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3 Claims. (C. 22-9) 

This invention relates to the art of shell molding or 
the making of castings in molds that are merely shells of 
sand of a thickness usually of the order of from 1/8' to 
36', and more particularly the invention is directed to a 
method and apparatus for making shell molds for use in 
shell molding processes. 

According to known methods of shell molding, the 
shell molds are made in two or more sections that are 
usually referred to as "cope' and "drag,” and if the ar 
ticle to be cast is symmetrical in section, a single pattern 
for both of the cope and drag halves of the mold is made 
of suitable material, such as cast iron; while if an un 
symmetrical article is to be cast, two patterns are required. 
The patterns are preheated and conveyed to a molding 
machine where a sand-resin mix is applied to the pat 
terns, and after a few seconds, the portion of the mix in 
contact with the hot metal adheres to the pattern. The 
excess of mix, which has not adhered, then is removed as 
by inverting the patterns; and a shell of the sand-resin 
mix remains over the pattern, the thickness of the shell 
being controlled largely by the length of the period of 
contact between the mix and the hot pattern. The shells 
are then cured, generally in an oven, after which the 
shells are stripped from the patterns and are ready to be 
connected together to form the shell mold. 
The outer surfaces of the shells are generally irregular, 

conforming roughly to the shape of the pattern, and be 
cause of this, difficulty has been encountered in joining 
the halves of the sheel molds and holding them in posi 
tion for the pouring operation. Various methods of join 
ing and holding the shells have been utilized including 
(1) rigid backup in which the mold shells are pressed 
together by a ciamping device whose contour matches the 
exteriors of the shells; (2) surrounding the molds with 
sand or metal shot; (3) cementing the mold halves to 
gether; and (4) grinding flat surfaces on high points on 
the backs of the shells so one mold can be pressed between 
adjacent molds in a clamping device. All of these methods 
leave much to be desired, requiring much handling of 
materials which entails high labor costs as well as convey 
ing and storage problems incident to the handling of 
the backup pieces, Sand and shot. 
A prime object of the present invention is to provide 

a method of making shell molds which shall overcome the 
disadvantages of the heretofore known methods, shall en 
able the production of castings of better quality and shall 
be relatively inexpensive both in labor and material 
handling equipment. 

Another object is to provide a novel and improved 
shell mold which shall include a hollow section with a 
“cope” face and a "drag' face so constructed that a large 
number thereof can be stacked to produce a plurality of 
molds for pouring either horizontally or vertically de 
pending upon the arrangement of the sprues or pouring 
openings for the moids, which shall permit the mold sec 
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up therefor, and which shall provide adequate venting 
of the vapors and gases from the mold walls during the 
pouring of the hot metal into the mold. 
A further object is to provide a novel and improved 

method of an apparatus for making shell molds wherein 
two patterns are hinged together and initially located in 
horizontal parallel planes for investment or application 
to the patterns of sand-resin mix, one pattern having a 
portion of the cavity of one mold and the other pattern 
having another portion of the cavity of another mold, and 
said patterns are rotated to remove the excess sand mix 
and are thereafter "booked' or swung into superposed 
relation to each other for curing of the mold sections, 
following which the mold sections are stripped, first from 
one pattern and then from the other pattern, and the 
patterns are finally swung apart for the next cycle. 

Other objects, advantages and results of the invention 
will be brought out by the following description in con 
junction with the accompanying drawings in which 

Figure 1 is a schematic partial side elevational view 
and partial vertical longitudinal sectional view through 
two hinged patterns in their initial positions before the 
application of the sand-resin mix; 

Figure 2 is a plan view of the patterns as illustrated 
in Figure 1; 

Figure 3 is a view similar to Figure 1 showing the sand 
resin mix on the patterns; 

Figure 4 is a similar view showing the mold shells on 
the patterns after removal of the excess sand-resin mix; 

Figure 5 is a top plan view of the mold shells and pat 
terns as shown in Figure 4; 

Figure 6 is a partial side elevational view and partial 
central vertical longitudinal sectional view of the pat 
terns and mold sections in "booked" relation to each oth 
er; 

Figure 7 is a central vertical longitudinal sectional 
view through a plurality of the molds in vertically stacked 
relation to each other; 

