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[0001] This application is related to United States
Patent Application Serial Nunber 10/071,025 filed
February 8, 2002 entitled HAND- HELD POADER- FED LASER
FUSI ON V\EEDIWBEKFEED SPLIFIER FORAANDaHEL M EASER by
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fusion wel ding and nore particularly to a splitter

for a fl uCROSEIREFEIEN CES'TOIREBATHINA PRTIAUASIONS

singl e stream of such powder flow to becone several
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advant ages as conpared to casting or other

conponent - maki ng processes [0004] In a powder fusion

process, fusion by M focus

point of the welding toolm) usuaF?y lgsgrmgr ot her

eEHEI@(}EMINVENWMer may contain a 20 variety of
articul.ate

lobOf CO iR dionySlate o 8RR Hh MRS R Binir portarty to o
usimelt Pord 8! AN @ Tantl W des ifRAY @ﬁ&\&iﬁ‘ rthatoeﬂabesvelsﬂrgrw stream of such
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sppesat e With deiendeset ,usaaﬂlag@m&r providepoples fsdnivesdding, articles
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of tHe problens arising w the splitting of fusion

poseteoir bf ﬁwmleioa\tder tsaisedbter dediventihe fiamorf peawder v thieivwelding gorch.

f l i t ch . t.h .

Aete B B R e S o G o SR st N porpp i order
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point and accunulate into a blockage. Additional

pirdiestenes. rtjeryises serardenindrpcpdant raad iggreraliy-gupensive feed powder

2r%9e¢(1(9 }s]'é!h%Ssysth/s %%) §é 024 %?h%re multiple feed powder lines are needed.

The fusion powder is generally delivered to the welding torch by means of

pressurized gas, or fluid, such as an inert or non-reactive gas such as helium, argon or
nitrogen.

[0005]  While the art of providing nozzles for laser welding torches is well
developed, the art of powder flow splitters is less developed. Some of the problems
arising with the splitting of fusion powder flow relate to aberrations or flaws within
the flow lines or system design, which can cause the powder to stick and resist the
forward travel of the powder. Over time, particles may collect at a certain point and

accumulate into a blockage. Additional problems may arise from the generation of
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one known splitter design, there is no adjustability

of the output flow streans tg.vary powder and fluid

fl ow between the various output flow 5 streans.

[ @06y ¢ledthieity aouERtdrpitdle Sidtiontag fwdlies thdloss BedowBHesE §ebssure

1%gtures set apart_froma main block where the
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ent .
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f anglrthe kvgpemdeed. f Blésimap involeer disthantling ﬁteesalitttrand aterrupting the

out d at_an i ona o occur in
(e fleSbr PPt St vBe s R CRE PR g%,

MF n tAditiapiKkieio fRetesideiid o il dle@avanidninglitter
|na |ty to rel1rably and sel ectively control the

FROGIEIFIOpOARgEE, tp |eewnw; pawder fipav. p@‘(i{t}’étb’ flony along wgves as the
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the art or an inproved powd
fﬁ%%ﬂgww@%rrfeq 1ttPre§ufclé§te%4 BYHE e A B anglgyadditional

i 0 |
LA L Ly P ABRER OD YRGS e e
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B‘Li‘@@lg}y’ﬂa%nﬁoer%@ﬁ% Lﬁvm (@ &mé&NgcrEfr'\lgxl}ﬂg\lmf?%@ tq WgPatably
| Signendaljt s@ﬁq/&éw&f&ll;ﬂﬁﬁé\% Bowll&l O é)'h?cle'} ar, the

inventive splitter redudces clogging and/or all
ol0OpOk f IToweadpiithe ﬁmgqmgfdlamotag@f’ameMbm the aft] the:@ is a need

PR \f\gr? Em{)ro%\é\a ggv%gértfﬁwgsp?’\(tle} ﬁlta{ rEhellces clogging and/or allows adjustablhty

and/or enhances or overcomes gravity flow with pressurized fluid and powder flow.

The present invention solves one or more of these disadvantages.

SUMMARY OF THE INVENTION
[0011]  The present invention provides a powder flow splitter that is reliable
and/or adjustable. In particular, the inventive splitter reduces clogging and/or allows

output flow adjustability and/or can provide fluid powder flow despite gravitational
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WD 2004/ 011185 PCT/ US2003/ 023385 -3 forces. In
particul ar, and by way of exanple only, the splitter

woreop4ioniaBiide a  distribution assenbly with snoPCTUS2003/023385

interior surfaces that generally prevent the powder

fromsticking or clogging. Thg.splitter also may

enabl e adj ustabl e powder flow distribution between

tfbfcepUligpdrtioulhd, BRdG basvanel bxaaspls ehlgethabbttaaniy mbluﬂ@ £
pressure 5 downstream fromthe powder flow splitte
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S[lei]t er In &R éMBIFEmeht) whitd wiltiRdesBited shii‘s%qﬁ&itlytlﬁ feater detail,
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@ fuemmrp@wvd@p fowisplittérds p@vm@mw aﬂ@\@@l onk teamhefifusieegewder to
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aﬁdchnm@ awoq)raﬂdwﬁlafﬁncmhasttha inv@tt&{leypcfwd@ splittgeosi ti on
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dOPEHi ng L %eﬁ?mb?dime%@es*ﬁht?fﬁ&w&gé%f saglfradipuging aprembly

i
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tihterisd ppiltsdreareau tﬂimtsphﬁterémusng gemagaltyr dafinthe longitidingraxis and

