DIE CASTING SYSTEM MACHINE CONFIGURATIONS BACKGROUND This disclosure relates
generally to casting, and more particularly to die 5 casting system machine configurations. Casting is
a known technique used to yield substantially net-shaped components. For example, investment casting

is often used in the gas tughipe-RREHNedNESTE P AR Qi e etighaRad-feRigonents, such as blades
and vanes having relatively complex shapes. Investment casting involves pouring molten metal into a 10

ceramic shell having a cavity in the shape of the component to be cast. Investment casting can be
relatively labor intensive, time consuming andB&@EIER@UND Another known casting technique is die

casting. Die casting invglyesoigating malien ekl diiely iniaiadeysahie e Laigld a et shaped

component. Die casting has typically been used to produce components t 0 not'require high 15
thermal mechanf@stiperfygieanceactinesaniple airnsasting is commonly used to produce components

made from relatively lop@ipingstesngialie [aisiRls thabaradojierPosaigreriesasemperatures.
Existing machine configurations for die casting systems have not been effective to cast components

made from high t9MpBaRSHi: dIRYyR*FHRGIVERERENt CaSig EQgiRA e ORR (RI0S Y81 shot tube
and a shot tube pidingtey . td heahefiscame prisesthabed phioraignehtie agrbipdee nis dhoackesimadrdje cavity.
The shot tube is in fluid communication with the die cavity.. The shot tube plunger i veable 25 within
iho shot tube to AR OBt s B Ay B G B R e
relative to d@urfeeersacinel thavidie amaghoirtibe ahepeeisigrirabensithbercass. pdavestieet an angle

relaiive to the surfagh dLERBUBGH0RIPTBG MAREUAICSENIG i eayhsinancther exemplary
u

embodiment, a die casting system includes a die, a shot 30 tube and a shot tube plunger. The die is
comprised of a plurality°"BPHIE" CHIANBIFESHNEhIGCHBIE S fie CAFH T FRSURGI YR &S iRIRGINBommunication
with the die cavitydireh insitalediretintegriedeoeting diit eoyiigonedshapedt acchpsgerf naierial from a

casting has typically been used to produce comgsndrat do not require high
15 thermal mechanical performance. For example, digtireg is commonly used to
produce components made from relatively low meltemgperature materials that are
not exposed to extreme temperatures. Existing maaonfigurations for die casting
systems have not been effective to cast compomaatie from high temperature
alloys.
20
SUMMARY
A die casting system includes a die, a shot tuigkaashot tube plunger. The
die is comprised of a plurality of die componertattdefine a die cavity. The shot
tube is in fluid communication with the die cavityhe shot tube plunger is moveable
25 within the shot tube to communicate molten metad the die cavity. The die casting
system is positioned relative to a surface. Eddhedie, the shot tube and the shot
tube plunger are positioned at an angle relativéhéosurface during injection of the
molten metal into the die cavity.
In another exemplary embodiment, a die castingesysncludes a die, a shot
30 tube and a shot tube plunger. The die is compridedplurality of die components
that define a die cavity. The shot tube is indlauommunication with the die cavity

and includes an integrated melting unit configux@tieat a charge of material from a



position inside the shot tube. The shot tube plunger is moveable within the shot tube to communicate the
charge of material into the die cavity. In yet another exemplary embodiment, a method of die casting a
component includes loading a charge of materialinto a shot tube of a die casting system, heating 5the

charge of materighgtigropsitaniesifieitimshotiikgcrRchiniasignbR ahrRI9sehririeidinfeea die cavity

of the die casting%sg/stem to form the comeponent. The varigus features and advantages of this

disclosure will bELSABBYHSAA NG HHELEcRiIBEH M HAGAENe following detailed description. The
drawings that accompanyytheadetiade e despiapi @mbadibe brieflyndgstibéd stttphovesnAGhBRIEF

DESCRIPTION T I ' ' le di ' - Fi 2
illustrates an exﬁrgﬁce!ér‘gﬁé%%ﬁgc%lr%%@gt%%%@?@cgéﬁnﬂg%asﬁ?ﬁ I|C(<f}laug rﬁeﬁ g%gﬁ}éﬁg@eg %\ngofi;:(r)?]ing

system of the exaeghadie asnatedobaim oPsEiPRyinside Hgusaos ipnstritestitbthercérsgpit machine
configuration of @ gigreAidthyeteRlity of HEWR 3BsHNgERies RMSXERImBbREAUDe plunger of the die
casting system of I:Igurl'ehg various features and advantages of this disadowill become apparent to
those skilled in the art from the following detdildescription. The drawings that
accompany the detailed description can be briedgcdbed as follows.
10
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates an example die casting system
Figure 2 illustrates an example machine configonadf a die casting system.
Figure 2B illustrates a positioning system of éixample die casting system of
15 Figure 2.
Figure 3 illustrates another example machine goméition of a die casting
system.
Figure 3B illustrates an example shot tube plumgehe die casting system of
Figure 3.
20 Figure 4 illustrates yet another example machordiguration of a die casting
system.
Figure 5 schematically illustrates an example enp@ntation of the die

casting system machine configurations of Figure@Rigure 4.

