DIE CASTING SYSTEM AND METHOD UTILIZING HIGH MELTING TEMPERATURE MATERIALS
BACKGROUND 5This disclosure relates generally to casting and, more patrticularly, to a die casting
system for casting high temperature materials. Die casting involves injecting molten metal directly into

a reusable die to yield a netrsipapadsepqpeneitc e sasingnas typisally Aggn used to produce
components that do not require high thermal mechanical 3erformance. For example, die casting is 10

commonly used to produce cd'H\S‘ KHes e FoMRERe WB\M ﬁgﬁﬁwe%perature metals, such as,

but not limited to: aluminum, zinc, magnesium, and copper. The products produced from these alloy
systems are not generally subjected to extrené%\%?(e%' gJﬁBnditions. Gas turbine engines include
multiple components that are subjected to extreme emperatures during operation. For example, the
compressorsection andhigriinel esworelitescasasialvite eprjing endreimadelprites andiganes that are

subjected to relatiygly PXRENE (GTRRSEALFRSH BAIRRGalRERRERNHES exceeding approximately 1500F/8

15C. Gas turbine engine components for use in these applications are produced 20 through several

processes, such as, bURIESAFRS MO YRS LQIRCHRY FaQtiFy BRPFIRARC AVELEARIS dedigsiolves

pouring molten meial-#riapa cetanporsiell Déyiogsancaity inpibekshapedidipectioryp ooepoitehss cast.

Generally, the Sf‘ﬁ:l e of thte companent.to be [I)rod ced is derived frcgn a wax pattern or §LA§attern to
~that do natrequire high Mermal mec nical pergpae. or exarnple, die casting | .
form the exterior shape ot the'compaonent. The investment'casting process Is'capital intensive, requires

25 significalit m&enanRbyr, tsed cém HeaiiesnteevReneNiyotastethiandvelpinisonemelfogging of a
component is aceorpRlisied heesgh LerpRRligatonfiirfRiZesHiRIGES Bribessied netahysing shaped

tooling to plastically deform the metal into the final shape. While forging is generally less expensive than
investment castifigPifre RESHICIEH RICINCEFBART BI9eafmRs¥Hia eapRaPfnratihsHPIRt G ed to
produce 30 compoaarisbloiuratefitodalagys.\Wrought product can be subsequently machined into the
desired shape, but is _I%sg cosBeffectlve for. Iarggevolq%?es ((:)g rﬁg(r)nr%?argeﬁg gulbe t excessive material

losses due to machining: s turbine engines inc mu jected to extreme
15 temperatures during operation. For example, thmpcessor section and turbine
section of the gas turbine engine each includedslahd vanes that are subjected to
relatively extreme temperatures, such as tempest@xceeding approximately
1500°F/815°C.
Gas turbine engine components for use in theséicappns are produced
20 through several processes, such as, but not lirnteteidvestment casting and forging.
Investment casting involves pouring molten met#d s ceramic shell having a cavity
in the shape of the component to be cast. Genethlyshape of the component to be
produced is derived from a wax pattern or SLA patte form the exterior shape of
the component. The investment casting process mtataintensive, requires
25 significant manual labor, and can be time intensov@roduce the final component.
Forging of a component is accomplished throughagh@ication of localized forces to
the desired metal using shaped tooling to plasyicdform the metal into the final
shape. While forging is generally less expentaa investment casting there is still
a significant amount of lead time and capital et required to produce
30 components by this methodology. Wrought product bansubsequently machined
into the desired shape, but is less cost effedtivéarge volumes of components due

to excessive material losses due to machining.



