DIE CASTING SYSTEM AND CELL BACKGROUND This disclosure relates generally to die
casting systems, and more particularly 5to a die casting system and cell. Casting is a known
technique used to yield near net-shaped components. For example, investment casting is often used in
the gas turbine engine industry to mgiagigreNts aiRateianQe egrpponents, such as blades and vanes
having relatively complex geometries. A component is investment cast by pouring molten metal into a 10
ceramic shell having a cavity in the shape of the component to be cast. Generally, the shape of the
component to be cast is derived from a wax pRREKG®ROUAIDattern that defines the shape of the
component. The investme [ ' % tensjve,. ires signifi r})abor and can
be time intensive to prﬁﬁ%é %%gégkﬁaef)ﬁgo%?gg%ﬁg |f§ §§s$§%‘%%ﬁ%ﬁot%@%§£§ﬁ%gé?, g technique.
Die casting mvol@es igecamtiparpistentranelcdilectly into a reusable die to yield a near net shaped
component. The cycle gmgikg el iab AL EAnRR IN4EE ©igiERFHBEIHASES ThnTStRbYRY Hep.
Accordingly, the cycle time can affect the length of time the die casing system components are subjected

to relatively highSFERRISH 1TAESUIRILRASEBY B ARIRY HFE Lil cHSi MRS YU MANEIRY 10 A die
casting system incindeg@dicashet-thaped ol sysiesacishiad wames)isieng Tolatilielyncludes a
plurality of die compopents that defin le 25 cavity. The shot is.in fluid com ication with the die
cavity and is opecr% ﬁe%t)t() e?{\?zert%g%hzfé%ég rffo r%ﬁa erial %Vﬁ?zrﬁ |§té§\%@%nl‘% nr!;;oe ﬁﬁgmge)]t/épé&rﬁbig positioned
adjacent tolthe dieramicinbribleaving &legvibadeihe shapthgf dirReane Rt tplestest Hearaialivn thgstem
defines a first C@mﬁsr@@%ﬁ%@ﬁh%&éﬁﬂ@@é@ﬁé@%ﬁﬁ%hw%@rA Aaisqlion valve.

The melting system is substantially enclosed within 30the first chamber, and the die is substantially
enclosed within Hf8R@3 A8 HARHE the |5URRARENExefaleRBBaINE RIOFaRS dasiRB@I inciudes a
die casting systanteadileastqouiecwbiginiitduat hleast ainetposirehba staliomidiwveieocpsitgeyatem includes
a die defining a ﬂir?aFgc\)/it o%esr'?tm tube in fluid communication with the die cavity and a melting system
that prepares a charge of material for delivery to the shot tube to cast a component. The at least one
robot accedSes the dielgvitgstingugifess Buthnkrave. Tariing |Raitrineicosasing stvibress positioned
adjacent to the dig-carinenareieThethe @tdeaytiAns Phelisaniovas hisigCRRENhEORh i gie and

5delivers the component to the at least one post-cast station for performing a secondary
component. The cycle time to melt an alloy for ursehe die casting process is

relatively high. Accordingly, the cycle time caffezt the length of time the die
casing system components are subjected to rekativgh thermal loads and stresses

20 during the die casting process.

SUMMARY
A die casting system includes a die, a shot tabepelting system and a
vacuum system. The die includes a plurality of ciienponents that define a die
25 cavity. The shot tube is in fluid communicatiortiwihe die cavity and is operable to
deliver a charge of material to the die cavity. eTimelting system is positioned
adjacent to the die and includes an alloy loademeding unit and a crucible. The
vacuum system defines a first chamber and a seduathber separated from the first
chamber by an isolation valve. The melting systersubstantially enclosed within
30 the first chamber, and the die is substantiallyased within the second chamber.
In another exemplary embodiment, a die castingineludes a die casting
system, at least one robot and at least one pesistation. The die casting system

includes a die defining a die cavity, a shot tubdluid communication with the die
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operation. In yet another exemplary embodiment, a method of manufacturing a component in a die
casting cell having a die casting system includes isolating a first chamber from a second chamber of the
die casting system. A charge of material is 10 melted within the first chamber. The second chamber is

sealed relative te 4o, fiabch atBRRG Hystehaties pfepaiesal dfineiRAiblnENecspee Mrkciiasnber to cast
the component simultaneously with melting_a second charge % materiéalqin the first chamber The

various features4R8 6aMt LB YRR HisLs e Saft e BRYS¥SURHER Athe art from
the following detiaibéztiole sciydio NT Adhetdikeastngset ptstces Mypaisydbstibetad extidesatiptiahecaliebe briefly

described as foll N I% F ESﬁ%I%‘II'IIQ&étOn I—r| BWA%@% 'ngH'(%tr%t S gﬁ@mple die
g igure i adi e U cﬁelﬁé]a

casting system. strates a portion 0 e casting system including a ving a die cavity.
Figure 3 illuStratdsliamsdigtienimeaensfte Hie aibeas Ky robiStasom iR esrinraing a5eesHat example
melting systemsd‘gérlégglwith a die casting system. 25Figure 5 illustrates another example melting system
for use with a die casting system. Figure 6 illustrates another example die castiu%g%/stem. Figure 7

