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MANUFACTURI NG TECHNOLOCGY Rel ated Applicati ony ' | ai N QQigmﬂ?tho
provi sisonal application S.N. 6o/ 124, 898 filedmwmm%'mmﬁmmmg99. Techni ca
Field The present invention relates to a foundry, tooling process and

met hod using destructible material in casting opePgPVons for producing

conpl ex internal shapes requiring a hj gh degree of surface finish. Mre
particularly, the invention relates to, a process for producing inpellers

and diffusers for chkOSTiFORMIs SRNDeCORBE eSTACR MANBFAKYURING THCHNIROGY

I nvention Many cast parts require the formation of voids therein. An
exanpl e of such castings includes inpellers of punp stages in centrifugal
subner si bl e prensate®neppri delidrar form ng such castings is the | ost foam
met hod. In the | ost foam nethod) consumabl e patterns, such as pol ystyrene

foam plastic, are ﬁﬁgiféan&"’i Uﬂai\mgeggggbggyr%r g&%&%ﬁh}@%&%@ion

enbedded in foundry sand to be repl nol t nmet al . 'ten™ net al

vaporizeg thesf, gamsbypgs pes s erin candadcAeial dayy i cate of the pattern is the
result. The |lost foam nethod i s advant ageous because it all ows

| for net
shape capacity, i.e., the ability to produce a finished OﬁmwmﬂMMmMNMngghod

casting that requires little or no machining. However, th
is unsuitabl exbPhnical Fileld *166166*

The present invention relates to a foundry tooling

process and method using destructible material in casting

15 operations for producing complex internal shapes requiring a
high degree of »surface finish. More particularly, the
invention relates to a process for producing impellere and

diffusers for centrifugal submersible pumps.

20 Background of the Invention
Many cast parte require the formation of voids therein.
An example of such castings includes impellers of pump stages
in centrifugal submerasible pumps,
One method for forming such castings is the lost foam
25 method. In the lost foam method, consumable patterns, such
as polystyrene foam plastic, are coated with a permeable
refractory wash and then embedded in foundry =sand to be
replaced by molten metal. The molten metal vaporizes the
foam-type pattern and a metal duplicate of the pattern is the
30 result. The lost foam method is advantageous because it
allows for net shape capacity, i.e., the ability to produce

a finished or near-finished casting that requires little or

no machining. However, the lost foam method is unsuitable for



2 8 JUL 200s -25 the geonetric particularities of the hydraulic pasl(s)@gﬁf .
required in conplex castings, such as inpellers and diffusers The | &
pracess'is not suitable to form sone conpl ex castings because of process
shortcomngs including limtations in thickness of the walls as well as

maj or costs associated 10 with tooling, |ow consistency in the nolding
stage, |l ow surface finish and Iom/coqE[ession strength. Additionally,
particul ar types of geonetries result™i n warping of the castings.

Theref ores suctheasjdongsrde neirtdechnayetfededsr Nehe 1 1R 1L 1%ANRRe

met hod for form ng castings is sand nolding. Sarid nolding uses hig

strengt h chenirafliredotdecbngAre. cSatrrhgm| dLal 45 1Pkl Berd eh@r AeHrEhisce to
form net shape parts because of nold wall novenent. Additionally, sone

speci fic z-equiTexemss dbagapdonetdi g mey wnlcpbbe bet fbym higie quadpley 20
foundries. Therefore, it is desirable to develop a nethod that results in
near net shapeS23tHagsi betaigs BLchEecesshghphbeomiveied $nehedigieod tvbratigasof

the | ost foam progess, One solution_is proposed in U S. Pat. No. 4,691, 754,
whi ch t eaches 125- A Hes§ QLdEEEr iRl hI2# |WRldr a8 BEAAL acPF & taTorad Aypd

| aci first I nt | di hine. Partially, - ded
Porystyrihe pofidt SCaPE Bbpl 16U S PRECEOTE &hd IR | JobAphaBESCa & VSt am
i t o4 @10 i t i i.s th h i
xposed 1o mor ey R bR I68, Al BB, | (BNl o

avoi d exposi N4 QRS WPLD b8 L¥BheaLt ¥s NYEERSE0RIC, wd G iHY SLET @he! f
the core is exposed to noisture, nolten netal wll cone in"contact wth the
noi st ur e absordzextibygst heTloareeforez sSuch acastA0G3 d3MmotherrhiiBeen®| ity metal i s
poured into the core. The exposure of nolten netal to noisture is
undesirabl e. ShaRfr-y of the Inyention A casting nethod that conbines a |ost

foam nethod and a 10 sand nol di ng_net hod provi des desired benefits w thout
undesi rat? e ef f ect $1°F 8er@§%%$ FWY’/eE‘P? 9 SCaEH159E fGafaidd "O4Rd Eor e

casting met ho%a&lﬁ%nohﬁ%h%qfssest g ohl P Jhofcﬂkﬂgcﬁﬁ})go%x%dbgwﬁd @-ggul ar

material, prefe y sand or ceram c, cohtaining void e core has voids
formed in it thataihave sktata | Postedrtld @HA%Rd £51 GREm Adt lsHapka Rkt 8f

| ost foam destructible material is then preforned in a separate nold,
preferably by lsmmrausecotfi onldregkl sroGmmrdtar | Wdddtsenahlly | agrewe Gipdedgticf oam
destructible material is preforned. The first foamlayer is positioned on
one aide of tHERUrEHEBLs Pl I3 FISdGABIf BaYh PrEpePs §epokY t e s &Kot her
si de of 2)the core. dT:}e | ayers are glued to the core, closing oft the exposed
ai des of*t he vOI"d§“#5fed in the core.

