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(Sﬁ Abstract

“The invention prov:des methods systems and apparatus for the metered transport of fine powders into reoeptacles Accordmg to one
exemplary embodiment, an apparatus is provided which comprises a hopper (12) having an opening. The hopper is adapted to receive a bed
of fine powder (20). At least one chamber (24), which is moveable to allow the chamber to be placed in close proximity to the opemng, is
also prowdcd An element (28) having a proximal end and a distal end is positioned within the hopper such that the distal end is near the
opening. A vibrator motor is provided to vibrate the element when within the fine powder.
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BACKGROUND OF THE INVENTION
15 1. Field of the Invention
The present invention relates generally to the field
-~ of fine powder processing, and particularly to the metered
transport of fine powders. More particularly, the present
- invention relates to systems, apparatus and methods for.

20 filling receptacles with unit dosages of non-flowable but
dispersible fine powdered medicaments, particularly for
subsequent inhalation by a patient.

Effective delivery to a patient is a critical aspect
of any successful drug therapy. Various routes of delivery

25 - exist, and each has its own advantages and disadvantages.

Oral drug delivery of tablets, capsules, elixirs, and the
like, is perhaps the most convenient method, but many drugs
‘have disagreeable flavors, and the size of the tablets makes

~them difficult to swallow. Moreover, such medicaments are

30 .often degraded in the digeétive tract before they can be

*iabsorbed. Such degradation is a particular problem with

- modern protein drugs which are rapidly degraded by proteolytic

‘fenzymes in the digestive tract. Subcutaneous injection is
frequently an effective route for systemic drug delivery,

35 .inéluding the delivery of proteins, but has a low patient
acceptance and produces sharp waste items, e.g. needles, which
are difficult to dispose. Since the need to inject drugs on a
frequent schedule such as insulin one or more times a day, can
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are difficult to deliver by other routes of administration.
Such pulmonary delivery can be effective both for systemic
delivery and for localized delivery to treat diseases of the
Jungs.

Pulmonary drug delivery (including both systemic and
local) can itself be achieved by different approaches,
including liquid nebulizers, metered dose inhalers (MDI’s) and
dry powder dispersion devices. Dry powder dispersion devices
are particularly promising for delivering protein and
polypeptide drugs which may be readily formulated as dry
powders. Many otherwise labile proteins and polypeptides may
be-stably stored as lyophilized or spray-dried powders by
themselves or in combination with suitable powder carriers. A
further advantage is that dry powders have a much higher
concentration than medicaments in liquid form.

The ability to deliver proteins and polypeptides as
dry powders, however, is problematlc in certain ‘respects. The

dosage of many protein and polypeptide drugs is often critical
- 80 it is necessary that any dry powder delivery system be able
-jﬁto accurately, precisely and repeatably deliver the intended
" amount of drug. Moreover, many proteins and polypeptides are

quite expensive, typically being many times more costly than
conventional drugs on a per-dose basis. Thus, the ability to

- efficiently deliver the dry powders to the target region of

the lung with a minimal loss of drug is critical.

delivery and for
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the patlent The ‘high velocity air stream transports the
powder from the receptacle in a partially de-agglomerated

20 form, and the final complete de?agglomeration takes place in
the mixing volume just downstream of the high velocity air
inlets.

Of particular interest to the present invention are
. the physical characteristics of poorly flowing powders.

25 . Poorly flowing powders are those powders having physical
characteristics, such as flowability, which are dominated by
cohesive forces between the individual units or particles
(hereinafter "individual particles") which constitute the
powder. 1In such cases, the powder does not flow well because

30 the individual particles cannot easily move independently with
respect to each other, but instead move as clumps of many

~ particles. When such powders are subjected to low forces, the
powders will tend not to flow at all. However, as the forces
- acting upon the powder are increased to exceed the forces of

35 | cohesion, the powder will move in large agglomerated "chunks"

- of the individual particles. When the powder comes to rest,
the large agglomerations remain, resulting in a non-uniform
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placement in the unit dose receptacle, the powders often

15 agglomerates inconsistently, creating voids and excessive
density wvariation, thereby reducing the accuracy of the
volumetric metering processes which are commonly used to meter
in high throughput production. Such inconsistent
agglomeration is further undesirable in that the powder

20 agglomerates need to be broken down to the individual
particles, i.e. made to be dispersible, for pulmonary
delivery. Such de-agglomeration often occurs in dispersion
devices by shear forces created by the air stream used to
extract the medicament from the unit dose receptacle or other

25 containment, or by other mechanical energy transfer mechanisms
(e.g., ultrasonic, fan/impeller, and the like). However, if
the small powder agglomerates are too compacted, the shear
forces provided by the air stream or other dispersing
mechanisms will be insufficient to effectively disperse the

30 - medicament to the individual particles.

Some attempts to prevent agglomeration of the
+..individual particles are to create blends of multi-phase
- powders (typically a carrier or diluent) where larger
particles (sometimes of multiple size ranges), e.g.

35 - approximately 50 um, are combined with smaller drug particles,
€.g. 1 pm to 5 um. In this case, the smaller particles attach
to. the larger particles so that under processing and filling
the powder will have the characteristics of a 50 um powder.
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process, variations in density can occur in the metering
chamber, thereby reducing the effectiveness of the metering
chamber in accurately measuring a unit dose amount of the
medicament. Moreover, the powder is in a granular state which
can be undesirable for many applications.

Some attempts have been made to minimize density
variations by compacting the powder within, or prior to
depositing it in the metering chamber. However, such

- compaction is undesirable,-espécially for powders made up of

25

30

only fine particles, in that it decreases the dispersibility
of the powder, i.e. reduces the chance for the compacted
powder to be broken down to the individual particles during
pulmonary delivery with a dispersion device.

' It would therefore be desirable to provide systems
and methods for the processing of fine powders which would
overcome or greatly reduce these and other problems. Such
systems and methods should allow for accurate and precise
metering“of the fine powder when divided into unit doses for

Placement in unit dose receptacles, particularly for low mass

fills. The systems and methods should further ensure that the

. £fine powder remains sufficiently dispersible during processing

35

so.that the fine powder may be used with existing inhalation
devices which require the powder to be broken down to the
individual particles before pulmonary delivery. Further, the
systems and methods should provide for the rapid processing of



10 (sonmetinmes in conbination with stirring or "bulk" agitation) into
a netering chanber. Wen the chanber is filled to the desired | evel

t he nmedi canwm99i18216hen expelled fromt he chanber and i nt BCT/AIg98/21059
receptacle. In such a di rect pouri ng 6 pr ocess variations in density
can occur-in the neterjin chanper, ther uci r1 tc?e effecti veness

of the nmetthq dfgne po eﬁol?F%E Lge| pu 3 § O%fdse anount of

the Rddptmilies l\&}ixe(hv&bldllhebeoﬁﬂﬂiﬂ.edsmlﬁlﬁ l.ﬁi’la:nldcfﬁagiégit@f vhiné
can be undesifabl e Sonme attenpts have

been nade BYY %lqﬁi’gr%ﬁgﬁ%?g °§8\é/5rP§t FSF??CEyC@&Fpact. ng the powder

within, or prior to depositing it in the netering chanber. However,

such £0MPaeld an; 1S; MNASET LRD! B2 RSPEGLAI Wi Or powders made up of
onIyF’?lne parti perS|b|I|ty of the

powder, i.e. reducedl t$e Pabere Nor Bh@6BefPdc descaribespFvfarchinget®r oken

down to the é@lpff&&@éwa{ﬁtaleénéaihags and AWCRRAY ehév@Find thif to
di spersi on dev] Ce. uld therefore be desirable to

provi de syRURRMY the predugt hb’a‘éofSPnFﬁénﬁFéces& ng of fine powders which
woul d overcone s grpatéutrnduce shesezan@egdmrbe:g cﬁ)lmhlﬁuchhﬁsah

syste a i hods shoul | low for accura and I ng of
The T8 ne RRRIGSRAD MoRanPRLs Breesasecsirghar < tfker ro Phih |
dose recepaaatoénesal rﬂrrrectll)ar fyomoa hoppermsand latféddlsly ifmeosyshens and

met hods sh,_,l%g% h&é re that the fine powder renains
sufficient I Sper si T'e uring processi ng 35 so that the fine powder may
be used mnth exi sti rig- $nh%§§?ﬂ§n4 509; 60 cesamibes reqraeuiat pavarialo

be broken ﬁ%&é@lﬁ@eapparatﬁsl ¥ ﬁmagua r 4l Qlo%%ttiq{d@r&mém@arytﬂel tHery.
Furtcjgéer_, the.nular rxaéeegs f” ods shoul d provide for the rapid
procedsi nfPH

U.S. Patent No. 2,540,059 describes a powder f£illing
apparatus having a rotating wire loop stirrer for stirring
powder in a hopper before directly pouring the powder into a
metering chamber by gravity.

20 : W German patent DE 3607187 describes a mechanlsm for
the metered transport of fine particles.
’ " Product brochure, "E-1300 Powder Filler" describes a
powder filler available from Perry Industries, Corona, CA.

U.S. Patent No. 3,874,431 describes a machine for

25  filling capsules with powder. The machine employs coring
tubes that are held on a rotatable turret.

British Patent No. 1,420,364 describes a membrane
assembly for use in a metering cavity employed to measure
quantities of dry powders.

30 S British Patent No. 1,309,424 describes a powder
filling apparatus having a'meaSuring chamber with a piston
‘head used to create a negative pressure in the chamber.
- Canadian Patent No. 949,786 describes a powder
= £illing machine having measuring chambers that are dipped into
35 the powder. A vacuum is then employed to fill the chamber
with powder.
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from about 1 um to 5 pm.

15 - The fine powder will preferably be placed into a
hopper having an opening at a bottom end. The element is
vibrated to agitate the fine powder. Vibration of the powder

-.in the wvicinity of the opening assists in the transfer of a
portion of the fine powder through the opening where it may be .