Figure 8 is a bottom plan view of one of the mold sec 
tions approximately from the plane of the line 8-8 of 
Figure 7: 

Figure 9 is a view similar to Figure 7 showing the molds 
clamped together for the pouring operation; 

Figure 10 is a vertical sectional view of a plurality of 
stacked molds similar to Figure 7 but taken on a plane at 
about 45 to the plane of Figure 7, showing the sand 
resin pillars in section; 

Figure 11 is a top plan view of the castings formed 
in the molds arranged as shown in Figure 9; 

Figure 12 is a side elevational view thereof; 
Figure 13 is an enlarged fragmentary sectional per 

- spective view approximately on the plane of the line 

60 

65 

13-13 of Figure 2 showing the manner of forming one 
of the passages from the sprue opening to one of the 
mold cavities; 

Figure 14 is a greatly enlarged vertical sectional view 
through the Superposed patterns and mold sections as 
shown in Figure 6, illustrating the relationship between 
the Sprue-forming stud of one pattern and the cooperating 
opening of the other pattern; 

Figure 15 is a fragmentary longitudinal vertical sec 
tional view through vertically stacked modified molds 
embodying the invention; 

Figure 16 is a view similar to Figure 14 showing a 
modification of the sprue-forming stud or pillar; 

Figure 17 is a similar view of a further modification 
of the patterns and sprue-forming studs or pillars; 

Figure 18 is a fragmentary vertical sectional view 
through a mold section formed by the patterns and sprue 

tions to be firmly pressed together by a simple clamping 70 forming pillars shown in Figure 17; 
device or by weights with each section in direct con 
tact with the next adjacent sections and serving as a back Figure 19 is a view similar to Figure 18 showing an 

other form of a sprue; - - . . . . . . 
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Figure 20 is a central vertical sectional view through 

another, modification of a mold section, embodying the 
invention; and 

Figure 21 is a central vertical sectional view through a 
plurality of mold sections arranged in side by side rela 
tion for horizontal pouring. 

While the invention. Imakes it possible to produce com 
plex or intricate castings, for the sake of simplicity the 
method and apparatus have been described for the pro 
duction of simple flat disks A that are best shown in 
Figures 11 and 12. 
The apparatus has been shown as comprising a cope 

pattern B and a drag pattern C, which in this case are 
different because the casting A does not require matching 
mold sections. As shown, each of the patterns is of 
dished formation, the pattern B having a recess in one 
side thereof. Surrounded by an upstanding rim 2 and the 
pattern C having a similar recess 3 in one side thereof 
surrounded by an upstanding rim 4. The two patterns 
are connected by hinges 5 and are initially disposed with 
their recessed sides facing upwardly and in substantially 
horizontal parallel planes. . Connected to each pattern 
is a suitable electrical heating unit 6 that may be con 
nected in a circuit in any suitable manner. 
The pattern B has a plurality of upstanding projec 

tions or bosses 7 on its bottom wall, each of a size and 
shape corresponding to the disk A to be cast, and project 
ing upwardly from the center of the pattern is a sprue 
forming stud or pillar 8, between the base of which and 
each boss 7 is an upstanding rib 9 to provide gating in 
the shell mold for the pouring of molten metal into the 
mold. The bottom wall of the pattern C is flat and has 
a central opening 10 of a diameter slightly greater than 
the free end of the sprue-forming pillar 8, and said pillar 
8 is of a height and diameter to project slightly into said 
opening 10 in spaced relation to the wall thereof when the 
patterns are "booked' or arranged in superposed rela 
tion to each other as shown in Figure 6. 