illustrates an example Hle YelstRPIE! BEPRIVELHEERRIbTRNNEthod @nufacturing a

component in a die casting cell having a die cgs$iystem includes isolating a first
chamber from a second chamber of the die castistgisy A charge of material is
10 melted within the first chamber. The second chanmbesealed relative to the first
chamber. The charge of material is injected witie@ second chamber to cast the
component simultaneously with melting a second gianf material in the first
chamber.
The various features and advantages of this disctowill become apparent to
15 those skilled in the art from the following detdildescription. The drawings that

accompany the detailed description can be briedgcdbed as follows.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates an example die casting system
20 Figure 2 illustrates a portion of a die castingteyn including a die having a
die cavity.
Figure 3 illustrates an isolation valve of a d#sting system.
Figures 4A and 4B illustrate example melting systefor use with a die
casting system.
25 Figure 5 illustrates another example melting syster use with a die casting
system.
Figure 6 illustrates another example die castysgesn.

Figure 7 illustrates an example die casting cell.

30 DETAILED DESCRIPTION
Figure 1 illustrates a die casting system 10 uticig a reusable die 12 having
a plurality of die elements 14, 16 that functionctst one or more components 15

(See Figure 2). The components 15 could includenaitical components, such as
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Figure 1 illustrates a die casting system 10 including a reusable die 12 having a plurality of die elements
14, 16 that function to cast one or more components 15 (See Figure 2). The components 15 could include
aeronautical components, such as gas turbine engine blades or vanes, or non-aeronautical components.

Although two dieef;a@mﬁﬂﬁ% holteappdepistah Ry IgUHR - ipdensoHB AR StaRAdhgh thpdie 12 could

include more or tfewer die elements, as well as other parts and other copfigurations. 5The die 12 is
assembled by pAGHEHG R e DA HEPEIES e AtiE BT HAARS 0 B BRSEA 6 at 2
desired position atald nrextindsnisnoES.of hiewechiinisiecenld, inaiudesh clhenp e tenithnigmthat may be
powered hydrauggﬁﬂé%fﬁﬁ%%@atically, electromechanically or with other power systems. The mechanism
18 also separates't Ie elements 14, 16 subsequent to casting. 10The die elements 14, 16 include

internal surfaces that cbbpdligtd 2dsiefpenbiie xRYSEP(SsetpgdieifsTHe die aatherceadfines two

cavities 20A anchaRfhdtaissRxaepientoweves tedigshully giitruls inekiimigwergor agritional
cavities. A shot tube 24 is in fluid communication with the die cavity 20. In this example, at least a

portion of the shBYEEEMSHHEJPL F% R LRPHHBRRIAT SRS B P&-BR W RIELY Yrdlital¥t a portion
thereof, can alsgpheuoeaied B xéascmd toetiadicaly oA sitobthbeglsygem28 T heceizeshwighinithe shot tube

24 and is moveaa%% %%tﬁ]vgi%g 2\a,[é t%ﬁgtgﬁ ﬁgﬂti%nﬁctfg gu%ssig n (in the direction of arrow A) within the shot

tube 24 by a mechanis . otro extends betwee etrtﬂg'chanism 30 and the shot tube plunger

28. The médhanism 30T66ulteiatanRnts Ayd Afuins kiskseintBparsotiidcativiegprr 2edpstefindriclieing, but not
limited to, pneurggigy Sle¢ge ARl ThdtRlia ARy GRmBHBNANC SyAlaR208, HRighot tube 24

is positioned to receive a charge of material M from a melting system 32 (shown schematically). Example
melting systemsSRATMHRSCHBYE BEIJHE Fisecmdiring Spuldindoafdiarperliopabidilitstial M, such as an
ingot of 25 metallic matesiadt andedelversrmipliancarataliticti® shottiutws? 4alnghED exampis, the die 12

includes a runner 33 that communicates the charqge of material M, from th ting system,32 to the shot
ibe 24, HiomoySXAmIG: SPIBAL A SRR I SR UBE SR M M P M 02 o i
discussed itbgresher Wd@iPvith pidpasitadFitiondereoi casdfatidocaintbaxieoizhtsitthe ietadPRis Aelivered to

the shot tube 244gifilkihe HifRYYs2: BevhRienRT thatsHabiMAandne!wis d1idsahianied to, various

retracted and injected position (in the directidmwow A) within the shot tube 24 by
a mechanism 30. A shot rod 31 extends betweem#ahanism 30 and the shot tube
plunger 28. The mechanism 30 could include a hydrassembly or other suitable

20 system, including, but not limited to, pneumatigceromechanical, hydraulic or any
combination of systems.

The shot tube 24 is positioned to receive a chafgenaterial M from a
melting system 32 (shown schematically). Exampédtimg systems are described
below. The melting system 32 melts a charge oferr@tM, such as an ingot of

25 metallic material, and delivers molten metal to shet tube 24. In this example, the
die 12 includes a runner 33 that communicates tie¥ge of material M from the
melting system 32 to the shot tube 24. However ctiarge of material M can also be
delivered directly to the shot tube 24, as is dised in greater detail with respect to
Figure 6.