SUMMARY An example die casting system includes a die comprised of a plurality of die components
that define a die cavity, metal delivery system, and part removal system configured to receive a molten
metal. One or more of the die components comprises a 5 material or materials that are suitable for use
with the molten metal and has a melting tempergtygahave 815 degrees Celsius.  An example die
casting system includes a die comprised of a plurality of die components that define a die cavity

configured to receive & ASHATRIEIS FASHEM HSERLIHHEAGS R IR HRY'EE B8 'LRNY NN comprises a
material selecteddroporehts tiraugefinnsistirgoal/ayniciehbasiaystyaear aldypatcaativabsgstauper alloy, an

iron-nickel based syper. alloy, 8 3ltably, sliovedJign BR3ed Allp & GuL S‘HSP{%dcq]ﬂgj‘?%%é"%’)" and a
refractory metal alloy where the refractory metal Is either: tungsten, molybdenum, rehenium, niobium, or
tantalum. A examapiealiergasteiipls thehinciudekle faicusénifiei sealtiehansitading dfegie 1BIddgnponents

that define a diegayibrSREiQUIRE B1Ecgelrea meligismetal that has a melting temperature above 815
degrees Celsius. One of the die components comprises a ceramic material, or a composite material such

as: a metal matrix conrﬁaﬁféa,rﬁ%%r‘aﬁﬁaﬁﬁmiﬁ%ﬁ%&%’%?é‘égﬁﬁmmﬁ DPHERIPERHSIR ceramic and
metallic componestispthraireeonatisefine didicaapgnentsigdtidegniasiaus Htaturastand/adiantages of this

disclosure will become apparent to thase skilled in the artérom the following detgile cription. The
Crawings that acEa e o Bo g o e S SRR Ml e
DESCRIPTION @PUPHPEMH3ANYI RIGE MerEh besadilkueataboynkathhgsieddrupasiatigysyateionsed to cast

components.  feigdieddiusifRiEsIRY, examBify A easHsershvih s tip Gasiine s¥sismeof Figure 1.
alloy, and a refractory metal alloy where the retoay metal is either: tungsten,
molybdenum, rehenium, niobium, or tantalum.

An example die casting system includes a die camgrof a plurality of die
15 components that define a die cavity configuredetceive a molten metal that has a
melting temperature above 815 degrees Celsius. @inéhe die components
comprises a ceramic material, or a composite natetich as: a metal matrix
composite, a ceramic matrix composite, or a contlmnaf independent ceramic and
metallic components that comprise the die companent
20 The various features and advantages of this disctowill become apparent to
those skilled in the art from the following detdildescription. The drawings that

accompany the detailed description can be briedgcdbed as follows.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Figure 1 illustrates an example die casting sysieed to cast components.

Figure 2 illustrates an example component cagt thi¢ die casting system of

Figure 1.
Figure 3A illustrates the die casting system afufFé 1 during casting of a
component.
30 Figure 3B illustrates the die casting system guFe 1 upon separation from a

casted component.



Figure 3A illustrates the die casting system of Figure 1 during casting of a component. 30Figure 3B

illustrates the die casting system of Figure 1 upon separation from a casted component. DETAILED

DESCRIPTION Referring to Figures 1 and 2, an example die casting system 50 including a reusable

die 52 having a plurality of die elements 54+ a6 thaf fstipEe eagt a component 55. Although two die

elements 54, 56 are de%ited in Figyire 1, it should 5 be understood that the die 52 could include more or
r

fewer die elements, asRRATHAGIRETBUES dndbARGIrSGTPle digMRaFESIMOYSOEHBIRY By positioning
the die elementsddsdifictatietber ksndngoklipuithiéydief elemelbtadsds 56 ahatdiesicedrpasitasing via a
mechanism 58. [sm include a clampi i ropriat aulic, 10
pneumatic, electzrgﬁé%%%ﬁgﬁ aﬁ%%ﬁ%&%&%t%%&%ﬁ}%ﬁs.%h?%%?%%@r’?}sﬁ@%g ’s%r%?éﬁe{s the die
elements 54 56bsegIrinetotBakLMR die SZrodid welhin TG dhéiriamenttal 3 Mededse2 that
cooperate to defijigen g AWy BArGuRRARIHsbe 64 is in fluid communication with the die cavity 60 via one
or more ports 66 located in the die element 54, the die element 56, or both. 15 A plunger tip and rod 68

are received within the SHoPIEIR2 6% aseeBhiss, By mesianeg ihe dissis) ShPfhjegssehAtlon (in the

