DI E CASTI NG SYSTEM AND CELL BACKGROUND Thi s di scl osure
relates generally to die casting systens, and nore particularly 5to a
di e casting systemand cell. Casting is a known techni que used
to yield near net-shaped conponents. For exanple, investnment casting
is often used in the gas turbine engine industry to manufacture near
net - shaped conponents, such as bl ades and vanes having relatively
conpl ex geonetries. A corrponent .S investnent cast by pouring nolten
metal into a 10 ceranic she¢A WS&F%WE%the shape of the
conponent to be cast. Cenerally, the shape of the conponent to be

cast is derived froma wax patte%mmtern t hat defines the
shape of the conponent. The inve i ng process is capital
i ntensi ve, requir@ss @é@wr& iredzagst gemepatly b dik ad3ong gmeng aml bere partiilarly

i ntensive & o praduce, £ r#l{gl%ﬂcorrponent 15D0i e casting offers
anot her knovvn castin ue. Die casting involves injecting

mol ten metal dir e€astige i nﬂ@@ techpigudoised @ivéeld eeaypetbldpeal aemaeneniet Fehaped

conponent . TRe,eyClifvelintR &Qin8L b uhiRdnd O M@&eleﬂgm%dm@ gasting
process is relatively high. Accordingly, the cycle time can affect

the Iength ofapyiagure Rer getehapedamyoRpst IFH %fd’t*ﬁﬁ‘é??é‘ﬁtvéneél“@l%dﬁj“é’élﬁed to
relatively hlc@ﬂﬂplﬁh@bﬂi&hed Qﬁ&ﬁnp@ﬁ'&ﬂt $ ifvesB @S a0 ol rhdien fik@ isdSL 1 NY

process. SUMVA e. cas temincludes a a shot
e, a bt RGN A bt Sl AR TR LI FITPPHE i S araL 4+
plurality of shhpe o hEp@n®héns to Heahst thefeling feondi @ax l%ﬁexﬁa;vsly patEEhethahot

tube|S|anu ni ¢ I0nWIt t deca ble to
deliver a chartlmees g}%emﬂd er hle COmp?nﬁlgt d?@e é:né’.‘\elslt S K“ég Prré)fetss e i/tgt emis

posi ti oned adljltanefntrequaeq d@nfeta@ ngneh! lahad and e fazmnaal 1ht@1361\460(agtedqce e

mel ting unit gand,a,&E4ci bl e. The vacuum system defines a first
chanber and a second chanber separated fromthe first chanber by an
i sol ationlval ve. Biecasiap offpg 28983 PV castings teahmiqual IRje exbroBeelvasi t hi n

30the first GhamhemoldNchetahirthi® b §%§z¥bﬁng1'eatl) 3" l@NChAS G Whidi n the
second chanber. I n anot her exenpl ar ment, a die casting
cel | incl udesCBEPUPY JTHE €y e imy &t BRY a'étancfy %Pseo‘ﬁéher &6 G1SUBHBIONEES [Seast
one post - castrelatvalyitogm. Akerddics, mas:wélgms;ésﬂ efect melm@msofamm @e def i ni ng
a die cavity, a shot tubelnflmb 1ath nwtq e die

casmg system components are su Jecte to re atwe thermal oads and stresses

20 during the die casting process.

SUMMARY

A die casting system includes a die, a shot tube, a melting system and a
vacuum system. The die includes a plurality of die components that define a die
25 cavity. The shot tube is in fluid communication with the die cavity and is operable to
deliver a charge of material to the die cavity. The melting system is positioned
adjacent to the die and includes an alloy loader, a melting unit and a crucible. The
vacuum system defines a first chamber and a second chamber separated from the first
chamber by an isolation valve. The melting system is substantially enclosed within

30  the first chamber, and the die is substantially enclosed within the second chamber.
In another exemplary embodiment, a die casting cell includes a die casting
system, at least one robot and at least one post-cast station. The die casting system

includes a die defining a die cavity, a shot tube in fluid communication with the die
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cavity and a nelting systemthat prepares a charge of nmaterial for
delivery to the shot tube to cast a conponent. The at | east one robot
accesses the die cavity through an isolation valve. The at | east one
post-cast station is positioned adjacent to the die casting system
The at | east one robot renoves the conponent fromthe die and

5del ivers the conponent to the at | east one post-cast station for
perform ng a secondary .operation. I n yet anat her exenpl ary
erbodi ment, A AEEROE B SANGR S8 RPTFES 2 A AOGHIRY T1eLg & TEe ng
cell havi ng aubditecasastanpgnesy STienx iend lobkd@Botias@bsat ihe die @afidyrisbughhanber
froma secon t ie casti system. A .char 0, terial
is 10 nel te%o&ﬂ@ﬂ?aﬁ&et ﬁélefa?geg% Ogﬁgg "8ar8{.1ga|“r?}é SREORE dca}qjﬁw gtro tifn% ngal ed
rel ative to thiting pystom. cHandsdeast drieeolgrh agnaperesothe wertignmerd | frois the djeeatied
wi thin the seeapf uhafBskydOmne aStast HE pGLEROPED fob haRbhidn e QS a¥yWi t h
melting a second charge 8? rrtat er%agﬁt i tﬁgé ?hlrst0 %ﬁr{%leg. v T
vari ous feat 9PE€¥%And advant ages of this disclosure will becone