30 A sufficient amount of molten metal is deliveredthe shot tube 24 to fill the
die cavity 20. The charge of material M can inelutut is not limited to, various
metallic materials including nickel-based supeioyd| cobalt-based super alloys,

titanium alloys, high temperature aluminum allogspper-based alloys, iron alloys,

3



metallic materials including nickel-based super alloys, cobalt-based super alloys, titanium alloys, high
temperature aluminum alloys, copper-based alloys, iron alloys, molybdenum, tungsten, niobium or other
refractory metals. This disclosure is not limited to the disclosed alloys, and other high melting temperature

materials may begilizRhienditirgsicd CABPRRLRY lands daed i distrsdiss e iend niigh melting

temperature material” is intended to include materials having.a melting temperature of 5 approximately
1500F/850C aml"ﬂlbqﬁjeﬁ) theﬁlﬁf'&%ﬁﬂmﬁT@ﬁe YA L Rt PHE%H‘@%GQ@HLH‘- echanism 29
that is selectivelytiiteattahblie betivaeomaporen pHsikionseutisadiboiem o siteote (shbigh imglhiagtom lines) by

a mechanism 27__For hut- i incl inder. a cone or
other suitable mteec%(é%%ﬁ%tglﬁz Ic%‘ &%@%ﬁﬁlﬁg@éﬁg ’ﬁﬁl\@tﬁélfg ﬁw’%ﬁ@%@%@%ﬁ%{%md to
separate thé entPpoXimnstehe IR a0 arhhighRbm the shot tube 24. In other words, the shut-off
mechanism 29 seals thg,shotdupfe2didremdhg s)sting By $tRMe?2ndndlisINaY: dsaransheharge of

material M2 can be prepared for delivery to the shot tube 24 simultaneously with the in(jection of the first
charge of materidA$CE LAY Y AIRLARIE DM EB R e ORRIHBORY iR P AL (BAMAY system 10.
The shot tube plungexr28nisliaek)aigch todojentitne Zharks ekanses U aiheecpaessuredfcouldhe shot tube

24 to the die cayify30-a Gashie compapeniSihe: In s Pamme, MULRI5 FomRARER}S 4g are cast in a
single shot. However, the die Tasting system 10 could be configuréd to cast any nuniber of components in
a single 208Aot. r'unnghddielhestngtysteerhanisondR ssaagtietesh gaientr@iemt Yo ek amibie, the

vacuum system ujiaelufiesmiiiirle fhaMResHalBEeSe PR gsfanilitate o rABihRRRGKCtion of

components. In this example, the vacuum system 34 includes a first chamber C 1 and a second chamber

C2. Although twéTREADEIS SHA'HBR R AR D SNGRIGHIRG SYRETAB (i Wkt anT e Rd SlpFa Rie a single
chamber or a mutiiedial o 2hamiber preparkuthos exiaveplieo thetfstsbeRansbetahevbstantiallyhencloses the

melting system 32, while the second,chambher C2 su ntially encloses t le 12 the shot tube 24 and
the shot tube pid 1601 U R ST S o B B BB RER 8 W L BT St e
plunger 28 ¥hay bctiisppos of tbatdie e astihe sirsteshdthber Cl or second chamber C2 and still be considered

"substantially enclosedrie shHRIGUHRCHIILEYSETR AHNERIIES Ri¥REHYSEH RS SINAL @RRIIes a vacuum

to the first chamber C 1 and the second chamber C2. In this example, a single vacuum
pressure from the shot tube 24 to the die cavitya26ast the component(s) 15. In

this example, multiple components 15 are cast single shot. However, the die
casting system 10 could be configured to cast amgber of components in a single
20 shot.

The die casting system 10 includes a vacuum sy3temin this example, the
vacuum system 34 includes multiple chambers tleseparated to facilitate the rapid
production of components. In this example, theuvat system 34 includes a first
chamber C1 and a second chamber C2. Although tveanbers are shown and

25 described, the vacuum system 34 could include glesichamber or a multitude of
chambers.

In this example, the first chamber C1 substamtiaticloses the melting system
32, while the second chamber C2 substantially esesldhe die 12, the shot tube 24
and the shot tube plunger 28. A portion of meltaygtem 32, the die 12, the shot

30 tube 24 or the shot tube plunger 28 may be disposéside of the first chamber C1
or second chamber C2 and still be considered “aunbatly enclosed.”

The vacuum system 34 includes a vacuum sourcb&@pplies a vacuum to

the first chamber C1 and the second chamber CZhidrexample, a single vacuum
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source 35 applies vacuum to both the first chamber Cl and the second chamber C2. Alternatively,
separate vacuum sources 35 may be utilized to apply vacuum to the separate chambers CI, C2 of the
vacuum system 34. In one example, the vacuum system 34 selectively applies a pressure of in the 5

range of 5x10-3 4gkxd (6 49HNi9-686%IA BHARAAIRSMecab ikl HoerhesE sbamnRearlndde second
chamber C2. Oth %Fressures are contemplated as within the scope of th%ﬁilsclosure. Ea@h chamber Cl,
i AR