direction of arrowoljimgtltie itie shehtme 64, B6aame cluniico difgitg eanzeatsunisnisB0 @ uldhaclude a
hydraulic assembly or gther suitable mechanism, including, but otlimi‘(t)%(g to, hydraulic, pneumatic,
electromechanic@lé,(%%ragrllsymco%rﬁbicn%@éz'ﬂ%ﬁg%f JoTRE! EH‘C%% tibe %%{]fgnaa |trigp1ré ?ﬁ?gg@é}ggca molten metal
from a melfig upitedPnalisheiectiamecibiedal axa@pRihTheantdiung uninseMmeehaniHined8nglseown

technique for meltipgrareingetpé metaligdnatesaLinpEgnarR ten metal for delivery to the shot tube
64, including but not limited to, vacuum induction melting, electron beam melting, induction skull melting,
and resistance meItingWﬁ@'ﬁﬁf‘FéﬂentS’ 54, 56 define internal surfa@#hét cooperate to define a

die cavity 60. A shot tube 64 is in fluid commuation with the die cavity 60 via one

or more ports 66 located in the die element 54dibeslement 56, or both.

15 A plunger tip and rod 68 are received within thetsube 64 and is moveable
between a retracted and injection position (indinection of arrow A) within the shot
tube 64 by a mechanism 80. The mechanism 80 dnclidde a hydraulic assembly
or other suitable mechanism, including, but notitéah to, hydraulic, pneumatic,
electromechanical, or any combination thereof.

20 The shot tube 64 is positioned to receive a mattetal from a melting unit
82, such as a crucible, for example. The melting 82 may utilize any known
technique for melting an ingot of metallic material prepare a molten metal for
delivery to the shot tube 64, including but notited to, vacuum induction melting,
electron beam melting, induction skull melting, aedistance melting. The molten

25 metal to be used to manufacture the part is méfielde melting unit 82 at a location
that is separate from the shot tube 64 and thecalgty 60. In this example, the
melting unit 82 is positioned in close proximity tiee shot tube 64 to reduce the
required transfer distance between the molten raetthe shot tube 64.

Example molten metals capable of being used tocdst a component 55

30 include, but are not limited to, nickel based sup#oys, titanium alloys, high
temperature aluminum alloys, copper based alloysn ialloys, molybdenum,
tungsten, niobium, or other refractory metals. sTdisclosure is not limited to the

disclosed alloys, and it should be understood dngtmaterial having a high melting

3



25 metal to be used to manufacture the part is melted in the melting unit 82 at a location that is separate
from the shot tube 64 and the die cavity 60. In this example, the melting unit 82 is positioned in close
proximity to the shot tube 64 to reduce the required transfer distance between the molten metal and the

shot tub_e 64. EX@F&B@(M%&Q%@'%@%@W& @ife_bé‘e'l@gtH@%Fﬂpﬂﬁ?aﬁts%%H‘ﬁQF@rﬂttﬁ% #ninclude, but
are not limited to, nickel based super alloys, titanium alloys, high temperature aluminum alloys, copper

based alloys, iro“rk“glrﬂ)%‘?lmytﬁ&é‘?ﬁfﬁ’ﬂ‘fﬁhd}%tgﬁ??ﬁ@giﬁﬂw A5 OHHEP PR PlomARERRs MMIR%R closure is
not limited to thentiitigsechpémtareotapploimbbs BRI SFRILHGgAey material having a high melting
temperature may be “Wf?%ﬁtgh‘?ﬁﬁé% ti*sl‘?rgﬂé?&?@&?}o?ﬁt SrHéfﬁﬂgﬂ]Ege{B"tﬁ e gy melting
temperature" is intended to describe’component materials having amelting témperature of approximately
1500F/815C or Iidhew T manmeitestiaicesl potriitsiberatpionMmARBirRiHg alsitS2ndheskeidulghe 64 in 5 a

known manner, UChag,RaHARY NS IRRER RIREADE? Mot BRIE ol dNGERAR ke Ghdyexample. A

sufficient amount of molten metal is poured into the shot tube 64 to fill the die cavity 60. The shot tube

