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Patented Aug. 10, 1954 2,685,718 

UNITED STATES PATENT OFFICE 
2,685,718 

CASTING APPARATUS 

William L. Schmitz, San Marino, Calif. 
Application December 26, 1951, Serial No. 263,195 

(C. 22-5.) 4 Clains. 
1. 

This invention relates to improvements in cast 
ing apparatus, and may be regarded as a further 
development of the invention disclosed in my 
Copending application Serial No. 133,541, filed 
December 17, 1949, entitled Means and Method 
of Casting in Wacuo. 

in the above-mentioned application there is 
disclosed a method of casting wherein a porous 
mold is formed in an impervious tubular shell and 
the mold cavity in the mold has a gate leading 
thereto from one of the ends of the shell. A 
thin diaphragm is positioned on the mentioned 
end of the shell. So as to overlie the entrance to 
the gate and a vacuum is created within the 
Shell through the other end thereof. The thin 
metal diaphragm or membrane that overlies the 
entrance to the gate prevents ingress of air 
while the mold cavity, the gate, and the porous 
mold material is having a vacuum created therein 
through the pores of the porous mold material. 
A funnel or Sprue is positioned over the dia 
phragin or membrane and the material to be 
cast, which is usually molten metal, is poured 
through the funnel and against the diaphragm 
or membrane, rupturing or melting the dia 
phragm or membrane and the flowing into the 
mold. Entrance of the molten metal into the 
gate and into the mold cavity being unopposed 
by any Substantial amount of air or gas therein 
a casting can be produced having high fidelity 
to the shape of the mold cavity. 

In the application above mentioned the funnel 
Or Sprue that WaS positioned over the membrane 
was usually formed of a self-hardening moldable 
material Such as dental investment and the 
quantity of molten metal poured into the mold 
through the funnel or Sprue was sufficient in 
velocity and in amount to fill the entrance to the 
mold and form a liquid Seal So as to prevent 
ingress of air therewith while the mold was being 
filled. Usually, the amount of metal poured 
into the funnel or sprue was sufficient in quan 
tity as to leave a substantial button in the funnel. 
When the casting had been cooled and solidified, 
the porous cold material within the mold shell 
was broken and destroyed in recovering the cast 
ing. Also, the material used to form the funnel 
Or Sprue Was broken and destroyed to free the 
Solidified button so that in making a subsequent 
casting not only did a new mold have to be pre 
pared, but also a new funnel or sprue. - 
One object of the present invention is to pro 

vide an apparatus in which the method disclosed 
in my copending application can be conveniently 
performed and wherein the funnel or sprue lead 
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ing to the entrance to the gate covered by trie 
membrane is made of separable parts which can 
be separated from each other to free the button 
therein without involving their destruction or 
the making of a new funnel or Sprue for each 
casting operation. 
In castings of this type it has been found that 

in some instances porosity of the cast metal 
occurs in the casting near the juncture of the 
casting with the gate. This is probably due to 
the fact that the metal poured into the mold 
cavity commences to quickly cool and Solidify 
and consequently shrink. If the gate is of 
sufficient size With respect to the Size of the 
mold cavity, and if the button at the top of the 
gate or within the funnel is of Sufficient size and 
can be kept molten while the metal in the mold 
cavity is shrinking, porosity is avoided in that 
the metal in the mold cavity may draw from the 
gate or from the molten button to compensate 
for the shrinkage. 
Another object of the invention is to provide 

an improved apparatus Wherein the metal to be 
cast can be melted and kept in a molten condi 
tion very close to the mold cavity and on flowing 
the metal into the mold, an opportunity is 
afforded to keep the button in the funnel molten 
so that as the metal in the mold cavity shrinks 
it may draw from the button and thus avoid 
porosity in the casting above referred to. 