0014 The L tter haye as inlet
FRECTHTS b Hiver, s GHE L HRSTRY BRI 8 AP eteripr fjader by
ShégsF ah REAIR ﬁé‘bv@lrplﬁ’ PIThé §ffitel Qreh 'i@&faf@dtod A8 irdse® and uses
non-reactive | ow gas under pressure to the

sopaelshipag fidvopathsfo ¢hagne mhqopnm@r trap@mited i@}n thhgowder flow

f eed t |1y |ocated
R e R G Dule P IR R R SR IRE <1  Crer
qubidyder ThARpiathr WSt SRS natBated gmhlewlmacm ineYymnfd@ickitkiyith

screws or conputer contraolled servos allows for radial
dujlepsarpprtuiss n the sidg Ghehsrinteripesplidies fo tfansmif iners preqn-fegctive

{%y b deb Phonge fhs sBlarkitG BSIAR0S kAR One OF

ow channet s may r ecei ve
nedESjor [Ths pootled few feed (mguigoﬂﬁnap bedettrally docatehbesween the

adjustabjlity e Ie er, fl o be bi ase
a&g{&%xs@ig ki EX?SWE %@Y e éJPStF’r?B" me%&sng which may
ﬁfeecfn%lﬁ @&%%fs ok Q&%ﬁ&teﬁﬁﬂ?@rbﬁe@ Herrf/@sceﬁﬁm}'sri‘éf Qi GuRRNHEST the

splitter and nedi ating surfaces between
tp(m'dﬂ tnlegrdisku(wWithcrespeetiathelonpiwudinaldsts af ohef hawwingpreothiat gne or

i I ing. 3Q [0Q17]. .
AR SRR oI RPN (A Gel PLAS TBEETES MR ATdPs P ia eoming
3owRler HoWR MY adfistabifty 2Ratkles Feide YRR tYbeltised de@)ﬂdlﬁg to the
reservoir of powder of other fluid-Iike material

whieldingtisecasnorthp aveldes’speefpreneaseat ed. The powder or

dPBi4l, | G SPloll iRt e et L soliter Apg B Rlme Sifoces
| petwesnat aditioa Wik celenable the powder to flow smoothly with lower risk of
blockages or clogging.

[0017] Additionally, material to be treated by powder fed in a split manner may
also be achieved by providing a reservoir of powder or other fluid-like material by
which the material is to be treated. The powder or fluid reservoir is then transmitted
to a powder feed or fluid feed splitter which splits the incoming integrated powder or

fluid flow into two or more outgoing feed lines. The material to be treated may then



fluid flowinto two or nore outgoing feed lines. The
material to be treated may then WO 2004/011185

WEMABARD3/ 023385 -4 be subject to powder anBlDDS2003/023385
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fluid flow via the separate |ines energing fromthe
powder feed splitter. This outgeut powder flow can be
adj usted or allocated anongst the output |ines
ebesuije té p@wddn’rmad,@p flxid Sow via0ha 8¢paCité Bries emdrging $roanthe

ggi\g‘g{}%ﬁg ec?qume{ hﬁhlg éﬁ%ﬁg\;’%ﬁ&ﬁg‘g’@% ‘?agtqvgdﬁlﬁﬁl{ﬁedtqqgﬁogated amongst
PiRf RifhR Ein6IBAL ﬂ%'ﬂ'c(rﬁ)che ke i conjunction with

t he accorrpanln raw ngs, which illustrate, by way of
el018] e, Oﬂlhefepmrmngladsarmages l0& thierpresent mmentBRIVEE become

£ PBRFer: oghthe ol Qe Eeyeib g aF BT aaied srBunpemGlefiken in
peverictioh vah thelatddn®aninglddewiREs SAIEh IRYRAL ] BNway H02@ple,

Figure 2 is a side elevational view of the assenbl ed
p&mmcmlwfébww@tonof Figure 1. [0021] Figure 3 is
a cross sectional view of the assenbl ed powder fl ow

splitter of 15 Figure 2 taken along |line 3-3 of

Fi gure 2. [oommmigmsemmmom OF(EHEIBRAWINGS Vi ew

terior cylinder af th owder, fl g
Eﬂ ?fer is & frongy ids, RERACHVS: A8 Erlpdes vl shespryder

Sﬂb&%@ﬁﬁeﬁm}w ﬂegbmﬁﬁf%ﬁﬁ&m [0023] Figure 5 is a rear
Cross sectiona P view of the main exterior cylinder of

2[90201; ur dliguredkien sleehyyatipmad vievsofohe Bisgmbkedpowde0fdy splitter of
%ure 6 is afront plan view of the main exterior
#/ r of the powder flow splitter of Figure 1.