plunger 68 is actQdildhe ffCAAY PBitchhePuire: PHGSE B RSHAIRY dRJDIEHB2 MYSRe die cavity
60 to cast the campan&ntieb. pdbaughftbe castingof ausikigba daropikanivisydepiatedadse e 10casting
system 50 could be configured to cast multiple components in g single shot. . . The example die casting
system 50 depic?g{:]1 > ?ggt{jregg iSAIT ugﬁ%vgw%nﬁgséﬁp c%?u?d haude morr% Or %%%Csfggtictﬁ%,dggrts and/or
components) Thiaslisg syarene @ ads|dobgl icfyrfigs Giddie easitmgltioripaiegisin acinp@shed, horizontal or

vertical, or inclined dieﬁ?@@iarﬁmea@cééﬁggﬁ%%mﬁﬁtw&msﬁmrﬁeﬂ%ﬁé%gisrrcﬁsting system
50 during casting (Fi[;?ure 3A) and after the die elements 54, 56 separate (Figure 3B). After the molten

metal solidifies WRHIA RE4HE BRIRPTIESHEHEOBR MW BRI Hisatlis HiStas et tfthe

component 55 by ogendngdher dike St ghanviaahmnisun hét IReGne exarpitacjectasrpoas, &t are used to

move the compc?rrllglnr;[ %5 OI'flgo(r:n Stpﬁz- dsies%gr%avity 60. The example die casting system 50 includes
portions that are fHade from ig gEer\/lperaf'l}re system materials that are able to withstand high

temperaturé$ associatéibwies c3¥timnpt3B niblstig grartints the bergiestegt Sfstem 50 during
casting (Figure 3A) and after the die elementsS®4separate (Figure 3B). After the

molten metal solidifies within the die cavity 7(het die elements 54, 56 are

disassembled relative to the component 55 by opethia die 52 via the mechanism

58. In one example, ejector pins 84 are usedaegenthe component 55 from the die
20 cavity 60.

The example die casting system 50 includes partibat are made from high
temperature system materials that are able to taitkdshigh temperatures associated
with casting the molten metal into the component 55

In one example, the die elements 54, 56 are maeeclg of the high

25 temperature system material.

In another example, a portion of the die elem&dis56 are made of the high
temperature system material. The areas of theyc&@ establishing areas of the
component 55 prone to microfractures or thermo-raeidal induced fatigue, such as
tight radii areas of the cast component, could bderof the high temperature system

30 material. Also, the areas of the die elementsSs4establishing the cavity could be

coated with the high temperature system material.



In one example, the die elements 54, 56 are made entirely of the high 25 temperature system material.
In another example, a portion of the die elements 54, 56 are made of the high temperature system
material. The areas of the cavity 70 establishing areas of the component 55 prone to microfractures or

thermo-mechanical inducggdialaus, Hechia et rrdiareas s iiuh owssHompRacsy, alshpe made of the
high temperature system 30material. Also, the areas of the die elements 54, 56 establishing the cavity

could be coated With RIEOBRIP e Mp B RIFE 1) SRR Sh eS8 frBRIABH S YRE B SAE Rt 54, 56,
portions of the shoiniikezdpidse shot tube plunger 68, or the ejector pins 84 include the high temperature

system material in so m .N ly, X high te rature sys erial does not
reactively 5 interact Wm}ﬁ%iéeﬁ%g‘%snerﬁ%ﬁgl .’{%?]a%fsﬁ,{@ﬁégrtéﬂ:‘s N Ss%ﬁ%i?%%é%%g %égé fon melting,
welding, solBeringietrcilviththBenoden thateigh tdipeiatihereysruhsieatisidhemicherassiion.material.

