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Description

[0001] This invention relates to rapidly fabricating a
run of functional durable parts having hollow complex
interiors, and more particularly to making such parts us-
ing easily formed and easily removable resin bonded
sand or salt cores.
[0002] Non-durable plastic prototypes of complex
parts have become commonplace; techniques such as
stereolithography or cubital prototyping have been used
where a non-functional plastic part is fashioned but lim-
ited in what can be done with such plastic part. Such
plastic parts can be used to evaluate aesthetic aspects
or fit and assembly of the design, but cannot be subject-
ed to evaluation tests that require harsh operating con-
ditions or high temperatures such as that needed to
evaluate an internal combustion engine head or block.
[0003] Attempts have been made to rapidly make fully
functional durable cast parts of complex interior shape
by forming the pattern in sections. An example is strat-
iform or laminated machining of sectioned wax or foam
slabs to produce a fugitive pattern when the slabs are
assembled together. Although this approach is highly
advantageous for making a limited number of castings,
it lacks the speed and integrity of a unitary pattern and
becomes economically disadvantageous when more
than about four castings of the same design must be
made.
[0004] The ancient and well known lost wax invest-
ment method avoids sectioning by deploying a unitary
wax pattern about which a layered shell mould is
formed. Wax is drained from the completed mould and
the mould then used to form a metal casting. It is difficult
to accommodate the lost wax investment method to the
making of complex hollow castings having hidden thin
walls, and as a result, is limited to the making of hollow
articles of relatively simple configuration, such as vases,
air foil shapes (turbine blades), or golf club heads. For
such shapes, fused ceramic cores have been found
beneficial because of the need to increase core strength
so as to withstand the hydrostatic pressures of the in-
jected wax. Ceramic cores are slower to fabricate be-
cause of the need for more steps, and are also slower
to remove because of the need to dissolve the core ma-
terial by chemical means which usually leave some core
residue, something which cannot be tolerated in engine
parts.
[0005] Each of

US-A-5 140 869, Figs. 9-16, and
US-A-5 577 550, Figs. 1-12

discloses making castings by
making a core from bound sand or an assembly of such
cores,
making a die set to receive and support the said assem-
bly of cores,
injecting fluidized wax into the cavity of the assembly of

die and cores to form a pattern of the casting,
removing the pattern from the die set and coating the
pattern with refractory material to form a shell mould,
draining the wax from the shell mould to form the mould
cavity,
casting molten metal into the mould cavity to form the
casting,
removing the material from the shell mould and the
cores from the obtained casting. Removal of the cores
is made either by means of a tool or a molten caustic
soda solution.
[0006] EP-A-92 690, Fig. 1, discloses using a sand
mould comprising a core which is arcuately ecom-
passed by a further core for casting a cylinder block.
[0007] The invention is defined in claim 1, optional
features thereof being set out in dependent claims 2-6.
[0008] The present invention provides rapid fabrica-
tion of complex hollow metal castings, such as engine
heads, blocks, manifolds and transmission cases. This
invention has an advantage that it provides a method
for rapidly making up to 100,000 castings of a complex
hollow part using the same aluminium die sets, the pro-
duced parts being fully durable and functional parts with
the method combining the rapid core making and core
removal capabilities of resin bonded sand or salt cores
and the rapid pattern making capabilities of the lost wax
investment casting technique.
[0009] This method allows for extreme ease and
economy for modifying the interior flow characteristics
of an engine head without need for changing the exterior
shape of such head, leading to nimble manufacturing of
engine families.
[0010] The invention will now be described, by way of
example, with reference to the accompanying drawings,
in which:

Figure 1 is a perspective view of an assembly of
bonded particulate cores utilised in the process;
Figure 2 is a plan-like perspective view of a die set
containing the core assembly of Figure 1, with some
of the cores removed for better illustration and with
the top part of the die removed;
Figure 3 is an exploded perspective view of the die
set and core assembly of Figure 2;
Figure 4 is a sectional elevational view of the struc-
ture of Figure 2 taken substantially along line 4-4
thereof;
Figure 5 is a perspective view of the completed wax
pattern of the casting resulting from injection of wax
into the die set of Figure 4, the wax pattern being
shown in a position for coating various layers of ce-
ramic therearound to form an investment mould;
Figure 6 is a sectional view of the wax pattern show-
ing how the various layers of the investment shell
mould are built up and how the wax is drained and
replaced by molten metal;
Figure 7 is a perspective view of the metal casting
after the wax pattern has been drained and re-
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placed by metal showing how the particulate cores
are removed; various openings are shown through
which the particulate sand or salt cores can flow out-
wardly from the casting upon receiving heat treat-
ment that not only treats the metal of the casting but
reverses the bond between the particulates of the
cores;
Figure 8 is a plan view of the die set for making the
wax pattern showing one exhaust core and one in-
take core in place; and
Figures 9-13 are sectional views taken along their
respective lines shown in Figure 8.

[0011] The process of this invention does not require
expensive repetitive machining of several slabs or lam-
inations each time a single pattern is to be made, as in
stratiform rapid prototyping (best suited cost-wise to
making three or less prototypes) and does not require
machining eight or more sets of steel dies to create
moulds for each exterior or interior sand core character-
istic (best suited to making hundreds of thousands of
castings to justify the cost). The process herein de-
scribed allows for faster and easier economic fabrication
of 4-40,000 (even up to 100,000) castings by requiring
machining of fewer die sets from aluminium metal or
equivalent material; the die sets are limited to four: three
for making non-fused resin bonded core elements, and
one for making the wax pattern. This process combines
the faster core making capabilities of particulate bonded
cores and the repetitively faster pattern making of the
lost wax investment technique.
[0012] As shown in Figure 1, an assembly or family
10 of particulate bonded cores is formed to define pas-
sages within an internal combustion engine head; the
assembly here consists of three intake cores 11, three
exhaust cores 12 and an annular water jacket core 13.
The assembly is unique because it does not comprise
fused ceramic cores normally required to withstand the
hydrostatic forces of fluid wax, but rather bonded partic-
ulate salt or sand cores capable of withstanding the con-
trolled injected wax of this invention as well as molten
metal. The intake passage core 11 is shown as having
an enlarged common intake end 14 and a bifurcated end
15 to define two intake ports; such core, as well as the
exhaust cores, are formed by blowing particles mixed
with resin binder into a two-way two-piece die set that
defines the core shape. The formed cores, when cured,
will have a modulus of rupture of 17.24-22.1 MPa
(2500-3200 psi), a bulk density of about 1.92 g/cc, and
a porosity of about 26%.
[0013] As a second step of the process, a die set 18
is made to define a pattern or casting cavity 34 around
the core assembly 10 (see Figures 2-4 and 8-13). Die
set 18, as well as the die sets for the cores, are made
of aluminium or other material that is easily machined.
The exhaust passage core 12 is a curved single body
having an outlet end 16 designed to be keyed into the
die side part 20 of die set 18 for supporting such end

