:in fdetor

. Step 286, a determination is made as to whether the current
AR (A GRERS oAt TR HE SLAGEt S e ARl o elapsed
iREORA RS ahe PRI Qkis: FARitiateTh 1D fherXampia i@ d AeRoaRtspeed

the selected weight can be 8.8 mg. If the sensed weight is not

apfelREeRids IHeddRERSHVEBISE, INOTHEEEE8 eSS E@p 284
and rR@é?Hr%ft é?giﬁet%dli‘{‘@rl@Fﬂ{giﬁﬁﬁérﬁtsféﬁéé@%@éi%ﬁttﬁec%‘?ﬁ%%d

weight is gre than the'selected weight, servo control of wand
vepedcisniizen ivsgy 288tear Mitialfdhocigrgotcionsrd aei gh is less

target 10 .weight minus.the selecte ight a IC VO :
o R e B R B R P m s
28%). Thdsvandeapead sl corghtlédl apednding tocateNehanthadninimum
speed index = ((current errar/jnitial error A%ﬁ@%?ﬁg% %{? a,irmé%ghtin
sEN0h Cireuiesaln dhe waad speiet DR sed aer iheicuienieiaurlweight,

times per second. The current error is determined as the target

DoRGHEIRERS HaCETRR SRS A PORePolHent it CBrgRS sensed

WaBkht is not greater than the maximum weight, the fill cycle is complete
and the process returns to step 262 in Fig. 18.

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

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

of the valve. In addition, valve member 190 1s rotated in one direction when
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20 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 valugyallows the amount 25 of
speed change as a function of error to be varied. The elapsed time

OpetoitE dﬂtbni'oﬂihgﬁhhamhn&eogmmpamuvei@j?tdﬁﬁh@@t%fdﬁéﬁﬂhﬁe drive
target.weight minus 1.0 mg. The propoytional error equation i
b e e gl S GHERLP S L a8 i R aFtavise o
oesited welghindRerehr eolinas R IoeResh WRRR NRAMYe. This

the target weight, that the wand speed is inadequate to produce

SR P e fiadmney W line oh Sl siiiasataan result

fe:50mBlRlehed el Weighled DeHASHAIAINSFCION B, duit

the speed by accumulating elapsed time and multiplying elapse
livhénoerHopRé@raligain factor. This factor increases the new
wand e and to rotate faster to overcome .

AR %Q%%?Wee%togl\% t{geﬁtggl@i m%%apgﬁ?g condglttp§4 in the

filling stall. erring again he cur sense

. opeightssicanppadedewiisthe neirifiumtineightafiwibe 200mBd¢he 90 that

current sensed weight izé%gs 10 than the mi%imum weight, servo

BRSPS She Su RO NN R SHATERE, S8 S Pifid R aRed relative
teenseddveiaktis Ealio poeRReH thaRibE MiMmMHBINGIR (ke alve is

current sensed Wei%ht is compared with the maximum weight in

cdfsiraotiug priclisti uSing it st eserYiRgR trrdve opening 191
ig}g’%gmmg@&e%&@%%@éad@asm?%E%%\f%ﬁ@ﬁ%e without

294. If the current senséd 15 weight is not greater than the

duaimgenieighvians dith dyelstisl€orhiiene wider tivelproped siietoriing valve

ERRARATer o Lo RIER, 2 e R COPET AR Dy e
seinsuitazdh increase the max speed  index by one. If the fill time

e s st s cONR 20l o
described in connection with embodiments for dispensing a specified
quantity of Technosphere microparticles in a specified time, It will be
understood that a variety of different dispenser module structures and
operating protocols can be utilized within the present invention. For
example, the feed wand can utilize different structures, such as different
spar configurations, different wire configurations, and in some embodiments
wires may not be required. Different numbers of helix wires and chevron
wires can be utilized. Different discharge elements can be utilized. The
feed wand can utilize a different feed mechanism, such as a screw
mechanism, for dispensing powder. . Any suitable fill vé&ve mechanism can

be utilized to control dispensing of powder. Regarding operation, any
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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
250ffset such that valve opening 191 is post-positioned relative to
tapered conduit 154. That is valve ggening 191 is offset toward the
closed position of the valve. In addition, valve member 190 is

opdedeidimenedtleRboanRons A8:ORANPSARFLCINRING Jhe Valke Outilized.

compensate for any hierteress in the drive train. Thus, for

Fr B \Sa R B metien e biedrad rerdicuisetonpson,
e Yaive SR bEIbaialad fuiher gl BCKMEPS#% e ey alggn be

This operation reduces the risk of inconsistent filling or overtil Iing
ftﬁ@&l éﬁffaé@bﬂtemrmtumbmﬁmmdmﬁ@ét Beitvesngalvepmeinbel control,

t iti ffset
AR SN eI A 2
muﬁmwlpmdw nes@&mﬁﬂeskmiﬁ@nﬂmﬁﬂ@@h\@éva)ﬂﬁgab@i #Provide
lat If th lye 191is
SRR R ST e
nidetshellisgduangbuhes BRp@ve: im6lagNg4 thusupPIeRia ompact

overfilling the cartridge. When valve opening 191 is

SHYSEPELRIBREY fenaNE R Hp BRI EY TR fesgab eeab aRe g sdwuld be
owithe H%M%%é%@)é e%ﬁ%ér&aﬁn@%ﬂfo%m%dggé&ﬁ g time

dumped when the valve is opened fof the 'next cartridg
@mﬁ'@émpﬁmﬁstmea@me@ birehs tedensaveelbensed melues from a

T T T T
abpeeified quantity of Technosphere microparticles in a specified
tme Hw be understoag hat g varety of difrent dispenser,
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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20 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 25 feed wand can utilize a

different feed mechanism, such as a screw mechanism, for

dispensigPRUHRK-ADY stiaRle dluale IB%E%%‘%EI&& 4N 9% sensor

utilized to control dispensing of powder. Regardifig operaticn, any
cnolepaiadbn. reroeor tht Athisvds gedie operating pakimdtersting

1] itable mation of the feed

D
cFHo dpeelobmaticidgardeXixed tiatatialsiensor addmbinationccurately

thereof Dithering, proportional,contrql, Sintegral control, and other
PO LRI Aot hidg DA b Bt
InesigdpEhe SENsOboskilR a0 Gt LeRlPUEHO REVITS SeMeRd
values at any desired rate, within the capabilities of the sensor

daBaRIaS T ERuPALY pERRRSH disp SRR Srodarcs i sheng oravaya3 14 can

IGOIRAGH SHET e, DOFALIOYING BB A A% AR fessibettics 110 in

above and should be 10 configured to dispense a desired quantity
sy VRIEUEa $pecified time interval in response to a control

e A e T
connectors 332 for engaging the elecirical connectors 300 of sensor
assemblies 110. In the embodiment of Figs. 20 and 21, sensor module 34
includes two backplanes 330, each having 12 connectors 332 to
accommodate a total of 24 sensor assemblies 110, Each sensor backplane
330 can include control circuitry for processing signals from sensor |
assemblies 110 and for communicating Wi.th powder dispenser modules 54
during cartridge fill operations.

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

tray 314 and then downwardly into cooling houéing 342, and is exhausted
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As shown in Figs. 20 and 21, sensor module 34 can include
sensor 15assemblies 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 20

s, In;this embodi 24 sensQr assemblies 110, each .
tﬁ%#%lln%é \}58 énnas%r?(gﬁ?%tﬁn, araént?{%%reaq%%%%%nﬁﬁrﬁ?ﬂy goling
rdhskndoB d6lime atthuiehl sessnc@ssembly kbAAaSSoRIHGH is directed

onfiguration wherejn two sensor cells are packaged together.
RGP SRNG5S HSE o ASERENES SRR e b closed
Hheasseil, BI8CUONE eireuinmis gatrsbelaw 2211886 can include

mechanical components and an electrical connector 300 is located

IakiRe RAsRe oY tHE Gentor de seribrmaip flow thraehsdrissusimgmodule.
100 dnchides & sensahl esRing RIgle %%%’(%ﬁ?ﬂ H@qglﬁr%gé%%e%ensmg

a sensor fray 314 and a guide pin assembly 316. Locati
eZInantl ddemanitnring affcpeningsdhatntetohethepositions of
cartridges 20 in cartridge 22, so that the sensor cells 114 are
o o e i, RS PR S an
1assEblye3i6apatmitedipdatiogpiate 3 adaherphisitkihedbdwn in Fig. 22.

R B s e .

sehélyidens {aicRasitianing 820p% @saembiesdR iy SRRSARMadie
34. 10Sensor module 34 further includes sensor backplanes 330

RRNASY RuRsdRt0TBY 1oL dnEagg thilerce g skerndi shapdeflects
REPERIYRRIERIES I 9w 1R, thesmbodiment ot Figs 4Qanh .

sensor module 34 includes two backplanes 330, each’having 12
eogAgeTtaRB3 YRt ramddateZd) tofdlcofRdegains or /dsasmbliely

B e 8 0 S S U
reoamnioriieating with posdendisperdditrondtle g drridesigned to buckle
ig%@ﬁ@&%ﬁﬁg 88{%@83{? to protect the sensor cell. In the embodiment of
Fig. 22, pins 72 are removable for pin height changes for different cartridge
tray designs. The small cross-sectional area of the pins reduces the
aerodynamic effects of thermal currents which can add bias load forces to
precise microgram weight measurements.

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

In the embodiment of Fig. 23, probe 112a includes pins 392 that are formed
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that accumulates dust and stray pow

Sensor module 34 can be provided with an arrangement for
cooling sensor assemblies 110, including a sensor cooling grid
340, a sensor cooling 20 housing 342 and sensor cooling
manifolds 344 and 346. Cooling air can be directed through
cooling manifolds 344 so that forced air cooling is provided to the
lower portion of sensor module 34 which contains electrical
circuitry. In the embodiment of Figsf?}ZO and 21, cooling manifolds

: ached nsor tray.314 cooling manifolds 346 are
e Ay Sl R e Egeimen @ o s
Wosling Aucirtutatesintnibasenseidmeds & 344Riexoh coaliRGered fif
manifqlds 34?;|,%cigculate through sensor tray 314 and then
RignwHFdig %%ﬂﬂg’ﬁﬁzadg%cm%{ﬁacrg érfllispdarapent at the tips

dhteupheoainaimapiiplds Sty Hy 3pAthefLqoling arrangement,
cooling manifolds 346 are attached to sensor tray 314 so that
cooliryy Bieismpadisncmirot gr eepsaptrty Ji4is showedofegings-27 and

2946730r Koy 3dhcanhssslosg %&ﬁ%eg@ﬁgﬁffi&%%%f in Figs. 29-

cooling manifolds 344 and 346 can inclu Internal passages
3dhitppesvrRs ainifdairaihiive throngfetd b kehstiinetide. defines gas

: ition, coglin ffolds 344 and 346 can include temperatur
B B B oy R FRRS camperstares Above,
dirstréenliedimentetthe weightSPAsO brabe MBisOYIles Bher
interf §ezﬁetween the weight sensor cell and cartridge 20 is shown

AE B2 16 PYOBEeE S HERiaes BRI AP BodyPastircumg eorts 82 are
BAskERR thabenaanrs e SeRser zﬁ?%/ »IeR% 864804 GURRR572 can

er particles. Probe 112

IRGHISY 3B HedRRsIosRi 170 el vt redgu sk oledierubes 512 to

i | 7 n i n
R A b Rl
remid Begrgwindenalleaid mréhdesignentic elasticallyflesaahed

Ut - oriinal bosii ddition. the bi ‘
SRR BBl ool SR, NSRS s
bietlk 50t ecembadiment afi&lgody Pt idDaredarnavadie dorsEn.,

ight ch different cartridge tray designs. Th I
O S AR BT G EchiCB SIS B61aE o firects
teffigptg ol dhesowat cdtaoislhich igd addDiaelnas{oneesR 510 and to =

precise mi_cro%ram weight measurements.
bypass manifold 526 in a desired proportion. Transport gas directed

through bypass manifold 526 is caused to flow through powder output ports
82 to array block 50 so as to transport powder to the powder dispenser
modules 54 mounted in each channel of array block 50.