Still another object of the invention is to pro 
vide an apparatus for casting Wherein there is a 
crucible divided into Sections that can be held 
in assembled relationship over a mold while metal 
to be cast is being melted therein and which can 
be easily and quickly opened to discharge its 
contents into the mold therebeneath. So that a 
minimum time loss and cooling of the metal will 
take place between the emptying of the crucible 
and the filling of the mold cavity. 
Another object of the invention is to provide a 

casting apparatus, the parts of which can be 
easily manufactured and assembled and manipu 
lated to secure fine castings. While the improved 
apparatus has been primarily designed for the 
manufacture of Small castings, Such as dental 
castings, or parts of jewelry, it is not restricted 
thereto but may be employed wherever dense 
and high precise castings are desired. 
With the foregoing and other objects in view, 

which Will be made manifest in the following 
detailed description and specifically pointed out 
in the appended claims, reference is had to the 
accompanying drawings for an illustrative em 
bodiment of the invention, wherein: 
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Figure 1 is a vertical Section through an appa 
ratus embodying the present invention; 

Fig. 2 is a horizontal section taken substantially 
upon the line 2-2 upon Fig. 1; 

Fig. 3 is a partial view in vertical Section taken 
Substantially upon the line 3-3 upon Fig. 1, 
the crucible being shown in open position; 

Fig. 4 is a vertical section through an alter 
native form of appaiatus embodying the present 
invention; and Fig. 5 is a view taken substantially upon the 
line 5-5 upon Fig. 4, the crucible being ShoWn 
in open position. 

Referring to the accompanying dra Wings 
wherein similar reference character's designate 
similar parts throughout, the improved apparatus 
consists of a base in the top of which there 
is formed a depression : . The bottom of this 
depression is provided with a gasket 2 prefer 
ably formed of compressible or resilient material 
resistive to relatively high heats such as for 
example silicone rubber. In the center of the base 
there is formed an opening 3 which is in Com 
munication with a bore to which a fieXible 
tube 5 inay be connected. The tube is leads 
to a vacuum pump, not shown, So that a strong 
partial vacuum may be created within the bore 
4 and opening 3. Preferably, the bottom of 
the opening 3 is covered by a screen 8. 
The mold is generally indicated at and con 

sists of a tubular impervious shell 8 which imay 
be a conventional dental flask. This shell or flask 
is largely filled with a porous molding material 
19 such as a self-hardening conventional dental 
investinent. The mold cavity 25 foiled there 
in may be produced by the conventional "lost 
wax' method and the gate 2 that leads thereto 
has its entrance formed in that portion of the 
porous molding material 9 that is exposed in 
the upper end of the shell or flask 8. The lower 
end of the shell or flask is positioned on the 
gasket, 2 so as to overie the opening 3 and in 
the fortin illustrated in Fig. 1, the mold material 
E9 terminates at its botton above the botton 
edge of the flask 8 so as to form a chamber 22 
in which vacuum will be produced. 
Over the upper end of the flask there is posi 

tioned a thin diaphragm or membrane 23. This 
membrane or diaphragm is usually gold foil of 
approximately .002' in thickness. Gold foil is 
particularly used when the metal to be cast is 
gold. If other netals are employed the dial 
phragm or heinbrane is preferably formed of a 
metal compatible therewith. This membrane ex 
tends inot, only over the entrance to the gate 2: 
but, over the entire upper end of the tubular shell 
or fiask 8 and serves to prevent ingreSS of air 
While a vacuunn is being produced in the nold 
cavity 28, the gate 2 and in the pores of the 
porous mold material 9 by means of the vacuum 
Ol. Over the diaphragm or membrane 23 there is 
a funnel or sprue 23. This funnel or Sprue is 
diametrically divided into two opposed Sections 
25 and 28. It may be divided into more than 
two sections, such as for example three or four, 
along radial lines, but when only two sections are 
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employed the funnel may be regarded as also 
being divided on radial lines which coincide with 
the diameter. These sections collectively present 
upwardly converging outer surfaces So as to be 
frusto-conical in form. They are adapted to be 
held in assembled relationship by an annular 
ring 2 having an annular flange 28. Around the 
opening 29 that is formed in the bottom or lower 

70 

4. 
portion of the funnel or sprue there is a receSS 
designed to accommodate an asbestos gasket 30 
that is positioned directly over the diaphragm or 
membrane 23. 

