SHOT SLEEVE ASSEMBLY W TH MATERI ALS OF DI FFERENT CCEFFI Cl ENTS OF
THERMAL EXPANSI ON STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT [ 0001] This subject of this disclosure was nade with
support fromthe Singapore governnment. BACKGROUND [ 0002] Thi s
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process. Morre specifically, this disclosure is generally directed to

a shot sleeve formed of di f {8 EHERMAL EXPANSIEN®3] A die casting

process utilizes a nold cavity defined between nold parts. Mlten
metal material is feed in to the cavity and held under pressure until

the netal BSTAFEBMENNTREGARDING FEDERADEY SPONSARED RESEARCIROR
part renoved. In sone processes _a shot sleeve is utilized to hold
nol ten material and introduce t REVEROEMENE o t he cavi ty. The shot
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I nj ect gokemmmehten nmaterial into the cavity. The plunger is
subsequently wi thdrawn and additional material is introduced into the
pl unger for fabricating another part within the same cavity.

[ 0004] The shot sl eeve experiencegaidigreyunpi gh tenperatures of the
nolten netal material and therefore 1s fabricated of materials
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It 1S Qeséreabhgetiflsdesi gn and devel op shot sl eeves that can w thstand

t he high ter’rBerat ures whil e reduci ng cost and easing nmanufacturing.
[0003] A die casting process ufilizes a mold cavity defined between mold parts.

Molten metal material is feed in to the cavity and held under pressure until the metal hardens.
The mold parts are then separated and the cast part removed. In some processes a shot sleeve
is utilized to hold molten material and introduce that material to the cavity. The shot sleeve
includes an opening for introducing molten material into a bore that leads to the cavity. A
plunger moves within the bore to inject the molten material into the cavity. The plunger is

. —.subsequently. withdrawn and additional material.-is.introduced into-the plunger for fabricating -
another part within the same cavity.

[0004] The shot sleeve experiences the very high temperatures of the molten
metal material and therefore is fabricated of materials compatible with those high
temperatures. However, materials that are compatible with the high temperatures
encountered during the die casting process can be costly and difficult to machine.
Accordingly, it is desirable to design and develop shot sleeves that can withstand the high

temperatures while reducing cost and easing manufacturing.

SUMMARY
[0005] A shot sleeve assembly for a die casting process according to an
exemplary embodiment of this disclosure, among other possible things includes a housing
defining a bore open at both a front end and a rear end and a pour opening for receiving
molten material. The housing includes a material of a first coefficient of thermal expansion,

a core received within the bore and extending from the front end to the rear end including a
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SUMVARY [ 0005] A shot sl eeve assenbly for a die casting process
according to an exenpl ary enbodi nent of this disclosure, anong other
possi bl e things includes a housing defining a bore open at both a
front end and a rear end and a pour opening for receiving nolten
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the core abuts for holding the core within the bore. [0009]In a
f urt her*®¥%bodi ment of any of the foregoi ng shot sleeve assenblies,
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the front cover includes a shoulder agalnst which the core abuts for holding the core within

the bore.

[0009] In a further embodiment of any of the foregoing shot sleeve assemblies,
includes a plurality of fasteners extending through the front cover for securing the front cover
to the front end of the housing.

[0010] In a further embodiment of any of the foregoing shot sleeve assemblies,

——the front cover includes a plurality of threaded openings for receiving corresponding threaded
fasteners for forcing the front cover from the housing.

[0011] In a further embodiment of any of the foregoing shot sleeve assemblies,
includes a key member disposed between the housing and the core for holding a position of
the core relative to the housing.

[0012] In a further embodiment of any of the foregoing shot sleeve assemblies,
the core is fabricated from a refractory metal material.

[0013] In a further embodiment of any of the foregoing shot sleeve assemblies,
the core is fabricated form a ceramic material.