apparent to 15t hogeygKidolhed ckdhpidde edbbdifnb@Mat REO ok OB cHet Al ed
description. The draw ngs that acconpany the detail ed description can

be briefly dSSBPPHEY 440 raYippHdl happg e SpEEeRB RO FRIEBRANWINGS
Figure 1 il uBinitat £5m aRe@KAEHAMBerchf EheCRSEakting s$YSE. €M chA b0t @ialis

illustrates a portion of.a die castin ystem i ncl uding a di e having

2 die cavitly MeRRGUHEN 1 shibst abhechrd SPRTLR VA ERg T

casting syst ehamber. The dhhrgelpematdiil dnidjedBl within g rsatoed ehaiigl te caselttei ng
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anot her exan%fﬁpzﬁ%'f‘ﬁfﬁ“gﬂ%%gsﬁﬂﬁt bl RS s
chnamoer.

he

The various features and advantages of this disclosure will become apparent to
15  those skilled in the art from the following detailed description. The drawings that

accompany the detailed description can be briefly described as follows.

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

Figure 7 illustrates an example die casting cell.

30 DETAILED DESCRIPTION
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
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system Figure 6 illustrates another exanple die casting system
Figure 7 illustrates an exanple die casting cell. 30DETAI LED

DESCRI PTI ON Figure 1 illustrates a die casting system 10
including a reusable die 12 having a plurality of die elenments 14, 16
that function to cast one or nore conponents 15 (See Figure 2). The
conponents 15 coul d incl ude aeronautical conponents, such as gas

turbine enging tta]'rb?%ees u‘?r \a’ ”%rs o NON-asr onaytLcal | Om%ou%two
Althoughtwo(aj'S aé’élre eIC% 6 li'ﬁm § | d

be under st oodletdmtenlls Hé I@Iaﬁe Eicedby ngmndl ltld@umeem@rstmmr thelidie 12

el enents, as ok |in@Sie OhBET orPRWES aRNGe Rl las G LOURE! L ARSmadJRG di €
12 is assenbled by positioning the die efenents 14, 16 together and

hol di ng t he dP¥igeP@pents 14, 16 at a desired position via a nmechani sm

18. The mechani smeqid b i AGEH6lE 8 fdsﬁﬁﬂhg‘@le ra%térea{aht§rrhtﬂa%gen@a/arhe
power ed hydraul jcall Xlﬁmgeneurratl cal el ectromechanically or with

ot her power &)\dpgrhe eI HAn] & th 4 desiipds BOsip AFat @echepism dfe Blenent s
14, 16 subseguelthish@o@ldsiciuaga c1dadi h@m@hh@m@h eaBRdySoe péwerdBhyidnalidids

t | f t hat t to d di
H oo o 2) - TSGRt S E B Ak R e e et S e Ao bR 1S
t hi s exanpl e.alsbloapeates the tihelederes Elald dupse@@nioowdsthg. ncl ude fewer or
addi tionajy cavitigg.g dig e lerrtents'?‘ét %Q%du%é*f?lfen%f‘su%fﬁﬁek {Eatfc'oééﬁegéeﬁgﬁéﬂﬁ“' %“ 0“

V\nththeo?lecavt 1on O
shot tube 24 Cﬁ\stﬁt(S?g Feguret2p Th\?eilqjqaeﬂﬂ?@ deﬁm/e\ve@Vlut:Sr@Alaﬁd 2@z‘fh@ttthtsube

24, or at |eaginfe POWIVLheRRLEOD0 CAINALETRE of RARBEIHLXEET Nal tO
the die 12. A shot tube plunger 28 is received within the shot tube

24 and is noveabl 2 sh¥ttsedt 4 p didaromennisHien vijhelbt &g PUEI 3 o Bisn the

direction of ednfglVaAasid lsdati;da otflfh@Sm%etzmen@g}amythadﬁa@hﬁm'v@vm a{a A
shot rod 31 e tendgzhbet ween chanl sm 30 and t he shgjt§ tub

pl unger 28 ThAUhe z?ﬁ?té‘??fté‘é’oﬁﬁﬁf repinean g %b%k’ﬁ%t/ed‘reétﬁ’i“ia do §’§r+61 $ or
ot her suit ablseot26be phyigdr@Bis iettled Aliithig, thebdlibt d 24| dntiid @vehids bpne@uaBL i C,

el ectromec harll'elztr%ated anqxggc?e% posCltwcl)lr(ma}ﬂf}/ dir%gtﬂ)ir)liop z?'rgoiwo WI{hln 1¥1e sho{T%be 24 by
a mechanism 30. A shot rod 31 extends between the mechanism 30 and the shot tube
plunger 28. The mechanism 30 could include a hydraulic assembly or other suitable
20  system, including, but not limited to, pneumatic, electromechanical, hydraulic or any
combination of systems.

