SHOT TUBE PLUNGER FOR A DIE CASTING SYSTEM BACKGROUND This disclosure relates
generally to a die casting system, and more particularly 5to a shot tube plunger for a die casting system.
Casting is a known technique used to yield substantially net-shaped components. For example,
investment casting is often used in the gas turbine engine industry to manufacture net-shaped
components, such as bladed @hd ite ElhbiN - e aRefy ROrfpRXTdAEp & Fhidbtment 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 and expensive. Another known
casting technique is die casting. Die casting iBARES REHNEY molten metal directly into a reusable die to

yield a net-shaped comprogcIbUGeaginegeivRIfA Y BRRD URgHIRR! AiCR GRpRRReMAyhat do not

require high 15 thermal mechanical performance. For example, die casting is commonly used to produce
componentSmalarIAtRBE PRI IS G taRingraY§ie Thaterials that are not exposed to extreme

temperatures. Die cast@wstiag ret tiadiionallydig@igacostedfeaiiveianethoddinmanyiegbedng parts made
from high temperature allol%s.GIgOSUMMARY A shot tuﬁ)e plunger for %die ca§tir[1) system includes a
ents; &) e s%

) compon rexample, Investment casgn in as. tur enaging __ .
first face, an opposu?g Letond face and an outer Surtace |s%ose Between dard firet face and said

opposing secondhfisiryAteaanefasiteienietstivalgd esoaimimabisutabednses andacanahdayiaanel is
operable to recejupa BRI iBMHBI& %'ﬂ%cg%% of RREHRNEdH AR I isEREASHREFHRE R - In

another exemplary embodiment, the casting system includes a die, a shot tube, a shot tube plunger

and a dispd&ablEPRWYA Aeell MTHEDR FRIDAES BHRIFERE Hf BRRIIAPLIRES GRsk dBYSSEEY cavity. The

shot tube is in fl¢igsaagcanrieakaivai i dieteasivg, Tinesbaingbadbxpgesiggnoveable within the 30
shot tube to communicate {?ﬁe:her e of m?teri I tho the.di& cavity. Th gﬁposabpepiston head is
Sho ea

removably attached to tHhe SROE T Vé”p‘iﬁﬁé” 1TREY g%éssafﬁec%?s't% HENAES Sat'ﬂlr%(ft%gge and an
opposing secondnfaltsn Thesdirsiireaily iffludeseaparigadienientigdrabenahad cornamsenporiid of the

charge of materigl gl the ORpASiG SreanddagedndHiRR AL BHRRMRRNIBEBP T Ak eypvably
attaches the disposable piston head to the shot tube plunger. S
15 thermal mechanical performance. For example, d&img is commonly used to

produce components made from relatively low meltemgperature materials that are
not exposed to extreme temperatures. Die castisgniot traditionally been a cost

effective method for manufacturing parts made fiogh temperature alloys.

20 SUMMARY
A shot tube plunger for a die casting system itetua first face, an opposing
second face and an outer surface disposed betvagfirst face and said opposing
second face. A channel circumferentially extentsua the outer surface. The
channel is operable to receive a portion of a ahafgnaterial introduced into the die
25 casting system.
In another exemplary embodiment, the die castysiesn includes a die, a
shot tube, a shot tube plunger and a disposabtenpisead. The die includes a
plurality of die components that define a die cavitThe shot tube is in fluid
communication with the die cavity. The shot tubenger is moveable within the
30 shot tube to communicate a charge of material ihéodie cavity. The disposable
piston head is removably attached to the shot plbeger. The disposable piston

head includes a first face and an opposing secand. f The first face includes
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In yet another exemplary embodiment, a method of die casting a component 5 with a die casting system
includes removably attaching a disposable head to a shot tube plunger of the die casting system, injecting
a charge of material into a die cavity of the die casting system with the shot tube plunger and attached
disposable piston head, and capturing a portion of the charge of material in a channel that
circumferentially3ERRIRBCARSit RADOESr Wi 408 ELth cad RPHSALRTHRAGR b ARER I PNdtiBestep of

injecting the chapge Qfigaiatahd factmyrideYsHealiseRABA advaHapemidbiy disstprudrenwill become
apparent to those skilled in the art from the following detailed description. The drawings that accompany

the detailed desSRRRSAREPISLORGRAdRLRAISEG L8 IS sBRIEF DESCRIPTION OF THE
DRAWINGS Figure 1 illusizatasodreexxemlgaiesrastidgneysienmethddigitestiag -2 Coliystrates an example

shot tube plgnger.for use wi [ in tem. Figure 3 illustr n re le shot tube
plunger for g)se Slvvlltﬂ & (?lie fégéﬁslgn%%@gsﬁ]er%aé%eusréeﬂqﬁbmu%ﬁgs&ﬁ ﬁ%s%gf%?gf& regggf%t é%( 31%% tube
plunger of FiguréuBemiinaes ALY ifits GastBchAIfim fdapiatbRIge Shorattibriagaist Fyilve 3. Figure