Pneumatic broom 510 includes a generally cylindrical aerator tube
530 having a hollow interior and provided with discharge nozzles 532.
Aerator tube 530 is located in a bore in manifold block 500. Discharge
nozzles 532 can be formed in a helical pattern on aerator tube 530 and can

be approximately tangential with respectto a cylindricai surface of aerator
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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 25 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 Pf2a includes pins 392 that are

r .inteqr with head 384. h of pins 392 is reinforce
A ol HREat S S SRR RS A TR g define
mi@rmmg%mii@mﬁmgﬁbp&gﬁgw i&fpﬁ&weﬁi@ﬁ@ @igesrg@_lszl.cqﬁ
Ibration an IS, cement_at the tips of the pInS,t us amplr]g.
R R R I BROG rL) BH B RSl e Crirs 534
agloyyRc Rigsireiey ARd R8ABG:A secontiRmbRAIMenLet .

powder aerator 72 is shown in Figs. 29- 32. Powder aerator 72

diiehugs BrrmPioRPsIBRILsOd wHER BefiridsyaiinibtTanpavedert a
piNGEI B AR, RAWASLAMAULIPSHS 824G aﬁ%%'ikgﬁ;ia%ba%yaec&%%%?fa end

78 is connécted via tube 76 to blower assemb hopper
Oagsertilyug (B3t duritett so/passdetisipt 8 Graxid ywovldersuippbwder and

rts 82 are connected to respective channels in,array.block 5Q.
R e e e e Y R a0t
apowstentir 669h Asendites @i 56 phadercoutput posis B2 iand@alizing

ump_valve 520 to supply a guantity of powder from powder inlet
f@wﬁﬁ‘]@rbﬁ%’aﬁm@ﬁélﬂfa&h g m&ﬁ@%‘@g&%&imﬁemw-@%ﬁ causes

adfhidf ald 280-28CH ferarissiolubes Sl inmnanifeichRieskRBiock 500.

connectéaneumatic broom 510 to powder output ports 82. Powder

Meteror P ramrrsrcineritiels srefshandeprarseympicdisem 510 at
%ﬁ%ﬂ%@%&@@% ceives.th I85IEIH{ 84 PRAURIRLIGRI0R der

0 and toa bypass manifold 526 in a desired proportion.
sTrawsport gas directed 20 through bypass manifold 526 is caused

to flo throuz ogxiqtlﬁro tput ports 82 .to array bl 550 soasto. .
oSO e S f dni oY e SRl
cppelchanvitbeso et ay biackS50s Rinewmiatitnby dare 3d Ghinclfidédbock 500

%&Qﬁ?ﬁﬁ%g@ﬁgﬁgﬂ@g R Sapnieiedd S RS oteripr a0 ion

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 s0 as to fill or partially fill
cavity 552. Then, core 550 is rotated by 180°, causing the powder to be
dumped into the annular chambers 542 around aerator tube 530. The
maximum quantity of powder supplied in a single operation of dump valve
520 is defined by the volume of cavity 552.

Crossover valve 524 includes a valve member 560 mounted in a bore
in manifold block 500 and a valve actuator 562 to rotate \}aive member 560

about its central axis. Valve member 560 can be configured as a hollow
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25 Aerator tube 530 is located in a bore in manifold block 500.
Discharge nozzles 532 can be formed in a helical pattern on
aerator tube 530 and can be approximately tangential with respect
to a cylindrical surface of aerator 54 tube 530. Dividers 534 are
spaced apart along aerator tube 530 and define annular chambers
542 corresponding to respective riser tubes 512. In addition,
pneumatic broom 510 includes paddies 590 affixed to dividers 534

around the a r chambers 542. The ¢ inatio
e e e R 6 e LR Plectea
trenspirteotialgeveitensiudnioran @b ek o0 Acovudiseciandded with
attache ig neg*1 do aerato%ube 530 inclydes vanes to help to
R 0 G PRGBS HRE R Sprp S P ostment of

CADESUEH Yl \IE 5 2440 hechallewdetainhobagratas tHRe 58QaAbe

aerator core 538 has a contour to assist in equalizing 10 flow of

HErrise iges s DA KIS HEREy RS TImtiS FersR D46 eaddbzough
aMYRERIS Q@d f@%giéﬁ%gﬁﬁﬁ@n@ 69@%@0’&1@@1\5@3@&9@ adjusted

block 500. Motor 540 can have variable speed and rotates
prrangdeieviroom Bredar telativelpligh Sheda afortbsacmple dBoMmt,

P8 5%@*1%8%%@ PORdEy d§$‘é§%¥a& Dr‘%{{‘god‘é%'x‘lgelf%%g&'éégg% array
a cylindrical core “having diametrically opposed cavities :

Elouk 580 is mounted in a bore in manifold block 500 above

pneumatic broom 510 and is.connected to @ motor 554 for rotation
P out FaTEA AL, e e SHONE BORARaR) SHaEP a0 and
one obthe ravitesRea foing upyaidlyiowarspowdesinlet 89 of

Powder is supplied 20 by hopper assemblgpm through powder
fFBEB sEaadhEPHE D Cp t%ﬁ@?iwew?ﬁy SEDVERORLSCHre Hophioutput port

@t%tﬁgk}%ycéﬁﬁgﬁ%matﬁfs&%‘%? F49:Re HuMped ARIOHAG ABNIRS of one
chambers 542 around aerator tube 530. The maximum quantity of

pbuhtemelppliedina Birigesoperafiod 52 e sHpliane®epqst gas to the
defined by the volume, of cavity. 5Cres, | .
RS o B 200 Vs T R ol ered

valve mem ock
500-aadupwalddyactaator 62 tof iotatep el geme iiseti 560 edrota Vigy , as
gggrs Io%sinvlgag\glgzrglﬁmber 560 can be configured as a hollow

The powder aerator 72 serves as the interface between the hopper
assembly 74, the array block 50 and the blower assembly 70. Powder
aerator 72 receives fresh powder from hopper assembly 74 and receives
recirculated powder from blower assembly 70. The fresh powder is
received through dmﬁp 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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55 cylinder having an inlet port 564 and outlet ports 566 and 568
at selected circumferential positions. The ports 564, 566 and 568
can be provided with vanes to block and break up powder clumps.
By appropriate adjustment of valve member 560, transport gas
received through gas inlet 78 can be 5 directed in desired
proportions through pneumatic broom 510 and through bypass
manifold 526. In one embodiment, cfossover valve 524 is adjusted

ring delivery of powder.to array bl 50. In anqther o
fg’%%o 1rr“a§"esn$,e\é‘%8f1§§8<}% N5 4“H§§§af8&éﬂlﬁt5’§}ﬁ&ﬁ%ﬁmr§g‘0 similarly
idelivery dit dandes 40 atiashblackiated AP aWERIASAMNF 2R 30 and
gu%heraiangcl_ de flow straighteners 570 and contoured flow element

IPPBRORRIMEP B ERRNAIHS 1P 6P TREAEN6T gesHiresLighmanifold

86k 9hthe nawdsE MR BRIEEB21 E%B%Wéhﬁ%&?ﬂ%@ does not
conflgured as a discharge cavity that matches the inlet end of one

I§F dis05reonRd BYpHES thtanifoldes 2baupptivs eakshtong e
r part Qf ischar aty,.and each, Fiser tube
O o hnariny RS routes
maEsinadhe kiischiaid o eawily;iaslydstvebpwed ifdFigx28Ale 1 Bhd pm, for
tgowder aerator 72 serves is the interface between the hopper

AR A PR SHAT BiStk 50 and the blower assembly 70.

Powdelohageaton? 2¢ackivesivsvponiandrane ORPRbroom 510,
assembly 74 and receives recirculated powder from blower

GLBENTBIY 02 ARk SRS RIS i redbiviiy afddigh Qupasyaiaifold 526,
230 apddhe yesirculated pewdardsdeosives thiouoh,easiniet B flow

and is distributed by crossover valve 524 to pneumatic broom

witibygsabsehranitlf 826 aboring ol iirensssitiioferossuék the
gr%\é"s"&‘(z%z%g\ée ggg%x%e&%“ dirpenbol RWAISE %%E‘?&%c? énd are

shown in is similar to the powder aerator shown in
FagEo2éddFvancy 26 286 rekceptasger. :

The crossover valve 524 channels the incoming transport gas in two
directions: into the bypass manifold 526 and into the pneumatic broom 510,
The rotary cylindrical valve has longitudinal slots to channel flows while
maintaining a relatively constant hydraulic loss, thus promoting a stable
discharge.