[ 002%] Fimgire 37s b Srdds SédHRnAINISS of BfelasAdledp VIR ol @litter of
mai n exterior cylinder taken along line 7-7 of Figure

6Figne: 1 pbewplong dine 8-pofllgered de cross sectional VI ew
t. al
tOOtZEE W@lﬂ%ﬁf? efe\(Ja 5}%? Gie gfﬁﬂe alnog)geréor }m?eﬁ é)?%he

ure I'S a Si

npcbxmdﬁ)ﬁoeur $piittee yﬁdmﬂﬁrl*"lgl.freﬂhﬂlﬂpﬁwﬁﬁﬁ elefrrlemy a8 stitfh&k sBdwn in
Figure 1 showi ng the thunb screw hol es on opposite

sPRAOEOTBS the gas inlet hole. 30 [0028] Figure 10 is a
Sgﬁﬁ ];l arfogdr%‘@ i0h rdd %rcﬁ?k&tl%ﬁl% lrheﬁﬁq gﬁeﬁ{)mﬁliﬁger of

ure enent s “an
sEhlghEecfémkemalengdme 56 ctﬂl%:guramn ext erl or cylinder.

i[ ﬁ}%é?i orF %ﬁ% giiég Ifrzﬁhplzp gﬁegﬁ?fgt\ﬁg}ﬂa?nngﬁer\{ér%\grvh%ertoftl?he powder
flow splitter of Figure 1.

[0025]  Figure 7 is a side cross sectional view of the main exterior cylinder taken
along line 7-7 of Figure 6.

[0026]  Figure 8 is a side cross sectional view of the main exterior cylinder taken
along line 8-8 of Figure 6.

[0027]  Figure 9 is a side plan view of the main exterior cylinder of the powder
flow splitter of Figure 1 showing the thumb screw holes on opposite sides of the gas
inlet hole.

[0028]  Figure 10 is a side plan view of the main exterior cylinder similar to that of
Figure 9 showing in phantom elements and surfaces interior to the main exterior
cylinder.

[0029]  Figure 11 is a side elevational view of the interior surfaces and elements of

the powder inlet regulator disk shown in Figure 1.



the powder inlet regulator disk shown in Figure 1. WO
2004/ 011185 PCT/ US2003/023385 -5 [0030] Figure 12 is

waeooaniasyed view of the rear surface of the ppuIl©s2003/023385
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inlet disk shown in Figure 11 taken along circle 12
of Figure 11. [0031] Figure 135-is a side plan view of
the inlet tube of the powder inlet disk of Figure 11
w{@030] nt drigane 194 fmemargad (iew effbatrear sinfave df thepremden mlet disk

5 0032]..Fi S a.t of the inlet tube
"# '%ﬂrlzgkefsal%ﬁ%mTngfg%{ €1 gures 15 and 16
a [e3tipe tmpurnd 1p@tsfd@g|dw1@w o tHé iflet 1Bk o Hfdpofdet Ret disk of

|nIet tube shown in ure 13 being taken

r E%&H W@hyntamm@mcané@eme%@om inpbatom. [ 0034]
17
SfURF ¢ ket if R BNt B T Piefes 43, 11

s{aBs3p! arFigirew] bhnd b arerthe tdpemdbptibintislet e3d (bLﬂIéEEndslﬂ the inlet

[O 36] Figure 19 is.a side cross sectional view of
| Hbeshewn épligueel3 bejng talen regpectively ghangrarclesé ind (16 ﬁlgereof

(ﬂ)%ct 9- 11 r‘aqfﬁé’é frohf ;g?g]we@ &i’ﬁl %dr% ?tt{{ecgfmcﬁ)ér%gﬁgure 1.

f th Interror splitter cy
ﬂEBS] Fnggmre 181s a sida piand\ee\anﬂt}mamtenai sphnﬁseylmdeﬂ i onal

Y, erior, splitter l'i nder .of Fi

V6P ) gRGre b3 Ste efoon seefinuntSlevs o i g e Sfipder of
[?%%9& 1854288 ﬁoﬁ’%hh@l@l?%ﬁ&e&er spective view of the
interior splitter cylinder of Figure 18. DESCRI PTI ON

dﬂOfFFE PREGERRE DS Em@wamw 8 the (U409 S'ﬁhﬁex:i@lmdblsanlgure 18.

pti S forth 14 connect

U3k 00 0yt i g RE PRl AaSToAET! HReliath: infiogpotter
péﬁﬁﬁﬂt bﬁlF@meflSrt&l&dx &dﬁ’%oéi‘om&t:ﬁorolﬁndilem Inwghdeizon and
|s not intended to represent the only fornms in which

HW3PL e s diigure 23 yenigap REHFRSFLNG Vieghek the interepr sptittes cylinder of
UF%ﬁkgﬁﬁ The description sets forth the functions

the sequence of steps for constructing and
operating the invention in connection wth the

under st oBESGRASCAR Uit b PBY S mib R B Eners)
:ﬂn@ggle qQUEIHe&RtRBY d@&rlﬁﬁﬁﬁ’ 2] |fb§1tﬂ€€io@l¥n gbxg Bli&Mvith the aéoé)ended

nments that are al so i ntended € enconpass
wirtahmngstlhmtqucd s a df?ﬂd:rlstmlp&f presanﬂgz-prefvmd embodm{eﬁﬁébﬂhe

