copede:mj|"t6TEI#r 1 5 AUG 200 CROSS- FEED AUGER AND METHOD FI ELD OF THE

| WWENTI ON The present invention relates to an apparatus and net hod ﬁFqAQElmq
ntaining a powder feeder uniformy filled with a volune of particul ate

material to be dispensed for coating a continuous substrate or discrete

articles. Mire particularly, the invention is directed to a cross feed

auger fornmed by a horizontally disposgd rotatable brush within the inlet of

a powder feeder, for causing powder to be deposited into the feeder for

ultimate application by Stvad Adbh 2 substrate.
BACKGROUND OF THE INVEN?%@NﬁEﬁgkﬁf&gﬁgpﬁtg@@%ﬁéﬁg processes have been used
to nodify the surface characteristics of a substrate. In order to coat the
substrate, a powder atomi ser is conbined with a feeder to deliver neasured
amounts of powder into an aFIEID ORTHEINYENTIONreamis directed to a
coating 1s apparatus, which electrically charges the powder particles so

t hat 5t hey bedderpreaent tryention relotes keansanparafustand methed Sororintainiag 4 pewvderfeeder
chemi cal | y. hi reactive, and.typically spall in size. .Strong.

el ectro ?‘F‘Hg&g%c‘%" Zyelige o ‘%B‘Fteﬂért?i%gfj@ge"é Of FRABH & °9‘§l?§8“st hemto
be atta o,.t t The. t [ S.d | JAUOUS
strip o s difeRt SaLEE hor ARG, hPleldo R 10 Felclh REThISRH T 0
appar at Ygrmed byl 1R fikbfRalyafidpesddYofa@sblCHIshAFL IR iHe GilR of a PbWAGTeRr, Foftalising
particles, equaling perhaps 10 to 1000 tines their weight. The el ectrode is
of ten plppocier t tedepositad ines the\feedef foo titiaee applixatiombeart dequestali¢ cdate oursd

maj ority of the generated powder cloud to be diffused within that bound and
t huslOpbersubsteateal | y i nfl uenced by the el ectrostatic effects. These include
the electric field, ions qreat&d by the corona discharge energetically
propel | ed by that field t BGHGR 5 NYENLIQNSfor by some 25 of
these ions cqdlidin it.h the interspersed powd and. col Li sion. an

roment um & r P e e briSeiR Ry E R 1k B U0 iR asEe Bl Bhncer
The povgheihe ARREEA 1d EQRYIdEbAANE R pobEMEEmIH] cdifbiftdRENSREICR o siELOT
rates of ?Tomg ot herw se discontiﬁuf??gs or acimg?)unﬁgorn?ty ﬁ%y devel op
in the onalsured amdiis 6LpEVder ito b gir stream. The AldGtreN R ddregredvided coatiadi N t he
powder feeder should be kept Ievel, in order to maintain a uniform head

pr esBur eapperatuseviiicleelegtrically sharg@ithe powden partigles sq thetetheyebedomp aidracted bothe t he

wder feeder iplet, then th t , t. b i dely. d
Eher of r oRPHES LS RoPen Semekmsemisalyciisinteactivs; saymisall SmHkinalat SEPPS ng

here ne = J

of the raRbpsREEs b gl el snE ARy SRR BER o St o8 and e
feeder. {4uBstfiiélahe kbsBiRHeuditilis ihQHBtﬁluB&estR?WEb £3th Canll A8valQSohihRusty ne

powder should be evenly distributed across the powder feeder. The discharge
rate i s abedsstiroughth®yodting appavatos. of powder that nust be provided per unit
time to coat the substrate throughout its width to the desired thickness.
ShouPd t he pdilertrostatic freesipan be exiremely sitong onswall parti¢lesnequaingparkies 10 teder |

then t he1000 times their weight. The electrode is often placed 4 to 6 inches away from the substrate to

permit the vast majority of the generated powder cloud to be diffused within that bound and thus
beneficially influenced by the electrostatic effects. These include the electric field, ions created by
the corona discharge energetically propelled by that field toward the strip, charge transfer by some

25  of these ions colliding with the interspersed powder, and collision and momentum transfer
between the energetic ions and the interspersed powder.

The powder dispensed from the powder feeder must be dispensed at uniform rates of flow;

otherwise discontinuities or lack of uniformity may develop in the coating. The height of the
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to discharge rate fromthe powder feeder discharge will not be uniform
‘Non-uni form powder di scharge fromthe feeder will result in disconti QLSOFEG 2000
or non-uniform coatings. Thus, there is a need in the art for an apparatus
and net hod which functions to naintain a constant volume of powder

t hroughout a powder feeder during operation of the electrostatic powder
coater. The inventors' attenpts to solye the problemincluded shaking,

bl owi ng, levitating, and 15 pushing the powder into the feeder. Shaking the

e cahowe iR et bR TEAG S o PR RRARRIE o
0" oner arssre 8 BERRRE Teyl SHUA B alah R PR AR U it R AR Y
control eyasell fa\gg, h&t! ost, with
t he pomdgdré%ggsittﬁge non- E%inf‘?’gerw y %gacgggﬁﬁgut e&m%ﬂg hf%gagﬂgp%gs\dgrt' into the
powder f asgl@siniA@ ind eongrolling etvioligned e @ tertvitHiehe Powderdexder has besmidifitulg hanges,
so that the powder will agglonmerate or sinter prior to discharge and/or