The pneumatic broom 510 has several clements. The intake

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

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

annular chambers 542. The drug powder that is supplied from the dump
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56 follows. As best shown in Figs. 31 and 32, pneumatic broom
510 similarly includes dividers 534a which are spaced apart along
aerator tube 530 and define annular chambers corresponding to
respective riser tubes in manifold block 500. The pneumatic broom
510 in the second embodiment does not 5 include paddles spaced
around the annular chambers. In addition, the powder aerator of
Figs. 29-32 is provided with a motot 540a which rotates pneumatic

b ' lagively | d, I ,
RS M SR CLF SRR Srts dppoisRbeT Al e

ribghlsleTne fRaticdrons bl fad Réady8 PEANG SFOSSAMEEhamber
valve 524. In addition, bypass manifold 526, flow element 572 and

RN stragRERRKTes 75 i et neoisI ecdaammBar e visens to be
CRRNRICEIERYDIACK 30 The poSymatic Proom al0E: is redyced,

crossover valve 524 and the dump valve 520 are motor operate

Tana eovtegiriitondarbyliowystberdvopporsimputer nas bl oridsovenular
GX%%I%%%S%&E 0 @S&F%ﬁ;@r@% géé?ar@‘ﬁé%é%?oar%e'?a%"o'gge ﬁ‘i%%pe

ypassS mani and Int neumatic broom
idnspotappcyiivd ienl vabteddily fongisdihed stetsporchhanetdledpowder

T SRR S A oA SRR e SO P 0 hagch fls

theveral eRrieBianf b Rfakeoehamealngvasek oo iovn §irectas. This

536 change the direction of the incoming transport gas in an

tEeRAt, NERpasshsa bR SdminpdesiviiaserapEaraiiogy of
r@ﬁﬁ%ﬁﬁ@@g‘?@ﬂﬁ&rﬁﬁ% HEA RSP RIRE PEIOLEi EYRI8c lomerate state

downstream discharge nozzles 532. Tangential gas discharge
thetzalésB3benbtplederHbitinalimpevamittel hetivmstrifigestation, are

e 0 9 LR 8 0 g T o
Fhwhetitzgtiscsupptied Hromdheduangport gas deflects the uprising
emerging powder shurry and downdrafis it into the channels of array block
50. This process creates the conditions for the controlled particle deposition
process. '

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

532 of dump valve 520. The coarse weight measurement can be used as a
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57 valve 520 is aerated in annular chambers 542. The tangential
discharge nozzles 532 effectively aerate and sweep the drug
powder from the chamber walls. The crossover valve 524 allows
the two transport gas streams to be controlled inversely, i.e. one
can be increased while the other is reduced. 5 This control
function allows the drug powder to lg tumbled within annular
chambers 542 to form the natural average agglomerate size. Then

S LR T LR EE A A

aerated powder slurry up riser tu it the Channels of
raaiidil bckiSe, wihie it temanayghlock channels in a controlled

particle,deposition.process. Tlféi_ 10 transport process takes,

mlvarf%t’ge BRI REr T 3&&&8@%@5% 535 GRS drug
PogtunchatinehpOEC S A0 LRICe S REBINJRIG AN aUNeMers 542 are
state_ that allows them to be effectively pneumatic_all% transported.

SHR® FiG PHIB SR8 IROT 18RSt el HRleHaRge tilit) wiheagh oRtplge 532 in 2
ROE S A PIRdURAIUTEn N L2 AL IARRROEL A JEHE CIRRE more

uprising 15 emerging powder slurry and dovvndrafts it into the

hplenteioh arraydbldvk BoliThis métsss ctearseiipatonbiinonsToP

th trolle rticle d ity . I .
Ol SR, AR B s
itdo Tie spoavdetiibecHH8cted dntthe idummpivalve £20ctRer20 digiymerates

valve 520 isolates the.transport gas fram. the hopper assembly 74.

]Fr? 48 ,E%%Ctaaﬂﬁp%b%ﬁ%%f%‘iﬁf?ﬁi%% Sthe powder through this

gas inteloekoassiredhe newndtedaaomcofinEheadupop: vakyeetween
520 can have an optional capability of making a coarse weight

ARSASIAEMBTRCST thil A IR DBWREP WepoSitd R nts RO istalye 524 1s
fronm BORRELARRIROI Y 4 NS AW eIOR! soRARURINERLERD Q@mgac‘t

pelf,med by a load cell’positioned in cavity 552 of dump valve 52 .
Ths goaide welyhtwresistyvepotanberiiseiragny sentrol the flow of

gas. The crossover valve is used to control the transport of the aerated,
agplomerated powder slurry into the channels 60a-60h of array block 50.

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

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

A first embodiment of hopper assembly 74 is shown in Figs. 33 and
34, As shown in Figs. 33 and 34, hopper assembly 74 includes a hopper
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feedback control to hopper assembly 74 as well as additional data
to monitor bulk powder dispensing rates The pneumatic broom
510 fluidizes, disperses and entrains drug powders in a transport
gas in annular chambers 542. The chambers 542 are 5 supplied
with transport gas by multiple tangential discharge nozzles 532 in
a helical configuration. The helical configuration can include one
or more helices, such as a double héfix. In addition, the pneumatic

kk))rgorg 10 k?é%l!lfée as chan%eling vanes in flow director 536 that
SRS ATl PSR QAL RO AT S SHaREF A A pHERBrE of
fevalican@eAgaiemearaies 10brforethaydeach b dischanos, of

nozzles 532. _ The crossover valve 524 divides the incoming

RAFERLAEEAS bRt BREDF AfE BrOdIE10me Bypadsdnaiioidinged
&R B8 GIResayshVale %%m%}ﬂ%é?dﬁ%%%&?xg%%s& 620

vortex flow conditions within a compact design. The valve has s

srwipdrdetb Jitihinel £33 torrtetithetiovpotiBgasefher 610 and &
I valve is cqntrol the transport of the.aerated,
ﬁ%ﬁ)%%ﬂ to a@?alce ggﬁ%‘ﬁ n(gg{fﬁr Assem t%%a_%ng%r}egﬂ%g}ude a

agglomerated powder slurry’i e‘channels'c

hieckl 50 G 0thuadd flempeleive pifptavideplaseevwithin ypassul ator 630
manifowg%fzrg 0 enhance the conduit flow geometry. As the bypass

s TS RFUEEEVEP VRIS S 4 R IRS B PasSHTBAII PS4 and a
Si26nit iszpretatabler o neRas2ibisplsinglis HOWRAHRINS K3 INNDILL of

the formation of tripped flow or eddy flow stagnation zone

PEHAMGHEOT gt ARG dSMe R a ey winligh of pins 640
sepaiR.gaR ﬁwa&e’q%ege%@&é&ra&%wem%@@&ﬁ%ﬁ%ﬁ& the

discharges into the discharge cavity 580. By altering the spacing-
lssttionn v8nes (¢ possitiieoforabhievd 25nhifo mdéion: ranesr more

L e ST
AdlsivonaninrFigsd 33nardl 34y ppesisse hablys thdanctugesteao the hollow
Qf? tg?sr. (Gas connectors 650 at the ends of rollers 632 and 636 can be
connected to a source of pressurized air. Air flow through the holes in
rollers 632 and 636 assists in aerating the powder being supplied io the
system. |

In operation, after the powder reservoir 610 has been filled to the
level of the hopper level sensor, first and second agglomerator rollers 632

and 636 rotate, causing powder agglomeration and discharge of the

agglomerated powder through powder outlet 612 to powder aerator 72. Ina

- preferred embodiment, agglomerator rollers 632 and 636 rotate in opposite

directions, with the tops of rollers 632 and 636 rotating toward each other.
However, operation is not limited in this regard. Agglomerator rollers 632
and 636 can be rotated continuously, with reciprocating motion or with a

combination of continuous and reciprocating motion, and can be reversed.



10

20

25

59 body 600, which defines a powder reservoir 610, for holding a
supply of powder, and a powder outlet 612, which engages the
powder inlet 89 of powder aerator 72. The hopper assembly 74
can be provided with a hinged cover 614 and a flow assist
mechanism 620. Flow assist mechanism 620 5 can include helical
coil 622 located within powder reservoir 610 and a motor 624 to
rotate coil 622. Hopper assembly 7§f)can further include a

rapulator 630.in a lewer portion of powder reservoir §10.
R R R e o a8 Wt 20
produfiestpootdetd anneassecind dggteteraiesiolen 636 aaietedvder
to a second motor 638. E 4j,of 10 agglomerator rollers 632 and
ﬂé’%%ﬁhﬁﬂﬂ@%‘\ﬁ?ﬁ?@%r Al Bﬂ’fg‘%ﬁﬁe@ﬂgﬁa%g radially from

the respectivng éﬂ&@d&&@ﬁ@@ﬁ%ﬁﬁ@%&ﬁhﬁ%@ﬁ%@&ﬂﬂ%@& 35

on each of rollers 632 and 636 define one or more helical patterns,

e adulitior ASRPSHASEHBOIYIREE @32 BhepdPdasimila Kelbahopper
2SR %@ci:fr%?ﬁmw@,e&@é& alr RRleR that GRRNREHS NS embly of

hollow 15 ce s. Gas connectors 650 a_t the ends of rollers 632
Figrl 33@1ehA halvohneceesisbrastucen i p ressuilzedl aifnaidditian,
eJaIRus e oles IOl 532 And.6R0.assisi I aeraing 119 s,

powder being supplied to the systeff In opération, after the
epchvdentaskrioirGiddhs tbeniiledity tesRicteepafitizhopper

R S EHEr BRI F b SR B e e provided
vagglosnaiatesb powstar thepuah powder eitletGiertlaRendsrdly through

aerator 72. In a preferred embodiment, ag,glomerator rollers 632
Ieivaeab thtatd 11 epposperalietfidns, mah tRenspe oot erdtb sbe disks
g3 setating toward each other, 25 However, operation is not

limited in this regard. Agglomerator rollers 632 and 636 can be

rotatedudsnerudustanith recipreedtinty motisivoradteir 610 through the
o‘jae%\g{‘e:%%s'gg% _i ﬁé‘%‘%%ﬁ%@‘f{b%%‘é? 8RSy BHBQRAINA BN, A RV second
embodiment of hopper assembly 74 shown in Figs. 35 and 36, 2 powder
slurry can be introduced into powder reservoir 610 through a fitting 670 on
an angled portion of hopper body 600. Fittings 672 mounted in the upper
portion of hopper body 600 provide an exhaust for transport gas introduced
through fitting 670 with the powder slurry.

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

polysize aggiomerated powder blend. In additién, the process of powder
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The rotation protocol depends on powder morphology. Granulator
630 produces powder agglomerates in a desired size range to
enhance powder flow from hopper assembly 74 into powder
aerator 72. A second embodiment of hopper assembly 74 is
shown in Figs. 35 5 and 36. The hopper assembly of Figs. 35 and
36 is similar to the hopper assembly of Figs. 33 and 34, except as
follows. In the hopper assembly of Eigs. 35 and 36, the flow assist

mec}ganism is not utiljzed. Irkﬁgrdition, granulator 630 is
SHBIEROREE RN HyIBErdfs POEsTd5sh1anewanly sarpetssed by

amiioly isvieR \dertenth adlwealibe ot spacsg-apart disks 660 10

mounted to shafts of the respective rollers. The disks 660 can be
providBdRRitRIAUREES OEDNHER ERSSISIA SNkt e ssiavderchanism
slomanatyaaD ReeDe ke of faller 0322 ma
be intermesh}e?{j with the dl\é%gl of ro eg%‘gjg}aﬁ gﬂ@égev%g%%a%{gmor 630.
Thg ageddanitopensisr mesbarsing 60 AHsoughitiEedScopbrihgyal of
h of:h r 6, ith cover 614 gpen. In the secon
o S R e A8 g droe
qonvetaratiorycanieadsaiotuned midpowderiresendil &hldhtebghmakes
fitting 670 on an angled portion of hopper body 600. Fittings 672

tﬁ?o‘fﬁﬁ%feiﬁ T PBEEHS RioT 6FRopper body 600 provide an

exhaystries talisnakheasdNERAUGEE G TRIOUTN Siting-B 70 With the and
fowder slurry, The hog er assembly 74 is the main powder

BsekvoRaHid 18 st 5@% WhiCRTpBARRSH TR rstTiRIeesHeB e 70 can

ieeme@%d@w@&ye&gg%@@b%émw&% %?é%ﬂ?;%ﬁéﬁﬁ&%ﬂegiower

for highly cohesivé powders such as Tech.nosphe
‘Hiitropldiziesb bheegrmntdaitea®prothdckbs pander mount 706 and an