Cin the base there is an upstanding post 3 
on which is slidable a sleeve 32 that can be held 
in aiay adjusted position. Such as by a thumb 
Screw 33. This sleeve has an arin 34 rigid there 
with that is widened centrally and equipped with 
a relatively large aperture 35. At the sides of 
the aperture there are inwardly extending fingers 
36 that are engageable with the flange 28 So that 
When the funnel Or Sprue 24 is in position over the 
mold the arm 34 may be pressed downwardly into 
engagement with the ring 2. The ring not only 
holds the sections of the funnel in assembled rela 
tionship but may press then downwardly toward 
the raeii brane 23 to press the membrane firmly 
against the top of the fask or shel 8. The upper 
portions of the Sections of the funnel are en 
larged or Widened as indicated at 3: So that the 
upper portion of the funnel forms a substantial 
ly hemispherically-shaped receSS above the open 
ing 23. This recess is designed to receive a cru 
cible that is hemispherically shaped and which 
is diametrically divided into two sections 38 
and 33. 
The arm 3A provides a fulcrun 8 for a level 

4. that is bifurcated or forked as indicated at 
&2 at its inner end. The sides of the fork are 
provided with pins 43 that loosely extend through 
apertures A4 in the sides of the crucible adjacent 
its top edge. The crucible sections 38 and 39 nor 
inally assume a position wherein their lower op 
posed edges are in abutment as depicted in Fig. 2, 
but by pressing on the outer end of the lever 4 
the pins 3 may be caused to lift the sides of the 
crucible So as to separate the botton edges of 
the sections as illustrated in Fig. 3 So as to dump 
the contents of the crucible into the funnel or 
Sprue. 
The Sections of the crucible as Well as the Sec 

tions Of the funnel Or Sprue 24 are preferably 
formed of ceramic material resistant to dam 
age by nolten metal being metled therein or 
iOWing therethrough. So that these parts are sus 
ceptible of indefinite re-uses. 

It using the apparatus above described the 
nold is assumed to have been previously prepared 
from a wax pattern. By flowing a self-harden 
ing dental investment material in the flask or 
Shell 8 around the pattern and around the core 
that produces the gate 2 i, the Wax pattern and 
the core can Subsequently be meited out in ac 
cordance with the lost Wax process. The mold is 
then positioned on the gasket 2 to overlie the 
aperture 3 and the diaphragm or membrane 23 
is positioned over the upper end of the in old. The 
Sections of the funnel or Sprue are then posi 
tioned within the ring 27 and the assembly is 
then positioned over the mold. The arm 34 is 
lowered so that the fingers 36 will engage the 
fiange 23 and press the ring 2 downwardly. This 
causes the Sections of the funnel to be held in 
assembled relationship and to press the asbestos 
gasket 3 into firm engagement with the top of 
the membrane 23. The crucible is then posi 
tioned in the top of the funnel which serves to 
hold the Sections of the crucible in asseiiabled 
relationship as depicted in Fig. 2. The metal to 
be melted can then be placed in the crucible and 
melted by the application of a blowtorch, not 
shown. While Such melting operation is being 
performed, the vacuum pump may be operated 
to exhaust. aS completely as possible air from . 
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the chamber 22. Air in the gate and mold cavity 
is also exhausted as completely as possible 
through the pores of the porous investment ma 
terial 9 and the air in the pores of this material 
is likewise exhausted. When the metal in the 
crucible is molten and in a condition for cast 
ing, the outer end of the lever 4 may be de 
pressed slightly. This causes the pins 43 to 
elevate the sides of the crucible from the posi 
tion shown in Fig. 2 into the position shown in 
Fig. 3. The lower edges of the crucible sections 
are consequently separated and the molten metal 
is allowed to fall through the opening 29 against 
the membrane 23 overlying the gate 2. This 
portion of the membrane is either immediately 
ruptured by the added Weight of the metal or 
melted by its heat so that without any notice 
able hesitation the metal flows directly through 
the funnel into the gate and into the mold cavity. 
As the gate and mold cavity are in a high evacu 
ated condition there is no air or gas present to 
retard the flow of metal. With the result that a 
highly dense and precise casting is obtainable. 
The amount of metal used in the crucible is Suf 
ficient to form a liquid Seal with the walls of the 
gate 2 so that air cannot enter the gate and 
moid cavity along with the molten metal. Con 
Sequently, the casting may be regarded as be 
ing produced under a differential pressure ap 
proximately equal to atmospheric preSSure. AS 
Will be observed from Fig. 3, the amount of metal 
poured is sufficient to normally form a button 
45 in the funnel which may be of Substantial size. 
This button may be of Such size that it Will tend 
to remain molten after the metal in the mold 
cavity has started to solidify. Any shrinkage 
in the metal in the mold cavity may consequent 
ly draw from the button 45 and thus avoid po 
rosity. A feature of the invention, however, re 
sides in the fact that the opening of the crucible 
to discharge its contents exposes the top of the 
opening 29 so that the torch used to melt the 
metal in the crucible can be played immediate 
ly on the top of the button 45, thus keeping this 
button molten to supply metal to the mold cavity 
to compensate for shrinkage. In this manner, 
by continuing to play the melting torch on the 
button 45 after the crucible has been emptied, 
porosity in the casting can be completely avoided. 
When the casting has cooled the thumb screW 