pri or 5t o beqapsei af shei resulting linhed and svailatl eheighh betiveerethe substrate sud the feedert ed t o use

a fluidization nethod to |evitate powder in a slightly inclined trough
t hr ough whi chli ofdergegienty ditbete thepawdet ente theypubsimatesthapawdesisheuld beevenly)

povaor 28 STIERA A B PEYEEH et TR s T PSR AT RN ER .
pouder. fiy: L pOYSC SHE ARG
povor { oSS neBobis il he AL APRES it Mt TR o R BRI 00 er

t o react thicknkssd Shblid 2pdbwilebdMdhRNifEImIY istriblibéE Mithi¥hé\povadep fleadrLithert the
comuni cati ng powder froma supply hopper to a powder feeder 5 includes a
suppl ¥ hdizpkarge ratedran pepdeder feettedis¢thargervgll act beninforna dorsunifosoipawde. The
powder feeder is spaced fromthe supply hopper. A rotatable brush is in

conmuni cdkischasgefrem thefeeder wil rpsultop diseontinugus o5 nen-neifosa wartings. oThys, therein# awn
fromthe supply hopper and to he tran rfed horizontally to the powder

f eeder . 'm%‘f)%é%/ﬁfé? R’?é" Eﬂ@ﬁ‘é‘l‘?saé‘g “?fmﬁdaﬁ‘l?v{‘wwﬁﬁa{?”r“&ﬁ“ GFX‘E‘Wé‘t B&B@E °¥;\1§ r oss
the inlet I ) r . j i wi thin and
extends 4C %géth%ggﬁ(#ggip ﬁ%’gﬁq\g‘{de{ %@58&%‘%@@8‘2&%&%@% géé({%gé%?eori/i ded for
rotating the hesivent6id’ aRppiAloWslve Be prolIEH Bickabd ﬂﬁldﬁg{\mn% é¥ithtingS ARP| Y
hopper to a plurality of powder feeders includes a supply hopper, and first
and skcorpusipugidie powderdmto she feadeh Plwkihe thef poedier albmgsa transport path snd a di schar ge

opening, and is spaced fromthe supply hopper. First and second
hor i zont #§agvantageeuscbecayse an ﬁmomweé can gothegghigned forradeqpatn fgeding of the,

i i i h ly _h .| i wd i thd
From t he FEUaR Sorenn Bhes At iBRt iR Tsn Pt B B Shonm st iolig powder
Fecder . pRuBRMORG phiod! TRERSEhotBb b0/ MoknORERRE LLBE L1 oldbepoucer

f eeders. brushes are and are vertically spaced. A

drive is dioi sfpdwier fed 03 fhk pB@dériTeeder toYe |GHCiftEhe Pobvdir e fon-hnifsBrhiyod f or
mai nt ai ning a powler feeder uniformy filled includes the steps of

di spo2fi ngligabuted: dtuahing thelpowder ihtorthe pavder fegdeximdyicausamehctiveepavalasiobeginitoh t he
inlet of a poc¥:/de_r feeder. The brush is_rotated, thereby causing powler to
be wit hdrfFt chemigslchansah sp thet the @owAsr vl apglemenats iy sinten pHen 1o Fisphif gs andéor

nto-t he THebdusoelsioR RS bikaBbeffie iy Fbtbindfo MtGher fo e o Pigelih BRprdle
the feedqgyitaldYRfwRiaY inrﬂeéﬁﬂﬂtgj ifdimed friGhRAHER wﬁx@ﬁﬁﬁrpo%{zrf wg(é\m}) How iakérﬁgb grg%nt

These and ot her objects of the present inhvention 'w | econe a
from f ol | wayi rog sutedssful budawbe oF the péquired Diklidakien prighd, and ®e imabilidb PRGE the powder

25 uniformly across the relatively wide brush feeder hopper. Thus, there is a need in the art for an
apparatus and method for maintaining a power feeder uniformly filled, while minimizing the

tendency of the powder to react.



-1 5 AUG 2002 4 BRI EF DESCRI PTI ON OF THE DRAW NGS O her features and

. advantages of this invention will become apparent in the follow ngldehldh 1084
description of the preferred enbodi ment of this invention. with reference
to the acconpanying drawings, in which: Figure 1 is a fragnmentary

" perspective view of an electrostatic coating apparatus with the cross feed
auger of the present invention; Figurg 2 is an el evational view of the
apparatus illustrated in Figure 1; 1o Figure 3 is a top plan view of the
cross feed auger of the present invention; Figure 4 is a side el evational
view of a first enbodi mnent of the cross feed auger of the invention; Figure
5is a side elevational view of a second enbodi nent of the cross feed auger
of the invention; 15 Figure 6 is a side elevational viewof a third

enbodi nent of the presSUMMARYIOFFHE EXNVENTIONost atically coating the top
and bottom surfaces of a substrate; and Figure 7 is a fragnentary

Cr 0ss- sect i OAdIapRaratys & comaunicating ROMIETIT¢rd A SURDEYTIRPPETo BEPIMREHTEdSR OF THE

