MELTING UNIT FOR A DIE CASTING SYSTEM BACKGROUND This disclosure relates generally
to die casting systems, and more particularly 5to a melting unit for a die casting system. Casting is a
known technique used to yield near net-shaped components. For example, investment casting is often

used in the gas turbine enging pgdusiosteNanEistire iteanrsirgpgedeepiponents, such as blades and
vanes having relatively complex geometries. Investment casting involves 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 produced is derived from a \BRCBRaEROUNISLA pattern to form the exterior shape of the

component. The inves [ [ IS ital intensiv .r%ﬁéélres ignificant manual Jabor, and
can be time intensive tfﬂg%%%%%{ﬁ%@ﬁgg{g%%%%@ {185@%&6"2% Ing |ssara1§§|@ﬁﬁ§ v’?/{ﬁ%lé}ﬁhg technique.
Die casting mvoleez mngdidiing it diten trreealstite Y@ a reusable die to yield a near net-shaped

component. Die casting hafy RIGRINARRNSRL IR RISHES e PRARRSHKIREIR FetdrRUInEdpigh thermal

mechanical performance. For example, die casting is commonly used to cast components made from
relatively low metiAg BenJRYSRITEHEASINGCISIMER P OSRANIALTE J9BRING SGPRIBRIANAYNSHYdBper. The

current productsmaantfecivy e dramattbrapealloyraystems asadiaiegtRedalyhespessotcetxiveme operating

conditions. Die castin% has not t aditionlal\% t{een effective in calstirég. companents que {rom high melting
comprex. geomelies, | INVes ent ca Ing_Involvesrip Qlten metal 10to, @ .
temperature materials. mneffectiveness ot known die tasting Sys BnS 15 at leas partially attributable to

the inabilitylBf theetieniastial ringonh eartysndheashiee2ddhdimnsnt shdiengpst pltregeralydtbie, to
withstand thefm@h%}fgt}ﬁmg%&ﬁ{fﬂiﬁ%ﬁb% PRHASHIE NG grnierigafBiaMsitng dggiperature
ary

materials. SUMMARY An exemp die casting system includes a die, a shot tube, a shot tube 30

plunger and a miQERGTLIRE SPHE" ReSHRRFIRISIBESTAFARRNE P i REARPIMTRSIMAPERARSS 15 GRPHALity. The
shot tube is in fliigepamusitatee siiiifithatditapaditiabisheidweetime intensive to produce the

final component.

15 Die casting is another known casting techniquée dasting involves injecting
molten metal directly into a reusable die to yialtiear net-shaped component. Die
casting has typically been used to produce compentrat do not require high
thermal mechanical performance. For example, a@stirng is commonly used to cast
components made from relatively low melting tempee metals, including

20 aluminum, zinc, magnesium, and copper. The cumentlucts manufactured from
these alloy systems are not generally exposed tterag operating conditions. Die
casting has not traditionally been effective inticegs components made from high
melting temperature materials. The ineffectiveraddenown die casting systems is at
least partially attributable to the inability ofetlilie casting components, such as the

25 shot tube, shot tube plunger and die, to withstaedmal mechanical fatigue that can

occur during the injection of high melting temperatmaterials.

SUMMARY
An exemplary die casting system includes a dieshat tube, a shot tube
30 plunger and a melting unit. The die includes aglity of die components that define
a die cavity. The shot tube is in fluid communicatwith the die cavity. A shot tube
plunger is moveable within the shot tube to commait@ a charge of material into the

die cavity. The melting unit is positioned relatito the die and includes a bottom
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plunger is moveable within the shot tube to communicate a charge of material into the die cavity. The
melting unit is positioned relative to the die and includes a bottom portion having an opening for
selectively releasing a charge of material through the bottom portion. In another exemplary

embodiment, a mgHRd d iR @ ie R mpgewimwﬁiﬁédﬁﬁgmg%m%&fm&@himﬁ@e a melting

unit of a die castin% system, 5 releasing the charge of material through an opening disposed in a bottom
portion of the mAARGTURRHRE the die casting system, and injecting the charge of material into a die cavity
of the die to cast the compoant’: exelnplatyarathediexam ptamethnabdifmeistiog raetiompanisfor a die

casting system incl t orti 0 rtiop and a . t X etyvee top 10
portion and the &%%%rlﬁgpgi?ﬁcﬁr@én %@ae igr)l(étfteg(ri&el}r%ﬁsa |tr|1r}(s)?§8h h ﬁ% {g?# %oﬁ%%%g Ieé\;gefrgééﬁémber is
positioned rélativel¢asing dpe gingy am@fisnsiasaivbrpuadvaalsiecsinpased anfissbpdeitidrodiod ®second

position to uncoygg tHeRRFIHILIRBANEI8R S8t PEIGAhMalEtHJRFRUHARE botamBReiHela  The

various features and advantages. of this disclosure will become apparent to 15those skilled in the art from