PO gt STHieRas o 166re1 3 g o o o he présch

f nQextioie BelcdREasted OMISF utillyell O Th¥BéseiPEort w&&ﬁnh the functions
systens or the Ilike. The splitter is used to divid

t #il the sequshcerfiitrps forreomstauating glné op@fetmg thg invention in @mnectlon

t / hi X tfl ow
¥t B B, SR TRl LA e o
p?qiﬁ\;]uhdsﬂt Zﬁﬁw}ubﬁs aﬂkl\ﬂ:qnelfcblﬁwwﬁe 'abkﬁ)m{ﬂfgﬁéﬂ B}e@lﬂem kmBbdiments
of the single, Jincomng |line nmuy need to

a@eb%ﬁﬁifaﬂ%snw tp e cpFmRastedviin S\Pgltcﬂl?fiﬁP‘%Rﬁ fithigvention.

dF?t ]:)n A s dhBENIH FERADY ‘thé RRentidfdle hfbgai%h LY pB@ﬁer feed splitter

bution of powder Tl ow anong
100 for hand-held or floor-mounted laser powder fus10n welding torch systems or the

like. The splitter is used to divide the flow of powder from a single incoming line to
two or more, or in this case four, exiting or outflow lines. In doing so, additional gas
may be used to pressurize the powder flow as the cross sectional area of the single
incoming line may need to be accommodated by the greater cumulative outflow cross
section of the outgoing lines. Additionally, the distribution of powder flow among the

outgoing lines can be adjusted in a manner to accommodate the device ultimately



outgoing Iines can be adjusted in a manner to
accommodate the device ultimately WO 2004/ 011185
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when a hand-held | aser torch is tilted at an angle

whi ch may cause the powder fl-6w to increase through a

| ower powder flow line. It should be appreciated that

t gingdhwieowderdihvepichtas avhen @handrhelddases emich i3 tited at an angle which
hand- hel d.l aser, torch .system or_ a .stationary .

£ M s e 2 v Bovw do s thedhish A pRvISs flogling Thghould

s e WppieBiatddaHstahd pow & fesVedetted ARLaS Bk ki e AlRAINRR BBer torch
exterior encaS|ng cylinder 102 that cylindrically

s §Ffteed ¢ statioawry\liorenquatasilpssr pewténfugen maghinader 104,

A in B oY r ar, pl.at i.n thi .

EEE OARSURE i Bt gf RPN B Bl dog 'l b e
pencsingfdytind ¢ 02tthaty1ihdricatlg Burtbineds apemBeibld 1mpoitor @plit@er

the, interior splitter ¢ylinder 104. A powder inlet

t &M]énAPiéO%tI lingRoWwigr sdlet tgEulaior pomater Intthisripgendent ghe shape of
t ; r ; :

S i Ta ARTAL S R0 GO pbBE AR onto the
appkiicrespliter ¢ybindetid4s pA poweer idleOtube ml @ hllavegthl dtjectBnaff powder

) fi [ b d.
B SR SRl 288 e 0o

eDepbhdifig 6RER dedmetY@nd bPIRALION forRhd dpifer £00, Ml Bbrs of
Thé?exté?ior é%liﬁégrnlo enébles théﬁzlfgnﬁéngskg%S O

adpstsBaes aad gonfiguratdansinmaygpeofsedas fl ow to the

[ [ ' r. cylinder. 104. [ 004 As shown i

FOFEL) TR G B Glindi o s AT R e o
pattéiicshtter dyliadaetol. afhe @RREST EyRindeONROSAB] ek ity H}ihgnment,
screws 120 threadably or ot herw se areéﬁassed t hr ough

r dMsientignd ehessualieg etgasdlovot theinteriagalitterecylindar 104.
AR e S R R T

epeiculag atvosets wé opporitelyl oppogdgruretn serews PRL®tiretRlably or otherwise
movenent,, . i nc) udi ervonotors to_ control

t BUSRISSer dhougihgeag $C]1]evit|’cl@qﬂu§essl,22ttﬁ @n‘%a)aeéhé ggt cylindrical side
CYbi BEiGE sdfighARt &islli $66. O%@Ecg&%ﬁeﬁgﬁkﬁsﬁhi | &R bk ggefdnthat use

rear side of the inlet disk 106 sit escri be

meleetriceletrané¢cheicalvengegeamenh toeprovids knov@siest, irshalieg sestomotors to

th r | inder seat, 126.t eneral ly . pravi de

B Bl RS 80 g 3T B b o
| Bda€ll26ligdinsl WhidlSthe Peas siBiof tieaflet Hisk 266 sitdaRs §daahibedfin more
the interior dianmeter of the exterior cylinder 102.

THetail belaw, $hainletidisk 06 sitereaupithe trear sykndegisedt 12060 generally

[ t Sl .nst. th Lnteri.or,. .
OFRRIA s 204 8L 4500 PUIRhet B LOLSH s o
akignifardli lesd thiemthao bf the éntefi@sdidh@er 6fthé baeiendyliabier 102. The
p?lwder fl.ow jnlet aperture 108 so _that it can be
0

pls@ingtieasids d 24 ob miletrdigks 106raeneratl e dpesynog it ifjuslepgainst the

Cf 04 FLE a0 0SS 30 B 3008 b o

i ];dem%uri]o'rmf thqla bértttad p?w%ién;jﬂmmieg gﬂ«_artur{: Qg;ﬂ&} thgh'g caibel sfffm fiflom the
t-he sealing inle is is achieve use. o