PREFERRED, EMBCDI 20 As, best ' Fi g 1 2, tatable b h
01 5§ ARAEBH SRR ToRAS S SReE PR e ing Al Ena i Dae. TREPOI 1o e

wd i. i , . i h
D" her o S ShRRPAOR by HOBURE h BlaEBlAR i SOHRRRICRRI VB8 gy o1

el ect r 0%oapdrCRt bansiap Bbiast tb Be RethiaWh ek the ?uﬂ\gg' Hobp&r@RY kdb@issyorfaavi Ng
substrate 18. The apparatus 12 includes a powder ?eeder 20 with a discharge
22, t hr diogionndilyad theposlder fesder.o Theipoveder &dlispynsad unifdrmly bygotatios bf tha btush

atom zer brush 28 for application ultimately onto substrate 18. Powder

at om zeracross tha el f thezpopaler feader o The refatatde brypluis dispesed Mithinagd gxtgrds ap®ss Br ush
28 1 5 ) O B PG SO w Bl e p G b a2y R £:085, 31 @Ot @ generally

An apparatus for communicating powder from a supply hopper to a plurality of powder

feeders includes a supply hopper, and first and second powder feeders. Each powder feeder has
an inlet and a discharge opening, and is spaced from the supply hopper. First and second
horizontally disposed rotating brushes are provided. Each brush is in communication with the

15  supply hopper for causing powder to be withdrawn from the supply hopper and to be transported
to the first and second powder feeders. The powder is dispensed uniformly across the inlets of
the powder feeders. The brushes are disposed in paralle] and are vertically spaced. A drive is
provided for rotating the first and second brushes.

A method for maintaining a powder feeder uniformly filled includes the steps of disposing

20  arotating brush horizontally within and coextensive with the inlet of a powder feeder. The brush
is rotated, thereby causing powder to be withdrawn from the hopper and transported
longitudinally into the feeder. Powder is deposited by the rotating auger brush through an inlet
into the feeder and allowed to exit in small quantities from an outlet of the feeder, thereby
maintaining the powder feeder uniformly filled.

25 These and other objects of the present invention will be become apparent from following

detailed description of the preferred embodiment.



-1 5 AUG 2002 5 and pan 24 are spaced in order to define a venturi 32

-t her ebet ween, into which powder is fed frompowder feeder 20. In op¢5a{UEA00?
t he powder feeder 20 feeds powder to the atom zer 12 through venturi 32. As
the brush 28 rotates and deaggl onerates the powder, the powder is directed
and ainmed by 5 wing 26 into the area of entrance 34 of an electrostatic
coater 36. The powder is dispersed by fprush 28 as a flow ng cloud. Once the
cloud is received within the area of the entrance 34 of electrostatic
coater 36, the cloud will be under the influence of the electrical field
and ionization of the electrodes 40 of the coater 36. Thus, the charged
powder particles are caused to nove by electrostatic attraction to the
grounded strip 18. 1o While this invention will be described as it is used

with a specific electr i [ pkkd be understood that
it mght be used with k oiaf D'liAWﬂQJFng_ In addition, the
present i nventth@Tedthés BRI ai8saded of s ifRALLNGiIINREBEMAE Apparehiaitee RIleWing Or M

vol une of a powder feeder is required and where the powder is highly

reacts vedetadlled desaription offthespreferradiémba@liradne of thisdhwentien wihtdferencptothesses i s
disclosed in U S. Patent No. 5,314,090, which is hereby 15 incorporated by
r ef er enceecompanging dravingsoistveiieh: a uni form y coated substrate, powder shoul d

be uniformy discharged by rotatable hrush 23 across its length t, rd
passage 22. RO8UWE A 3e§ PETFRECHYAEEY Bp # eﬁwrﬁstgm%ma%wﬂ@gﬁat

| east the | th of the po r f.eeder 20 in order to maintain a

hor i zont%PfS?g%eayé rog‘hlbep‘frﬂg/se\xgﬁi&f)%ugg’cul ates 25 therein. The feeder 20 has a
limted vol Unggy @06 id devaBURiEieW ST theaBpdtaius ARLERSHFEuRS1 ;L he powder is

wi t hdrawn by brush 23. Because of the Flﬂlted space between the substrate
18 am@l the popigee 3ficeprplalievaoSthp piogs feepngger 6fthe peyaehvamioh) cul at es may
not be positioned conveniently between the substrate 18 and t he powder
feeder 20 in Kgufed is osigeelevationad plewrifatfins embodimentafehe drossifeed duger 2fthe

Hori zontal |y, di sposed rotatable brush 10 transports powder from supply
hopper 48V¢BI%Bowder feeder 20, as best shown in Figures 3 and 4. 2s

Rot atabl e brugh 1Q.is..n . the form of. a screw conveygr,. SO t. po ris
noved fromt ﬁ@g%r ﬁ%ﬁ? g/sxﬁ%%lﬁveaﬁ%oaag K ?fﬁé‘ ef)oél\%ﬁg‘lb o&rengrﬁeo? ﬂftfmﬁs trflg!eg raagerr"é? g"evar y
the fl ownQénegwder from the supply hopper 42 to the powder feeder 20, the
auger speed may be varied, with normal operation causing 15 AUG 2002 6
brushs 10 to rEipated isd siddelevatibid) vid\bffaqhirdiembddithdnt of theptedént invetlon¥or The
rotational speed and brush dianmeter should each be as snmall as possible in
or der t oelgetrastatically spating thetopand bettarn surfagescfia spbatrates ks . Addi tional |y, the
pitch of the %&% t.S 8f t he bristlesﬁﬁﬁ t he ggﬂﬁh 1% %gé al so be increased
to increase t I7d%P BREPLRIRIE cross-Seeupml visy of thedirdtembodinent 5 i ven speed.
The brash 10 s rotates continuously in order to nmaintain the powder feeder
20 filled. The powder carrying capacity of brush 10 is proportional to its
pitch times thepieal ry DESCRIPPIONIOFETHE PREFRRRES EMIROBIMENGS t he
softness, flexibilTity, and snm risile sl ze, TOw shear torces are inposed
on t Be powder Asbest stownrin Biguees 1 and 2n@tatatiebrigc ko is Traersetiapawder disposed 10 i s