6A-6E illustrates,angihgieeatis) f e el RIHBORIIeS @%@ Sufaleheg didpsspiespisiiaposable
piston head of a shot tutl)e pluﬁ%r,)}%%DETAI_LED DESCRIF@'IO _?:igure 1I ilﬁg%;%ratesg% die casting

system 10 includifigth rR0LabRPHED RaPAGA pIBtalS of tEIEeRicARER, P BRAARCHRA to cast a
component 15. Tirewnfaronany extdddscbdeatasr onaeitisalfeoinpioigisalsieobisasrgasdddinagngine
blades 30 qr.vangs, or ngp-aeronautical companents..Although two die elements 14, 16 are depicted in
Figure 1, itqs oﬂﬁ%ﬁe ngg'r@teocggQEQ?tﬁréaaqgofgncqghﬁH@hclude more or fewer die elements, as well as
other parts and configuThﬁo'@gi_ous 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 briefgcdbed as follows.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates an example die casting system
Figures 2A-2C illustrates an example shot tubengdu for use with a die
casting system.
Figure 3 illustrates another example shot tubengeu for use with a die
20 casting system.
Figure 4A-4F illustrates a first feature of thestube plunger of Figure 3.
Figure 5A-5C illustrates another feature of thetghbe plunger of Figure 3.
Figure 6A-6E illustrates another feature of thetghbe plunger of Figure 3.
Figure 7 illustrates a disposable piston headsifa tube plunger.
25
DETAILED DESCRIPTION
Figure 1 illustrates a die casting system 10 iticig a reusable die 12 having
a plurality of die elements 14, 16 that function dast a component 15. The
component could include aeronautical components) as gas turbine engine blades
30 or vanes, or non-aeronautical components. Althotwgh die elements 14, 16 are
depicted in Figure 1, it should be understood thatdie 12 could include more or

fewer die elements, as well as other parts andgumattions.



The die 12 is assembled by positioning the die elements 14, 16 together and holding the die elements 14,
16 at a desired positioning via a mechanism 18. The mechanism 18 could include a clamping mechanism
of appropriate hydraulic, pneumatic, electromechanical and/or other configurations. The mechanism 18
also 5separates the die elements 14, 16 subsequent to casting. The die elements 14, 16 include

internal surfaces that cbopéhiatd 20siefirenapire exvrsEEPNgHbetdiseersislth fgidogstheiuaication with the
die cavity 20 viaipigify teraieisnénthalexiens intadbrcliBlagont ddnthasinsaleraentis, or both. A

shot tube plunger 28 is received within the shot tube 24 and is moveable between a 10 retracted and

injected position TR B nCH A r O RS Gvithirs ATBRIAG: TR a0 By eRiialsisRY 48 UKCshaft 31
extends betweepiibematichansrodt:anahibal st dtulehauogefigiia T heheenbemsigrd016oaikbinclude a
hydraulic asgemg%% glra%g%r] glzﬁteaglgmn&%};pilﬂi%,siﬂgg%%l% r&gt limited to, hydraulic, pneumatic,

i i e

electromechanical’or any combination of mechanisms Ot tube 24 is positioned to receive a
charge of material, suchhg@stigctementsalid frbbrineiwdstinteuiat Sfdiriracne@igcivideiioeexdigiple. The

melting unit 32 rBéVit‘}tﬁi@.e AShKPRINE _@Fl?ﬁi_tq'ﬂﬁi&%dﬁﬁﬁﬂ?ﬁcﬁﬂ&ﬂﬁ%@fd?@%ﬁmﬁ/r?@@ﬂ%ﬁ@ prepare molten
metal for delivery to the shot tube 24, including but not limited to, vacuum induction meltlngg], electronic

beam melting arBAFdBRHSFSKIRLRXIGRY MPiHIE St elemepiietHie iSRS HiaPisPHBIted BiPthe melting
unit 32 at a locatigsethidngseRarasertrosiviite whiohtube 2aandbbemieid 2nbliavaeiehathesmalting
configuratigns are,.contemplated as within the scope pf this disclosure. The melti nit,32, of this example
is position(f:-1(;6 in r@gﬁ\eqee Cc%%él 5‘#8%%.&}‘%%“%88 gﬂ(ﬁp u‘éi)éeﬁqi t%ltfg ugé%qﬁgl?r%hn%gehré}jgi{slg%éggy the molten
metal between themrehiiisumi8®2 Anshafe Shextebds2he B avndidnamnenngavie dithrisigotiseleto die cast a

component 15 ingligle. bt 2 00hdENIRE IR FHRIRANAHRURTAIAS RUIRIDAPRY Stipgnalioys,

titanium alloys, aluminum alloys, zinc alloys, copper-based alloys, won_alloi/s, molybdenum, tungsten,
niobium or otherPERAREGHY nide4Idinenidudiseio ke fstRobYiREbMe M isElBsEamAchRNSAIBther high
melting temperaguie doaisiriat melynhechiiirzeddo die 30 cast the component 15. As used herein, the term

