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Description
TECHNICAL FIELD

[0001] This invention relates to components for use in
casting of engine parts. More particularly, though not ex-
clusively, it relates to components for use in investment
casting of engine parts such as turbine blades.

BACKGROUND OF THE INVENTION AND PRIOR ART

[0002] Investment casting processes are widely used
to create hollow, near net-shape metal components, e.g.
turbine blades, by pouring molten metal into a ceramic
mould of the desired final shape and subsequently re-
moving the ceramic. The process is an evolution of the
lost-wax process, wherein a component of the size and
shape required in metal is manufactured in wax using
wax injection moulding, which pattern is then dipped in
ceramic slurry to create a shell; the wax is then removed
and the shell fired in order to harden it. The resulting shell
thus has one or more open cavities therewithin for re-
ceiving molten metal when poured inside, the cavities
being of the size and shape required for the final com-
ponent, e.g. a turbine blade.

[0003] Often engine parts are required to have com-
plex internal cavities for the purpose of acting as internal
cooling channels. To form such internal cavities, at least
one, and often several, ceramic core(s) is/are required
in order to define and form the internal channels during
the casting process. The cores are manufactured sepa-
rately and placed inside the wax pattern die prior to wax
injection. After casting the alloy the cores are leached
out with alkaline solution to leave the hollow metal com-
ponent.

[0004] During the various stages of the metal casting
process, these cores must be located within the wax in-
jection die and held in clearly defined, stable relative po-
sitions until the metal solidifies around them. This accu-
rate positioning is required inter alia for producing cast
wall sections of accurate thicknesses and with optimum
stressresistance properties. However, the ability to main-
tain such cores accurately in desired positions during the
casting process is difficult and presents several practical
problems.

[0005] Historically one well-used technique for main-
taining cores in desired positions during the casting proc-
ess has involved the use of platinum pins, e.g. of the
order of 1 - 2 mm in diameter, which are passed trans-
versely through the wax pattern prior to the application
of the ceramic shell and thus hold the core in position
relative to one or more neighbouring cores or other com-
ponents within the die until the metalis cast. The platinum
pins simply dissolve in the cast metal once it is poured
and solidifies, which for many metal alloys destined for
turbine blades and other engine parts is acceptable and
does not adversely affect the properties of the resultant
casting.
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[0006] Other known proposals for tackling the same
problem have included:

- using platinum chaplets to support the core walls, as
disclosed for example in GB2281238A;

- forming ceramic "bumpers" on the core which locally
touch one or more neighbouring cores or other com-
ponents within the die and allow the desired wall sec-
tion to be maintained during the casting process, as
disclosed for example in US5296308;and

- using a platinum wire woven between and around
multiple core passages to maintain the desired cast

wall thickness, as disclosed for example in
US4487246.
[0007] However none of these known proposals is

wholly satisfactory and they all present additional prob-
lems. For instance:

- the cost of platinum is high, so the use of platinum
pins, chaplets and wires, which all use relatively
large amounts of the metal, is generally undesirable;

- the use of chaplets makes locating them accurately
in the core body practically difficult;

- it is practically difficult to securely and accurately
support a core in a given position relative to a neigh-
bouring core or other component when the core wall
is not generally parallel to the neighbouring core wall
or component surface, as is the case with many tur-
bine blade geometries, and so the above known
techniques at best only have limited efficacy in amel-
iorating this particular problem;

- with the use of bumpers, in a single crystal metal
casting (as is desirably the case with high-perform-
ance turbine blades) re-crystallisation near the site
of the bumpers can cause problems with localised
weaknesses, leading to deleterious lifing issues with
the associated thin bumper wall;

- with the use of a woven platinum wire to hold core
sections in place, the physical process of weaving
the wire into the correct holding position is fiddly,
difficult and time-consuming. It also tends not to pro-
duce a wall section with enough of a controlled thick-
ness, since the wire can at best only define the rel-
ative positions of the cores approximately, and the
arrangement of the woven wire itself is prone to
bending, leading to positional inaccuracies.

SUMMARY OF THE INVENTION

[0008] Itis thus a primary object of the present inven-
tion to ameliorate or at least partially solve at least some
of the shortcomings of the above prior art techniques and
to provide a system for the accurate positioning of cores
within a die in an investment casting process which leads
to greater accuracy and stability of the cores’ positioning
and thus can lead to cast metal walls having improved
characteristics.
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[0009] Aspects ofthe presentinventionrelate toa proc-
ess for investment casting of an engine part, a support
element for use in the casting process, an engine part
produced by the casting process, and an engine including
a part made by the process.