20 captured into a chamber. Vibration of the element also
assists in de-agglomerating powder within the metering chamber
so that the metering chamber may more uniformly be filled.

The vibratable element is preferably vibrated in an
up and down, i.e. vertical, motion relative to the powder in

25* the hopper. In one aspect, an ultrasonic horn is employed to
vertically vibrate the element. Alternatively, the element
may comprise a rod that is vibrated back and forth, i.e.
laterally, within the powder. 1In another alternative, the
vibratable element is vibrated in an orbital manner. In one

30 aspect, the rod is operably_aétached to a piezoelectric motor
“which vibrates the rod. Preferably, the element is vertically
vibrated at a frequency in the range from about 1,000 Hz to

. about 180,000 Hz, and more preferably from about 10,000 Hz to
.. about 40,000 Hz, and most preferably from about 15,000 Hz to

35 ° about 25,000 Hz. The rod is preferably vibrated laterally at
a frequency in the range from about 50 Hz to about 50,000 Hz,
and more preferably in the range from about 50 Hz to about
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descri bes a powder filling apparatus having a neasuring chanber with a
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openi- ng at 1atbm‘aﬂ.dm ibratied el dhmfierably, thebentetembeayiitsatventhiecdlhe

powder . VinQEEB”aBBrEh%ﬂgmM¥Hé chamber by a distance in the range from
about 0.01 mm to about 10 mm, and more preferably from about
0.5 mm to about 3.0 mm. Such a distance assists in keeping

15 the powder uncompacted when transferred to the chamber.

In still another aspect, the element is preferably
moved across the opening while being vibrated. For instance,
the element may be translated along the opening at a rate that
is preferably less than about 100 cm/s. However, the _

20 particular rate of translation will typically depend on the
vibrational frequency of the element. In this way, the
element is swept across the chamber while being vibrated.

Movement of the element along the opening is
particularly preferable when multiple chambers are aligned

25 with the opening. In this way, the element may be employed to
assist in the transfer of fine powder from the hopper into
each of the chambers.. Optionally, a plurality of elements or
rods may be vibrated within the hopper in the vicinity of the
openings. Preferably, the rods will be aligned with each

30 ‘other and will be translated along the opening while being
vibrated, although in some cases the rods or élements may
remain stationéry over each chamber.

To assist in the capture of the fine powder in the
chamber, air is preferably drawn through the chamber bottom to

35 draw the fine powder into the chamber. Following capture of
the fine powder, the powder is preferably transferred to a
receptacle. Transferring of the fine powder is preferably



in the vicinity of the opening assists in the transfer of a portion of

the fine powder through the opening where it may be 20 captyred into
chanber. WEOPHI of the el enent also assists in de-agéFaﬂEPQ%pﬁg
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about ‘1, 0Qfrdfretbing membent viSGad@Es Hel oregdwith etheefrébaraltylileo m layoent .
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accomplished by placing a thin plate (or doctor sheet) between
15 the hopper and the chamber. The plate has an aperture to
allow for the transfer of the powder from the hopper and into
“,the chamber. The chamber is then moved relative to the plate,
| with.the plate scraping any excess powder from the chamber.
Alternatively, a doctor blade may be employed to scrape any
20 . excess powder from the chamber as the chamber is rotated.
R _ . In one particular aspect, the powder is transferred
to the hopper from a secdndary hopper. Preferably, the
' éecéndafy hopper is vibrated to transfer the powder onto a
chute where it passes into the primary hopper. In still yet
25 another_aspect, the chamber is periodically removed and
replaced with a chamber of a different size to adjust the
volume of the chamber. In this way, different unit dosages
may be produced by the invention.
. | The invention further provides an exemplary
30 . apparatus for transporting a fine powder. The apparatus
- comprises a hopper for holding the fine powder. The apparatus
further includes at least one chamber which is moveable to
:'ﬂallbw.the chamber to be placed in close proximity to an
openihg in the hopper. A vibratable element is also provided
35:___having_a proximal end and a distal end, with the element being
placed within the hopper such that the distal end is near the
opening. A vibrator is provided to vibrate the element when
within the fine powder. 1In this way, the element may be



transfer of the fine powder fromthe hopper to the chanber. The end

menber preferably projects laterally outward fromthe el enment. In one
aspect, theWOI¥19fber conprises a cylinder when the el eRERUSPE21059
vibrated vertically. In another aspect, #® the end menber conprises a
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in the rareon rctte hoppebotud Bhalchamberabo®relfierablyndchereipraterabl y

from about . 0, .3, - Si . ening
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transl at \g?lafzong %%ré openi ngrat g rate hz%tye C)is prefer abe Igss thaen
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typi Calhl y depend on theone ex¥mplalyoBdpddeUaneYambatiicus! eqelhex! N this
way, the

. t t t hanb l.e _being t ed.
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el ement s crhambers odse nryowddedhiar ed mutEtiabkea gnerdpper whiichhésyicoitaitied of
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and w | t 1le b vi br at ed,

ot her e transl ated al ong the openi ng ei ng
al t hough iTeckarisnswayt hBeRofs SMPLRchite fekanslate ckEned eBENSN MEOver

each chanbgfie rotatable membefOsaSthsit ithd Reilsadt ing &iehbatf pagseedrier n
0r aEhe (A pRHREPEF nEB PRE Lot i R iS¢ aRReRWOED BOWIRR: (i no
powder, tHeh@ovdansiatpngl meabhyismpfefiammbly comprisescepidaear drive
TranSfer“J%kﬁgnigﬁ Lh@Shp8¥QB%1E%é§“§H£*¥Hd'along the opening at a rate
that-is less than about 100 cm/s.
= In another aspect, the vibrator is configured to
20 vibrate the element in an up and down motion at a frequency in
' the range from about 1,000 Hz to about 180,000 Hz, and more
preferably in the range from about 10,000 Hz to about 40,000
Hz, and most preferably in the range from about 15,000 Hz to
about 25,000 Hz. When vibrated up and down, the wvibratable
25 element preferably combrises'a cylindrical shaft having a
- diameter in the range from about 1.0 mm to about 10 mm. When
vibrated laterally, the element preferably comprises a rod or
wire having a diameter in the range from about 0.01 inch to
_ about 6.04 inch.
30 _ .- An end-member is preferably operably attached to the
- distal end of the vibratable element to assist in agitation of
the fine powder. The end-member is preferably vertically
spaced apart from the chamber by a distance in the range from
‘“about 0.01 mm to about 10 mm, and more preferably from about
35 -7 0.5 mm to about 3.0 mm. In one alternative, the apparatus is
provided with a plurality of vibratable elements so that
multiple elements may be vibrated within the fine powder.
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15 and into the receptacle. A controller may be provided for
;.controlling actuation of the gas source, the vacuum source and
operation of the vibrator.
The apparatus may also include a mechanism for
adjusting the amount of captured powder in the ehamber due to
20 the chamber volume. In this way, the captured amount will be
a unit dose amount. Such an adjustment mechanism may comprise
an edge for removing fine.powder extending above the chamber.
In one embodiment, the adjustment mechanism comprises a thin
plate having an aperture which may be aligned with the chamber
25 during filling. As the rotatable member is rotated, the edge
of the aperture scrapes the excess powder from the chamber.

- In one particular aspect, the vibratable element
includes a projecting member which is spaced above the distal
end. The projecting member serves as a leveller to level

30 powder within the hopper as the vibratable element is
- translated along the hopper.
_ In another aspect, a secondary hopper is provided to
store the powder until delivered to the primary hopper. A
shaking mechanism is provided to vibrate the secondary hopper
35 - when powder is to be transferred to the primary hopper.
Preferably, the powder passes down a chute so that the powder
may be transferred without interfering with the translation of
the vibratable member along the primary hopper.



may be produced by the invention. - The-invention further
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the vibrating el enent passes .Qver
to“translate the vibratable members along the hoppers to
assist in transferring the powder from the hoppers and into
15 the chambers. Conveniently, a controller may be provided to
control operation of the rotatable members, the vibrators,-and

the translation mechanism.

Ew BRIEF DESCRIPTION OF THE DRAWINGS
20 . Fig. 1 is a cross-sectional side view of an
exemplary apparatus for transporting fine powders according to
the invention. i_
Fig. 2 is an end view of the apparatus of Fig. 1.
Fig. 3 is a more detailed view of a chamber of the
25 apparatus of Fig. 1 showing a vibrating rod being translated
over the chamber according to the invention.
Fig. 4 is a left front perspective view of an
exemplary system for transporting powder according to the
_ invention.
30 Fig. 5 is a right front perspective view of the
system of Fig. 4
IR Fig. 6 is a cross-sectional view of the system of
Fig. 4.
Fig. 7 is a schematic view of an alternative

35 apparatus for transporting fine powders according to the
invention.



15. each chanber to assist in the filling of each with powder. The
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PCT/ US98/ 21059 Fig. 12 is a cross-sectionall¥iew of the appaféﬂus

merber whi Gh FLOp! ADeHORET AP LoRcE; bALe. o roreene
Fig. 13 is an exploded view of a rotatable member of
15 the apparatus of Fig. 10. '

. Fig. 14A is a schematic view of a scraping mechanism
for scraping excess powder from a chamber of a rotatable
member. S

Fig. 14B is an end view of the scraping mechanism of .
20 Fig. 14A as mounted above the rotatable member. '

- Fig. 14C is a perspectlve view of an alternative
mechanism for scraping excess powder from a chamber of.a
rotatable member according to the invention.

Fig. 15 is a perspective view of a particularly
25 ~ preferable system for transporting powders according to the
invention.

- DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS
_ ' The invention provides methods, systems, and
30 apparatus for the metered transport of fine powders into
receptacles The fine powders are very fine, usually having a
mean . 51ze in the range that is less than about 20 pm, usually
" less than about 10 um, and more usually from about 1 um to
5 pm, although the invention may in some cases be useful with
35 - la;ge:'particles, e.g., up to about 50 um or more. The fine
powder may be composed of a variety of constituents and will
preferably comprise a medicament such as proteins, nucleic
acidg, carbohydrates, buffer salts, peptides, other small
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- fine powders prepared by the invention will be especially

20 useful with, although not limited to, "low energy" inhalation
devices which rely on manual operation or solely upon
inhalation to disperse the powder. With such inhalation
devices, the powder will preferably be at least 20% (by
weight) dispersible or extractable into a flowing air stream,

25 more preferably be at least 60% dispersible, and most
preferably at least 90% dispersible as defined in U.S. Patent
No. 5,785,049, previously incorporated by reference. Since
the cost of producing the fine powder medicaments are usually
quite expensive, the medicament will preferably be metered and

30 transported into the receptacles with minimal wastage.

“ Preferably, the receptacles will be rapidly fiiled with the
‘unit dosage amounts so that large numbers of receptacles
containing the metered medicament can economically be
‘produced. _

35 - According to the invention, the fine particles are
captured in a metering chamber (which is preferably sized to
define a unit dosage volume). A preferable method of
capturing is by drawing air through the chamber so that the



may be transferred without interfering with the translation of t he
vibratabl e menber along the primry hopper. PCT/ US98/ 21059
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the captured powder
After the fine powder is metered, the fine powder is
ejected into the receptacle in a unit dosage amount, with the
ejected fine powder being sufficiently dispersible so that it
15 may be entrained and aerosolized in the turbulent air flow
created by an inhalation or dispersion device. Such an
ejection process is described in U.S. Patent No. 5,775,320,
previously incorporated by reference.
Agitation of the fine powders is preferably
20 accomplished by v1brat1ng a vibratable member within the fine
powder in the wvicinity just above the capture chamber.
Preferably, the element.ié vibrated in an up and down, i.e.,
vertical, motion. Alternatively, the element may be laterally
vibrated. A variety of mechanisms may be employed to vibrate
25 the elements including an ultrasonic horn, a piezoelectric
bending motor, a motor rotating a cam or a crank shaft, an
electric solencid, and the like. Alternatively, a wire loop
may be rotated within the fine powder to fluidize the powder.
Although agitation is preferably accomplished by vibrating the
30 vibratable member within the fine powder, in some cases it may
be desirable to vibrate the vibratable member just above the
powder to fluidize the powder.
Referring to Figs. 1 and 2, an exemplary embodiment
of an apparatus 10 for metering and transporting unit dosages
35 of a fine powder medicament will be described. Apparatus 10
comprises a trough or hopper 12 having a top end 14 and a
bottom end 16.° At bottom end 16 is an opening 18. Held
within hopper 12 is a bed of fine powder 20. Positioned below
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alongollneﬁoﬁée% 12 is positioned just above rotatable member 22 so that
powder held within hopper 12 will not escape between bottom
end 16 and rotatable member 22. At distal end 29 of rod 28 is
a cross-member 30 which is generally perpendicular to rod 28.
Cross-member 30 will preferably be at least as long as the top
15 diameters of chambers 24 to assist in agitating fine powder
into the chambers as described in greater detéil_hereinafter.
As best illustrated in Fig. 1, upon actuation of
piezoelectric bending motor 26, rod 28 is caused to vibrate
back and forth as indicated by arrows 32. Further, as
20 illustrated by arrow 34, piezoelectric bending motor 26 is
translatable along the length of rotatable member 22 to allow
cross-member 30 to be vibrated over each of the chambers 24.
- Referring now to Fig. 3, the transfer of powder from
hopper 12 (see Fig. 1) to chamber 24 will be described in
25 greater detail. Disposed within chamber 24 is a top filter 36
and a back-up filter 38. Top filter 36 is disposed in
rotatable member 22 such that it is at a known distance
~relative to the top of chamber 24. A line 40 is in
communication with chamber 24 to provide suction within
30 * . chamber 24 during filling and compressed gas when expelling
the powder from chamber 24 in a manner similar to that
described in copending U.S. Patent Application Serial No.

'08/638,515, the disclosure of which is herein incorporated by
‘reference.

35 When ready for filling, a vacuum is created within

line 40 to draw air through chamber 24. Further, rod 28 is
vibrated as shown by arrows 32 when positioned above chamber
24 to assist in agitating powder bed 20. Such a process
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above the cavity is fluidized and can be drawn into the
chamber 24. Referring now to Figs. 4-6, an exemplary
15 ﬂ embodiment of a powder transferring and metering system 44
wiil,be described. System 44 is patterned after the
principles previously set forth in connection with apparatus
10 of Figs. 1-3. System 44 comprises a base 46 and a frame 48
for rotatably holding a rotatable member 50. Rotatable member .
20 50 includes a plurality of chambers 52 (see Fig. 6). '

' Rotatable member 50, including chambers 52, will preferably be
provided with wvacuum and éompression lines similar to that
previocusly described in copending U.S. Patent Application
Serial No. 08/638,515, previously incorporated by reference.

25 In'brief, a vacuum is created to assist in drawing powder into
chambers 52. Upon filling of chambers 52, rotatable member 50
is rotated until chambers 52 are facing downward. At that
point, compreséed gas is forced through chambers 52 to eject
the captured powder into receptacles, such as blister packages

30 . as are commonly used in the art.

.' _ Positioned above rotatable member 50 is a hopper 54
having an elongate opening 56 (see Fig. 6). Operably mounted
to frame 48 are a plurality of piezoelectric bending motors
58. . Attached to each of piezoelectric bending motors 58 is a

35 | rod 60. An exemplary piezoelectric bending motor is
cqmmercially available from Piezo Systems, Inc., Cambridge,
Massachusetts. Such bending motors comprise two layers of a
piezoceramic, each having an outer electrode. An electric
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with the distal cross-member to help collapse aﬁy trenches created in
the powder bed during operation. When actuated, rods 60 will
preferably be vibrated at a frequency in the range from about

20 5 Hz to about 50,000 Hz, and more preferably in the range from
about 50 Hz to about 5,000 Hz, and most preferably in the
range from about 50 Hz to about 1,000 Hz.

Piezoelectric bending motors 58 are attached to
translation mechanism 64 which translates rods 60 along hopper

25  54. When translated, cross-member 62 will preferably be
‘vertically spaced above chambers 52 by a distance in the range
from about 0.01 mm to about 10 mm, and more preferably from
about 0.1'mm to about 0.5 mm. Translation mechanism 64
-comprises a rotary drive pulley 66 which rotates a belt 68,

30 which in turn is attached to a platform 70. Piezoelectric
bending motors 58 are attached to platform 70 which is
translated over a shaft 72 when pulley 66 is actuated. 1In
this way, rods 60 may be translated back and forth within
“hopper 54 so that rods 60 will be vibrated over each of the

35 chambers 52. 'Translation mechanism 64 may be employed to pass
rod 60 over chambers 52 as many times as desired when filling
chambers 52. Preferably, rod 60 will be translated at a speed
that is less than about 200cm/s, and more preferably less than
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As rotatable member 50 is rotated, a blade at the bottom edge
of hopper 54 scrapes off any excess powder to ensure that each
15 chamber contains only a unit dose amount of fine powder.

When in the downward position, a compressed gas is
forced through each of chambers 52 to eject the fine powder
into receptacles (not shown). 1In this way, a convenient
method is provided for transferring fine powder from a hopper

20 into receptacles in a metered amount. '

Referring now to Fig.'7, an alternative embodiment
of an apparatus 74 for trénsferring metered doses of fine
powder will be described. Apparatus 74 comprises a housing 76
and a piezo substrate 78 operably attached to housing 76.

25 piezo substrate 78 ihcludes a plurality of holes 80 (or a
screen). Positioned above substrate 78 is a hopper 82 having
a bed of fine powder 84. Attached to substrate 78 is a pair
of electrical leads 86 for actuation of piezo substrate 78.
When electrical current is alternately supplied to leads 86,

30 substrate 78 is caused to expand and contract to produce a
vibration mode as illustrated by arrow 88. In turn, holes 80
are caused to vibrate to assist in agitating powder bed 84 to
more effectively allow the powder to fall through holes 80 and
into a chamber. A rotatable member having chambers in

35 communication with a vacuum source and a pressure source as
described in previous embodiments may also be used in
connection with apparatus 74 to assist in capturing the fine
pqwder and expelling the captured powder into receptacles.
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12 is piezoel ectric %ﬁ& embodiment of an apparatus 120 for

transferring metered doses of fine powder is illustrated in

1s Fig. 9. Apparatus 120 comprises a motor 122 which rotates a
wire loop 124. As shown, wire loop 124 is disposed within a
bed of fine powder 126 just above a chamber 128. In this way,
when wire loop 124 is rotated; the powder will be fluidized
and drawn into chamber 128 in a manner similar to previous

20 embodiments. Further, loop 124 may be translated over chamber
128 during its rotation in a manner similar to that previously
described with other emboaiments.

Referring now to Fig. 10, another embodiment of an

apparatus 200 for transporting fine powders will be described.

25 Apparatus 200 operates in a manner similar to the other
embodiments as previously described in that powder is
transferred from a hopper into metering chambers of a
rotatable member. From the rotatable member, the powder is
expelled into receptacles in unit dosage amounts.

30 s Apparatus 200 comprises a frame 202 which holds a
rotatable member 204 such that rotatable member 204 may be
‘rotated by a motor (not shown) held on frame 202. Frame 202
‘also holds a trough or primary hopper 206 above rotatable
member 204. Positioned above hopper 206 is a vibrator 208.