[0014] A method of casting a cast article according to an exemplary embodiment
of this disclosure, among other possible things includes defining a mold cavity between at
least two mold parts, mounting a shot sleeve, heating a shot sleeve to a pre-heat temperature,
tightening a rear cover threadingly received within a housing to force a core disposed within

the housing into a front cover, pouring a quantity of molten material into the core through a



[0010] I n a further enbodi nent of any of the foregoing shot sleeve
assenblies, the front cover includes a plurality of threaded openings
for receiving corresponding threaded fasteners for forcing the front
cover fromthe housing. [0011]In a further enbodi nent of any of the
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cast articl e[0017] In a further embodiment of any of the foregoing methods of casting a cast
article, the core has a lower coefficient of thermal expansion than the housing.

{0018] In a further embodiment of any of the foregoing methods of casting a cast
article, includes extending a key through the housing against the core for preventing relative
rotation between the core and the housing,

[0019] A casting assembly according to an exemplary embodiment of this
disclosure, among other possible things includes a mold includes at least one cavity for

receiving molten material, and a shot sleeve mounted to the mold for injecting molten

-—— -material-into-the-cavity. The-shot- sleeve-includes-a-housing-defining a-bore-open-at-both a-

front end and a rear end and a pour opening for receiving molten material. The housing
includes a material of a first coefficient of thermal expansion. A core received within the
bore and extending from the front end to the rear end includes a core opening aligned with
the pour opening. The core includes a material of a second coefficient of thermal expansion
lower than the first coefficient of thermal expansion. A front cover attached to the front end
of the housing, and a rear cover attached to the rear end of the housing. The rear cover forces
the core against the front cover holding the core within the bore of the housing, and a plunger
movable through the bore of the shot sleeve for forcing molten material through the core and
into the at least one cavity.

[0020] In a further embodiment of the foregoing casting assembly, the rear cover
includes a nut threadingly received within the bore and rotatable to force the core against the

front cover.



as recited in claim10, includes |oosening the rear cover prior to
cooling the shot sleeve to roomtenperature that is |less than the
pre-heat tenperature. [0016]In a further enbodi mnent of any of the
f oregoi ng net hods of casting a cast article, includes renoving the
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DETAILED DESCRIPTION

[0030] Figure 1 schematically illustrates an example mold assembly 10 that
includes a mold 12 having a first part 14 and a second part 16 that defines a cavity 18. The
example mold 12 includes an opening 20 that receives a shot sleeve 22. The example shot
sleeve 22 defines a bore 34 through which molten material 26 is injected into the cavity 18.
A plunger 24 is movable within the bore 34 to inject the molten material 26 into the cavity
18. The molten material 26 is of a temperature in excess of 2000 °F (1093 °C). Accordingly,
the material comprising the shot sleeve 22 must be compatible with the excessive
temperatures of the molten material 26.

[0031] Referring to Figures 2, 3 and 4, the example shot sleeve 22 includes a
housing 28 with a front end 30 and a rear end 32. The bore 34 is disposed about a
longitudinal axis 15 and extends from the front end 30 to the rear end 32. The bore 34 is
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front cover includes a shoul der against which the core abuts for
hol ding the core within the bore. [0022]In a further enbodi nent of
any of the foregoing casting assenblies, includes a key nenber

di sposed between the housing and the core for holding a position of
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[0033] The example core 42 is comprised of a refractory metal material such as
Anviloy or TZM. The core 42 may also be comprised of a ceramic material such as silicon
nitride or silicon carbide that have low coefficients of thermal expansion. As appreciated,
other high temperature compatible materials may be used and are within the contemplation of
this disclosure.

[0034] Although a low coefficient of thermal expansion is desirable, the shot
sleeve assembly 22 must also be of a sufficient strength and thickness to withstand and
prevent the shot sleeve 22 from bending upwards due to encountering the temperatures of the

molten material. Molten material is poured (Figure 1) through an opening 36 defined in the

. ——-housing 44 -that-is aligned-with-an-opening -52-within-the-core-42.  Molten-material therefore ---

sits on a bottom surface 66 of the core 42 prior to being injected into the cavity 18. Because
the molten material 26 sits on the bottom surface 66 of the core 42, the bottom portion of the
housing 28 and the core 42 are heated more than the top surface and will expand more than
the top portion causing the shot sleeve 22 to bend upwardly. The example housing 28 is of a
sufficient thickness to overcome the upward bending caused by the differential temperatures
between the bottom and top surfaces while also including the thinner core 42 that withstands
the higher temperatures.