Ragalomsrales n.a e s ange, TMBeEaNIoNg g 710 has
ennances the powaer aeration and entrainment cnaracteristl by

direhting: aonold Difdosmppblyisize aggamesatégqoidebdEhad owder

iti h f .
eﬁgg{g? 92t %Lpnrg %%gt?o onlvgfdll%{ﬁd 84 is mounted to the lower end of

blower housing 710. As described above, transport gas is recirculated from

array block 50 to blower assembly 70. Suction manifold 84 includes iniet

- ports 714a, 714b, 714c and 7144, 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, aﬁd 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 cycione
vessel 720 and is connected to a gas conditioning system 730, as shown in

Fig. 41 and described below. The gas conditioning system 730 supplies
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61 granulation aerates and mixes the powder that is normally
compressed by gravity when stacked inside powder reservoir 610.
In the mid-region of powder reservoir 610, flow assist mechanism
620 forces the powder to avalanche downward or fall toward
granulator 630. 5 The need for flow assist mechanism 620 is
contingent on the level of powder cohesivity. The effect can
become more apparent when the drug concentration is increased,

C incr IR protein content that s th rticles .
B L S R o el
tosholiend ireFigse Sirnandi 4 0vdthiAstehowwnder egisv@7 ans&8,32.
components of blower assembly. 70 can include a varjable speed .
e O Ly T Sab IR P2 GG 60 IS e into
flowBESRAtY SAeuPFRted bR ohMOUHIO&ARY dBpor source or a

impeller 708 mounted in a blower housing 710. Blower housing

St ghaRW st deoport piiversRBlgH il eanebsH Bussnrag e gas in
ﬁ%ﬁ%ﬁ@?ﬂg% IR0 UM nt2rened SHEHOD MARIARBH dSnperature,

mounted to the lower end of blower housing 7I0. As described

pilsosctemtepatiyadusmédive gkueer frofharkapdsio bhopoota blovesated
sembly 70, Suction manifold 84-includes inlet parts 714a, 714

e B A L TR B R o s

Briaythéecabth diyetose the padatal 0 R<ngkidasancincric@i20:d as a dual
housing section 84a of suction manifold 84, which is mounted to.
DL Gb A 107 3 A E)HOn G S0860N 56 LR Tt the
slctiandnpRieldBdakyslone senataerof Guahichoefives Bd8port gas to

ggs-particle separation device, receives powder agglomerates that

SgREiEsH ﬁ%?fﬂké?cklgﬁf’@v}f?ﬁﬁjﬁlﬁ%ﬁ%ﬁ-delivered to powder
dispenser. modules 3% et ROMUS IductianIod § 24 dgdesateFigs. 39

within the center. of cyclone vessel 720 and is’connected to a gas

soddiionihg blestemapsonilyspotigin39 and 40 is similar to the blower
assembly of Figs. 38 and 39, except as follows. In the blower assembly of

Figs. 39 and 40, the cyclone separator is not utilized. Instead, a vane
separator 750 is positioned in the housing section 84a of suction manifold
84 on the suction side of the biower. The vane separator 750, which serves
as a gas-particle separation device, has a cylindrical configuration of vanes
752 separated by vertical slots for separation of heavy particles from the
transport gas. A tangential flow of transport gas outside vane separator 750

removes heavier particles, while lighter particles and the transport gas move

~ to the interior of vane separator 750 and then to impeller 708. The induction

rod 724 is positioned in the interior of vane separator 750 in the second
embodiment of blower assembly 70.
The powder transport system 32 in the present embodiment is

configured as a closed loop system where excess particles and agglomerates
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Fig. 41 and described below. The gas conditioning system 730
supplies 62 conditioned gas through porous induction rod 724 to
establish a precisely-controlled relative humidity within the powder
delivery system 32.  In other embodiments, conditioned gas can
be pulsed by a valve into the closed loop system from a source
such as a pure water vapor source Qr a 5 steam source. The loop
relative humidity is controlled by serising the gas in a small bypass

0 ' nected. 10 _a sensing chamber for temperature .
e 8 S s 0o SR e eeine of
thecatedibetwmen thadiawerrdiselarfE2porhid 2 andothe lished by the

su:I:tion manifgldfda I&}further embodiments, the pulsed valve
Sy SERABE LRy BT HE SRS SBr A8y QLHT Bt BB Gn
sapmpuibotieonditioned gas to be pulsed into the closed loop
system, and a compensating or equal amount of transport gas to

be dischaRSBLITEPIRETESEEETOD ByeheedesHya secondary
proeedimen §f HlawerAaRe MR A0S SNOWRLIRLEIgS a%&*d‘%ﬂei .

The blower assembly of Figs. 39 and 40 i$ similar to the blower

dsdmrisiyportFigs G ineeBd 08x cépisasofoitohiocin thie inlowdece

EASRBYR AR, 39 300,40 1hs cyclone separalor/s potlzedy,

nstead, a vane sepa IS positioned In the nousing sec ion
Béaxf suctionl atayi okt §oerptiy suwdtientsiteabthe: ploweaurEheslative

vange,separator 75Q, which serves as a gas-particle separatjon

DI hE B RS R B BoPao s et
Mikvaricasiaig orsprafalioaeffigaryparticles from the transport
gas. A tangential flow of transport gas outside vane separator 750

remove¥ KeesAer PERBREIG R TGRTeT SR ibs B slitse fandesver
SISOy E 10 RSN IOKPENARS SRR PRRNEBRANE: coupled to the

impeller 708. The induction rod 724 is positioned in the interior of
auiies sisarhtoryrB0nn tpeaseics i othengssdmiest osenevasion device.

A %%%&'7595’36111}31}/ 70 forms the transport gas prime mover and includes a
self-cleaning powder agglomerate filtration system. In addition, the
transport gas is conditioned by the secondary process loop which controls
the gas properties of the primary process loop. These two loops are nested
together within the blewef assembly 70. The blower assembly 70 ncludes
impeller 708 which has a paddle wheel configuration with scroll curves

between each impeller blade, The paddle wheel impeller configuration

~ produces dynamic shock waves in the form of pressure pulses down tube 76

and into powder aerator 72. These shock waves assist in the breakup,
aeration and dispersion of compressed drug powder.
The blower has a variable speed capability and is driven by blower

motor 704. When the motor 704 is operated beyond normal operating
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The powder transport system 32 in the present embodiment is
configured as a closed loop system where excess particles and
agglomerates 63 are extracted from the recirculating gas loop to
inhibit particle clogging of the powder aerator discharge nozzles
532. This is accomplished by the cyclone separator 702, the vane
separator, or any other gas-particle separation device. 5The
powder transport system 32 is conff’ﬁured with a secondary

roc as loop between the gas-particle separation device and

R o TR BTV B 160 £ SO0 PR EGHTGPBBIS Eaat 8ssiss in

i edLGersaeRRraRHeRAGHIN ek aasQI RIS anYIanmestal
parameters of the primary recirculating transport gas, such as
tempéa%@ﬁé{rﬁt%mék%mﬁénl@f KEFTemRE pERe statiete vl is shown

559@1%*]%9%%‘88&3@%%@%%&&&? WI&BB&H%@M@&%%&?@%S treatrnent
particle seeding, etc. e‘closed-loop powder delivery system
I8priglhrive distinsoWwerasseohtyd/monhicktdsnal iy beidroflation of

impulse impeller blpwer ¢ led;to the outlet. sideof a,cyclone ..
RRbER IP e RO, SRS 10 Bl YR of the
essenblingdinimpethga dnspost: gdsopitimesmaviranasnctatdesr loop

self-cleaning powder agglomerate filtratijon system. In gddition, the,
SO b BUPB S SHRORy I SERapr s
contelstes BRS RiopssiesafieRINRM RERCRSS I9aPuhesedn

loops are nested together within the blower assembly 70. The

1w addensiry PRHERRISS StSIRTBETt rodudeich RS a AT 800,
gﬂ@%&g@ﬁ%%}%%ﬁg serolsHivesiRepusen sachimpelspor, »
ade. e wheel

The pa impeller configuration produces dynamic

 dbdckanaEdifcthe foringfthrosbutiz piisaiitioved thb&aport gas, valves

8§12 and 814 for selecting vapor generator 800 or desiceator 810, and filters
820 and 822.

The relative humidity of the transport gas can be measured by a
sensor, such as the sensor chamber described below, positioned to sense the

transport gas. When the relative humidity of the transport gas is to be

~ increased, valves 812 and 814 are connected to vapor generator 800. Vapor

generator 800 includes a bubble generator and flash evaporator heaters for
repidly producing water vapor. The diverted transport gas in the secondary
loop passes through filter 820, vapor generator 800 and filter 822, thus
returning gas with increased relative humidity to induction rod 724. When
the relative humidity of the transport gas is to be decreased, valves 812 and
814 are connected to desiccator 810. The diverted transport gas in the
secondary loop passes through filter 820, desiccator 8 10 and filter 822, thus

returning gas with reduced relative humidity to induction rod 724,
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and into powder aerator 72. These shock waves assist in the
breakup, aeration and dispersion of compressed drug powder.
25The blower has a variable speed capability and is driven by
blower motor 704. When the motor 704 is operated beyond nolinal
operating 64 speeds, the transport gas acts as a recirculating gas
scrubber that assists in removing residual powder from the closed
loop conduit channels. A schemdtic block diagram of gas

conditigning system 730,js shown in Fig. 41. Gas conditioning
syste rrl? %@Eﬁﬁ SONBRERLS S FbrEath RIS tRg: deProcess
distinethtonsthaciossgieopsysiemdarrasksulation o5aransRUtnditioned

gas and delivery of powder to array block 50. A portion of the

RSRSURIFREUF SR P gaYassa e e acied Ehisiipiryahig24. Induction
treatmeant @%8&%@1‘%@9@%@%&Z&&ﬁf&%%&%ﬁgﬁmw% Biymer

The conditioned gas is reintroduced into the recirc ng transport
Fesitboplirsubh aeaditionedrsdorekninengasrdonttitionimgulating

' vapor generator 800, coupled to a water .
S DL e B R S B fions. The
foraeghacingtthentefativedyLimistityrakthetranspert @asovobres $litne on the

and 814 for.selegcting vapgor.generatqr 80Q or desiccator 810, and
HSFC 355 36 850 IR P R TR\ A SRS 20 or
desubie neatured fycars 8 SRb R ABIe3eRSRIrGamPMspection of
described below, positioned to sense the transport gas. When the

rep iR BT d8E rdhdpsoreladied rrpemidresaluagsaedt can be
8L aRedld %%Q%r}ﬁﬁﬂﬁ&t%yélﬂsr}g?@%ﬁ'i?g%f?%evﬁ&%&ded.