35 As shown in Figs. 11 and 12, a vibratable element 210 is
coupled to vibrator 208. Vibrator 208 is coupled to an arm
212 by a clamp 214. Arm 212 in turn is coupled to a
translation stage 216. A screw motor 217 is employed to
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218, latch 232 is disengaged from hopper 218 and hopper 218 is

lifted from slots 220. 1In this way, hopper 218 may be
20 conveniently removed for refilling, cleaning, replacement, or
the like.
N To transfer poﬁder from hopper 218, an arm 234 is
placed into contact with housing 222 and is shaken or vibrated
. to vibrate housing 222. A motor (not shown) is employed to
25 shake or vibrate arm 234. As shown in Fig. 12, housing 222
may optionally include an internal opening 236 containing a
block 238. As housing 222 is shaken, block 238 vibrates
within opening 236. As block 238 engages the walls of housing
222, it sends shock waves through housing 222 to assist in
30 transferring the powder from tubular section 224, through
opening 228, and through screen 230. The powder then slides
down chute 226 until it falls within hopper 206. Use of chute
226,is also advantageous in that it allows tubular section 224
to be laterally offget from vibrator 208 so that it will not
35 interfere with the motion of vibrator 208. One particular
advantage of including block 238 within opening 236 is that
any particulate generated as block 238 is vibrated will be
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15 which is greater than that of element 210. Element 210 is
preferably cylindrical in geometry and preferably has a
diameter in the range from about 0.5 wm to about 10 mm. As
shown, end member 240 is also cylindrical in geometry and
preferably has a diameter in the range from about 1.0 mm to

20 about+10 mm. However, it will be appreciated that vibratable
element 210 and end member 240 may be constructed to have a
variety of shapes and sizes. For example, vibratable element

210 may be tapered. End member 240 may alsoc have a reduced
profile to minimize the lateral movement of powder as vibratoxr

25 208 is translated through hopper 206. Preferably, end member

' 240 is vertically spaced above rotatable member 204 by a
distance in the range from abéut 0.01 mm to about ‘10 mm, and
more preferably from about 0.5 mm to about 3.0 mm.
Vibrator 208 is employed to assist in the transfer

30 of powder into metering chambers 242 of rotatable member 204
in' a manner similar to that described with previous
‘embodiments. More specifically, motor 217 is employed to

‘- translate stage 216 so that vibratable element 210 may be
translated laterally back and forth along hopper 206. At the

35 same.time, vibratable element 210 is vibrated in an up and
down motion, i.e., radial to rotatable member 204, as it
passes over each of metering chambers 242. Preferably,
vibrator 208 is laterally translated along hopper 206 at a



is rotated until chanbers 52 are facing downward. At that poi nt,

conpressed gas i s forced through chanbers 52 to eject the ca
powder intoa’ cles, such as blister ,packages 30 as areXt ﬂﬁﬁﬁkygased
in the art. - Positioned abdve rotatable nmenber 50 is a hopper
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the rod t&"
25 mm, and more preferably from about 5 mm to about 10 mm. As

15 an alternative, various plowing mechanisms, such as rakes, may
be attached to vibrator 208 (or be separately articulatable)
so that they will drag over the top of the powder to assist in
leveling the powder as vibrator 208 is translated along the
hopper. As another aitetnative,;an-elongate_vibratory '

20 element, such as a screen, may be disposed within the powder
bed to assist in levelling the powder.

As shown in Figé. 11 and 12, rotatable member 204 is
in a filling position where metering chambers 242 are aligned
with hopper 206. As with the other embodiments described

25 herein, once metering chambers 242 are filled, rotatable
member 204 is rotated 180° where the powder is ejected from
metering chambers 242 into receptacles. A Kldéckner packaging
machine is preferably employed to supply apparatus 200 with a
sheet containing the receptacies. ‘

30 . - . Referring now to Fig. 13, constructlon of rotatable
member 204 will be described in greater detail. Rotatable
member 204 comprises a drum 246 having a front end 248 and a

- back end 250. Bearings.252 and 254 are insertable over ends
- 248 and 250 to allow drum 246 to rotate when attached to frame

35 202. Rotatable member 204 further includes a collar 256, a
rear slip ring 258 and a front slip ring 259 which are fitted
with gas tight seals. Air inlets 260 and 261 are provided in
collar 256. Air inlet 260 is in fluid communication with a



t he powder. A perpendicul ar cross- nenber 62 (see Fig. 6) wll 15

preferably be attached to the distal end of rod 60. One or nor e
cr oss- nembeMO #9285t i onal | y be positi on%4 above the di stP4IT/US98/21059
cross-nmenber to help collapse any trench created in t he powder bed
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conpri ses holet26% dni memanlilfey db@6fhi ciTheotatestiehephsf8s 8Broughi ch in
turn is at ; o] p f 0 ] I ri endi. ng 0r.s. 58
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pul l ey 66 285acandt 8d5bl.n Holes Ri6Sanend raffsd 60n nlayabketr a9l ahesh baniceand
forthow thiRe air RAEBELhatueed Bald 0dsr PG i hi PErViiRhALEd e 5360 of
the 35 chambers 52. Transl ation nechani sm 64 nmay be eng oyed _to pass
rod 60 ovetntRanBELsPBSSES friFpPughned i wag r2%9 whehrenghi aghole 28fariger s

52. Pref erghbketr 2d068nd lihthe o hald afrast adhewsPeed manifbhat 262 | esmd han
ibSUt 200C2§§’igngoggg8 @%%%%E%nggfﬁﬁgtﬁgggs in manifolgczggsg%gzggé et
270 in a manner similar to that previously described with

15 = inlet 260 until passing through chambers 242b. In this
manner, two separate air circuits are provided.

. .Alternatively, it will be appreciated that one of the air
inlets could be eliminated so that a vacuum or pressurized gas
may be simultaneously provided to all of metering chambers

20 242 '

| Also disposed above manifold 262 is a change tool

- 274. Metering chambers 242 are formed in change tool 274, and
filters 276 are disposed between change tool 274 and air
bracket 272 to form a bottom end of metering chambers 242.

25 Air may be drawn into chambers 242 by attaching a vacuum to
air inlets 260 or 261. Similarly, a compressed gas may be
forced through metering chambers 242 by coupling a source of
compressed gas to air inlets 260 or 261. As with other
embodiments described herein, a vacuum is drawn through

30 metering chambers 242 to assist in drawing the powder into
metering chambers 242. After drum 246 is rotated 180°, a
compressed. gas is forced through metering chambers 242 to
expel the powder from metering chambers 242.

_ - . Drum 246 includes an aperture 278 into which

35 manifold 262, gasket 270, air bracket 272 and change tool 274
‘are inserted. A cam 280 is also provided and is insertable
into aperture 278. Cam 280 is rotated within aperture 278 to
secure the various components within drum 246. When loosened,



about 100 cm's. Rod 60 will preferably pass over each chanber at | east

one tinme, with two passes being preferred. Speratlon
hopper 54 i WO9( with fine powder hat is to be trans
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dose anmounz74f fine pomder When in the downward position, a
conpressed gas is ¥sed f%c%ﬂaggeésné%ﬂéhfﬁﬁxf fhe fine
powder into rece Pacl es (not s 'S wa conveni en

met hod i s @PeVYPHEBIf BNV CHPSISE rHQY{jiGFIT caavmetermm shespess &#2 . | nfech

receppacl eg aacéoﬂghgr%@dﬁaﬁﬂHm 282 is illustraBeBeRh B JOW i Ria f4Ban
alternative enbodi of . an a ara us 74 for transferrlng nmet er ed

doses of & "bS aggem&&f%nqd T R Froripgarhess -74 E¥mfqeRnience
housi ng 760f illaB€ratpioty,0 didiiridice ﬂ&mﬁiﬁhl gaat haghekdrD dinitsteg FHom

25 ' b 78 d I f h

coreen) . PORF(REARABERLTE ST At A | s REHRer 105 RAF AgE. rotatahls,
fine pomdemeﬁberABD&ch@dsm@wnnnnrsnheﬁ&tls wipwi.r Doctoofirg endchamisheads
86 7ok actygbi BBTngfr&B'e%z% Sdé-tﬁ-ggﬁ?%oe? 884 havifl n7§|e%ttfr'e%a|2 gy

alternately supp substrat I's cause 0 expan *&nd
contract talpgpedcwish metexinchighambeee 242i whest rated Bl armebes. 204

turn, hol egs89n the @&qmigs%é&%rbr at&pé9t§§ébsbs'6n | eatd V0, PRNGIET abed
84 to ore. effectivel w owder fo ro h hol'es 80 and
into a chaftb@Petar r&?‘élt %sﬁe’r@&? ‘F%e’éh‘éi}ﬁ@r§ meter of metering
chambers 242. 1In this way, apertures 286 will not intexfere .
20 with the filling of metering chambers 242. Plate 284 is
preferably constructed of brass and has a diameter of
approximately 0.003 inches. Plate 284 is sprung against
rotatable member 204 so that it is generally flush against the
outer periphery. In this way, plate 284 is generally sealed
25 against rotatable member 204 to prevent excess powder from
escaping between plate 284 and rotatable member 204. Plate
284 is attached to frame 202 and remains stationary while
' rotatable member 204 rotates. In this way, after powder has
_been transferred to_metering chambers 242, rotatable member
30 204 is rotated toward the dispensing position. During
. rotation, the edges of apertures 286 scrape any excess powder
from metering chambers 242 so that only a unit dose amount
- remains in metering chambers 242. Configuration of doctoring
- - mechanism 282 is advantageous in that it reduces the amount of
35 = movable parts, thereby reducing the build up of static
electricity. Further, the removed powder remains within
hopper 206 where it will be available for transfer into
metering chambers 242 after they have been emptied.