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

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

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

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

3



The shot tube 24 is positioned to receive a charge of material M from
a nelting system 32 (shown schematically). Exanple nelting systens
are described below. The nelting system 32 nelts a charge of materi al
M such as an ingot of 25 netallic material, and delivers nolten
metal to the shot tube 24. In this exanple, the die 12 includes a
runner 33 that comuni cates the charge of material Mfromthe nelting
system 32 to t the charg terial M can
al so be deli \I}}egg%e%gg T g&%&%ﬁ "?45"% grrfegracbory ?X%[Sagrhllssdls ‘Scussed in
great er det ailipitggd toliher @s‘—iﬁé@t allpys, ﬁldgmhee high n@QiAg surfpfiawieamateralyonaptbe of

mol ten net al utl&e@lﬁ,ldlevc%gt%qo&l ntd185 SROLsed MBRs Aigidstre fihd tL,n& *ﬂ?gh%eﬁmgaw ty

20. The charge of materlz,i, %canlncue but 1s not limted to,
various net afqmperapgtersral ds inispded ¢ ipgudsimeiesipls bea%@ n&ﬁhﬂél‘ena’ﬁlat‘}gﬁ‘sd

cobal t - based agyipgha@l hmﬂa;/gsbr@ aintpmeal | oys, high tenperature al um num
al | oys, copper-ba ﬁ]gd al | o$/ iron all o¥ " I%bdenur‘rg§ t ungst en,
ni obi um or ot her TEFXEAGHS Cotiipespeem Hiwthes iadlydss g sai-pid meefanitp Pt ed t o

t he di scl os emhaaisIsaycswelﬁmda@ztbhhedetvmegbn op2h pbsitgntaedrp elost poLtiowatRWh al S
may be utilize ast

di scl osure, the altmm ﬁime'shgy %meC%ﬂlsm%t%gﬁ%%?@F u‘?A‘sShPr‘ao?g’P?cg?msﬂ @ W ended
to i nclude matckre alwsddeaw cylgpda, aednt iongth¢reniwbieahechanisof fobalpgpwgoott at el y

| S00F/ 850G a?%né}'agh‘:rﬁ% shut-ptf melrlﬁﬁ éﬁ&@@%gxagh?o s%?ag&jé i ec%[}sélo?r{pog'gxe

further includes _ ism
retract abl e lsktrgeent matgrialdyh Emmplsshot tape 2¢ndn ether| vepsdsdthp ofwi-pfif Uncl(aslbrovm in

phantom | i nes) s u@ SH&Q\%QH $0 e mdTiy SW 8n t}ﬁﬁ@ayszhé&ong flarwham sm
29 could include a wed gg cyl i nder, cone or other suitab
PPy

mechani sm f oraEfgdfhepn fon felivgii l‘?etlhe gt tuh & SR tneoRey el Wani sm

29 is actuat egectioh srapafidt Galh6f ARtAY MBI dalt a@bmphieniCBAhGeryatdRmL er i al
Mfromthl% sho | n. ot her rds, the shut-off nechani sm 29

seal s the sh8¥tlett%e§§1?dfe°6?ﬁ“¥f¥ée ting system32. In this way, a
second charge of Tmtsmtma)le phﬁgeeamlsbaetuﬁwcepaﬁjadtlfecmargfecbﬂﬂmrryﬂ Maniidie shot

t ube 24 sirrul}ggofy %V\f)tthbt ginL ctio Bf gflrst c rge o of
. eSSure, e shot tu ﬁ? iq\__)t,h ?ecaw 20 to th

material Mt& cast a conp er eBy redtcihg"t cycet|rre of
t he die cast itlnfgegylsleemulmﬁie ComponentST hears vat nt abbieglplsbmgdiow@dr,itke diet uat ed

to inject the,y c ak i c ks t ube
24 10 the di 6Cau 1530 T8 Cast b ConpBRanr 1) LR S e,

mul tipl e Yonpltents 15 are cast in a single shot. However, the die

casting system 10”1@%&' ﬂsti‘ﬂg sﬁ@ﬂlfllogﬁm&gs59&c§t§i§§ys@ﬁ>§4nm§@xmple the
Corrponent s inasin di e casti ng s stem

Osh
i ncl udes a v3&4EHS §’t3é‘ri?°3%ies ‘PH“PlFlFI?m@?{é%‘I age seppied £ &gl “‘sti}%‘ta@% 34
i ncl udes nul pioghdtios bacdgobsentshah tay @(aﬁa@lﬁath@-tl&durﬁ @ysteacsd inbladee atthe rapid

product | on oLy SRIPEISRL S Ll Lkt IO B 0 ASRUT SYSIEMAA,
chanber s 2ar e dssadtwend, @1 dacuum system 34 could include a single chamber or a multitude of
chambers.
In this example, the first chamber C1 substantially encloses the melting system
32, while the second chamber C2 substantially encloses the die 12, the shot tube 24
and the shot tube plunger 28. A portion of melting system 32, the die 12, the shot
30  tube 24 or the shot tube plunger 28 may be disposed outside of the first chamber C1
or second chamber C2 and still be considered “substantially enclosed.”
The vacuum system 34 includes a vacuum source 35 that applies a vacuum to

the first chamber C1 and the second chamber C2. In this example, a single vacuum
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25 described, the vacuum system 34 could include a single chanmber or
a nmultitude of chanbers. In this exanple, the first chanber C
substantially encloses the nelting system 32, while the second
chanber C2 substantially encloses the die 12, the shot tube 24 and