Many techniques6RHld ia:HGdl IBEARBOER SIAYER SERRAIN @ YRR ALK AR e casting

system 50. For example, the die elements 54, 56 could 10 incorporate the high temperature system
material by cast®Rf FECAMIRG "&fPtakting, injection molding, isostatic pressing (hot or cold), sintering,
stamping, forging, direstangtatdaakjueintesind eke.usedEampdepmaterigs teaipzoutdrbesysednas the high
temperature systengerr?a t%r,[iglthneclalldeczrps%tnallig g}gterg%s, &CQ gls ni8|keelePe6‘r%th§’ e, ”8&;% cobalt
based super 15 gﬂﬂ)y, a iron-nickel based guﬁfer amoy,'a suita R}Tﬁﬂ%yed iron based alloy, a suitably
alloyed cogifer dnegrsratectnadngl) et @imgssyatemolyaiesiatdstinghmscnminibisiprcasticthtalum) based

alloy. These majgririg,Han i Yask S g UHBPlS: diGsHRshst SIRgBiNgIIRRGPIGPHRRRSSING

techniques including, but not limited to: cold forging, hot forging, conventional casting, directional
solidified casing&'ieh 'BFYOSINIRTHE Bientation control, extrusions, or hot isostatic compaction of powder
metallurgy products. Exxanp|sieniaked iasedbsdpardae s st i eid ibfts b3Sy stbh 3adeigad; First

generation nickel base single .crystal al oysLEO% Rheniu uch asU$ 4209348, US4597809: Second
Genoration nckaBLCE SRS e Sy @ s Rrontng) SHEL ok, 3 el RS SebElion ickel
base singleleryseadiogliey g6y A& IRiaseid s pacialay US 5868898 ¢ dvnhbgeedralinn aisképblse single

crystal alloys (6%%@ 0(0_ QBSVGBWTQ) ,%fq& ﬁ@gﬁ?%{f}ﬂ%@%iﬁn nigksliggse nickel base

single crystal alloys (6+% Rhenium, 6+% Ruthenium) such as -173; Directionally solidified first
generation (0% RRBHTMCHBIANAD SAsed Al eroydetr iNade088 PeIBpoY G HHE FeRition (3%
Rhenium) columdiarssiursrajlaysaeghor processing technigoesiding, but not limited to: cold

forging, hot forging, conventional casting, direc@l solidified casings with or
20 without orientation control, extrusions, or hot g&ic compaction of powder
metallurgy products. Example nickel based supeasyallinclude: IN100, IN713C,
IN792 forged; First generation nickel base singlgstal alloys (0% Rhenium) such
asUS 4209348, US4597809; Second generation riicieel single crystal alloys (3%
Rhenium) such as US4719080; Third generation nickeé single crystal alloys (6%
25 Rhenium)such agS536669%Fourth generation nickel base single crystalyall®%
Rhenium, 3% Ruthenium) such as US6007645; Fiftregeion nickel base nickel
base single crystal alloys (6+% Rhenium, 6+% Rutimh such as TMS-173;
Directionally solidified first generation (0% Rhem) columnar structure alloys such
as US3785809; and second generation (3% Rheniulmnoar structure alloys such
30 as US5068084. Example nickel-iron super alloysudellnvar 909, IN718. Example
alloyed based iron alloys include: H23, H42, M35336\IM42, M46, M62 and Greek
Ascoloy. Example cobalt cast alloys include Mar-PB5and Stellite 31. Example

refractory metal alloys include: Anvilloy 1150, TZMtungsten-molybdenum-

5



30 as U55068084. Example nickel-iron super alloys include Invar 909, IN718. Example alloyed based iron
alloys include: H23, H42, M35, M36, M42, M46, M62 and Greek Ascoloy. Example cobalt cast alloys
include Mar-M-509, and Stellite 31. Example refractory metal alloys include: Anvilloy 1150, TZA4

(tungsten-molybgigrHimgirRINWIR N IFRIMRISHMTEY SRAHIT SHEIRIBS 1RINGIER - LAY fumgstisn. and
tungsten-rhenium systems. Example materials that can be used as the high temperature system
material include O&AHME YIRS, such as boron nitride, silicon nitride, silicon aluminum oxy 5 nitride