33 can be loosened and arm 34 elevated. The 
ring 27 can be lifted from the sections of the 
funnel so as to allow these Sections to separate. 
As these sections are separable from each other 
on radial lines they can be moved radially apart 
to free the button 45 and re-assembled together 
in subsequent casting operations. A casting op 
eration does not involve destruction of the fun 
nel. The casting may be recovered by breaking 
the investment material 9 from around the mold 
cavity and around the gate 2. 
The construction above described is very ad 

vantageously used where the casting is in the 
form of a relatively broad but very thin Section, 
such as for example a cast base for a full upper 
denture as illustrated. Where the Casting to 
be produced is of relatively Small volume and is 
highly compact in form as in the case of an in 
lay depicted in Figs. 4 and 5, I have found that 
it is possible to dispense with the membrane or 
foil entirely. Thus, as depicted in Figs. 4 and 5, 
the flask 6 is of relatively Small size and has a 
relatively Small opening 47 in the top thereof. 
This flask has the mold 48 formed of dental in 
vestment or similar porous material formed 
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6. 
therein providing the mold cavity 49 and a gate 
50. The top of the gate is cupped out as at 5 to 
receive the excess of metal and form the but 
ton. The flask is positioned on the gasket 2 
On the base and the vacuum pump started to 
create a high partial vacuum in the porous mold 
material 48. This causes air in the pores of the 
porous investment to be continually Withdrawn 
therefron, and while air can enter the cup 5 
the gate 5G and the mold cavity 49 while the 
Vacuum is being punped Within the flask, the 
flow of air through the investment is greatly in 
peded as the pores in the porous investment are 
quite fine. Where the flask is relatively small 
and of the size conventionally used for making 
inlays, a vacuum of the order of 2' of mercury 
can be created in the depression 3 even though 
the Cup 5, gate 50, and mold cavity 49 are open. 
In this Way, in effect a reservoir of vacuum is 
formed in the pores of the investment within 
the flask 46 below the fange that defines the 
entrance 4. This reservoir of vacuum is many 
times the volumetric size of the mold cavity 9 
and the gate 56. 
When the metal to be cast is quickly deposited 

in the cup 5 it fills the entrance to the gate 50, 
thus forming a liquid Seal against further ingreSS 
of air. The Volune of air in the gate 5 and 
in the mold cavity 49 being relatively small as 
Compared With the large reservoir of vacuum in 
the pores of the investment 48, this air becomes 
almost instantly dispersed in the pores so that 
it does not retard the inflow of metal through 
the gate and into the mold cavity. Consequent 
ly, where the Volume of the mold cavity is com 
paratively Small and is quite conpact it is poS 
Sible to dispense With the Sealing diaphragm or 
membrane entirely. 
In this form of construction the nanner ini 

which the molten metal is delivered to the cup 
5 is of no great importance although I prefer 
to employ a ring or funnel 32 which may or may 
not be diametrically Split. This ring or fun 
nel Serves to Support the halves of the split cru 
cible Which can be lifted and separated by the 
lever as previously described. The use of a spit 
Crucible directly over the mold enables the metal 
to be cast to be heated in close proximity to the 
mold Cavity and as the crucible opens at its bot 
ton it affords an opportunity for dense clean 
metal in the bottom of the crucible to first enter 
the mold and form the liquid seal without being 
contaminated with oxides, fluxes, or other sub 
stances which are usually flowing on the sur 
face. Sufficient metal is poured into the mold 
to form the button 53 which occupies a position 
Within the cup 5 and serves to supply metal 
to the casting to compensate for shrinkage. 
Usually, however, where the casting is Small 
Compensation for shrinkage affords no great 
problem. 
From the above-described constructions it will 