and has another core end 17 designed to be supported
on the base die part 19 on a wall 25 that defines the
shape of the combustion chamber. Figure 2 illustrates
how one of the intake cores 11 is supported on the die
set 18 (the die set 18 being comprised, as shown in Fig-
ure 3, of a base part 19 left side part 20, a top part 21a,
another top part 21b, and end parts 22, 23). The other
end 14 of such core is keyed at 28 into a groove formed
into both side and base die parts.
[0014] As shown in Figures 1-3 and 11-13, the annular
water jacket core 13 has a primary longitudinally extend-
ing wall 26 which extends between the rows of intake
and exhaust cores; annular webs or walls 27, 28 extend
from wall 26 and wrap around such respective cores
while spaced therefrom. Core walls 27 are much thicker
than walls 28 because they define water channels ad-
jacent the exhaust port which demands greater heat ex-
traction. The ends of water jacket wall 26 have core ex-
tensions 29, 30 to define passages that connect the wa-
ter jacket to a fluid circulating system. Core 13 thus pro-
vides annular walls around each intake and exhaust
core, but in spaced relation. The space therebetween
can be quite thin - as little as 3-4 mm. Note how cores
11 and 12 have one end within and arcuately encom-
passed by the annular webs 27 or 28 and have another
end that curvingly projects around and to the outside of
such web walls. This creates a spaced relationship that
defines hidden spaces or gaps 31 and 32 therebetween.
Such thin spaces promote increased heat transfer to the
water jacket when replaced by metal, such as alumini-
um, in the final casting. Such thin spaces have hereto-
fore presented a difficult problem to accurately form with
pattern material.
[0015] Inlets 33 for injecting hot fluid wax into casting
cavity 34 (the cavity 34 being defined between the walls
of the heat conductive die assembly 18 and the core as-
sembly 10) is shown in Figure 4 as step three of the proc-
ess. The cavity 34 also includes spaces 39 opposite the
inlets to allow for complete filling by the wax. The interior
cavity does not need to have any draft angles or relief
tapers incorporated. Hot wax is injected under a control-
led injection pressure between 2.07-3.45 MPa (300-500
psi) with the wax at a temperature in the range of
54.5-60°C (130-140°F). The wax is preferably a mineral
base pattern wax or any investment casting was. An in-
jection apparatus 35 is utilised to force the wax into the
ingate 36 and through the plurality of inlets 33, which
are sized to a diameter of about 12.7 mm (one half inch).
The injection of hot wax is sustained at such pressure
for a time period of about 120-240 seconds until all of
the wax fills the voids in the cavity 34 without entrapment
of any gases. The wax typically will become solidified in
a period of 120-300 seconds because of the heat sink
provided by the aluminium die assembly. The injection
apparatus 35, after appropriate formation of a skin on
the wax pattern 37, is removed and the ingate 36 is sep-
arated. After the wax pattern 37 has solidified to a suf-
ficient condition, the parts 19-23 of the die set 18 are
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separated from the wax pattern 37; the wax pattern 37
still retains the bonded particulate cores 11, 12 and 13,
which can be seen at the pattern surface where the
cores intersect the exterior of the wax pattern.
[0016] A shell mould 40 is formed about the wax pat-
tern 37 containing the core assembly 10 as step four of
the process. The mould 40 is created by multiple dipping
of the pattern into a ceramic slurry 38, draining the ex-
cess slurry, applying a refractory stucco, and drying or
gelling the coating. This is repeated until a shell of about
7.65 mm (.3 inches) or greater is achieved. The slurry
preferably consists of a ceramic flour in colloidal silica
which forms a layer 41 that is then sprinkled with a fine
sand. After drying, the stuccoed silica/ceramic layer
mould is then dipped into another ceramic slurry and
then into a fluidised bed containing granular molochite
to thereby stucco the surface again to form other layers
42. The slurry may be composed of refractory binders
and refractory fillers or solids. The refractory binders can
be silica sols, ethyl silicate, sodium and potassium sili-
cate and gypsum type plasters. Common refractory fill-
ers that can be used in the process are silica, fused sil-
ica, zircon, and aluminium silicate. The stucco, in many
cases, is the same type of refractory as the dip coat, but
it has a much larger grain size. The stucco is applied to
the wet surface of the slurry to provide a mechanical key
for the next coating and to minimise the drying stresses
in the slurry coating, thus preventing cracking of the
coating. The slurries are kept in suspension by use of a
continually rotating drum with paddle mixture arrange-
ment or by use of pneumatic prop mixers. The primary
coat is most important to ensure that good surface finish
and details are obtained; subsequent coats are used to
build the shell thickness and strength in order to with-
stand de-waxing and metal pressures. The stucco is ap-
plied either by raining or by using a fluidised bed. In the
raining process, stucco particles are allowed to fall in a
raindrop pattern using a diffuser. Fluidised beds use a
vertical drum with a porous brick bottom; air at low pres-
sure and high volume passes through the brick and up
the bed of stucco material. The effect of this air flow is
to impart fluid characteristics to the stucco bed allowing
the pattern assembly to be immersed in the stucco ma-
terial as if it were a liquid. Fine stucco is used for the
first coating and second coating, while coarser stuccos
are used for backup coats.
[0017] Drying of the shell 40 is important; it begins
with applying at constant velocity, temperature and hu-
midity to remove the surface binder liquid (a constant
rate drying). This is followed by a falling rate drying pe-
riod which results in capillary transfer of the binder liquid
from inside of the shell to the surface. Control of humidity
and temperature is important. Temperature control af-
fects pattern expansion and contraction which can
cause the shell to crack. Humidity is preferably control-
led to 50% and air velocity is controlled to 18.3-365 m/
min (60-1200 ft/min).
[0018] The wax pattern 37 is removed from the lay-