35 comuni cation with a vacuum source and a pressure source as

descri bed in previous enbodi nents nay al so be used in - connection with
apparatus 7WO®/RBE st in capturing the fine powder and BGTHIBRYPPhe
captured powder into receptacles. 26 PCT/ US98/ 21059

20 rther odi nent o n, apparatus _10
transferring neteredlgg t%&’ ﬁ%er{?g }?I §tP§?85% 1ve m§3an%sm
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transl ated over chanbe d rlng its rotation in a manner_simlar to
t hat preV|§E§P?ln9 any excess pow rom metering chambers 242.
: Referring back now to Figs. 10-12, operation of
15 apparatus 200 to fill receptacles with unit dosages of fine
powder will be described. 1Initially, the fine powder is
placed into tubular section 224 of secondary hopper 218.
Conveniently, hopper 218 may be removed from frame 202 during
fillihg. Housing 222 is then shaken or vibrated for a time
20 sufficient to transfer a desired amount of powder throuéh
opening 228, through screen 230 and down chute 226 where it
falls into primary hopper 206. Rotatable member 204 is placed
in: the filling position where metering chambers 242 are
aligned with hopper 206. A vacuum is then applied to air
25 inlets 260 and 261 (see Fig. 13) to draw air through metering
chambers 242. Under the influence of gravity, and with the
assistance of the vacuum, the’ poy»ider tumbles into the metering
chambers 242 and generally fills metering chambers 242.
Vibrator 208 is then actuated to vibrate element 210. At the
30 same time, motor 217 is operated to translate vibratable
element 210 back and forth within chamber 206. As element 210
is vibrated, end member 240 creates a pattern of air flow at
‘the bottom of hopper 206 to agitate the powder. As end member
- 240 passes over each metering chamber 242, an aerosol cloud is
35 produced that is drawn into the metering chamber 242 by vacuum
and by gravity. As end member 242 passes over metering
chambers 242, ultrasonic energy radiates down into metering
chambers 242 to agitate the powder already inside the metering



descri bed with other enbodi nents. Referring now to Fig. 10,

anot her enbodi nent of an apparatus 200 for transporting fine powdlers
will be des¥9B¥W2155  aApparatus 200 opeégt es in a nanner Si n“:ypg?%npf?e
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Figs. 11 and 1 vi;bratabl e el enent, 210 is coupled to vibrator 208.
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is coupled to a Affitas ipptgssime taye @it tmoAes cimesnoiverr Zhth Sofnmpheyed

to : ; 21 1 ano
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vi brat abl eaefdspensing posifd anr avhere edeberkngndhamberfsor242 vixéi al hopedr
206. 19 with recepBaldldd Nt Shdigyy Lo Eégl?oggli:gﬁﬂ% MempdPg @4 us 200 5

further includes a seconégry opper 218 di sposed above primary hopper
206. ConveRPEAERY, REYp&EXCERS iRRdRIesifi fgsaped fxom metgfinigyg  chawbers

renovabl y gagphedpievicuE 2 Reddriks@! t i WHen in WhRIRidp2rdiRy ShOk st 284,

Hopper 218aC80 52%%%e%'3§§“£§3é§§§1ied through air inlets 260 and 261 to
expel unit dosages of powder from metering chambers 242 and

15 into the receptacles. -

. The invention also provides a way to adjust fill
ﬁeights by moduléting the ultrasonic power supplied to
.vibrator 210 as it passes over metering chambers 242. 1In this
way, £ill weights for the various metering chambers may be

20 adjusted to compensate for powder weight discrepancies ﬁhat
‘may periodically occur. As one example, if the fourth
.. metering chamber was consistently producing a dosage amount
that was too low in weight, the power to vibrator 208 could be
increased slightly each time it passed over the fourth
25 meterihg chamber. In conjunction with an automated (or
manual) weighing system and a controller, such an arrangement
may be used to make an automated (or manual) closed-loop
weight control system to adjust the power level of the
_vibratbr for each of the metering chambers to provide more
30  accurate fill-weights. |
| Referring now to Fig. 15, an exemplary embodiment of
a system 300 for metering and transporting a fine powder will
..be described. System 300 operates in a manner similar to
apparatus 200 but includes multiple vibrators and multiple
35 hoppers for simultaneocusly filling a plurality of receptacles
with unit dosages of fine powder. System 300 comprises a
frame 302 to which are rotatably coupled a plurality of
rotatable members 304. Rotatable members 304 may be



and a tubul ar section 224 for storing powder. ‘A chute 226 10 extends from
housi ng 222 and into hopper 206 when hopper 218 Is attached to frane
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A motor 312 (only one being shown for convenience of
illustration) is coupled to each of rotatable members 304 to
" rotate rotatable members 304 between a filling position and a
dispefising position similar to apparatus 200. ,

20 ~ 7" Each vibrator 308 is coupled to an arm 314 by a
clamp 316. Arms 314 are in turn coupled to a common stage 318
which having slides 319 which are translatable over tracks 321

- by a screw 320 of a screw motor 322. In this way, the
vibratable elements 310 may simultaneously be moved back and

25 forth in hoppers 306 by operation of screw motor 322.

- Alternatively, each of wvibrators could be coupled to a
separate motor so that each vibrator may independently be
translated. .

| Frame 302 is coupled to a base 324 which includes a

30 plurality of elongate grooves 326. Grooves 326 are adapted to

' - receive bottom ends of a plurality of receptacles 328 which

~are formed in a sheet 330. Sheet 330 is preferably supplied
from a blister maker, such as a commercially available Uhlmann
Packaging Machine, Model No. 1040. Rotatable members 304

35 preferably include a number of metering chambers that
correspond to the number of receptacles in each row of sheets
330. In this way, four rows of receptacles may be filled
during each cycle of operation. Once four of the rows are
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rot at abl e neagprag@es 328. The controller then sends a signal to send a
pressurized gas through the metering chambers to expel the
metered powder into receptacles 328. Once filled, the
controller causes the packaging machine to advance the sheet

20 330 and to repeat the cycle. When needed, the controller may
be employed to actuate motors (not shown) to vibrate the
secondary hoppers to transfer powder into primary hoppers 306
as previously described.

Although shown with vibrators which comprise

25 ultrasonic horns, it will be appreciated that other types of
vibrators and vibratable elements may be employed, including
those previously described herein. Further, it will be
appfeciated that the number of vibrators and size of the
troughé may be varied according to the particular need.

30 _ Although the foregoing invention has been described
in some detail by way of illustration and example, for
purposes of clarity of understanding, it will be obvious that
certain changes and modifications may be practiced within the
scope of the appended claims.



In a manner simlar to that described with previous enbodi nents. More

specifically, notor 217 is enployed to transl ate stage 216 so that

vi brat abl e W@A9R1210 nmay be translated | aterally back ®R€F/USIBRHSI

al ong hopper 206. At the 35 sane time, 3f bratable el ement 210 is vibrated
in an up and down ot | i.e., radial to rotatable nmenber 204, as it

passes ov chanbers 242. Preferably, vi brator 208 is
laterally transl ated al ong hopper 206 at a PCT/ US98/ 21059

23 rate that is legs_th 500 cm e seco n Le
pr ef et abl y |l ess thaniaboét mf5 % tgea osl?(? ng & P_lneapgwggr\'/i br at abl e

el emredt 2l€ompriwyed:|l ateral ly mﬁthln hopper 206, there may be a

t endegcy for vibrat 5 he . powder

towar%s t he ends of aﬁ(hi%fo:g!rn Iﬁ% %égl § “{&nrg\l%{r‘rteér)lt (%%%ggg\%ggrb an

m ti ght ed PHEPRiRY| BhAayean; radi ati ng surface or projecting nmenber 244 on

vi br agabl e el em&ﬂbr&%@.nlgu%t ﬁ@f&a&l@‘@f&%@%ﬂ@hlﬂeﬁha whiblai n the

hopper. In this wa ccunul,at.ed pa that js hi r than 10 t he .
aver afe dePPRAPE b%ngFeNtlF&F’HFYrTS& I&Fed’%%ve%’ areas in the

hoppevr havi ng a snal teptpedser atelidast a pd?ftﬁif@iadé)fytherﬁjlﬁét 'pﬁg,d@nber
244 | paced art.frome a . distancg,in t

fron1§bout R ﬁﬁﬁ?oEBSOSPenlng y%ﬁ%ﬁnzﬁufqﬁﬁb %%eﬁ%ﬁﬁ%?? EPSWFSB% nmto
about 910 mpowder15s saf fiktientdly wacompaahesl ppoviilmgt nét hmaysive, displerased

rakegg b& ggia%%gq\ Vi aﬁﬂg 208 (or be separately
artlculat % rEmo so that they w .&?ag over the top of the powder to
assist in
1 : 2. A method as in clalm 1, wherein the wvibratable
2 element is vibrated in an up and down motion relative to the

3 powder in the hopper.

1 - 3. A method as in claim 2, wherein the vibratable
element is coupled to an ultrasonic horn, and wherein the

3. vibrating step. comprises actuating the ultrasonic horn.

1 ' R 4. A method as in claim 1, wherein the vibratable

2 element is vibrated at a frequency in the range from about

3 1,000 Hz to about 180,000 Hz.

1 5. A method as in claim 1, wherein the wvibratable

2 element has a distal end which is placed near the opening, and

3 wherein the distal end has an end-member attached thereto

4 which is wvibrated over the chamber.

1 L 6. A method as in claim 1, wherein the end-member
is vertically spaced apart from the chamber by a distance in

3 the range from about 0.01 mm to about 10 mm.

1 7. A method as in claim 1, further comprising

2 moving the element across the opening while vibrating the

3 element.