be appreciated that the improved casting appara 
tus is highly advantageous in that when it is 
neceSSary to form the button in the funnel or 
ring, as in Figs. 1 and 3, the parts of the funnel 
may be separated around the button and used 
Over and over again. Furthermore, the arrange 
ment of the apparatus is such that the metal to 
be cast can be heated and rendered molten close 
to and directly Over the mold. So that at the in 
Stant of pouring there is no time loss or any 
opportunity for the metal to be cast to lose its 
heat. In both forms of construction a high de 
gree of vacuum is formed in the gate and mold 
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cavity. In Figs. 1 and 3 the vacuum can be 
formed in the gate and mold cavity in advance 
of pouring and in the construction shown in FigS. 
4 and 5, although air imay be in the gate and mold 
cavity in a more or less rarefied condition due 
to the mold being heated as is customary in this 
type of casting, such air is quickly dispersed in 
the pores of the investment as soon as the liquid 
Seal is formed at the commencement of the pour 
ing. Consequently, in both constructions the 
metal fiows into the gate and into the mold cavity 
Without being impeded or retarded by the pres 
ence of air therein. The apparatus disclosed is 
Versatile in that the same apparatus can be ad 
Vantageously used for both types of castings. 

Warious changes may be made in the details of 
construction. Without departing from the spirit 
and Scope of the invention as defined by the ap 
pended claims. 

claim: 1. in casting apparatus, a cup-shaped crucible 
vertically divided into two opposed sections, 
means for hoiding said sections in assembled re 
lationship and gontigiously arranged on the line 
of division so that metal may be melted in the 
crucible, and means for lifting said sections ad 
jacent their 'i Yas a points arranged at approxi 
nately right angles to the line of division be 
tween the sections whereby Said Sections may be 
caused to have their lowermost portions Separate 
to allow the noten metal to fioW therebetWeein. 

2. In casting apparatus, a mold having a gate, 
a funnel positioned over the mold and leading to 
the gate, said funnel having a recess in the top 
thereof, a cup-shaped crucible resting in the re 
cess, said crucible being vertically divided into 
two opposed sections and contiguously arranged 
on the line of division therebetween so that metal 
may be melted in the crucible, and means for 
lifting said sections adjacent their rims at points 
arranged approximately at right angles to the 
line of division between the Sections whereby said 
sections may be cased to have their lower por 
tions separate to allow the rinolten metal to flow 
therebetween through the funnel and into the 
mold. 3. A casting apparatus comprising a base on 
which a mold may be positioned, means on the 
base for connecting the bottom of the mold with 
a source of vacuum, a post on the base, a funnel 
holder vertically adjustable on the post toward 
and away from the mold, a funnel adapted to be 
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positioned over the mold to discharge into the 
gate of the mold, said funnel having a receSS in 
the top thereof, a cup-shaped crucible disposed in 
the recess of the funnel, said cup-shaped crucible 
being vertically divided into two opposed sections 
contiguously arranged along the line of division 
therebetween, a lever pivotally mounted upon the 
funnel holder and means on the lever engageable 
With the Sections of the crucible adjacent their 
rims, at points arranged at approximately right 
angles to the line of division between the Sections 
of the crucible whereby when the lever is actu 
ated to lift the sections of the crucible the sec 
tions will separate at their bottoms and discharge 
the contents of the Crucible into the funnel and 
into the mold. 

4. In casting apparatus, a base, a mold receiv 
able upon the base, a post on the base, a funnel 
receivable over the mold, a funnel holder verti 
cally adjustable on the post for holding the fun 
nel over the mold, a cup-shaped crucible fitting 
the top of the funnel, said crucible being verti 
cally divided into opposed sections, a lever pivot 
ally mounted upon the funnel holder, and means 
On the lever engageable With the Sections of the 
crucible adjacent their rins at points arranged at 
approximately right angles to the line of division 
between the Sections. Of the Crucibie whereby 
When the lever is actuated to lift the crucible the 
Sections, of the crucible will have the lower por 
tions thereof mutually Separate to einpty the 
Contents of the crucible, through the funnel and 
into the mold. 
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