t he shot tube plunger 28. A portion of nelting system 32, the die 12,
the shot 30 tube 24 or the shot tube plunger 28 nay be di sposed

outside of t i chanber still, be
consi der ed Q éset %n%to})he[sl gtl)nérﬂ (t: othO{ e?xrs?ohambelr]lzfrz?n% t}(l:eus&cr:r(%ng cléatmb é%l

i ncl udes a va’d@mm@buﬁe@@a'gﬁaquhmtsoml3Sesayabevtammdrm tapply he:uﬁm Its the
chamber O ang,fhensarARY, EhaTHENL.GR: s liin shi s exampl e, a single
vacuum source 35 applies vacuumto both the first chanmber C and the
second chanber C2In op§ ¢emplgtthe wicyum weipm P4 sdecisdyumplisguresase 350 fhay be

utilized tso a@@é ¥t 54808 M t10- mlaﬁ (®. @mrt@b B0 BAPREN Swildin hChrsPEhakbe
vacuum syste I n one exa t he vacuum system 34 sel ectively

applies a pr saﬂ‘? e choqdr‘fhir’i’ﬂ?pg% Qtﬁﬁé’éesﬁlfes%?fent@nﬁl@eq%ﬁmh’é} theesgape
(0.6666 to O 09@1&1(863105%&5 CRdch chvibbr @, th énal ibé ﬁ]’&imﬁfh@d@&lﬁe seine andfrtdie
second chanber ssures at ed thin the
scope of thi sacéflmg’é Voéu?lée aetﬁglé’ﬁessuﬁe a}?f?l«réeg béﬁoh W&%}Sﬁ%‘é?‘ﬁﬁmﬁ%bﬁ%& at

t he sane or @nfHeayrenfconpoummnbdire\vedt snd thihdloabtivataspraeegwrer @pgiliored by
t he vacu S 4 of nent belng
cast anduliag| he%‘% ﬁ%ébg&n%ac%u\gg&xmp% o4 19‘{1]71(%? TolsH ﬁg P unéph(sé%n%%) hd'®actors.
The vacuum sdiffusien 38l/os smbd pyoipLed ether Sp@rgfg ﬁ@rr?ghlpmwnd aaboogigerdepudp, a
di ffusion anQé&ﬁmtléilélh@thm{ﬁmﬁrgrchﬁﬁdgﬁt1 %%ecs@c%mﬁ HamBGlH€VI Ng and

mai ntai ning a desired vacuumlevel within the first chanber d and

t he second chanbefhecpeuum systemrgg ofegietinf@ystcirn Suyitepat kgt geduces

non-r eact i ve r&binl @Rt s bhECHHE BShs Etﬁﬁ&iuld%trmﬁ@tﬁltlyaﬁ’fe&aeﬁd (Qﬁhq
ot her co |t| ns that could detri nental I%ﬁaffect the qualit 5 of

t he cast WEF&“ CORRAIN YR BBLSS RR5IEL ey FoplA geeugisem 8"1’8%?6%?“ fiPom
expose to a| I‘addllhd’m avel deptata@nchainbies sepm at ef ﬂ)laazﬁhﬁfnSsyQam andacilitatothet he
vacuum system 3 litate the rap cast conponents
by providing "PheP rg uc}lonto 0 T nen rOVI Plcl-}?yl g™ %I a‘fn%eoq

mel ting syst enmeg2 Mllmetmusdtgmm slhluttastbushgmalmdstmgmod/admow ofia
conponent 15 fr hendl 8. GRvLX »80. 20The exanpl e die casting system
10 is a vertlcclaﬁ]g&e crastﬁllen C 1%tém al t hough ot her configurations
are cont effpl at ed B ewpnerg e F%én%fw@p‘e 18fis & piracalidis cdsorautystetp Seidoh gur e

6, for exanplg): co-gh%lzidofé tire (‘claﬁtgigﬁﬁtecgas WRhiR Q§e| Ec'o @fdthfé E‘(fls!tcloglﬁé I(S{ee above
t he second chanber his enbodinent. In her words,

mel ting syst &HE0jfer %@P‘ﬂ omB i Fhampen ¢ ‘SaEfB\P‘énetdh‘@“HPléf q_bzwt 816

provi de a di @ec@ﬁﬁ&ﬂaﬂ@ermtn&ms :EQ)bJS't&Mbriﬂg Irﬂotﬂe’i\r(ﬁidsl almeBRRL{sgu & ison.
An isolation val ve &uc[aif gbom tioned. betwe he first chanber C and

the second cRENPAF WuasdE Phie I ecé’h [f5tRe ¥R 0dBYias fon
val ve 36 25s setiettdniglryioact uable to isolate the first chamber d from

: E:t Slegorslfll ggglmée%ne %V\lété(;rl]; \gllV Isfi_%sxtzsa‘tplgsgtgonfzg lbe\,‘/twsgn the %rst chambgrdSI an<P l ate 38

second chamber C2 to separate the two chambers The isolation valve 36 is
selectively actuable to isolate the first chamber C1 from the second chamber C2. The
isolation valve 36 can include a plate 38 that is slidable between a first position X (an
30  open position) and a second position X’ (a closed position). Alternatively, the plate
38 could rotate about a pivot point 39 to selectively isolate the first chamber C1 from

the second chamber C2 (See Figure 3).