made frombristles, which are of a suitable Iength and spatial density to
sweep t hwithignewderatemizer i2nfia widepeb pawder oating apparetus 14 oPqveder atomizgr 12

Rot at abl e_brush. 10 i ncl ude roxi nal _end .46 | ournal ed..t. | ectric,.notor 44,
and & di S4u3FS irulaies, el pS elmaters termantagtic, ot atpenEnebr ik meFal 8 B 20,
Brush 10.j sef f.] i : ' o d 48
by secondrLEenEl dppied tb bafrBlel th BEborfl sy mAlE §ibultPAAC e dp Rl

ent r ance | Mcludeva piwdeP feef208With3PdischRige 20! thHBR S hRA PoR & i PSREmidatdd Yy

| ength 15 of brush 10. Tube 50 includes an aperture 53, from which powder
is fésl fmetaringerusiupployatbrojzeetrugh28 forgplivationpfiinatelP oits seipaated8f r om open

proximal end 46 a distance sufficient to preclude spilling of the powder
due to its anBpwdesptomizesde inciideshpant24, 8 wies:3¢, emban/asomizing baysh 28 nBryss @4 is

within the er filling the powder feeder 20. Powder, is di.s ed

thr ougholLTAed IRIAEAN b e AESHBRALRT a4 8rous & Seneeal GuFPrie) xio oG Bosh 38
powder is withdrawn from hopper 42 and advanced | ongitudinally between the
flights of the bristles of brush 10. As the powder advances beyond wall 52,
then it is disposed in the top of feeder 20, and may fall into feeder 20
shoul d there be avail abl e space. The powder will fall into the first
avai l abl e location within feeder 20, ultimately causing all void spaces to
fill. Preferably about 5% to about 10% powder in excess of that required to
mai ntain feeder 20 filled is supplied




2s to brush 10, in order to make certain that the feeder 20 is filled |evel
-between its opposite end walls 52 and 56. Upon initial operation, pp?ﬁggzmz
will first fill the feeder 20 adjacent wall 52, taking into account e
~angl e of repose of the powder, and will continue to fill feeder 20 in the
1 5 AUG 2002 direction of end wall 56. Thus, powder is evenly distributed
t hroughout the powder feeder 20, insulsing a uniformhead pressure on
rotatable brush 23 to permt a uniformcoating to be applied to substrate
18. Shoul d an excess of powder not be supplied, then the feeder t the
end wal RIGBANGY are pRsgeciaioRden i dging aweaanagéheﬁhe@vewtwwbw Roydsr is ?4:&

r ot at abl e Q 3§£% g will as a result 5 decrease, causing a thinner
deposi t PBHYr*EEh Qrate 18 in that regi on. Rotatable brush 10 is surrounded

at its dista : 03|te
i1 val | souHe ik, BE DOy e S liHERr LiRE ypfh LD ah PSR
necessargg tﬁé&ﬁé}ﬁzmdtés%h %E dnferdl8s the pEWEGT he JoNedandirderadad aiﬁ'rQS wer 20
when powder feeder 20 be f ed. Second tube 54 and distal end 48 extend a
di st ancevifig 26rinexthe awealof e:ﬁﬁmc&bttb%anmlqbtmstaﬁﬂcohar d6nthepaatee s dispeised byoe 54
and returns excess powder to supply hopper 42 through path 60. A Doppl er

ni cr onapeush ﬂéqméﬂ@wm&muee Onee the clond AgrecsivRdaxithinthg ama@§ the entsense 3HPR 1317,

'u:fn‘éées h%és;ae%?ﬁ?eéér Bl tiosd il Dberogap Bt erppn A s 12«194%5@2 i ng
ot at o6 AdEEsbr RL45 93%%%B?@‘*‘*é%@é“ah@%ﬁ%‘%%ﬁ‘“‘% L L

such thegecggggﬁcrmﬂbﬁogmt},@%aé@stgpwer flows fromthe brush 10, to povvder
feeder 20, and fromatom zer 12 to coater 36. Powder paints are typically

usediot 0 coat Wiik thisifvesttinnofill be tiescrilsadias fitria tised . withreesppaficid egrostmsic bantingger noset
resins, which react with only mninal energy input. However, it should be

under st dsecess dsheuld be uaderitoaskthatdt might be yred Sthrogher RlECtEQSERLiF GQAtHS Systares. In
t her npset. 20 resins,.. For instance

may be. ORGOR e PRETENFSR sy S O i aBba G A Elom e LB SURPE R o
PR otk Bog ol Gpellhd okl 5 HANFRALER NESIFADofSSRIEC as it

is used 'w a speci ectrost coating process, e used in
any poatdléwoaa@d@iah@%:pmg@ i9dikyel inglsurReRiNG spRwbeo, maphehe@@y is
required, or where the powder is highly reactive. In the embodi ment of

