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[57] ABSTRACT

A method is provided for simultaneously coating a
plurality of pattern set-ups with refractory material in
a single operation during the production. of ceramic
shell molds. An array of circumferentially spaced pat-
tern set-ups is mounted for rotation about a horizontal
axis so that each set-up is moved about the axis be-
tween a raised position and a lowered position in
which the set-up is at least partially immersed in re-
fractory material. In one preferred embodiment of the
invention provision is made for rotating each set-up

about its longitudinal axis during the coating opera-
tion.

.8 Claims, 6 Drawing Figures
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METHOD FOR FORMING CERAMIC SHELL
MOLDS

CROSS-REFERENCE TO RELATED APPLICATION

This application is a division of application Ser. No.
172,035 filed Aug. 16, 1971, now abandoned.

BACKGROUND OF THE INVENTION

This invention relates generally to the art of invest-
ment casting, and more specifically to ceramic shell
molding techniques of precision casting wherein shell
molds suitable for casting metal are prepared by build-
ing up layers of refractory material around disposable
patterns which are subsequently removed from the
mold.

As is known to those familiar with the art of invest-
ment casting, ceramic shell molds are prepared using
patterns which are replicas of the parts to be cast in
metal and which are formed of an expendable material.
These patterns are attached to a sprue member to form
what is known as a “set-up.”” The formation of a shell
mold around the set-up is accomplished by dipping it
into a refractory slurry of controlled viscosity followed
by directional draining to coat the patterns uniformly.
After draining excess slurry from the set-up, the slurry
coating is sanded or stuccoed while wet with coarser
refractory particles, such as by dipping the set-up into
an air-fluidized bed of dry refractory material. The re-
sult is a coat of ceramic material having refractory par-
ticles embedded in the surface. This coat is hardened,
usually by air drying at room conditions. After the first
coat is sufficiently hard and dry, the steps of dipping,
draining, stuccoing and drying are repeated until a re-
fractory shell having a sufficient thickness to resist the
stresses occurring in subsequent operations has been
built up around the set-up. The usual shell thickness is
from one-eighth inch to about one-half inch, although
thicker or thinner shells may be formed for special situ-
ations. The set-up including the disposable patterns is
then removed from the shell mold and the mold pre-
pared for the casting operation.

In order to obtain a satisfactory shell mold for casting
metal, it is necessary to form dense, void-free coatings
around the set-up. This requires the set-up to be care-
fully rotated so that the slurry will flow over and coat
all areas of the set-up uniformly. A satisfactory coating
is particularly difficult to obtain when the workpiece
patterns have relatively complex shapes, including
holes, slots, narrow passageways, surface detail and the
like. The viscosity of the slurry is often such that it will
not easily flow into and cover the complex portions of
the patterns. There is also a tendency for air to be
trapped in restricted areas of the patterns and/or in pre-
viously applied coatings so as to weaken the shell mold
and produce voids which may result in the castings
being scrapped. Further, when the set-up consists of a
large number of closely spaced patterns, there is a ten-
dency for a substantial amount of the slurry to be re-
tained between the patterns so as to form relatively
thick wall portions in these areas. The thick wall por-
tions are difficult to dry properly and may crack when
heated, such as during the pattern removal operations
and/or when the molds are fired prior to casting.

An important advance in the art of ceramic shell
molding is described in U.S. Pat. No. RE. 26,495, is-
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sued Dec. 3, 1968 to Claude H. Watts et al. As dis-
closed in that patent, the pattern set-up is horizontally
positioned for rotation about its longitudinal axis so
that rows of patterns on the set-up can be moved into
and out of a slurry bath by rotating the set-up. The rota-
tion of the set-up on its horizontal axis has been found
to produce excellent coating results and to avoid the
problems discussed above. As the set-up is rotated to
move the rows of patterns into and out of the slurry, the
angular positions of the patterns are continuously
changed. As a result, the slurry can run over all por-
tions of the patterns and fill all of the pattern cavities
and other difficult-to-fill areas so as to produce a uni-
form coating. By rotating the pattern set-up on its hori-
zontal axis following the coating operation, it is also
possible to obtain improved directional draining of ex-
cess slurry and to prevent the slurry from being trapped
between closely spaced patterns so as to form thick,
difficult-to-dry wall areas.