the following deifetPibsEfifipHierRearaln G ompany the detailed description can be briefly
described as follows. BRIt dMofheRRIHPRG EnibliiPBAYE NG firg dorie Lid ustsdtessystenample die
e R I SRR A SR ST T
melting unil0  portion and the bottom portion. An opening extetidsugh the bottom portion. A
closure member is positioned relative to the opgrand is selectively moveable
between a first position and a second positionricouer the opening and release a
charge of material through the bottom portion.
The various features and advantages of this disotowill become apparent to
15 those skilled in the art from the following detdildescription. The drawings that

accompany the detailed description can be brieflscdbed as follows.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates an example die casting system
20 Figure 2 illustrates an example melting unit fee wvith a die casting system.
Figure 3 illustrates an example closure membéneinelting unit of Figure 2.
Figure 4 illustrates another example melting unit.
Figure 5 illustrates an example feed configuratiba die casting system.
Figure 6 illustrates another example feed conégan of a die casting system.
25
DETAILED DESCRIPTION
Figure 1 illustrates a die casting system 10 iticlg a reusable die 12 having
a plurality of die elements 14, 16 that function dast a component 15. The
component 15 could include aeronautical componesutsh as a gas turbine engine
30 blade or vane, or non-aeronautical componentsho@ijh two die elements 14, 16 are
depicted by Figure 1, it should be understood thatdie 12 could include more or

fewer die elements, as well as other parts and othrdigurations.



Figure 5 illustrates an example feed configuration of a die casting system. Figure 6 illustrates another
example feed configuration of a die casting system. 25 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 a component 15:nEhgLapRoORssthbieauy BdHrRiAg aRaHIRBREO MO figetiGNAY @ 9as
turbine engine 30 blade or vane, or non-aeronautical components, Although two die elements 14, 16 are

depicted by Figdt@'4ng A6 HFLE'MABIS dEd HPaftnR dRSTST - BTRIMACR ARSHARBP idier TT€ elements, as
well as other parseahdnidheri@®@rfudatiiorisde a dlaengdiegl 2riscgsasnizipdrbyrpositionirqiibe die elements

14,16 t‘?getherﬁﬂ nolding e, dic slements 1,46 %t}ﬁ‘e?%%E%%%S“l?ﬁevﬁﬁe%ﬁ%‘ﬁ%%%%@' The
mechanism 18 could InCIude a clamping mechanism of Appropiiate hydraulic, preumatic,
electromecHanic3gparaifs ththeiecdlammpntativhsl TaibARELISAEIPNTASB also Sseparates the die elements 14,

16 subsequent to castifige die 2 dIREIRMENTHdIddd TidrhafSFRIRR SPERERSI@EMRORSIRIe to define a

die cavity 20. A shot tube 24 is in fluid communication with the die caveidy 20 via one or more ports 26 that

extend into the did'@Atenf 13N AhRE4IETRASE OMYBHNIGEURER (M6 FRYEY 28 M3 Q6\RId within the
shot tube 24 andrisrepuaside thelisema o neaiited end rtfitite glositani@dheodire @tighoef arrow A)

within the shot tube 24, by a hanism.30. A shaft .31 extends between the mechanism 30 and the shot
Hibe plumger 26 e, pIRmAE IS e AR it SHET R CR S DR AR A0
including, Bi& noeliraitied @)pinestediposiéirtmibehdirtcabierautic witkin fhsoshioinatier?éfyystems.

15The shot tube2¢h s RASEIANSS! (rSRSIVE P ERRIAR YeRERhFAM MR NG URE 3RoPHARRaS a

crucible, for example. The melting unit 32 maggutilize any known technique for melting an ingot of metallic

material to prep&EN88itéR mEls TdemneR I8 arshibe 3 MG RASSEY PedthieheHifiBissed below.

In this example, §heteimanigel edimptbrahis malted toipnliratiiedainyciie x| Hpgramic3at aihg location 20

that is separate from the shot tubc—i 24 and the die 12. However, other melting configurations are
compination of sys EMSc g . ? : " ) :
contemplated as within the scop}/e of this disclosure. The example melting unit 32 is positioned in relative

close proxiltfity to the dibesbhdubgsinislgogitiathittotircaisn sfechditgaatasialf floechangéiog material
between the melfig 497132200 415 B IARINGSYSIRD eambliRr s tspiindiafaRhaFPmPONent 15
with the die casting system 10 _ _ _

technique for melting an ingot of metallic matertal prepare molten metal for

delivery to the shot tube 24, such as will be ferttiscussed below. In this example,

the charge of material is melted into molten mbyathe melting unit 32 at a location

20 that is separate from the shot tube 24 and theldie However, other melting
configurations are contemplated as within the saafpihis disclosure. The example
melting unit 32 is positioned in relative closeximoity to the die casting system 10 to
reduce the transfer distance of the charge of matsgtween the melting unit 32 and
the die casting system 10.