In carrying out the method, the patterns B and C are 
arranged with their recessed sides facing upwardly as 
shown in Figure 1, and a parting agent is applied if there 
is none in the mix. The patterns are preheated to a 
temperature of from 350 to 500 F. Then a sand 
resin mix D of known composition is heaped upon the 
upper surfaces of the patterns to overflow the rims as 
shown in Figure 3 and allowed to stand for a few sec 
onds, say ten to thirty seconds, whereupon the portion 
of the mix in contact with the hot surfaces of the pat 
terns adheres to the pattern due to the fluxing of the 
thermosetting resin. The excess of the mix which has 
not adhered is removed from the patterns in any suit 
able manner, for example, by rotating the patterns to 
dump the mix or by brushing or blowing the mix D from 
the patterns. A shell E of about 4' to 38' in thickness 
remains on the pattern B with its lower surface formed 
with recesses produced by the bosses 7 and ribs. 9. The 
shell E also has a perimetral rim 1 and a hollow projec 
tion 12 formed by the sprue-forming pillar 8 projecting 
from its upper side. A shell F is formed on the pattern 
C and has a flat smooth surface corresponding to the 
bottom wall of the recess in the pattern, a perimetral 
flange 13 and central hole 14. 

Suitable pillars such as conical piles 15 of sand-resin 
mix may be deposited on the upper surface of the shell 
E of height greater than the aggregate of the depth of the 
recesses on the upper sides of the shells E and F for a 
purpose to be hereafter described, after which the pat 
terns and shells are "hooked" or arranged in superposed 
relation to each other as shown in Figure 6. The flanges 
11 and 13 are thus brought into contact with each other, 
the shel F is pressed into contact with the pillars 15 and 
the sand-resin on the sprue pillar 8 contacts that around 
the hole 0, the entrance of the pillar 8 into the hole 9 
tending to shear the mix on top of the sprue pillar. 
During this step the sand resin is plastic, and so where 
contact is made, an homogeneous weld is effected. Heat 
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4. 
ing of the patterns is continued at a suitable temperature, 
for example of the order. of 400. F., to cure the sand 
resin mix. Cure will be completed in about one to two 
minutes and then the shells are stripped first from one 
pattern and then from the other, the hinging being de 
signed to permit vertical movement between the pat 
terns, and any suitable stripping mechanism (not shown) 
is utilized. The patterns are then swung apart into posi 
tion for the next investment, that is, for the formation of 
another pair of shells-E and F. 
The sealing together of the two shells E and F is 

completed during the curing operation so that when they 
are removed from the patterns they constitute a unit sec 
tion G of a mold, the flat upper surface of the shell F 
constituting the drag of a mold and the recessed lower 
surface of the shell E constituting the cope of another 
mold when the mold sections G are arranged in verti 
cally stacked relation as shown in Figure 7. More par 
ticularly describing this construction, it will be observed 
that the outer surface of the shell E has a plurality of 
recesses 17 corresponding in shape and size to the bosses 
7, said surface also having grooves 18 corresponding to 
the ribs. 9 and forming gates from a sprue opening 19 
formed by the sprue-forming pillar to each of the re 
cesses 17. When this shel is set upon the outer sur 
face of a shell F. of another section G, the recesses 17 
are closed and form mold cavities for the production of 
the disks A, and the grooves 18 form passages or gates 
for conducting molten metal from the sprue 19 to the 
cavities. Before the mold sections G are stacked, the 
thin wall 20 of sand-resin mix formed between the end 
of the sprue-forming pillar and the wall of the hole 10 
(Figures 6 and 14) falls out due to the shearing action 
incident to the close relation of the sprue to the wall of 
the opening, or is knocked out, so that the sprue 19 is 
open from end to end. Generally this thin wall 20 will 
be broken away when the shells are stripped from the 
patterns. 

: It will be observed that the mating surfaces of the shell 
E. of one mold section and the shell F of another mold 
section provide a liquid tight abutment between the mold 
sections and make it possible to stack a large number of 
the mold sections either vertically or in side by side re 
lation for either vertical or horizontal pouring and with 
the use of a simple clamping device or weights as con 
trasted with the complicated clamping devices, shot or 
sand, heretofore used when the opposite surfaces of a shell 
mold are irregular. 

Figure 9 shows three of the mold sections vertically 
stacked with a bottom clamping plate 21, a top clamping 
plate 22 and at least two C-clamps 23 that hold the mold 
sections and plates. 21 and 22 in stacked relation. The 
sprues. 19 of the mold sections are in vertical alignment 
and in register, and a pouring cup 24 is shown for direct 
ing the molten metal into the uppermost sprue. At this 
point it might be explained that the taper of the sprue 
openings is exaggerated in the drawings for clearness in 
illustration and that said taper is the result of providing 
a draft on the sprue-forming pillars. 