[0035] The example shot sleeve 22 includes a front cover 44 that is attached to the
housing 28 with a plurality of fasteners 56. The example fasteners 56 are machine screws
that extend through openings in the front cover 44 into threaded holes defined in the front end
30 of the housing 28. The front cover 44 is fabricated from a material determined to
withstand the impact and wear encountered due to interaction with the mold assembly 10.

[0036] The front cover 44 is a separate piece from the housing 28 and thereby

may be removed and replaced without having to replace the entire housing 28. The core 42 is
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sl eeve. DETAI LED DESCRI PTI ON [ 0030] Figure 1 schematically illustrates
an exanple nold assenbly 10 that includes a nold 12 having a first
part 14 and a second part 16 that defines a cavity 18. The exanple
nold 12 i ncludes an opening 20 that receives a shot sleeve 22. The
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di scl O%'ZH eI‘h<~> core 42 is sandwiched between the shoulder 68 of the front cover 44 and the rear

cover 46 within the bore 34. Accordingly, the bore 34 may comprise a slip fit with the core
—— 42 to-ease removal.

[0039] A key 54 extends through the housing 58 and engages a surface of the core
42 to prevent rotation of the core 42 relative to the housing 28 and to maintain an alignment
between the opening 52 of the core 42 and the opening 36 within the housing 28. The
example key 54 comprises a threaded bolt that extends through the housing 28 and engages a
flat surface 55 defined on the outer surface of the core 42. The flat surface 55 accommodates
some longitudinal movement of the core 42 relative to the housing 28 as may occur due to
differential thermal expansion during operation.

[0040] The housing 28 further includes an integral collar portion 38, including
flats 40 that are utilized and provide for engagement of a tool. As appreciated, a tool can be
utilized to engage the surfaces 40 to prevent rotation of the housing and thereby the shot
sleeve 22 during tightening or loosening of the rear cover 46. Additionally, the example
housing 28 does not include a mounting flange that requires larger starting stock material that

is simply machined away to define a mounting flange.



[ 0034] Al t hough a | ow coefficient of thermal expansion is desirable,
t he shot sl eeve assenbly 22 nust also be of a sufficient strength and
t hi ckness to withstand and prevent the shot sleeve 22 from bending
upwar ds due to encountering the tenperatures of the nolten material.
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[0045] The example shot sleeve assembly 22 therefore includes modular

components that can be replaced upon wear to reduce the expense of manufacture and

accommodate relative thermal expansion between the core and the housing 28. The

allowances provided by the example modular shot sleeve assembly 22 provide for the use of

temperature compatible materials in locations where it is required while also providing for
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42 to prevent rotation of the core 42 relative to the housing 28 and
to maintain an alignnent between the opening 52 of the core 42 and
the opening 36 within the housing 28. The exanple key 54 conprises a
t hreaded bolt that extends through the housing 28 and engages a fl at
sur f aceneasdef éRaskrRatthfls %iitﬁé h§l!lgllf1@§§ tPFeduBEcsRy ﬁ1d4%se1ﬂ_l|5lg fA(ﬁﬁtlonally
surface 55 accommbdat es sone | ongitudi nal novenent of the Cor

rel ati vbe example sheuddeng ag8mipdy %pramlmra m-@lmoasderrﬁblertbatthaalthet ¢wabnhty of
expansi on durin rati 0 40 ousi 8 further includes an