Therefore, it 18 desirable to develop a method that
results in near net shape, that is low in cost, and that
avoids the gshortcomings of the lost £foam process. One
solution is proposed in U.S. Pat. No. 4,691,754, which teaches

25 molding a destructible layer around a first core by placing
the first core into a molding machine. Partially pre-expanded
polystyrene pelleta are applied to the core and £fully
expanded, via a steam expansion step. However, a drawback
with this method 1is that the core is exposed to moi;ture

30 during the steam expansion step. It is desirable to avoid
exposing the core, which 1is typically hygroscopic, to
moisture. If the core is exposed to moisture, molten metal

will come in contact with the moisture absorbed by the core



The assenbly is attached to a down sprue and lowered in a nold cavizé,
which is then packed with a nold nedia that is 25 preferably the sa HU. 2003
the nmedia of the core. The assenbly is vibration conpacted and/or vacuum
conpacted within the ceram c and/or sand nedia. The foam | ayers prevent
entry of nold nmedia into the voids. Mdlten netal is then delivered to the
nold cavity to formthe casting, The iost foam | ayers 30 are gasified and
replaced by the nolten netal as it enters the nold. The voids in the core

as wel|l a5 thevispacgs: picdvtieauskyabcraped-ddy inhe thantday.ermearapbslibed

wi th the advancing 2 8 JUL 2003 -45 nmolten nmetal. After cooling, the cast
conponent i s r&howed dr oetehet orohal staniet 5 anded hebtat.eri al of the core,
which is no | onger bonded, is renmoved fromthe conponent. Brief Description
of the Drawings 10 Figure 1 is a cross-sectional, exploded, and sinplified
el evation view of a core, an upper lost foamnold, and a | ower | ost foam

| ayer construchegnddy 3FCQRreanceaiidn this invention. Figure 2 is a
cross-sectional and sinplified elevation view of an assenbly conprised of

the core, upper |05t J,gagls 1 Jaeihaanabol ey | 95bf paIh | ANSL 0Lodr gure

1. Figure 3 is a side vie plurality o e asse igure 2

llovered jft o a4 did ih@SkmePhad dQwbsiice. dELJHEE 4ndref tls0P Wik RYLOT the
core shown in Figures 1 and 2. 20 Figure 5 is a bottomview of the core

shown in Fi guresiekiaadle.effiegtite OTleS prefénissirieationals ui evs®ffoanf eAdshed
punp inpeller formed fromthe assenbly of Figure 2. Figure 7 is a
cross-secti onaland ewref castimg stedthoZ5tHat f iiseludesr thd ftegncad Meirhodgi a
accordance with this invention.
) core of bonded granular material, preferably sand or ceramic,
contalning voidse. The core has volds formed in it that have
15 at least two exposed sides. A first layer of lost foam
destructible material is then preformed in a separate mold,
preferably by an injection process. Simllarly, a second layer
of lost foam destructible material is preformed.
The first foam layer is positioned on one side of the
20 core, and the second foam layer is positioned on another side
of the core. The layers are glued to the core, closing off the
exposed sides of the voids formed in the core.
) The assembly is attached to a down sprue and lowered in
| a mold cavity, which is then packed withla mold media that is
25 preferably the same as the media of the core. The assembly
ia vibration compacted and/or vacuum compacted within the
ceramic and/or sand media. The foam layers prevent entry of
mold media into the voids. Molten metal is then delivered
to the mold cavity to form the casting. The lost foam layers
30 are gasified and replaced by the molten metal as it entera the

mold. The voids in the core as well as the spaces previously

occuplied by the foam layers are filled with the advancing



Det ai | ed Description of the Invention Referring nowto Figures 1 Zggci
core 10 is forned of 30 a bonded granular material, preferably ch Lﬂ@z
bonded:nullite. Miullite is a type of fine grade ceramc material. However
sand or other materials may be used, including Z8J UL 2003 -s 5 silica
sand and a bi nder such as phenolic base and/or noda.fied phenolic base
resin. Core 10 nay be fornmed by a var,j ety of conventional techniques. The
material 'of the first coxe 10 shoul d be conpacted sufficiently to act as a
backi ng that Woltegefetate BfbeEhceel st ridmytdretn aoomonrotuie nenbvéde
mullite to nedia to create a hydraulically sound part with a near net shape
confi gur at i onITe8r ER§0MPLA FRIIEY  f BRAS BRei R Fd@ilt PEsthe eprsenwhithgds punp
impeller, and_is.shown jin inplified nner in Figure 1, rather than with
curved cont our® ﬂﬁﬁﬁeﬁo%?ﬂiﬁiiéﬁ FRMe¥EDH em &&le coparrents in a circul ar

di sk-shaped configuration with a central axis) an upward extendi ng central
cylindrical hub portion 11 and a radially extending flange 12. The terns
upper or upward and | ower or downward are used for conveni ence herein and
not in a |inm ExagfnBnae piednghagDrawinge 20 ext ends axound the
circunference of flange 12. A solid downward extendi ng mandrel 14 extends
fromtheld ower sidBighreoteid(Os Am=mzecaionelessxfdlindsd land ebaskdf igpper
surface is forned in the lower side of core 10, encircling nmandrel 14.