C BT Of SnieEiog ARt 6y ter 04 T aRablogelsrableatsing shthe

SpélRdet HbwPimb it tHe! iBhr &itthibekAB0 of the interior splitter cylinder 104,
[0045] The adjustment of the sealing inlet disk 106 is achieved by use of the
thumb screws 120 as their ends 140 proximate the side 124 of the inlet disk 106
engage the disk side 124 in order to adjustably dispose it with respect to the interior
splitter cylinder 104. While thumb screws 120 are shown in Figure 1, the present



engage the disk side 124 in order to adjustably
di spose it with respect to the interior splitter

wa@yitosndass 104. Whil e thunb screws 120 are shownCT/0S2003/023385
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Figure 1, the present WO 2004/011185 PCT/ US2003/ 023385
-7 invention is susceptible to7srodi fication in order

to provide automatic adjustnment and/or electronic
adivgstiemistsusdeptihle to modifictisk inl@@ebip provipe tetomatic adjbsment

l.Led .ser. [ h hunb
1 30BF“1afihoni REGR: FHife BT Ead W ettt er Bliet Fimgroled

eRERS o WpkAHaE tHARuRb 38R 12601 G ABNLtidAR ced 50
that 5 fi tg int% an 1g\l [ gnr?ent holre iSZH%Ea% servceeé to

eh@M48E t hEhe extenigrencasplg eyliaderchiRi alsdehas 20 4ligrmentsiowel 150 that

ISt [ | it t litter .
LA B2l SRl T PR pper 104
cyhd suledsnsisteaitly[ MAliqudsy posaidh the shiitted cflidder 4 O£ within the interior
splLitter cylinder 104 has an alignnent slot 156 at

(S

t A4 plthe opfylypster 18%r cyl i nder 104. As shown in

Fi 3, ' t .. 150, I into e
fSHTE AL PR LATARE 1, A lack Riinde? JOURELT el fon} OB 156 a
c yiiei raatekS81¥4plittert dyindart®4 pdsishown ireFiguye 3, itheealiginident dowel 150
respect tgq the exterior_cylinder 102. ce.in place, .

¢ Rt MheaBn(ern e S60h ord o prot e o i gRinAgt 104 in the

t Béind posihortiveky ER6 L ORRbNS IcSitbe

t hr ea%gblcil enk}ége tvﬁgl %y i%ﬁérﬁé %Sﬁé\)/{é’htn %‘?@ggg%f T Place, the

osMitenicxléndes 304 mas shesrbegheld against thedgletl dizk A06i by obwipteleon pins
. . 104 D ol Sl ipges
3764 by e Bl B G 1 B AR o et

Otorfipresdiopis dperthiies 16Phid hatd th&dpﬂiit&d@ﬂina%wﬁi? ?%)ace as shown in

exterior cylinder 102 has an interior groove
cribing the interior 128. This interior groove

cfi

1 rr ' i nl et e 7 f .t he.

o (RSP PRS0 AR A nr R slol F ol i g Bk APt
otylinder 104, elid @dtersqalcylihdar 10y haswieintezdr §bve 176 eircdiiictibing the
in npre geter%i I. bel ow. However, Figure 4 shows in

pHLEIo5 26 h Mg dateripr gripors b Aheresppnds xath the gas infep holey 172 of the
c i I . .
SHRIRCORIdeP fod Th [ bR TahPopBafis Bt e fheetfiSfinki B tinder
0104 issetelotthrin orore éthih belowl GRywever, digure Mzbowg asphumiom the gas

epter.into the interipor gas groove 170. and fl ow int

¢ OV SBRReh & o it Lt in Oy icaping vihabe Aterior espee 179, When

t e spltter ByEndetdioiiom MiceStetin BRScohRhOUEShE BEedSr Gffder 102,
er

flowinlets 172 by necessity dilutes the powder .
f PigsuRged Brsonghentbreintihe intertor gay erasyed 70 0ud f1p@ (@] therspditter

' | Lander. . t 80 ,i nt
CHABHLOOYLACRL LI R PRAHS gt IR Phrovsn
166 ffave inldh €72 BRhe@pstyt dirueeslﬁe?ﬂdnsdarfmv&iﬁg thir th8 §plitter

fr?nt ﬁg‘erture and provides the rear seat 126 onto
dei Hi4. i nl et disk 106 rests. The rear 30 seat 126

AP, HR% 4 Bt o RS o0 B v

t ¢ydinderf 104rendrtba inletpliskt 106efit 1 §he besr aberhse IBAR shivdler Bbn the front

t 'yp%rtlupet aenrdI porgvides the rear seat 126 onto which the inlet disk 106 rests. The rear
seat 126 prevents the further travel of the inlet disk 106 which as described above has
a diameter greater than that of the rear aperture 182 but less than that of the interior
154 of the exterior cylinder 102. To prevent the escape of gas from the exterior
cylinder 102, the inner splitter cylinder 104 generally has an outer diameter minimally

less than the diameter of the exterior cylinder interior 154 such that the splitter