After the casting metal has hardened, the molds are 
broken apart and leave a casting like that shown in Figures 
11 and 12, where the portions O and P represent respec 
tively the metal left in the sprues and the grooves 18, re 
spectively. These portions O and P are removed in any 
suitable manner to leave the completed cast disks A. 
At this point it will now appear clear to those skilled 

in the art why the sand-resin pillars 15 were provided. 
These pillars are so disposed between the shells E and F as 
to reinforce the shells against the clamping pressure ex 
erted on the mold sections by the clamping devices as 
well as against the pressure of the molten metal, and in 
the present instance each pillar 15 is disposed at approxi 
mately the center of one of the mold cavities 17. 

Instead of sandpillars, suitable wedges 25 could be 
inserted before booking as shown in Figure 15, and instead 
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of rims 11 and 13 on the shells, pillars 26 could be formed 
by suitable studs on the patterns; and the pillars on the 
two shells H and I, corresponding to the shells E and F, 
could be pressed together during the curing operation as 
indicated at 27 in Figure 15. 

Instead of the pillars, the space between the shells E 
and F of the mold sections could be filled with loose sand 
or other filler that could be blown or otherwise forced 
into said space. 

In some instances it may be desirable to vent the space 
between the shells of the mold sections, especially during 
the pouring operation, and for this purpose, mating notch 
es 28 in the rims of the two patterns could be provided to 
form vent apertures 29 between the rims of the shells 
as best shown in Figure 6. Obviously loose sand could 
be blown through such vent openings into the space be 
tween the shells. 
The same advantages that flow from the flat mating sur 

faces of the mold sections and from the sand pillars are 
present when the mold sections are arranged in side by 
side relation for horizontal pouring as shown in Figure 21. 
Here the plurality of mold sections G are arranged be 
tween the clamping plates 3G and 31, and the clamping 
plate 31 has a sprue passage or groove 32 into which the 
sprue cup 33 is inserted for pouring the molten metal. 

instead of heaping the sand-resin mix on the patterns 
and then dumping the excess of the mix, a layer of the 
mix may be applied to each of the patterns level or flush 
with the top of the rim of the pattern; and then the 
layers are heated throughout to form mold shells, after 
which the shells can be booked so as to bring the backs or 
the initial upper surfaces of the shells into contact with 
each other. Then the shells can be cured and stripped 
from the patterns in the same manner hereinbefore de 
scribed. 

Preferably grooves will be scribed or otherwise formed 
in the upper surfaces of the layers or shells before they 
are cured, so as to form vent passages in the mold sec 
tion after the shells have been booked and cured. Instead 
of scribing the grooves, draw-out pieces can be pressed 
into the uncured mix and withdrawn after booking or cur 
ing of the mold section. 

In accordance with the usual practice, the sprues and 
gates will be formed in such a manner as to cause proper 
flow of the molten metal into the mold cavities without 
turbulence, and also suitable means will be provided for 
choking the stream of metal. 

it will also be understood that a shoulder 34 may be 
provided at the base of the sprue-forming pillar to pro 
vide clearance for any irregularities at this point when the 
mold sections are stacked. 

It will also be understood that the sprue openings can 
be formed in different ways. For example as shown in 
Figure 17, each pattern K and L. may have a sprue-form 
ing pillar 35 complemental to the pillar on the other pat 
term when the patterns are “booked,” and the thin wall 36 
of sand-resin mix between the pillars can be easily broken 
away by suitable hand punch or cutter. Figure 18 shows 
shells M having the sprues 37 and pillars 39 formed by 
studs on the patterns, the wall 36 and the abutting surfaces 
of the pillars 39 being ground away into a common plane 
and the contacting surfaces of the shells being cemented 
together. 

In some instances it may be desirable to form holes in 
the two shells and then insert a sprue bushing 40 as shown 
in Figure 19, which may be formed of any suitable ma 
terial such as the sand-resin mix. 

Also in some cases, especially with intricate mold 
cavities, it may be desirable to reinforce the mating sur 
faces of the mold sections as shown in Figure 20 where 
sheets of wire mesh 4 are embedded in the shells and 
Suitably shaped to roughly conform to the contour of the 
pattern. These sheets can be supported on the rims of the 
patterns or on buttons during the heaping of the sand 
resin mix on to the patterns. 