Fl ange 12 is FAEHRELOH tHex pfur florey 8 Wasieds loft sfresesold, jarpb aadowémwn in

Fi gure 4. Vbigs 16_ext end fron1ugper hub 11 outward in_a spiral or helical
pattern. Each 95Fdf3§§\§ﬁygﬁdgonst ucted in accordance with thils invention.

Figure 2 is a cross-sectional and simplified elevation

)
view of an assembly comprised of the core, upper lost foam

15 layer, and lower lost foam layer of Figure 1.
Figure 3 is a side view of a plurality of the assemblies
of Figure 2 lowered into a molding flask on a down sprue.
Pigure 4 18 a top view of the core shown in Figures 1
and 2.
20 Figure 5 18 a bottom view of the core shown in Figures
1 and 2.
Figure 6 is a cross-sectional view of a finished pump

impeller formed from the assembly of Figure 2.

, Figure 7 is a cross-sectional view of a finished
25 diffuser formed from a method in accordance with this
invention.

Detalled Description of the Invention

Referring now to Figures 1 and 2, core 10 is formed of
30 a bonded granular material, preferably chemically bonded
mullite. Mullite is a type of fine grade ceramic material.

However, sand or other materials may be used, including



conpletely through flange 12, and has an outer end that is closed by lip
13, which extends in a continuous uninterrupted circle around flang% @ﬂ:nm
Consequently, voids 16 have exposed 30 upper and | ower sides. Voids ™1 a%e
fairly thin in width and define fingers 17 in' core 10 between them t hat
axe w der considerably than voids 16. 2 8J UL 203 -65 A protective core
wash may be used to coat the surface of core 10 to enhance the surface
finish of the casting. The particul afr’”core wash is custonm zed for use with
a particu ar @hhoystodd Bhl £ 8488 aGLh A gﬂgnéfﬁéq?akesggf dd ﬁodlf'ed
1 n upper i

perneability requirenents as is known 1n the art. 0S oam

layer 1B is ppatacmed Bisd &l acopbashiaf ORM fRLRE Bgl of var{MRe otfh]iit

wi | | vapoxi ze when contacted by hot netal. e destructible materi‘al o

upper lust foasnlrageioddl rescrhe qaey .t yPRe Ohatsditilbablog koW Fepperadd ao
fusi bl e substance, including a thernoplastic resinous material .15 or any

ot her cel | ul ahplhadthe conpecied sufdtcgasiliyi es scbsisant batkingrchhousill
residue. Materials that nay be used include pol ystyrene and resinous

pol yneri zed deerhenei® enogghneehdcstdangtiacinl. corgninousre yywigsh dhecehl i tzr
plastic materials suitable for use in casting operations are taught in the
20 fol | 3% ng Medlaphpeftsate & hygraulNsaliy3zQuRR7pars st to WAH difiter on
Mar. 26, 1968,.,and U. S .6 Pat. .No. 3,496,989, issued to Paoli on Feb. 24,
1970. The expPBERFRCR AP ol e” as applied to the cel lular plastic

1970. The express f - | oK, 25
o ton metal - The REt Pt hEE RARUr e of T RES R Ry S Bndbr et HTH ( on

nolten netal. The ruct bl erial’s "énab

netal to occuymphemsrIcs Okndi Bal kxowt awPiaed: Ryl { heedepihuet iRl © Jmteeri al .
In.contrast, the "core" material is "non-destructible" in the sense that
t he core nat et alrathezbltthdro wetsh stuthed etbecdsrof thhe mwohilén.exl8tneimal .

Therefore, the core material produces a cavity in the casti r;% Upper | ost
f oam | ayér 7. 8ragsiee r adcarl Y0 ek dadiangiraukar digkgehaped mend lger ian

upwar d ext endi ng hgb e20.3:6?#nl ixge flanﬁg a_dtze_8 JlljJ i2t!0'$3 t5 &2co£i§££,ecajlo,
there are no Vorfs?i FeHisings 28y i Rra5Y spEending central cy 1
hub portion 11 and a radially extending flange 12. The terms
upper or upward and lower or downward are used for convenience
herein and not in a limiting manner. A depending lip 13
20 extends arxound the circumference of flange 12. A polid
downward extending mandrel 14 extendz from the lower side of
core 10. An annular recess 15 with a closed upper surface is
formed in the lower side of core 10, encircling mandrel 14.
Flange 12 is formed with a plurality of voids or spaces 16
25 as shown in Figure 4. Voidas 16 extend from upper hub 11
outward in a splral or helical pattern. Fach void 16 extends
completely through flange 12, and has an outer end that is
closed'by lip 13, which extends in a continuous uninterrupted
circle around flange 12. Consequently, voids 16 have exposed
30 upper and lower sides. Voids 16 are falrly thin in width and
define fingers 17 in core 10 between them that are wider

considerably than voids 1s.