C2 may be mairftAiRER LN e SERALAIS YRRMHTY SRNGEH favE18Y RAWESLFEUDIRGDy the vacuum
system 34 will vagphasedismibertyge aizofithenactbeirsystast and the alloy being cast, among other

conditions 10 and factogs, The yagHuTSOics, 35 Ca0IGIUGS ACOHARING RLER & hogele pum. 2

diffusion and/or turbo pump or o or achiieving and maintaining a desired vacuum level within

the first chamberanparef e Setthddifapber €2 6666 1o PAARMRCa)sYEHIBAherdsgbshamberreactive

environment thagredHgeRd 8acHAN.CFHRNBEH 30D PHIBs SRHRdlRinSIRRI LY WifRtr tmestalhe affect the
quality 15 of the cast component, such as excess porosity that could occur from expose to air. In addition,

h
the separate ch@hBisJEF5HE2 BRINCDARRGH S sfemMayihaimacdiat o rPRe AIQIBR Bk ast
components by paevigindetiatsability tetonslpeesbarg egiliedteyadddrin dstenelngigysignbded
simultaneously wify caxiing e remaul BEmeamponen o e e dis cavity A0, 20The mrample die
casting system 10'is'a vertical die cas Ing sysgﬂem, a?tﬂoug% 0 con iguraﬂ ns are con%emplated as
within the skbpeastdiigsigiscloBige/fSeenFigRIEES JoicardnpiieR anfedifitrRambepssteiPpastiened

vertically above i@ SREPRAEAMRES &%qM@r@ﬁ@@@@@%ﬁ%&&tb%@%@ﬁiﬁgeyia@sﬁ&tem 32is

positioned vertically above the die 12 to provide a die casting system 10 having a Z25vertical configuration.

An isolation valVé@8BYR Rt sHbInEBRIEE ClmREt CltnBd FIPEELENd chamber C2 to separate
the two chambers. TheTiselatieowalveystis Blectvaiysactuadieréadsoatentinentirstathasabee£ from the
second chamber &2, Jhe lsqlation valve 36can dlydo 2 plals 38 hal o.sldaple etwgen g first position
X (an 30 open posal‘tlons]’an a secomﬁposmon )%p{]a close poslI |on5. A&t |veI§/, he(ﬂ)ll'a{ey38 could
rotate aboultSa pivbtheotasBeod Rettivalghsttarcers fieasixntiigd oCct frdrmexseserid elartiber C2 (See
Figure 3). ARRRR irRlalgmMal e AP PosiiceedpehNaRl dhadlie 32 Ardidmaedine base 42

to provide access to the die cavity 20, as is discussed in greater detail below Similar to the isolation valve
36, the second iEIPHiHAAIGECNOGE SRR GRBRPRIIVE MeRsRYiREsh BhlohdA puditiBrrhR®S Qbsed position

to provide accesstetig Mied trvineRD@isiagahie 32 Jpnaemponsiit pand réngovrsl 4A dlustrates an
example melting s%sterrp ﬁglfgqcruset ét%'g gie.gaﬁgng system, such as the die casting system 10. The
melting system 39 THEN0GES ah eﬂfo oader ﬂ', a melting unit 46 and a crucible 48. The alloy loader 44,
the melting2@nit 46 andTihe exavible 48 aestiagisystostatiiddyaerartosdetipiitiursystefitsatthangber Cl of 10

the vacuum systgMe34onfigurations are contemplated as within shepe of this disclosure (See
Figure 6, for example). The first chamber C1 isiponed vertically above the
second chamber C2, in this embodiment. In othedsyahe melting system 32 is
positioned vertically above the die 12 to providelia casting system 10 having a
25 vertical configuration.

An isolation valve 36 is positioned between thestfichamber C1 and the
second chamber C2 to separate the two chamberse iskation valve 36 is
selectively actuable to isolate the first chamb#&rfi©m the second chamber C2. The
isolation valve 36 can include a plate 38 thalidable between a first position X (an

30 open position) and a second position X’ (a closesitpn). Alternatively, the plate
38 could rotate about a pivot point 39 to seletyiveolate the first chamber C1 from

the second chamber C2 (See Figure 3).



In one example, the alloy loader 44 is a continuous alloy loader having a conveyor 50 that communicates
the charge of material M to the first chamber Cl and positions the charge of material M relative to the
melting unit 46 for melting the charge of material M. The alloy loader 44 could include its own isolation

valve to 15seal any pogicfkebribeisanuenoraietng @xiensds gxsarivdy fuumine fiirt abagikernCl.
Alternatively, the alloy loader 44 includes an alloy carousel gé@é?%gﬁure 4B) that can be removably

positioned withirf tAE 6t P Bl AT SRR Al RSSO XCFRL BBV carousel
51 rotates to lochtdogaclsichitnge ahenaideabVivalve B8sithd patsitiolationretatw el foishee ettty unit 46. The

aloy carousel Spa ZARINGLIOI U5 I3k ShAMaRE Sl EhHEAY, A s lopdsd wih additional

charges of material M as needed duri le casting process. e example illustrated by Figure
4A, the meltihg GaNIBEZH OlLiesie FldriatityosnRISENbFE sy melting guns 54. Two electron beam melting

guns 54 are depicted by, frigpirndfhudiawevar. dRepriting g é}@%@ﬂigﬂz\ﬁiﬁ sinflecRlgfiEpn 25 beam
melting gun or a plurality of electron beam melting guns. The electron beam melting guns 54 can include

internal isolation™YaF8%. M- ASHEN IS GH5HAR TSR AQ all BEMSYBED S IBRUGSTi AR first chamber
Cl so that each ildivetusd, edadihind eain4eaelidgagiincideas balieyiowed fromttieerfiestiapaniber Cl without