generator 800 includes a bubble gerierator and flash evaporator
heatersHet control of the humidification of powder during operation of the

powder transport system is complicated by the fact that the exposed surface -
area of the powder changes during the fransport process. The powder is
initially prepared in the agglomerated state. However, as the powder breaks
down and disperses during gas transport, its exposed surface area increases
significantly, in turn causing rapid moisture uptake. In order fora
numidification 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 integra! tuned in’take‘ 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 paddie

wheel-like impeller directs dynamic shock waves into the powder aerator 72
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20 rapidly producing water vapor. The diverted transport gas in the
secondary loop passes through filter 820, vapor generator 800
and filter 822, thus returning gas with increased relative humidity
to induction rod 724. When the relative humidity of the transport
gas is to be decreased, valves 812 and 814 are connected to
desiccator 810. The diverted transport gas in the 25 secondary
loop passes through filter 820, desiétator 810 and filter 822, thus
returning gas with reduced relative humidité‘to induction rod 724.

tRgssisin fup S igizeisRaficamsgre wisievdd o pliawetasiambly 70
REAGESSAT 1888l ! r | e -
e i PRt C Bt foop i
igpiisesbinto e 2mit fhrestEiningl tRmisoid HAdarethirotheacy clone vessel.
int : g lastic polymer 5which allows the

B R e ot o
relithvatproddicingnd aterdmplets ionsiugi loomesidifisapafige seeding,
rocess treatment gas loop is balanced. by a return takegff branch

R ST 108 BPBIOM R YBBOk SEMIATGAIRE SRIHEontroL

sseparator 720 or housing section 84a can be fabricated from glass
for visual inspection of 10collected drug powders. If the collected

powderiSER0EHRSRIOL i E5RSBE TeARRIRL Tre e Hhrpondition of
tRS Q041 %@«Qé’%ﬂ@éﬁ%m sy-E'E'@rrF?E"E%\%tH?Flr%s 42 and 43,

humidification of po r during operation of the powder transport

Tg%t@ﬁrkg@émwma@w@gr fieanfacedtativecargudbdtse fragetigraiof
R LT T
speteder Bheaksisor chamber 850 contains sensors for sensing transport gas
parameters, such as relative humidity and temperature, to permit transport
gas conditioning as described above.,

Sensor chamber 850 receives transport gas through an inlet tube 8§52
connected to blower housing 710 of blower assembly 70 and outputs
fransport gas through an outlet tube 854 connected to suction manifold 84.
Each of inlet tube 852 and outlet tube §54 is insulated and may be
configured as inner and outer tubes separated by spaced-apart rings. Inlet
tube 852 may be comnected to blower housing 710 perpendicular to the
direction of transport gas flow to limit intake of powder into sensor chamber
850. |

As shown in Fig. 43, sensor chamber 850 may inchide 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 enibodimentof Figs. 42 and 43,
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down and disperses during gas transport, its exposed surface
area increases significantly, in turn causing rapid moisture uptake.
In order for a humidification process to keep up with and control
this rapid dehydration of the transport gas loop, the gas treatment
system must be capable of rapid 20forced hydration. The cyclone
separator 702 has an integral tuned intake manifold that merges
into the cyclone body with minimal ?K/draulic loss. The blower

flovk range .and can serve as a system, .
r%%?v%%??cruﬁge?%%e] Blower is %%Suiap%ren %&i?ﬁ“&e&f&aémﬁ‘émﬁmm
Cimmf}lfﬂa_ﬁﬁ?n'g] g@@mﬂéﬁb ﬂﬁrqwge&drs wiaﬁia‘sgb%iw %lsr}] _?ﬁ@&%ﬁﬂkﬁsensor
to.efficiently transport fine powder aerosols and to inhibit powder
R DI SHSTSEEN Al EERHUESTAHE PRI R BB SoFAREIaFe caked with

reagglonie

pdivedis ayheisieBhoekyRvesdne Iepawdeharratoy 2i-66:10e 866 is

assist in the fluidization of dru Eowders. The blower assembly 70
t

THMHIERSS IR AEESRYRIBRIAG Sy StRATTRFSFchasabemdap pgagides accurate
sERaHPRRORISIRIFREURe A B D EARrauUgR W&QF g‘éﬁgngﬁsystem.

within the cyclone vessel. The gas conditioning system can contro
many/y#scpaiahierseseatasion Hhe mevasltufilidindasdembly process for

APReras. o Slaln contia wipeparios seading, Hase SlB TN duced
seeding, gas catalys actlvaltlon, as/light’steri 1Z5ti0n control; &te.

ivto embydionem efcasdadgerichaamics §50i fbrrensing ¢hehe eagition

of the transport gas inth wder transport system is shown in

FERJE WL T A T, CASRBIE RO Rt O B Vag o eoveder by

pxieRt BighésaiaelinalldSaiNed Byous aaan s Rhambeedsling, a

in %arallel with the powder transport system. The sensor chamber

EBRIAINS LerfSORaRBF L AR ThEARaIESIR P Pag SH B rireRsry idtiéh
Bsdsialve Axmidion anddemperature: inaeigiigransport gas
conditioning as described above. _

As noted above, the powder dispensing and sensing apparatus of the
present invention can be utilized for filling different types of containers. In
another embodiment, the powder dispensing and sensing apparatus is used
for filling a compact inhaler as described in U.S. Patent No. 6,923,175
issued August 2, 2005 to Poole, et al. As illustrated in Fig. 45, a cartridge
bottom 920 of the compact inhaler is positioned on weight sensor probe
112a for filling. Cartridge bottom 920 is filled with drug powder by powder
dispenser module 54 as described above. Then, a cartridge top 922 is
attached to cartridge bottom 920 and a mouthpiece housing 924 is fastened
to the cartridge assembly, Finally, a dust cover 930 is snapped over the
mouthpiece housing 924 to provide a complete compact inhaler 932 ready
tor sealed packaging.

Having thus described several aspects of at least one embodiment of

this invention, it is to be appreciated various alterations, modifications, and



15Sensor chamber 850 receives transport gas through an inlet
tube 852 connected to blower housing 710 of blower-assembly 70
and outputs transport gas through an outlet tube 854 connected to
suction manifold 84. Each of inlet tube 852 and outlet tube 854 is
insulated and may be configured as inner and outer tubes
separated by spaced-apart rings. Inlet 20 tube 852 may be
connected to blower housing 710 ®érpendicular to the direction of
transport gas flow to Ij{nit intake of powder into sensor chamber

IR RS S A gL D e S0 tBRsm s e s el S aplterations,
mUBPEEARIEINh 83 BRS, BRWRIHeURIBERAE HBYIRG, AR ARIRL i%[sclosure,

volume that is 25 roughly equivalent to the interior volume o

arﬁ%r%fy‘ B?é@kdsé.twb@ SEHYer bR sRiIsEe88GaRy Hobdany eatiive
A B SR 0 R SR U el

omymidity sensor 860 includes a temperature sensor, which permits
crosw%ggiggﬁggénst_ the temperature _values _sensed b_y _
tempera?ure Sensor862. A discrepancy in readings can indicate
that the sensors are caked with powder and therefore not
providing accurate sensing. An air baffle 866 is 5 mounted in lower
housing 858. The sensor chamber 850 provides accurate sensing
of the conditions of the transport gas in the powder transport
system. A pictorial representation of the powder fill and
assembly process for an inhaler cartridge is shown in Fig. 44. A
cartridge bottom 900 introduced into the system in a cartridge tray
and is positioned on weight sensor 10 probe 112a for filling.
Cartridge bottom 900 is filled with drug powder by powder
dispenser module 54 as described in detail above. After filling, a
cartridge top 902 is snapped onto cartridge bottom 900 to provide
a complete cartridge 910 ready for sealed packaging. As noted
above, the powder dispensing and sensing apparatus of the
15present invention can be utilized for filling different types of
containers. In



another embodiment, the powder dispensing and sensing
apparatus is used for filling a compact inhaler as described in U.S.
Patent No. 6,923,175 issued August 2, 2005 to Poole, et al. As
illustrated in Fig. 45, a cartridge bottom 920 of the compact inhaler
is positioned on weight sensor probe 20112a 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 mouthﬁi@%é 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

932 ready 25 for sealed packaging. Having thus
described several aspects of at least one embodiment of this
invention, it is to be appreciated various alterations, modifications,

bnd 68 Prpréuethareswimredditycosenrsngiose skilled in the art.
Such alferations, modificafi Bhd.improvements are intended to
be part c?ﬁr l?fﬁs‘i‘llsltslgiosure, an gre&l%t({aﬂm%tego o be wittm’ %ngs%ir?t powder
antkscopkaot theunventizatiAgchedinglyiethe koregdihg desctiptianie;
and dra}lvin s are bg/ way of ex m%le 5only, What js.claimed is:

a feed”wand to move powder throughthe conduit trom the powder
inlet to the powder outlet; and

a wand actuator to rotate the feed wand in the conduit, wherein the
conduit includes a powder bed preparation zone below the powder inlet, a
powder bed compression zone below the powder bed preparation zone and a
powder discharge zone below the powder bed compression zone, and
wherein the feed wand comprises a shaft, a powder bed preparation element
in the powder bed preparation zone and a discharge element in the powder

discharge zone.

2. A powder dispenser module as defined in claim 1, wherein the feed
wand comprises a shaft and a discharge element attached to the shaftin a

powder discharge zone of the conduit.

3. A powder dispenser module as defined in claim 2, further comprising
an orifice element, having at least one orifice, positioned adjacent to the
powder outlet, wherein the wand actuator rotates the discharge element

relative fo the orifice element.



-69 - Claims 1. A powder dispenser module comprising: a
housing that defines a powder inlet for receiving powder, a powder
outlet, and a conduit connecting the powder inlet and the powder
outlet;  a feed wand to move powder through the conduit from
the powder inlet to the powder outlet; and  a wand actuator to
rotate the feed wand in the conduit, wherein the conduit includes a
powder bed preparation zone belquf(}r_le powder inlet, a powder
bed compression zone below the powder bed preparation zone
and a powder discharge zone below the powder bed compression

one, and wherein the feed d comprises a shaft, a powder bed
‘ﬁrepa%aﬁm% ﬁﬁﬁm%alﬁvdﬁfémgﬁﬁ?gﬁar ZoRdgRiLhe
disthasge RisRENIR IBROVARTHISENRISS ZORGa @ BANB i fice

dispenser module as defined in claim 1, wherein the feed wand

clompnsas & sHRRAIha araRseravgd wl sy e iiericdles pie grhthmshatt
o BRWdey %ﬁﬁ?@&?@?&ﬂ?ﬁﬁg %8%%’&0&@@&%@”(9@ Eﬂﬁ?%@??él&ti_ve fo
module as defined in claim 2, further comprising an orifice

thtepnidnts kinnmgat least one orifice, positioned adjacent to the

powder outlet, wherein the wand actuator rotates the discharge
element relative to the orifice element. - 70 - 4. A powder
Mispenspowhdulespandefinedhineciide Snwhareiniines distbasgethe
element comprises a roller pin located adjacent to the orifice

BIERTERE SHRPL SUPPBR R ST SIRePhetAR St ot i hbivand,
Wheshathefiha depdwrndowhaerein sevand Aclustalraides Hément.

roller pin relative to the orifice element. 5. A powder dispenser
module as defined in claim 3, wherein the discharge element
OMpHS, ﬁ@‘ﬂ r W -
6\?vher(f:glnﬁt e Wgrhi% %%%gg{t%kr%?ggge%%tﬁ%ﬁgggeﬁgéﬁfgiﬁ\}dé to t%ér %ﬁ'f%g feed
vederheompdisAsposidér, dispeoserpaodpleasraefinethirhetaimtiie shaft and

herein the feed d ' haft, a helical :
S SR AN h < T RGBS e P e RoBLe Compresion

okeparationizonerapdithepowiaiked cappliegsianiZoogcdnd e
discharge element attached to the shaft and located in the powder
Rfedsardecishge 2008 powder dispenser module as defined in
claim 6, further comprising an orifice element, having at least one
orifice, positioned adjacent to the powder outlet, the discharge

Teleménpesriprisinpcancaugetdoupldaitoahenstiatiop tHarter comprising

A3pgin e Qﬁhﬁ%?néoﬁq@%%{'ﬁ?lg%@ﬁ%‘&,ﬁgsﬁﬂ%%rfdhaa&’ﬁb%ﬁ to the
reverse pitch with respéct to the helical opén space frame.

powder outlet, the discharge element comprising an auger coupled to the

shaft of the feed wand in the discharge zone of the conduit, the auger having

a reverse pitch with respect to the helical open space frame.