solid and has flat, snooth upper and | ower surfaces. An opening 22 extends
t hrough hub 20 and is sized for close reception over upper hub porti??‘ﬁ&2m3
of core’10. The height of hub 20 of upper lost foamlayer 1B is |ess"tha
the height to of upper hub 11 in the enbodi nent showmn. A |ower |ost foam

| ayer 26 of the sanme material as upper |ost foamlayer 18 is al so
preformed. Lower |ost foamlayer 26 h a central hub 28 with a passage 29
extending through it. Aflat circular™flange 30 extends radially outward
from, 155hub 28 at® spysdiartibet aerh wimh uppebeandefonerceatdsiof surifa2s.
Flange 30 is also solid with substantially flat upper and | ower surfaces.
Hub 28 is siz@H g ii0 Eposehgndenthecessfas fimheh ¢if theotasbing .10 Thit s
closely within passage 29 and protrudes slightly below the |ower end of hub
28. 20 Upper B¥ttITWAT £6af Vagieris peistopiaed dsx peef Bt hed Pamhilical ¢ of
manners. Preferably, they.are forned by injection nolding techniques in an
aluninunlnnldafg%%dstﬁf %é?}Tﬁ%ﬁ [ﬂ%ﬁﬁ%&?tﬁﬁﬁerﬁgg are i Ac&ét eFReRESLC

cavities in t al ym | d,_then expande t.he plLication of steam |
25 In practi e,errﬁazggpjgggpogﬁgaiﬂ%%e&@% i)ést 150%?1?%53}& t%% F‘Egaffi xed to the
upper akge of the r , f I hesi i Lgure 2.
The pr e%gr med | oweAr:rPI\%g%Qf (]Sgrr:fl g?/%? ]>2/El I sqgogigt ?g%\g%%era% %%:A%eéc}aflggfghe

| ower side Ofﬁalféliiﬁclofgbafmaﬁlheéfi/ﬂ 85 showpd NeiRukel 2. viBerpesi Rheny of
flange 30 30 locates within lip 13, and hub 28 extends into core recess 15.

Once assenbl ecbrasactredribyuhet2metél angeh@ deaft ruppebl é armdmaydr of8 uppkk cl ose
the upper sides of voids 16 (Figures 4,5), and flange 30 of |ower foam

| ayer 26 wil |legtofeaphéayemeid may doeg anyUrypr2gf3 sugtalyl asilgwst efpasitese16.
Core lip 13 encloses the outer ends of vojds 16, Vojds 16 are thus

conpl etel y se%‘l‘%g? eTﬁBEEE%‘EﬁJI §nakuding: gy ERSRyoPAARE QHALEPRF TR TARY Z6

are attached rue lgure 3). .and intq a fl 6.

Fi _gure' ggshoméfe?%%?%é{éﬁ_e acggjélrg}g ]l‘gespe"ﬁtr%un égx\ﬁ)aefo é(}ba%m g&rsgg%% and
bei ng si mul t an@outsd it IRAIW WeRBEuE NrésasH. BQan%ﬂigﬁaa%h@tyma?I Pengsardi a 38
i e packed around assenblies 31. Mdlding nedia 38 is preferably the sane as

the materi al biclhsie gdlyssychnasandresdicions poflgnefhesdolaiinptiizgrac8s i s
unbonded and either vacuum and/or vibration conpacted in .1S place. _The

medi a 38 cl oSEEPAEHLAEIRCIhd VaFiRus §YPRE *hretdit e iRJﬁSG#Ct‘ﬁ%t%Fs@éﬁbl i es
31. Mlten ”Eééitéb%fzhfé‘r d&ééV%e@a%Qiﬁé?ePBé??P?c}(AseSaéel £Qﬁ§k&9hiﬁ‘ gRLue cup

40 and down aprues 0o forma ' casting” or a workpil ece or coirponént, such

as an igpel | efo Pl ff uper . pdPedhe. URPSY, lmst . nboas ipyeiz718 anehehowsr | ost
foam | ayer 26 are gasified and replaced by the nolten netal as it enters

the nol d. Voigskhll&lidr cat eMdd. (Fegunese 4 and B) sar @aal. saidf.i |3 ,exbanistsl, t he
advancing nolten netal. After cooling, the con;E)onent is renoved, and the
granul ar rmedi bso#edorte t Fad ishgken FEPom 24, 1970, The expression

"destructible" as applied to the cellular plastic layer is

) intended to refer to materilals that are quickly destroyed by

25 molten metal. The destructible nature of the materials

enables the molten metal to occupy the space originally

occupied by the destructible material. In contrast, the

"core" materlal is "non-destructible" in the sense that the

core material is able to resist the effects of the molten

30 metal. Therefore, the core material produces a cavity in the
casting.

