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(54) Centrifugal casting method and apparatus

(57) Apparatus for forming a cast component has a
chamber for holding an alloy and which is rotated about
an axis to separate an impurity from the alloy by centrif-

ugal force. The chamber feeds a mould that is also ro-
tating and into which the alloy is supplied to form a com-
ponent by centrifugal casting.
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Description

�[0001] This invention relates to methods and appara-
tus for centrifugal casting of components.
�[0002] According to a first aspect of the invention there
is provided a method of forming a cast component com-
prising the steps of: providing a chamber containing a
molten alloy and an impurity; rotating the chamber about
an axis to separate the alloy and the impurity by centri-
fuging; and supplying the alloy from the chamber to a
mould rotating about the axis to centrifugally cast the
alloy in the mould.
�[0003] Preferably the molten alloy comprises titanium,
vanadium, chromium and aluminium. The molten alloy
may be formed from the oxides of at least some of its
constituent elements which react exothermically in the
chamber. The impurity may be aluminium oxide.
�[0004] A conduit between the chamber and the mould
may have a supply valve which is opened to allow molten
alloy to be supplied to the mould.
�[0005] According to a second aspect of the invention
there is provided apparatus for forming a cast compo-
nent, the apparatus comprising a chamber for holding an
alloy and being rotatable about an axis, a rotatable mould
rotatable about the axis, a conduit connecting the cham-
ber with the mould, rotating means for rotating the cham-
ber with a velocity sufficient to separate molten alloy from
an impurity by centrifuging and for rotating the mould with
sufficient velocity to centrifugally cast a component.
�[0006] The conduit may have a supply valve for allow-
ing the supply of alloy from the chamber to the mould.
�[0007] Preferably the mould is annular.
�[0008] Embodiments of the invention will now be de-
scribed by way of example only, with reference to the
accompanying drawings, in which:�

Fig. 1 depicts a schematic diagram of a casting ap-
paratus according to a first embodiment of the inven-
tion.

�[0009] Figure 1 depicts a centrifugal casting apparatus
in accordance with a first embodiment of the invention.
�[0010] The apparatus comprises a chamber 2 and a
mould 4 connected by a conduit 6. The chamber and
mould are mounted together on a frame (not shown)
which enables the two components to rotate about an
axis 8.
�[0011] An alloy is added to the chamber which must
be capable of withstanding the melting point of the alloy.
�[0012] The alloy may be provided as an ingot having
the desired composition which is melted within the cham-
ber. Alternatively the ingot is melted away from the cham-
ber in a crucible or such like and added to the chamber
2 in its molten form. Additional heating elements (not
shown) may be provide in or around the chamber 2 to
maintain the alloy in its molten state. In the preferred
embodiment, described in greater detail below, the alloy
is formed during an exothermic reaction within the cham-