& A powder dispenser module as defined in claim 6, further comprising
an orifice element, having at least one orifice, positioned adjacent to the

powder outlet, the discharge element comprising a roller pin located adjacent



8. A powder dispenser module as defined in claim 6, further
comprising an orifice element, having at least one orifice,
positioned adjacent to the powder outlet, the discharge element
comprising a roller pin located adjacent -71- to the orifice element
and a support member coupled between the roller pin and the
shaft of the feed wand, wherein the wand actuator rotates the
roller pin relative to the orifice element 9. A powder dispenser
module as defined in claim 3, 5 or 6, ]further comprising a bearing
positioned between the shaft of the feed wand and the orifice
element to deflne a spacing between the auger and the orifice

IR RO PO AEA diSpERSE: RioAbRS SetBdfih&atvedmithcadler pin
ﬂd@hweﬁaﬁ%mﬁ@f&mﬁm%é%&w%%ﬁm«%&r&%tﬁ%@me roller

11. A powder dispenser module as defined in claim 3, 4 or 8

Rih &b R éooiifcer diemelsiiatiudes a flat orifice region. 12. A
powder dispenser module as defined in claim 2 or 6, wherein the
discharge element comprises first and second spars extending
Grom thqosh\afenﬁitmfsedmmﬁlddma&ﬁimaﬁ mm@}mﬂjdﬁnoﬂe Aurther

owder. dIS nser module as defined in im
Ry BS08 oS hTaRFe Bouth St i STsagand and th
cﬁ@ﬁ:&@t@k’iﬁe@ﬁ%ad%ﬁﬂ% valyainkAbérpenmder-dispensed medyleas
defined in claim 13, wherein the feed wand includes a shaft, a

HfiRaRty of spaced-apart spars affixed to the shaft

10. A powder dispenser module as defined in claim 3, 5 or 6, wherein the

orifice element includes a conical orifice region.

11. A powder dispenser module as defined in claim 3, 4 or 8, wherein the

orifice element includes a flat orifice region.

12, A powder dispenser module as defined in claim 2 or 6, wherein the
discharge element comprises first and second spars extending from the shaft

of the feed wand in a helical configuration.

I3. A powder dispenser module as defined in claim 1, further comprising:
a valve to control the powder outlet; and

a valve actuator to operate the valve,

14, A powder dispenser module as defined in claim 13, wherein the feed

wand includes a shaft, a plurality of spaced-apart spars affixed to the shaft



- 72 - and having a helical arrangement, and one or more wires
secured between some or all of the spaced-apart spars. 15. A
powder dispenser module as defined in claim 14, wherein the one
or more wires include wires secured between some or all of the
spaced-apart spars at or near the ends thereof in a double helix
configuration and wires secured between some or all of the
spaced-apart spars in a double chevron configuration. 16. A
powder dispenser module as definettin claim 1, wherein the
conduit includes a cylindrical portion below the powder inlet and a
tapered portion below the cylindrical portion. 17. A powder
S RAEBR Bl L HORSEIETH- ABINPIS OFURIRE? ROFBpASHIGed between
Q;ﬁgig;%ﬁq;}tfﬁgtgydg\é@gﬁ%gggg%and the valve actuator in
response to control signals. 18. A powder dispenser module as
defined in claim 1, wherein the feed wand produces tumbling of

e powder in the powder bed preparation zone, .19. A pqwder
e R e e L TR B SR hte ome
mowoler pinducesdewdessagglombrietihanagaliomerttsigtaced-apart

range. -'7.3 - 20. A powder dispenser modyle as defined in claim,
Sf@}‘we%n?%ﬁéﬁﬁo%&%ﬁ@@%ﬂ@h@g&%@%@eﬂémﬂa HIGRIABARESVires
RafesedetmBling of ihe pawdsnindbapavwderhad RISRALBHAN ron

zone. 21. A powder dispenser module as defined in claim 1,
SORE@IFRFEELon of the feed wand produces uplift raking of the

powder in the powder bed preparation zone. 22. A powder

dispenser module as defined in ¢ aim 1, wherein the powder bed
Irepadationvdierdemeostnprisdst @ avide fuarden 2BiA powblerein the conduit
dispenser module as defined in claim 1, wherein the wire fram )
e B e BRI P ORF g iy PR porcion
isispenkingypiewdeslipe-adgartridge, comprising: positioning a

cartridge under a dispenser module having a dispenser hopper
containing a powder;

17. A powder dispenser module as defined in claim 13, further
comprising a circuit to control the wand actuator and the valve actuator in

response to control signals,

18. A powder dispenser module as defined in claim 1, wherein the feed

wand produces tumbling of the powder in the powder bed preparation zone.

19. A powder dispenser module as defined in claim 18, wherein tumbling

of the powder produces powder agglomerates in an agglomerate size range.



opening a valve that controls the dispenser hopper;  operating a
feed wand in the hopper to dispense powder through the valve to
the cartridge, wherein operating the feed wand comprises
operating a powder bed preparation element in a powder bed
preparation zone of the hopper below a powder inlet and operating
a discharge element in a powder discharge zone of the hopper;
and closing the valve when a desired fill state of the cartridge is
reached. - 74 - 25. A method as defined in claim 24, wherein
operating the feed wand comprises rotating the feed wand about
an axis thereof 26. A method as defined in claim 25, further

cBmpridiry vedesrdispomsietive dnihastdetingdria ededontfiorhgrein the

| qJ
e e e Teo e I A L o
vilshgadudiztgdtetionw &8, ednathedaamdefined in claim 24, further
comprising filling the dispenser hopper with powder and
conditioning the powder before opening the valve. 29. A method

8251defiﬂeﬁdw@dﬁiﬁis%én%ﬂ@fﬁmr@mﬁ:&@ﬁ@l@@mpri@ﬁérem rotation of
v&% a weight of powder in the cartridge and closing the valve

BEPGHSTGRTR BB REGH Ghereriiamin tagupvder bed
@ma% Aomethod as defined in claim 24, wherein opening the
valve comprises rotating a valve member in a selected direction
and wherein closing the valve comprises rotating the valve

n?ﬁmbejg t\'%‘feeﬁeéo%ggsgy Ct' deAﬁnee&q a%d%f 1e1em the powder

claim 30, wherein opening the valve comprises pos -positioning
thed/aivearmimbetanitnrespegtitethexdispemser nozzle opening.
-75 -

23. A powder dispenser module as defined in claim 1, wherein the wire

frame comprises a helical open space frame.

24. A method for dispensing powder into a cartridge, comprising:

positioning a cartridge under a dispenser module having a dispenser
hopper containing a powder;

opening a valve that controls the dispenser hopper;

operating a feed wand in the hopper to dispense powder through the
valve to the cartridge, wherein operating the feed wand comprises operating
a powder bed preparation element in a powder bed preparation zone of the
hopper below a powder inlet and operating a discharge element in a powder
discharge zone of the hopper; and

closing the valve when a desired fill state of the cartridge is reached.




32. A method as defined in claim 24, wherein operating the feed
-wand comprises operating the feed wand at a selected maximum
speed during a first portion of a fill cycle and then operating the

feed wand at a reduced speed during a second portion of the fill
cycle. 33. A method as defined in claim 32, wherein the second
portion of the fill cycle is initiated when the powder dispensed into

the cartridge reaches a selected weight. 34. A method as defined

in claim 33, wherein proportional co trol is utilized during the

second portion of the fill cycle. 35. A method as defined in claim

34, wherein integral control is used during the second portion of

e filldyBrehabandsfomednslgenndd Thersim awmraiegdlie feed wand
conglitioning dhe, poridgr qamprisas b lingsqf the powder. 37. A
method as definéd in claim 36, wherein tumbling of the powder
produces powder agglomerates in an agglomerate size range. 38.

method as defined in claim 37, wherein the powder.is dispensed

e e ST U RE P e pomre
ratioB% fAhpdwete nadspat sysiomeomprigiidn thaadd@Wweesr hopper.
dispenser assembly to dispense powder into cartridges, wherein

the powder dispenser assembly comprises: an array block

ancludingramar ay ebNaEIcAl PRIt 2°dDRKEaNtRlshaR ARlSfeed wand
intersecting respective rows of the vertical ports, the array block

CORRGSEs dlTEicHBE Hih cpa WEaddigs@assEtaietules in respective
vertical ports of the array block, each of the powder dispenser
modules having a powder inlet communicating with the channel in
1Re arrayrisibek] ashbreie powdendelivenathin thergharing|§lirih éhe

rray blogk is dispensed by each of the.powder dispense .
RS R 0 ST R TE §RE % herorg openin
thewdBreaerator to deliver powder entrained in the transport gas to

the powder dispenser assembly. 40. A powder transport system
as defined in claim 39, further comprising a suction manifold to

TeturnAhadiansperd Gasco eI kIRl 3RRaTRIY NRISIR h8ve comprises
powder transport system comprises a gas transport foop.
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.

30. A method as defined in claim 24, wherein opening the valve
comprises rotating a valve member in a selected direction and wherein
closing the valve comprises rotating the valve member in the selected

direction.

31, A method as defined in claim 30, wherein opening the valve
comprises post-positioning the valve member with respect to the dispenser

nozzle opening.