25 DETAILED DESCRIPTION
Figure 1 illustrates a die casting system 10 lgpaimachine configuration 11.
In this example, the die casting system 10 includeshorizontal machine
configuration. The die casting system 10 incluglesusable die 12 having a plurality
of die elements 14, 16 that function to cast a comept 15. Although two die
30 elements 14, 16 are depicted in Figure 1, it shbeldinderstood that the die 12 could
include more or fewer die elements, as well asrqgihets and configurations.
The die 12 is assembled by positioning the dieneldgs 14, 16 together and
holding the die elements 14, 16 at a desired positg via a mechanism 18. The
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20Figure 4 illustrates yet another example machine configuration of a die casting system. Figure 5
schematically illustrates an example implementation of the die casting system machine configurations of
Figure 3 and Figure 4. 25DETAILED DESCRIPTION Figure 1 illustrates a die casting system 10

having a machingsaniiasration thuld thisiexamplgaipitie FrRIRMEHHERIIEidE!UiRFARrizoNtal
machine configuration. The die casti?n&ésgstem 10 includes ar usablee%ie 12 having a plurality of die

elements 14, 16RASYRSiCHGE QR IHFARKPL S DG ERIGIIRD die §d@?e9ﬂ@ﬂ‘t§rl&§l%lsaore depicted in
Figure 1, it shouks perated ehst cisldleat¢hes dié, 18 sabiequentimgeeare or fewer die elements, as well as

th t d fi iops. [ [ ! itioni ' ts. 14, 16
logethor and holding 110 A1e BISEB 4 150 R Shoirias s SR e

mechanism 48 ceiirQudeheldnhsi?g indariitservmpiraimishe s diedmyiyriuwrase or
electromechanicalpa GO Tl cARIDI aHORFe EhaBrchansmdSRa seprres Kerdiegiaments 14, 16

subsequent to casting. The die elements 14, 16 define internal surfaces that cooperate to define a die 5

cavity 20. A shoPlUBEes 2% it RSRIMGShMIIIN B RN Rht B FLRANP3BISI RBHE DS AEFE 3PS 26 located
in the die elemeahddinjbetelie pisitient(ih6iher bvtttidnsbotArrber plitgertA8 ishscribedwithynahe shot tube

24 and is moveaple betwee re t injec osition (in,th %'{% ction of Arrow A) within the shot
tube 24 by a mercﬁ-?é:ﬁ%r'ﬁsabg‘ﬁhe ﬁrl;?gp aergg%“ﬁ c%‘%tﬂé) ?Hiﬁu@gfgq%ygra %c %%%%%@Yy or _Q 2r 10 suitable
mechanismi,Onclsidiag!eo measbielinsits dne! sk hatid) el datiethdBraMBLE o e ey evetlinaleh Bhereof

any combination thereof.

The shot tube 24 receives a molten metal from Himgeunit 25,such as a
crucible, for forming the component 15. In thisample, the molten metal is melted
in the melting unit 25 at a location that is sepafeom the shot tube 24. However,

15 this disclosure is not limited to melting units dbed separate from the other die
casting system components.

Materials capable of being used to diecast a coeqpol5 include, but are not
limited to, nickel based super alloys, titaniumogdl, high temperature aluminum
alloys, copper based alloys, iron alloys, molybdentungsten, niobium or other

20 refractory metals. This disclosure is not limitecthe disclosed alloys, and it should
be understood that any high melting temperatureenahtmay be utilized to cast the
component 15. As used herein, the term “high mgltiemperature material” is
intended to include materials having a melting terapure of approximately
1500°F/815°C and higher.

25 The shot tube 24 receives a sufficient amount @ten material to fill the die
cavity 20. The shot tube plunger 28 is actuatedhjiect the molten metal under
pressure from the shot tube 24 into the die ca2@lyto cast the component 15.
Although the casting of a single component is deplcthe die casting system could
be configured to cast multiple components in alsirsfpot (see Figures 3 and 4, for

30 example).

