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DIE CASTING MACHINE SHOT SLEEVE

BACKGROUND

This disclosure relates to a multi-layered shot sleeve for a die casting
machine.

A typical die casting machine includes a shot sleeve having a pour opening
that receives molten metal. A plunger moves axially within a cavity provided by the
shot sleeve to force the molten metal into a die providing a component shape.

During die casting, one of the more problematic issues is the control of the
gap between the shot sleeve and the piston. Distortion of the shot sleeve during the
die casting process is a strong factor that modulates the gap and causes interference
to occur between sleeve and piston. Too large of a gap causes metal blow-by and
jamming of solidified metal between sleeve and piston. Too small of a gap causes
interference when a sleeve distorts. Many methods have been used throughout the
die cast industry to try to control this gap, such as using a water-cooled piston,
heater/oil routed shot sleeves, cooling jackets, etc. One or more of these approaches
may increase tool life for the casting foundry.

One type of distortion is sometimes referred to as the “banana effect” of shot
sleeves, or cantilevering of shot sleeve about a constrained end. This undesired
banana effect can be avoided by achieving uniform temperature throughout the
length of the shot sleeve, but this is almost impossible to achieve. During casting,
the shot sleeve is typically no more than 50% filled before the piston has started
moving. Even with the piston traveling inside the shot sleeve, only a segment of the
shot sleeve sees the full molten melt temperature. This problem is only exacerbated
in very high temperature die casting processes. The distortion may be only about
0.004 inch (0.01 mm), but this slight distortion can cause interference between shot
sleeve and piston, which wears the sleeve/piston interface as the piston retracts and
drags along the length of the shot sleeve. A long tube simply worsens the effect.

A multi-layered shot sleeve has been proposed in an attempt to maintain
sufficiently high casting temperatures between molten shots. A consolidated,
unsintered layer of ceramic is provided between inner and outer metal layers. The
ceramic layer provides improved insulating properties to the shot sleeve. Loose

ceramic is provided between the inner and outer layers and packed using a hot
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isostatic pressing (HIP) process to a relatively low density. The inner and/or outer
layers are then machined to desired dimensions. This process attempts to ensure that
the ceramic does not bond to the inner metal layer or transfer any significant load
between the inner and outer metal layers so that the ceramic is not cracked due to

thermal shock during casting.

SUMMARY

In one exemplary embodiment, a method of manufacturing a shot sleeve for a
die casting machine includes engaging an intermediate sleeve layer with one of an
outer sleeve layer and an inner sleecve layer, and shrink fitting the other of the outer
sleeve layer and an inner sleeve layer into engagement with the intermediate sleeve
layer.

In a further embodiment of the above, the engaging step includes shrink
fitting the outer sleeve layer onto the intermediate sleeve layer. The other shrink
fitting step includes shrink fitting an inner sleeve layer into the intermediate sleeve
layer.

In a further embodiment of any of the above, the inner sleeve layer shrink
fitting step is performed after the outer sleeve layer shrink fitting step.

In a further embodiment of any of the above, the inner sleeve layer shrink
fitting step generates a first radial compressive force on the intermediate sleeve layer.
The outer sleeve layer shrink fitting step generates a second radial compressive force
on the intermediate sleeve layer.

In a further embodiment of any of the above, the first and second radial
compressive forces generate a compressive stress of 35-45 MPa on the intermediate
sleeve layer.

In a further embodiment of any of the above, the intermediate sleeve layer is
ceramic.

In a further embodiment of any of the above, the intermediate sleeve layer is
provided by ring segments.

In a further embodiment of any of the above, the inner sleeve layer is metal.

In a further embodiment of any of the above, the outer sleeve layer is metal.