ered shell mould 40 by shock firing, steam autoclaving,
or other heating technique, which drains the wax
through suitable drain openings 50 in the shell. Once
the wax is removed, leaving the part cavity 34 vacant,
molten metal, such as aluminium, is poured into the cav-
ity 34, as part of step four, through a sprue 51, to produce
the required cast object, such as the finished cylinder
head 43 shown in figure 7.
[0019] Removal (melting) of the pattern 37 is done
during the mould firing cycle. The strength of the solid
mould must be adequate to withstand the expansion
stresses of the wax pattern. As the mould is heated dur-
ing the firing cycle, the pattern melts and runs out. The
wax pattern material then burns off in the firing furnace.
Firing is carried out in an oxidised environment so that
no carbon is left on the mould surface and may be ac-
complished by several techniques including autoclav-
ing, flash firing and microwave de-waxing. Shell firing is
then carried out after the moulds are de-waxed to in-
crease the mould strength, along with heating and re-
moving of residual pattern material prior to the final op-
eration of pouring the metal. The moulds are heated in
an oxidised atmospheric condition to a temperature of
873-1098°C (1600-2000°F) depending upon specific
foundry requirements. Firing and preheat temperatures
depend on the shell material and the type of material
being poured. Aluminium castings typically are poured
at a heated shell temperature of 221-316°C (400-600°F)
and steel at 873-1098°C (1600-2000°F). The metal is
poured slowly into the hot shell without causing turbu-
lence. While the shell is heated to a temperature of
221°C (400°F), as described earlier, metal (632°C
(1200°F) for aluminium 356) is poured through the gat-
ing system to fill up the cavities and the risers. The metal
is then left to cool in atmospheric conditions. In the case
of a cylinder head, a chill may be used to draw heat away
from the relatively large sections of the cylinder head.
[0020] The final casting 43 still retains the particulate
bonded cores therein which can now easily be removed
as step five by subjecting the casting to a heat treatment
cycle; the resin or other bonding agent, holding the par-
ticulates together, is reversed so that the sand or salt
becomes freeflowing and easily pours from the open-
ings, such as 46-49 of the casting, by gravity (as shown
in Figure 7). Such heat treatment may also be employed
to concurrently treat the aluminium metal to enhance its
metallurgical characteristics. It is important to keep in
mind that cleaning the casting of core material is not car-
ried out by use of hammers or salt baths, but rather by
simple use of inquiescent water at 17°C (62°F) that
completely dissociates the bonded cores in less than 12
minutes. Hotter or pressurised water will further reduce
dissolution time.
[0021] No longer is it necessary to try and inject the
ceramic investment slurry into the core spaces, as is
sometimes carried out by the prior art, nor is it necessary
to utilise fused ceramic cores which are difficult to com-
pletely remove from an intricately shaped interior; some
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residue is usually left therein from a ceramic core which
residue cannot be tolerated with engine castings, such
as internal combustion engine heads, which critically
depend on the internal cavities being clean and in a to-
tally functional condition. Resin bonded sand or salt-
sand mixtures bonded by organic resins can be totally
eliminated from such cavities without any residue.
[0022] The described process also promotes eco-
nomical nimble manufacturing of a family of engine
heads or blocks. Only new sets of cores need be made
to change the flow characteristics of a head or block, the
exterior configuration defined by the pattern die set 18
can remain the same and continue to be used to make
up to at least 100,000 wax patterns for different mem-
bers of an engine family. This is a significant economic
breakthrough.