30 open position) and a second position X (a closed position).
Alternatively, the plate 38 could rotate about a pivot point 39 to
selectively isolate the first chanber C1 fromthe second chanber C2
(See Figure 3). A second isolation valve 40 can be positioned
between the die 12 and a nachine base 42 to provide access to the die
cavity 20, as is discussed in greater detail below Simlar to the

I sol ation valve 38,1 0ei3REQNISH &L 15%” ‘éf?il)ﬁ’eg Bhvek$ dREGEGH LY LY
noveabl e bet ween an open position an Tose position to provide
access to t haaghiee Beeaidite provde aseess héhediwecaw Pors lt@wp@mngrep@rﬁmil
Figure 4A il hushr afgfir ANhEXARh aEL(, Itﬁagec%xﬂs@m&?vafv@&o Wsglewhvilp a die
casting system such as the die castin stem 10. The nelting system
32 includes &Wvebledgt egiapeppsitign %Pé@th% Repifien @eroyide ascee AUE Bee 48.
The al | oy 5l oagek 2d4f thd he 1@} donfpenddietodf and the cruci bI e 48 are each
substantial ly enc]%.ose%%%ghl n the fL?r stl.chanbeé?ed of t he vacuum
system 34, WD S5 2R XM RSy Y Y ghtelrr B ! aéhec‘iﬁ‘ﬁt“ﬁnuous
al | oy | oader s%&:‘ﬁi Sghas dﬁmwe;ymthﬁtehhm mmmm’g@ﬁteﬁsﬁlhﬂudehaﬁ gejyof
material Mt qafdr er d 0sj ti.on

material Mr gciad I. ve %En%ghun la{xli a4 chrum 4? @ﬂefalloy ?oaﬁﬁ 24 Cih Iﬂgtméhuar_lf’t e of
material M Thendath¢ gycibloadler edh scluuthmallly nmlvdhwnltusthg\fmt plgoiba’[@lm’i val ve
to 15seal 1Oan¥he9;9£u§dn%95té?ﬁ34 he conveyor 50 that extends exteriorly from
the first chanber Alternatively, the alloy | oader 44

i ncl udes an all oy1“d>&F G¥esele, B {lepdoapgrofdrie as@ytinupyst allon doafe hegingpeabl y

posi tioned Wichikybr 50 @af dob$funeNAREaGh of Batt P00 BWetiRRnBat 0ga of
material Mat once. The all oy carousel 51 rotates to | ocate each

charge of maPeyfogf ﬂm Céf‘fg%loﬁlé’é‘ie’f‘%c]"lﬁﬂ%‘fvf|t%FheHIje‘ﬁ‘"él witj oot Bekipg el ti ng
unit 46. The cadrgeocy Gadriausiel Thd :hlld)}slog(ﬁr 12 eaedcliideam dwh@sdidtios valeh@nber
Cl when efp

th additi h f |
PR LA O e R e R oSt U R R R
illustrated by FI glwnamzm; tl'teh&o;ﬂ'&ddblétzlgndhmianéhﬁoy crmiuwﬂes(sa: Pﬁ)guuer@)l ty of

depicted by Fig Ize a
single el ect pﬁmawl b’é@mm%ﬁ? ﬁ@yg%muselrﬂaot@tbméicmyabech@ge@éma@nalbeam

mel ting guns. Theq&l r&cﬁoﬁlﬂ&l&e@m&%%eﬂ%l%ﬂﬁm% G@o a]ﬁd’)‘/céa}éq&l 5p;ser nal

i sol ati on valves. Alternativel separate 1sol ation val ves may be
posi tioned® wirtived frpya tee firt cham rWh@ eipfy eph tanegdppdpchyithy pdifipnal

el ectron bear&hﬁ@sbf@gergmaﬁﬁeéa@emuhﬁ theaevatnd fr@@st he first charrber a
wi t hout the need to re gezsurlze t%e entire first chanber

30Prior to nelting Hiyptraffgs by Figyre (A thfe Meltipg qnig ﬁérfﬁ‘é‘t‘deba is
seal ed rel at ipmlmpoﬂetbetr@ﬂﬁaﬂdleﬁhg@hemCzwweacttdﬂe»earﬁ ﬁiemhg gnls vahkve 36
and vacuumi s dra cuum.s em 3¢

mel ti ng guns dg[ﬂ é/heé%re 4% e ng\i’e{j eth Oqaetltllpétuélﬁ 4g|cou(?d utlhze a smgle e]%&ron

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

30 Prior to melting a charge of material M, the first chamber Cl1 is sealed relative
to the second chamber C2 via the isolation valve 36 and vacuum is drawn by the
vacuum system 34. The electron beam melting guns 54 preheat the charge of material