25 Materials used to die cast a component 15 withdieecasting system 10
include, but are not limited to, nickel-based suakwys, cobalt-based super alloys,
titanium alloys, high temperature aluminum allogspper-based alloys, iron alloys,
molybdenum, tungsten, niobium or other refractomgtats. This disclosure is not
limited to the disclosed alloys, and other high tmgltemperature materials may be

30 utilized to die cast a component 15. As used is disclosure, the term “high melting
temperature material” is intended to include materihaving a melting temperature of
approximately 1500°F/815°C and higher.



include, but are not limited to, 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 be 30 ujilizeghigrghie samALRMRORBAL RS tHsRdHE tnig iRIesuke, the @em "high
melting temperature material” is intended to include materials having a melting temperature of

approximately 158818 &R igHe" example. RS GBIt IRAIFSY BRFOHES I RMelting unit 32
to the die castingaygstsmflheFsivaexabepiay. the shiditgenotimatétabireaynieg)osieslietd iatpabe hole 33 of
the shot tube 24 ici ount o lten metal i i e shat t fill. ie cavity 20.
The shot tube pﬁ*ﬁ%iﬁ“ %?é] tgﬁﬁjha%eadeté igrr\l}jj? c?gie ih%hsj?ggybfﬁ gﬁigtée?r%% ih %Eruér%%sg% r'ehf%%mﬁﬁe shot tube
24 into the die cabayoefonRistitie odeifvassiresromtibagheh&biitngotlie siagky ortpeasht is

depicted, the digiasibnghayeiam 3.0 ARHILEE FRNEALIRE Kt cOShaiibpiRAORRRPRAE Nt Fngle shot.

Although not necessary, at least a portion of the die castinS% 5¥st_em 10 can be positioned within a vacuum
chamber 34 thattARiNd sy SR RYYEhe AR IWredIq iR PHRICHPREASATHE faitelm imber 34 via the

vacuum source 35 to ramnteughvasuneteieaeasting: asoaessitibhetdertastioh aykien3dopcavitdes a
non-reactive envi{)oi 1|rnr(?n(t]I f\l?/ln[ltlhne d\i/e c&stin&g}ﬁe%ﬁ tgfalt E?L%Jé:eg Lerﬁ%t(i)%?c é:(%gtawi\péactb%r?n or other
conditions that coul %e?rlmen{alﬁ/ Atfect the qua ﬁy ot the die casted component, such as excess porosity
of the die chdtedscapmiedémthRatecanpahanien Fkpieshe ecatmeccieto SandenpeacHenyaideium

chamber 34 is majaiaingFhakasPreRS Y RERVERS B3 Jiokriaaslabskvh BRGaHRARHIR PIRET Pressures

are contemplated. The actual pressure of the vacuum chamber 34 will va%based upon the type of

component 15 of 18116538 FYAEM oG oth Y G ERAGHS R PRERI O PERE' 98 iR dtnple, each of
the melting unit 3auldneishivhénbglyhfest tine djgalid/ase thesdiased WihipdhenyasuttinadOeivasyoer 34

A1 B e g S 0l A O A UG
temperature materia e al pertormed under vacuum. In ano her‘exam e, he vacuum chamber 34 is
backfilled vlith agiasmplgathsveicegAchamber 8dais phaimanesk apptordidenstiyg HyEdedn T0rof Figure 1 is

llustrative only anghogulg. 25isielugie MGFE hde WRISEFHONS e RARIRAAC/ A SOmRRNSHI STRISAisclosure

extends to all forms of die casting, including but not limited to, horizontal, inclined or vertical die casting
systems and otHBEHREASHSHIBRAGARTBhTY basggrpon isPifEmRPRR AR MREMnBEIRt 132 for use

with a d}t; lcsst]ina&ystﬂﬂb@w@& mdim%sﬁﬁ% %&a@d 1th |!h|§1i|§tdt$}fd§2§ﬁf@lel”@t?f€tﬁﬂ@ r;jUfmzrals
30 signify like features, and reference numerals identified iy tiples of 100.signify slightly modifie
features. Moreo%?,ﬁ?ge%?go%aﬁ esg]SF (%Eeeex%u%'ﬂ?é[hﬁwég?;#éﬁs}%@ e%glrﬁbl%ﬁgdv\igﬁt%é‘/gélected
features ofmhemémptem@mdimdhts_ wahnaﬂﬁeg;qm’pe&ﬂstmscdistttmsmmting, Miectingltimedunit 132
includes a to pagiefivifl BRI RFAMY 2enARGa & AR o BarigR A0 aRder hadid that extends

between the top portion 40 and the bottom portion 42. The melting unit 132 could include a variety of

shapes, sizes add/BPGEHiGXaNBIG Wity eHE et dsAERIrER RN iDABLIRRItSHID aFe size

Argon, for example.
The example die casting system 10 of Figure llustiative only and could
25 include more or fewer sections, parts and/or corapts This disclosure extends to
all forms of die casting, including but not limitéd, horizontal, inclined or vertical
die casting systems and other die casting confiigurs
Figure 2 illustrates an example melting unit 182 @ise with a die casting
system, such as the die casting system 10. Irdibedosure, like reference numerals
30 signify like features, and reference numerals ifiedt in multiples of 100 signify
slightly modified features. Moreover, selectedtdeas of one example embodiment
may be combined with selected features of othem@i& embodiments within the

scope of this disclosure.