—_
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| eveling the powder as vibrator 208 is translated al ong the hopper. As
another alternative, an elongate vibratory 20 el enent, such as a screen,
may be di spWES¥1¥hi n t he powder bed to assist in |evel BGTURE1059
powder . As shown in Figs. T1 and 12, rotatable nmenber 204 is
inafilling positiog wher g er 42, i ‘s i th
hoppé* 206. As with ?he K e%%E a ﬁ%g?gﬁﬁgic%1bé§£gg8L % ngSIWQﬁe

met erz ng dhearel st 248 ahe ieitletredgt aﬂmtgabiree openimpgbhat ao«rartg ttdtadt el
180[ eg r] v@&rj%% PQE{._ ﬁoejcﬁgtged from nmetering chanbers 242 into

r ecept acl €s %err ner packagi ng machine is preferably enpl oyed
to supply apparatus 200 with a sheet containing the receptacles. 30

Refer{ing now to Figg, 13a ﬁ@%baugté Qi!h Qélaﬁaavabfﬁrther Wisa%wi Il be
described in greater.detail Rot at rises a drum 246

v 1 o PUROChEeDAY Larelling Cha e s o Lhea. FhELAPBPrr 254 are

i nsert abl e over ends . 248 and 250 to allow drum 246 to rot ate when

attached to frane 35 able er 204 rt |ncI | ar
256, rear sli Ejor’l né ?‘.%%é)% ap f]r 1 p9r| éefgér\l\ﬁlﬁ ar ee]fahtr?%
with Zas tsgép sempyisdsr placdng %@mmqu@lng_rmembevi dad tihe Vlbradtﬂbbﬁ:
256. r '%i%@eﬁéoatsa'ﬂd@dﬁf%ﬂ“gﬁgggd¥g§£EE“f%BQZa distal end of the

PCT/ US98/ 2 pair 242a o
met eréng crithbeEablg2edemedt.nlet 261 is in fluid communi cation with a
pair 242b of metering chanbers 242. In this way, pressurized air or a
vacuug1nay be produc%g.lnA metho&rﬁﬁ alélgimch?nbggiegﬁg%m'tf% b.
2 chambers are aligned with the opening, and further comprising
3 moving the vibratable element along the opening to pass over
4 each chamber.
12. A method as. in claim 1, wherein the fine powder
comprlses a medicament composed of individual particles hav1ng .
a mean size in the range from about 1 um to 100 pm.
1 13. A method és in claim 1, wherein the capturing
2  step further comprises drawing air through the chamber which
3 'is positioned below the opening, wherein the drawn air assists
4 in drawing the fine powder into the chamber.
_14. A method as in claim 1, further comprising
transferrlng the captured powder from the chamber to a
3 receptacle
1 ' | 15. A method as in claim 14, wherein the
transferring step comprises introducing a compressed gas into
3 - the chamber to expel the captured powder into the receptacle.
1 l16. A method as in claim 1, further comprising
adjustlng the amount of captured powder to be a unit dosage
3 . amount.
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5 More specifically, air frominlet 260 passes through

slip ring 258 through a hole 264 in a gasket 270 and into a hol e 265
in a mani f oM WB215The air t hen passes tgrough mani f ol d PEX/G§I8280501 s
mani fol d 262 through a pair of holes 2265a and 265b. Hol es 265c and

265d j n bracket 270 242a. _ .| .

s thr manner. air $ioma HeEnod as)if Shaskl 'y ISR RE pesdating
throtagh ashz.ﬂpe QPP hses prgﬁsdengzaotann pledea bedlaw (Tt sdppe), i with
mani fpl d Jme havfhd A apai»eqrrehemh 1\éardlq"§}é£!sv‘fft%ntﬂgngfx§hﬂe 62

and gasket In a mapner siml ar t hat pr escri

15 4rﬂeﬂaQQKf%Fﬁh¢rp%%@?ﬁgs%ﬂgomaﬁlﬁﬁaﬁbér§h9mhﬁr Iﬁﬂé¢#§e to thenner,
two separ Flatk ltsi scraps ehe pke¥sdefowder FANEHIYE i Mdibert W Il be

appreci ated that one of the air Inlets could be elimnated so that a
vacuum or pressurized gas may be sinmultaneously provided to all of
nmetering chambers 20 242. _ Al so disposed above mani fold 262

i s a-change tool n LS 2 are fornme change. tooI
274, ];nd filters 27éAare {)Jsip%geg%b ? é’ﬂbeer%br d]%%nhaﬂae

br ac ket ZHI#Mﬁﬁth@EP%Dtt@hﬁeﬂhenelnet93|pga@hambamapyﬁbmﬁﬁlseﬂrr nay be
dra I Nt G HAIRReF 2 | a g?k@ | 2
261mn%|nrlarly,za%%ﬁ%r%@%egéggggnggogeg Bed orﬁij?éBéﬁhQ%e ﬁgl%%ry
chantfer s 3WPREF coupl i ng a source of conpressed gas to air |nlets 260
or 261. As with other enbodi nent s described herein, a vacuumis drawn
through 30 ° neteri ers, 242 to,assi I n dramrn t he powder into
net ert ng chanmbers zng ePelibath ag6insc Gﬂgléé'l Hrhgr gemprising
conprssedrijastsng drlmsedsednondghyrrhbppemg tohmﬁaersfa%a:ﬁé) powde£Xp8l thee

powdey fr nbers 242. Drum 246 includes an
aperture 3§§'|nto’§ﬂ$%%9 mani fol d 262, gasket 270, air bracket 272 and

change tool 274 are |nserted A cam 280 is also provided and is
inserfable . intogpy@periunecBdd aS2ih289lim Mot %.ﬁ:dcﬂ%ﬁ] ggg_ e 278
to segure the various conponents mnthrn dridm™246 sene

2 ispensing the powder from the chamber and changlng the size

3 of theéschamber.

21. Apparatus for transporting a fine powder,

comprising: .
: a hopper having an opening therein, the hopper being
- adapted to receive the fine powder;.

at least one chamber which is movable to allow the

chamber to be placed in close proximity to the opening;
- a vibratable member having a proximal end and a

distal end, the vibratable member being positionable within
the hopper such that the distal end is near the opening; and

a vibrator motor to vibrate the vibratable wmember
when within the fine powder.

O e 30 U1 B W N
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1. .. .s% - 22, An apparatus as in claim 19, further comprising
2 a mechanism for translating the vibratable member over the
3 chamber.

1 23. An apparatus as in claim 20, further comprising
2 a rotatable member having a plurality of chambers about its
—_—
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PCT/ US98/ 21059 25 it is possible to

slide change tool 274 fron1aperture 278. In this way, chaqg% tool 274
may easily D¥OMR2Red with anot her gange t ool having di PEFELEM2185%; e
metering chanbers. In this manner, 3 aratus 200 may be provided with

a W dg assgqr I nge

the S?‘Ze &E’gﬂ%ﬁe wH céﬂ%@%}f rgﬂéa?gi@ &&‘Fﬁ I:?ﬂs o@gﬁ%‘?{ﬁ;g Oar?&‘swﬂ%rgﬁﬂ

tool 4 ehe. translatlng meclmmeﬁtatm Qoofigumdr nmcﬂnmatm*@ham sm
for 5  dQ¢heLi-BBI1AN eSS Sa RNSleFhé fgﬁbﬁﬁh@ 510 tHahals x?f‘l@rat_sasﬂelo

a doctoring nechanism 282 is i I | yst r at n Firgs. 14A and 14B and is
al so Pef er NEAPEY RESHSH QGY RPUMRAMRSE - conveni ence of
illustration, doctoring nechani sm 282 has been onmtted from t he

drawi ngs of Figs. Figs. 14A and 14B, .rqtatabl e er 204 is
shown®in schemati c Vlzéw I%& acﬁ?ﬁ’ HWeRhaRi iR Fgalm 'cd‘fﬁﬁzf?e% S%hin

pl at e2284 haansgammnglmenhaﬁﬁsmwn@mpniaes a lanqanuﬁnMWdImﬁnhamﬁgm which
chanbgrs 2 r I 0] fi po

Apertgr es gég pre ee%ta l@ebh‘glve EER1 € rﬁembef hiokl ttlrille% sgé‘ﬁ}?% Tar geraFﬁan
t he di#anet thasf igetl@ssnghan amm@@ emZs.In this way, apertures 286 will
not interfere 20 with the filling of nmetering chanbers 242. Plate 284 is

preferably constructed of brass and has a dianeter of approxi mat el y
0. 003% nches. Plate 2% | fAARPRIFSESF 38 in clpdmedpl evhapr 2og so t hat

it szgeneﬁrabwt&ua{mmalmrai@s the QibehtB®lleliimber Mt M SENBYueBbPt €

ohced PEST L SR o BRESL B8b%REPLE TR 1 o e

1 -26. An apparatus as in claim 21, wherein the

2 vibrator comprises an ultrasonic horn which vibrates the

3 element in an up and down motion relative to the powder.

1 . 27. An apparatus as in claim 26, wherein the
v1bratab1e element is cylindrical in geometry and has a

3 diameter in the range from about 1.0 mm to about 10 mm.

1 28. An apparatus as in claim 27, further comprising

2 . an end member at the distal end of the vibratable member.

1 29. BAn apparatus as in claim 28, wherein the end

2 member radially extends from the vibratable element.

1 30. - An apparatus as in claim 28, further comprising

2  a powder levelling member spaced above the end member.

1 ~31. An apparatus as in claim 21, wherein the

2 chamber is disposed within a rotatable member which is placed

3 in a first position having the chamber aligned with the

4 opening, and a second position having the chamber aligned with

5 a receptacle.

_—
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escapi ng between plate 284 and rotatable nenber 204. Pl ate 284 is

attached to frane 202 and renmains stationary while rotatabl e menber
204 rot at esWOWIPHSs way, after powder hgs been transf er PE#USS8/21059
nmetering chambers 242, rotatable menber G 204 is rot ated.-toward the

di spensin osi tion. Dur g ation .ed ertures 286.

scrg ang gxcess p AR ap ?5#’%% éFI Fild c?ﬁ '2 é@’?ﬂa‘for%ﬂﬁéng
uni t 2doseaapmntt in the dvﬁaﬂ:mml tnfnéherchgmbhmb@m 24 2rac\Gonf sgureei don of
doct of I NQ ¢ o JERENAUS W 252 tﬁeagaseet eaegggélﬁ 3@%&@{,@%& EDgeamount

of 3 movabl & parts, thereb ucin trc

el ectdr i ci ppwdmy thkam §he k%ﬂﬁ?ﬁdaﬁémﬂéForéﬁﬁ hamky 6#41 hopper 206
where it will be available for transfer into nmet eri ng chdnbers 242
after. they have bee ,PCT/.US98/ 2105

26 1 n%%ustéat%ap?ﬁaﬁla 284E0 §1a™ 3% ré%‘?%eﬁe‘é‘ﬂ‘&ﬂ?’éﬁ%ng
for s:raplangflartait)cdmpas‘@e@xaeswsomﬂer pbtem net eri ng chanbers 242.
The mechani sm conprises a pair of doctoring blades 290 and 292 which

are coupl ed to hopper 206, it being appreciated 5 that only one bl ade may
be ndeded dependi ng 3. thlendapperabns as iof alstiat ih dfurthet abbwepréshag
204. Bl adgs fera e

! adgs LU ANLE Lo Pessed BRET ThARDIEANRILIEL,: |gh $Q ggg@ Eb

mat er1 al , as 0.00 rass, are sprung I'ns
rot at3abl e qa@%'erthe cappuredhpowdgEs fspmy fta@e§ma>esm RTED 21 BeP ntih@le
appr axi mb@ldepkhciaM th the edges of the opening in hopper 206. After
net eri ng chanbers 242 are filled, rotatable nenber 204 is rotated,
W th bl ades 290 or 292 (depending on the direction of rotation)

35. An apparatus an in claim 31, further comprising

a controller for controlling actuation of the gas source and
the vacuum source. '

1 36. An apparatus as in claim 31, further comprising
2 a plurality of hoppers disposed above a plurality of rotatable
3  members which each include a plurality of chambers, and '

4 further comprising a plurality of elements and a plurality of
5 vibrators to vibrate the élements.