41. A powder transport system as defined in claim 40, further

comprising a transport gas conditioning system. 42. A powder

transport system as defined in claim 41, wherein the transport gas

conditioning system is configured to control relative humidity in the

gas transport loop. - 77 - 43. A powder transport system as

defined in claim 40, further comprising a hopper assembly to

supply powder to the powder aerator. 44. A powder transport

system as defined in claim 43, wheféih the hopper assembly

includes a hopper body defining a powder reservoir and a

granulator in a lower portion of the powder reservoir. 45. A

powder transport system as defined in claim 44, wherein the

granulalap camPYses fifRlaRd - sa60R4. %&%%nﬁ@wﬂlﬁﬁ@&% wand

first and second motors to rotate the first and se

agglomsatperoliestire dpetvand a6 sAlpowtortranspospsystéming a
efined in_clai in each of the lomerator roIIers

T e S D e R S R R TR e

dpﬁa&dumm@méb@n@lpemlmﬁ@ﬁmeﬂhe;agglomerator rollers is

provided with a plurality of spaced-apart disks, the disks of the first

and second agglomerator rollers being interdigitated. 48. A

powdentiaraRel bsyriam asdeinadn (alp3%nvherRineashion of the
channel in the array block passes through the array block. 49. A

poWeIEH & EnspBAtay StBAR ABedRiearid isRanssbinihbte prtkadge reaches a
%QWQ@d'%S@Hf the powder dispenser modules are alignable with

the channels’in the at-ray block so that powder delivered to the

channels in the - 78 - array block can pass through powder inlets

to downstream pow ens ules. . . .
QLOVRSITRAT PR c?a%n JRE 8 \ W%erem proportional controi is

utilized during the second portion of the fill cycle.

35. A method as defined in claim 34, wherein integral control is used

during the second portion of the fill cycle.

36. A method as defined in claim 28, wherein conditioning the powder
comprises tumbling of the powder.
37. A method as defined in claim 36, wherein tumbling of the powder

produces powder agglomerates in an agglomerate size range.

38. A method as defined in claim 37, wherein the powder is dispensed as

free falling agglomerates produced by tumbling of the powder.



50. A powder transport system as defined in claim 39, wherein the
powder aerator comprises:  a manifold block defining a powder
inlet, powder output ports and a transport gas inlet; a pneumatic
broom to deliver powder to the powder output ports; and a dump
valve to supply a quantity of powder from the powder inlet to the
pneumatic broom. 51. A powder transport system as defined in
claim 50, wherein the powder aerator further comprises a bypass
manifold coupled to the powder outﬁét‘ports and a crossover valve
to direct selected portions of the transport gas from the transport
29&8 inlet to the pneumatic broom and to the bypass manifold. 52.
powIePArEENEpStE AY HE B MR IHBEIIM 51, wherein the

powd%‘rgcgg@gr i flows-stral r a .

contoured flow él% Qgéﬁﬂggﬁg%n{%%\%ﬁ%gﬁ éﬁ%ﬁn&%%\?vao %ﬁ%es’

whnasporthgasothrzu ghsthe powsenduitp o pontse S anApewtarck including

transport system as defined.in claim 50, wherein the manifold .

o T S R B AT T e iR romatve

towhepavderntitipybpertse afthy Bibch EWHEHSERSPRIG SYSIRMowder
s defined in claim 50, wherein the, pneumatic broom includes a

oA S PARGP b HESRAG TS CTRItSE N e liHisr 8By Bk, cach of the
powEer ransneit aYRieRk an delneddn ¢aim et RIS o with the

pneumatic broom further comprises one or more dividers, whic

e biniir eurahissls. veB1Aporadr tideispurdbistomcasnnels in the
%ggy%fﬂo'a&@m S VIRE #ﬂeom%ig%%gg 9; gﬁﬁﬁéggrh;efoau es:

prises one or more paddles in'ea ar chambers.
57. A polderitrarspoily Systemvas tefinastipaiaimB9, wherein the

blower assembly comprises: an impeller to move the_ transport _
gas; a%}?ﬁ\\gé%e ?ﬁ%[%r%(fﬁgt[‘é’t%r fﬁ%e{ gﬁgf?mesalﬂlgﬁ?etf HoWSHgas o
aglosidgtietapaitersandiiaving a discharge port for the

transport gas;

40. A powder transport system as defined in claim 39, further comprising
a suction manifold to return the transport gas to the blower assembly,

wherein the powder transport system comprises a gas transport loop.

41. A powder transport system as defined in claim 40, further comprising

a transport gas conditioning system.

42, A powder transport system as defined in claim 41, wherein the
transport gas conditioning system is configured to control relative humidity

in the gas transport loop.



a manifold to receive the transport gas; and  a gas-particle
separation device to accumulate agglomerates entrained in the
transport gas. - 80 - 58. A powder transport system as defined in
claim 57, wherein the gas-particle separation device comprises a
cyclone separator disposed between the manifold and the
impeller. 59. A powder transport system as defined in claim 57,
wherein the gas-particle separation device comprises a vane
separator disposed between the miahifold and the impeller. 60. A
powder transport system as defined in claim 57, further comprising
an induction rod to induce conditioned transport gas into the -
‘Yas-pArRI¥ dehHrABRTH Ve 81 JAIBSH AR ClARsHOr ey SRrRgPrising
Arfpect claimid L WhsiRInReRDSART 3R ceadiigning system
comprises a sensor chambeér coupled in parallel with the gas
transport loop, the sensor chamber including at least one sensor

senge ter of the transpqrt-gas, and a conditioni )
Homoat S S S SR AR R SRR R hoppe
asanspbytigakid62a Aqgowdbodradsfiaihgystenm és definediinahim
61, wherein the sensor chamﬁ r incluges a relative humidity
&&H t%ﬁla?t%ﬁfﬁbpé)tm%ns% gg‘rp%\g_ A powtiet'transport system
as defined in claim 61, wherein the sensor chamber includes a
relative humidity sensor and two temperature sensors to enable

‘Cross LKA TR At éadingacd g1clem Adpaserin the
Jranspest Systemsas afingd %Sﬂma%wi@&fﬁiﬁ 1R SENSA first nd

chamber has an internal volume that IS comparable to an interna
seofurdarstiche powtise dispanssendssemislyaggoriepowdetlers,
transport.system as defined in claim 61, wherein the gas

1e(sjpe zvelg . : : i
conditioning element comprises an induction rod to introduce
conditioned transport gas into the blower assembly.

46. A powder transport system as defined in ¢laim 45, wherein each of the

agglomerator rollers is provided with a plurality of pins.

47. A powder transport system as defined in claim 45, wherein each of the
agglomerator rollers is provided with a plurality of spaced-apart disks, the

disks of the first and second agglomerator rollers being interdigitated.

48. A powder transport system as defined in claim 39, wherein each

channel in the array block passes through the array block.

49. A powder transport system as defined in claim 39, wherein the
powder iniets of the powder dispenser modules are alignable with the

channels in the array block so that powder delivered to the channels in the



66. In a powder transport system, a method for transporting a
powder to be dispensed into cartridges, comprising:  moving a
transport gas through the powder transport system with a blower
assembly;  entraining powder into the transport gas with a
powder aerator and delivering the powder entrained in the
transport gas to a powder dispenser assembly, wherein the
powder dispenser assembly includes an array block having an
array of vertical ports and horizontal 8annels intersecting
respective rows of the vertical ports, the array block configured for
mounting powder dispenser modules in respective vertical ports of
BRE RIS bIGER RRHEVHIPUSOVAIST I8 dBiverRudnTEtgIs tHE RIM ARt spenser
indhgiagray block to be dispensed by each of the powder
dispenser modules; and  dispensing the delivered powder into
the cartridges with the powder dispenser assembly. - 82 - 67. A

tho fi inclaim further-comprising returning the
e S B B B R T SR e
trawdpotesysienonBBisdsmethod as defined in claim 67, further

comprising supplyin er to the powder aerator, from a hopper
e o R b POSa R AR 5 GraRUISHST SRR Fore and a
methesassdefingd in claim 66, wherein the powder aerator

comprises a manifold block defining a powder inlet, powder output

ports AfPEWRAED BFP GRSt RSN MOASTI EOFSORY BT HERpPOTtS; and
valve, shgrein eriain Ea%ﬁ%g%xgﬂtf o@‘%’&%@&’é{ BRSO eg@%&&r inlet to

supplying a quantity of powder from the powder inlet to th
atisbeoowomith the dump valve, supplying the transport gas

to the pneumatic broom, and entraining powder in the transport

gas with the pneumatic broom. 70. A method as defined in claim

66, whersiwiheving dhertransparagds fopdprisdaimaing taeein the
transport gas with an impeller in the blower assembly, an
888@%?5&%&% eraidd Bhtrdingaam thé'tt ‘t‘@]é‘réj {ihg powder

gaghepicle separatirseyicelvd b Arnatbed asosinethin®dlMransport
66, further comprising conditiorg\ril‘ggthe transport gas. - 83 - 72. A
BrstHomdb Y ERREROT BREARIPY [ovikerBIT BoNdiIG SRS drentisopy pass

Qﬁ%ﬁgmprises sensing a parameter of the transport gas and
conditioning the transport gas in response to the sensed
parameter.

52. A powder transport system as defined in claim 51, wherein the
powder aerator further comprises flow straighteners and a contoured flow
element to assist in providing a uniform flow of the transport gas through the

powder output ports.

53. A powder transport system as defined in claim 50, wherein the
manifold block further defines riser tubes connecting the pneumatic broom

to the powder output ports.



73. A method as defined in claim 71, wherein conditioning the
transport gas comprises controlling relative humidity and/or
temperature of the transport gas. 74. A powder dispensing and
sensing apparatus having the capability to fill inhaler cartridges
and characterized by: an array of weight sensor assemblies; and
a sensor housing mounting the weight sensor assemblies of the
array in fixed relative positions to sense weights of cartridges in a
matching array of said cartridges. "75."Apparatus as defined in
claim 74, wherein each of the weight sensor assemblies includes
at least one weight sensor cell, each weight sensor cell including
weight sensing components at the top of the weight sensor

apse %%ﬁ&%ﬂiﬂ%f?%ﬁ@ﬁ?&%éh%é@qg RIA8NSNGvherein the
components and an electrical connector at the bottom of the

ROSHRLEe ReopEsksiugls a7e0 INppasinier dyiineandesalinrgs nozzles
t%}g{ﬁip the weight sensor cells are located on 25.37 millimeter

one inch) centers in the array of weight sensor assemblies. - 84 -

77. Apparatus as defined in claim 75, wherein the housing further

includes a sensor backplane havin nnectors.for .engaging th
SioctriSal SSAH I Bl eaeh ot (e SUREO B3 AL RRr Ss
reinedihsiadm tortherYoffprikberais eastbseasanesl] iumiberdefine
includes a weight sensor probe configured to interface between

ief88R%INg components and a cartridge to be sensed. 79.
Apparatus as defined in claim 75, 76, 77 or 78, wherein the weight

sensing components of each sensor cell include an electrobalance
YeamA powder transport system as defined in claim 55, wherein the

pneumatic broom further comprises one or more paddles in each of the

annular chambers.

57. A powder transport system as defined in claim 39, wherein the blower
assembly comprises:

an impeller to move the transport gas;

an impeller motor to rotate the impelier;

a blower housing enclosing the impeller and having a discharge port
for the transport gas;

a manifold to receive the transport gas; and

a gas-particle separation device to accumulate agglomerates entrained

in the transport gas.