M to reduce melt time. After preheating the charge of material M, beams 55 of the
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Mto reduce nelt time. After preheating the charge of material M
beans 55 of the electron beamnelting guns 54 focus on a tip 56 of
the charge of material M As the charge of material Mnelts, nolten
metal is conmunicated to the crucible 48, which is positioned beneath
the charge of material M In this exanple, the crucible 48 is a water
cool ed copper crucible, although 5 other crucible types are

cont enpl at ed., cl t-hat, detects
a wei ght of t gtpoghbgélg@egkg %@59%@@%61%25%0?%%@@ ér?%ia?egn\?m eg]l “al M

i s communi catchdge & WakﬁelawamltblnpltﬂBmetﬁlhecmmaﬁﬁtOdfle trhable b othicbn beam
mel ting guns lgﬂ)glag@dgér{egg%gh %ltogmtallggalg uci bl e 48 to superheat the
charge of material M once oad sensor indicates that a desired
wei ght is achi eveld.th ‘EGG‘RPE? H’e§ﬂictb§b‘}8e‘s\‘)ew?§ﬂﬁ?qk’éj qerst evellevilthpieh t he

first chamberied Grudiﬂl@tyb&Q}eaJohl@ﬂﬂ 3. V’ﬁleaﬁlcibfe BRENBEuED: bieknsbh@acf | 1 St
chanmber C 1 %nd t he s ){1% Qa er ch eqtlﬂl librium After

equi | i bri um i“€* t%éé"f‘? B¢ %r‘@fe‘mﬁ?“a -ePPe hechazeecd igiiRE M 8d t o
the shot tubeoRdunidhe s hutrabk 4RBEEIEAINS 5 @9hd Sectriifitatn@sid gunkise shot
t ube pl unger i ext pact uat to force the c e Y
into the die aE.;ead\llrie%Stecrl tthe cruc1€1 %g to S£ger19eat tge cha E' tgrAéaflg& ?ncatthe l?a?i ci ent
anount of ti msgamgs fhatra ctehedmrgtmne:htevellS to adequately solidify,
the secong chambes,3 ditmkSahas @&%&J&%&ﬁgﬁ{ﬁme AL MY BhYR40 T8

opened to all ow renova onent 1 rom-t
Figure 5 ill 03l a ésopaneééeé*waﬂ@iamh@h%m iprryths yerpechyhe@Per (2nreachi s

di sclosure, lehkgorfugf Q{féﬂ&fllﬂﬂﬁﬁlﬁ fsabShel ﬁl@ EifaYoe DF ﬂ;we@an M ﬁ%ElHﬁ]@tﬁcate@nd
reference nunerals identi in 20 nultiples of 100 signif

slightly modit? Pegho whs 4 dde S%?féa\f;é&anmgé?@é*teéalc’feéaﬂafrségtt PBH‘éer
exanpl e enbodB i@kt RYteb @Qmenﬁﬂgmﬂm@ﬁi ﬁqh@dhefcﬁa&aume@o @fca@taher

exanpl e enbodi nent s t scope of this disclaosure.

this exarrfrﬁ)glb e COT%Oé’e’HElﬁ A%r §>§§t‘t?1§‘ﬁ?t1 UL T RS e e Cr?&‘p%fﬁi“twltﬁG and
a plurality ofleqoatelgsddiddg tedBconArhaiben§2 Isoadet anlidde seend kelatieediveo | oad
char ges of Iural ibles 148. In
this exanpl e%m@gn%toadhow remotv%l ﬁﬁ%c el U deés%%r?]ghfﬁlﬁggtl on nelting

syst em havi ng coifiguréf ﬂfll@tratda@aﬁmon@e)tamelepmell}malsyswn bR2. dr Ui didclosurd. 48.

Gt her nel ti nglkym&élc@ﬁﬁne@alée?gm@mﬁmeah,%g aRBrefdnBd flnfelis §G0ARG AT thi's

di sclosure. The plurality of crucib are positioned on a
rotating P atfiples 58 10%ﬂéfhfya§§ghﬂﬁ f@d!f&éie%aN@Wﬂi gtiectedifepurest of

position eachnCéumbRleBbddBeinaf béleshtiRd willsoeadd PRur¥d Sehitdr Lhgpki T St
chanber C for_dell verélfto the die 12, Figure 6 illustrates

anot her exanﬁP’BOdd‘P‘?é“ qthfgscgliﬁs‘ifg’i‘ﬁdisfbs‘mf n this exanple, the die
casting system 1]1@ thi§ efantpl; iteandi@lg sglitem Q&Bhﬂclﬂﬂes&a}/ﬁi&l&xﬂ@ unlthBl 4@ a t he

first chanber is axi.glly offset rel d chanher
rather than \}/)lura[htyc%fl cfrucﬂges Y48. II;n aﬁoy loader IIX4 may be used (foag chargesm%

25  material M into the plurality of crucibles 148. In this example, the melting unit 146

includes an induction melting system having coils 60 for heating the plurality of
crucibles 148. Other melting units are also contemplated as within the scope of this
disclosure. The plurality of crucibles 148 are positioned on a rotating platform 58,
such as in a lazy susan configuration, to position each crucible 148 at a desired

30  location within the first chamber C1 for delivery to the die 12.
Figure 6 illustrates another example die casting system 110. In this example,
the die casting system 110 is a horizontal die casting system. That is, the first

chamber Cl1 is axially offset relative to the second chamber C2 rather than vertically
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above the second chanmber C2. A stationary platen 90 divides the first
chanmber C 1 fromthe second chanber C2. The nelting system 32 can
direct a charge of material Mdirectly into the shot tube 24, such as
t hrough a pour hole 92. Figure 7 illustrates an exanple die casting
cell 70 for manufacturing and 5 perform ng secondary operations on
cast conponents. The die casting cell 70 includes a die casti ng
system such Y, n
mechani sm 72 g%éttﬁ} gdgggﬁa%%%}e@%oét §a¥01§ ylé%é’n[ 901&“9%% %lrSt %’rr (ra%lng a
secondary opéioatthossced chimeber @t Theomghiongentiem X ¢an direph 2 ahasgen)@ material
mechani sm 721M§1H'féhyﬁ%tﬁesﬁl&bﬁkaﬂsﬁckp‘a@mr&%ﬁg outrn@egi e casting 10 cell
70 coul d include plurality of robots perform ng secondary
operations and otH&re t/adkgalss ab exagtrkddigicesing kel &f éor cawpiapilring ¥dess.