i nt egr £re‘@8rp%ggp§31%ﬁ”%q’i‘ %@Ere{‘ﬁgfﬂi‘?ﬁ F%P? St hat are utilized and
provide for [aogRgenBho@sh ant edmpléSerbidiRentahad bedn tRRoedN abSorker of
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i's S|nnhygmpeanmaﬁnam@yﬂh@dﬁatgﬂe a nounti ng flange [ 0041] Referring
to Figure 5 with continued reference to Figures 2-4, the exanpl e shot
sleeve 22 is installed within the nold assenbly 10 and heated to a
preheat tenperature. The preheat tenperature can range between 500F
and 2000 F (260-1093 C) and provides for heating the shot sleeve 22
to a tenperature closer to that of the nolten netal material to

el imnate excessively quick rises of tenperature. [0042] The core 42
includes a thermal expansion coefficient schematically indicated at

64 that is nmuch |l ess than a thermal expansion coefficient of the
housi ng 28 indicated at 62. Accordingly, once the shot sleeve 22 is
heated to the preheat tenperature; the housing 28 will becone | onger
than the core 42. Because the housing 28 is longer than the core 42 a
gap 60 may form between an end of housing 28 and the core 42. In this
exanple, the gap 60 is defined between the shoul der 68 of the front
cover 44 and an end of the core 42. Mlten material poured within the
bore 34 can becone entrapped within the gap 60 and reduce

ef fecti veness of the shot sleeve assenbly 22. Accordingly, the core
42 is novable longitudinally in response to tightening of the rear
cover 46. As appreciated, once the shot sleeve 22 is at the preheat
tenperature, the rear cover 46 is tightened such that it noves
“i'nwardly to push the core 42 forward agai nst the shoul der 68 defined
in the front cover 44. The rear cover 46 is then tightened to a
defined torque to maintain the desired interface between the front
end of the core 42 and the shoulder 68 of the front cover 44.

[ 0043] The nol di ng operation can then proceed as indicated and
described in Figure 1 where nolten material 26 poured through the
opening 36 into the bore 34 defined by the core 42. The plunger 24 is
t hen pushed through the bore 34 to inject the nolten material into
the cavity 18. [0044] Once nol di ng has been conpl eted, the shot sl eeve
22 will cool to a nuch cool er tenperature such as roomtenperature.

At roomtenperature, the housing 28 will contract to a nuch | arger
degree than the core 42 thereby inducing stresses on the front cover
44 and the rear cover 46. Therefore, prior to cooling of the shot

sl eeve assenbly 22, the rear cover 46 is | oosened such that it noves
| ongitudinally outward to provide additional space for the relative
thermal contraction between the housing 28 and the core 42. [0045] The
exanpl e shot sl eeve assenbly 22 therefore includes nodul ar



conponents that can be replaced upon wear to reduce the expense of
manuf act ure and acconmodate rel ative thermal expansi on between the
core and the housing 28. The all owances provi ded by the exanple
nodul ar shot sl eeve assenbly 22 provide for the use of tenperature
conpatible materials in |locations whigagvist is required while al so
providing for the use of cheaper materials for the housing 28 to
reduce\HgﬁﬁSCbhuﬁbESenbly. Addi tional ly, the exanple shot sleeve
assenbly 22 provides a nodul ar assenbly that has the capability of
preventing gaps between different thermally acting materials.

[ 00461Al. t hougbhdRice¥@aREAbE TP HivRAMEAF 88 Bufpsghgsed, a worker of
ordinary skill in this art would recogni ze that certain nodifications

woul d come Wi hdvsingtdefiningaplore fopehiishaih 8 dtops endand-a rear isad andaowr onehing
fol | owi |_aj: I > died.to determne_ th n nt ent
L, S VR A

assenbltierial expadiioncasti ng process conpri si ng: a housi ng
defining a bore open at both a front end and a rear end and a_ pour
openi ng for & eABiGFAEdnpIthiontheghase jagd extandingoliemniye denmsrangi tagthg rear end

Ceri A fi N ' . g v .
ocer v i dipaldof bR Aol HiOlhe bAGF HRbai G R O omprising s Fp B8l of
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conprising a fmaterial of second coefficient of thermal expansion
| ower than ta‘ré&tic%%f a&%‘gﬁgit% 0"613“(? Hé‘ihﬁ'&Pusé&%éiﬁgi on;

a rear cover attached to the rear end of the housing, the rear cover forcing the core

against the front cover holding the core within the bore of the housing,.