Upper lost foam layer 18 has a radially extending flat

flange 24 and a central upward extending hub 20. Unlike flange



@5 or otherw se renoved fromthe conponent. This |eaves a plurality, ﬁf 1
passages in the conponent where fingers 17 (Figures 4, 5) previously2 JUL 200
existed. Voids 16 resulted in lateral sidewalls being formed for the
passages of the conponent, while foam|ayers 18) 26 resulted in upper and
30 lower walls of the passages of the conponent. An assenbly simlar to
assenbly 31, but nore contoured, will_forman inpeller 42, shown in Figure
6. Inpeller 46_has helical passages 2l formed therein by fingers 17

(Figures %, 13 8%ycprg Bp-Khews gre)ngiveite 110 fanuge iperradhdr! dheis

| ayers 18, 26. ﬁngglle 4~ h&i a hub 46 fornmed by correspondi ng portions of
assenbly 31. R4 yIeRot LehowdPoPbR neres 4Rl shonehafwefaced t Am cor e
of bonded gragulan natéria% and Egper ﬁng ower |lost foamlayers will also
forma diffusEP H8PIsKEWTATT ERGIPECHR| §UB FOuSRS 488 he?ef cE® r 8Ho%forti on

50 and I Li 52 .f d therejn. | | | 4 diff

46 forma purb EERbacn oot oRhe il BREROT TR i 0Bt ndPFnbEREHOn has
| ad ' tjbl. ' I

o ing the 15 0aar ot bl ERal orTal Ty A T ol B RR e SR F b he

st eam expansi @fi §bERrNBYE! 1 LOIH atlS efhibSd Psrdedgranul ar material core.
Additionally, the interior of the resulting casting is snooth-surfaced,

free of pits and fAnsowdn lomorbantladrantage tiife tdhameUnet &fiAloiadsuppedt he
core 20 that are initially sealed by the foamlayers, then filled wth
lost foam layer 18 is also preformed. Lower lost foam layer
26 has a central hub 28 with a passage 29 extending through
! it. A flat circular flange 30 extends radially outward from
15 hub 28 at a point between the upper and lower ends of hub 28.
Flange 30 1is also solid with substantially flat upper and
lower surfaces. Hub 28 is sized to fit closely in recess 15.
Mandrel 14 of core 10 fits closely within passage 29 and

protrudes slightly below the lower end of hub 28.

20 Upper and lower foam layers 18, 26 may be preformed a
variety of manners. Preferably, they are formed by injection
molding techniques in an aluminum mold., Beads of cellular
plastic material are injected into cavities in the aluminum

) mold, then expanded by the application of steam.

25 In practice, the preformed upper lost foam layer 18 is
affixed to the upper side of the core 10, preferably by an
adhesive, as shown in Figure 2. The preformed lower lost foam
layer 26 is positioned and affixed to the lower side of core
10 by adhesive, as shown in Figure 2. The periphery of flange

30 30 locates within 1ip 13, and hub 28 extends into core recess
15. Once assembled as in Figure 2, flange 24 of upper foam

layer 18 will close the upper sides of voids 16 (Figures 4,5),

and flange 30 of lower foam layer 26 will c¢lose the lower



metal. as the netal is introduced into the nold. The nmethod of th,e
invention requires no gluing lines that, mght occur when gl uing tgﬁéaﬁpjw
cores together. The absence of gluing lines results in an inprove %
finish and dinmensional 125 stability. A casting with a conplex internal
geonetry having a high | evel of surface finish nay be fornmed. The result is
a casting of conplex internal. geonetgy with a very high | evel of surface
finish as cast, which yields inproved hydraulic performance. 30 Wiile the

i nventi orP has 5€€F SHoWRiFR oAty 6AEEofip t13 fastahoseist thhoohteheendparient to
those skilled in the art that it is not so limted, but is susceptible to
vari ous chang@®Xist R6ut Vardarid mger thupt remlassdvoFephedi nvention. 2 8 J

UL 2003 -io 5 dajps: 1. t hod of casting a wqorkpiece having a
plurality of cavi tl&gg aEﬂW@PﬂEi #g ?ﬁec%‘ieer}so'oﬁ?‘d( 5)’5‘?‘03?@’%‘3 alt e ot
bonded refrac y Lal. in the 10 desited,configuratiagn.,of th vities
of the mnrkpi%%%,a?ﬁégé%ﬁet g@f%a”ha q&FaF?t§Eﬁ$u 0i"ds FRYSEREr BIYP whi ch

e 2L L £ast 20BEAKPIEC G BIE! 3 Dholy CHORIN 08 dhe ALELNB{1dYISDLS AL LX! A

and positioning the | ayer over the expos si de of e Vol oFm ng an

assenbl w0 (C) tpl aeivAdsp aasantl Yeirdy a1hnelf acdQrsy ,RLE: CAMIddY iangh facki ng
refractory nmedia around the assenbly, with the |ayer bl ocking entry of the

refractory nedisa i Ateefilaetvoydsoldidy tediveani ng padiesn afeluad dgzteblhes nol d
cavity into 20 contact, with the layer, which deconposes, causing the
nmol ten netal 88-f Mowding omediea \AA dis plrefrrably ritler ismmenals| $hef métherial
wor kpi ece in the voids; then (e) renoving the workpiece and the core from
the nol d cavi ©f SRESr LhoVAHS e CBERATET THliter oFhe e kding mefishi® dote 25

et e neReBPSaRg oo AR PRGBS Reon Sl 4V
15 place. The media 38 closely contacts and forms to the
configuration of the assemblies 31,

Molten metal is then delivered to the assemblies 31
through a sprue cup 40 and down sprues 34 to form a casting
of a workpiece or component, such as an impeller or diffuser.