In a further embodiment of any of the above, the shot sleeve consists of three

layers provided by the outer, intermediate and inner sleeve layers.
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In a further embodiment of any of the above, the outer sleeve layer shrink
fitting step is performed by providing the outer sleeve layer at a higher temperature
than the intermediate sleeve layer. The intermediate sleeve layer is inserted into the
outer sleeve layer,

In a further embodiment of any of the above, the inner sleeve layer shrink
fitting step is performed by providing the inner sleeve layer at a lower temperature
than the intermediate sleeve layer. The inner sleeve layer is inserted into the
intermediate sleeve layer.

In a further embodiment of any of the above, the method includes the step of
replacing a worn inner sleeve layer by heating the outer sleeve layer and removing
the intermediate and inner sleeve layers from the outer sleeve layer.

In a further embodiment of any of the above, the engaging includes spraying
the intermediate sleeve layer onto the one of an outer sleeve layer and an inner sleeve
layer.

In a further embodiment of any of the above, the intermediate sleeve layer is
ceramic.,

In a further embodiment of any of the above, the shrink fitting step generates
a compressive stress of 0.0024 inch on the intermediate sleeve layer.

In a further embodiment of any of the above, the method includes the step of
machining the inner sleeve surface to provide a plunger surface that is configured to
receive a plunger.

In a further embodiment of any of the above, the method includes the step of
replacing a worn inner sleeve layer by heating the outer sleeve layer and removing
the intermediate and inner sleeve layers from the outer sleeve layer.

In a further embodiment of any of the above, the shrink fitting step provides
an interference fit in the amount of 0.0024 inch.

In another exemplary embodiment, a shot sleeve for a die casting machine
includes an intermediate sleeve layer that is in engagement with and arranged radially
between inner and outer sleeve layers. A pour opening is provided through the
intermediate, inner and outer sleeve layers. The intermediate layer is ceramic and
subjected to a compressive stress of 35-45 MPa from the inner and outer sleeve

layers.
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BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be further understood by reference to the following
detailed description when considered in connection with the accompanying drawings
wherein:

Figure 1 is a schematic view of an example die casting machine.

Figure 2 is a schematic cross-sectional view of an example shot sleeve.

Figure 3 is a schematic cross-sectional view of another example shot sleeve.

Figure 4 is a flow chart depicting an example method of manufacturing the
shot sleeve.

The embodiments, examples and alternatives of the preceding paragraphs, the
claims, or the following description and drawings, including any of their various
aspects or respective individual features, may be taken independently or in any
combination. Features described in connection with one embodiment are applicable

to all embodiments, unless such features are incompatible.

DETAILED DESCRIPTION

A die casting machine 10 is schematically illustrated in Figure 1. The
machine 10 includes a die 12 having multiple die portions 14A, 14B that cooperate
with one another to provide a part shape 16. The die 12 is exemplary only and may
have any suitable configuration depending on the application.

A shot sleeve 18 is in fluid communication with the die 12 to force molten
metal into the die 12 during the die casting process. The shot sleeve 18 includes a
pour opening 20 that receives molten material M. A plunger 22 is retracted by an
actuator 26 via a rod 24 such that molten metal may be received in an area in the shot
sleeve 18 immediately beneath the pour opening 20 and left of the retracted plunger
22. The plunger 22 is moved axially along a plunger axis R to the position illustrated
in Figure 1 to force the molten metal into the die 12. Once the molten metal has
sufficiently solidified within the die 12, the die portions 14A, 14B are separated in
the direction D.

An arrangement of nested sleeves is used to provide the shot sleeve 18, as
shown in Figure 2. In the example, three layers of sleeves are shown, although it

should be understood that more layers may be used.
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With reference to Figure 2, an intermediate sleeve layer 30 is provided
radially between inner and outer sleeve layers 28, 32. The sleeve layers 28, 30, 32
are assembled in such a manner so as to generate a compressive force on the
intermediate sleeve layer 30 of at least 35-45 MPa.