ber between molten aluminium and oxides selected from
titanium, vanadium and / chromium.
�[0013] The alloy may contain impurities which will af-
fect the final characteristics of the cast component. To
remove these impurities the chamber 2 is rotated about
the axis 8 to separate the alloy 10 from the impurity 12
centrifugally.
�[0014] Once the alloy is sufficiently separated from the
impurity, preferably determined empirically through trial
and error, a supply valve in the conduit is opened to sup-
ply the alloy to the mould 4 for the centrifugal casting
process.
�[0015] In the preferred embodiment the mould 4 lies
further away from the axis than the chamber 2 which
allows the alloy to be supplied using the generated cen-
trifugal force. In alternative arrangements the alloy may
be pumped from the chamber to the mould.
�[0016] The mould 4, like the chamber 2, rotates about
the axis 8 and produces a sound, porous free casting
with a fine grain size due to the relatively rapid solidifica-
tion of the alloy and the centrifugal force exerted which
breaks up dendrite formation whilst forming an accurate
cast shape.
�[0017] The mould is preferably ceramic formed using
a lost wax process. In the preferred use, where the cast
component is an engine casing, the mould is annular.
For other, more complex shapes it will be appreciated
that an appropriate mould shape is required. It may be
necessary to provide a counter-�balance to ensure
smooth rotation of the mould about the axis.
�[0018] In the preferred method the alloy comprises ti-
tanium, vanadium, chromium and aluminium. The pre-
ferred alloy has 25wt%V, 15%Cr, 2%Al with the balance
being Ti plus any impurities. The preferred method of
forming the alloy is to load the chamber 2 with titanium,
vanadium and chromium oxides in powder, flake or par-
ticle form. Aluminium is added to the chamber in flake
form and mixed with the other elements.
�[0019] When the oxides of the elements combine with
molten aluminium they react exothermically to give alu-
minium oxide Al2O3 and liquid alloy. The aluminium oxide
is an impurity and must be removed else the final char-
acteristic of the alloy will be affected.
�[0020] The constituent oxides and aluminium flakes
are placed in the chamber 2 as a charge. A mass, pref-
erably disk shaped, and formed of the desired alloy is
placed at the base of the chamber 2 to prevent the charge
from entering the cast. Once the chamber is loaded with
the charge rotation of the chamber and the cast about
the axis 8 is started.
�[0021] When the preferred rotation speed of the order
200rpm is achieved the aluminium in the chamber is heat-
ed till it is melted. This begins a self-�sustaining exother-
mal reaction within the charge reducing the oxides to
their base metals and melting further aluminium in the
chamber. In an alternative technique the exothermic re-
action can be started by means of an electrical resistance
heating wire at the point furthest from the disk. Benefi-
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cially this technique means that the charge need not be
heated en masse. The reaction propagates through the
charge till all the powder or flakes have been converted
to their base metals and alloyed. Sufficient aluminium
flakes are provided so that once all the oxides have been
reduced to their base metals a small proportion of the
aluminium remains to be alloyed with the other compo-
nents.
�[0022] Al2O3 is less dense than the alloy and is
squeezed to the inside of the chamber by the alloy moving
outwards under the influence of the centrifugal force. The
alloy may then be supplied to the mould. It typically takes
less than 5 minutes for the reaction to propagate through
the charge depending on the charge constituents, size
of the charge and rotational speed.
�[0023] When the melted alloy reaches the disk block-
ing the conduit 6 the heat of the alloy causes the disk to
melt which allows the flow of molten alloy into the rotating
cast component. The alloy continues to flow till the cast
is full and it is therefore important that the volume of the
cast is equal to or less than the volume of alloy formed
in the chamber to stop impurities from entering the cast.
�[0024] The rotational speed and density difference be-
tween the alloy and the aluminium oxide should be suf-
ficient to allow adequate separation before the disk melts.
Routine trial and error experiments may be used to de-
termine an acceptable rotational velocity for any given
alloy and charge size to ensure adequate separation of
the alloy from the impurity. By changing the properties
of the disk, either physically or compositionally it is pos-
sible to change the time taken for it to melt and thereby
control the supply of alloy to the cast in that way.
�[0025] For the alloy described above the density dif-
ference between the aluminium oxide impurity at 2.5
g/cm^3 and the alloy at around 5g/cm^3 a revolution ve-
locity of 200 rpm is sufficient to separate the alloy and
impurity.
�[0026] It will be appreciated that the present invention
offers significant advantages. Offering the ability to sep-
arate impurities from the alloy during the casting process
enables high quality control and the use of alloy stock
having higher levels of impurity. The technique enables
the desired quantity of alloy to be manufactured at its
point of use which overcomes the need to melt the alloy
first during manufacture and again as it is used in the
casting process with significant energy savings. As a fur-
ther advantage the reliance on the alloy supply chain is
reduced as the alloy can be made at its point of use using
its constituent elements.

Claims

1. A method of forming a cast component comprising
the steps of: �

providing a chamber (2) containing a molten al-
loy and an impurity;

rotating the chamber about an axis (8) to sepa-
rate the alloy (10) and the impurity (12) by cen-
trifuging; and
supplying the alloy (10) from the chamber to a
mould (4) rotating about the axis to centrifugally
cast the alloy in the mould.

2. A method according to claim 1, wherein the molten
alloy comprises titanium.

3. A method according to claim 2, wherein the molten
alloy comprises aluminium.

4. A method according to claim 2 or claim 3, wherein
the molten alloy comprises titanium, aluminium, va-
nadium and chromium.

5. A method according to claim 4, wherein the alloy is
formed from constituent elements of titanium oxide,
vanadium oxide and chromium oxide which react ex-
othermically with the aluminium in the chamber.

6. A method according to claim 4, wherein the impurity
is aluminium oxide.

7. A method according to any preceding claim, wherein
a conduit between the chamber and the mould has
a supply valve which is opened after a predetermined
period to allow molten alloy to be supplied to the
mould.

8. A cast component produced by a method according
to any one of claims 1 to 7.

9. Apparatus for forming a cast component, the appa-
ratus comprising a chamber for holding an alloy and
being rotatable about an axis, a rotatable mould ro-
tatable about the axis, a conduit connecting the
chamber with the mould, rotating means for rotating
the chamber with a velocity sufficient to separate
molten alloy from an impurity by centrifuging and for
rotating the mould with sufficient velocity to centrif-
ugally cast a component

10. Apparatus according to claim 9, wherein the conduit
has a supply valve for controlling the supply of alloy
from the chamber to the mould following a predeter-
mined period.

11. Apparatus according to any one of claims 9 and 10,
wherein the mould is annular.

12. Apparatus according to any one of claims 9 to 11,
wherein the chamber can withstand an exothermic
reaction of constituent elements of titanium oxide,
vanadium oxide and chromium oxide and molten alu-
minium.
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