5 and shape shown in Figure 2. The melting unit 132 includes a heating system 46 configured to heat
a charge of material 48 inside of the melting unit 132 to prepare molten metal for delivery to a die casting
system such as the die casting system 10. In this example, the heating system 46 includes a first

induction coil 50 mountge:ahemhiartiedyAhalithe Redingoonnialcdtont Mo fish sl iRkl 50 is

positioned in a known manner (such as with ceramic mud, slurry or cement, for examé) e) to
circumferentially@1 HolaPRPEiqa i 2ufrakesy 41 thatisirai se o sHaRiRG AR 1321 HBSirst
induction coil 50mititve eating $gsterhelmnisidngamit AB2erduitsiodtze eoidyyddfofithpemedingsunit 132 to
melt and/or super the gharge of materigl 4 e first.i {] i 50 is;. e a power
source 54 in a kﬁ(r)p\(/%/ﬁtrn%ﬂﬁ] L#&'OR%hvg i@ﬂﬁ@%ﬁ?&#ﬁ%&tﬁ%’%n'S ﬁ?}ﬁ“@&gg\a{vﬂ ggo%%%lude a
secondary irductiosh SEPEEhevtn ik dxamdl, the secondary induction coil 56 is circumferentially disposed

about the bottom portioih42iihg MAILRG HRifLL3S- T heasReUdaleiRlien EPleR Maganecessary to

melt a portion of the charge of 20 material 48 that solidifies at the bottom of the melting unit 132. For
instance, should®h Q&R Hsisls 98 e SeiBe o Iib BB ERRaN ! HBtERTYSOVIBP42 and the
charge of materigie4agtirgssystadarumdustive cid basttcystamnuindn vibnmplbethotiaratpgrtion 42 to
re-melt the skull 49, The secandary_induyctign coil 56. be powered by the powel, source 54, or by its
own separate pAISI T BB g AN SR e G R YA B2 M MRy
induction cdf! 56wt ¥8disthheditst anicidctteneeilt&0 is Prisdi@ostoankpoio maR rertiieuateRyitnit 132

includes an opepigmR i PMUMHYICaIRGHGEN I i masia! diRarn g digshagHBgSygtem 10. The

opening 58 extends through the bottom-most surface 41 of the bottom portion 42. In other 30words, the

example meltingEifti2584Eace FehIpB (AT AbRIHGLMENING A3dosiie RrehIcEBN<CPbstioned relative

to the melting urit I He=R1Rig cijeatynchzsmdiedeningers ndgasiasuie Biendrielh isarlaayely
moveable bet"“et‘?f”n"%‘e‘]'{sérf’q‘?é}“gﬂ‘%rﬁ%h?VYHe'”cﬁgﬁ%"B??%gtEﬂaar&%C?ﬁ% PR bié%%r%(cﬁﬁl“%wr}s'” phantom
lines) to uncover the opening 58. The ctlosure member may contain features to positively'lock the closure
member 60 plaeweretheybanoweniStheaadiing akitoB2magmetessary to maintain a good fit during the

melting process. In thi%ﬁé%gﬁ,éggmp@igpmg iﬁ@hﬂ&%ﬁﬁt Q%%t%mafﬁglﬁb"e %‘?%@EQnﬂ%ﬁiﬂon X'is an

open position. 5 In the first position, a closure member 60 Covers the opening 58 to prevent the charge of

material 48 from4GHGIhEMHelRRg unif 132 InSRMRB o o SRRATENMIECERI UREIMERbET 60 is pivoted

(See Figure 2), ayialinfsansialsoiSass&doatsod)iHer hoewat porsad thanneltifg wneovs? thenepening 58
and communicate the(ghargée of materiq

| 48 from the melting unjt 132 into the die casting system 10.
10An actuator 63 4N SU LA GRIGHTvE Mo AETHO AP B Of (e criaGe 37
20 material 48 that solidifies at the bottom of theltmg unit 132. For instance, should
a skull 49 develop between a bottom-most surfacef4ie bottom portion 42 and the
charge of material 48, the secondary induction B6ilinduces a current within the
bottom portion 42 to re-melt the skull 49. Thea®tary induction coil 56 may be
powered by the power source 54, or by its own sgpgoower source. In another
25 example, the first induction coil 50 and the se@gdnduction coil 56 are resistance
heating elements.
The bottom portion 42 of the melting unit 132 umeés an opening 58 for
communicating the charge of material 48 into theddisting system 10. The opening
58 extends through the bottom-most surface 41 efbibitom portion 42. In other
30 words, the example melting unit 132 is a bottomrpmumelting unit.
A closure member 60 is positioned relative to thelting unit 132 to
selectively close the opening 58. The closure nmen@® is selectively moveable

between a first position X (shown in solid lines)daa second position X’ (shown in