20 The upper lost foam layér 18 and lower lost foam layer 26 are
gasified and replaced by the molten metal as it enters the
mold. Voids 16 in core 10 (Figures 4 and 5) are also filled
with the advancing molten metal. After cooling, the component

) is removed, and the granular media of core 10 is shaken from

25 or otherwise removed from the component. This leaves a
Plurality of passages in the component where fingers 17
(Figures 4, 5) previously existed. Voids 16 resulted in
lateral sidewalls being formed for the passages of the
component, while foam layers 18, 26 resulted in upper and

30 lower walls of the passages of the component.

An assembly similar to assembly 31, but more contoured,

will form an impeller 42, shown in Figure 6. Impeller 46 has

helical passages 44 formed therein by fingers 17 (Figures 4,



30 3. The nethod according to claim1, wherein: step (a) further coggrifiems
formng a recess in the core; and step (b) further conprises preformng a
protrusion on the |ayer of a shape that natches the recess and inserting
the protrusion into the recess. 5-11 2 8 JiJI ?0~~ 4. The nethod
according to claim1l1, wherein; step (a) further conprises preformng a
mandrel on the core; and step (b) fur#her conprises preformng a hole in
the 10 layer and inserting the mandrél” into the hole. 5. A nethod of
casting & wor k)i ede cbavi 1y ahdPhippaki hxd Ofowdld! UBREEd V1 eOf 2€aVi Hiss fthensi n,
conprising the steps of:(a) formng a core of bonded granul ar

ref ract or y 15méteer imahubn4 ¢ hiontresli bedceorddpguidaht Opoefi dfte ogaxbid@n 0h1 ,

t hewor kpi ece, the'core having oppositely facing first and secondsurfaces
with a plurality offAnverdsmeky efritnghivenhetorndit ifn thktandms etantsunfiages)

t he voi ds having exposed aides at thefirst and second surfaces and being in
t he desired20offar§ucdt PeRdef grierlar mwaderdaf ornd hepwwor karice demel) lost
preformng a first _foamlayer qf fusible material and positioning the first

foam | ayer on X8 fRAYEYS st Flacdd 56F £REMcar &l blusary kg ahewe| bsiFigusef 7one of
t he expased sidesaf the voids; 25(c reform ng a secongd foam |l ayer of

f usi bl eolﬁ%t eri %%%Hss&i‘l;éi $hg tﬁ%mg%a?orﬂmfto‘aﬂﬂ 13} 67" Dn2t Bugatbhy of
surfaceof the I et yi n i ng +Qf f oppQsi.t e of theexposed
i des of the GorgasChorny e EnE OB 00 bk 20 DRI 34200 4 o8
layers with thepoepes80ge (sl Plasithd r.Be1assppbly in a refractory nold
cavity andpacking granular refractory nedia around the assenbly; (e)
delivering nolten Fatahetintd dheheolidveavidy Hait eevstact advdrtddee.figgt and
second foam | ayers, whichdeconpose, causing the nolten netal to flowinto

t he voi ds, 35f BrefAGMLRG ckhordagirustibl e tiet swielpilegereén tien \gdivdeg then 2
8 JUL ZO 3 -1%% f reanin% t he workpi ece and the core fromthe nold
cavity and ref6FCRGERRID oA tHAntFYES b at 6PV malPRi PEF~of LFPR ERF e
from the workpi , i ding desi red i_ities...for.th rkpiece. 10
6. The nethodgggggrdﬁﬁgxkgogla%gﬁ%,g%k%?ef%9¥ﬁ%§?eﬁjf%)?g?ﬁ%&?gg%b g%%rs
are adheai vel yaseeubedcbOet NEAGOK fonah1yTha HEEL:WRE AEE00LE Rt Geclal M,
wherein in step (d) the nolten netal flowing into the voids forns aide
wal I s of the tBstaugtiessmfotttheuwndekpbectreantt tHieamphtiefiinet al fl ow ng

into the spaces occupied by the first and second | ayers forns upper arid

| ower walls of thePBalFPPELHf ady@nkéeRpiEckhe (e (RfpaioidFd okdr G8FF s
bei ng j qgi,ned h_at her, t si.d 0,8, The th ccorgding to
claim S?OMherRe:?Lﬁ:@a% eeglr{l‘;t)la%)ﬁ egarlego_r%ﬁ\r,\@léée:fofaér }ng egrsd Fegggsgﬁ!‘l%df%g%econd
surface; ' angdegh®Pad Cind Wekher ;1 6 I ARE Al SAOS M0 mB1 Bl Otk SiRPod of

the invention requires no gluing lines that might occur when

gluing two sand cores together. The absence of gluing lines

results in an improved surface finish and dimensional

25 stability. A casting with a complex internal geometry having

a high level of surface finish may be formed. The result is

- a casting of complex internal geometry with a very high level

of surface finish as cast, which yvields improved hydraulic
perfoxrmance.