[0010] In a first aspect of the present invention there
is provided a process for investment casting of an engine
part having at least one internal cavity, in which at least
one core member defining the or a respective cavity is
maintained in a desired spatial position relative to at least
one other component of or within a die during at least
part of the casting procedure, the at least one core mem-
ber being maintained in the desired spatial position by at
least one support element,

wherein the or each support element comprises a drawn
elongate member configured to include therein at least
one turn with opposed sides, the drawn elongate member
being positioned between the respective core member
and respective other component with the opposed sides
of its at least one turn in space-maintaining relationship
between the respective core member and respective oth-
er component.

[0011] The support element may comprise a shaped
wire, this allows the support element to be of a different
material to the cast component. This is a particular ad-
vantage when the component comprises a superalloy.
As it is desirable to match the material of the element
with the casting, there is a significant cost advantage in
a wire. Work hardening in the wire drawing process pro-
vides improved strength and permits cheaper materials
to be used for the support elements in alternative to the
cast component material.

[0012] Theinvestmentcasting process of the invention
may be used to cast a wide variety of engine parts, but
it is especially applicable to the casting of high-perform-
ance engine parts such as turbine blades, such as for
use in a gas turbine engines e.g. for aircraft. Such parts,
which are often formed from high-performance metal al-
loys and required to have a single-crystal metal structure,
are desirably formed with metal walls defining various,
often complex, internal cavities for the passage of cooling
air therethrough which have accurately controlled wall
thicknesses and geometries. Thus the invention is espe-
cially applicable to the casting of such turbine blades and
other high-performance engine parts.

[0013] In embodiments of the process of the invention
the one or more cores whose spatial positioning is to be
maintained in a controlled manner may be selected from
any number and/or shape and/or geometry of one or
more cores as may be necessary or desired for the cast-
ing of any given engine part.

[0014] In embodiments the at least one other compo-
nent of or within the die may be one or more other cores
also being positioned within an overall die within which
the part is to be cast. Alternatively or additionally the at
least one other component may be an element of the die
itself, e.g. an internal surface of a die outer shell or wall.
Indeed, in embodiments of the subject process the at
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least one support element which characterises the
present invention may be utilised to control the relative
spatial positioning of any two or more neighbouring or
adjacent walls, surfaces or elements of or within a die
during an investment casting procedure.

[0015] In embodiments of the invention any number of
the said support elements may be used to control the
spatial positioning of any number of core members, de-
pending for example on their physical geometries, the
number and geometries of any neighbouring or adjacent
cores or other component(s) of or within the die, and gen-
erally the degree to which appropriate supporting of the
relevant core members(s) may be necessary or desirable
for optimum stability and accuracy of positioning during
the relevant part(s) of the investment casting procedure.
[0016] In some embodiments of the invention the at
least one support element may preferably comprise an
elongate member configured to include therein at least
one loop with opposed sides.

[0017] In some embodiments the elongate member
forming the or the respective support element may be
configured into a looped member comprising a plurality
of turns with opposed sides.

[0018] In some embodiments the elongate member
may be configured so as to include a cail, e.g. a coil hav-
ing any number of windings, such as from 2 up to about
5 or about 10 (or perhaps even up to about 15 or more)
windings. The number of windings may be selected for
example to give the support element any particular de-
sired overall size and/or strength.

[0019] In some embodiments the coil or other looped
member forming the or each support element may in-
clude at least one, optionally a pair of, free end portions,
which may usefully be employed, in addition to the coiled
or other looped or turn-containing portion thereof, for fur-
ther supporting and/or positioning the respective core in
its desired position relative to the one or more other com-
ponents. For example one or both of the free end portions
of the support element may be used to grip or attach itself
to a or a respective part of the respective core to be po-
sitioned and/or of the respective other component.
[0020] In some embodiments of the invention the sup-
port element comprising the said coil-, or loop(s)-, or
turn(s)-containing elongate member may be oriented,
relative to a wall or surface of the core whose spatial
position is to be maintained, with its coil, loop(s) or turn(s)
bearing against the said core wall or surface with its axis
of highest spring constant (i.e. maximum stiffness) gen-
erally substantially normal to the said core wall or surface
(atleastat orin the vicinity or region of its bearing therea-
gainst). Thus, in the case of a supporting element com-
prising a coil, it may preferably be oriented with its lon-
gitudinal winding axis generally substantially parallel to
the said core wall or surface (at least at or in the vicinity
or region of its bearing thereagainst).