"high melting temperatyre material” is jntended to include materials having.a melting temperature of
approximatly 15000 B e © Ponna e e R e A SR TR vt 2
the shot tube 24nreRkiiownaraalieg Foit 8Rasith, abe o/t exanplay Deeoekadntoia Pdbur hole 33 of

the shot tube 24,,/3 Hfﬁi‘i‘@%?rrﬂﬁb'\ﬁ}h%miﬁﬁb’ﬂﬁtﬂ#éﬁiH?%ﬁ%@%@lﬁlﬁ@%é&@%l% @Q,!Jérée die cavity

20. The shot tube plunger 28 is actuated to inject the molten 5 metal under pressure from the shot tube

24 into the die cAREPITRE LN RSN ER $BOMIRSUSh NG BHR § Ut IHURGIE RPNt is
depicted, the diaramsing Sysieny 1 @leetishike waufignradie emst REdhpkkaPAROMENTS iR ahsngle shot.

Although ngf necessar least a part of the die castin stem 10.capn b sitioned \ithin a vacuum
chamber 34dnaCARI0Es T A0FT SBab S5 A Gt i o e MB 7 A DSEUCH (AL fber 34 via the
vacuum source 38parats fomatheciatiuie Cdsting theodesi2 Tawenan hanrehiar sengysativices a

non-reactive envirarmeniigiHag 4 GRRinteYSepe 1 that ssures reankfm oniasminatig or other

conditions that could detrimentally affect the quality of the die cast component, such as excess porosity of
the die cast comPEHBRIERPOLHIBRRH A AFEL P PO M6 §fifiniube 24 to reduce the

transfer distance of the molten metal between takimg unit 32 and the shot tube 24.

25 Materials capable of being used to die cast a corapt 15 include, but are
not limited to, nickel-based super alloys, cobaséd super alloys, titanium alloys,
aluminum alloys, zinc alloys, copper-based alloymn alloys, molybdenum,
tungsten, niobium or other refractory metals. Tdisclosure is not limited to the
disclosed alloys, and other high melting tempeeataaterials may be utilized to die

30 cast the component 15. As used herein, the tergh ‘imelting temperature material”
is intended to include materials having a meltiegnperature of approximately
1500°F/815°C and higher.



15 In one example, the vacuum chamber 34 is maintained at a pressure between 1x10-3 Ton and Ix
10-4Torr, although other pressures are contemplated. The actual pressure of the vacuum chamber 34 will
vary based upon the type of component 15 being cast, among other conditions and factors. In the

illustrated example, each of the melting unit 32, the shot tube 24 and the die 12 are positioned within the
vacuum chamber 34 20 krimudteRenpéatisstingsheoesdsosndhatiae g @t aseetivderd dvlidifying of

the high melting 4qmpgratHER MeRtets! ék%ﬁﬂl@?ff@’%%ﬂéﬂﬂﬁ’\%ﬁéd%ﬁﬁhr%@ﬁl@tf&%&)ﬁ%me\séhe chamber
34 is backfilled with an ine%aﬁ/sgsuch as Argon, for example. The example die castia&system 10

depicted in Figufd 1S5 bniy SHHLBHIRRCHI O TBPERHAL I RULEHIAL hsrhehd/BF
components. ThsdisdilbsheedRbexten @ to ’ikfehuistobelipl wagdng acclatgio gobinjerd thienitedtén, horizontal,

inclined or vertical di | S erdi ting confi tions. Figures, 2A-2C illustrate
an examplegshoﬁﬁiéz g‘ﬁ%ﬁp ?@%ﬁgér lﬁ%%w?[&]easfﬂgt ﬁe@sﬁ%ng% gy!sq{eogn&,{%uccénﬁ% %Oe ¢ |e£§§§ti®§ system 10. In
this disclosure, [FERAERHCEIUABRILOSIGNIEY tRelinth@fr &s SHitier @RMRRT ndeNied, Sigifiérl by adding

100 to the 30 origiaahepigEesae DWaha L ek dedisthisrisnasoMRe Ay 8 singleciest features of one

example embodiment may be combined with selected features of other example embodiments within the

scope of this disclosurétOUSFBUHMRGERRAHuAGLFAS i LA RO LB RS SKSTHIE HofAbBSIunger 128
is removable fropo#itwsbafivdiiaad/awayieHisnbsedofaftérdngssiomnel ssthesgsofmateaniah such as a

charge of a Righ. melting temperature magerial.to cast a component 15_The sacrificial shot tube plunger
198 can bel by B D e S e s AL e
disposable shot ¢abtnglpnecaess28 fisr vasubseghrRMbRTjSétiviovidaheaktviepteVvirenient fob&plunger 128 is

a single-piece dgyiCeRANNS IMEEH ANt AIIREIMERLE o NEatiRiiv 37 BIHBERbAdEdRMAdE from a

material capable of withstanding contact with high_meltin%temperature materials, such as the contact that
occurs during thEdHRHRHBERRRaREes el honMbdkm FHRECHEBRSHRY pHEE LS HREERY but not

limited to, steel, peresnicoptrhie isacionporieritiat can teeaheisiubermupasird28 imojgdas a first face
41, a secorlg facie 43, and an ou%&r C Iindricalhs% aeceaﬂS disgppj%% between th f{'rst facle ffér_gnd the