Fi gutses chcm'pntatédbymfersmqypl y hopper 42 is conical in shape, and feeds powder
25 t hrough openlng 53 of first tube 50, Alternativel as _best _shown in

Figure 5, thdnStAspraolt %ﬁéﬂlfwzﬂmﬁftqs‘éuwé@feaagwgrs hould bewpformiyidisehasgest by

di scl ose qgg h I|§ ers
refer t or% (lae co%?gggniss m ?ﬁ%’i 1o d&’ %sgﬁ cﬁ&aﬁ? 8 }gb%izér ?Cbr ou 'g h
openi N9 powdeParf éztetBPs 18asbthe 1&591%1@5&\;&{& ?eEHér%f?n 6Ret o AdifitaiR la BBHB Ry

whi ch bubbles fluid, such as arr bubbles or inert gas, through the supply

hopper G2vdl sipplyi ofpardchbatesl 2% etcbrdir (Che Atederr2 Octins mliafted velume ad ith powderderst at t he
bottom of the feeder 63 fromp ackln% or bridging. Air plenum 68 fluidizes
y

t he Bbwdeerreplpnished as medgrgemthérgwo brush 8ppBecagse ofthellimitadsspenedistvessn thee
wder to,fl di tg th 10 wi t hout

T ouCRRETS Lha o povis Seder s&&ﬁﬁwe@foﬁéﬁ A Pirtgni B PR i ng

sectl O”Spc%ltfap #&%A@%?‘b@rwe&? Hel}ibstidte @%ﬁgﬂﬁ] ﬂv&deﬁ lreg zH‘f&}’o}a& 3Rlgd to

insure satis I'I'n brus crea rat hol'es whi ch
detract feplefisiirhdst dfﬂ@ﬁde@ﬁ} feémla@l Hﬂﬁidﬂaﬂytdﬂﬁoﬁﬁtr&ﬁta% beusgew trahgpdAs 10 in the
regi on of hopper 62 may be locally varied to pronote uniformlateral
filling. poixer Somzsupplhbogrer 458 powden theder20f as bkt shpen infiguré93 amid.a second
aperture 72, with brush 10 1o extendlng t her et hrough. Tube 74 surrounds

rot athbl e br Jketatable hrishd@ s in the fopeaf Hicoew penverarasatbatnewdsiie moyediom therybe

of suf 11 SPE P el ths Raruet el e Hfae Rmfis LY P pokpesfion DR end.
ooty o Bier o Sne AL Flle) 2 e Ul Bl Ay WAL iR BB SRerdifon lling |

15 di sposed bel ow substrate 18, as best shomn in Figure 6. The coaters A
and B i nclude powder feeders 80 and 82, rotatable auger brushes 84 and 86,
and notors 88 and 90 to drive each auger brush 84 and 86, respectively.
Supply hopper 92, with hopper inlet 94, supplies powder to both powder
feeders 80 and 82 through rotatable brushes 84 and 86, respectively. Supply
hopper 92 includes four apertures 96, 98, 100 and 102. Apertures 96 and 98
are horizontally aligned, at 20 opposite walls of supply hopper 92.

Li kew se apertures 100 and 102 are horizontally aligned at




-opposite walls of supply hopper 92. Apertures 96 and 98 permt rotatable
-brush 84 to extend through hopper 92, so that powder may be transporfgq% 2002
fromthe supply hopper 92 to the powder feeder 80. Likew se, apertures 0
and 102 provide an opening through which rotatable brush 86 extends,
thereby permtting powder to be transported fromthe supply hopper 92 to
the powder 25 feeder 82. Brush 84 inclgudes an open proxinmal end 104, which
i's supported by bearings 75 and journaled to variable speed notor 88, and a
di stal end 106, which usually is,supported by a 1 5 AUG 2002 9

sur r oundbriigh 10486 otal¥ 4t S04 00 RPMHor @ a4athclidiyetdrbiash 108 The eonatpnabspéa angnd 104
to aperture 96 of supply hopper 92. Tube 108 is of a length sufficient to
prevent puosddiamétermiroglpiehdh begs small astssijeim w@deat to minimize sivar fonggs endife r epose of
t he powder. Rotatable brush 84 is surrounded by tube 110, which extends

f r om t hep@ider patieleng Addditinnalhy, therpifpip el the flights of the beinttasiel thegaysh 1§ mayRlsodeabl e
brush 5 84 extends through apd i s coextensive wth powder feeder 80Q.

Rot at ab| BOTRSRO Birerss (e Hovs Ghonases T orapE Gy Och E SRERRAEL T | Bt Mber
wal | 56 ' ' . ' | ..l n order
o proverdaf Sy et ekl 20RG, e BRIk Salrnk ot eo

W t h t ubgaphdify ofdREh 109N FrefdrioRPYHIE pifcR tilmeEthe Sdel Wi ARARARnRS its GaMeRE.1 on of
Doppl er sensors 59 assure that sone excess powder is fed at all tines.