SUMMARY OF THE INVENTION

An object of the present invention is to provide
method for simultaneously applying slurry coatings to
a plurality of pattern set-ups in a single operation so as
to obtain the several advantages described in the
above-referenced U.S. Pat. No. RE 26,495.

In accordance with the preferred embodiments of the
present invention, a plurality of pattern set-ups are sup-
ported by a fixture which is mounted for rotation about
an axis transverse to the vertical height of a slurry tank.
The set-ups are supported at locations disposed about
the axis of rotation of the fixture and are spaced radi-
ally from the axis. When the fixture is rotated, each pat-
tern set-up is revolved about the axis of the fixture be-
tween a lowered position in which the set-up is at least
partially immersed in the slurry and a raised position.
In one preferred embodiment, provision is made for ro-
tating each of the pattern set-ups about its longitudinal
axis during the coating operation. A cover or hood may
be associated with the tank to form a vacuum chamber
in which the fixture is disposed so that the slurry and
the set-ups can be subjected to vacuum conditions
when the set-ups are being rotated and coated with
sturry.

A primary advantage obtained by the invention is
that it makes it possible to produce relatively small di-
ameter set-ups in a practical and economical manner.
This is of particular benefit to investment foundries
whose operations are limited by the capacity of their
melting furnaces and other equipment and which do
not require the sophisticated mold making apparatus of
the size used by larger foundries. The new method and
apparatus for simultaneously coating a plurality of set-
ups in a single operation reduce the costs of making
shell molds and are espccially suitable for the produc-
tion of small diameter molds compatible to the opera-
tions of small foundries.

Other objects, advantages and a fuller understanding
of the invention will be had from the following detailed
description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view taken on the line 1—1
of FIG. 2 and shows an assembly of pattern set-ups sup-
ported by a fixture in accordance with this invention;
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FIG. 2 is an end elevational view of the assembly
shown in FIG. 1; '

FIG. 3 is a vertical elevation, partially in cross-
section, showing the assembly of FIG. 1 mounted for a
coating operation according to one embodiment of this
invention;

FIG. 4 is a vertical elevation, partially in cross-
section, showing the assembly of FIG. 1 mounted for a
coating operation according to another embodiment of

this invention;

FIG. 5 is a cross-sectional view taken on the line 5—5
of FIG. 4; and

FIG. 6 is a top plan view with portions eliminated of
the arrangement shown in FIG. 4. :

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to the drawings and to FIGS. 1 and 2 in
particular, there is shown a fixture 10 which supports
a plurality of pattern set-ups 11. The fixture 10 is com-
prised of a pair of disks 12 which are suitably secured
to a rod 13 in axially spaced locations.

Each of the set-ups 11 is of a typical construction in-
cluding a plurality of workpiece patterns 20 which
project from the outside wall of a sprue member 21. In
accordance with conventional practice, the workpiece
patterns 20, which are replicas of the parts to be cast
and include the necessary gates and risers, are formed
of an expendable material, such as wax, a synthetic
resin, or a wax and resin composition.

The sprue members 21 are generally cylindrical. As
shown, each such sprue member may be comprised of
a tube 22 made of cardboard or other relatively stiff
material, and a corrugated cardboard sleeve 23 which
surrounds the tube 22. The sleeve 23 is axially corru-
gated in its inner surface while the other surface of the
sleeve is smooth. The smooth outer cylindrical wali of
the sleeve 23 is provided with a thin coating of wax or
the like to which the patterns 20 are attached. A rod 24
extends longitudinally through each set-up 11 and the
ends of the tube 22 are closed by disks 25 which afe se-
cured to the rod 24 by any suitable means. Each set-up
is completed by annular plates 26 which are secured to
the disks 25. The plates 26 project circumferentially
beyond the sleeve 23 a sufficient distance to prevent
the shell forming material from being built up around
the ends of the set-up.