Claims

1. A method of rapidly forming a casting of one or more
complex interior shapes having hidden spaces
therein, comprising the steps of:

(a) making an assembly (10) of an organic resin
bonded particulate sand or salt cores
(11,12,13) , one core of which has annular por-
tions encompassing at least one end of each of
the other cores, the other end of said other
cores extending over the annular portion to de-
fine a hidden space (31,32) therebetween;
(b) making a heat conductive die set (18) to re-
ceive and support said assembly (10) of cores
in spaced relation for defining a casting cavity
(34) around and between said cores (11,12,13,)
including said hidden space (31,32);
(c) injecting heated wax into said cavity (34) un-
der a controlled sustained pressure to form a
wax pattern (37) of the casting;
(d) forming a shell mould (40) on said pattern
containing said cores;
(e) removing said wax to produce an empty
casting cavity within said shell mould (40);
(f) pouring molten aluminium metal into said
empty cavity to form a metal casting (43); and
(g) removing the shell mould (40) and removing
each of the particulate cores from the metal
casting (43):

characterised in that the particulate cores
are removed by contacting the cores with inquies-
cent hot water which disassociates the bond be-
tween the particles to form a flowable sand or salt
collection that drops out of the casting through
openings (48,49) in the casting (43) under the influ-
ence of gravity.

2. A method as claimed in Claim 1, in which different

shaped core assemblies are used with the same
shaped die set (18) to make a family of castings
having the same exterior configuration, but a differ-
ent interior configuration depending on the core as-
sembly deployed.

3. A method as claimed in claim 1 or claim 2, in which
said casting is an internal combustion engine cylin-
der head and the metal casting (43) is comprised of
aluminium based material.

4. A method as claimed in any one of the preceding
claims, in which said wax is a mineral based pattern
wax.

5. A method as claimed in-claim 4, in which, in step
(c), the wax is injected under a pressure of
2.07-3.45 MPa (300-500 psi) for a time period of
about 120-240 seconds.

6. A method as claimed in any one of the preceding
claims, in which the hidden space (31,32) has a di-
mension in the range of 3-10 mm and the internal
casting cavity is defined with no draft angles or ta-
pers.

Patentansprüche

1. Ein Verfahren zur schnellen Fertigung eines
Gußstücks mit einer oder mehreren komplexen In-
nengestalten, die darin verborgene Räume aufwei-
sen, das die Schritte umfaßt:

(a) Herstellen eines Aufbaus (10) aus mit einem
organischen Harz gebundenen, kopuskularen
Sand- oder Salzkernen (11, 12, 13), von wel-
chen einer ringförmige Teile besitzt, die minde-
stens ein Ende jedes der anderen Kerne um-
schließen; wobei das andere Ende dieser an-
deren Kerne sich über den ringförmigen Teil er-
streckt, um einen verborgenen Raum (31, 32)
dazwischen zu definieren;
(b) Herstellen eines wärmeleitenden Gesenk-
satzes (18), um diesen Aufbau (10) von Kernen
in einer mit Abstand angeordneten Beziehung
zur Definition einer Gußhöhlung (34) um und
zwischen diesen Kernen (11, 12, 13) aufzuneh-
men und zu stützen, einschließlich dieses ver-
borgenen Raumes (31, 32);
(c) Einspritzen erhitzten Wachses in diese Höh-
lung (34) unter einem gesteuerten, gehaltenen
Druck, um ein Wachsmodell des Gußstücks zu
bilden;
(d) Bilden einer Schalenform (40) auf diesem
Kerne enthaltenden Modell;
(e) Entfernen dieses Wachses, um eine leere
Gußhöhlung innerhalb dieser Schalenform (40)
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zu produzieren;
(f) Eingießen von geschmolzenem Aluminium-
metall in diese leere Höhlung, um ein Metall-
Gußstück (43) zu bilden; und
(g) Entfernen der Schalenform (40) und Entfer-
nen jedes der korpuskularen Kerne aus dem
Metall-Gußstück (43);

dadurch gekennzeichnet daß die korpuskularen
Kerne durch Kontaktieren der Kerne mit ruhigem,
heißen Wasser entfernt werden, welches die Bin-
dung zwischen den Partikeln dissoziiert; um eine
fließfähige Sand- oder Salzansammlung zu bilden,
die unter Einfluß der Schwerkraft durch Öffnungen
(48, 49) in dem Gußstück (43) aus dem Gußstück
herausfällt.

2. Ein Verfahren gemäß Anspruch 1, in dem unter-
schiedlich gestaltete Kernaufbauten mit dem gleich
gestalteten Gesenksatz (18) benutzt werden, um
eine Familie von Gußstücken herzustellen die die
selbe Außenkonfiguration besitzen, abhängig von
dem eingesetzten Kernaufbau aber eine unter-
schiedliche Innenkonfiguration.