second face™43. rllhoen'ﬁrg%( ?Q&’;‘%l Scasthe’ c%aarge of matera |Rrﬁ%%rﬁo$?uv¥)%eﬁ]4,x ile the 15

second face 43 f&vegwafﬂﬁprmmtb@whmqulDmnWiﬁa@de dhecagagepnessureember 47,
an attachment memes 49 ANURLAINGliIPTar) NN IR YRLET UbsiiBiRhing Pt dubgplunger 128

having each of the enga(%ﬁment member 47, the attachment member 49 and the channel 51, it should be
understood that #7ePHR R ANAibRISL 2BL RAPTRCI i e IRBHSrMek fagistBr apsiting

unit 32, the shot tube 24 and the die 12 are posd within the vacuum chamber 34
20 during the die casting process such that the nggltmjecting and solidifying of the

high melting temperature material are all performatler vacuum. In another

example, the chamber 34 is backfilled with an iged, such as Argon, for example.

The example die casting system 10 depicted inr€igus illustrative only and
could include more or fewer sections, parts and@mponents. This disclosure

25 extends to all forms of die casting, including bat limited to, horizontal, inclined or
vertical die casting systems and other die castomjigurations.

Figures 2A-2C illustrate an example shot tube gdurl28 for use with a die
casting system, such as the die casting systemiri®his disclosure, like reference
numerals signify like features, and reference nasesignified by adding 100 to the

30 original reference number are slightly modifiedtieas. Moreover, selected features
of one example embodiment may be combined withcsade features of other

example embodiments within the scope of this dmale.



20combination of such features. It should also be understood that the outer surface 45 of the shot tube
plunger 128 could be configured to include non-cylindrical shapes. The first face 41 can include the
engagement member 47. The engagement member 47 provides an additional contact area for the charge
of material M to bond to during injection. Once the injection is complete and the charge of material M is 25

solidified within the die l&/RPGCURRRIKIScsARB iSHdisAAsaMrundBaleshehidhesphtraeictPtbithe cast
component 15 (f&RJVAMEE ieéhh i CasiPartiand mkpbRomdsdsddie RINSitaneiaRer 47, butis

detached from the shaft 31. The shot tube plunger 128 is then removed from the component 15 by

removing the caftPBHRb Y5 A SR D& (H9HJBEHRY, SHIRE RASHA R AR ya8eR5Eht member
47 includes a reasss 5hdssachigink ). ive retesebl 2XtendsHvumdatecittatfafed B winglk faces the

charge of material M.. toward.th nd f ~rher can jnclu varjety,of shapes and
confioratiogs. iURAS ST AASE MESRRE AERitns ol Feiicenn SMAEL HIE ALIE it Aec=
truncated configBhatiasr, 8. fotRciUDRapEE M8 e ToMdhPpRRR] hie wWibiiupe Ruoperdiadils disclosure.

The first face 41gandngkide R A9IRIRTE S TReRhEHIIP R ERIRIERAE SN O ABEIRRINBXRATIRIGsthe

engagement member 47 includes %'Protrusion 57 that protrudes from the first face 41 in a direction away
from the secondBRSETPE 3dBaiRE £aRaPle Rl WibSIARL RAFRUAD JEALL MAHNG JBRREEHYTR protrusion
57 (Figure 2C) ommettiiie puotrasians dentkigunatddccurs duhegiettivheopluspearg28f caatalied include an

attachmen enlfl?7 r 49 for aljaning.and affixing the, shot tube.plunger 1gb relative to the Baft 31. The
Ftachment Don g g e Uy RS ELR) IRTARG HIGRRET T, e RS T GHR one
example, the atteafhaatay metatials49 includes a recess 59 (see Figure 2A). The recess 59 can include

multiple shapes and size JA§ KEEESSIRYERCEIBER ARRISESRPRCAG RISEUSIAN e Of dhg ial 31. In

another example, the attachment member 49 includes a protrusion 63 that extends from the second face
43 and is received'RithiHNdcRt SEHGKaIAY FiRAseEDEMRABNINESE (HerNeifinserend face 43.

The first face 41 faces the charge of material Nhiwmithe shot tube 24, while the

15 second face 43 faces the shaft 31. The shot tlloeggr 128 may include an
engagement member 47, an attachment member 49randfannel 51. Although
Figure 2A illustrates the shot tube plunger 128imgweach of the engagement
member 47, the attachment member 49 and the chadnet should be understood
that the shot tube plunger 128 could include onhe ®f these features or any

20 combination of such features. It should also b#ewustood that the outer surface 45 of
the shot tube plunger 128 could be configured ¢tugte non-cylindrical shapes.

The first face 41 can include the engagement me#be The engagement
member 47 provides an additional contact areahcharge of material M to bond to
during injection. Once the injection is completedahe charge of material M is

25 solidified within the die cavity 20, the disposaldbot tube plunger 128 remains
attached to the cast component 15 (See Figure 2Bgast portion 17 that bonds to
the engagement member 47, but is detached frorshidiié 31. The shot tube plunger
128 is then removed from the component 15 by rentpthe cast portion 17 and can
then be disposed of.

