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Application December 26, 1951, Serial No. 263,283 

1. 
This invention relates to the forming of hollow 

Sand cores for metal casting operations; and par 
ticularly to a machine and process for forming 
Sheil-type sand-resin cores. 

Recently developed techniques in foundry prac 
tice incorporate the use of thin-walled dis 
pensable noids and cores composed of Sand and 
piastic binder. Fhese procedures, frequently re 
ferred to as “shell molding' processes, are par 
ticularly Suited for the production of preci 
sion castings in a wide variety of metals. 
Aprincipal object of this invention is to provide 

an inexpensive apparatus and process for rapidly 
and conveniently forming hollow Sand-resin 
cores for high production use in the shell mold 
ing process. Another object of the invention is 
to provide a core-forming machine and process 
which produce accurate shell-type cores for pre 
cision casting wherein the formed thin-walled 
cores possess good dimensional Stability, Satisfac 
tory gas permeability, Smooth. Surfaces and ade 
quate strength. Furthermore, the proceSS is not 
only rapid and relatively simple, but it also re 
Sults in considerably improved Working condi 
tions in foundries. 

Essentially the shell molding process consists 
of using a thermo-setting plastic or resin as a 
binder for the sand grains to form thin-walled 
molds. The molding material, which is gener 
ally a dry mixture of a major proportion of silica, 
Sand and anninor proportion of the thermosetting 
binder, is used in powder form with no water 
being added. Phenol formaldehyde and melamine 
formaldehyde resins are typical examples of the 
type of thern Osetting resin binder used. The 
sand employed is preferably free of metal ox 
ides, clay, noisture and organic matter. 
These sand-resin molds are prepared by allow 

ing the dry mixture of sand and resin powder to 
come into contact with a hot metal pattern for a 
short period of time. A layer of the mix ad 
heres to the metal Surfaces due to the heating of 
the resin which entraps the Sand With which it is 
intinately mixed, thereby accurately reproduc 
ing pattern details. Metal patterns must be emi 
ployed because they are subjected to elevated 
temperatures. Pattern temperatures in the range 
between 250° F. and 350° F. are typical, but tem 
peratures up to 800° F. may be advantageously 
employed under particular conditions. The half 
patterns, gate and runner are preferably all-per 
manently fixed on metal plates. The pattern 
temperatures and the length of time the molding 
material is ailowed to remain in contact with the 
hot lanetai surfaces"determine the resulting thick. 

8. Claims. (C. 22-10) 

() 

15 

20 

40 

50 

55 

2 
neSS Of the mold. Mold build-up time ranging 
from a few Seconds to approximately one minute 
are appropriate for various applications. 

After this short time interval, any excess dry 
Sand and resin are removed, and the closely ad 
hering Sand-resin layer is preferably cured by 
heating to a temperature within the broad range 
of approximately 300 F. to 1300 F. for a short 
period of time, usually from a few seconds to five 
minutes, While in contact with the metal pattern. 
This baking operation results in the conversion 
of the resinous material to a hard, insoluble bind 
er Which Securely bonds the sand grains together. 
After the removal of the pattern and mold from 
the curing oven, the mold is stripped from the 
pattern. The formed molds are, in effect, thin 
Shells which have sufficient strength and stiffness 
to make then Suitable for many casting opera 
tions. 
The inability to economically produce shell 

type Sand-resin cores of satisfactory quality has 
heretofore been an important factor in preventing 
the Wide use of Such cores in the shell molding 
process. This problem has been minimized in 
accordance with the present invention by the pro 
Vision of an aSSembly which may be used in con 
junction. With a conventional core-blowing ma 
chine to produce hollow Sand-resin cores for foun 
dry Operations. 
Other objectS and advantages of this invention 

Will more fully appear from the following descrip 
tion of a preferred apparatus. and process reim 
bodying the invention, reference being made to 
the accompanying drawings, in which: 

Figure 1 is an elevational view of the core-form 
ing inachine embodying the invention; 

Figure 2 is a sectional view, along the line 2-2 
of Figure 1, showing the formed core-defining 
cavity; 

Figure 3 is a Sectional view along the line 3-3 
of Figure 1; 

Figure 4 is a vertical sectional view, along the 
line 4-4 of Figure 1, showing the venting ar 
rangement and other details of construction; and 

Figure 5 is a sectional view, with parts broken 
away, generally, along the line 5-5 of Figure. 1. 