3. Ein Verfahren gemäß Anspruch 1 oder 2, in wel-
chem dieses Gußstück ein Verbrennungsmotor-Zy-
linderkopf ist, und das Metall-Gußstück (43) aus ei-
nem aluminiumbasierten Material besteht.

4. Ein Verfahren gemäß einem der vorstehenden An-
sprüche, in welchem dieses Wachs ein mineralba-
siertes Modellwachs ist.

5. Ein Verfahren gemäß Anspruch 4, in welchem das
Wachs in Schritt (c) unter einem Druck von
2,07-3,45 MPa (300-500 psi) für eine Zeitdauer von
ungefähr 120-140 Sekunden eingespritzt wird.

6. Ein Verfahren gemäß einem der vorstehenden An-
sprüche, in welchem der verborgene Raum (31, 32)
eine Abmessung im Bereich von 3-10 mm besitzt,
und die innere Gußteil-Höhlung ohne Hinterschleif-
winkel oder Neigungen definiert ist.

Revendications

1. Procédé de formation rapide d'un moulage d'une ou
plusieurs formes intérieures complexes ayant des
espaces cachés entre elles, comprenant les étapes
consistant à :

(a) réaliser un ensemble (10) de noyaux de sa-
ble ou de sel particulaires liés par une résine
organique (11, 12, 13), dont un premier noyau
présente des parties annulaires entourant au
moins une première extrémité de chacun des

autres noyaux, l'autre extrémité desdits autres
noyaux s'étendant au-dessus de la partie an-
nulaire pour définir un espace caché (31, 32)
entre eux,
(b) réaliser un ensemble de coquilles thermo-
conductrices (18) pour recevoir et supporter le-
dit ensemble (10) de noyaux en relation espa-
cée en vue de définir une cavité de moulage
(34) autour et entre lesdits noyaux (11, 12, 13)
comprenant ledit espace caché (31, 32),
(c) injecter de la cire chauffée dans ladite cavité
(34) sous une pression soutenue commandée
pour former un modèle de cire (37) du moulage,
(d) former un moule en carapace (40) sur ledit
modèle contenant lesdits noyaux,
(e) éliminer ladite cire pour produire une cavité
de moulage vide à l'intérieur dudit moule en ca-
rapace (40),
(f) verser du métal d'aluminium fondu dans la-
dite cavité vide pour former un moulage de mé-
tal (43), et
(g) enlever le moule en carapace (40) et enle-
ver chacun des noyaux de particules du mou-
lage de métal (43),

caractérisé en ce que les noyaux de particu-
les sont enlevés en mettant en contact les noyaux
avec de l'eau chaude introduite par coulée tranquil-
le qui dissocie la liaison entre les particules pour
former un rassemblement de sable ou de sel fluide
qui sort du moulage par des ouvertures (48, 49)
dans le moulage (43) sous l'influence de la pesan-
teur.

2. Procédé selon la revendication 1, dans lequel des
ensembles de noyaux de formes différentes sont
utilisés avec l'ensemble de coquilles de même for-
me (18) pour réaliser une famille de moulages pré-
sentant la même configuration extérieure, mais une
configuration intérieure différente suivant l'ensem-
ble de noyaux mis en oeuvre.

3. Procédé selon la revendication 1 ou la revendica-
tion 2, dans lequel ledit moulage est une culasse de
moteur à combustion interne et le moulage de métal
(43) est constitué d'un matériau à base d'alumi-
nium.

4. Procédé selon l'une quelconque des revendications
précédentes, dans lequel ladite cire est une cire
pour modèles de moulage à base minérale.

5. Procédé selon la revendication 4, dans lequel, à
l'étape (c), la cire est injectée sous une pression de
2,07 à 3,45 MPa (300 à 500 psi (livres par pouce
carré)) pendant une période d'environ 120 à 240 se-
condes.
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6. Procédé selon l'une quelconque des revendications
précédentes, dans lequel l'espace caché (31, 32)
présente une dimension dans la plage de 3 à 10
mm et la cavité de moulage interne est définie sans
angle ou dépouille de démoulage.
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