(SIAION), aluminum niticemplemiatematxidhes sitinarecasbiti@stitanibigheainide symegsienatariide, zirconium
oxide, boron carbide, titanium diboride, nighi ride. zi ' ide,. hafnium diboride, niobium
carbide, zirconiuﬁgggr%)%%l,g%?nﬁ%%%}gigg%%%ﬁﬂgogt@f@(%ﬁ%&?ﬁ%%ﬂ#&%ngkr?lj?tT)qe% &ed as the high
temperaturedsysteifiten aiSraP, i wie talitiderixedomipuRiteomidaiticts, Sachids cijepémungsten,

copper-molybdegagieORRRY BRI RS D EOREITCORBE! Hebfle) R I Jiyéfida!Hipim silicon

carbide. Example materials that can be used as the high temperature system material include
ceramic matrix PAPBsifY FtRROUtRh harug)dikgrdeicnihimaride, ETEOAM CRIRNE:-Sic-zrC,
C-SiC-HfC, C-TaafainehCarbideHftaphiteTdie. example component 55 is casted using the example die

casting system 50 described abave, In this example the%iec sted component 55 is a blade for the gas
furbing engine (not st ERe ST, e arad Fo e SRR 513 AR e
However, this diutiysiere ietadt Imstey teawesitingafasiadessier 2aRneniplgster egannsie die casting

system 50 of thigdiselasuirmmaphe widkeddarasbasEreapper! cmprRIaNSiRsludingiklades, vanes,

combustor panels, blade outer air seals, or any other component subjected to extreme environments,
including non-actHREEAPIESmponents. The example component 55 includes tightly radiused areas 86
that are more 25 susceptdniepto therenalsaehaiinabéatigee skathethejpriens offgaaampaseat 55. The

areas of the die cigments, 54, 26 ingl ntsrface wilh e greas 86 ncluds.adayerot igh feperature
system material, f6r example. eatures of the dis¢closéd examplésincltidé a die castihg system that
includes sybtem4rfatéraitCtHatSife ZreyeCaSi€ldtile\Chigie raedt olia&hd that are non-reactive

The example component 55 is casted using the dradigp casting system 50
described above. In this example, the die castegponent 55 is a blade for the gas
turbine engine (not shown), such as a turbine bfad& turbine section of the gas
turbine engine. However, this disclosure is naiitied to the casting of blades. For

20 example, the example die casting system 50 ofdisisosure may be utilized to cast
aeronautical components including blades, vanesmbastor panels, blade outer air
seals, or any other component subjected to extrenweronments, including non-
aeronautical components.

The example component 55 includes tightly radiusexzhs 86 that are more

25 susceptible to thermo mechanical fatigue that otineas of the component 55. The
areas of the die elements 54, 56 that interfade thié areas 86 include a layer of high
temperature system material, for example.

Features of the disclosed examples include aak@ng system that includes
system materials that are have a relatively higlt pent and that are non-reactive

30 with a component material. The system materiadifate die casting of components
that are made from component materials having & Iniglt point. The system

materials reduce thermo-mechanical fatigue in thst component. The system



30 with a component material. The system materials facilitate die casting of components that are made
from component materials having a high melt point. The system materials reduce thermo-mechanical
fatigue in the cast component. The system materials are effective for moving thermal energy away from

the ca}st_compor}ﬁg{e;mg %Yét%ﬁbﬁﬂ@@?@l%ﬁ&ﬁﬁﬁbtﬂéﬁ?rﬁ&%mwmQHérbH_lﬁt@b?nponérrﬁ}.e preceding
description is exemplary rather than limiting in nature. Variations and modifications to the disclosed

examples may bEROME ARG RISRbSE'S Uik ReAH ALt RN BE A necessarily depart from the
essence of this disclostlire. Thesedireyscegeriptimgakprotestpargivathto titamiscosuraatareonly be
determined by studying t llowir ims, A die casti rising. a die
comprised of a p &r&a’l Rg%g%rﬁéa c%?r%%r%%ﬁs% tﬁa%%ﬁ!%ﬁoa&%@eéavné %%/%%Eﬁétgrgg % '[r%%e%?%/telgg%olten metal,
wherein at |@ast gfiedfith&plaraliipblidideongsessatdycaepsristtha arseird vfathis tirdleadtie with the
molten metal angihas aaelipg [HTRAIFIR ARNEIRIPEeRKEBS Fe SN Ry DReudie mastiaggystem of
claim 1, comprising a shot tube in fluid 10 communication with said die cavity, a shot tube plunger
moveable withinSS8HY18EJPELIUYIRgHidTISicate the molten metal into said die cavity, wherein at least one
of the shot tube and the shot tube plunger comprises the material. 3. The die casting system of claim 2,
wherein a tip of the shot tube plunger 15comprises the material.



