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Description

BACKGROUND

[0001] The subject matter disclosed herein generally
relates to a shot sleeve for a die casting process and,
more particularly, to low modulus shot sleeves for high
temperature die casting.
[0002] A die casting process utilizes a mold cavity de-
fined between mold parts. Molten metal material is fed
in to the mold 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 ma-
terial to the cavity. The shot sleeve includes an opening
for introducing molten material into a bore of the shot
sleeve that leads to the mold cavity. A plunger or piston
moves within the bore of the shot sleeve to push the
molten material through the shot sleeve and inject the
molten material into the mold cavity. The piston is sub-
sequently withdrawn and additional material can be in-
troduced into the bore for fabricating another part within
the same mold cavity, i.e., the shot sleeve is reused for
multiple molding operations (e.g., die casting opera-
tions).
[0003] Patent documents EP2450126 and
WO2014164593 relate to high temperature die casting
processes using a shot sleeve to inject molten metal ma-
terial between mould parts.
[0004] The shot sleeve can experience very high tem-
peratures due to the molten metal material that is passed
through the bore of the shot sleeve. Accordingly, the shot
sleeve and/or components thereof are fabricated of ma-
terials compatible with such high temperatures. Howev-
er, materials that are compatible with the high tempera-
tures encountered during the die casting process can be
costly and difficult to machine. Further, materials that are
compatible with the high temperatures may result in shot
sleeves with relatively low life cycles. That is, the high
temperatures can lead to failure of the shot sleeves, even
when the shot sleeve is formed from high temperature
materials. Accordingly, it is desirable to design and de-
velop shot sleeves that can withstand the high tempera-
tures while reducing cost, easing manufacturing, and/or
increasing the life cycle of shot sleeves.

SUMMARY

[0005] According to the present invention a shot sleeve
for high temperature die casting is provided according to
claim 1.
[0006] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the shot sleeve may include that the single crystal,
nickel-based alloy has a first axis with a modulus of
120-150 GPa (18-22 Mpsi) at room temperature.
[0007] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments

of the shot sleeve may include that the first axis modulus
is 110-140 GPa (16-20 Mpsi).
[0008] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the shot sleeve may include that the single crystal,
nickel-based alloy has a radial direction with a modulus
of 120-150 GPa (18-22 Mpsi).
[0009] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the shot sleeve may include that the radial direction
modulus is 190-220 GPa (28-32 Mpsi).
[0010] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the shot sleeve may include that the single crystal,
nickel-based alloy has a tangential or hoop direction with
a modulus of 120-150 GPa (18-22 Mpsi).
[0011] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the shot sleeve may include that the nickel-based alloy
is a solid solution hardened alloy.
[0012] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the shot sleeve may include that the nickel-based alloy
is a low volume fraction precipitation hardened alloy.
[0013] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the shot sleeve may include that the nickel-based alloy
is a high volume fraction low density precipitation hard-
ened alloy.
[0014] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the shot sleeve may include that the nickel-based alloy
is a high density creep resistant alloy.
[0015] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the shot sleeve may include that the nickel-based alloy
is a dual precipitation hardened alloy.
[0016] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the shot sleeve may include internal cooling channels
formed therein.
[0017] Technical effects of embodiments of the
present disclosure include a low modulus shot sleeve for
high temperature die casting. Further technical effects
include a shot sleeve with improved life cycle and dura-
bility for high temperature die casting.
[0018] The foregoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated otherwise. These features
and elements as well as the operation thereof will become
more apparent in light of the following description and
the accompanying drawings. It should be understood,
however, that the following description and drawings are
intended to be illustrative and explanatory in nature and
non-limiting.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The subject matter is particularly pointed out
and distinctly claimed at the conclusion of the specifica-
tion. The foregoing and other features, and advantages
of the present disclosure are apparent from the following
detailed description taken in conjunction with the accom-
panying drawings in which:

FIG. 1A is a schematic illustration of an example
mold assembly that can incorporate embodiments
described herein;

FIG. 1B is a cross-section schematic illustration of
the shot sleeve of the mold assembly of FIG. 1A; and

FIG. 2 illustratively shows a specially cast single
crystal orientation as employed by embodiments of
the present disclosure where both axial and hoop
directions everywhere are low modulus.