[0021] However, in certain other embodiments the ori-
entation of the coil-, or loop(s)-, or turn(s)-containing
elongate member may be perpendicular to that defined
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above, so that its longitudinal winding axis is generally
substantially normal to the said core wall or surface (at
least at or in the vicinity or region of its bearing therea-
gainst), whereby the support elongate element may act
more as a true spring, taking advantage of its lower spring
constant along its longitudinal winding axis.

[0022] In some embodiments the elongate member
forming the or the respective support element may be
formed from a length of wire. To form the said coil- or
loop- or other turn-containing support element the wire
may be formed into the required shape by any suitable
means. For example it may be wound around a mandrel
so as to adopt its desired shape and configuration. How-
ever, other winding apparatuses and techniques may al-
ternatively so be used.

[0023] In many embodiments the or each elongate
member forming the or the respective support element
may usefully be formed of a material, especially a metal,
whose residual presence in the cast engine part is toler-
able or does not adversely affect the desired properties
of the cast engine part. Thus, in practical embodiments
of the process of the invention the one or more support
elements may remain within the metal of the cast engine
part, preferably by virtue of being dissolved or dispersed
therein during the metal pouring and solidifying step,
without any significant deleterious implications therefor.
[0024] Suitably the material used to form the or each
support element in embodiments of the invention may be
selected from a metal or metal alloy which is readily de-
formable (by virtue of its malleability) but preferably also
of medium or low resilience, whereby it can be configured
readily into the requisite form and shape by straightfor-
ward mechanical means, e.g. by manual or mechanical
winding. Suitably the material used to form the support
elementin embodiments of the invention may be selected
from one or more of: platinum, an alloy of platinum with
one or more other metals, a platinum-nickel alloy, nickel,
nickel coated with one or more other metals, and other
metals, alloys or materials currently used for core-posi-
tioning components in known investment casting proc-
esses. A particularly preferred material may be platinum
metal, e.g. in the form of platinum wire, such as with a
diameter in the range of from about 0.1 to about 1 or 1.5
mm, preferably from about 0.25 to about 1 mm. Examples
of suitable platinum wires are widely commercially avail-
able.

[0025] Insome embodiments of the process of this first
aspect of the invention, at least one of the respective
core member and/or respective other component whose
relative spatial positioning is to be controlled by the turn-
containing elongate support element may include atleast
one surface formation for location therein of at least part
of the or each said support element, whereby its posi-
tioningrelative to the said respective core member and/or
respective other component may be facilitated and/or
more accurately assured.

[0026] Such one or more surface formations may take
the form, for example, of one or more recesses, wells,
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channels or passages formed a short distance (e.g.to a
depth of from about 0.1 or 0.2 or 0.3 up to about 0.5 or
1.0 or 1.5 mm, or perhaps even up to about 2 or 3 or
even 5 mm for larger scaled engine parts) into the outer
surface or wall of the respective core or other component.
Although the use of such recessed or other surface for-
mations may typically result in some small localised in-
creases in the resulting cast wall thickness at the sites
of the surface formations on the relevant core members,
this may generally be acceptable in practice, because
such resultant features in the cast metal wall may be
expected not to deleteriously affect the wall material’s
resulting physical properties, unlike small localised de-
creases in wall thicknesses, which may have the opposite
effect.

[0027] In some embodiments such one or more said
surface formations may be provided in one only of the
said respective core or other component, preferably at
the or each location or region at which the or respective
support element(s) is/are to bear thereagainst to fulfil
its/their supporting function. However, in other embodi-
ments such one or more said surface formations may be
provided in both of the said respective core and other
component, at mutually generally opposite locations or
regions thereon at which the or respective support ele-
ment(s) is/are to bear thereagainst to fulfil its/their sup-
porting function.

[0028] The provision and use of the above-defined one
or more surface formations may be useful in certain em-
bodiments not only for assisting optimum positioning of
the or each relevant support element in its respective
position on or against the relevant wall or outer surface
of the relevant core to be supported, but also for the pur-
pose of directing placement of particular ones of a plu-
rality of support elements at correct ones of different sites
or locations around any arrangement of one or more
cores. This may be useful for example where a plurality
of differently-configured support elements are provided
each for placement at a specific or unique site or location
on or between given core(s), and so may aid and speed
up the task of assembling a particular overall core as-
sembly within a die ready for investment casting. Colour-
coding of specific support elements and their matching
appropriate sites or locations on the relevant core(s) may
further assist this task.