4. The die casting system of claim 1, comprising at least one ejector pin configured to be moved relative
to the die cavity, wherein the at least one ejector pin comprises the material. 20 5. A die casting system,
comprising: a die comprised of a plurality of die components that define a die cavity configured to
receive a molten metal, wherein at least one of the plyfality of die components comprises a material
selected from a group consisting of a nickel based 25 super alloy, a cobalt based super alloy, an
iron-nickel based super alloy, a suitably alloyed iron based alloy, a suitably alloyed copper alloy, and a
refractory metal based Altiwy .c&stihpesgseeoastorgsicstem of claim 5, comprising a shot tube in fluid 30

communication with sajd die ity shat t lunger within.said shot tube to
communicate the molteén éjlneet%?ﬁrl]r{%gs%ﬁljdgéig ﬁé@?@ﬁ%#g%ﬁ gﬁe@@ﬁ%ﬁ‘e&%‘ﬁ'ﬁgsgaot%%b%égﬁ% the shot tube
plunger confprisesnt@uradtépidECyivehe Hieleastingfaly ywbereincRiltopenticizenpiuiplisf wledidot tube

plunger comprisgs iR BRI i SisEacdifcaning svstaBt RERRIM Re GABKRHSIAGALARASIANg ejector pin

5configured to be moved relative to the die cavity, wherein the ejector pin comprises the material. 9. The

die casting systeRFENGISMPSAHE ARQHR B8R 8AT8RR GRIFiESblurality of die components comprises a die.

2. The die casting system of claim 1, comprisingst@ot tube in fluid
10 communication with said die cavity, a shot tubengler moveable within said shot
tube to communicate the molten metal into saidceMty, wherein at least one of the

shot tube and the shot tube plunger comprises #terral.

3. The die casting system of claim 2, wherein adfighe shot tube plunger

15 comprises the material.

4. The die casting system of claim 1, comprisinglestst one ejector pin
configured to be moved relative to the die cawiierein the at least one ejector pin
comprises the material.

20
5. A die casting system, comprising:

a die comprised of a plurality of die componertattdefine a die cavity
configured to receive a molten metal, wherein asteone of the plurality of die
components comprises a material selected from apgconsisting of a nickel based

25 super alloy, a cobalt based super alloy, an irekelibased super alloy, a suitably
alloyed iron based alloy, a suitably alloyed copgpléyy, and a refractory metal based

alloy.

6. The die casting system of claim 5, comprisingsteot tube in fluid
30 communication with said die cavity and a shot tphmger moveable within said shot
tube to communicate the molten metal into saidceMty, wherein at least one of the

shot tube and the shot tube plunger comprises #terral



10 10. The die casting system of claim 5, wherein another of the plurality of die components comprises a
material that is not in the group. 11. The die casting system of claim 5, wherein the refractory metal
comprises a 15 material selected from a group consisting of tungsten, molybdenum, rehenium, niobium,

and tantalum. 12. A dig1easiipayakRyTsy=RERR IR A e PRI Ui gigrfrnponents that
define a die cavity 20 conﬂgt1 ured to receive a molten metal that has a melting temperature above 815

degrees CelsiusCHRRISH LRI of the plurality of die components comprises a material that is a
ceramic material, a metal matrix composite material, a ceramic matrix composite material, or some