5



between the first position X and the second position X' relative to the opening 58. However, the closure
member 60 can also be manually moved between the first position X and the second position X'. The
actuator 62 includes any appropriate mechanical, pneumatic, hydraulic or other system operable to move

the closure 15 M@RREPAndd) R AGHEFRSrRRLCBPAPR lg@.cqw@&m%h@&%?r&ﬁ@éﬁdf@aimegessary to

ensure that a proper thermal gradjent js maintained within the system. The closure member 60 is
moveable to anyPESHBKBEIRECHhE PP HIRTBREK %%H"tﬁ@ggl&ME%@tﬂﬁ% BBRESYRe rate at
which the charge 31 amtertals48ris toomuimynie at e dar éitigbrthgrdinuny & ssoriaxaim pleathgeslosure

member 60 can ition 20 onl rtially. coyer t i nd red t te at which the
charge of materia%jt)gosﬁs %%Sﬁ(éé%cl)gnatﬁeél Srggléﬁé%%ﬁ\%?ﬁ%%&ﬁ@egc @Eg% 0 ﬁ]nagﬁr%%%gﬁ#g? be
positioned ifsidérofg&ratidioagiemitidosiie varhgrdhesbesdpeniampictamseyiatdbeotmsgerial 48 can

be loaded througjs HgraRANAI ShOIhBROHRMRAHENUHR: IBARAAHESBXBRIP|SoBHOR PRIEON 40

includes 25an opening 59 for loading the charge of material 48. Figure 3 illustrates example features of

the closure menfb2P40 SITMPEAHING YOS (REehis BUE I A TRHAUG L (FRMBEIVED RaOoveable
door. Although antieeuisrdepittethanther tosurevaetnberse oL gdw@imiunot dmitad thhajevalves, plugs

and other mechanisms, contemplated as within the scope of this disclosure. 30 The closure member
60 includes a cooled ¢ Ii%%ieggr t‘j].e‘lpﬂéﬁg%llé@vycjf%?' ggr@%&%ﬁﬁ&e%ygc?&}r?ga channels 66 that receive a

coolant 68 18uch as water, detmatarc68lanrsdgraesgd. thheatecsivelyce oy eidingdredmiemigh Bt cooling
channels 66 to rgmEueheat HAm ABSiRiASUra Mamber EoheeHsE s Aiest omaTpu} ngggg_elatively hot

charge of material 48. Figure 4 illustrates portions of another examEIe melting unit for use with a

die casting systefENEmHEIEnE A SRR IH SRR SthiRer IBARBPHYER fFtMaen the first

position X and the second position X'. The actud@ includes any appropriate
mechanical, pneumatic, hydraulic or other systersraigle to move the closure
15 member 60. The actuator 62 can also be cooled, asigvater cooled, as necessary to
ensure that a proper thermal gradient is maintamglin the system. The closure
member 60 is moveable to any position between itke gosition X and the second
position X' to control the rate at which the chaamfematerial 48 is communicated
through the opening 58. For example, the closueenber 60 can be positioned to
20 only partially cover the opening 58 and reduceréte at which the charge of material
48 is poured from the melting unit 132.
The charge of material 48 may be positioned insidine melting unit 132 in
a variety of ways. For example, the charge of neltd8 can be loaded through the
opening 58 of the bottom portion 42. In anothemapie, the top portion 40 includes
25 an opening 59 for loading the charge of material 48
Figure 3 illustrates example features of the a®snember 60 of the melting
unit 132. In this example, the closure member$@ moveable door. Although a
door is depicted, other closure members, includog not limited to ball valves,
plugs and other mechanisms, are contemplated aswiite scope of this disclosure.
30 The closure member 60 includes a cooled chill d&ar The cooled chill door 64
includes cooling channels 66 that receive a cod&ntsuch as water, from a coolant

source 70. The coolant 68 is circulated throughdboling channels 66 to remove



5 132 of Figure 2. However, the example melting unit 232 includes a slightly modified heating system
146. In this example, the heating system 146 includes an induction skull melting system 80. That is, the
induction skull melting system 80 replaces the first induction coil 50 of the heating system 46 of the

melting unit 132 g frigiefd 2hd ol CiRimBley i elHNSesy Bie tdRiRe VAds hell saavesnisos2 that are 10