[0029] Embodiments of the invention may be applied
to the positioning of one or more cores with respect to
one or more other components of or within the die during
any stage of an overall investment casting operation. For
example embodiments of the invention may be applied
in particular to the step of locating and positioning one
or more ceramic cores within a die prior to the pouring
of molten metal therein for the actual casting of the final
metal part. Alternatively they may be applied to any ear-
lier stage in an overallinvestment casting operation, such
as the production of the initial wax pattern itself, where
corresponding usefulness in being able to stably and ac-
curately position one or more core members relative to
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one or more other components may also present itself.
[0030] In a second aspect of the present invention
there is provided a support element for use in a process
according to the first aspect of the invention or any em-
bodiment thereof.

[0031] Thus in embodiments of this second aspect of
the invention there may be provided a support element
for maintaining at least one core member in a desired
spatial position relative to at least one other component
of or within a die during at least part of a process for
investment casting of an engine part having at least one
internal cavity, in which the at least one core member
defines the or a respective cavity,

wherein the support elementcomprises a drawn elongate
member configured to include therein at least one turn
with opposed sides, the drawn elongate member being
positionable between the respective core member and
respective other component with the opposed sides of
its at least one turn in space-maintaining relationship be-
tween the respective core member and respective other
component.

[0032] Optional or preferred features of the support el-
ement of embodiments of this second aspect of the in-
vention may correspond to any of the optional or pre-
ferred features of any embodiment support element de-
fined herein in the context of the first, process, aspect of
the invention.

[0033] In a third aspect of the present invention there
is provided an engine part produced by a process ac-
cording to the first aspect of the invention or any embod-
iment thereof.

[0034] In afourth aspect of the present invention there
is provided an engine, such as a gas turbine engine, in-
cluding at least one part made by a process according
to the first aspect of the invention or any embodiment
thereof.

[0035] Particularor various embodiments of the inven-
tion may lead to one or more of any of the following ad-
vantages:

(i) Known core-supporting elements for use in exist-
ing investment casting processes typically do not
lend themselves to maintaining and producing inter-
nal cast wall geometries and thicknesses at optimum
required accuracies without compromising the de-
signed wall geometry or requiring costly additional
specialist platinum consumable items, as described
above. Embodiments of the invention address and
seek to at least partially ameliorate at least some
such shortcomings. For example:

(ii) Embodiments of the invention may do away with
the need for expensive, specialist-manufactured
items such as platinum chaplets, e.g. as proposed
in GB2281238A. This can also lead to reductions in
amounts of platinum metal (an expensive precious
metal) used, and in embodiments using platinum
wire for making the subject support element(s), may
utilise a commodity which may already be readily
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available by virtue of being in use on-site in other
contexts in the gas turbine engine industry.

(iii) Embodiments of the invention may do away with
the currently preferred use of through-going pins
(e.g. of platinum) which pass from one side of the
pattern to be cast and keep the core element(s) in
their desired spatial position(s). Generally this
known technique only works if the pattern passage
to be cast can be accessed from both sides thereof.
This is frequently not the case with complexinternal-
cavitied engine parts like high-performance turbine
blades, to which embodiments of the invention may
be especially directed.

(iv) Embodiments of the invention may do away with
the need for ceramic "bumpers" on the core(s), which
are designed to locally touch neighbouring core(s)
or other component(s) in order to maintain particular
core spatial positioning(s) for creating particular de-
sired cast wall geometries. However, since by their
very nature such "bumpers" reduce the wall thick-
ness in localised sections, they can lead to undesir-
able casting re-crystallisation, and can also act as a
localised stress-raiser within the final cast part, both
of which phenomena are undesirable in the produc-
tion of modern high-performance engine parts like
turbine blades.

(v) Embodiments of the invention may do away with
the need for woven wires around and between plural
core passages, e.g. as proposed in US4487246, for
controlling particular cast wall geometries. Such wo-
ven wires do not provide accurate lateral positioning
for cores in a linear bundle, as one proposal in
US4487246 teaches. Thus embodiments of the
present invention may be particularly useful in areas
where enhanced precision of cast wall geometries
is required. Moreover the use of woven wires as
taught in US4487246 does not lend itself to the con-
trolled positioning of pluralities of cores in the casting
of engine parts with especially complex arrange-
ments of plural internal cavities, as is often the case
with modern high-performance turbine blades.