DETAILED DESCRIPTION

[0020] As shown and described herein, various fea-
tures of the disclosure will be presented. Various embod-
iments may have the same or similar features and thus
the same or similar features may be labeled with the
same reference numeral, but preceded by a different first
number indicating the Figure Number to which the feature
is shown. Thus, for example, element "a" that is shown
in FIG. X may be labeled "Xa" and a similar feature in
FIG. Z may be labeled "Za." Although similar reference
numbers may be used in a generic sense, various em-
bodiments will be described and various features may
include changes, alterations, modifications, etc. as will
be appreciated by those of skill in the art, whether explic-
itly described or otherwise would be appreciated by those
of skill in the art.
[0021] FIG. 1A schematically illustrates an example
die casting mold assembly 10 that includes a die casting
mold 12 having a first part 14 and a second part 16 that
define a mold cavity 18. The die casting mold 12 includes
an opening 20 that receives a shot sleeve 22. The shot
sleeve 22 defines a bore 34 through which molten ma-
terial 26 can be injected into the mold cavity 18. A piston
24 operable and movable within the bore 34 of the shot
sleeve 22 to inject the molten material 26 into the mold
cavity 18. In some die casting operation, the molten ma-
terial 26 can be heated to temperatures in excess of 2000
°F (1093 °C) in order to ensure proper fluidity of the mol-
ten material 26. That is, the temperatures are high
enough to ensure that the molten material 26 can be
pushed through the bore 34 of the shot sleeve 22 by the
piston 24. In view of this, the material used to form the
shot sleeve 22 must be compatible with the excessive
temperatures of the molten material 26.
[0022] Referring to FIG. 1B, the shot sleeve 22 in-
cludes a housing 28 with a first end 30 and a second end

32. The bore 34 is defined within the housing 28 about
a longitudinal axis 15 and extends from the first end 30
to the second end 32. The bore 34 is opened at both the
first and second ends 30, 32, and thus defines a fluid
passage within the shot sleeve 22. The first end 30 in-
cludes a first end opening 54 that fluidly connects the
bore 34 with the mold cavity 18 when the shot sleeve 22
is connected to the die casting mold 12. As shown, in
some configurations, the shot sleeve 22 can include a
core 42. The core 42 is received within the bore 34 and
can provide an interior surface capable of withstanding
the temperatures of the molten material 26.
[0023] The shot sleeve 22 illustrated in FIG. IB includes
a first cover 44 that is attachable to the housing 28 by
fasteners or other attachment mechanism. The first cover
44 is fabricated from a material determined to withstand
the impact and wear encountered due to interaction with
the die casting mold assembly 10. The first cover 44 in-
cludes an opening that is part of the first end opening 54.
[0024] The first cover 44, as shown, is a separate piece
from the housing 28 and thereby may be removed and
replaced without having to replace the entire housing 28.
Similarly, the core 42 is fit within the bore 34 of the hous-
ing 28 such that it may be removed and replaced due to
wear and/or if damaged without replacing the entire shot
sleeve 22. The first cover 44 includes a shoulder 68
against which the core 42 abuts at the first end 54.
[0025] A second cover 46 is attached to the housing
28 at the second end 32. The second end 32 of the hous-
ing 28 and the second cover 46 includes a second end
opening 50 through which the piston 24 may be inserted
and move therethrough to drive the molten material 26
through the shot sleeve 22 and out the first end opening
54. Molten material 26 can be poured through a supply
opening 36 such that the molten material 26 can fill the
bore 34.
[0026] An optional key 56 can extend through the hous-
ing 28, as shown in FIG. 1B, and engage a surface of
the core 42 to prevent rotation of the core 42 relative to
the housing 28 and to maintain an alignment of the open-
ings 50, 54. The housing 28 further includes an integral
collar portion 38 formed on an exterior surface of the
housing 28, including flats 40 that are utilized and provide
for engagement of a tool, as known in the art. Additional
flanges and/or other structures can be configured on the
exterior surface of the housing 28.
[0027] The die casting mold assembly 10, as noted
above, is subject to high temperatures due to the man-
ufacturing process of a component formed within the die
casting mold 12. Because of the high temperatures, the
components of the die casting mold assembly 10 may
suffer low part life (e.g., relatively low number of opera-
tions before one or more components should be replaced
or repaired). Accordingly, as provided herein, improved
shot sleeves having drastically improved part life are de-
scribed.
[0028] For example, machines capable of high tem-
perature die casting of aerospace components may re-
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quire molten nickel-based alloy. In such manufacturing,
metal is melted in a crucible (e.g., molten material 26)
and poured through the supply opening 36 into the bore
34 of the shot sleeve 22. The piston 24 is then inserted
into the bore 34 and injects the molten material 26 into
the die casting mold at high velocity and pressure. The
molten material 26 fills the mold cavity 18 which defines
a part geometry, such as several aerospace compo-
nents, and the molten material 26 cools within the mold
cavity 18 to solidify and form a finished part or compo-
nent. The first part 14 and second part 16 of the die cast-
ing mold 12 are then separated or opened, the part(s)
ejected from the die casting mold 12, and the cycle initi-
ates again. This is referred to as a "shot cycle" (i.e., the
full process of forming a component with the die casting
mold assembly 10.
[0029] It is advantageous to maximize the number of
shot cycles that can be performed before components of
the die casting mold assembly 10 exposed to the molten
material 26 need to be replaced. In particular the shot
sleeve 22 must remain dimensionally accurate for clear-
ance and movement of the piston 24 while being exposed
to the high temperature of the molten material 24 that is
poured into the bore 34 before and after metal injection.
As known in the art, the shot sleeve can fail from thermal
mechanical fatigue induced by the rapid introduction and
expulsion of the molten material 26 through in each shot
cycle.
[0030] As provided herein, an extended-life shot
sleeves formed of materials with superior thermal-me-
chanical fatigue resistance are disclosed. In accordance
with some embodiments, an example material for such
application (e.g., formation of the shot sleeve) is nickel-
based single crystal which can be grown to orient a low
modulus direction in the axial and tangential or hoop di-
rections. Axial and tangential or hoop low modulus shot
sleeve can be fabricated and made in the size of a die
casting shot sleeve as described herein. Advantageous-
ly, in accordance with embodiments of the present dis-
closure, several thousand shot cycles are possible with
the materials described herein. That is, as will be appre-
ciated by those of skill in the art, a ten-fold improvement
(or greater) can be achieved with embodiments of the
present disclosure.
[0031] A shot sleeve of the present disclosure is a nick-
el-based alloy shot sleeve having single crystal structure.
The single-crystal, nickel-based alloy shot sleeve is cast
with a controlled modulus of the nickel crystal. By con-
trolling the modulus of the nickel crystal during casting,
a low modulus direction (e.g., cubic geometry) can be
achieved with a high ductility orientation. In some em-
bodiments, the casting of the shot sleeve can be achieved
by growing a single-crystal, nickel-based alloy ingot and
then forging the ingot into a shot sleeve (e.g., having a
structural shape similar to that shown in FIG. 1B).
[0032] The single-crystal, nickel-based alloy with a low
modulus, because of a high thermal-mechanical fatigue
resistance, can eliminate the core 42. That is, the entire