surrounded by an induction coil 84. In this example, the wall segments 82 include copper wall segments.
The wall segmefREE M dHETRRtion coil 84 include cooling chambers 86 that receive a coolant, such
as water, from a coolamigoeraelid8ttates plahievgalk segrhents8 pldtimg wanzs fyithse oierge of material.
A magnetic field js.i inducti il 84. sses.thro I nts 82 to melt 15
the charge of m<'§1Jt|§rI|E’zlid1‘.g ﬁiﬁté(gg%\{rgg%oﬁ rﬁ%t@%zlaﬁag %@gggﬁ%qga&hﬁ ?glgéﬁépﬁ%vﬁ%ﬁ?%%eﬁn@{?nit 232 ina
similar maner ds3that beseeizedrmveeeivitherexpam! contiedingediiRy inelitdespa Fhehity naibheskull melting

system 80 can hg-RAAYIAPSR MNEIRs VaEUHR.SAMBR PRRIIGOSTKIRAM NS THEIRIESTNE Atiiegskere or can
be positioned in atmospheric gases. 200ther heatln%(és(}/stems may be used with melting units of this

disclosure. For ShPIE!tRG HeiayEthit BorhdFinde RI4GUOMEBRTIRGIRYgEM R deBREASs B old walled
technique or thefsemfuctbiciton 50its thehariamnyancitardrsasipgnaedi Sats. Aiterdexitation melting
unit can be positioned ﬁ’ﬂg%gﬁg um, ean be positioned i_rhen in urégralt\%tive tmgﬁphe e_or can be

uti ec

positioned in atmospheric gases.'?rr\] 2%5 uad@i%'dﬂ?tﬁgsrtﬁé?tmg dnit coul HoE el rortl aéaar%emelting,

induction mMéltingUresiiset dynaitimglugtianeeobBdthdn tihis sixpragifervrlhaagnaetitmift iothideerial. Each
of these heating ysiemy AP WehteRRSItianrd WALl QLYARIME 69 aRdARIARICCHY BatTeRRfREre, In

atmospheric gases, as well as in other suitable environmental parameters. 30Figure 5 illustrates a first
feed configuratidi? 26t SN2BRCESRIGRYEEHHYA *EOPRN fe i Rigl PRI GT 20 I Ui R Ither the
melting unit 132 qydiheeneding:grit 28281 dughpoantigevatrmageas Agturia maltaagnedalfizld In this
example, the melting, unit 132, 232 is position irectly adjacent (in this, exampl e)adie 112
and(:ommunic:at'ess'{ﬁj & (ﬁ%&ltbe\ﬁ %ee{gl?sg%' G g';?hgfﬂg noapg%f'r?gJe %@‘ﬁﬁt ‘tﬁe%%&t%?ﬁ %oﬁ%iglflpgod)ﬁpggly into
thedie 112 B théhdiecbargi@fsysttanial. 10T hegxiog ofstaiedabeoietmoiicarnesretieasasitéomeéal 51 through

a die 112 and injaadlie GRYIY352Mh 4 SHHIRGTRIMAS CoHols HgHPULBLIGMONEDJeHY Feinto the die

cavity 120. A shot 5 tube 124 and a shot tube plunger 128 inject the molten metal 51 under pressure into
the die cavity 120¢51edticbponBat DI5CHIE RifteMaRINg FBIFTcRY SATERR ROS tgRE Sl $fiRId
configuration 100alustratesnone pessinednitamifredsoanaitosphEiguwe d&illbsiresesiansecpnd example
feed configuratioq 200 ﬂf a die casting system 210. The second feed configuration 200 can also utilize

either the melting UifieP1e"e 9ases.
20 Other heating systems may be used with meltings wiithis disclosure. For

example, the melting unit could include a levitatimelting unit that utilizes a cold
walled technique or the use of induction coils taimmin the melt in a suspended
state. The levitation melting unit can be posgidmunder vacuum, can be positioned
in an inert protective atmosphere or can be pastioin atmospheric gases. In

25 addition, the melting unit could utilize electromam melting, induction melting,
resistance melting, a laser, or other techniquebsdating a charge of material. Each
of these heating systems could be positioned umdenum, in an inert protective
atmosphere, in atmospheric gases, as well as ier ashitable environmental
parameters.

30 Figure 5 illustrates a first feed configuration01€f a die casting system 110.
The feed configuration 100 can utilize either theltimg unit 132 or the melting unit
232 to melt a charge of material 48 into moltenahB1. In this example, the melting

unit 132, 232 is positioned directly adjacent (mstexample, above) a die 112

7



10 132 or the melting unit 232 to melt a charge of material 48 into molten metal 51. In this example, the
melting unit 132, 232 is positioned directly adjacent (in this example, above) the shot tube 224. The
example feed configuration 200 communicates the charge of material 48 through the opening 58 of the

melting unit 132,232 RAiRle-A:shAktRmeRARIANE iR AT GrRatma RYEaMRd Bof\cHqiduiR plunger 228