the need to re-pressurize the entire first chamber Cl. 3QPrior to melfin . f material M, the first
chamber Cl is sé%se%] (rjéﬁ%a%\%%%%l?ejge%gng c%a?nuggtrae ay%?ﬁg@g%é?%ﬁe\ﬁﬁ%ge%%g ngnaa}\g%uoi\r/ln is drawn
by the vacd®m shsteacaunTTysteacifon beam melting guns 54 preheat the charge of material M to reduce

melt time. After preheafing {BecshaToR OfHRaIREIR| MdRPANSS% YdGaBSY ABRRAMAMALING guns 54

focus on a tip 56 of the charge of material M. As the charge of material M melts, molten metal is
communicated tSARE¥RAIGRIZ B CARIBHICBES bR ChHeR e B g dist aeRs G LiAis example,
the crucible 48 ipesitiater trolgthapppemsusiklie valiblaugd footetisguiiiesyies mettentamplated. The

crucible 48 can include a.load sensor that detects a weight of the charge of material M. Once the charge
of material M is gmo%rﬁleur(?lfcg]taeg rgglt e c?ﬁ&bqe&)xg,% %dee (%]n%gg@ 0 thﬁes% ec r'gﬁal%e[é%nmvﬁ%\é?tihog guns 54 are
directed ontd theserlisiieagion ofifeeitearayechathat siieaderiarivifmmedhbdisiahaembesGadicates that a

desired weight is achiex&gmaqm,qwe%iah@auawmMigv@aeaiﬁueémﬂ@&hﬁgum& 1,the

isolation valve 36 is opened so that the first chamber C 1 and the second chamber C2 reach equilibrium.
After equilibriumif@t&2BHRSTGMO VRGOS HIPRRE VAN D JHMBRRItEded IRE BHEHRIFoEN e shut-off
mechanism 29 istieiterias &t all becshotiehelpjungenss Blnexittivate @ dotfoica decoehaigeialfl material M

into the die cavi% Za(% tzg)gérjlssl}e% positioning relative to the meltungt 46. The alloy carousel 51 is
20 removed from the first chamber C1 when empty and lma loaded with additional
charges of material M as needed during the diencaptocess.

In the example illustrated by Figure 4A, the nmgtiunit 46 includes a
plurality of electron beam melting guns 54. Tweadton beam melting guns 54 are
depicted by Figure 4A. However, the melting urGtebuld utilize a single electron

25 beam melting gun or a plurality of electron beanitimg guns. The electron beam
melting guns 54 can include internal isolation easlv Alternatively, separate isolation
valves may be positioned within the first chambérg0d that each individual electron
beam melting gun 54 can be removed from the finsimber C1 without the need to
re-pressurize the entire first chamber C1.

30 Prior to melting a charge of material M, the fickamber C1 is sealed relative
to the second chamber C2 via the isolation valveaB6 vacuum is drawn by the
vacuum system 34. The electron beam melting gdnzé&heat the charge of material

M to reduce melt time. After preheating the chanfijenaterial M, beams 55 of the
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15 component 15. After a sufficient amount of time passes for the component 15 to adequately solidify,
the second chamber C2 is vented and the second isolation valve 40 is opened to allow removal of the
component 15 from the die 12. Figure 5 illustrates a second example melting system 132. In this

disclosure, like refesgpreaamenalarRigiNssinilgs fe N SpaslerIRRRCB MHAEaIMdentifiggd in 20
multiples of 100 Sf'%@ég slightly moditied features. Mor%)yer, selecte feﬁ%%res of one example
ofth i e!

embodiment ma§ o e SRR PEE LRI B R OUFREES Wi the scope of
this disclosure. is pbsitioaexasnsatihieerabiing efstatariEBRincludes a melting unit 146 and a plurality of

crucibles 148. An alloy r y I c f 1] int rality of
crucibles 148. In this eﬁgr?i%gle?%%@w]%lttlﬁg gﬂ%@%?ﬁcﬂﬂ?ﬁs@i&%&%ﬁ%ﬁeﬁg tl%lgys%tgﬁllﬁaaﬁ/ing coils 60
for heating the pRiRgNtgracibladures awscantesttiaietngTinsitcrasigss duteepliaad senadhthahe scope of

this disclosure. Hagepluralivepinrésibirs S epasiionaden omistngglabermabdiguehias in a lazy
susan configuration, to position each crucible 148 at a desired 30location within the first chamber CI for

delivery to the d€PTENUNIcaigd fQ B GEHCple 4Pdiife PERAIN SREFIACHOMEEYR BRI 4 example,
the die casting sysiatinebili®atd diz cnialatkessasiingpsyhteriidgat o8 niacetics tha b endCldais axially

offset relative to th cond ch % r G2 rather than .vertically above the second chamber C2. A
stationary p|aten38§3§§/ll %g%%eeé fﬁ_&s th%en% Peea geigﬁtt:)_'r% lé:'%_\égq%'nd chamber C2. The melting system 32
can direct é@harge of fARegrialsMtaecygcntiotifeashig tedevithinsihshtiambeugh dippisotasien?2. Figure 7

ilustrates an exag)ple s sapineseb dPrmansfatrneAed BRRLRERINGRERABRTY pRRIRtions on

cast components. The die casting cell 70 includes a die casting sfystemx such as the die casting system