It is to be understood that the described construction
of the sprue members 21 can be varied and that the il-
lustrated structure is not limiting of the invention. For
example, the body of each sprue member may be
formed by an injection molded wax tube. According to
another conventional practice, the sprue members may
comprise metal tubes coated with wax.

In accordance with the present invention, the set-ups
11 are supported in circumferentially spaced locations
around the outer peripheries of the disks 12. The longi-
tudinal axes of the set-ups defined by the rods 24 are
radially spaced from and are preferably parallel to the
axis of the fixture 10 defined by the rod 13. As shown
in FIG. 2, the ends of the rods 24 are received in slots
or notches formed in the disks 12 and are held in place
by keepers 27. The keepers. 27 are removably fastened
to the disks 12 in any suitable manner, as by screws 28,
in order to permit the set-ups 11 to be mounted on and
‘removed from the fixture 10.
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FIG. 3 illustrates one preferred manner of coating the
set-ups 11 with refractory slurry. As shown, a refrac-
tory slurry bath 35 is provided in a tank 36. The fixture
10 is mounted above the bottom of the tank 36 for rota-
tion about a horizontal axis defined by the rod 13. One
end of the horizontally extending rod 13 is engaged in
a rotatable drive cup or shaft socket 38. A motor 39 is
mounted on a plate 40 at one end of the tank 36 and
has its output shaft in driving connection with the cup
or shaft socket 38 for rotating the fixture 10. The other
end of the rod 13 is received within a spring-biased, axi-
ally movable socket 41 which is rotatably journaled
within a sleeve 42 of a mounting assembly 43. The
mounting assembly 43 is supported by a plate 44 con-
nected to the tank 36.

The fixture 10 is mounted for rotation by first insert-
ing one end of the fixture rod 13 in the socket 41 which
is then pressed inwardly relative to the sleeve 42 to per-
mit the other end of the fixture rod 13 to be inserted
in the drive cup 38. When the spring-biased socket 41
is released, the socket is urged outwardly of the sleeve
42 so that the fixture 19 is firmly supported for rotatlon
by the motor 39.

In-accordance with conventional practices, a suitable
refractory slurry used for coating the pattern set-ups 11
consists essentially of a suspension of fine refractory
powder, such as zircon (zirconium silicate) and fused
silica, in a binder solution comprised mainly of colloi-
dal silica sol and small amounts of an organic film for-
mer, a wetting agent, and a defoaming agent. The re-
fractory powder usually is minus 100 mesh.

In forming the slurry coatings around the pattern set-
ups 11, the fixture 12 is rotated relatively slowly by the
motor 39, for example, about 5 rpm, so that each set-up
is lowered into the slurry 35 at one side of the tank 36
and is raised out of the slurry at the other side of the
tank. The rotative movement of the fixture constantly
changes the angular positions or attitudes of the various
patterns 20. This constant changing of the attitudes of
the various patterns is advantageous, since the excess
sturry is caused to run over the patterns as they are ro-
tated out of the bath and around the rod 13, thereby re-
sulting in uniform pattern coverage. -

It is usually desirable to apply at least the initial slurry
coatings under a vacuum in order to remove occluded
air in the slurry and to prevent formation of air bubbles
on the surfaces of the patterns. Such a procedure is par-
ticularly advantageous with patterns having intricate
surface detail and difficult-to-fill areas, such as small
recesses and cavities, which tend to trap air during ro-
tation of the fixture.

As shown in FIG. 3, a removable cover 45 is provided
for the tank 36. The cover 45 is engageable with a tank
seal member 46 to form a vacuum chamber 47 in which
the fixture 10 and the set-ups 11 are disposed. A fitting
48 is mounted through an end of the cover 45 and is
adapted to be connected by a vacuum line (not shown)
to a suitable vacuum pump or the like. When the cover
45 has been moved to the closed position against the
seal 46, a vacuum is drawn in the chamber 47 to re-
move any air bubbles from the slurry 35, and the fixture
10 is rotated while the slurry is under the vacuum. It
will be understood that the vacuum treatment of the
shurry may be effected either during each such coating
operation or during only selected applications of the
sturry to the set-ups. In some instances, the use of a
vacuum treatment can be eliminated entirely.