Referring more particularly to the drawings, 
Figure 1 shows, a core-forming assembly embody 
ing the invention which is positioned between an 
air. Supply means, indicated generally at 0, and a 
rest table f2 of a conventional core-blowingma 
chine. An upWardly tapered magazine 4 for con 
taining a Sand-resin molding mixture of the type 
hereinbefore described is shown as located be 
neath and communicating With the air Supply 
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means. The magazine has its upper end pro 
vided With an opening, not shown, through which 
the Sand-resin mix and compressed air may be 
introduced into the magazine. The upper end of 
the magazine may be adapted to threadedly en 
gage a flanged collar 6 on the adjacent portion 
of the air Supply means, as shown, or it may be 
fastened thereto by bolts or other suitable means. 
The lower portion of the magazine is shown as 

provided With OutWardly extending flanges 
which are Secured by ScreWS 20 to similar flanges 
22 formed on the upper end of a hollow venting 
member or cartridge, indicated generally by 23. 
The details of construction of the Venting assen 
bly will be hereinafter more fully explained. As 
shown in Figure 4, a Suitable quantity of the Sand 
resin mixture 26 is contained in the magazine 
prior to the actual blowing operation. 
A split core box or pattern, which is indicated 

generally at 28 and is shown as being Substan 
tially cylindrical, Surrounds the venting mem 
ber 24 and has itSupper edge position immediately 
beneath the flange 22 and Separated therefron by 
a suitable compressible heat-resistant gasket 33. 
A similar gasket 32 is also positioned between the 
flange 22 and the lower edges of the magazine 3. 
The core box, which is constructed of cast iron, 
aluminum, or other Suitable metal, is adapted to 
be heated so that the thermosetting resin binder 
in the molding mixture 2, upon contacting the 
hot core box, readily melts and bonds the Sand 
particles together. Plates 34 form the bottorn of 
the core box and are Secured to itS cylindrical Side 
walls by screws 36. The side walls of the core box 
28 are provided near the lower edge with dowel 3 
pins 38 so as to define suitable core prints in the 
hollow core to be formed. 

It Will be noted that the core box shown is 
longitudinally divided into half patterns which 
are secured together by pivotal bolt and wing 
nut assemblies 40. This arrangement permits 
the rapid aSSembly and disassembly of the two 
core box halves. Lugs 42 are shown as formed 
near the upper and lower ends of the core box 
to Support and be clampingly engaged by the nut 
and bolt assemblies 40, the bolts being pivotally 
mounted on one core box half and adapted to 
extend through the slots 44 on the other half. 
DOWell assemblies 43 may be fastened to a pair 
of the lugs 44, as shown in Figure 2, and project , 
through appropriate Openings 45 in adjacent lugs 
to facilitate alignment of the core box halves. 
As can be seen from Figures 2 through 4, the 

hollow venting member or cartridge 24, prefer. 
ably of metal, is positioned within the core box : 
28 and extends longitudinally throughout almost 
the entire length of the core box. As previously 
indicated, this venting member is supported with 
in the core box by screws 20 which fasten the 
upper end flange 22 to the magazine 4. A plate 
46 is shown as attached to the upper end of the 
venting member by Screws 48, while the lower 
end of the venting member is closed by another 
plate 50 secured in position by screws 52 or other 
Suitable means. It will be understood, of course, 
that these plates may be formed integral with 
the Side walls of the venting assembly where 
methods of fabrication indicate the advisability 
of SO constructing the assembly. The side and 
botton Walls of the venting assembly thereby 
formed are Spatially separated from the walls of 
the core box 28 to provide an interjacent core 
defining cavity 54. In general, it may be stated 
that a cast iron venting assembly is preferable to 
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4 
One of aluminum inasmuch as the former has less 
tendency to adhere to the molding mixture. 