combination of tgese. 2fl3. djge éﬁ@tﬁ@s@%téwt%m&&ﬁﬁ'@ %%rrﬁﬁ@%%@tao?@ fol diHid

communication with said die cavity and a shot tube plunger moveable within said shot tube to
communicat® thé%@ﬁﬂéfﬁﬁ’nté‘tmﬁﬂ%%l‘?draﬁt'&ﬁ%%/thﬁh‘@ﬁeﬁ?‘é!ﬁf@é%@o% S1RRSABY E95EPLRESthe shot tube
plunger comprisgsthatmaierial. 3014.The die casting system of claim 13, wherein the leading contact
surface of the plunger tip or the entire plunger comprises the material. 15. The die casting system of
claim 12, wherein the material comprises a material selected from a group consisting of boron nitride,
silicon nitride, sifcon allineirsligncesinuitsykig®iAfOMINabumwirtgimibiestaomisfuheaidelisilifon carbide,
titanium carbide 4} H%?ﬁ%@rﬁ@%‘%nﬁ?@%“é’&@x'de boron carbide, titanium diboride, niobium 5boride,
zirconium borlde hafnium diboride, niobium carbide, zirconium carbide,

10. The die casting system of claim 5, wherein laeobf the plurality of die

components comprises a material that is not imgtbap.

11. The die casting system of claim 5, whereinrtfeactory metal comprises a
15 material selected from a group consisting of tumgstmolybdenum, rehenium,

niobium, and tantalum.

12.  Adie casting system, comprising:
a die comprised of a plurality of die componeriiattdefine a die cavity
20 configured to receive a molten metal that has atingeltemperature above 815
degrees Celsius, wherein at least one of the i@l die components comprises a
material that is a ceramic material, a metal matoxnposite material, a ceramic

matrix composite material, or some combinatiorhefe.

25 13. The die casting system of claim 12, comprisegshot tube in fluid
communication with said die cavity and a shot tplhger moveable within said shot
tube to communicate the molten metal into saidcesty, wherein at least one of the

shot tube and the shot tube plunger comprises #terral.

30 14. The die casting system of claim 13, whereinle¢lagling contact surface of the

plunger tip or the entire plunger comprises theemait



hafnium carbide, and graphite. 16. The die casting system of claim 15, comprising a shot tube in fluid
communication with said die cavity and a shot tube plunger moveable within said shot 10tube to
communicate the molten metal into said die cavity, wherein at least one of the die components and the

shot tgbe p|UhgeI§?9mﬁfﬂ1%e§i§‘@a§iﬁ§§9§ten%f IW@FWH}GiﬁMﬁ@%PEG’ﬁBﬂs%@&%@JF&PQ_ at least
one ejector pin configured to be moved relative to the die cavity, wherein the ejector pin comprises 15the

/ ty, ! .
material. 18. TheFlHERAJINY & HAPFVISIRTINS WREFaMH W@%@?QI AR PRSI WRHEBYial comprises
a material seleci@q frimide geINOOHNSiBLMIGWHCoipiu - talgsitam dasppeiticoolydzaeitemtitanium
copper-molybde pper- per-niQbi iV mjpjum sil; rbide.. 19. The die
casting system c?# c',{ﬁlr%’ Fﬂjr%%ﬁezrfegl%@l%eebglrra%ﬁ@ m%ﬁéfﬁgrﬁéééé{géhg@rﬁﬁs% eétré%%%lr%ﬁ a group
consisting ob C-H@TidsiCzH0N8IT-BiBN4, GafmgMCHito!ide SigoRi@atigiC-HIONTHTaca dndeC-TaC-HfC.

hafnium carbide, and graphite.

16. The die casting system of claim 15, comprisegshot tube in fluid
communication with said die cavity and a shot tphmger moveable within said shot
10 tube to communicate the molten metal into saidcdigty, wherein at least one of the

die components and the shot tube plunger compthsematerial.

17. The die casting system of claim 15, compris@tigleast one ejector pin
configured to be moved relative to the die cawtherein the ejector pin comprises

15 the material.

18. The die casting system of claim 12, wherein ietal matrix composite
material comprises a material selected from a grousisting of copper-tungsten,
copper-molybdenum, copper-molybdenumcopper-coppapper-niobium, Silvar,

20  aluminium silicon carbide.
19. The die casting system of claim 12, whereinc@mic material comprises a

material selected from a group consisting of C-S{-SiC, SiC-SiN4, C-ZrC, C-
HfC, C-SiC-ZrC, C-SiC-HfC, C-TaC and C-TaC-HfC.
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