154 of the exterior cylinder 102. To prevent the
escape of gas fromthe exterior cylinder 102, the
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dianeter mnimally Iess than the dianmeter of the

exterior cylinder interior 1548-such that the splitter

WD 2004/ 011185 PCT/ US2003/ 023385 -8 cylinder 104 is
abj’lifndbnl@ﬂ ischbld totstide heo theldylidar lﬂabubpntequmevﬂmhﬁn’us the passage

bi t b th
Pt e anEA R Evtiee PPEeEYF Rrtgeer o
Fi (mgmes ‘F1%|9re§ hony sabbvedlﬂaafaw@amsw@ucﬁés& %/}ﬂ%sdié\bdoéﬂtl{@
vi ews of t exterior cylinder 102.
Fegemier avlindem02seal i ng i nl et di sk 106 i s shovvn in side
SO B BSERT 5 SELREOAk A ASph Ef Bts oo

rrmctlbﬁalrvwbe ok vﬁth tha biter coysirienls of shichrest eshtidre e inlet disk
and machi nabl e nmetal. As the flow ng powder may have

aBRR Sp Radg P4 spitg mateﬁlél e rafieen; and maghinpale meézﬂeﬁts the

{1 e R 0B Yy Mt rali DO R8Pkl REETHNS Hfedont
hmeslncgmnﬁy umiudedhdmtthatlcammthﬁtﬁmct!mhcabrztshm qmmkm:tere éaeidayd

S t forth her he |nI di sk. 106

ol baesomira o A S, feSRrio e Ting A the Rpwhar aglsplitter
140 rovay hérbfn Ol‘hekiﬁleﬁalfsl@%’@ﬁjas 4 QPR3 ap@ﬁufe”beQQfoe\gmbﬁ‘the outer
Figure 12, the rear surface 200 of "'the inlet disk

meet fhebe Hldoneyl fitvt e attagkadi es of concentric circles 202

CASE] o APRRORS R AT 00 p8 TOEE 100 mov o

psvosel witk @ @esed dftcoftent@cittled 20ReehRadd BiRa ihdEtrhBabefthre 108.
the exterior cylinder 102, The concentric e

cThespeancentric geslesyae disilolipmdhe rapr @fm@etp@wd@w‘gg@ 8iliften 100 via
Ofhe %‘ar Eall?ut‘ci,el%a o2 extdt é@ gp %02’“l Tﬂé 5&@&&30 _%E%raved circles
ou t ch.

approxi natel'y one one- t an 1 n
c2icmay be eperioxthatsly 202 tem-thdmsaadﬂh df ks imsdhi c@epmmd sephrateicby a

1%'5{1:%}1%-8(5 ﬁli)gxl'%g@y brh oo -t qt)ps%gfg}mhgpléfnc ttsl'Elr l | ?rgcecrlrcles 202
Cﬁﬂicﬁfe thé aliBicth& o thelitiet Hi@k mmﬁh resfpeee th %@@m@psﬂmﬁ&dmct

by the rear seat 126 that woul d othéerw se vi si'b
b'ulue fegirea toewhinh dte 1diet disk B ff bmtevrgs ofdﬁcawrhyahe niFmber of circles

58 e 3 98 12 0P SRS ) BB et i 05

Cbeﬁﬁg 6F céftér.| ThODDLIPHS b St R e PER @@ﬁﬂrcaént ﬂfr'dlédayln‘ébécﬂon and
respect to the powder feed splitter 100. 25 [0053]

. Gbadistancy betwren therngraed cirees R02 BEne of chaiceamtizanewt utility with

RSPl L Houill fB8S el Oy he povder flow i

equa anongst the outlet tubes 130. Wen

t j0053j nl Q}etﬂrzﬁliy Wﬁer@fhfe mletndla{ 106 Reemerdaeyvef thewplitter cylinder
di stributi mongst .t he several tubes 130 is

gléh‘eF ch%r Alowuds gutidrndrguelly emensst thepwilet whes 130hgVhen the
EF% :arsﬁﬁg gg?:\ggﬂﬁp télé W([Va? ?W?Eg‘gﬁmf%mé f"fhe :\{Q&%e?al tubes 130 is
cgdneradigbidsed avedrfing 3@ thoesipbed receivinigghe bmseli?&nibuht of incoming
powder flow. More detail is given below with respect to the splitter cylinder 104 with
respect to Figures 17-21.

[0054]  Figures 13-16 show pertinent views of the inlet tube 110 to which a
powder flow line is attached for the introduction of flowing powder into the powder
feed splitter 100. The inlet tube 110 may be copper tubing with a chamfered inlet 210

and exit 212. The tube 110 is constructed to prevent caking, clogging, or obstruction

\



[0054] Figures 13-16 show pertinent views of the inlet
tube 110 to which a powder flowline is attached for
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feed splitter 100. The inlet tube 110 may be copper

tubing with a chanfered inlet-®210 and exit 212. The

tube 110 is constructed to prevent caking, clogging,

oof s ingpewdenini®d 200 £hQitd (1B5 tHeETANISAN0R b SXBERM is adailable for

ol BN bR, ihe hiaraddnBLRHS Eyk O 21y Bnegetoute o

TRRhGAEHaR8dantNbBhgidd QN aﬁﬁldbstgﬁ&oﬁ%?@ﬁe%ésy Figure 14 shows
e eh

contribute such_ anti -caki ng, anti-cloggi ng, and/
afi asp@btsqfrth@tnd@irﬁulmldﬁ@mc\@éakemd@améhq gergérovkile Eigures 15 and 16

a I V. do

SRSt SR e AR LRSI MR 10 cnaies
ahdogikig pdider tebpeitinhsled yowartethe hﬁﬁiﬁ@f pa3sheeR 14 Khile yie