10 or 110, at leaSFUHRKB-HARRRAIRHAM 1$/58CHRE: HBRBRQ BAIGH! Miét PRRBIARSE S Secondary
operation on thetcaisé ehiayraberz4 Alfheugiuicsingée imaimisda ¢RssdchTas shobribdéspllapieted, the die

casting 10 cell 70 could include a plurality of robots for performing secondary operations apd other tasks
esociated ith S e B e R e A R G are e
limited to, rEmowcaropaneminponehftéom shfficieni 2mesinéstidimstggs dis Sastiagnepstent 18,1010 via visible

light, infrared, uljguip|stly sirfildHdNSREAHPBn AR MOELERIRARE 80E5NE IQdRBHaAReBlC. The

robot 72 15may enter the die casting system 10, 110 through the isolation valve 40 to remove a
component fromhé @eepsd to afigy (ﬂ?é“@éfé‘{iﬁbthélp?@‘ﬂ%lﬁﬂ%&“?njo%e post-cast stations 74A-74N

positioned in relative cleiggrerexiniydeie sieaasingmpriancilingdkii bz one exaaiptotaeh post

cast-station 74A - 74N.is positioned qirectlx.fad'ac nt Fo tthe di
like reference numerals signify simifar reatur

aeference numerals identified in
20 multiples of 100 signify slightly modified featuresMoreover, selected features of
one example embodiment may be combined with seldetures of other example
embodiments within the scope of this disclosure.
In this example, the melting system 132 includemedting unit 146 and a
plurality of crucibles 148. An alloy loader 144 ynhe used to load charges of
25 material M into the plurality of crucibles 148. tinis example, the melting unit 146
includes an induction melting system having coils fér heating the plurality of
crucibles 148. Other melting units are also coplated as within the scope of this
disclosure. The plurality of crucibles 148 areiposed on a rotating platform 58,
such as in a lazy susan configuration, to posigach crucible 148 at a desired
30 location within the first chamber C1 for deliverythe die 12.
Figure 6 illustrates another example die castysgesn 110. In this example,
the die casting system 110 is a horizontal dieimgssystem. That is, the first

chamber C1 is axially offset relative to the secohdmber C2 rather than vertically

7



20 casting system 10, 110 to reduce the travel distance for the robot 72 or other operator. The post-cast
stations 74A-74N can include, but are not limited to, one or more of the following post-cast stations: a
cooling station, a gate cut-off station, a belt grinding station, a grit blast station and an inspection station.

As an example fiRotaBtisd Rvi-EARHHAICEIUre, HSHIREY HlaiBaXaday thEhardbHRIMBRAH to a cooling
station 74A once cast and removed from the dl% 12. The cooling statjon 74A can be stationary or moving,

and can include PR RES BRlIEE thEPm AP ragi s b FAHG5: YoBREHR robot 72
moves the compdruirectty tincoghtestiot-afbstatipsuéh Bis The ggitaachbiefbgtation 74B may utilize a dry or wet

cutoff wheel, @ plasma.{gied. & 16, QU0 @IREILCal ol c SR AR R ERI,AJaser system

or any other cut-off system or combination of cutoff' systems to remove the gate(s] er parts from the
component.5  PRIFQIMHBY oIRAOTE RO \RRETAEATMPd rRaHt t6 AR PR ERiR dRy SaitY 7ertt Where cut-off

surfaces of the GapiRRREAtRECERRRIRGHaRd shatmedaeIRMRASHINER01 0 el 18 fampenpRe is blended
to its correct dimensions, the robot 72 moves the component to the grit blast station 74D to prepare the

component for V8GN aNGRofaetri@lv e BSL (PP (MBS SRR TARLRYTIAE G Ys moved to
the inspection stapiemtidtEod e insgieriiapstation 74E can include dimensional 5inspection and visual

inspection. Other post- statigns 74N [ included. h.of the post.cast stations 74A-74N
may be carried out by §rﬁ% ﬁlé&@ﬁﬁ'%ﬁ?&ﬁ%\q %@%ﬁﬁgﬂ %lt'geligﬁ %téﬁ%%ﬁ‘?%"é}?“g &r?gﬁjée_roégtt' within the
die castingléell T@!ITH eaisbimchidegopuralitg qiirebiatslIfoe fepréne dsbgaheasyz ensirationstang 72, the

operating circle gf{Bp siata @R thRitRasdimnis LR R0 IR RANURY (dHRNe amore of the

post-cast stations 74A-74N may be operated by a human operator, if desired, The die casting cell 70

: dbyah p f d |
could further incRAICWCHIE sty BEVES 780t d BHGR QU FpRPY8 RRP I RANER 2Ry dr 8§ orlidading the die
12 and/or other papeafidheiincdiiing ssysieysiin 10). ltevaibidelighp pist a8 suppiesorawer to the die
casting cell 1570, The.die storage oven 76.is positioned immediately adjacent the pallet changer 80 for
case of die loaci i 0L LSRR b O TR B T nd B b e
250F/121Cland 160018300 Tieeatististrygteovan, 76l iy ajghisitaiivaivayénddntmegmavadsphere.
Secondary die hegling I F@ARgHEaYices can also be utilized to 20 heat the die parts, including but not

limited to, combustible fuel burner systems, recirculating oil systems, electric cartridge heaters, low
temperature resistance' R8aflify GeMEnts lsifiR e edrsi RO R ctimPEfe RS IMBRD dERuATi-scilicide
heating elementpogitapfaite ineatiag elerosatprixttiiiicn chdsdmstiny coysleimation tadhese onether devices.