30 In one example, the engagement member 47 incladesess 55 (see Figure
2A). The recess 55 extends from the first facewtich faces the charge of material
M, toward the second face 43. The recess 55 aadunda a variety of shapes and

configurations, including but not limited to, a Maped configuration, a triangular
5



15The shot tube plunger may also include the channel 51. The channel Icircumferentially extends about
the outer cylindrical surface 45. In this example, the channel 51 includes a circumferential groove 53 that
extends radially inwardly from the outer cylindrical surface 45. The channel 51 could also include other

configurations. For example, the shot tube plunger 128 could include a single channel 20 51 or multiple
channels 51. AsapefisHntiobedpliHitfatad SanfEttEatin nfdte EXBERNRRAMR) 2O dontedMRfestGsess, it is

possible for a pagiithRief daspaekendnrialdsurass RewagR@rRckad d3Rbibeciekiybeand the
outer cylindrical surface 45 of the shot tube plunger 128. When this occurs, the portion P of the charge of

material M is ca RIS IFRASHRS cRan MBI P TR A TRRIGN  h ST BRI &L JPSUA§Ticl 25metal
particles and avoidingsgmuginthaf phetintes fvnath 2ethiat ¢acdotk dirastitve shay fube flergeohds is

retracted. Fi ilhdst ngther I tt | [ The shot lunger 228
includes a d?spogs%‘%glg %l@%éaﬁ?eijge 4%E5I‘hfﬁ(d$§p})g0§a{§)$e8 &E{%%%Cg%%? AB%ESL?crign%(;%\@%?/ ﬁ?ﬁéﬁé%to the shot
tube plunger 228 Afid@48 BE XespodkiglemsoysiquernadrauEHtinjection of a charge of material during a
die casting process. The,digpgsalif PhRipgdIeass 0423186 IeMRACAFRMdNeRBaRTbSL Angudisposed of

either after a single injection or after multiple injections. The dis%gsable piston head 40 is_ made from a
material capable?t? With B A LeR e il hiyRenBlHAGSE R G d nilierlial R exAifple, the
disposable pistoatfaeachdht coeablee 494ddeliBpnscian, therseoim dtoitae reiracidy phaigeal2s. The

disposable piston head 40 defines a first height HE and the shot tube er 223 defipes-a second
eight 1. T i e PE % AL T o et o TuEllebls B PO SRR Thiond heigh
H2 of the shot tulBegsiting@r 08 irelygiharnllinieushapherafude sibesehoBriss phthdeegigesmay be

reciprocated bet&ﬁ?é‘sﬁorr?dfﬁgts%ﬁﬂgiaﬂieﬁegf PASILKHAWIEOUY R GRH R AMBIEC BREQUER ighinner wall 25

of the shot tube 24. Figures 4A-4F illustrate example features of the disposable piston head 40. In 10

these examples MRE'BRpBLdBRUSIET R REAH AP ThER dBREHENAR 80 SEAbRFfads A8 an outer

cylindrical surfacectbveispapat bedvwespotingiiystfree 43 antdh B seandifaee 28). The first face 42 faces a
charge of r[jgterlal M (el'Hé rgl%l) en metangnhln the shot tubf?u%g, hll% ﬁ%%’fgcoflrgefac eaﬁﬁ faces the shot

tube plungér 228 (showninp an%Pne). HEME first a2 ¢an iRcliGe &k engagemen mer%lber 48. The

engagement  5lcircumferentially extends about the outer cylicalr surface 45. In this example,
the channel 51 includes a circumferential groovettE extends radially inwardly
from the outer cylindrical surface 45. The chanBgl could also include other
configurations. For example, the shot tube pludg& could include a single channel
20 51 or multiple channels 51. As the shot tube pturP8 injects the molten metal
during the die casting process, it is possibleafportion P of the molten metal to pass
between an inner wall 25 of the shot tube and thteracylindrical surface 45 of the
shot tube plunger 128. When this occurs, the ol of the charge of material M is
captured within the channel 51 thereby leaving ghet tube 24 free of solidified
25 metal particles and avoiding gouging of the innatl\25 that can occur as the shot
tube plunger 128 is retracted.

Figure 3 illustrates another example shot tubexg#u 228. The shot tube
plunger 228 includes a disposable piston head ®te disposable piston head 40 is
removably attached to the shot tube plunger 228candoe disposed of subsequent to

30 an injection of a charge of material during a destmg process. The disposable
piston head 40 can be removed from the shaft 3ldambsed of either after a single
injection or after multiple injections. The dispb#e piston head 40 is made from a

material capable of withstanding contact with higlelting temperature materials.
6



member 48 provides a contact area for the charge of material M to bond to during injection. Once the
injection is complete and the metal is solidified within the die cavity 20, the disposable piston head 40
remains attached to the cast component 15 (See Figure 4F) via a cast portion 17. The disposable piston
head 40 can then be 20 removed from the component 15 and disposed of. In one example, the
engagement mehthed>@gpleluies Hsresaitias pister Rgdrdd FRUbREEhsaBCaios b Te@ItiOfrom the first
face 42, which faggsrthe-sb@igeieraisrial M, in a direction toward the second face 44. The recess 50
can include a variety of shapes and con]‘i@cr]éjrations, including truncated triangular configﬁrations 25