The oper atsi orp,srfdrmgr@maar? &@dbn€ QA ddd6it cdn@@xllelﬂge TRUbie 25&inPQE1 170 t ed
to, renoval u% co(ﬁonent fpr omthe die 12 nspection of the die
casting syst é‘?ﬁl & 2 49 6201R¥FRi B Pyt Casf“?ﬁ‘ SryétF’BdO of 1% &VFSt ¥ or

| aser |ight mmslmxsmi Tnandappbast b pot-chst ehidase pgeateming 4 keotdhs 12,
etc. The robagt, 10 ohReTBY. enter the die casting system 10, 110

t hrough the X concvar Ve*4t o renmove a component fromthe die 12.
The die casti ng c@lltﬂougma imptd mebbaniN @2, suchrmp eobpo Htdepiersd, tiwtdit daging

T4A- 74N i I r stling
Syer om 100 1107 Dbl bR of Rof 13 elfhntod Qo hlty ey SRS,

posi tioned diotectesky agefizedevith the dlteh?@tldi proce3) Bgappraigpns (hs trehet 'ZLZ)CanllO to

reduce the tray@l: ifiisde 206 Grel R 18 (ORI ovAiZr Al coRlpBRht @&ﬁl&&tc@é 12, The
post - cast stations 74A- 74N can include, but are not limted to, one

or nore of tHEPEHM Fihhge pHEte vaep 18¢ HPlV&f‘n‘é}Slbl%lh&‘B’dPﬁfﬁal ghayplger a

gate cut-off lﬁéraighﬁlﬂspealobaipblyﬁglrﬂbdi 18@ass tagdntsQB thedlicddr7, bic bIrRSIob&t7AL | ON
and an i nl%pectl on ot ent.i al @ost - cast

procedure, t A& FBBo '%’ %‘ﬁ C?“Fﬂ?lg WB% 1@?1@%]%%%@3??%6(&@99 iy @ ©SIAG

station 74A cnogneasbmardlic @moved fromthe die 12. The cooling
station 74A can S(Elg .‘5189 éra%f 9({ 11’1@%? no%e ann(iiorganst—lcapsgl tléltgo%s a]égqgﬁr Ol l ed

or uncontroll ed.t er mal Re"Component - ool
robot 72 novessitidyed ebwbmﬁedpsetmiommw gathe d@uwf@fgf systratlDohl07 4. onghe

gate cut-off e§ern‘;‘btlé Qdth Z)é@ C%@Mat%%kz ©74% Q%?fsug{ Iiectg“gd’éagénft € 3 e A

pl asma torch, a wire or plunger electric I ni ng
(EDM), a %%s éﬁsugg/sg/ﬁté%l@rllawe@cmp trayel dléfﬁrfceﬁy%émo@ﬂ & O Qﬁ)allaioran of

cutof f systemnse f)&t ERTRYBns! MR- 7IRIE{ SRl bR hREb: IRAHel &, bV bR the
conponent . Next, the robot 72 noves the conponent to the belt

grinding st afiigHInEACStRAR Fiatiut 2 Gping HP‘I‘“&C%%at%?“t‘PﬁétaEWBﬂégﬁn 2ee
snoot hed and sﬁfﬂﬁfﬁ)gtﬁ(ﬂ@@t&‘staﬁdﬁrﬁanﬂ@ﬂfmﬁlﬁ&mnsﬁfu’ﬁrﬁl’ the corrponent i s bl ended
to its correct dIATEnSI on ft g ot 72 no ﬁ% ﬁo\r}Bonent tg} t he
grit blast station af‘zﬁﬁa’f’% B EAT B PRE CEO RS 8‘ﬁt § BPON/F LR IMosR e

nondest r Ut i vempeasititng coMDT ptaiiosPéCorcons: afd rabled,fronhée denporiat i s
moved Lo the chBaPeahdCn: LAl bty o ISyihIRFEL BBuR! ALuBNA4T can

i ncl ude di nensi o I nspection an V|sua |nspec
post - cast st andopinalled 4irmesd gradiento Aeer ithscdopdengnt cools, the robot 72 moves the

component to the gate cut-off station 74B. The gate cut-off station 74B may utilize a

dry or wet cut-off wheel, a plasma torch, a wire or plunger electrical discharge

30  machining (EDM), a laser system or any other cut-off system or combination of cut-
off systems to remove the gate(s) or other parts from the component.