30 While the invention has been shown in only one of its

forms, it should be apparent to those skilled in the art that

it is not so limited, but is susceptible to various changes

without departing from the scope of the invention.



on the second foam | ayer of a shape that matches the recess 25 and 28 JUL 2003
inserting the protrusion into the recess. 9. The nethod according to clarm
5, .wherein: step (a) further conprises preform ng a mandrel on the second
surface of the core; and 30 step (c) further conprises preformng a hole in
the second foamlayer and inserting the mandrel into the hole. 10. A method
of casting a centrifugal punp stage _f@rmponent having a plurality of a
plurality of passages extending 35 outward froma central axis, each of the
passages Sbei ngldefmsmed by interior sidewalls and oppositely facing first
and second walls, the nmethod conprising the steps of~: (a) formng a core
of bonded granular material, having outward extendi ng fingers separated by
voi ds) the fiAger  ARBENPE rrastd ngonf inprkateon bavime papbapekitnf dthe

conponent, andaihei¥gi dsokedind ignthbegeop iguration of the sidewalls o~ the
conponent, the voi s}&fvi njg_lg;i rst and_second exposed 2 8 JUL_2~~193

-13-5si des; (b) prefdt nt g i §OTE 02 PR SEirastyne Medesipdl dadhe

ppsih ti ﬁnio?_g t Hestieat c?@ﬂ@dﬁ}tﬁdbnﬁﬂfatfnérfS%v;S’%]tIefs?(& Qﬁq‘éh@oifﬂgﬁeéﬂ, cmv_]g ac:1
wth the Tingers verlyln na.cl osi ngo t T1rst _exposed sides of the
voi ds, the fi £oe S‘ﬁ%’l’%yaergfi Y Sgr%’%ﬁ% i’ﬁo’t“i‘?éisé@ﬁffgéar‘é{*ﬁ%%%b%vet he
first walls oftthepatsenpesxgosedestdaponent; (c) prefornming a second foam
layer of fusible mpperiglandraos thon fee.t herseegnd, f@amalt@¥gglon ay5econd
surface ofthe core, in, contact. wth the fingers, over %iing and cl osj ngl5off
the second exPBEeHIGRHRT Uie t}RYSroiwsr the S¥E8REYT oBRPayet Fa%i YR Forti ons
in the éénfiglicahiog af gamenddyond wal | sof the passages of the conmponent,
the foam | ayers and.f he Laxef oro NG A19S$RMD! e ded)-+ BLACHNG Eaeiefse%}ré)' y in

a refractory nold, cavity20and packi ng granul gr refract oréﬂ_mat erl ar ound
the assenbly: PRYHRT | TRyl PEAL At i nh gt AESHI Y 'c ARy ERRt v act
with the firsblanklisgcandyf edmthayeesractumhodeddapbse; wausioidsthe nol ten
metal 1o flow | 0to(aNeauplsior iy Mg ehNfiet Bl Chhos EhECHBLA SclPlcd Meheo

passages of the25conponent .1 n_tthe voids an ormng the first and second
val | sf 0%t he PaBSagesith tthe dpHees WHAN GgSPPPBRR Ui syt hBe feati sy er s;
then( f ) remagtay tdefonpoienthansoiie, cosenifripnriteeion| denvd tyf andc

renovi ng the phopded oaxanulgf, gatgLlal,of the core30fromthe conponent,
provi di ng the deg]igr%d giassa,ees for'ta%e onent. 11. The_net hqd acﬁgl?f{di ng

" Conp
to claimlo, wheref® iﬁe'g‘?‘é’g“g( Bhe t‘“l‘?ékPgﬁﬁFl a)8r Ehar e°5UnE Vet ed to
the core. 35 cd®ityhmdneenodirar cbedbonpdad reffaantdy, maheriiln dfntbeegeyad) t he
nol ten getal £low fge Iy &Kdik@evoi ds and spaces joins the sidewalls of the
passages with the first and second walls of the passages. 40 13. The net hod
according to claim 10, wherein: step (a) further conprises formng a recess
in the core; 2.2 8TheLmgOhb8d according to claim 1, wherein the layer is

secured adhesively to the core in step (b).

) 30 3. The method according te claim 1, wherein:
i step (a) further comprises forming a recess in the core;
and step (b) further comprises preforming a protrusion
on the layer of a shape that matches the recess and inserting
the protrusion into the recess.