Although not necessary, at least a portion ofdieecasting system 10 can be
positioned within a vacuum chamber 34 that inclual®acuum source 35. A vacuum

is applied in the vacuum chamber 34 via the vacsauornce 35 to render a vacuum die
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The shot tube 24 receives a molten metal from a melting unit 25,such as a crucible, for forming the
component 15. In this example, the molten metal is melted in the melting unit 25 at a location that is
separate from the shot tube 24. However, 15 this disclosure is not limited to melting units located

separate from the,gfingrHiR £3sliNBSYaRNMANRAABENE prodidisicde BrPala siegdisrd to diecast a
component 15 include, but are not limited to, nickel based su§_er alloys, titﬁﬁ\ium alloys, high temperature

aluminum alloyst €oppa9aS¥dieliotyd, 18h b SeRBABN GATEMG 2L R S KiARTYPBEERSO refractory
metals. This disdosidrelerimtlitailedfzthaldisqlasey alloys, aastimshoeid b8, usadrsisodibedsany high

neting enveray ARSI At 0 ompsaet o7 s e e e o

to include materials having a melting temperature of
approximately 1500F¥8amglentaiyherunbThanbeit R mastrines messtic dretaepuirdPriolten

material to fill the-gieayit14f4 Tog ShetdugRr &H&gﬁeggdfeé‘&%ﬁﬁgléﬁéﬂjG‘%H"&c'fﬂaﬂﬁfbgé’é@' under
pressure from the shot tube 24 into the die cavity 20 to cast the component 15. Although the casting of a

single compone®f {0'BBELT FRamBELA4iNg! VR hassd @B & IRGIrEABE L HRAEKIE R mponents in
a single shot (seanfogyreh & andditidas a0exampie) in theAilthsugiarplee des sasitingt least® pertion of the

die casting systep A0 garvhe postiansd wihin.o varuHm hAMOEE 34 alinsludes 4 yacuym source 35,
A vacuum is applied In thé vacuum chamber 34'via the Vacuum source 35to render a vatuum die
casting prot@ss ditheasin\gupiasiesmBeeBanatoiiel anealtinan intgaine sridiyingaitther thetali@wasting system

10 that reduces ggqipprisARiAMIRRRN,lRer senaiians tbakemid detiimentabfoss the qualty of

the cast component 15, such as excess porosity of the diecastcomponent that can occur as a result of

exposure to oxy§eRKTies ¥ih aRdRFIFaRSYSR AFAEANGBEE. s maintained at a pressure between
1x10-3 Ton and Ix 10-4fermatihidegiontiveraiesures tie dierdastpipin 10z pictedlipreggiiee of the

vacuum chambey 34 will vary based on th of component 15 being_cast, among other conditions and
o o e s e R e A A B R e
within the vEzuufhishdisties 8¢ duterpthéol eldiertastivfgdiocasiémkiatingabtienpteltinigednjecting and

solidifying of theypeighaie SRTBrREITQEMRM UBPGE ¥RCUWMBUINARGNEME BRIl Vagibmschamber 34

is backfilled with an inert gas, such as Argon, for example. The machine configuration 11 of the die

casting system 1Fgey @ﬁbﬂg‘?ﬁ?e@%“ﬂﬂ%&r@ﬁ\?@%ﬁIﬁ%@%ﬂ%l%iﬂ%ﬁt@méﬁgéé%ns, parts

and/or componesitgasting components made from high melting temipee materials. The example
machine configurations described below and depictddgures 2-5 maintain thermal

20 control of the molten metal received by the dietiogssystem components and
thereby minimize thermal losses (i.e., heat ofrttadten metal) during injection. In
addition, the example machine configurations extead life and reduce the defects
caused by transfer of the molten metal from a looaseparate from the die casting
system components.

25 Figure 2 illustrates an example machine configonatl11of a die casting
system 110. In this disclosure, like reference enats signify like features, and
reference numerals identified in multiples of 1@§n#y slightly modified features.
Moreover, selected features of one example embadimey be combined with
selected features of other example embodimentstihéall within the scope of this

30 disclosure.

In this example, the die casting system 110 istipogd relative to a surface
40, such as a machine shop floor, for example. sihiéace 40 is substantially flat.

The die casting system 110 is substantially sintitathe die casting system 10 of
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15 This disclosure extends to all forms of die casting, including but not limited to, horizontal systems,
vertical systems, vacuum systems, or non-vacuum systems. Described below are additional machine
configurations ofdie castingsystems capable of casting components made from high melting temperature
materials. The eggmila mackinaaniguwrioasidgsyiRad DeputisnEePir e Jierdiitias -5 maintain
thermal 20 contr%l of the molten metal received tf)ﬁ?ge die cas_tlng Sﬁ{em components and thereby
minimize thermdl ®sE¥4a52. AReat bithe'IndfiEn HREZUFRE AHAEER . elg§T oA tHeelieple machine
configurations eyptesitbparg lifetlaen dicechatim dhsy stefactd Ceelstecky $tafesfeof the molten metal from a
location separate from ie ' t F i t machine
configuration 111of a Jl}g%gst?rgg_ﬁ]sﬂ%’e?n)@l?g r? ;EIFS@ 5@%@85?&%&%&%@% ﬁﬁ%%@gﬁw like
features, and reReeh@naigmteeiativiedatiediifangtisled en1DWHHRIMathjRecadgiiedsaatliles. Moreover,