[0036] Withinthe scope ofthis applicationitis express-
ly envisaged that the various aspects, embodiments, ex-
amples and alternatives, and in particular the individual
features thereof, set out in the preceding paragraphs, in
the claims and/or in the following description and draw-
ings, may be taken independently or in any combination.
For example features described in connection with one
embodiment are applicable to all embodiments, unless
such features are incompatible.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying drawings, in which:
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Figure 1 is a cross-sectional view of a modern high-
performance turbine blade for use in an aircraft gas
turbine engine, showing an arrangement of internal
cavities to be formed by respective ceramic core
members during the casting of the blade in an in-
vestment casting process;

Figure 2 is a cross-sectional view of the correspond-
ing arrangement of core members for use in casting
the blade of Figure 1, showing some (though not all,
for clarity) of the core members being held in their
desired relative spatial positions using some exam-
ples of specially formed and variously configured
support elements in accordance with certain embod-
iments of the invention;

Figures 3(a) and (b) are side views of two further
examples of specially formed and configured sup-
port elements suitable for use in embodiments of the
invention;

Figure 4 is a cross-sectional view, corresponding to
that of Figure 2 but omitting the support elements,
of an arrangement of modified core members for use
in alternative embodiments of the invention, in which
the core members are provided with surface forma-
tions for assisting, and optionally also directing,
placement of the various support elements in their
correct positions and/or locations; and

Figure 5 is a cross-sectional view, corresponding to
that of Figure 4, showing some (though not all, for
clarity) of the variously configured support elements
in position at their respective locations.

DETAILED DESCRIPTION OF EMBODIMENTS

[0038] Referringfirstly to Figure 1, here there is shown
by way of example an arrangement of complex-shaped
internal cavities C within the body of a high-performance
turbine blade B, such as of a gas turbine engine for use
in aircraft. The various cavities C are defined by, and
separated by, a network of walls M of cast metal, e.g. of
a high-performance alloy grown as a single crystal during
pouring thereof during an investment casting process.
The general principles and stepwise procedures of such
a casting process are well-known and widely commer-
cially used, so need not be described in detail here.
[0039] Figure 2 showsthe corresponding arrangement
of ceramic internal cores 10 which are contained within
an outer ceramic shell 2 in a die or mould (not shown)
and ready for a metal-pouring stage of the investment
casting procedure, which after completion of the pouring
ofthe metal and its subsequent solidification results, after
leaching out of the ceramic of the cores 10, the arrange-
ment of cavities of the blade shown in Figure 1. The var-
ious cores 10 may themselves be made, and their par-
ticular general shapes designed and selected, in accord-
ance with known investment casting principles and tech-
niques, examples of which are already well-known and
widely practised in the art.

[0040] As an important step in the preparation of the
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arrangement of cores 10 shown in Figure 2 in readiness
forthe metal-pouring stage, it is important that the various
cores 10 are spatially positioned as accurately as possi-
ble - both relative to each other and to the outer shell 2
- and as stably as possible, especially during the metal-
pouring and any subsequent steps. This is so that the
resulting metal-cast wall sections defining the various in-
ternal cavities within the blade have defined thicknesses
and the cavities themselves defined geometries which
are as accurate and consistent as possible, and within
as narrow ranges of tolerances as possible.

[0041] To achieve and control this desired accurate
spatial relative positioning of the various cores 10, a col-
lection of support elements 20, such as 20a, 20b, 20c,
etc, are employed to define predetermined spacings be-
tween particular portions of or sites on certain of the cores
10 and corresponding portions of or sites on neighbour-
ing or adjacent cores 10.

[0042] Itisto be understoodthatany number of support
elements 20a, 20b, 20c, etc may be employed, depend-
ing for example on the number and arrangement of cores
10 and the precise portions thereof or sites thereon which
need purposive separating and maintaining at carefully
defined distances in order to maintain those cores in the
desired mutually accurately defined spatial positional re-
lationship. However, in Figure 2 only three such support
elements 20a, 20b and 20c are shown for clarity.
[0043] Each support element 20a, 20b, 20c is config-
ured as a looped or coiled length of wire, e.g. platinum
wire (although certain other metal or metal alloy wires
may be suitable instead). The wire may be of any suitable
diameter, e.g. in the range of from about 0.25 to about 1
mm. Such wires are readily commercially available, and
may even already be in use in other contexts in a given
industrial site in the field of aircraft engine manufacture.
However it will generally be preferred that the metal (or
metal alloy) of the wire should be one that is compatible
with - and not deleteriously affect the resultant physical
properties of - the metal once it has been poured and
solidified to form the required blade walls, since the metal
wire support elements 20a, 20b, 20c will ultimately re-
main in the poured metal and be dissolved thereinto, as
is currently the case with known platinum pins.