Pr ef er abBgcause of thd softness fBexjhility, ahdtrad] giade sige, biwbiHeasfotdes arednpdseé optheder i n
hopper 92 to prevent bridgi ng and packi ng, which can cause cl unping and
aggl omer gewder abthe btisslefouelng inteacet HisiretatablebusB 4 0 iigyoidedersn biistley avhighraox ofral
end 116, whi i S _support by exterior bearings 75 and journal ed to

vari abl e aéﬁ@@l} lmfmndgeemggﬂl% @issesn the HGWiefé’{owew%pgpqﬁ G¢ fufhe powder
unsquortt.&gerﬁot atabl e brush 86 is surrounded by tube 118, which extends
fromproximal énd 15 116 to aperture 100 of supply hopper 92. Rotatable
brush 84 is sppiRuRMAkhNY itdiRRs %%Mb&mﬁéﬁrﬁﬂétﬁtofé&m&ﬁ&& 44, @nd 9 disa
supply hopper 92 to chanber wall 52. Tube 118 is of a length sufficient to
precl ude epd¥8levhich exterais daleraly seybiktht powdet T dén200Baph 1D isexteviotly fikeal 2apen end.

Rot at abl e brush 86 extends above and is coextensive with the inlet of
powder f @raximalgnd 4Gandisabprorisd atend§ by second nuba dde dFitsytube HR extormls figmi ch
extends fromthe chanper wail o.distal _end 118. Reclaim 20 port 114
commun o raumeh KT enteaes el S the foate: a6 rd Sveo IR S AIGH ik 112
and tt . p t r oss
and . WFbRPS, Like'sd R Rlo1oRPRC Aot AU 1 A9h e iy e
substr at e218upgly Réppersd Bdpatad frEmBp¥n prékinlaerdPi6 diititce uBicib@ Y6 prechuBlé!S
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~Wiile this invention has been described as having a preferred design, it is
-understood that it is capable of further nodifications, uses, and/onf 5 AU6 200
adaptations thereof following in general the principles of the invention

i ncl udi ng such departures that have been within known or customary practice
‘in the art to which the invention pertains. 1 5 AUG 2002 11 What we claim
is: 1. An apparatus for conmuni cati nggpowder from a supply hopper to a
powder feeder in order to maintain the feeder filled, conprising: a) a
supply hopper; b) a powder feeder having an inlet and a di scharge, said
powder fderection of graiowall 56: oThsapawdan iydvenli dispributed ehroaghoot the abwderlfeadsh20,n
comuni cation wiith said supply hopper and extending across said inlet for
causi ng insutirgs uniforms deag pressurg\on retettledsish 23 Gp pernitowniferm seating &0 braapplied

transported therew,th |ongitudinally to said. power feeder. and tqQ b

(i SpenadtSupiHie B Shotld BLskoss ofppwIRt Pt PRI, HFbgete 19 4 Ared "l d) a
drive fqr rptati sal rush. Z..The a ratus of .cl.ai - |, a)
said br &g Wﬁg%gﬁ%ﬁfgﬁaprfﬁsgﬁbg gﬁ Bogr&?ﬁtg&%ﬁprg?aé bgesba%%ﬂ]zélmgé?ésu erein:
a) said | ' ' : 5@l d proxi mal end secured
to sgi ddgé#%fdaggﬁ#ﬁgﬁgg%a g?ﬁgngr?glgﬁgﬁn@%fnq\aﬂﬁ%?ﬁ a) said distal end
ext ends beyoR@tatsblebrugh ¥Xis surfbundédat 6ts disfal e Bi¥ecdnd tiiecsde ISecdridautposgler from
spilling. S: The apparatus of claim4, further conprising: a) a reclaim
port di sptesduiien pppusite exitowalbfofiths ceater8ado distal ehdr48c | Thie tuhedrdtallows the

comuni cation with sajd supply hopper for redirecti ng powder thereto. 6.
The appdiesassaly gfcess| particulates jhbs tgansported benond npwderfepder 40 phenpowder feederidGs 2002

12 be filled. Second tube 54 and distal end 48 extend a distance from exit wall 56. Reclaim port 58
10 communicates with tube 54 and returns excess powder to supply hopper 42 through path 60. A
Doppler microwave frequency device, such as an Endress and Hauser Model DTR 131Z, insures
that excess powder is being fed through powder feeder 20 at all times. Excess powder may be
recycled back to supply hopper 42, increasing the powder utilization of the system.
The speed at which the brush 10 rotates is coordinated with the speed at which the brush
15 23 is rotated, such that continuous and adequate powder flows from the brush 10, to powder
feeder 20, and from atomizer 12 to coater 36.
Powder paints are typically used to coat the surface of metal substrates. The powders
may be thermoset resins, which react with only minimal energy input. However, it should be
, understood that the invention is not limited to the coating of metal substrates with thermoset
20 resins. For instance, the present invention may be used for thermoplastic nylon deposition,
cornstarch deposition to paper articles, and the like. While this invention has been described as it
is used with a specific electrostatic coating process, it may be used in any coating operation where
a level volume of a powder feeder 20 is required, or where the powder is highly reactive,
In the embodiment of Figures 3 and 4, the supply hopper 42 is conical in shape, and feeds powder
25  through opening 53 of first tube 50. Alternatively, as best shown in Figure 5, the supply hopper
62 may be rectangular in shape. Figure 5 discloses an embodiment similar to that of Figures 1-4,

so like numbers refer to like components. The powder is loaded into hopper 62 through opening