selected featureghgfJpR SHRIMGIE arBRAtimaMMathe ferpiladanth seleriaddestues pfber example
embodiments and still fall within the scope of this 30disclosure. In this example, the die casting

system 110 is p89eAF8dHatdNESHIacs a8 A0S Ay e S TAPEtAL A A ReHos 185 0L ATt The surface
40 is substantialtyiftap4TibeatiaczastiRg dysiomot 1hkis witsiazntelyt sihtilamtoltbe ietalastinghsystem 10 of
Figure 1, except_that the die casting system 110 i iti g relative to the surface 40.
That is, the macﬁttl]r&e é%%ﬁg%ra%éﬁ@i%r&% il eqspéé:ls{gr?c%ir?igﬁpgoﬁ%ﬁ% éﬁ?%ec %ﬁe%%:s En%uél)% em 110
relative to the surieetD amcitrid esemiptethgrandlstesshs apinadbe shphvbeddshot tube plunger 28 are 5

each angled relative tojihe gupfaeR) Hh Gk BPUIGsTatiie JiRSEERS SRR MR LhdhRffore changes

the orientation of the die casting system 110 relative to the surface 40 such that the surface area contact
between molten TR ESIRSHE intRSEFXRE RISt ighdie 43S VElRRRH RISRNYIEH BRIV SIRIRR area
contact of the meligaceei@laviin teyrhot tbed P9 ronimize S rarvmidossampletheendiierastietpl that can
oceur during 10injection, gk redhiegs s eumal sligpoes BRINGIPONING SORh1IDG 2l 4e. The depicted
angle ais for illu Fative purposeg only and is not Meant to imit this disdosure. In one example, the die
casting systém 1nahis shirflloguedative teymhéadarftios uteadadrtoligle diexdelinedidonigestBBl amanother

example, the diesg i%(ﬁﬁéﬁ?ﬁh&ﬁé%@ﬂ@&@hrﬁmﬁﬁiFPaI'EéI’mEUeJ&EStéQ ffiéaagle of about 30 to about
u

45. 15 In this disclosure, the term "about" is intended to in the defined ranges and any slight
modifications thereof, Stith 46 \GRAINY RYHRTbIECEREY fffe RERTRNIENTIRER REAEYRHRGEGstem 110
could be permaneinti:énstinedcretalivg ndhetiagrinceltlcattipaybyoneuntingitel diereasting. system 110

to an inclined sujface 41 10 Aneiher Xampl. A%, FERSIE S TAME AT Jsdle FASIRG Rite 120

20 positioning system 42 that selectively inclines tle casting system 110 relative to
the surface 40. In this example, the positioniygtean 42 includes cylinders 44 that
are selectively actuable to position the die castiystem 110 at a desired angle
relative to the surface 40. The positioning systécould include any appropriate
hydraulic, pneumatic, electromechanical and/or ottanfigurations for positioning

25 the components of the die casting system 110 asiadi inclined angle.

Although not depicted, the die casting systemddild be positioned within a
vacuum chamber powered by a vacuum source to rengecuum die casting system,
or a die casting system 110 could be positionetlimia chamber that is backfilled
with an inert gas, such as Argon, for example.

30 Figure 3 illustrates another example machine gondition 211 for a die
casting system 210. In this example, the machiméguration 211 of the die casting
system 210 includes a vertical, bottom feed coméigan. Although a vertical,

bottom feed configuration is depicted, the advaesgagf this disclosure are applicable

5



20 positioning system 42 that selectively inclines the die casting system 110 relative to the surface 40. In
this example, the positioning system 42 includes cylinders 44 that are selectively actuable to position the
die casting system 110 at a desired angle a relative to the surface 40. The positioning system 42 could

include any apprgriiake yligutiaidRanBadinge laatrinRehaninaliapiar sierernisyrsiaasdor
positioning 25the components of the die casting system 110 at a desired inclined angle a. Although

not depicted, th A PY&IYSystem 110 could be positioned within a vacuum chamber powered by a
vacuum source to rendBEtea sligceemile sastimg 21S8témiuciea diedtairngysiqiiudliycotildidoe positioned

within a chambe ' fill ' ' S,:Su n 3QF -3 illustrates
another exampleé Irg]}éﬁéﬁﬁzaggﬁﬁg%?g%?z %}%rgé? |Iegcggﬁ%ggge?n%zfl%&ﬁ%n%%eg;(garfﬁrgj’rleﬁ,lﬁ'le machine
configuratiof 21E0HR M Hiatioasiing tiestiencaytyird0dés datreARianes e shetitabafifdridithe Although a

vertical, bottom {geq sGRfiguRiNdasQDKESs iR oY MAGRE IRk iSRSt ferare apaligakle to other