[0044] Each support element 20a, 20b, 20c is config-
ured into its required shape for example by being wound
manually or mechanically on an appropriately sized and
shaped mandrel. Other known techniques for forming
wound metal coils may alternatively be used.

[0045] Each support element 20a, 20b, 20c is shown
here by way of example with a different shape and con-
figuration, but it is to be understood that any desired
shape and configuration of support elements may be em-
ployed, depending for example on the size and shape of
the gap or spacing to be defined thereby and whether
the support elements may for instance be designed to
support just two adjacent or neighbouring cores 10, or
perhaps even three (or possibly even more than three)
adjacent or neighbouring cores 10, e.g. at a three-way
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junction thereof. An example of the latter is the support
element 20c as shown in Figure 2.

[0046] Forbetterclarity, two further examples 20d, 20e
of support elements suitable for use as support elements
in accordance with embodiments of the invention are
shown in Figures 3(a) and (b). Here each supportelement
20d, 20e is configured such that it comprises a central
portion in the form of a coil 22, 24 with an appropriately
selected number of turns or windings. These turns or
windings collectively present two opposed sides 30, 32
of the relevant support element 20d, 20e, which in many
preferred embodiments are those sides of the support
element 20d, 20e which serve the primary locating and
spatial positioning function. This primary functionality is
shown by all three support elements 20a, 20b, 20c in
Figure 2, where they can been seen to be supporting and
maintaining in a defined spatial relationship the respec-
tive cores 10 upon or against which they are mounted or
bear to fulfil their supporting and spacing function.
[0047] However, in the case of the example support
element 20e of Figure 3(b), it is configured to additionally
comprise a pair of terminal end portions 40, 42, one or
both of which may serve a secondary locating and spatial
positioning function, by virtue of being configurable so
as to grip, grasp or otherwise engage or attach them-
selves to part of the relevant core 10. This same second-
ary functionality is also shown by the terminal end por-
tions of the support elements 20a and 20b in Figure 2.
[0048] Itisto be understood that many other examples
of variously shaped and configured looped or coiled sup-
port elements 20 may be designed and utilised within
embodiments of the invention, with those shown in Fig-
ures 2 and 3 being just a few illustrative examples.
[0049] As illustrated in Figure 2, each support element
20a, 20b, 20c is oriented at its respective location with
its longitudinal coil axis generally parallel to the plane of
the respective core outer walls against which it bears at
the site of its placement thereagainst. This means that
the maximum spring constant of the coil, whichis directed
along any transverse axis perpendicular to the coil’s lon-
gitudinal winding axis, is exhibited by the support element
in a direction generally substantially normal to the op-
posed core walls whose spacing is to be defined and
maintained by the respective support element 20a, 20b,
20c. This therefore makes each coiled support element
20a, 20b, 20c appear relatively "stiff" in the direction in
which it is intended to exert maximum spacing-maintain-
ing force between the relevant cores 10.

[0050] Of course, however, in certain other alternative
arrangements any one or more of the coiled support el-
ements may be oriented oppositely, i.e. with its/their lon-
gitudinal winding axis(es) substantially normal to the rel-
evant core walls. In this manner a less stiff spacing force
may be able to be applied between adjacent cores, which
may for example be useful if the invention is being applied
for example to the spatial positioning of cores against
portions of a wax pattern e.g. earlier in an overall invest-
ment casting process.
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[0051] Turning to Figures 4 and 5 (in which features
which correspond to those of the embodiments of Figure
2 are indicated with the same reference numerals but
incremented by 100), here there is shown a modified em-
bodiment in which some 110a of the cores 110 of any
adjacent or neighbouring pair whose relative spatial po-
sitioning is to be controlled by the relevant coiled support
elements 120f, 120g, 120h each has formed in its outer
wall or surface a respective well, recess, channel or pas-
sage 180 for seating and location therein of the respective
support element 120f, 120g, 120h, or at least a portion
thereof, e.g. the central coiled portion thereof only, or
possibly one of the terminal end portions thereof only.
As shown in Figure 4, it may be desirable or appropriate
that the wells, recesses, channels or passages 180 are
formed in the walls of only some 110a (and not all) of the
cores 100, for example in only those cores 110a which
are intended to have a relevant support element 120f,
120g, 120h applied thereto.