shot sleeve can be formed as a single unitary component
that is formed from single-crystal, nickel-based alloy.
[0033] To achieve the improved shot sleeve of the
present disclosure, an ingot of single-crystal, nickel-
based alloy can be grown. The ingot can then be slow
cooled, heat treated to soften the material. The softened
material can then be forged to form the shot sleeve
shape, size, and dimensions. The formed shape can then
be heat treated to achieve a fine textured sub-grained
structure that exhibits improved strength and low cycle
fatigue.
[0034] A conventional single crystal does not have ax-
ial symmetry. However, by a special seeding process a
single crystal, axial symmetry can be achieved, thus re-
sulting in improved-life materials, and, accordingly, im-
proved-life shot sleeves. Axial symmetry may also be
achieved by bending a sheet of single crystal in its sof-
tened stage and welding the two edges to form a cylin-
drical tube.
[0035] In one non-limiting embodiment of the present
disclosure, a nickel-based alloy shot sleeve is provided.
The nickel-based alloy shot sleeve is a single crystal
grown to have a controlled modulus of the crystal. For
example, in some embodiments, the atoms of the grown
nickel-based alloy crystal can have a cubic geometry that
provides a low modulus direction, resulting in a low ther-
mally driven stress orientation.
[0036] As shown in FIG. 2, an orientation as employed
by embodiments of the present disclosure is illustratively
shown. As illustrated, a cubic geometry is formed by a
normally used single crystal casting technique. This
case, low modulus occurs tangentially every 90° interval.
These locations can be selectively oriented at the bottom
of the shot tube where liquid metal will flow. Such selec-
tion and orientation may provide improved and unexpect-
ed benefits of significant life-cycle of the shot sleeves of
the present disclosure.
[0037] The modulus of the material provided herein
may have a first axis having a modulus of 120-150 GPa
(18-22 Mpsi), and in some embodiments, having a mod-
ulus of 190-220 GPa (28-32 Mpsi) at room temperature.
Further, in some embodiments, a radial direction may
have a modulus of 120-150 GPa (18-22 Mpsi), and in
some embodiments may have a modulus of 190-220
GPa (28-32 Mpsi). In all cases, the tangential or hoop
modulus at room temperature may be preferred to be
120-150 GPa (18-22 Mpsi).
[0038] In accordance with various embodiments, the
nickel-based, single crystal alloy can include various dif-
ferent materials. For example, alloys of the present dis-
closure may take the form of Ni-M1-M2-...-Mn, wherein M1
to Mn are metals that are alloyed with nickel to achieve
the desired properties. In various embodiments, a single
additional metal (M1) may be alloyed with nickel, and in
other various embodiments different numbers of alloyed
metals M1 to Mn can be employed. In some embodi-
ments, the alloyed metals may include solid solution
hardened alloys such as Hastelloy-X® or low volume
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fraction precipitation hardened alloy such as Waspaloy®,
or high volume fraction low density precipitation hard-
ened alloy such as Inconel® Alloy 100, or high density
but creep resistant alloys such as PWA 1484, René N5,
or CMSX-4 alloy, or even dual precipitation hardened
alloy such as Inconel® Alloy 718. Additionally, as will be
appreciated by those of skill in the art, the different ma-
terials (including nickel-based or iron-based or steels)
may take different weight percentages, as illustrated by
the preceding example(s) and understood by those of
skill in the art.
[0039] In additional to the above described shot
sleeves, in some embodiments, the formation and cast-
ing of the shot sleeve may be configured to form cooling
channels within the shot sleeve. That is, in addition to
providing the above described and formed shot sleeve
that is formed from the described nickel-based alloy, ad-
ditional features, such as cooling channels can be em-
ployed to further improve efficiency and/or part life, as
desired and/or necessary.
[0040] Advantageously, embodiments described
herein provide shot sleeves having several thousand
shot cycles. That is, as will be appreciated by those of
skill in the art, a ten-fold improvement (or greater) can
be achieved with embodiments of the present disclosure.
A low modulus single-crystal shot sleeve, as provided
herein, can enable a high temperature die casting proc-
ess to make improved thermo-mechanical-failure life of
shot sleeves. Such improved shot sleeves can minimize
issues with sleeve deflection and clearance control dur-
ing die casting of components. Furthermore, advanta-
geously, embodiments provided herein can enable in-
creased fabrication rates and lower cost than alternative
casting and forging processes.
[0041] Accordingly, the present disclosure is not to be
seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.