configurations includin | but not limited to, horizontal, side feed and top feed, conf%gurations. The die
casting system ﬂ@vﬁﬁ%’lﬁl&eg"ﬂ@zﬁf R 2300 N AR ARG 158GH 051 B RECYEfHe a die cavity
220. A shot tubenZiPdhishien Shodtbheop2mbrieatieohaitlztine3be cavity 220. A gate 221 connects the shot

tube 224 to the die cavity 220. A shot tybe plunger 228 is received. withjp the sho e 224 and is
moveable between a rﬁgc%gatéﬁ%eir%%%t@ B%%_%ti%rr]]_'Gﬁe%g%??é?:%%%@agrrEoovUﬂS&)u\r/%iﬁ%m tegts??ot tube 224
by a mechdfisnrchameThé Biabetights 2 AroimcRiti dteiioin Rapit oM B1Enghahit RS Bdhfigiirddiso heat a 10

charge of materigl237|&ofeaihBIRHRIPRRIIRTG IBAT 8 Shelubs 2Rt thisi eXemplsuifissntegrated

melting unit 225 includes an induction coil 227 mounted about the shot tube 224. The induction coil 227 of
the integrated maRRYy Bi5tS3%s HRG R a ditteEWrInR GRY St Bl begsates Mattiaedidittierheat the
charge of materiatiddésvatlvoribet inigtior thesgien tioef et Sbotdalter22dpdrhabisthideichrigedbf 15

material 237 can be eit elted from inside of the shot.tube 224 n.be melted separate from the
e tune 224 (e N TR e T e R o o
temperaturéSinsiteiefigle2shoranitie 2xheT helieduistoniositle Bf dbqiduke el by pawvbe soelted 229 in a

known manner. genarate from the shot tube 224 (such as in alde)and then transferred to the shot
tube 224 and heated to a desired temperature imdidee shot tube 224. The
induction coil 227 is powered by a power source 228 known manner.
The example shot tube 224 can include a firstvel@31 and a second sleeve
20 233. In this example, the first sleeve 231 is @&bite sleeve and the second sleeve
233 is a ceramic sleeve. The induction coil 22'pasitioned around the second
sleeve 233 to melt and/orheat a charge of mat2dal (such as an ingot of a high
melting temperature material) within the secon@we233. The charge of material
237 is transformed into molten metal and/or supsdtk once induced by the
25 induction coil 227. The shot tube plunger 228 pattie molten metal into the first
sleeve 231 of the shot tube 224. The first sle#8/Hs capable of withstanding the
pressure of the packed molten metal.
The sleeves 231, 233 are not limited to graphiie @eramic materials. For
example, the first sleeve 231 could also be coragrisf metallic or ceramic
30 materials, while the second sleeve 233 could irelother materials. The actual
materials utilized for the first sleeve 231 and thecond sleeve 233 will vary

depending upon design specific parameters, inotubirnt not limited to, the melting



The example shot tube 224 can include a first sleeve 231 and a second sleeve 20 233. In this example,
the first sleeve 231 is a graphite sleeve and the second sleeve 233 is a ceramic sleeve. The induction coill
227 is positioned around the second sleeve 233 to melt and/orheat a charge of material 237 (such as an

ingot of a high meHipertemeesptHEENaigsiId WHRindheeepnkdapY S itulde GRateg alimaterial 237 is

transformed into, molten mfetal nd/or su Ierheated once induced by the 25 induction coil 227. The shot
tube plunger 228 1SEU00 RING R WReAIHRBEHE R st sleeve 231 of the shot tube 224. The first sleeve 23
us capable of withstan&iggrth&prespicts ekineppm tkeaitnewivénhaatade plomger stiedveTIiR3$hat3 are not

limited to graphi i ial e the fi 23 I e prised of
metallic or cerar%ﬁlct:?gg Ir%&a%?:g%g]\%ﬁ{g t@gé%{go%ﬂ?elge%eg %%‘%%@éﬁ?ﬁ%]u qucﬁt é‘jﬁ%ﬁ%%é@ he actual
materials utfize¢PoraHEPPHES|IBRIE S35k contingcbaaREsthal A\ patdildgiudioh design
specific parametgyen insIWiRg, ol Hayigst o ihe PSYiNg ferpBeRsusecRtacharas gh mrterial 237

and the packing pressures created during injection of the shot tube Elunger 228. Figure 3B depicts
example featureSA13AE LHEMNEISe NG PP ETIRAL MG S RIUPSST 2R AU YicBbled copper
plunger 250. In tieexa@nize With heoalsickooppral pluingeinofl includes cooling channels 251 that receive

a coolant 253, such as water, from. ola rce 255..Th o) is circulated through the
coolant channels 251 té‘sregd\(;{eggé@t%r%e rt%é%%c@t'?uﬁ?g t;':)rf r? %?eﬁ@ﬁigg) A ;') %dﬁi\g%'c_)hlntact with the
molten metH) dufinginjeatiohambealcfiététpiniyges 3 W Wience@iitg £yyranup (scarmtaseipositioned