110 enpabl es_  incom powder  to be channel ed towards

t framigtiag phthe ﬁégyét@eﬂMOW theepQwrer tQ fiapeTes hatigr and mpee

e t)@4di sperse better and
rmg(rtlée()thgb&f%%%g% or e ﬁ‘éﬁgﬂg‘i?ﬁg“sm itter cylinder
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to the narrower front face of the splitter cylinder

1epditter oytinger £ frve vhich te autlbleiubasiBlesmerge. Titheutlstitubes 130

u 130 sikm n ion t.o th

82 s 1eior ol o iy SR} eS8l gopfintohe
cypliteel eylinkled 164 freShowmin fhe thRs §6RiD8aISEEV bPPRlre/1 VA Pfhe rear
Figure 19. At _the rear 15 end 222 of the splitter
c§4 Febeof thomlitier selindes 104, afsgiies ofifaweiunngliike, erconical, cavities, or
C 0,
gﬁ(l% ?éf ﬁzzf N Vatjrés%ﬁt% trh%ﬂ' 1% iy ?Fe X exzdilgs %l’éleplélr 8?55%&8‘%15}%&08 to the
t bietlet outteh eso tzmh&&nﬁ&ﬁatm@ntema& chetieR226gndidy the splitter cyhnder

ch I 6 'nside the splitter cylinder . FEach

b Each s fhﬁae e iies Sabis qogpleéaw &as lst g7%a§aéi‘ of the gas
' ﬁ‘llléttuﬁlezan ghnﬂfnett%aﬂgﬁe dutleBrubEUPIPsolhdo BRVide directionality
i ncline towar he outlet tubes 130 so as toO provi dee
dfor gas flowaindl ty indibif powdsa lof ek amtd theogasnliebl 12. pihed®nical

o _the s, in 72. . The coni cal .

SRR st eBen b oBfFel pPinE 0 i B R Pro e gviimal fat
S&ITRRS oh & dvikeer afficalled! Tf d18 serveldftd B6t€er @plitihe GlRoming single
powder may collect. [t also serves to better split the
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' fﬁ'ie;‘:t rdi glol%gxé gc%lrt] s Gtﬂ%stp%&"j{g Qﬁeegxttgr% g C%’ﬁg&é )%? ech% Fentrai aperture

CY80 RGesferkOR), alighed Wﬁh&ha&enﬁaﬁﬁdlﬂﬁ eThd%ohfRal dhipe of the cavities 224
preferably, aligned with the central point. The conical

shepkieyp ghide ferie ppEderasdhe pRWdar drayels thyongfithe 6avith élhe conical
Pr?é‘e&%f fiffe éa‘i}ﬁ W;’seg E{agmeﬁy%g égmgammm oig ﬁ%ﬁ{?sﬂ%er

conlca natu enera

afunnelirig, ot clmhdmgoafrme flowimgoivetier. DELd ﬁght ciranlachatng, of glie
he right circular

channpel | of, the flow n povvder
nCAVIHES 28‘2%6%’&36 altgradiat \gge g@&se gp@léqs o generallygprovide for
| Al 896 deBltodl aﬁe@@b&%&?catv‘ih&%ﬁf ally provide for

[0056] Although there may be a strict separation between any two cavities, or

hoppers, 224, an intercavity valley 230 (Figure 21) may be present between cavities

224 to allow better dispersion of powder between two adjacent cavities 224.



30 equal cross sectional areas between cavities 224.
[ 0056] Although there may be a strict separation
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intercavity valley 230 (Figure 21) nay be present
between cavities 224 to all oviobetter dispersion of
powder between two adj acent cavities 224. WO

2000570 111485 iRBRLISDOOS/A02BRHS0f materiflo 0BY be Ased todionstret the
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c ofeet1 Ozal rytise30 tabes&d—fqﬁ@dr flust asisthef shiapédt@an tyllnders may be

110 d_outl et However, st as other |,

sHEFEOT theerrteipr | ﬁg é?(gmﬁeaspf #84 pgeiogs PgPhetpﬁ@e@%fl‘é@qﬂ@fl (including
1Q ARk 0 0!
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are adaptabl e and useful in providing the structures
aRtSgEd PBs necessary for the 10 present

| pou8y | 0nAddifleRAly, Addhdeion@ikiér cyiidder 104ehAPlaks RVAtiLS of
cylinder 104 may take a variety ‘of configdurations
afenfigurgionsend/obseametres dsrandnietipr inserefar ah exteginr casing having the

LI
Cyéalmg éaletldizk 108may aka Itakleghea foretofdi ate 10 Ber TRY stdh@tre, or

e the formof a plate,. other flat structure, or
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confiatporbatdcbiesed. may al so be achi eved. [0059] Wen

EAPILc o Whsi e b e e e T s i a9 tovses st 26 of

t HRexdekdr BYRIRE '162 reRd i‘Hﬁe”c dhpe flﬁ)?ﬂi‘gte&? &l 8151%96 %xtenor

cylinder 102 and away fromthe r aperture 1
i Aylistdeni1 @k anBvayefyorh éhacrentt apsitiuge 125 ﬁﬂ@enﬂeb@skz\k%nmy be