is communicated within the shot tube 224 to in'@ét the molten metal 51 under pressure into a die cavity
220 of a die 21246 CYECCIHMHIRRME2HE2TAE WEGif FASHNG AU Gon 2 FRHNA YRS Bndther possible
bottom feed scevnaronlihiedcre goenendieseripéitan ShahlednterpietadtbstdlustiativevitpndLnot imany 20

limiting sense. A warker inary skill in.the ould.un and that certain ificati could come
within the scopesc};]vf%ﬁ?s (i?éc%gsj‘ﬁ%&(&?ogrlt éefs@vvrggéﬁé (ﬂ%%nf(c;)‘ﬁ?véllrﬁgo C a%m%%s%oﬂ%%?e 358?‘&3 to determine
the true scope aiwPedAémnef shihelidoles penoel ARG 8jactAhdenaiaial xl sedr! coessHENgto a die

including a pluraffy giecie.sirpensniasha'canfinmartiesenvivoasheldbbiedn i garrsupieaton wih
upe

said die cavity; = a shot tube plunger maveable within said shot tube to communicate a charge of
material into saifl'gldeed/RgNEgation L0 dHagales YsRRIFIRIEMIGEdSEid fe, wherein said melting
unit includes a bottom piyjiiilenchivisighass epsasogdossergntiebdretsdiing 23000t kadie efstidgaterial
through said bottom portion. 2. The system as recited.in claim, 1. wherein said, melting unit includes a top
portion opposite%gErﬁorgaélg(%o to?nsﬁg?ﬁén?eaendcgrﬁ%ﬁ at gyt%‘r%%%’é v%gétnesf;{lhde t@peqﬁaﬂigﬂlgnd said
bottom porfien. 18230rTthe syeiting BRITE@SEe imelhinthagenpperaida intatimytepsretadshosed about said

melting unit.  his example, the melting unit 132, 232 is posiidndirectly adjacent (in this
example, above) the shot tube 224.
The example feed configuration 200 communicatesctiarge of material 48
through the opening 58 of the melting unit 132, 284 into a shot tube 224 of the die
15 casting system 210. A shot tube plunger 228 ismaonicated within the shot tube
224 to inject the molten metal 51 under pressuie andie cavity 220 of a die 212 to
cast a component 215.The second feed configur2@nillustrates another possible
bottom feed scenario.
The foregoing description shall be interpretedllastrative and not in any
20 limiting sense. A worker of ordinary skill in thart would understand that
certainmodifications could come within the scopetlof disclosure. For these
reasons, the following claims should be studieddétermine the true scope and

content of this disclosure.



4. The system as recited in claim 3, wherein said heating system includes an 20induction skull melting
system. 5. The system as recited in claim 3, wherein said heating system includes an induction melting
system. 256.The system as recited in claim 3, wherein said heating system includes a resistance melting
system. 7. The system as recited in claim 3, whefgig aigl heating system includes an electron beam
melting system. 30 8. The system as recited in claim 3, wherein said heating system includes a levitation
melting system. 9. The system as recited in claim 3, wherein said heating system includes a first
induction coil disposedratieutsanimytgstmiaaemgiraingdy of said melting unit. 10. The system as recited in

claim 9, wherein said heatin tem_includes = dar il dispos bout said bottom portion of
said melting unit. 11. 'thelés&s@exr%ﬁgarﬁ#e%ﬁ %%I%T%%ﬂ] v&%greg}%é%? rﬁ%%?ljn% Cs?/\g%‘m includes a resistance
element disposed abo@t st tbbadnflgisheomotusucatine vy aaid deity. The system as recited in claim 3,

wherein said heating sysiggt KBk ¢fshger moveable within said shot tobeommunicate a charge
of material into said die cavity; and
a melting unit positioned relative to said die, endin said melting unit
includes a bottom portion having an opening foest@lely releasing said charge of

10 material through said bottom portion.

2. The system as recited in claim 1, wherein said ingelunit includes a top
portion opposite from said bottom portion and aybtitht extends between said top
portion and said bottom portion.

15
3. The system as recited in claim 1, comprising aihgatystem disposed about

said melting unit.

4. The system as recited in claim 3, wherein saidihgatystem includes an
20 induction skull melting system.

5. The system as recited in claim 3, wherein saidihgaystem includes an

induction melting system.

25 6. The system as recited in claim 3, wherein saidihgatystem includes a

resistance melting system.