3,812,898

5

Subsequent to the described coating operation the
coated set-ups 11 are stuccoed with coarse refractory
materials, such as by rotating the fixture 10 to move the
coated set-ups 11 through an air-fluidized bed of re-
fractory materials. The stuccoed coatings are then al-
lowed to harden, as by forced air drying. Additional
slurry coatings may be applied in the same manner,
stuccoed and allowed to harden until a ceramic shell of
the desired thickness has been produced around each
pattern set-up.

FIGS. 4, § and 6 illustrate another preferred arrange-
ment and procedure for coating the pattern set-ups 11
with refractory slurry. According to this embodiment
of the invention, the pattern set-ups 11 are supported
by a fixture 10a in substantially the same manner as de-
scribed above in connection with FIGS. 1 and 2 except
that the set-ups are mounted for rotation about their
longitudinal axes. The ends of the set-up rods 24 are
journaled in sleeves 60. The sleeves 60 are mounted in
the notches formed in the plates 12q around their outer
peripheries and are held in place by keepers (not
shown) similar to the keepers 27 described above.

As shown in FIGS. 4, § and 6, a refractory slurry bath
61 is provided in a tank 62. The tank 62 is mounted in
a housing 63 so that at least one end wall 64 of the tank
is spaced inwardly from the adjacent end wall 65 of the
housing. A cover 66 cooperates with the housing 63 to
form a vacuum chamber 67 over the slurry bath 61. In
its closed position, the edges of the cover are engaged
against a seal ring 68,

The fixture 10a is supported for rotation about a hor-
izontal axis in the same manner as described above in
connection with FIG. 3. One end of the fixture rod 13a
is engaged in a drive cup or shaft socket 38 which is
driven by a motor 39a supported on a plate 70. The
other end of the rod 13a is engaged in a spring-biased,
axially movable cup or socket 41 of a mounting assem-
bly 43 which is supported on a plate 71.

Provision is made for rotating each of the pattern set-
ups 11 about its longitudinal axis as the fixture 10a is
rotated about the horizontal axis defined by the rod
13a. A ring-type gear 75 having teeth in its inner and
outer peripheries is freely rotatable on the fixture rod
13a between the tank end wall 64 and the end wall 65
of the housing 63. As shown in FIG. §, the gear 75 has
a central hub portion 76 which receives the rod 13a
and radially extending spider arms 77. The hub portion
76 is mounted between removable members 78 which
are fixed to the rod 13a so that the gear 75 is free to ro-
tate relative to the rod while being restrained against
axial movement. Pinions 80 are secured to the ends of
the set-up rods 24 and engage the inner teeth of the
gear 75 so that rotation of the gear is effective to rotate
each of the individual set-ups 11. The gear 75 is rotated
by a motor 81 mounted on the plate 70. A pinion 82 is
fixed to the drive shaft of the motor 81 and engages the
outer teeth of the gear 75.

In a preferred manner of operation, the fixture 10a
is rotated by the motor 39a to cause the set-ups 11 to
revolve about the rod 13a, whereby each of the set-ups
is moved between an upper position above the rod 13a
and a lower position in which the set-up is at least par-
tially immersed in the slurry. As shown in FIGS. 4 and
5, only the lower portion of each set-up is immersed in
the slurry when the set-up is in the lowered position.
The motor 39a is preferably operated intermittently to
rotate the fixture 10a step-wise, whereby each set-up is
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held in the lowered position for a predetermined length
of time. The motor 81 may be operated to continuously
rotate the set-ups about their longitudinal axes during
the coating operation. By rotating the set-ups about
their longitudinal axes at the same time they are re-
volved about the rod 134, excess slurry is drained from
the set-ups to prevent the formation of thick wall por-
tions between the closely spaced patterns. If desired,
the coating operation may be carried out under a vac-
uum in the manner described above in connection with
FIG. 3.