(Figures 4A and 4B) arld's-SI5RBSLOMITIARASAS #9arINRS) adtRiMeitl, dd e otiahiiRted as within
the scope of thisptliagesaps. ddfenéisshfaceodd tayhnairie ia siglhede abesiinl (BdghFiguref 449 or multiple
recesses 50 (Seeg Fi 4B igyres 4D-4F illustr xample, en m mber 48 of
the disposaogle p(?é%ﬁ%e%é%l d%)tol?l {ﬁ%He%Qr%%ﬁﬁ Seecr?gﬁa@gnl‘gent mersr?boepr{ﬁ eirggﬁggé a Oa%?otrusion 52
that protrudes fregneialliirsafde IparetoirébtsheivalerolRdfs ey drirkiter aertgd defidpesdble piston

head 40 can inclagia@singia RIREKIIPLSE S BRGNS AMEAfeTuIt GBIk iors RAI(Ss @ fFigure 4E).

The protrusions 52 may have an enlarged head to further secure bonding. Figures 5A-5C illustrate
another feature H?qtﬁ?%ﬁé%‘%gﬂte piston head 40. The disposable piston head 40 includes an attachment
member 54 for aligningFajudeafdnrtiiestispo eahlamistoatiesach Odpokizh Bhoittab e @hdng@r B28. The
attachment member 54 is disposed op the second. face 44 of the disposable piston head which faces
in5a direc%on tg%gsdeiﬁaemsﬁg? tube Cp{']%ogsgsro Q'.sﬁnaﬁ %?Q%@?Fag iﬁr)]getn]a (r%‘]ae!ri)n%egr B4 ?sngﬁ(zs%ﬁleoned on an
opposite side of 44eatidprsabliepicttindncal tofaesndh alishospshdiemaberifitav face Homedettemple, the

attachment mempeprd igclides aHRCRSE RRASES ity s FRigRske): mfgbepﬁﬁﬁtéﬁ fRRdfclude multiple
shapes and sizes, including but not 10 limited to those depicted in Fu%%re A and Figure 5C. The recess

56 receives a coffHiPIRGIRG PrdtRisidh S8R tHe SSRGS IAGEF 308 BhRbvkPH MHABES Rt removably
attach the dispogetidevpigtphdreachylO to the shot tube plunger 228. In another example, the
attachment;l ember 54ri1neC|Hrd§§§1% Lgrﬁ)érusion %?L}Qgt extends from tthe s%%%rpcliﬁgce 44 in aecmection

toward the 'shot tube plunger he 1%apnro'?ru5|on B W PRISVET Within & corres?ﬁgr‘%lgﬁlra recess 64 of

the shot tube plungexbep@donmvideatsycantash arealiopdbalbtbgrzretttiehly 40 feotitk tohdutige plunger
228. injection. Once the injection is complete and thetal is solidified within the die

cavity 20, the disposable piston head 40 remaitestadd to the cast component 15
(See Figure 4F) via a cast portion 17. The didplespiston head 40 can then be
20 removed from the component 15 and disposed of.

In one example, the engagement member 48 includesess 50 (see Figures
4A-4C). The recess 50 extends from the first fA2e which faces the charge of
material M, in a direction toward the second fade 4'he recess 50 can include a
variety of shapes and configurations, includingntated triangular configurations

25 (Figures 4A and 4B) and T-shaped configurationgufé 4C). Other shapes are
contemplated as within the scope of this disclasurae first face 42 can include a
single recess 50 (See Figure 4A) or multiple reze89 (See Figure 4B).

Figures 4D-4F illustrate another example engagénmeember 48 of the
disposable piston head 40. In this example, tlgag@@ment member 48 includes a

30 protrusion 52 that protrudes from the first facer®a direction away from the second
face 44. The disposable piston head 40 can in@dwugegle protrusion 52 (See Figure
4D), or multiple protrusions 52 (See Figure 4E)heTprotrusions 52 may have an

enlarged head to further secure bonding.
7



Figures 6A-6E illustrate yet another feature of the disposable piston head 40. The disposable piston head
40 can include a channel 58 circumferentially disposed about the outer cylindrical surface 46 of the

disposable piston head 40. The channel 2058 extends radially inward from the outer cylindrical surface 46
of the disposable piston head 40 to define a circumferential groove 66. The channel 58 can define any

of a multitude of varyingigéW£sex apd tuntigia ansiestaaive abibreBapleRisies BRGAO InTAGdition, such
as depicted in Figypp &Bidhstifeicadingricaliaes arefa Phhdmeksensrb ggisiRn rReskbiean 25 include

a plurality of channels 58 defined thereon. As the shot tube pllé?éer 228 injects the charge of material M