2. The shot sleeve assembly as recited in claim 1, wherein the rear cover comprises a nut

threadingly received within the bore and rotatable to force the core against the front cover.

3. The shot sleeve assembly as recited in claim 1, wherein the housing includes flats for

-—— holding rotation-of the housing responsive to rotation-of the rear cover. -

4. The shot sleeve assembly as recited in claim 1, wherein the front cover includes a

shoulder against which the core abuts for holding the core within the bore.

5. The shot sleeve assembly as recited in claim 1, including a plurality of fasteners

extending through the front cover for securing the front cover to the front end of the housing.

6. The shot sleeve assembly as recited in claim 1, wherein the front cover includes a
plurality of threaded openings for receiving corresponding threaded fasteners for forcing the

front cover from the housing.

7. The shot sleeve assembly as recited in claim 1, including a key member disposed

between the housing and the core for holding a position of the core relative to the housing.



a front cover attached to the front end of the housing; and a
rear cover attached to the rear end of the housing, the rear cover
forcing the core against the front cover holding the core wwthin the
bore of the housing. 2. The shot sleeve assenbly as recited in claim
1, whergin the sheaslcERVAEHIYRE r&d8d dn Blalm UNHARMN HeYeot xS Echted £ith
the bore and rotatable to force the core against the front cover.

The shatfradteryvectalssatatily as recited in claim1, wherein the housing
includes flats for holding rotation of the housing responsive to
rotation of the rear cover. 4. The shot sleeve assenbly as recited
in claiom 1, THeemhet sledReastdniily a6 @ated iiM 6laiifl @S whefiPtHcdRke RUAbiGkedMaE R
the core abuts for holding the core within the bore. 5. The shot

sl eeve SBFEEPIYCTHS recited in claim1, including a plurality of
fasteners extending through the front cover for securing the front
cover to the front end of the housing. 6. The shot sleeve assenbly
as recited in claiml, wherein the front cover includes a plurality
of threaded openings for receiving correspondi ng threaded fasteners
for forcing the front cover fromthe housing. 7. The shot sleeve
assenbly as recited in claim1, including a key nenber disposed

bet ween the housing and the core for holding a position of the core

relative to the housing. 8. The shot sl eeve assenbly as recited in
claiml1, wherein the core is fabricated froma refractory netal
material. 9. The shot sleeve assenbly as recited in claim11, wherein

the core is fabricated forma ceramc nateri al

10



10. A nmethod of casting a cast article conprising: defining a nold
cavity between at least two nold parts; mounting a shot sleeve

heating a shot sleeve to a pre-heat tenperature; tightening a
rear cover threadingly received within a housing to force a core

di sposegh Wi tAihRldue Ak RNt MrfcR cBﬁ@ﬂging.over : pouring a
quantity of nolten materiral 1nto the Core”through a pour opening in

t he housi ng;defiomgi axgoldhevitpbetegematt least &ivo imoldpdrtse nol d cavity; and
curing the nol tnzn nacs}‘e ial within the nold cavity. 11. The method of
casting a cdBPUEPEESNRt&Veecited in claim 10, including | oosening

the rear COVRELRYS 4 SHotkRefOR!d fE-HchQemPatusd,eeve to room tenperature
that is less than the pre-heat tenperature. 12. The nethod of

casting a cdightening eiear gever duicadinigly meesived wittdn adonping 40 frgce @ poreidigposed
the fraont,.cquer by i.nserting at |east one threaded fastener through a
threadé’ﬁhgﬁgrheﬁf?él_séﬁdnnt?ﬁr%o%?ﬂ “t he at |east one fastener through the