2 t 140 t hat
RIS BlpSRece e tnd MRl RERTAa R e Bl g that
16fagd bie flaitcelindicabfilié 12£6f G¥ idladRdk 10604 iiAribt Hﬁllﬂter cylinder
agal nst both the inlet disk 106 and the interior 'sid

& gits flush agingibiod: thee@lpﬁ ¢igle 106, gl the interiirsideeh?8 orfhl@e exerior
BP0 bl e 0y SR SRadaClla kg RS Sl

pcanitders 22d\aad lpyevbma\tl&l traf3missiph dffpewdentae b diagéli theu h the
intern channel s 226 and the exit tubes 130. [0060]

TR R Eg R cHAGReI S5 GGG EUL 11580 8huel pi b 150
Wdogo] t s Bld 9 hﬁ{ié?t 4%5% r%b‘% dodei 8“1%05\9 i fid Sgnment slot

cyllnder 104" genera uni que operati

eh%g}@h@mt thecsphifteyent mﬂerow%dlbraﬂg bpeaie uniquehep emting lehgdgement

I 104
c|>r{ g%?acuo:r[l%th I%\g]p%gt ’quge en(t)rt (%1 1n8%/r 1|03d G{{Jhenqche splitter cylinder 104

has been properly situation with respect to the exterior cylinder 102 and the dowel

150 is seated in the alignment slot 156, the gas inlet apertures 172 of the splitter
cylinder 104 are aligned and surrounded by the interior gas groove 170 of the exterior
cylinder 102. The flush seating between the interior splitter cylinder 104 and the

interior 128 of the exterior cylinder 102 generally serves to seal the interior gas
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exterior cylinder 102 and the dowel 150 is seated in
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the splitter cylinder 104 are aligned and surrounded
by the interior gas groove 17Q1lof the exterior
cylinder 102. The flush seating between the interior
s gtqoma d170 exd forprevent the o of fas beynndtheqas gmvgﬂw h&he

L N T .
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diremrthd cangral Iacmmm therrmwcéeﬂewa#nll(genemhy bs hmpatiso that greater

f T 24. 1f th | | et. t 08
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Wuhhelg@navRy b4 BRrddissedd 88ddriRd intht 8pdrBlre 108 as that conical-

shaped funneling cavity 224 will receive more of the incoming powder flow. The

intercavity valley 230 may allow some migration of powder to and from the cavity
224 experiencing predominant powder flow. Such migration may occur for all

cavities 224.



powder flowis transmtted to the exit tube 130
associated with the conical -shaped 30 funneling cavity

WQ@ 24001185 di sposed under the inlet aperture 10BCHBES1003023385
coni cal - shaped funneling cavity 224 will receive nore
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i ncludes all enbodinments falling within the scope of
t he appended clai ns. WO 2004/011185 PCT/ US2003/ 023385
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conprising: a housing with two openi ngs and an
interior surface therebetweenjzan interior insert
defining a first funnel cavity, the cavity generally
hWHaﬂgobmmEdsdlape that narrows fromone end of the
cavity to the ot the insert.sized to fit into the
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F e Hap pesiches EhPeonereBi of i ReriL e B ot RIS Bt o it into
fih’éiﬁbué}hlg'a%ﬁ tube. 2. A powder feed splitter as set

forth in"Claim1, wherein the first cavity is.
coni c al ﬁ;st Qhaqztéube maommlmlqabm avithfthe first fiinet eavitaighetabe

fl% (%acen?#: Mk navm\%re%d fgﬁ ngit% efrggz insert defines

OWIn et ena w from exterior

Of t h epd)\iﬁddiﬁlhz@f fldva Si@hd the @irdt Miendel esfityfto miefirscautick yibe with the
wher eby gas. may _be added to powder flowi ng fromthe
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pl?%%erffﬁ&%uﬁg{j dhier as set forth in Claim1, further

conpri sing e interior insert defining a second
funnel cavity; and a second outl et tube in

o, bl S0 S A B vt

tg%oﬁgggngl@gg,l et tube with the second funnel cavity
col l ecti'ng powder from a broader area for transm ssion
to the narrower second outlet tube. 5. A powder feed
spl i ttfr as ,set

30 the’int ePiRSHY eﬁﬁetg{flsplgﬁaﬁ'ﬁ%‘f%h BAsn CgngSI ng:
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insert to the second funnel cavity; whereby gas nmay be

alctbel interiqsdngeet tothoishinelsaviteviseynd f unnel cavity
to the asstﬁ‘%PQéjacfHéh ltc%ox‘vﬁ'&?’towmg from the first funnel cavity to the first

outlet tube.

4. A powder feed splitter as set forth in Claim 1, further comprising:

the interior insert defining a second funnel cavity; and

a second outlet tube in communication with the second funnel cavity; whereby

powder may flow from the second funnel cavity to the second outlet tube with
the second funnel cavity collecting powder from a broader area for transmission to the
narrower second outlet tube.

5. A powder feed splitter as set forth in Claim 4, further comprising:

the interior insert defining a second gas flow inlet enabling gas flow from
exterior of the interior insert to the second funnel cavity; whereby

gas may be added to powder flowing from the second funnel cavity to the

second outlet tube.