Blowholes 56 for admitting the sand-resin 
Ioding mix 26 are shown as provided in the 
OutWardly extending flange or blowhead portion 
22 at the upper end of the venting assembly. 
The bottom and side walls of the venting assem 
bly have a plurality of air passages or vents 58 
extending from the interior 6 of the venting 
assembly to the core-defining cavity 54 to permit 
the escape of air which is displaced from the 
blowholes 56 and the cavity 54 upon the admis 
Sion. Of the Sand-resin molding mix into the 
cavity. AS shown in the drawings, each of these 
air vents contains a cup-shaped insert 62, prefer 
ably of braSS or other metal, which is provided 
With Small venting holes. The cross-sectional 
area. Of these latter holes is sufficiently Small to 
eliminate the possibility of Sand grains passing 
therethrough, thereby preventing the molding 
material from passing out of the cavity 54 and 
into the interior of the venting assembly during 
the blowing Operation. The air vents 58, of 
course, are located at appropriate positions to 
allow for the rapid and efficient escape of the 
air displaced from the cavity 54 to prevent the 
occlusion of air in the molding mixture. The 
positions of these vents will necessarily vary with 
the shape and size of the core being formed. 
For maximuIn efficiency, the ratio of the total 
vent area of the venting assembly to the total 
CrOSS-Sectional area of the blowholes should be 
retained fairly close to an optimum value of five 
to one. 

Transversely extending air outlet openings or 
escape ports 64 are shown as formed in the upper 
flange portion 22 of the wenting member 24 to 
convey the air displaced from the interior of 
the venting assembly to the atmosphere. 

It should be noted that the blowholes 56 and 
the air wentS 58 communicate with the core 
defining cavity 54 through the unheated venting 
aSSembly 24, thereby precluding the possibility 
of the Said-resin molding mixture fusing Within 

Thus, the molding mix 
iture is prevented from obstructing the passage 
Of fresh inolding mix through the blowholes or 
the passage of the displaced air through the 
air vents. 

In order to further aid in eliminating the 
danger of plugging the blowholes or air vents 
With the molding material, particularly if it is 
found that the venting assembly heats excessive 
ly during constant use, this assembly may be 
provided with appropriate coolant passages 66. 
These coolant passages are shown as extending 
longitudinally within the side walls of the vent 
ing assembly and are connected to appropriate 
inlet and Outlet openings 68 and 70, respectively, 
in the fiange or blowplate 22. In the cooling 
arrangement shown in the drawing, each diamet 
rically opposite longitudinally extending portion 
of the coolant passages 66 communicates with 
a similar radially adjacent portion through cir 
cumferential or transverse connecting ducts 72 
in the side walls of the assembly near its lower 
end. Such a construction permits a fluid coolant, 
Such as Water, to enter an inlet opening 68, travel 
downwardly throughout substantially the entire 
length of the venting assembly, cross over to 
another longitudinally extending coolant passage 
and return upwardly to an outlet opening 70. 
Suitable tubes or hoses 74 may be provided to 
Connect the openings 68 and 70 with a coolant 
Supply System. This provision for cooling pre 
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vents the formed core from tending to adhere to 
the Surfaces of the wenting, assembly, due to 
Sticking of the plastic molding mix and also 
effectively precludes the possibility of the sand 
'Or molten resin from clogging the: blowholes or 
air wentS. 

It will be appreciated, of course, that the modi 
fication of the core-forming machine shown in 
the drawings is especially adapted for one par 
ticular use and that the general structure...may 
be modified to adapt it to form the particular 
Core shape desired. Inasmuch as the modifica 
tion shown is used in forming a cylinder iner 
core for internal combustion engines, the core 
pattern is provided near its central portion. With 
a pair of ring members, 76 and 8 which are 
formed with interconnected radially extending 
receSSes 80. These recesses provide for the scay 
enging, air ports in the cylinder liner casting. 
The ring members. 76 and 78 are securely held : 
in position by Screws 82 and 84 which threadedly 
engage a pair of annular supporting members 
86 and 88, respectively. Aligning pins or dowels 
90 are shown as positioned within longitudinally 
extending recesses 92 to provide for the proper : 
alignment of the members 6, 8, 86 and 88. 
The Sequence of operation of the above 