[0052] Each respective well, recess, channel or pas-
sage 180 may be dimensioned appropriately to accom-
modate and securely seat and/or retain therein the rele-
vant portion of the respective support element 120f,
120g, 120h, for example by having a depth in the range
of about 0.1, 0.2 or 0.3 up to about 0.5, 1.0, 1.5, or even
up to about 2 or 3 mm. The wells, recesses, channels or
passages 180 may be formed by appropriate provision
of correspondingly shaped and positioned surface for-
mations in or on the original patterns from which the rel-
evant cores 110a were formed in an earlier stage of the
overall investment casting operation.

[0053] Where such wells, recesses, channels or pas-
sages 180 are provided in two facing walls of adjacent
or neighbouring cores 1103, if desired or necessary their
relative lateral positioning with respect to each other in
the general planes of the respective core walls may be
tailored to take account of any laterally offset relative po-
sitioning of the relevant portions of the respective support
elements 120f, 120g, 120h which are to be accommo-
dated in them.

[0054] Although the use of such wells, recesses, chan-
nels or passages 180 may typically result in some small
localised increases in the resulting cast wall thickness at
the sites thereof, in general this can be expected not to
be a problem in practical terms, because such resultant
features in the resulting cast metal wall may be expected
not to deleteriously affect the wall material’s resulting
physical properties, unlike small localised decreases in
wall thicknesses, which may have the opposite effect.
[0055] The provision of the various wells, recesses,
channels or passages 180 in the walls of the cores 110a
may be particularly useful not only for assisting optimum
positioning of each of the support elements 120f, 120g,
120h in its respective position on or against the relevant
core 110a, but also for the purpose of directing placement
of particular ones of the support elements 120f, 120g,
120h at the correct sites at which they are designed to
fit and be mounted. Colour-coding of respective support
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elements relative to their respective intended core well,
recess, channel or passage can usefully assist this task.
This may be particularly useful in cases where a poten-
tially large number of differently sized, shaped and con-
figured support elements 120 may be provided for as-
sembling into a required die of a complex arrangement
of, and/or a large number of, core members 110, and
differently-configured support elements need to be
placed at predetermined unique locations on the various
cores.

[0056] Embodiments of the invention may be put into
practice in the positioning of one or more cores with re-
spect to one or more other components of or within a die
during any stage of an overall investment casting oper-
ation. Many embodiments, such as those described
above in conjunction with the accompanying drawings,
may be applied in particular to the step of locating and
positioning one or more ceramic cores within a die prior
to the pouring of molten metal therein for the actual cast-
ing of a final metal part. Alternatively certain other em-
bodiments may be applied to any earlier stage in an over-
all investment casting operation, such as the production
of the initial wax pattern itself, where corresponding use-
fulness in being able to stably and accurately position
one or more core members relative to one or more other
components may also present itself. In such a case, the
subject looped or coiled support elements could be used
to replace plastic chaplets in the wax, which may then
remove the need to use P-pins, as currently, to locate
the cores in the relevant die. In this case the orientation
of the looped or coiled support elements between the
adjacent or neighbouring cores with their longitudinal
winding axis normal to the core wall, i.e. so that the sup-
port elements are used more like a conventional spring
by loading the coil through the axis of lowest spring con-
stant, may be more appropriate. Other possibilities for
implementation of embodiments of the invention may al-
so be envisaged in various other stages of an overall
investment casting procedure.

[0057] Itistobe understood that the above description
of embodiments and aspects of the invention has been
by way of non-limiting examples only, and various mod-
ifications may be made from what has been specifically
described and illustrated whilst remaining within the
scope of the invention as defined in the appended claims.
[0058] Throughout the description and claims of this
specification, the words "comprise" and "contain" and
variations of the words, for example "comprising" and
"comprises", mean "including but not limited to", and are
not intended to (and do not) exclude other moieties, ad-
ditives, components, integers or steps.

[0059] Throughout the description and claims of this
specification, the singular encompasses the plural unless
the context otherwise requires. In particular, where the
indefinite article is used, the specification is to be under-
stood as contemplating plurality as well as singularity,
unless the context requires otherwise.

[0060] Furthermore, features, integers, components,
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elements, characteristics or properties described in con-
junction with a particular aspect, embodiment or example
of the invention are to be understood to be applicable to
any other aspect, embodiment or example described
herein, unless incompatible therewith.

Claims

1. A process for investment casting of an engine part
(B) having at least one internal cavity (C), in which
at least one core member (10) defining the or a re-
spective cavity (C) is maintained in a desired spatial
position relative to atleast one other component (10,
2) of or within a die during at least part of the casting
procedure, the at least one core member (10) being
maintained in the desired spatial position by at least
one support element (20) which comprises a differ-
ent material to that from which the engine part (B) is
to be cast,
wherein the or each support element (20) comprises
a drawn elongate member configured to include
therein at least one turn (22, 24) with opposed sides
(30, 32), the elongate member being positioned be-
tween the respective core member (10) and respec-
tive other component (10, 2) with the opposed sides
of its at least one turn (22, 24) in space-maintaining
relationship between the respective core member
(10) and respective other component (10, 2).