-145 and step (c) further conprises preformng a protrueiori on thez?elﬂp m
foam | ayer of a shape that matches the recess and inserting the profrusio
into the recess. 14. The nethod according to claimlo, wherein: 10 step (a)
further conprises preformng a mandrel on the core; and step (c) further
conprises preformng a hole in the second foam | ayer and inserting the
mandrel into the hole. 15 15. The nethod according to claim 10, wherein in
step (a),.the fingers of the core are!Formed to extend outward in a spi ral
pattern 1%. The net hod according to claim10, wherein in step (a), 20 the
fingers and tHe op@hiengstbéd the-crdipgate ¢Ddimed !t whextend outward in a

iral tt d f I i
Sr 1 oundi ng. out vr SRS (B {HETVE REBRL S DG Bt Res (Ve loPht Fe
fingers. 25 . ASrA9LaAd. A(l. Ay, . A A AN. Ah3r. AY. AU. A(. A. A9f TVW EKL! " %R78; <=
-{uoi d_zU ca] ca Caheag“(@ )¢ A} %lrc]“%r%g@ alvebealag] salwakealfalfal e<al

c"a] ca] c’\a] cal.ca] cal] ca] ca] ca] ca] ca

ef i {vgl gb X] c[’CXF&aped] é’éT%’é‘]Jdéq S&FcEpeaTeh] et dhe Bpéea] ca] ca] cal ca] c&a] ¢
aJ ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca! 8ijlNYZ adf | wmhc”YIl gb] X] c]]ca] ca]

U enal cal cal ﬁa-"} oA E AR, e ugemisea) bR RR R ARE MG i 6 D
{

plurality of cavities therein, comprising the steps of:

I
I P =#>#} xsni d_Z] C](]a Ca}&ﬁl\??jf al cabea] oy c%&ake%gg&gﬂwl GRlkeake ]Ca]

ca] ca] ca] ca] ca] ca] ¢a] ca a ca]ca ] ca] ca] cal >###2 $%&) &1& &\&
n(o(( (#*@ ++K 53R 518y e v ]f%ﬁ%l@é}l@&] e4] E%T c%ﬁ‘ﬁ'eﬁléé] e4] 5 ca) ca
] ca] ca] ca] ca] (w@]rkaleae}ca:]lrma]c@ar]acha]maigcaabpakt*aém]m]mg] eatenland s2cdnd N24%4
) 4i, 44445X55+6- g/@gf Z?ﬁ§8§9 r;% é§rgé%&g ﬁ@%@ﬁ%@@%ggi C@ cglcalca
]ca]ca]ca]ca]ca calcalcalca aT ca]ca ca % ca ca ca ca cal J:
11133333; second surfaces, oids n expoeed sides’ at
>>>>>>9922H@k@@6EEEBEEEGEHF}g@fﬁaH€ﬂ(ﬂdhma]&aUhga]da]cahaa]aabmﬁ&@a]ca]
Ca] Ca] casal cabezhgalsel 6alsalsrkeabealeal S Lakeal galeal cal cal cal cal " FaFFF
GG~GHHI—L] 9JKNM VEx S{RETRIFFRUVAA 13 shi x5ty {9t dpesy) ©F) LaydBjearehfEdital ca]
ca] ca] ca] ca] cakad] paditta]wdahgakba] Ladralfoahchdwed cal cakcajcat] cajrdafeact
{fL4A?S@ 0% ()thesgage/&o('érly@%@& Ql.osing off one of the exposed sides
of the voids;
25 (c) preforming a second foam layer of fusible material
and positioning the second foam layer on the second surface
of the core overlying and closing off an opposite one of the
exposed sides of the voilds, forming an assembly of the first
and second foam layers with the core;
) 30 : (d) placing the assembly in a refractory mold cavity and
! packing granular refractory media around the assembly;
(e) delivering molten metal into the mold cavity into
contact with the first and second foam layers, which
decompose, causing the molten metal to flow into the voids,

35 forming interior walls for the workpiece in the voids; then
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S-#10% & ()- on the second foam layer of a shape that matches the recess
25 and inserting the protrusion into the recess.
9. The method according to claim 5, wherein:

step (a) further comprises preforming a mandrel on the
second surface of the core; and
) 30 etep (c¢) further comprises preforming a hole in the
| second foam layer and inserting the mandrel into the hole.

10. A method of casting a centrifugal pump stage component

having a plurality of a plurality of passages extending

35 outward from a central axis, each of the passages being

defined by interior sidewalls and oppositely facing first and
second walls, the method comprising the steps of:

(a) forming a core of bonded granular material, haviﬂg

outward extending fingers zeparated by voids, the fingers

40 being in the configuration of the passages of the component,

and the voids being in the configuration of the sidewalls of

the component, the voids having first and second exposed
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14. The method according to claim 10, wherein:
10 step (a) further comprises preforming a mandrel on the
core; and
step (c) further comprises preforming a hole in the
second foam layer and inserting the mandrel into the hole.

15 15, The method according to claim 10, wherein in step (a),
the fingers of the core are formed to extend outward in a
spiral pattern

16, The method according to claim 10, wherein in step (a),
20 the fingers and the openings of the core are formed to extend
outward in a spiral pattern, ‘and wherein the core 1ls formed
with an annular lip surrounding outward ends of the voids and

joining outward ends of the fingers.
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