within 10 & vacuye GAARFERIABBRLEEIERR & VRIHIANSRIEEE B8R YAFMUITIHS ReRliad gy the vacuum

chamber 234 via the vacuum source 235 to render a vacuum die casting process. In the illustrated
example, each A"BFEShol WBE JbisUied REBIREY AR 08 220 the HeopsedaElE8oned within
the vacuum chambez 234rdirhegdibe tifeaca iotiprecessisnehcinah thieampbinza4njeaiggtandisolidifying of
the metal are all 48 perfarmed.under vackum- Alihauoh,a vagu Ramber 834 i dgnicted;in Figure 3
the die casting sys%err(r’ﬁB may also be utilized in noh-Vacuu envirdnments. Figure 4 illustrates
yet anothed exarppitormachimsiebréiiguvatio Blaugis aciaewwithar@Révasierjoteschieg81® 3The die

casting system 34 mraglggﬁyeﬁmii@r Al vERFIDaBHISEUGHE PERIEHmenkowever, the

example die casting system
P g yFigure 4 illustrates yet another example machm#iguration 311associated

with a die casting machine 310. The die castirsgesy 310 is substantially similar to
the die casting system 210 of Figure 3. HoweVer eixample die casting system 310
20 includes a slightly modified integrated melting w@i25. In this example, the
integrated melting unit 325 includes an inducti&nllsmelting system 327. That is,
in this example machine configuration 311, the otolun skull melting system 327
replaces the induction coil 227 depicted in Figsire
The die casting system 310 also includes a dieHal/hg a plurality of die
25 elements 314, 316 that define a die cavity 320. shdt tube 324 is in fluid
communication with the die cavity 320. A gate 3®hnects the shot tube 324 to the
die cavity 320. A shot tube plunger 328 is recegiwathin the shot tube 324 and is
moveable between a retracted and injected pos(iiorthe direction of arrow A)
within the shot tube 324 by a mechanism 230. Aiffitonot depicted, the die casting
30 system 310 could be positioned within a vacuum d&anpowered by a vacuum
source to render a vacuum die casting system.
The induction skull melting system 327 of the greged melting unit 325

includes wall segments 91 which are surrounded rbynduction coil 93. In this
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20 includes a slightly modified integrated melting unit 325. In this example, the integrated melting unit 325
includes an induction skull melting system 327. That is, in this example machine configuration 311, the
induction skull melting system 327 replaces the induction coil 227 depicted in Figure 3. The die casting

system 310 alsoeiml# ples ddlinatlhRene @plawéllw@tedkﬁa’iﬁsa@ﬂ@ﬂw&msééﬁ.ém defiprya die cavity
320. A shot tube 324 n fluid ¢ mmun c tion W|th th die ca v\%ﬁzo ate 321 connects the shot tube
324 to the die ca{Oﬁy RIS tL?S’e' CIOUE f 8@\'9&65 Hqﬁ%' & 392285 454AR RSmoveable

between a retraetattgnitiamectecbpositsoaris e directibthef \aatimaeAds vaihtutirey stotttdoev8R4 by a

mechanism 230, yaqugla ot dgPistef e iR CRSYIN A0 SALASPUE NesPasligned ihin a

vacuum chamber powered by a vacutm source to re er av cuum le casting syste he induction
skull meltindpsysieieugh 7tk twallrfegragats rﬁét@nb%ﬁlﬁBQW&I daegehel vetrtiah 33 1tevinem are
surrounded by am dndHgharcoil 93. In this example, the wall segments 91 are copper wall segments. The
wall segments 91 and the induction coil 93 include cooling chambers 95 that receive a coolant, such as

water, from a coolant sbiffc&'&¥ fBb@ol?"fﬂg%glgge'én'f'é?]‘fgﬂed[ﬂlH&%M@f‘vxfﬁﬁ%dﬁ@ﬁ%%tal A
magnetic field issieduee3Bbyvthhdrtioc icmecadOn @mbaesmﬁdmuwmmwatbﬂegmehtscﬁéto heat and

melt the charge a I 7 t form lten I ot tub nger able to pack
the molten met ?wn‘)(ltngéﬁlsleevtg% 8 ﬁ (%? t%pzeﬁlu pagrég tﬁ%eg%%olt%eﬁnofni%ﬁ Po%g%njected into

the die cavit) 32@n¢ncwkienawmecmbrsh©hmbeIpl(mr@daema&sn@@@msbbxsﬂ‘wlmé%)mtvg@m and could
include cooling qhg@n@ﬁ&gwﬁ%&g%@ggg%mfmr%% ta&ap! the shot tube plunger 328 during