Many modifications and variations of the invention
will be apparent to those skilled in the art in the light
of the foregoing detailed disclosure. Therefore, it is to
be understood that, within the scope of the appended
claims, the invention can be practiced otherwise than
as specifically shown and described.

What is claimed is:

1. In the production of investment casting molds by
building up refractory layers around pattern set-ups, a
method of applying refractory material to a plurality of
pattern set-ups in a single operation comprising the
steps of mounting an array of several pattern set-ups for
rotation as a group about an axis transverse to the verti-
cal, the pattern set-ups being spaced radially from said
axis and arranged about it with their ends lying in
planes transverse to said axis so that when the array is
rotated each pattern set-up is moved about said axis be-
tween a lowered position and a raised position, rotating
the array and moving each set-up to change the angular
positions of its outer peripheral proportions, and apply-
ing fluent refractory material to the set-ups in the array,
whereby the material is caused to uniformly cover the
outer peripheral portions of the set-ups as their angular
positions are changed.

2. In the production of investment casting molds by
building up refractory layers around pattern set-ups, a
method of applying refractory material to a plurality of
pattern set-ups in a single operation comprising the
steps of mounting an array of several pattern set-ups for
rotation as a group about an axis transversed to the ver-
tical height of a tank containing fluent refractory mate-
rial, the pattern set-ups being spaced radially from said
axis and arranged about it with their ends lying in
planes transverse to said axis so that when the array is
rotated each pattern set-up is moved about said axis be-
tween a lowered position in which it is at least partially
immersed in the refractory material and a raised posi-
tion in which the set-up is above the refractory material
and rotating the array of pattern set-ups through the re-
fractory material while moving each set-up to change
the angular positions of its outer peripheral portions so
that they are uniformly covered by the refractory mate-
rial.

3. A method as claimed in claim 2 wherein said re-
fractory material is a slurry, and including the step of
placing the slurry under vacuum during rotation of the
array.

4. A method as claimed in claim 2 in which at least
some of said set-ups of said array are individually ro-

‘tated about their longitudinal axes.

5. A method as claimed in claim 4 including the step
of periodically interrupting rotation of said array when
at least some of said set-ups are in said lowered posi-
tion.
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6. A method as claimed in claim 1 wherein the set-
ups are held against rotation about their own axes as
the array is rotated. _

7. A method as claimed in claim 1 wherein the set-
ups are individually rotated about their own axes as the
array is rotated.

8. A method of making refractory molds by building
up refractory layers around pattern set-ups, said
method being characterized by the procedure of han-
dling several pattern set-ups as a group during forma-
tion of the refractory layers around the set-ups in the
group and including the steps of:

a. grouping a plurality of pattern set-ups in an array
so that the set-ups are circumferentially spaced
from each other about an axis and so that the ends
of the set-ups lie in planes transverse to said axis,

b. processing the array of several pattern set-ups
through a coating operation in which refractory
slurry is applied to each set-up in a single opera-
tion,

c. processing said array of several pattern set-ups
through a stuccoing operation in which refractory
particles are applied to the coated set-ups of the
array in a single operation,
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d. hardening the stuccoed coatings around the set-
ups,

¢. repeating the coating and stuccoing operations to
build up refractory layers around each set-up in the
array, and

f. removing the set-ups from the array after refrac-
tory layers of the desired thickness have been
formed,

g. at least one of said operations being carried out by
the steps of:
i. mounting the array of set-ups for rotation about

i

=

said axis with said axis being transverse to the
vertical height of a tank containing fluent refrac-
tory material and so that when the array is ro-
tated each pattern set-up is moved about said
axis between the lowered position in which it is
at least partially immersed in the refractory ma-
terial and a raised position in which the set-up is
above the refractory material,

. rotating the array of pattern set-ups through the

refractory material while moving each set-up to
change the angular positions of its outer periph-
eral portions so that they are uniformly covered

by the refractory material.
P I R