0. 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

O 

75 

6 . . . . . , w 

Where it is desirable to use draw-out pieces in the 
molds, the rims of the pattern can be omitted entirely or 
provided only at one or two sides. 

It will occur to those skilled in the art that various 
types of sand-resin mixes can be utilized, with or without 
fillers such as iron oxide, and that a thin layer of highly 
graded sand and resin mix could be used for the faces of 
the mold sections and backed up by a mixture of coarser 
sand and a lower grade or quantity of resin by investing 
the patterns in two stages. 
From the foregoing, it will be clear that the invention 

provides a shell mold and method and apparatus for 
making it whereby delicate and sharp castings can be pro 
duced rapidly and at low cost. Each mold section G 
serves as a direct backup for the next adjacent sections, 
thereby eliminating the complicated and expensive back 
up or clamping devices, handling of shot, cementing, or 
grinding of flats on the reverse side, etc. according to 
the heretofore known practices. It permits direct ver 
tical investment of the patterns which improves mold 
quality in deep sections as compared with dump box 
and blowing methods and eliminates the pattern wear 
associated with blowing. The mold sections are hollow, 
comprising side walls and two opposite end walls so that 
the gases that may be formed by evaporation of the resin 
during the pouring operation can be easily and quickly 
vented to the atmosphere. This construction in conjunc 
tion with the reenforcing pillars provides strong mold 
sections of minimum weight that are highly resistant to 
warping under the influence of the molten metal and are 
capable of withstanding high pressure incident to clamp 
ing the mold sections in stacked or side by side relation 
for the casting operation. The method provides an easy 
and simple way of obtaining the hollow mold sections 
as well as the sand-resin pillars integral with the end walls 
of the mold sections. 

Other means of forming a hollow mold section, such 
as introducing a measured quantity of sand-resin into 
booked patterns and rotating the assembly, or directional 
controlled blowing of the sand-resin into booked patterns, 
or use of a draw-out piece between the patterns could be 
used. 
Many modifications and changes in the steps of the 

method, in the apparatus and in the structure of the mold 
will occur to those skilled in the art as within the spirit 
and scope of the invention. 
What I claim is: 
1. A shell mold section comprising two shells of sand 

and thermosetting resin one of which has at least one 
wall with a face constituting the drag portion of a mold 
while the other has at least one wall with a face constitut 
ing the cope portion of another similar mold, said shells 
being secured together with air-circulating spaces between 
said walls and with said faces facing in opposite direc 
tions, outwardly and away from each other. 

2. Apparatus for making shell mold sections com 
prising a pattern having the drag portion of a mold in 
the face thereof, a pattern having the cope portion of a 
similar mold in the face thereof, means hingedly connect 
ing said patterns together so that selectively they can be 
disposed in horizontal parallel planes and facing upward 
ly and can be swung into superposed relation to each 
other with the cope portion of one pattern in spaced rela 
tion to and facing the drag portion of the other pattern, 
and means for heating said patterns, each pattern having 
a dished portion in the bottom of which is one of said 
cope and said drag portion, and said dished portions hav 
ing rims of the same perimetral dimensions, one pattern 
also having a sprue-forming stud projecting from its said 
face and the other pattern also having a hole into which 
the free end of said stud enters in spaced relation to the 
walls of said hole when said patterns are in superposed 
relation to each other. 

3. Apparatus for making shell mold sections com 
prising a pattern having the drag portion of a mold in 
the face thereof, a pattern having the cope portion of a 
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similar mold in the face thereof, means hingedly connect 
ing said patterns together so that selectively they can be 
disposed in horizontal parallel planes and facing up 
wardly and can be swung into superposed relation to 
each other with the cope portion of one pattern in spaced 
relation to and facing the drag portion of the other 
pattern, and means for heating said patterns, at least 
one pattern also having projections on its said face so 
that the free ends of said projections are in closely spaced 
relation to portions of the other pattern when said pat 
terns are in booked relation to each other to form ele 
ments for reenforcing the shells that are formed on said 
patterns. 
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