contact with the molten metal Figure 5 schematically illustrates an exam Ie implementation 100 of
the machine configurafié?i§©11 %“’I‘f@fiﬁ?@d}’eﬂ'%ﬂf}aﬁﬁu?@ AP SR @tidhe100
schematically depigisiremetimdidwhdihsagting ecomporeiglies lﬁahﬁé@mnponmt léxaoe include an

aeronautical comrﬁolne h?al{lonfﬁoascﬁ'rfo'lt%r }13 JI% exam Lnoalg%%\é ]5 g’ihe castlng,ent 15,
non- aeronautlcal omp onents iSalso contem te as WI t € scope of this disclosure. The

example mi@lem'élﬁﬁatl@mIJ_QIGPmchidegutﬁhmn@@charg@r@ﬁmt@hm 387hwahiam arot!tabe 224, 324
of a die casting %ﬂ@m&l&a}ﬁpl’ewr‘ﬁ%\?&?'ﬂ%@%ﬁ%@%@ﬁ%ﬁ%ﬁﬂ% IBARSOREARRIE o8 charge of

material 237, 337 is molten metal that is melted in a melting unit 25 (See Figure 1) separate from the die

casting systems?%teﬁl@aé% FoNFEENHE G50Rm 6t HISeH 58105859 In another example, the charge of
material 237, 337 is a qoli éngaiphé MeiRsiabiaions nositinaaddssisiaiitag aget dfbeazathl 3% prior to

melting. The Ch%’g?v?/ltmr?%egﬁo?tu%egg4ls3ar(%h rHleelt(I:rz]i%tlrmesyn 210, 310, which is depicted at
20 step block 102. In one example, the charge of nat287, 337 is molten metal that is
melted in a melting unit 25 (See Figure 1) sepairat@ the die casting systems210,
310 and poured into the shot tube 224, 324. Inthemoexample, the charge of
material 237, 337 is a solid ingot of material tigpositioned inside the shot tube
224, 324 prior to melting. The charge of mate8l7, 337 is a high melting
25 temperature material.

Next, at step block 104, the charge of material,287 is heated from a
positioninside of the shot tube 224, 324. The ghaf material 237, 337 is heated
with an integrated melting unit 225, 325. A skl forms on an interface defined
between the shot tube plunger 228, 328 and theematietal to seal the shot tube 224,

30 324. Once the charge of material 237, 337 is eithelted or achieves a desired
temperature, the molten metal is advanced throbghirttegrated melting unit 225,
325 at step block 106. During advancement, thetsibe plunger 228, 328 pushes on

the skull 75 formed at step block 104. Formatiod advancement of the skull 75

8



25temperature material. Next, at step block 104, the charge of material 237, 337 is heated from a
positioninside of the shot tube 224, 324. The charge of material 237, 337 is heated with an integrated
melting unit 225, 325. A skull 75 forms on an interface defined between the shot tube plunger 228, 328
and the molten pRjRldE skaldhe: $heé tohe 224, BEns2Apilae HomBhanomabmeraridletls 384 is either
melted or achieves a deswefl temperature, the molten metal is advanced through the integrated melting

unit 225, 325 at SBEEHIRRASEB ARG RRAI e ment, the shot tube plunger 228, 328 pushes on the skull
75 formed at step blockil&épHocialiod, anel stethtetnberprnigef Rr8s@abAespratetisitiie ahdtthebe 224, 324

from exposure t . : t . I ingti tep block
105, the shot w8 A e T R e A A g Tt nto e
die cavity 220, 3?0lignHeai salIifla within ShadliercaviialeBhaitie SainhihelfeMiosguil 2 80, 320 to form
the component Liea! sigalonk 1Hhdipaky. fbstapplod 11dmidie 212i bpénapatr did the

component 15 is removed relative to the die 212, 312. The component 15 can be sﬁected to finishing
operations once S¥RRRE rdm ThEeagvebreiqwveriny i Bind AedLNp e RdIPBE 1RSI REd as
illustrative and nedbijearey 10 fimmting spesatidh svorke refnondid dyeskid 21281t would understand that
certain modifications cquld come within th p this disclosure  For these reasons, the following
Claims should be stucia o o thaare Pr el B R e Bl AN RAETEO0h Afs 1 m e
casting syst@m pioditirgheansgative wokeupheedivamsding: Eieveoidpvizdel spad el egétidie
components thahdgfiftenaoiie SaiYe S hthiHRAd S AuiR crmRUBSAionpitheRid digspavityrénd @
shot tube plunger moveable within said shot tube to communicate molten metal into said die cavity,

wherein each of S4RYHE, aIAS RSN DIRA S RIBEWMIE T SRORTRREICANENLAGIR R lative to the