2. A process as claimed in claim 1 wherein the support
element comprises a wire.

3. A process according to claim 1 or claim 2 wherein
the support element (20) is oriented, relative to a wall
or surface of the core (10) whose spatial position is
to be maintained, with its at least one turn (22, 24)
bearing against the said core wall or surface either:

(i) with its axis of highest spring constant gen-
erally substantially normal to the said core wall
or surface, at least at or in the vicinity or region
of its bearing thereagainst; or

(ii) perpendicular to that defined in (i) above,
whereby its longitudinal winding axis is generally
substantially normal to the said core wall or sur-
face, at least at or in the vicinity or region of its
bearing thereagainst.

4. A process according to any of Claims 1 to 3, wherein
the engine part (B) is a turbine blade for a gas turbine
engine.

5. A process according any of Claims 1 to 4, wherein
the at least one other component (10, 2) of or within

the die (2) is selected from:

(i) one or more other cores (10) also being po-
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sitioned within an overall die within which the
part (B) is to be cast; and/or
(ii) an element (2) of the die itself.

A process according to any of Claims 1 to 5, wherein
the drawn elongate member forming the or the re-
spective support element (20) is configured into a
looped member comprising a plurality of turns (22,
24) with opposed sides (30, 32).

A process according to any preceding Claim, where-
in the drawn elongate member is configured so as
to include a coil (22, 24) having a plurality of wind-
ings.

A process according to any preceding Claim, where-
in the drawn elongate member forming the support
element (20) includes at least one free end portion
(40, 42) for further supporting and/or positioning the
respective core (10) in its desired position relative to
the one or more other components (10, 2).

A process according to any preceding Claim, where-
in the or each drawn elongate member forming the
or the respective support element (20) is formed of
a material whose residual presence in the cast en-
gine part (B) is tolerable or does not adversely affect
the desired properties of the cast engine part (B).

A process according to Claim 9, wherein the material
used to form the support element (20) is selected
from one or more of: platinum, an alloy of platinum
with one or more other metals, a platinum-nickel al-
loy, nickel, nickel coated with one or more other met-
als, and other metals, alloys or materials currently
used for core-positioning components in known in-
vestment casting processes.

A process according to any preceding Claim, where-
in at least one of the respective core member (10)
and/or respective other component (10, 2) whose
relative spatial positioning is to be controlled by the
turn-containing elongate support element (20) in-
cludes at least one surface formation (180) for loca-
tion therein of atleast part of the or each said support
element (20), whereby its positioning relative to the
said respective core member (10) and/or respective
other component (10, 2) may be facilitated and/or
more accurately assured.

A process according to Claim 11, wherein:

(i) the said one or more said surface formations
(180) is/are provided in one only of the said re-
spective core (10) or other component (10, 2),
at the or each location or region at which the or
respective support element(s) (10) is/are to bear
thereagainst to fulfil its/their supporting function;
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13.

14.

15.

or

(ii) the said one or more said surface formations
(180) is/are provided in both of the said respec-
tive core (10) and other component (10, 2), at
mutually opposite locations or regions thereon
at which the or respective support element(s)
(20) is/are to bear thereagainst to fulfil its/their
supporting function.

A supportelement(20a, 20b, 20c, 20d, 20e) for main-
taining at least one core member (10) in a desired
spatial position relative to at least one other compo-
nent (10, 2) of or within a die during at least part of
a process for investment casting of an engine part
(B) having at least one internal cavity (C), in which
the at least one core member (10) defines the or a
respective cavity (C), which comprises a different
material to that from which the engine part (B) is to
be cast,

wherein the support element (20a, 20b, 20c, 20d,
20e) comprises a drawn elongate member config-
ured to include therein at least one turn (22, 24) with
opposed sides (30, 32), the elongate member being
positionable between the respective core member
(10) and respective other component (10, 2) with the
opposed sides (30, 32) of its at least one turn (22,
24) in space-maintaining relationship between the
respective core member (10) and respective other
component (10, 2).

A gas turbine blade (B) produced by a process ac-
cording to any one of Claims 1 to 12.

A gas turbine engine including at least one turbine
blade (B) made by a process according to any one
of Claims 1 to 12.
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