The outer sleeve layer 32 includes inner and outer diameter surfaces 36, 38.
The intermediate sleeve layer 30 includes inner and outer diameter surfaces 40, 42.
The inner sleeve layer 28 includes inner and outer diameter surfaces 44, 46. The
inner diameter surface 44 corresponds to a plunger surface that cooperates with the
plunger 22 during the casting process.

The inner and outer diameter surfaces 40, 42 are respectively in engagement
with the inner and outer diameter surfaces 36, 46 in an assembled condition. The
pour opening 20 may be provided in each of the inner, intermediate and outer sleeve
layers 28, 30, 32 prior to assembly, if desired. A refractory-weldable pour liner can
be incorporated if desired, which will eliminate washout effects from the hot
impingement molten metal being dumped from a height into the shot tube.

In one example, the intermediate sleeve layer 30 is provided by a ceramic.
Ceramic materials have unique properties of high compressive strength and low
thermal expansion. The choice of ceramics can be but not limited to alumina,
mullite, silicon nitrides and or their oxide/nitride derivatives. Ceramics have
extremely high compressive strength with typical values of above 2100 MPa for
alumina and 3800 MPa for silicon nitride. Ceramics also have a low linear coefficient
of thermal expansion (CTE), for example, alumina has a CTE value of ~7.7 to 8 x 10’
5/°C in the temperature range of 400-800°C, and silicon nitride has a CTE value of
~3.2x 10%/°C in the temperature range 400-800°C.

The inner and outer sleeve layers 28, 32 are provided by a metal. A typical
H13 metal at a temperature range 400-800°C has a CTE of 12.4 x 10°%/°C. Thus, by
having a heat insulating, low thermal expansion ceramic interlayer, coupled with its
very high compressive strength because there is simply no room for bending
movement in a sandwiched construction.

In one example, the outer sleeve layer 32 is made of a H13 material. Since
this layer does not contact molten metal, a non-premium grade of H13 can be used to
reduce cost. This inner sleeve layer can be non-H13 steel grades or other materials,
for example. A high wear resistant grade of steel in high speed steels can be used for

inner sleeve to reduce frictional wear between the plunger and the shot sleeve.
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A shot sleeve 18 is manufactured, as indicated at 48 in Figure 4. To provide
the compressive forces C1 and C2 on the intermediate sleeve layer 30, at least one of
the inner and outer sleeve layers 28, 32 are shrink fit relative to the intermediate
sleeve layer 30, which is provided at block 50. In one example, the outer sleeve layer
32 is first shrink fit onto the intermediate sleeve layer 30 (block 52) to provide an
interference of about 0.0024 inch (0.06mm). The resulting radial compressive force
C1 maintains the integrity of the intermediate sleeve layer 30 so that it does not break
during assembly. Then, the inner sleeve layer 28 can be shrink fit into the
intermediate sleeve layer 30 (block 54) to provide the radial compressive force C2.

Alternatively, the intermediate sleeve layer 30 may be sprayed onto one of the
inner and outer sleeve layers 28, 32 and the other of the inner and outer sleeve layers
28, 32 is shrink-fit relative to the intermediate sleeve layer 30.

Since the compressive forces applied to the intermediate sleeve layer 30 may
distort or alter the dimensions of the inner diameter surface 44, the inner sleeve layer
28 may be machined to provide the desired dimension for the cavity 34, if necessary,
as shown at block 56.

If the inner sleeve layer 28 becomes wormn, the inner sleeve layer 28 may be
removed by heating the outer sleeve layer and removing the intermediate inner sleeve
layers 30, 28 from the outer sleeve layer 32.

Figure 3 illustrates a shot sleeve 118 in which the intermediate sleeve layer
130 is provided by multiple ring segments 131, which may simplify assembly of the
shot sleeve 118,

The disclosed multilayer construction in which the interlayer is sufficiently
compressed and effectively mechanically joined to the inner and outer sleeves will
control the distortion seen in shot sleeves and effectively maintain the gap tolerance
during the die cast process.