during the die cd8GrySHRARE RISOPNEaHIdMdP 4o Righ BRPRIPRRAr JESAHALURE M6 PSS between
an inner wall 25 54 tbelishottuben2dhanddiveddiater 4¥lvfdticalispwigieeod hohtheoshadtithbiagasmger 228.
When this ogcurg, rtion P af the r f materi is red withi n 30 thereby
leaving the shot ué%gﬁﬁgﬁe@%?@of%ﬁéh?n%%%Bél%ﬂ%e%? aé.\léld gf/%%%g% %%%ﬁg%\%ﬁg %%%r@érﬁgll 25 that
can occur as thePSRbcnase Pl ePResite rideofctn¢StspPraMeBead 4A§Fatailerhd@reoFigures 3-6
ilustrate multiplefeatues of the disposable piston head 40. The disposable piston head 40 could include
one or all of the features described herein. For examPIe, the disposable piston head 40 could include the

engagement member 48 42 SXRERIFMEAREEPER MRIMAE" HAMRRSEESFRG SEERIIH RN of these
features. Figure 9A fan@samnplehdlusteaieSa chsppsahle pistopldeaadrdd siavd)dreachingf ue estgagement

member 48, the attachment me r 54 and the channel , t uld be understood that many of the
features dslpcl}ctegni]rl? |g;.{:5)rerggof-e7r%$®ﬁ§egislglgsl l#(raea%g‘ n%r%gil%lsqpa é§ ?’c%%éeggg e%heg/e\(/:veol\l/ﬁ e in practice.
Indeed, many 10Eesrendirgspeibsiona st @fidise bt NubieamuiZéi dekayvnaindFhactivn) sed should not

be interpreted asdimjiagIghis SIRGIRS IS BSaBN WRYon hedRadRIERIRBEBRGHRospEhall be interpreted as

illustrative and not in any limiting sense. A worker of ordinary skill in the art would understand that certain
modifications could cofleBNRHIATISEXERSe BrarmifLassl aerhieihaddre i HrrsPasiaiiting claims
should be studiegkterdrt@iminadhrtoiel saopaantLcantetvbaitdse shot tube plunger 228. The

15 protrusion 62 is received within a correspondingess 64 of the shot tube plunger
228 to removably attach the disposable piston A€ad the shot tube plunger 228.
Figures 6A-6E illustrate yet another feature @ thsposable piston head 40.
The disposable piston head 40 can include a cha@eircumferentially disposed
about the outer cylindrical surface 46 of the dsgwe piston head 40. The channel
20 58 extends radially inward from the outer cylindticsurface 46 of the disposable
piston head 40 to define a circumferential groo&e 6
The channel 58 can define any of a multitude ofying shapes and
configurations, such as depicted in Figures 6A-6&.addition, such as depicted in
Figure 6D, the outer cylindrical surface 46 of tiisposable piston head 40 can
25 include a plurality of channels 58 defined thereoAs the shot tube plunger 228
injects the charge of material M during the dieticasprocess, it is possible for a
portion P of the charge of material M to pass betwan inner wall 25 of the shot
tube 24 and the outer cylindrical surface 45 ofghet tube plunger 228. When this
occurs, the portion P of the charge of materialsMaptured within the channel 58
30 thereby leaving the shot tube 24 free of solidifieetal particles and avoiding
gouging of the inner wall 25 that can occur asshet tube plunger 228 is retracted
(See Figure 6A).



disclosure. CLAIMS 1. A die casting system, comprising: a shot tube plunger having a first face, an
opposing second face, and an outer 5 surface disposed between said first face and said opposing second
face, wherein a channel circumferentially extends about said outer surface, said channel operable to
receive a portion of a charge of material introduced into the die casting system. 2. The system as recited

in claim 1, wherein said\eifgiptetnahaues igowrdrifdfesifidieg rovligaitiesende rdigrosaki®ard from

said outer surfaGgistch hEESYSIEThATIIYIRMBIR iR heddeipidAR sk GCaIBeludaef0889agement
member. 15 4.The system as recited in claim 3, wherein said enga%gment member is a recess. 5. The

system as recite¥PFERGH BeEHkreP5 fdARY S dhfe AISRRFABIR RELBL AlsFN SN BUERd S stem as
recited in claim Engangprisintgracshiadt, whethin saittiseenndianhachdies dnantiecBeot mamnber that

removably agtac@g%g%igt%ﬂo&t l‘['t?&sB“f'@é%SFetg Si‘%&ﬁ‘é&? for eXamiflustrates a disposable piston
head 40 having each of the engagement member d&ttdchment member 54 and
the channel 58.

It should be understood that many of the featdegscted in Figures 1-7 of

this disclosure are not illustrated to the scaéy tivould be in practice. Indeed, many
10 features are shown enlarged to better illustragér tthesign and function and should
not be interpreted as limiting this disclosure my avay.

The foregoing description shall be interpretedllastrative and not in any
limiting sense. A worker of ordinary skill in thert would understand that certain
modifications could come within the scope of thisctbsure. For these reasons, the

15 following claims should be studied to determine thee scope and content of this

disclosure.