25The example dig, CaslINg SYSIRILSA2 LR NG ARe i RARIGRSE Ui H§ SHiBESht to the die
20 casting system 10, 110 to reduce the travel distémcthe robot 72 or other operator.
The post-cast stations 74A-74N can include, bunatdimited to, one or more of the
following post-cast stations: a cooling statiorgade cut-off station, a belt grinding
station, a grit blast station and an inspectiotigia
As an example of a potential post-cast procedheerobot 72 may move the
25 component to a cooling station 74A once cast amtoved from the die 12. The
cooling station 74A can be stationary or movingd a@an include a controlled or
uncontrolled thermal gradient. After the componeools, the robot 72 moves the
component to the gate cut-off station 74B. The gait-off station 74B may utilize a
dry or wet cut-off wheel, a plasma torch, a wire punger electrical discharge
30 machining (EDM), a laser system or any other cfitsgtem or combination of cut-
off systems to remove the gate(s) or other paots fthe component.
Next, the robot 72 moves the component to the @peitding station 74C

where cut-off surfaces of the component are smaoémel sharp edges are rounded.
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above could include more or fewer sections, stations, parts and/or components. This disclosure extends
to all forms of die casting, including but not limited to horizontal, inclined or vertical die casting systems
and other die casting configurations. The foregoing description shall be interpreted as illustrative and not

in any 30 limiting\ggRsRe AuvRBKREART P inafyeskilb Rdhe A eitibHE derstabinat ¢eslaie medifications

could come within the scoge of this disclosure, For these reasons, the following. claims should be studied
to determine theSRIPLEERE A AF B IR IRLOGILABs10 8 AR RANBP NN KT USHAGALS RSN comprising:
a die including adelstrabitivef @istingn{p@Enisshedtaefne &idelgavtynipashat tsbeovdtlicbcdramunication
with said die cavj erable to-gdeliverg ch - material to %@ dj ity: .. ing system
positioned adjacfg%ﬁez)&%ogﬁj gd%ﬁgﬂd mg'udir?_g~| gnﬂiﬁ%%%egéﬂ#@tmg ur!ﬁ(g%éa gmcelb Q%%fld a vacuum
system defifing BFRecipaAsEYiavd Hspeoith claftiarastrimtiens T8N 6an S50 hsinghiigdaber by an

isolation valve, whereir:gaifl sneiingosy e issidnstantialnenaigsed ilbin s9idfrsimhamber and said
die is substantially enclosed within said second chamber 2. The system as recited in claim 1, wherein

said first chamb&P 2o €9 LRRAER AT RH AP Y AT INSRERL: 22 JYEhi, s ik &38R Blbx 103 to 1 x
106 Torr (0.666&0 TROOLEDEasCalpots. 7Phe qyistenviishreditdabintictadiael oftheneibasairitaking unit

includes at IeaSto%%?aﬁlﬁgc:téPrglg BN r%lggg 99Mand the load thnaif the robots 72. Alternatively,

10 one or more of the post-cast stations 74A-74N maagjerated by a human operator,
if desired.

The die casting cell 70 could further include a diorage oven 76, a power
supply 78 and a pallet changer 80 for loading tleel@ and/or other parts of the die
casting system 10, 110. The power supply 78 sepmbwer to the die casting cell

15 70. The die storage oven 76 is positioned immebliadjacent the pallet changer 80
for ease of die loading.

The die storage oven 76 maintains the temperaitihe die 12 between
250°F/121°C and 1500°F/850°C. The die storage G\@emay operate in air or in an
inert atmosphere. Secondary die heating or coalexjces can also be utilized to

20 heat the die parts, including but not limited tombustible fuel burner systems, re-
circulating oil systems, electric cartridge heatéos/ temperature resistance heating
elements, silicone carbide heating elements, melybdh di-scilicide heating
elements, graphite heating elements, inductiorsamilany combination to these or
other devices.

25 The example die casting systems 10, 110 and #heatiting cell 70 described
above could include more or fewer sections, statiparts and/or components. This
disclosure extends to all forms of die castingluding but not limited to horizontal,
inclined or vertical die casting systems and othercasting configurations.

The foregoing description shall be interpretedllastrative and not in any

30 limiting sense. A worker of ordinary skill in theat would understand that certain
modifications could come within the scope of thisctbsure. For these reasons, the
following claims should be studied to determine thee scope and content of this

disclosure.



20 4. The system as recited in claim 1, comprising a shut-off mechanism that selectively isolates said die
cavity from said melting system. 5. The system as recited in claim 1, wherein said die casting system is a
vertical 25die casting system in which said first chamber is positioned vertically above said second
chamber. 6. The system as recited in claim 1, whekgj Said die casting system is a horizontal die
casting system in which said first chamber is axially offset from said 30 second chamber. 7. The system
as recited in claim 1, wherein said alloy loader includes a conveyor that loads said charge of material onto
said alloy loaderl. 8. Thalisystatingsys@tedcongbaising, wherein said alloy loader includes an alloy

carousel. 9. The syste recited i im: PIS ond dsalati lve. that is 5selectively
accessible to remove a%ﬁ@%@n%%%%ﬁﬁ'r@%}ysgfy é)légc@gﬁarhgﬁs%s egrtriﬁglgowg g{%yﬁdsting cell, comprising:
a die castin@ system inzisiaphiraslie hefiriagandncationyvithsird wWistyandiareyameuicelivarwith said die

cavity and a melfing suiemihalRieBaaa aishargs;of 10material for delivery to said shot tube to cast a
component; at least one mechanism that accesses said die cavity through an isolation valve; and

at least one post-cast GANBHHHSHTHOPLARIGRES fABSEI0 SALiNE BrIRY BRI 19808l least one
mechanism remaves|saiduoitrapdrentiibin;said die and 15delivers said component to said at least one
post-cast station for peéf(g/rar(r:lhn asystem defining a first chamber and arsbchamber separated
10 from said first chamber by an isolation valve, vdiersaid melting system is
substantially enclosed within said first chambed aaid die is substantially enclosed

within said second chamber.