Claims

1. A shot sleeve (22) for high temperature die casting
which has been formed as a single unitary compo-
nent from a single crystal, nickel-based alloy, the
shot sleeve having a single-crystal structure with an
axi-symmetric orientation and a low modulus direc-
tion oriented to provide a higher thermal-mechanical
fatigue resistance along an axial direction of the shot
sleeve than in a radial direction.

2. The shot sleeve of claim 1, wherein the single crystal,
nickel-based alloy has a first axis with a modulus of
120-150 GPa (18-22 Mpsi) at room temperature.

3. The shot sleeve of claim 1, wherein the first axis mod-
ulus is 110-140 GPa (16-20 Mpsi).

4. The shot sleeve of any preceding claim, wherein the

single crystal, nickel-based alloy has a radial direc-
tion with a modulus of 120-150 GPa (18-22 Mpsi).

5. The shot sleeve of any of claims 1-3, wherein the
radial direction modulus is 190-220 GPa (28-32 Mp-
si).

6. The shot sleeve of any preceding claim, wherein the
single crystal, nickel-based alloy has a tangential or
hoop direction with a modulus of 120-150 GPa
(18-22 Mpsi).

7. The shot sleeve of any preceding claim, wherein the
nickel-based alloy is a solid solution hardened alloy.

8. The shot sleeve of any of claims 1-6, wherein the
nickel-based alloy is a low volume fraction precipi-
tation hardened alloy.

9. The shot sleeve of any of claims 1-6, wherein the
nickel-based alloy is a high volume fraction low den-
sity precipitation hardened alloy.

10. The shot sleeve of any of claims 1-6, wherein the
nickel-based alloy is a high density creep resistant
alloy.

11. The shot sleeve of any of claims 1-6, wherein the
nickel-based alloy is a dual precipitation hardened
alloy.

12. The shot sleeve of any preceding claim, further com-
prising internal cooling channels formed therein.

Patentansprüche

1. Gießkammer (22) zum Hochtemperatur-Druckgie-
ßen, die als eine einzige einheitliche Komponente
aus einer Einkristall-, nickelbasierten Legierung ge-
bildet wurde, wobei die Gießkammer eine Einkris-
tallstruktur mit einer achssymmetrischen Ausrich-
tung und einer Niedrigmodulrichtung aufweist, die
ausgerichtet ist, um entlang einer axialen Richtung
der Gießkammer eine höhere thermisch-mechani-
sche Ermüdungsbeständigkeit bereitzustellen als in
einer radialen Richtung.