front cover panfing At Quadfigage iien Whiteria ihioOihk c%?&tl@ﬁugm@_ﬂbﬁﬂﬁgé}ﬁngﬂdthe
forcing the front cover away fromthe housing by extending the

t hr eadé@uflgst ener fromthe front cover. 13. The nethod of casting a

cast articl ‘?ox?ﬁ}g;]tﬁgilﬁcﬁt‘gninﬁtéﬂaﬂ%ﬁeanﬁ %é?i&?g&h@e core has a | ower

coefficient O ermal "expansi on sing. 14. The nethod of
casting a castingtid mblecragtatetal wigltinitine @bkl gavit, i ncl udi ng extendi ng a
key through the housing against the core for preventing relative
rotati on between the core and the housing.

11.  The method of casting a cast article as recited in claim 10, including loosening the
rear cover prior to cooling the shot sleeve to room temperature that is less than the pre-heat

temperature.

12.  The method of casting a cast article as recited in claim 10, comprising removing the
front cover by inserting at least one threaded fastener through a threaded opening and
threading the at least one fastener through the front cover and into engagement with a front
-———end -of-the housing -and- forcing-the -front- cover-away from -the- housing- by -extending the-

threaded fastener from the front cover.

13.  The method of casting a cast article as recited in claim 10, wherein the core has a

lower coefficient of thermal expansion than the housing.
14.  The method of casting a cast article as recited in claim 10, including extending a key

through the housing against the core for preventing relative rotation between the core and the

housing.
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15. A casting assenbly conprising: a nmold including at |east one
cavity for receiving nolten material; a shot sl eeve nounted to
the nold for injecting nolten material into the cavity, the shot

sl eeve including a housing defining a bore open at both a front end
and a rgar eptagdith AsAbly BRSRkAG: for receiving nolten material, the
housi ng conprising a matérial of "a first coefficient of thernal
expansi on, & welddne¢ludiapvelgastionhcavityhor esewirgmdolon matdiinlg from t he
front end tao th ear end i.ncludin core.opening aligne .th the
pour - open nd: 1eh B0 aSUEisIP bR RurgiePurd SRa ol Sodhs Parilinene
of t hershsd slexveandidng laoaEing A8finihBQ Hokd SpencA®bin £i6M erdf ankinEeeh®dnd and a
expansion, a front cover attached to the front end of the housin

and a rR9HF opevieg fax receivéne moltehangtedgl, Eredheisingheompriging ¢, mategalr efap first
cover f ' i ns Eont ver Jhol di he. core

i thi n OrEena AR RARI R obibfade R R R34 Bkifind i s from
the boredofo theereshehd sheaviagf Drcofe0bpedife rlibhaN witht il fdurt syedih thd@ore
core and into the at /| east one cavity. 16. The casting assenbly as
reci t eFOPRTIEME mmateriahipdr 2 ispcand ecqedliiont ¥ theppatpexraasion lpfjer than’the first
t hr eadi : j 5.t I

agai nst P GEIn R i IcnPES P Mladhgh 3 ) fork 8nd BF B Hlipl ¥ o
cl ai m X&r aoker mtachdédhie the ocitr cadwvéthe haukingeteaeshoubidierciag dienste uduigsh the

the core abuts for holding the core within the bore. 18. The casting
assenblfPrigoyesbiplding § ﬁCBWngIFhllig‘,el?%%P @'Fr}‘i'@“%lngéé? menber di sposed

bet ween the hQUsEReNbld HEos el e RPIEH BEbtAIROS S RIciRE hfRnCRARrAl

relative to the housi ng.
through the core and into the at least one cavity.

16.  The casting assembly as recited in claim 15, wherein the rear cover comprises a nut

threadingly received within the bore and rotatable to force the core against the front cover.

17.  The casting assembly as recited in claim 15, wherein the front cover includes a

~——shoulder against which the core-abuts-for-holding the core within-the-bore.

18.  The casting assembly as recited in claim 15, including a key member disposed

between the housing and the core for holding a position of the core relative to the housing.
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