. 7. The apparatus of claim1, wherein: a) said brush including a plurality
-of bristles, said bristles having a thickness substantially that ofq§h®6 2002
di aneter of the powder particles. 8. The apparatus of claim1, further
‘conprising: a) an air plenumis disposed within said supply hopper for
‘percolating fluid through said hopper. 9. The apparatus of claim 1,
wherein: a) said brush is fixed only g said drive. 10. A apparatus for
comuni cati ng powder froma supply hopper to a powder feeder, conprising:
a) a supply hopper; b) first and second powder feeders, each feeder having

an inl et gandichgBoieh dtGRe 68K aiSHbMhnPER MBIch HEBIG fRiid Bahed afr batbldsadr theftupPp! Y
hopper; c) first and second horizontally di sposed rotatable brushes, each

brush di gaydedughltheeipplyhoppdr@ dikein efiuidizeddred. Afr plenuinl Beedents thepadwiar gt
brushes extending in vertically spaced parallel relation, said brushes in
cormmuni c she bottom) afithesfaeder 63 Fpmypapkinger bridging c Airplenymyidflidizes therpowaiet indheawn
fromsaid supply hopper and to bhe transported to said first _and second
powder f alger s5Ep of hgepeIiSe st eﬂir*h?‘fsdP?rP%Wd&& marerepifde tedwusby s
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spilling out. 13. The apparatus of claim 12, further conprising: a) a

recl ai m poger boshiOm the regson/afthopseai6@ iy St kicalynasied wrpromdiensiformmigtepd fillieg. t o
sai d hopper. 14. The apparatus of claim 10, wherein: a) said drive is a
mot or . The supply hopper 62 includes a first aperture 70 and a second aperture 72, with brush 10
10  extending therethrough. Tube 74 surrounds rotatable brush 10 between its open proximal end 46
and aperture 70. Tube 76 surrounds the brush 10 from aperture 72 to chamber wall 52. Tube 74
is of sufficient length to preclude the powder from spilling out its open end. Auger brush 10 is
supported for rotation by exterior bearings 75.
Two coaters A and B are provided, one disposed above substrate 18 and the other
15  disposed below substrate 18, as best shown in Figure 6. The coaters A and B include powder
feeders 80 and 82, rotatable auger brushes 84 and 86, and motors 88 and 90 to drive each auger
brush 84 and 86, respectively. Supply hopper 92, with hopper inlet 94, supplies powder to bbth
powder feeders 80 and 82 through rotatable brushes 84 and 86, respectively. Supply hopper 92
) includes four apertures 96, 98, 100 and 102. Apertures 96 and 98 are horizontally aligned, at
20  opposite walls of supply hopper 92. Likewise apertures 100 and 102 are horizontally aligned at
opposite walls of supply hopper 92. Apertures 96 and 98 permit rotatable brush 84 to extend
through hopper 92, so that powder may be transported from the supply hopper 92 to the powder
feeder 80. Likewise, apertures 100 and 102 provide an opening through which rotatable brush 86
extends, thereby permitting powder to be transported from the supply hopper 92 to the powder
25  feeder 82,

Brush 84 includes an open proximal end 104, which is supported by bearings 75 and

journaled to variable speed motor 88, and a distal end 106, which usually isssupported by a



15. The apparatus of claim 10, wherein: a) said brushes include a pluralit
. of bristles disposed helically in flights. 16. The apparatus of cl & §nAtl® 200
further conprising: a) an air plenumis disposed within said supply hopper
for percolating fluid through said hopper. 17. The apparatus of claim 10,
"wherein: a) said first and second brushes are each fixed only at said drive
system 1 5 AUG 2002 14 18. A nmethog for maintaining a uniformy filled
powder feeder, conprising the steps of a) supplying powder to a rotatable
brush horizontally imersed within and coextensive with a powder feeder; b)
rot at i ngurkdimding use. Bngkhtdads QlrsouidedLytEbePIW8URIM proxineil wid 10d nedperfure®s 6f hopper
and transported longitudinally therealong into the feeder ; and c)

per mi t t isugphploopden92f rinte 168 istof a ddngthosuffizient toprevent powdenfromdpitling ouf itd dpehhe
feeder. 19. The method of claim 18) including the step of a) recycling
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and to be dispensed | evel across said Pomder f eeder through said inlet, and

a_ drive Wigytubal 12 pndyedisects pavidsnto thy supplydioppercad: iQneratinn abldepples sensermdfi cat i on
Subs: e e o SR 0 oG A ko c P B PO g1 ng

| . o L g J
pouits 1 SRUEHSNEA e PR SRR R 1 Pl SRRt AR GE R

chamber élmrﬁﬁ%)gﬁ%gmgﬂﬁgﬁlbﬂmgbgﬁ-a&pdes for shaping the cloud of powder and
the electric tTield resulting from said electrodes so that powder is

attract ed to Rutadabtabrasd86 inclodesantopehpdxitmal endoklt6y whieh issprosted byextenior sai d
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15 116 to aperture 100 of supply hopper 92. Rotatable brush 84 is surrounded by tube 120 which

extends from aperture 102 of supply hopper 92 to chamber wall 52. Tube 118 is of a length
sufficient to preclude powder released into the tube 118 from spilling out its open end. Rota.table
brush 86 extends above and is coextensive with the inlet of powder feeder 82. Rotatable brush 86
is surrounded by tube 122, which extends from the chamber wall 56 to distal end 118. Reclaim
20  port 114 communicates with Doppler sensor 59, and redirects powder from top tube 112 and
bottom tube 122 to the supply hopper 92, through a path 124.
The cross feed auger brushes 84 and 86 permit the top and bottom surfaces of substrate
18 to be coated uniformly, while maintaining a level, thus uniform supply of powder in the
powder feeders 80 and 82. Thus, as powder is dispensed from powder feeders 80 and 82, the
25  powder is charged by electrodes to evenly coat the top and bottom surfaces of substrate 18. At
the same time, brushes 84 and 86 rotate in order to withdraw powder from hopper 92 so that

same may be used to replenish feeders 80 and 82,
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electrodes 40 and substrate 18. Non-conductive baffles 122 are interposed between electrodes