80. Apparatus as defined in any one of claims 74-79, wherein the
sensor housing includes a cooling system configured to direct
cooling air over the weight sensor assemblies. 81. Apparatus as
defined in any one of claims 74-80, wherein the sensor housing
includes a locating plate configured to define positions of the
weight sensor assemblies in the array. 82. Apparatus as defined
in any one of claims 74-81, Wherei_ngbh_e weight sensor assemblies
are configured for simultaneous sensing of the weights of
cartridges. - 85 - 83. Apparatus as defined in claim 82, wherein
éhe weight sensor assemblies are configured to control fjlling of

fie cartAagE hATRETOF 1B B ARG IR SoRiter fn WaSTE the gas-
R86eNdSe B DRARAFAIUS Rn RIS d By 6lBin §Hef L5 WRSEE higween

weight sensor assemblies are configured to control filling of the

tharmrryéeldandthassmellsy of 5 to 10 micrograms. 85. Apparatus

as defined in claim 82 or 83, wherein the weight sensor
assemblies are configured to control filling, of the cartridges with
Yowdéy nwdinseanaving sy sweighs withind rangerofSfomiEteBthe gas-

miligpams. 86, Aparatus s defined n any one of laime 7488, ¢
Hhd iricialing said array of CaHridyes WhareH the SHAciRg Jietween the

il $endahassemibies in the array of weight sensor
assemblies matches the spacing of at least a subset of the
cartridges in the array of cartridges. 87. A method for dispensing

@nd ?QWQWQ%W@BQ&%%@@%@QHQ%S #rfher comprising
cartridge tray, concurrently dispensing powder into a batch of
aEaiidgESITeHd T itHgC agitane ETapapEhBAS EHSi Hee L fitt Bratele
s%giaa‘flbﬂfd C%qrtridges in the batch of cartridges, characterized

by:  providing an array of weight sensor assemblies that

matches positions of the caltt idges in the batch of cartridges; - 86

- pesitioning the cartridges in th %atcg .of cartridges in cantact

Gt rSBRAHE WAIGRY SeRaor BESEBIES 7 HRShisl SFWEBhte
(RenpRiAssesdplies oAttt system comprises a sensor chamber coupled in
parallel with the gas transport loop, the sensor chamber including at least
one sensor to sense a parameter of the transport gas, and a gas conditioning

element responsive to the sensed parameter to condition the transport gas.

62. A powder transport system as defined in claim 61, wherein the sensor

chamber includes a relative humidity sensor and a temperature sensor.

63. A powder transport system as defined in claim 61, wherein the sensor
chamber includes a relative humidity sensor and two temperature sensors to

enable cross checking of temperature readings.



sensing weights of the cartridges in the batch of cartridges. 88. A

method as defined in claim 87, wherein sensing weights

comprises simultaneously sensing weights of the cartridges in the

batch of cartridges as the cartridges are being filled. 89. A method

as defined in claim 88, further comprising providing sensor signals

in response to sensing weights of the cartridges, the sensor

signals controlling filling of the cart_r'%o&ges in the batch of cartridges.

90. Powder handling apparatus comprising:  a tray support

structure to receive a cartridge tray holding at least a first batch of
rtridges and a second batch of cartridges; . a dispensing

psybbit CiSABARY IR RO DAL B CelrtrielisEs i figesensor

GRitislgen Haxh 3 ra & BRMROSIHONIRGMRERBIRISH A0 oM INR lume of

cartridge tray to sequentially position the first and second batches

tBe iRl spenrecarsagray in alignment with the dispensing

subsystem. 91. A powder dispenser assembly comprising:  an

at-ray block including an array of vertical ports and horizontal

@hannklgdntees éctingssspettivearodediotdhie vértingd horsgrandthe gas

87 s owder dispenser modules Qwo%mted(ggtre?tec ive vertical g

POE SPihe Sy Block BACH o tHE PEWdf UisiehSEr Tioaties ™ one

thandpgaragaewdertid el camnumigasing with the channel in the array

block, wherein powder delivered to the channels in the array block

is dispensed by each of the powder dispenser modules. 92. A

REWAeR AFARIERREIRGsy st MM PIRGK SeARING AuRPRESher 10

inlet, powder output ports and a transport gas inlet;
be dispensed into cartridges, comprising:

moving a transport gas through the powder transport system with a
blower assembly;

entraining powder into the transport gas with a powder aerator and
delivering the powder entrained in the transport gas to a powder dispenser
assembly, wherein the powder dispenser assembly includes an array block
having an array of vertical ports and horizontal channels intersecting
respective rows of the vertical ports, the array block configured for
mounting powder dispenser modules in respective vertical ports of the array
block, wherein powder is delivered through the channels in the array block
to be dispensed by each of the powder dispenser modules; and

dispensing the delivered powder into the cartridges with the powder

dispenser assembly.



a pneumatic broom to deliver powder to the powder output ports;
a dump valve to supply a quantity of powder from the powder inlet
to the pneumatic broom; a bypass manifold coupled to the powder
output ports; and  a crossover valve to direct selected portions
of a transport gas from the transport gas inlet to the pneumatic
broom and to the bypass manifold. 93. A blower assembly
comprising: an impeller to move amt%gnwsport gas; an impeller motor
to rotate the impeller;  a blower housing enclosing the impeller
and having a discharge port for the transport gas; a manifold to

ceive the trapspart gas; an% . as-particle separation device
46-ac m%%ag%%ﬁ%?ét& iAo e tFAREpSHRgAgmng the
transport gas to the blower assembly to form a closed loop powder transport

system.

68. A method as defined in claim 67, further comprising suppiyving
powder to the powder aerator from a hopper assembly having a powder

reservoir and a granulator.

69. A method as defined in claim 66, wherein the powder aerator
comprises a manifold block defining a powder inlet, powder output ports
and a transport gas inlet, a pneumatic broom and a dump valve, wherein
entraining powder in the transport gas comprises suppiying a quantity of
powder from the powder inlet to the pneumatic broom with the dump valve,
supplyving the transport gas to the pneumatic broom, and entrainmg powder

in the transport gas with the pneumatic broom.

70. A method as defined in claim 66, wherein moving the transport gas
comprises moving the transport gas with an impeller in the blower assembly,
and accumulating agglomerates entrained in the transport gas with a gas-

particle separation device.

71. A method as defined in claim 66, further comprising conditioning the

transport gas.



72, A method as defined in claim 71, wherein conditioning the transport
gas comprises sensing a parameter of the transport gas and conditioning the

transport gas in response to the sensed parameter,

73. A method as defined in claim 71, wherein conditioning the transport
gas comprises controlling relative humidity and/or temperature of the

transport gas.

74. A powder dispensing and sensing apparatus having the capability to
fill inhaler cartridges and characterized by:

an array of weight sensor assembilies; and

a sensor housing mounting the weight sensor assemblies of the array
in fixed relative positions to sense weights of cartridges in a matching array

of said cartridges.

75.  Apparatus as defined in claim 74, wherein each of the weight sensor
assemblies includes at least one weight sensor cell, each weight sensor cell
including weight sensing components at the top of the weight sensor

assembly, electronic circuitry below the weight sensing components and an

electrical connector at the bottom of the weight sensor assembly.

76.  Apparatus as defined in claim 75, wherein the weight sensor cells are
located on 25.37 millimeter (one inch) centers in the array of weight sensor

assemblies.
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77.  Apparatus as defined in claim 75, wherein the housing further
includes a sensor backplane having connectors for engaging the electrical

connectors of each of the sensor cells.

78.  Apparatus as defined in claim 73, 76 or 77, wherein each sensor cell
further includes a weight sensor probe configured to interface between the

weight sensing components and a cartridge to be sensed.

79.  Apparatus as defined in claim 75, 76, 77 or 78, wherein the weight

sensing components of each sensor cell include an electrobalance beam.

80.  Apparatus as defined in any one of claims 74-79, wherein the sensor
housing includes a cooling system configured to direct cooling air over the

weight sensor assembilies.

81.  Apparatus as defined in any one of claims 74-80, wherein the sensor
housing includes a locating plate configured to define positions of the weight

sensor assemblies in the array.

82Z.  Apparatus as defined in any one of claims 74-81, wherein the weight
sensor assembilies are configured for simultaneous sensing of the weights of

cartridges.
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83.  Apparatus as defined in claim 82, wherein the weight sensor
assemblies are configured to control filling of the cartridges at a rate of 10.0

milligrams of powder in 10 seconds.

84.  Apparatus as defined in claim 82 or 83, wherein the weight sensor
assemblies are configured to control filling of the cartridges with an

accuracy of 5 to 10 micrograms.

85.  Apparatus as defined in claim 82 or 83, wherein the weight sensor
assembilies are configured to control filling of the cartridges with powder in

a dose having a weight within a range of from 5 to 30 miliigrams.

86.  Apparatus as defined in any one of claims 74-85 and including said
array of cartridges, wherein the spacing of weight sensor assemblies in the
array of weight sensor assemblies matches the spacing of at least a subset of

the cartridges in the array of cartridges.

87. A method for dispensing and sensing powder comprising positioning
cartridges in a cartridge tray, concurrently dispensing powder into a batch of
cartridges in the cartridge tray, and concurrently sensing a fill state of each
of the cartridges in the batch of cartridges, characterized by:

providing an array of weight sensor assemblies that matches positions

of the cartridges in the batch of cartridges;
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positioning the cartridges in the batch of cartridges in contact with
- respective weight sensor assemblies in the array of weight sensor
assemblies; and

sensing welghts of the cartridges in the batch of cartridges.

86. A method as defined in claim 87, wherein sensing weights comprises
simultaneously sensing weights of the cartridges in the batch of cartridges as

the cartridges are being filled.

89. A method as defined in claim 88, further comprising providing sensor
signals in response to sensing weights of the cartridges, the sensor signals

controlling filling of the cartridges in the batch of cartridges.

90. Powder handling apparatus comprising:

a tray support structure to receive a cartridge tray holding at least a
first batch of cartridges and a second batch of cartridges;

a dispensing subsystem to dispense powder into a batch of the
cartridges in the cartridge tray; and

a tray positioning mechanism to move the cartridge tray to
sequentially position the first and second batches of cartridges in the

cartridge tray in alignment with the dispensing subsystem.

91. A powder dispenser assembly comprising:
an array biock including an array of vertical ports and horizontal

channels intersecting respective rows of the vertical ports; and
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powder dispenser modules mounted in respective vertical ports of the
array block, each of the powder dispenser modules having a powder inlet
communicating with the channel in the array block, wherein powder
delivered to the channels in the array block is dispensed by each of the

powder dispenser modules.

92. A powder aerator comprising:

a manifold block defining a powder inlet, powder output ports and a
transport gas inlet;

-a pneumatic broom to deliver powder to the powder output ports;

a dump valve to supply a quantity of powder from the powder inlet to
the pneumatic broom;

a bypass manifold coupled to the powder output ports; and

a crossover valve to direct selected portions of a transport gas from

the transport gas inlet to the pneumatic broom and to the bypass manifolid.

93. A blower assembiy comprising:

an impeller to move a transport gas,

an impelier motor to rotate the impeller;

a blower housing enclosing the impeller and having a discharge port
for the transport gas;

a manifold to receive the transport gas; and

a gas-particle separation device to accumulate agglomerates entrained

in the transport gas.