surface during injeeliesuas. said molten metal into said die cavity. 10



2. The system as recited in claim 1, wherein said angle is between 5 and 85. 3. The system as recited in
claim 1, wherein said angle is between 30 and 45. 154.The system as recited in claim 1, comprising a
positioning system that selectively positions said die, said shot tube and said shot tube plunger at said
angle. 5. The system as recited in claim 4, wheggin gaid positioning system includes cylinders actuable
to position said die, said shot tube and said shot tube plunger at 20said angle. 6. A die casting system,
comprising: a die comprised of a plurality of die components that define a die cavity; a shot tube in fluid
communication Wwith sakddikeceatiiiy, sybteraipcsiidrsitdldies o iacudesraprisitegrated melting unit
configured to heata c jal fr ition | Hﬁo ' ?ﬁ ; ... ashot tube
plunger moveable Witrﬁ@gigﬁ{%@é Fté? @o@hﬁ?gnéfg}térggi §E}1§ﬁgég§ nﬁét%ﬁ%%'géid die cavity.
307.The system as rect&fidhtoken dluicheaeimgaipipoYith Saift gy £Rest sleeve and a second sleeve,

and said integrated meltigggdnifdBcHGRfAMIBAHBIENGRI said shot tidbeommunicate molten
metal into said die cavity, wherein each of sael daid shot tube and said shot tube
plunger are inclined at an angle relative to thedase during injection of said molten

metal into said die cavity.

10

2. The system as recited in claim 1, wherein saideaisgbetween 5° and 85°.

3. The system as recited in claim 1, wherein saidearsgbetween 30° and 45°.
15 4. The system as recited in claim 1, comprising a tjprsng system that

selectively positions said die, said shot tube said shot tube plunger at said angle.

5. The system as recited in claim 4, wherein saidtjpmsng system includes
cylinders actuable to position said die, said ghbe and said shot tube plunger at

20 said angle.

6. A die casting system, comprising:
a die comprised of a plurality of die componehtt tlefine a die cavity;
a shot tube in fluid communication with said dévity, wherein said shot tube
25 includes an integrated melting unit configured &ata charge of material from a
position inside of said shot tube; and
a shot tube plunger moveable within said shot ttdoeeommunicate said

charge of material into said die cavity.

30 7. The system as recited in claim 6, wherein said slm includes a first sleeve

and a second sleeve, and said integrated meltimgnatudes an induction coil.

10



8. The system as recited in claim 7, wherein said first sleeve is a graphite sleeve and said second sleeve
is a ceramic sleeve. 9. The system as recited in claim 6, wherein said integrated melting unit includes
5an induction skull melting system. 10. The system as recited in claim 6, wherein said shot tube plunger

includes a cooleg coppeiesbpsiataaplkitgat Hddihhe sseihaaigsieddnisighnmbersaydhe die
casting system is a vertical die cr%ss%éllgds?/stem. 12. A method of die casting a component, comprising the

steps of: (a)loadly YA BE GiFFFPTSHIERYSe of a die casting system: 15(b)heating the

charge of material at a position inside said shot tube; and (c)injecting the charge of material into a die

cavity of the die gasting sys(SiLI9 casL e FAMRARSE WS SREMREL R SRAUEHI AL, wherein

the charge of material is a
5 aninduction skull melting system.

10. The system as recited in claim 6, wherein said sho¢ plunger includes a

cooled copper shot tube plunger.

10 11. The system as recited in claim 6, wherein the diieg system is a vertical

die casting system.

12. A method of die casting a component, comprisingstees of:
€)) loading a charge of material within a shot tube die casting system;
15 (b) heating the charge of material at a position insald shot tube; and
(c) injecting the charge of material into a die cawtfythe die casting

system to cast the component.

13. The method as recited in claim 12, wherein the gdhaf material is a molten
20 metal and said step (a) includes the step of:

pouring the molten metal into the shot tube.

14.  The method as recited in claim 13, wherein said @ includes the step of:
heating the molten metal to a desired temperahside of the shot tube.
25
15. The method as recited in claim 12, wherein the gdhaf material is an ingot
of material and said step (a) includes the step of:
positioning the solid ingot of material insidetbé shot tube.

30 16. The method as recited in claim 15, wherein said @i¢ includes the step of:

melting the solid ingot of material into a molteretal inside of the shot tube.

11



20metal and said step (a) includes the step of: pouring the molten metal into the shot tube. 14. The
method as recited in claim 13, wherein said step (b) includes the step of: heating the molten metal to a
desired temperature inside of the shot tube. 25 15. The method as recited in claim 12, wherein the

charge of materigy is arrjRgeka{dnaierialiand saidisiap (AhEleindestapsier@isnasigriyg: the solid ingot
of material inside of th shot tube. éfOlG .The method as recited in clajm 15, wherein s EF step (b) includes

the step of: melting the @gn@& g dniesal wile iegr FEkaGH eASSERiSE M The method
as recited in claithelshavhereiof saeddteradiih nsystEa.the step of: heating the charge of material with
an integrated melting unit associated with the shot tube of the die casting system.
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