2. The system as recited in claim 1, wherein said §lmmber and said second
15 chamber are maintained at a pressure in the rafgel6° to 1 x 10° Torr (0.6666 to
0.000133 Pascal).

3. The system as recited in claim 1, wherein said ingelinit includes at least
one electron beam melting gun.

20
4. The system as recited in claim 1, comprising a -siffutmechanism that

selectively isolates said die cavity from said imglisystem.

5. The system as recited in claim 1, wherein saiccdiing system is a vertical
25 die casting system in which said first chamber asifooned vertically above said

second chamber.

6. The system as recited in claim 1, wherein said alisting system is a
horizontal die casting system in which said filstmber is axially offset from said

30 second chamber.

7. The system as recited in claim 1, wherein saidyallwader includes a

conveyor that loads said charge of material onit &éoy loader.

10



secondary operation. 11. The die casting cell as recited in claim 10, wherein said at least one post-cast
station includes a gate cut-off fixture. 20 12. The die casting cell as recited in claim 10, wherein said at
least one post-cast station includes a belt grinding station. 13. The die casting cell as recited in claim 10,

wherein said at lgast oftgPepéteashIdei@taninelifes amni eiasing atriirt induddietiafapting cell as
recited in claim 10, wherein said at least one post-cast station includes an inspection station. 3015.The

die casting cell F21RERY in claim 10, comprising a die storage oven and a pallet changer. 16.A method
of manufacturing a component in a die casting cell that includes a die casting system, comprising the

t f: (a)isolati irst f ; ' ' : Jmelti
Charge of matorl n o br ot SR e oo kB B e B b, and

5 selectively accessible to remove a cast compomnemt §aid die casting system.

10.  Adie casting cell, comprising:
a die casting system including a die defininge @ivity, a shot tube in fluid
communication with said die cavity and a meltingteyn that prepares a charge of
10 material for delivery to said shot tube to casbaponent;
at least one mechanism that accesses said digy cavough an isolation
valve; and
at least one post-cast station positioned proximedaid die casting system,
wherein said at least one mechanism removes sapawent from said die and
15 delivers said component to said at least one past-station for performing a

secondary operation.

11. The die casting cell as recited in claim 10, whesaid at least one post-cast
station includes a gate cut-off fixture.

20
12.  The die casting cell as recited in claim 10, whesaid at least one post-cast

station includes a belt grinding station.

13. The die casting cell as recited in claim 10, wheraid at least one post-cast

25 station includes a grit blasting station.

14.  The die casting cell as recited in claim 10, wheraid at least one post-cast

station includes an inspection station.

30 15. The die casting cell as recited in claim 10, cosipg a die storage oven and a

pallet changer.
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(d)simultaneously injecting the charge of material within the second chamber to cast the component and
melting a second charge of material with the first chamber 10 17. The method as recited in claim 16,
comprising the steps of: removing the component from the die with a robot; delivering the component to a

post-cast statiom gith therralla IhRETICARING G SREPASER¥ANRTALRSIREEER FRIMPRIRIRISS the post-cast
15station. 18. The method as recited in claim 16, comprising the step of: (e)melting the charge of material

into molten metdl'G/tASIPRSXPEAL ERRAEHNSEM SI5R%PY gun. 20 19. The method as recited in claim 18,
wherein the step of meféing instladig Erehsathgrtivechargeaot atatatiahaitib dtisstiie asising electron

beam melting IWictom: focusing a beam of the at least one electron beam melting gun onto a tip of the
25charge of mate¥?a?; and melting the charge of material into a crucible. 20. The method as recited in

claim 16, copprising tHB)stepwsltiRgfpphras ivaetenalio the first erissi and the second chamber

(c) sealing the second chamber relative to the firatrdber; and
(d)  simultaneously injecting the charge of material it the second
chamber to cast the component and melting a seduade of material with the first
chamber.
10
17.  The method as recited in claim 16, comprising teesof:
(e) removing the component from the die with a robot;
() delivering the component to a post-cast statioh wie robot; and
(9) performing a secondary operation on the componeiteapost-cast
15 station.

18. The method as recited in claim 16, comprising tee sf:
(e) melting the charge of material into molten rhet@h at least one
electron beam melting gun.
20
19. The method as recited in claim 18, wherein the stepelting includes:
preheating the charge of material with the attleag electron beam melting
gun;
focusing a beam of the at least one electron bmalting gun onto a tip of the
25 charge of material; and

melting the charge of material into a crucible.

20. The method as recited in claim 16, comprising tee sf:

(e) applying a vacuum to the first chamber andstednd chamber.
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