257.The system as recited in claim 6, wherein said attachment member includes one of a recess and a
protrusion and said shaft includes the other of said recess and said protrusion. 8.The system as recited in
claim 1, wherein said shot tube plunger includes a 30disposable piston head and said channel extends
circumferentially about said disposable piston head. 9. A die casting system, comprising: a die including
a plurality of die components that define a die cafdlyAEBot tube in fluid communication with said die
cavity; a shot tube plunger moveable within said shot tube to communicate a charge 5of material
into said die cavity; and . a disposable piston head removably attached to said shot tube plunger,
wherein said disposabl@ ¥R HEAMHENHEQTRIFENEice and an opposing second face, and said first face
includes an engagemeatsmetmider phatgantiactsgpepfirtioinod, saicopipaie @fdrfateyiaineinahsaiteo pposing

Said shot e phe T Re IR S s e S Se oA e

aim erein said disposab

includes an oute¢RM@ESIFRAVTHErant iRy rextengiscaeouh feRishOBIBf a5ee Aaks| ahainshiePsiadlesifface. 15
11. The system as-EpritachsHORIBT & HRRJS I RitbRRPAGeMARLTRMPE LIRGNG 8§ stem.

2. The system as recited in claim 1, wherein said whhnncludes a

10 circumferential groove that extends radially inwéman said outer surface.

3. The system as recited in claim 1, wherein saidt fifexe includes an

engagement member.

15 4. The system as recited in claim 3, wherein said gege@nt member is a
recess.
5. The system as recited in claim 3, wherein said gage@nt member is a
protrusion.

20
6. The system as recited in claim 1, comprising atskdferein said second face

includes an attachment member that removably atasaid shot tube plunger to said
shaft.

25 7. The system as recited in claim 6, wherein saidchtteent member includes
one of a recess and a protrusion and said shdéides the other of said recess and

said protrusion.
8. The system as recited in claim 1, wherein said shie¢ plunger includes a

30 disposable piston head and said channel extendsindierentially about said

disposable piston head.

10



one of a recess and a protrusion. 12. The system as recited in claim 9, wherein said attachment member
includes 20one of a recess and a protrusion and said shot tube plunger includes the other of said recess
and said protrusion to removably attach said disposable piston head to said shot tube plunger. 13. A
method of die casting a component with a die casting system, comprising 25the steps of: (@)
removably attacBing a figffos%IBHRTAMeeRMBrisisot tube plunger of the die casting system; (b)

injecting a charge of matgdahEnigkg b RIAkHBERDdHBOR SesGaMINOA e digigasting system with the
shot tube plunger and attached dispgsable piston 30 head; and (c) capturing a portion of the charge of
material in a channel tﬁa?WéHHﬁé?éH{\%\lﬁ?%ﬁ‘b@aﬁ%l‘ﬁ‘f'@ﬁaﬁgﬂﬁ}ﬁam of the disposable piston head

during the step of injectirghtiheutizapgegé materableldillie saidhsicatobeoiadulidsaterapeisingethe steps of:
5 of material into said die cavity; and
a disposable piston head removably attached td shot tube plunger,
wherein said disposable piston head includes &ffice and an opposing second face,
and said first face includes an engagement menfitagrcontacts a portion of said
charge of material and said opposing second faitedas an attachment member that

10 removably attaches said disposable piston heaaidcshot tube plunger.

10. The system as recited in claim 9, wherein saidadigple piston head includes
an outer surface having a channel that circumfe@ntextends about said outer
surface.

15
11. The system as recited in claim 9, wherein said gagent member includes

one of a recess and a protrusion.

12. The system as recited in claim 9, wherein saidcchfteent member includes
20 one of a recess and a protrusion and said shotpiulnger includes the other of said
recess and said protrusion to removably attachdigfbsable piston head to said shot

tube plunger.

13. A method of die casting a component with a dieiogssystem, comprising
25 the steps of:
(a) removably attaching a disposable piston heaghot tube plunger of
the die casting system,;
(b) injecting a charge of material through a glbe and into a die cavity
of the die casting system with the shot tube pluragel attached disposable piston
30 head; and
(c) capturing a portion of the charge of mateiial a channel that
circumferentially extends about an outer surfacthefdisposable piston head during

the step of injecting the charge of material.

11



(d) solidifying the charge of material to form the component; and (e) removing the component from the
die cavity with the disposable piston head still attached to the component. 5 15.The method as recited 14,
comprising the step of: (Oremoving the disposable piston head from the component; and (g)disposing of
the disposable piston head. 1016.The method as recited in claim 13, wherein the disposable piston head
includes a first fdde thaklfadasthes @sdrpdied AterrapipagitseraePmeiuding a recess, and wherein said

step (c) includes: captyging ageigihgitecrirseohaairia vthnHbe &fsiSand
(e) removing the component from the die cavity with tigposable piston
head still attached to the component.

15. The method as recited 14, comprising the step of:
() removing the disposable piston head from the compbm@and

(9) disposing of the disposable piston head.

10 16. The method as recited in claim 13, wherein the atiaple piston head
includes a first face that faces the charge of nadiehe first face including a recess,
and wherein said step (c) includes:

capturing a portion of the charge of material witthe recess.

12