5 40, in order to shape the cloud of particles and the electric field, so that the charged powder is
very efficiently applied to the substrate 18. The electrodes 40 and baffles 122 extend the width of
the substrate 18, so that powder is applied over the total exposed surface.

Cleaner 124, which may be another brush, extends the length of metering brush 23.
Cleaner 24 extends inwardly into the bristles of metering brush 23, in order to open the bristles
10  and allow any remaining powder to fall therefrom. Thus, as the metering brush 23 rotates toward
the feeder 20, then its bristles will be virtually empty, and ready to receive a uniform supply of
powder throughout its length. Uniform application of powder to substrate 18 is best done with a

horizontally level supply of powder 25 carried by metering brush 23 in the region 24 for transfer
to atomizing brush 28.
15
While this invention has been described as having a preferred design, it is understood that
it is capable of further modifications, uses, and/or adaptations thereof following in general tht;:
pn'nci;')les of the invention including such departures that have been within known or customary

practice in the art to which the invention pertains.
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a) a supply hopper;

b) a powder feeder having an inlet and a discharge, said powder feeder spaced from
said supply hopper;

c) a rotatable brush in communication with said supply hopper and extending across
said inlet for causing powder to be withdrawn from said supply hopper and to be transported
therewith longitudinally to said powder feeder and to be dispensed uniformly across said powder
feeder through said inlet; and

d) a drive for rotating said brush.

2. The apparatus of claim 1, wherein:
a) said brush is horizontally disposed.
3. The apparatus of claim 2, wherein;

a) said brush includes proximal and distal ends, said proximal end secured to said

drive.

4, The apparatus of claim 3, wherein:

a) said distal end extends beyond said inlet a distance sufficient to prevent the powder
from spilling,

5. The apparatus of claim 4, further comprising;
a) a reclaim port disposed adjacent to said distal end, said reclaim port in

communication with said supply hopper for redirecting powder thereto.

6. The apparatus of claim 1, wherein:

a) said drive is a motor.
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substantially that of the diameter of the powder particles.
8. The apparatus of claim 1, further comprising;

a) an air plenum is disposed within said supply hopper for percolating fluid through

said hopper.

9. The apparatus of claim 1, wherein;

a) said brush is fixed only at said drive.

10. A apparatus for communicating powder from a supply hopper to a powder feeder,
comprising:

a) a supply hopper;

b) first and second powder feeders, each feeder having an inlet and a discharge, and
said powder feeders spaced from said supply hopper;

c) first and second horizontally disposed rotatable brushes, each brush disposed
above and extending along one of said feeders and said brushes extending in vertically spaced
paralle] relation, said brushes in communication with said supply hopper for causing powder to be
withdrawn from said supply hopper and to be transported to said first and second powder feéders,

and to be dispensed uniformly across said powder feeders; and

d) a drive system for rotating said first and second brushes.

11.  The apparatus of claim 10 wherein:

a) said brushes each including proximal and distal ends, said proximal ends secured to

said drive system.
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a) said distal ends extend beyond said inlets a distance sufficient to prevent the
powder from spilling out.
13.  The apparatus of claim 12, further comprising:
a) a reclaim port communicates with said distal ends for redirecting powder to said

hopper.

14.  The apparatus of claim 10, wherein:

a) said drive is a motor.

15.  The apparatus of claim 10, wherein:

a) said brushes include a plurality of bristles disposed helically in flights.

16.  The apparatus of claim 10, further comprising:
a) an air plenum is disposed within said supply hopper for percolating fluid through
said hopper.

| 17.  The apparatus of claim 10, wherein:

a) said first and second brushes are each fixed only at said drive system.
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19.  The method of claim 18, including the step of:

a) recycling powder to the supply hopper.

20.  The method of claim 18, including the step of:

a) percolating fluid through the hopper to prevent packing or bridging of the powder.

21. A powder application system, comprising;
a) a powder feeder atomizer comprising a supply hopper, a powder feeder having an
inlet and a discharge and said powder feeder spaced from said supply hopper, a rotatable
auger brush in communication with said supply hopper and extending across said inlet for
causing powder to be withdrawn from said supply hopper and to be transported
longitudinally to said powder feeder and to be dispensed level across said powder feeder
through said inlet, and a drive for rotating said brush;,
b) an application chamber in communication with said powder feeder atomizer, said
application chamber having a substrate inlet aligned with a substrate exit, a plurality of
charging electrodes arrayed in said chamber for charging powder supplied by said powder
feeder atomizer, and a plurality of baffles disposed within said chamber interposed with
said electrodes for shaping the cloud of powder and the electric field resulting from-said
electrodes so that powder is attracted to and caused to be attached to substrate dispoéed

within said chamber.