It should also be understood that although a particular component
arrangement is disclosed in the illustrated embodiment, other arrangements will
benefit herefrom. Although particular step sequences are shown, described, and
claimed, it should be understood that steps may be performed in any order, separated
or combined unless otherwise indicated and will still benefit from the present
invention.

Although the different examples have specific components shown in the

illustrations, embodiments of this invention are not limited to those particular
6



combinations. It is possible to use some of the components or features from one of
the examples in combination with features or components from another one of the
examples.

Although an example embodiment has been disclosed, a worker of ordinary
skill in this art would recognize that certain modifications would come within the
scope of the claims. For that reason, the following claims should be studied to

determine their true scope and content.
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CLAIMS

1. A method of manufacturing a shot sleeve for a die casting machine, the
method comprising:

engaging an intermediate sleeve layer with one of an outer sleeve layer and an
inner sleeve layer; and
shrink fitting the other of the outer sleeve layer and an inner sleeve layer into
engagement with the intermediate sleeve layer, wherein the inner sleeve layer is
metal and the intermediate sleeve layer is ceramic and wherein the first and second
radial compressive forces generate a compressive stress of 35-45 MPa on the

intermediate sleeve layer.

2. The method according to claim 1, wherein the engaging step includes shrink
fitting the outer sleeve layer onto the intermediate sleeve layer, and other shrink
fitting step includes shrink fitting an inner sleeve layer into the intermediate sleeve

layer.

3. The method according to claim 2, wherein the inner sleeve layer shrink fitting

step is performed after the outer sleeve layer shrink fitting step.

4, The method according to claim 3, wherein the inner sleeve layer shrink fitting
step generates a first radial compressive force on the intermediate sleeve layer, and
the outer sleeve layer shrink fitting step generates a second radial compressive force

on the intermediate sleeve layer.

5. The method according to claim 1, wherein the intermediate sleeve layer is

provided by ring segments.
6. The method according to claim 1, wherein the outer sleeve layer is metal.

7. The method according to claim 1, wherein the shot sleeve consists of three

layers provided by the outer, intermediate and inner sleeve layers.
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3. The method according to claim 1, wherein outer sleeve layer shrink fitting
step is performed by providing the outer sleeve layer at a higher temperature than the
intermediate sleeve layer, and inserting the intermediate sleeve layer into the outer

sleeve layer.

9. The method according to claim 1, wherein inner sleeve layer shrink fitting
step is performed by providing the inner sleeve layer at a lower temperature than the
intermediate sleeve layer, and inserting the inner sleeve layer into the intermediate

sleeve layer.

10.  The method according to claim 1, comprising the step of replacing a wom
inner sleeve layer by heating the outer sleeve layer and removing the intermediate

and inner sleeve layers from the outer sleeve layer.

I1.  The method according to claim 1, wherein the engaging includes spraying the
intermediate sleeve layer onto the one of an outer sleeve layer and an inner sleeve

layer.

12 The method according to claim 11, wherein the intermediate sleeve layer is

ceramic.

13.  The method according to claim 12, wherein the shrink fitting step generates a

compressive stress of 35-45 MPa on the intermediate sleeve layer.

[4.  The method according to claim 12, comprising the step of machining the

inner sleeve surface to provide a plunger surface configured to receive a plunger.

15.  The method according to claim 14, comprising the step of replacing a womn
inner sleeve layer by heating the outer sleeve layer and removing the intermediate

and inner sleeve layers from the outer sleeve layer.
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16.  The method according to claim 1, wherein the shrink fitting step provides an

interference fit in the amount of 0.0024 inch (0.006096 centimetres).

17. A shot sleeve for a die casting machine comprising;

an intermediate sleeve layer in engagement with and arranged radially
between inner and outer sleeve layers, a pour opening provided through the
intermediate, inner and outer sleeve layers, wherein the inner sleeve layer is metal
and the intermediate layer is ceramic and subjected to a compressive stress of 35-45

MPa from the inner and outer sleeve layers.
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