Next, the robot 72 moves the component to the belt grinding station 74C

where cut-off surfaces of the component are smoothed and sharp edges are rounded.
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Each of the post-cast stations 74A-74N may be carried out by an

i ndi vi dual robot 72 positioned at each station or by a single robot
72 within the die casting cell 70. The nunber of robots 72 required
will be dictated by the size of the robots 72, the operating circle
of the robots 72 and the load Iimts of the robots 72. Alternatively,
10 one or nore of the post-cast stations 74A-74N may be operated by a
human oper at Qffper tnk cgﬁﬁdn[argqs blended to 18 @oﬂje'ctediﬁn@l%&)'ng ghecﬁu)t 750111(9\@&] lthg
further include a die storage oven 76, a power supp 78 and a pall et
changer 80 f GPMPB&Yihge el watien 74 iy RipPagstihreromperienisopfisuplpad gpre
casting syst @mRud&ive kdlng TSTPRVREGEY P Hidally,BhS UBRbInES iPONREd tPHehe die
casting cell . 15 70. The_di e storage oven 76_i s positioned

7 d
i medi atel y dUPEEIhEREWe 7Pl | Be HNBRGGRY SBEP S1E &A% drde gfiRensioadi ng.
The di e stsor aggecamednd Foudiipit@inN OtHehgost-@ppRAatiats gie cofalsb Beindudl 2
bet ween 250F/ 121 d. 1500F/ 850C. T .6 storage oven 76. may, qperate
inair or in an ﬁ%%??f fﬁ%%ﬁﬁgﬁanﬁzﬁﬁﬂﬁiFvyg?égﬁ%%?$ﬁ§a%vﬂg§%§ing
devi ces can adtwo7hsitbieliazedh ttation20bhesibglt dodizevipar the die caschgigiing but
not limted t,g, nEQNRYSLE Ibgts %%l[;ui}%%ﬂf‘ e d?é(&ércrigﬁ'%ne LEGH HEHLAL 1N g, Ol |

syst ens, el ectrlp cartridg ers, OW‘te ratsure rems%ahce
heati ng el en@piraiingsir¢l efotherabets AP ded the tpad hyitedfehernbas 7hohlryeendm

di - sci | i cigde ofeathddoth &Rt stdbR R beN REALE NQrRlSYERhfan dpBdUET | ON
coils or any conbination to these or other devices. 25The exanple die

casting syst éhissiEd, 110 and the die casting cell 70 described above

coul d include NDreheQfic faQiMRIcel$ @C LoRNButhé titlddOASie RRMde DV, @power
conponents. Thi IS Ioa&gf ext | forns of die C%ﬁ

s tg all f ting,
b udi g but iRt e PRI 808y Foltdns e e ABHOGHEy Bt PEGF O e
casting syst eminasdentioer10diTae pasdr isupgplyCBrupididd piveonsthe dibeasfiny @goi ng
descriptign a e.interpreted as il.lustratiye ngt in a 30
et hg Bengd” e et bR RGP TPy b sy Al e
under st and t Hateacef dialondingdi fi cati ons could conme within the scope of

(05, o, 0t U63g, LEASU e LI, |1 UYL b
CLAI MBS 1. A dPeTEaktiang l¥PIVEMC. complic siiragg ovea 76imay ppredieidiangr & an
plurality of jfli€urQpRANCHdhHafe HRTIANG BolldetleGaNicdhY asef SH9Ld bube in
flurd Congaunlhgg ttllleod?e ggrtts,hincsluadlin% b(?.llt r?ot ('ii?n\{tle(ti %/o, ?or;r(?bug)tﬁ)?er f?i?ll b%mEaP sy(sjtgllné,\;eeir
circulating oil systems, electric cartridge heaters, low temperature resistance heating
elements, silicone carbide heating elements, molybdenum di-scilicide heating
elements, graphite heating elements, induction coils or any combination to these or
other devices.

25 The example die casting systems 10, 110 and the die casting cell 70 described
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 sense. A worker of ordinary skill in the art would understand that certain

modifications could come within the scope of this disclosure. For these reasons, the

following claims should be studied to determine the true scope and content of this

disclosure.



a charge of material to said die cavity; a nmelting system
positioned adjacent to said die and including an alloy | oader, a
melting unit and a crucible; and a vacuum systemdefining a first
chanber and a second chanber separated 10 fromsaid first chanber by
an isolation valve, wherein said neLAIMS systemis substantially
enclosed within said first chanber and said die is substantially
encl osed within said second chanber. 2. The systemas recited in
clai m1, wher eifndisaasting sysgim, chhaptieng:and sai d second 15chanber are

(5 6606 o 6. 0ocHESaRAE aplhrdtdy of A8 imSineRt thi e atidleatity TO™
5 a shot tube in fluid communication with said die cavity and operable to deliver
a charge of material to said die cavity;
a melting system positioned adjacent to said die and including an alloy loader,
a melting unit and a crucible; and
a vacuum system defining a first chamber and a second chamber separated
10 from said first chamber by an isolation valve, wherein said melting system is
substantially enclosed within said first chamber and said die is substantially enclosed

within said second chamber.
2. The system as recited in claim 1, wherein said first chamber and said second

15 chamber are maintained at a pressure in the range of 5x107 to 1 x 10 Torr (0.6666 to
0.000133 Pascal).
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