2. Gießkammer nach Anspruch 1, wobei die Einkris-
tall-, nickelbasierte Legierung eine erste Achse mit
einem Modul von 120-150 GPa (18-22 Mpsi) bei
Raumtemperatur aufweist.

3. Gießkammer nach Anspruch 1, wobei der erste
Achsmodul 110-140 GPa (16-20 Mpsi) beträgt.

4. Gießkammer nach einem der vorstehenden Ansprü-
che, wobei die Einkristall-, nickelbasierte Legierung
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eine radiale Richtung mit einem Modul von 120-150
GPa (18-22 Mpsi) aufweist.

5. Gießkammer nach einem der Ansprüche 1-3, wobei
der radiale Richtungsmodul 190-220 GPa (28-32
Mpsi) beträgt.

6. Gießkammer nach einem der vorstehenden Ansprü-
che, wobei die Einkristall-, nickelbasierte Legierung
eine tangentiale oder ringförmige Richtung mit ei-
nem Modul von 120-150 GPa (18-22 Mpsi) aufweist.

7. Gießkammer nach einem der vorstehenden Ansprü-
che, wobei die nickelbasierte Legierung eine misch-
kristallgehärtete Legierung ist.

8. Gießkammer nach einem der Ansprüche 1-6, wobei
die nickelbasierte Legierung eine ausscheidungsge-
härtete Legierung mit geringem Volumenanteil ist.

9. Gießkammer nach einem der Ansprüche 1-6, wobei
die nickelbasierte Legierung eine ausscheidungsge-
härtete Legierung mit hohem Volumenanteil und ge-
ringer Dichte ist.

10. Gießkammer nach einem der Ansprüche 1-6, wobei
die nickelbasierte Legierung eine kriechresistente
Legierung mit hoher Dichte ist.

11. Gießkammer nach einem der Ansprüche 1-6, wobei
die nickelbasierte Legierung eine zweifach aus-
scheidungsgehärtete Legierung ist.

12. Gießkammer nach einem der vorstehenden Ansprü-
che, ferner umfassend darin gebildete Kühlkanäle.

Revendications

1. Manchon (22) pour coulée sous pression à haute
température qui a été formé en tant que composant
unitaire unique à partir d’un alliage monocristallin à
base de nickel, le manchon ayant une structure mo-
nocristalline avec une orientation axisymétrique et
une direction à faible module orientée pour fournir
une résistance à la fatigue thermomécanique plus
élevée le long d’une direction axiale du manchon
que dans une direction radiale.

2. Manchon selon la revendication 1, dans lequel l’al-
liage monocristallin à base de nickel a un premier
axe avec un module de 120-150 GPa (18-22 Mpsi)
à température ambiante.

3. Manchon selon la revendication 1, dans lequel le
premier module d’axe est de 110 à 140 GPa (16-20
Mpsi).

4. Manchon selon une quelconque revendication pré-
cédente, dans lequel l’alliage monocristallin à base
de nickel a une direction radiale avec un module de
120-150 GPa (18-22 Mpsi).

5. Manchon selon l’une quelconque des revendications
1 à 3, dans lequel le module de direction radiale est
de 190-220 GPa (28-32 Mpsi).

6. Manchon selon une quelconque revendication pré-
cédente, dans lequel l’alliage monocristallin à base
de nickel a une direction tangentielle ou circulaire
avec un module de 120-150 GPa (18-22 Mpsi).

7. Manchon selon une quelconque revendication pré-
cédente, dans lequel l’alliage à base de nickel est
un alliage durci en solution solide.

8. Manchon selon l’une quelconque des revendications
1 à 6, dans lequel l’alliage à base de nickel est un
alliage durci par précipitation à faible fraction volu-
mique.

9. Manchon selon l’une quelconque des revendications
1 à 6, dans lequel l’alliage à base de nickel est un
alliage durci par précipitation à faible densité et à
fraction volumique élevée.

10. Manchon selon l’une quelconque des revendications
1 à 6, dans lequel l’alliage à base de nickel est un
alliage résistant au fluage à haute densité.

11. Manchon selon l’une quelconque des revendications
1 à 6, dans lequel l’alliage à base de nickel est un
alliage durci par double précipitation.

12. Manchon selon une quelconque revendication pré-
cédente, comprenant en outre des canaux de refroi-
dissement interne qui y sont formés.
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