7. The system as recited in claim 3, wherein saidihgaystem includes an
electron beam melting system.

30
8. The system as recited in claim 3, wherein saidihgatystem includes a

levitation melting system.



resistance heating elements disposed about an outer surface of a body of said melting unit. 13. The
system as recited in claim 3, wherein said heating system includes a laser 15positioned to melt said
charge of material. 14. The system as recited in claim 1, comprising a closure member positioned relative

to said opening.2015. TR System &5 Feaitadliin SNMaL4vKRare ko Sifsitre manueer nisides a door

that is selectively moveable between a first position and a second position to uncover said opening and
release said chadff SN SUHASPPEeSRRUIABAULE' rRIUTREA RO o SBId WISHBS Ui closure member

includes a 25cooled chill door. 17. The system as recited in claim 15, wherein said door is pivoted

between said firgtposit] n id_se osition. 8, system. ited in claim 15, wherein
said door is axia?ltyo/ptranﬁgtgg %gﬁ/{veaén?ggge ﬁrg:i ﬁggsﬁftﬁ%%lavﬁ,ﬁ%s?gfg sseg(@oﬁép siﬁ‘lgcr)%}.mﬁfzi{ﬁse gystem as
recited in cl@m Begonrdaiy eildisnasps ebeidtesid hotteraamticmd meltizgdidivening of a bottom-most

surface of said bottom portion into one of said die and said shot tube.

11. The system as recited in claim 9, wherein saidihgatystem includes a

resistance element disposed about said bottonopasfisaid melting unit.

10 12. The system as recited in claim 3, wherein said ihgasystem includes
resistance heating elements disposed about an swfece of a body of said melting

unit.

13. The system as recited in claim 3, wherein saidihgalystem includes a laser

15 positioned to melt said charge of material.

14. The system as recited in claim 1, comprising awk®snember positioned

relative to said opening.
20 15. The system as recited in claim 14, wherein saiduwi® member includes a
door that is selectively moveable between a fisifpon and a second position to

uncover said opening and release said charge efrialat

16. The system as recited in claim 14, wherein saidw® member includes a

25 cooled chill door.

17. The system as recited in claim 15, wherein said @ogpivoted between said

first position and said second position.

30 18. The system as recited in claim 15, wherein saidr dscaxially translated

between said first position and said second positio

10



5 20.A method of die casting a component with a die casting system having a die, a shot tube and a
melting unit, comprising the steps of: (a) melting a charge of material inside the melting unit of the die
casting system; (b) releasing the charge of material through an opening disposed in a 10bottom

portion of the malng uniiniastan e RRHUOISYHAM 120herein(ChiDIRSERTAR PR REGGIerial into a

die cavity of the die to cast the component. 21. The method as recited in claim 20, wherein said step (b)
includes the steﬁh&wﬂgsﬁ}@cﬂ%ﬂ)%ﬁjﬁlHa“é"ac@ﬁ?é FHERGP Satote Ry R B@s‘f’t‘i@noéﬁ&'g second
position to uncovés tirel gpehehgtandaelease the charge of material through a bottommost surface of the
bottom portion. 22. The method as recited in claim 21, wherein said step (b) includes the step of:
20releasing the charge of material directly into one of the die and the shot tube of the die casting system.
23. A melting un?0or aAlieeshetry digstastintmpeisipgnent withzatdieipeivstc B et politon and a body

that extends betyean 3% HPFRBRIHP AN EsiAlsiBRtan: Ragien;
(@ melting a charge of material inside the meltingt wfithe die casting
system;
(b) releasing the charge of material through an opewisgosed in a
10 bottom portion of the melting unit into the die tiag system; and
(c) injecting the charge of material into a die cawfythe die to cast the

component.

21. The method as recited in claim 20, wherein said @i¢ includes the step of:
15 selectively actuating a closure member betwedrstadosition and a second
position to uncover the opening and release thegehaf material through a bottom-

most surface of the bottom portion.

22. The method as recited in claim 21, wherein said @#¢ includes the step of:
20 releasing the charge of material directly into ohéhe die and the shot tube of

the die casting system.

23. A melting unit for a die casting system, comprising
a top portion, a bottom portion and a body thaemeds between said top
25 portion and said bottom portion;
an opening that extends through said bottom partio
a closure member positioned relative to said opgeand selectively moveable
between a first position and a second positionnmouer said opening and release a
charge of material through said bottom portion.
30
24. The melting unit as recited in claim 23, comprisiag heating system

circumferentially disposed about the melting unit.

11



an opening that extends through said bottom portion; a closure member positioned relative to said
opening and selectively moveable between a first position and a second position to uncover said opening
and release a charge of material through said bottom portion. 30 24. The melting unit as recited in claim

23, comprising azheaﬁﬁ%éﬁé%iﬂ%lﬁﬁﬁ@wlwﬁéﬂﬁﬁﬂ AheHSiesBeHiNg il RRITdesRelting unit as

recited in claim 24, wherein said heating system includes a first induction coil disposed about said body
and a secondan/TRUMAHGH AL AU GIBReF I RAAUL 581D SR ABRASAI3EAFREIRLIGY BISRREFecited in

claim 24, whereiabsaidshepbiogosy stenioimcludes an induction skull melting system. 27.The melting unit as
recited in claim 23, wherein said opening extends through a bottom-most surface of said bottom portion.

5 26. The melting unit as recited in claim 24, whereirddaating system includes

an induction skull melting system.

27.  The melting unit as recited in claim 23, whereimdsgening extends through

a bottom-most surface of said bottom portion.
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