1 .37. An apparatus as in claim 21, further comprising
2 a plate disposed below the hopper, with the plate having an

3 aperture that is aligned with the chamber, and wherein the

4 chamber is movable relative to the plate to allow excess

5 powder.to be scraped from the chamber.

1 38. An apparatus as in claim 21, wherein the hopper
2 is a primary hopper and further comprising a secondary hopper
3 disposed above the primary hopper to transfer powder to the

4 primary hopper.

1 39. An apparatus as in claim 38, further comprising
2

2 shaking mechanism to vibrate the secondary hopper.

R R



scrapi ng any excess powder fram netering chanbers 242.
Referring back now to Figs. 10-12, operation of 15 apparatus 200 to fill

recept acl esWR#M1%H t dosages of fine powder will be descr¢T/usos/21059
Initially, the fine powder is pl aced35 nto tubul ar section 224 of
secondary hopper 218 Conveni ntIy, per 218 _may be renoved from
framer 202 during 40 If‘f‘n&ppﬁ&?& ’E {ﬂé‘ﬂ 3hak¥heEEiR fhf ed for a

time 20 chdberent formednihen a:ham_;er arbahpushd okhpeeder thiey dighge

o ity haset UBerersfafln Eotele hhie Rt e R, (iiing |

position where netering chanbers 242 are aligned with hopper 206. A
vacuum is then appligg to _gl A~ |f31ettsr%§_gp 1_( Fi to draw
air through netering %%eregl 242. Under 8#'1&3 ugggee wéige?\/lty, and
with $he comPEiSiBFance of the vacuum the powder tunbles into the

met er3 ng chanbegsp242aand wrx%datébiésm@i%éféna eha
Vi br at or i.s then a% ?8% g %,g vi b eI enent 210. Ata ?hgﬁi&%ﬁgzia;nreow

time,” not o? FHATREES o beiraks Wr atabl e el ement 210 back
and f®rth within chaabhopﬁeﬁ dAsPdsmierab&d@ each rotithbakethentyed menber
240 eat t o f the bottom of hopper 206 to

agi t;éte tﬁ@q%%év)\%grggﬁg ﬁo@bérn%ﬂ‘glﬁdes Y PRREY bver each netering
chanbér 242, an aerog8ovibratigble slemgntvdutatd isapositdoanblientd tHim
Met erg ng chanRess 20Ke bMoi’SﬁEBHm where%.’i‘ij é%’tlgr@ﬂ)fé(taﬁfeeggeﬂgmer &%

passes ove meter| n& mber s rasoni ¢ energy radrates ddwn
i nto fret erdiifFal h%%€r§h249pﬁéllé§1?t ate the powder already inside the

met exé ng aPEIbLeB8r28oPled to each vibratable element to 27
11 vibrate the elements in an up and down motion; and
12 , a mechanism to translate each vibratable element
13 along each of the hoppers while the elements are vibrating.
1 42. A system as in claim 41, further comprlslng a
2 controller to control rotat:l.on of the vibratable members, the
3 vibrators, and the translatlon mechanism.

e
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chanber. This in turn allows flowwithin the cavity to even out any
irregularities in density that nmay exist during previous filling. Such
a feature | WYOW2¥uyl arl y advant ageous in that aggl oner aPEE/USHS/2MsMK S
of powder which nmay create 5 voids in the netering chanber nmay be broken
down to nore evenly fill the neterdf& chamber. After
passi ng ong or nDre ti mes over each of the met éxi ng chanbers 242,

r ot at abl e |negber 4 pS4 ot at ed 180[err] to a di spensi ng position
where nete | J:ha s 242 are aligned 10 with & cep“a,gj_es_@n_o.t,_shovm)

As rotatab | nber 204 rotates any excess powdesryis scraped from
nmet eri ng chanfjers 242 as previously described. Whep in the dispensing
posi tion, a conpressed gas is supplied through airhinl s 260 and 261
to expel uné?gdosages of powder from netering cha 42 and 15
into the recej The invention also|provides away to
adj ust fi0 wei ghts by nodul'ating the ultrasonic p supplied to
vibrator 21 fls it passes over metering chanbers 242. L thls way
fill weighgglor the various netering chanbers may be Zdl adj usted tq ﬁ4
conpensat e ¥ ¢n| poRger wei ght di screpanci es that - nayyﬁé? odi cal
occur. As jon¢ |€xa if thggourth metering chamger was consi gtie@t |y
produci ng {a 4952 at was in wei he powertlo
vi brat or 20K 47 L d be increased slightly each tlﬂE‘Jt passed ovqr) t he
fourth 25 et Ty TN W, ORI - ot ot (U /6
manual ) wej ghi_ng} syst em a d a coqgtrol/l er, such an arrangenent may| be
used to neke @& aut oma& (or mand4dq cl osed- | oop wei ght contr ol
systemto jpdjust the power |evel of the vi brator for each of the
nmetering chanbers to provide nore 30 accurate fill weights.
Referring pow to Fig. 15, an exenplary enbodi mnent of a system 300 for
metering aphd transporting a fine: pomder Wil | be descri bed. Systewm 300
operates ijh a manner sinmlar to

22

FIG I

FIG. 2.
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apparatus 200 but includes nultiple.vibrators and nultiple 35 hoppers for
simultaneously filling a plurality of receptacles with unit dosages of
fine powderWwOI9802H: 300 conprises a frame 302 to whi ch aRCT/ERIBRHY
coupled a plurality of rot atabl e nmenbers 304. Rot atabl e nenbers 304
may be PCT/ US98/ 21059 2714 28
constructed simlar to rotatable nenber 204 and include a plurality of
met eri ng chanbers (not shown) for receiving powder. The nunber of

rot atabl e nmenbers and netering chanbers may be varied according to the
particul ar application. 5 D sposed above each rotatable nenber 304 is a
primary hopper 306 whi ch hol ds the powder above rotatable nmenbers 304.
A vi brator 308 is di sposed above each hopper 306 and includes a

vi bratabl e el ement 310 to agitate the powder .\ thin hopper 306 in a
manner simlar to that described in connec é#?thh 10 appar atus 200.

Al t hough not shown for conveni encgG4f 32 FgPation, a secondary hopper
which is simlar to squﬁﬂary h ratus 200 will be

di sposed above each of N P ansfer powder into
hoppers 306 in a ManAeReShF > N gﬁﬂnection wth
apparatus 15 200. 2 g shown for
conveni ence of il rot at abl e menbers

304 to rotate rotatg YN : gFpdsition and a
di spensing position simtig; : 2ENNY2 2 Each vi brator
308 is coupled to an arng8; AT Rl 4 ;

SUBSTITUTE SHEET (RULE 26)



clanp 316. Arns 314 are in turn coupled to a conmon stage 318 whi ch

havi ng slides 319 which are transl atabl e over tracks 321 by-a screw
320 of a scMPMIEBY 322. In this way, the vi brat abl e el ®€FAISIS21059 may
si mul t aneously be noved back and 25 ;gkth i n hoppers 306 by operation of
screw notor 322. Alternatively, e /¢ vibrators coul d be coupled to
a separate notor so that each vibrator nmay i ngdpeRdently be

transl at ed. Frame 302 is coupled to @.ba e 324 which

i ncl udes a 30 plurality of el qngate grooves 326 0} ooyes 326 are adapted

to recei ve bottom ends of qnplurality of reck
are formed in a sheet 330. Sheet 33Q is pr®ferab
blister maker, such as a conmerci\ it
Machi ne, Moddel No. 1040.
nunber of netering chanbg

pt ac\ es\ 328 whi ch
sugN\ied froma
f Packagi ng

receptacles may be fill ¢
the rows are '
29 fiyled, t
i s advancedyto alig
One particuhsé advans
aut omat ed.

machi ne, vacuum and
vi brators 308. By

FIG. 4
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such a controller, sheet 330 may aut-omatically be advanced to t he
proper position whereupon notors 312 are actuated to align 10 t he

meteri ng chX¥®&VY22 ¢ h hoppers 306. A vacuum source is t MEFUS82185% d
to draw a vacuum t hrough the netering qggggfrs while vibrators 308 are
actuated and notor 322 is-employed to - ransl ate vi brators 308. Once
the nmetering chanbers gfe (| I~d, the controller is enployed to
actuate notors 312 to {15 rotat &\ r8t at abl e menbers 304 uni hey are
aligned with recdptacl & 358] The controller the eEndy a \signal to
send a pressuriz:\ gas throyh &he meteripg the

met ered powder into repRpres ”('z.qﬁhce fillled,

causes the packagi ng jr4 Fe==0_nd) 330 apd tlo repeat
the cycle. \Wen nee?ﬁﬁ

nmotors (not shown) t g KA 4Tt het b——-—pcondar RPR o t\rangfer powder

Al t hough shown with , Ttowill
be appreciated that el ement s
may be enpl oyed, " i nEN Furt her,

it will be apprécl atk A i X big and size \of the
troughs may besgvarj ef '

Al t hough t he flar ege by .
way of illustraifq
under st andi ng, | 1 j
nodi fi cations :/, :
cl ai ns. { Y
Y=
V »
< s
- y
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30 VWHAT IS CLAI MED | S: 1 1. A nethod for transporting
a fine powder, 2 conprising:. 3 - placing the fine powder into a
hopper havi WP #9315 opening therein; 5 vi br at i ng PCTWS98/2108B| e
element within the fine 6 powder in the vicinity of the opening; and 7
capturing at least a portion of the fi@/fénder 8 exiting the opening

wi thin a chanber, wherein the captured 9 powder is sufficientl .
unconpacted so that it may be di spersed 10 upon renoval from fhe dhanber

1 2. A nethod as in claim1l, wherein the vibratablm\2
element is vibrated in an up and down notion relative to the 3 0 owder in
t he hopper. 1 3. Anethod as in claim2, whereih t'he ©
vi bratable 2 el enent is coupled to ag?ultrasonic horn, and erdin 4he 3
vi brating step.conprises actuating the pltrasonic horn. 1 0 4,
A nmethod as in claim1, wherein the vj table 2 el nt isf ted\at a
frequency in the range froma 1,00 Hz to abo 180, Q0@ Hz.
5. A nethod as in claiml1, he W as dist al
end which is placed near t g, \ and |

-1

N

3
Q.
N &
N
V\
& © S
Q \/ Q ]
g ©
i o s
o © <
: V /(] Y
. 1 - x l‘ gt .
— == N S
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3 wherein the distal end has an end-nenber attached thereto 4 which is
vi brated over the chanber. 1 6. A nmethod as in claim1l
wherein theWoe¥WHoer 2 is vertically spaced apart from t h&CHEIEEA08y a
di stance in 3 the range from about O. to about 10 mm 1

7. A nmethod as in claim1, further coﬁ%/%§n1 novi ng the el enent

across the opening while vibrating the 3 el errent
PCT/ US98/ 21059 31 1 : 8. A
method as in claim®6, further conprising 2 g} slati-ng the el enent al ong

the opening at a rate that is 3 | ess than ﬁﬁ
9. A nethod as in claim 7s famt“i} ;-'cgnpr.hg‘r“ ;; W58

100 cm
J Zallylevelllng

t he powder within the hopp &3 :‘L.vv 'lw«' SR ‘“ {4 55% Acret ho;l'4as in claim9,
wherein the levelling 2 tep pecting nmenber on the
vi bratabl e 3 el ement at | ocat i a distal end of the
+ 76
86
FIG 7.
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4 vi brat abl e el enent. 1 11. A nethod as in claiml,
wherein multiple 2 chanbers are aligned with the opening, and further
conpri si ng WOMARISng t he vi bratable el enent al ong t he openi nBCTHSHRZIISDY er
4  each chanber. 1 12. hod as in claim11, wherein the
fine powder 2 conprises a nedi canent .congosed of individual particles
havi ng 3 a nean size in the range fromabout 1 [errlmto 100 [err]m 1
13. A nethod as in claiml, wherein the capturing 2 step further
conprises drawi ng air through the chanber which 3 i's positioned bel ow the
openi ng, wherein the drawn air assists 4 in draw ng the fine powder into
t he chanber. 1 14. A s in claiml, further conprising
2 transferring the captured powder fgomthe chanber to a 3 recept acl e.
1 15. A nethod as in aim 14 /wherein the 2 transferring
step conprises introducing a conpgessed gas jinto 3 t he chanber to expe
the captured powder into the receptacle. 16. A nethod as
inclaiml, further conprising 2 adj usti tﬁ%zanount of captured powder
to be a unit dosage 3 anount . 120

——— ,(’

~ /24

FIG 9.
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PCT/ US98/ 21059 . 32 1 17. A
nmethod as in claim16, wherein the adjusting 2 step conprises providing
a thin pl atWo9/183#5t he hopper, with 3 the plate having an R6I/YSLB1QSHat

is aligned with the chanmber, 4 and %g}gger conpri sing novi ng the chanber
relative to the 5 plate to scrape t & cess powder from the chanber.

1 18. A nethod as in claiml1, wherein the hopper is a 2
pri mary hopper, and wherein the placing step conprises 3 transferring
t he powder from a secondary hopper to the primary 4 hopper . 1

19. A nethod as in claim 18, further conprising 2 vi brating the
secondary hopper to transfer the powdgr to the 3 primary hopper. 1

§nprising 2 di spensi ng t he powder
of the chanber. 1
, 2 conpri si ng:

20. A nethod as in claiml,
fromthe chanber and changLﬂf
21. Apparatus for transpet

o

200
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3 a hopper having an opening therein, the hopper being 4

adapted to receive the fine powder; 5 at | east one chanber
which is noWEbP9ERY allow the 6 chamber to be placed in cl BEE/USOBRI0 ¢ y
to the opening;, 7 a_vibra;gﬁ%% menber having a proxi mal end
and a 8 distal end, the vibratable r being positionable within 9

t he hopper such that the distal end is near the opening;, and 10

a vibrator notor to vibrate the vibratable nenber 11  when within the fine
powder . 1 22. An apparatus as in claim19, further
conprising 2 a mechani sm for translﬁéﬂgg t he vi bratabl e nenber over the 3
chanber . 1 23.  An appar {4s as in claim 20, further

conprising 2 ers about its
PCT/ US98/ 210 33 3 perzphery which
are alignabl gfwith t pen ; ereNn 4 the translatikhg nmechani sm
Is configureff to trans et at abl e nenber thé openi ng so
that the vibjffatable 6 nbe er ch chqnber. N
24. An appafjatus as in &l®im21, wherein th
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2 translating nechani smconprises a linear drive nechani smwhich 3
translates the vibratable menber along the opening at a ratgdyysdsRedsyi S

| ess tha Hb21500 cni's. 1 25. An apparatus as in claim 21,
wherein the vi brator notor vibrates the vibratable nmenber at a
frequency 3 I n the range from aboutOA /€00 Hz to about 180, 000 Hz. 1
26. An apparatus as in claim2l, wherein the 2 vi brator conprises an
ultrasonic horn which vibrates the 3 el enent in an up and down noti on

relative to the powder. 1 27. An apparatus as in claim 26,
wherein the 2 vibratable element is cylindrical in geonetry and has a 3
dianeter in the range fromabout 1.0 mmto about 10 mm 1 28.
An apparatus as in claim27, further conprising 2 an end nenber at the

di stal end of the vibratable nmenber. 1 29. An apparatus as
in claim28, wherein the end 2 menber radially extends fromthe

vi brat abl e el enent. 1 30. An apparatus as in ¢laim 28,
further conprising 2 a powder |evelling nmenber spaced abovext he en

menber . 1 31. An apparatus as in claim?2l, whéNein tHe
chanber is dlsposed wi thin a rotatable nenber which is placed
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3 in a first position having the chanber aligned with the 4 openi ng,
and a second position having the chanber aligned with 5 a receptacl e.
PCT/ US98/ 2 W@ 99/19215 | 34 1 PCT/US9$21059n
apparatus as in claim?2l, further conprising 2 a port in the bottom of
the chanber, and a vacuum source in 3///égmunication with the port to
assist in drawing the fine 4 powder fromthe hopper and into the chanber.

1 33. An apparatus as in claim32, further conprising 2 a
filter disposed across the port. 1 34. A%apparat us as in
claim 34, further conprising 2 a source a conpregsed@as in

communi cation with the port to 3 eject t@ @p&urﬁj p®wder fromthe
chanber and into the 4 recept acl e. 1&(\ N Oy 35 Ap apparatus an

in claim31l, further conprising 2 a%om]r pr \Jar (/ actuation
of the gas source and 3  the vacuum sy Ce \ \ . S 3@ An
apparatus as in claim31, further c@pr’\m ) =7 N
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2 a plurality of hoppers disposed.above a plurality of rotatable 3
menbers which each include a plurality of chanbers, and 4 further
conprising PPUIRIIty of elenents and a plurality of 5  vi brRQETUSIS23059
vibrate the el enents. 1 ?7 An apparatus as in claim 21,
further conprising 2 a plate dispose Zb/e'f%w t he hopper, with the plate
havi ng an 3 aperture that is aligned with the chanber, and wherein the 4
chanber is novable relative to the plate to all ow excess 5 powder to be
scraped fromthe chanber. -1 38. An apparatus as in claim21,
wherein the hopper 2 is a primary hopper and further conprising a
secondary hopper 3 di sposed above the primary hopper to transfer powder
to the 4 pri mary hopper. 1 39. An apparatus as in claim
38, further conprising 2 a shaking nechanismto vibrate the secondary
hopper . PCT/ US98/ 21059 286 35 1
40. . An apparatus as in clain 31, whg ?3? 2 chanber is forned in a
change tool, and wherein {00 ééqf enovably coupled to the
-284

r ot at abl e nenber.
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1 41. A systemfor transporting a fine-powder, - 2 -
conprising: 3 a plurality of rotatable nmenbers each having a
row 4  of WeH#MBasSs about their periphery; 5 a REPAISP8/21059

di sposed above each rotatabl e nmenber y } wher ei n each hopper includes an
opening; 7 a vi br at abl e-g r4€nt that is positionable within 8
each of the hoppers, wherein each vibratable elenent has a 9 di stal end
near the opening; 10 a vibrator coupled to each vibratable
element to 11 vibrate the elenents in an up and down notion; and 12

a mechanismto translate each vibratable element 13 along each of the
hoppers while the elenents are vibrating. 1 42. A system as
inclaim4l, further conprising a 2 controller to control rotation of the
vi bratabl e menbers, the 3 vibrators, and the translation nmechani sm

—208
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