described core-forming machine is as follows. . 
First the magazine 4 is filled. With a suitable 
quantity of the sand-resin mixture. 
air Supply outlet. , the magazine 4 and the 
venting assembly 24, secured together by the 
collar 6 and screws, 20, are elevated, or the rest 
table 2 is lowered, to provide for the position 
ing of the hot, core box, 
bOX is preferably cleaned, and prepared in the 
usual manner and heated to the appropriate 
temperature. As hereinbefore indicated, I have 
found that a core. box temperature. Within the 
range, between 250° F. and 350° F. is appropriate 
for various applications, although in certain in 
stances temperature up to 800° F. may be ad 
vantageously used. A temperature of approx 
imately 325 F., however, appears to provide 
optimum results under most conditions of oper 
ation. 

Following this heating step, the hot core box 
is placed in position on the rest table 2 and the 
latter raised (or the air supply outlet , together 
With the Connected magazine and venting assen- ; 
bly, lowered) into position so that the venting 
assembly extends into the corebox. The flange 
22 is thus firmly seated upon the upper end of 
the core box to provide an air-tight connection 
between these members. 
As indicated above, either the air Supply out 

let or the rest table of the core-blowing machine 
may be the movable portion, the latter being the 
reciprocable member in the modification shown. 
A vertically movable shaft or piston, not shown, 
which can be hydraulically or other Wise Suitably 
actuated, may support either the air supply means 
or the rest, table and move the core box into en 
gagement with the venting assembly. 
When the core-forming assembly is thus in 

position preparatory to the blowing operation, air 
is fed into the magazine from the air Supply 
means . This air, which is preferably intro 
duced under a pressure of 40 to 50 pounds per 
square inch, forces the dry sand-resin molding 
mix through the blowholes 56 and into the core 
defining cavity 54. In the arrangement shown, 
the air is not intermixed with the molding mate 
rial as the latter enters the cavity 54, but instead 
the compressed air functions as a ran to drive 

Then the 
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the sand-resin mix into this cavity. This sand 
thus is rapidly deposited on the bottom and along 
thesides of the core box and builds up until the 
cavity is completely occupied. The air which is 
displaced from the cavity 54 is thereby forced 
through the vents 53, into the interior 69 of the 
Weating, a SS&nably, and out through the trans 
Yersely extending air escape ports 64 into the 
& Triosphere. 
The blowing time may vary considerably, of 

course, but a blowing period of approximately 
fifteen Seconds has proved to be highly Satisfac 
tory for most purposes. When the modification of 
the invention shown is employed. 

Following the blowing operation, a short time 
interva may be allowed for the thermosetting 
resin binder to “set' in the hot core box, a period 
of time ranging from a few, Seconds to approxi 
jaately one minute being appropriate for various 
applications. A mold build-up' time in the order 
of about ten seconds is usually. Sufficient, and 
oftentimes, the setting of the resin will take place 
to a Sufficient extend during the short blowing 
period. The rest table is next lowered, or the air 
supply outlet raised, to withdraw the venting 
assembly 24 from within the core box 28. The 
atter is then lenoved from the rest table, and the 
closely adhering sand-resin layer is preferably 
baked for a short period of time, usually from a 
few seconds to five minutes in a curing oven, While 
in contact. With the core box. The curing of the 
formed core is preferably accomplished in a re 
circulating air oven which is maintained at a 
temperature between 550 F. and 1300 F. I have 
found that, a five minute bake at a temperature 
of 650° E. or a 60 to 90 second bake at approxi 
mately 1300° F. provide excellent results. 

After the renoval of the balked core and Supw 
porting pattern from the curing oven, the Wing 
nuts of the nut and bolt assemblies 40 are loosened 
to permit the disassembly of the two halves of 
the core box 28 and the stripping of the cured 
core therefrom, thus completing the operating 
cycle. Of course, most efficient use may be made 
of this machine if it is kept in operation almost 
continuously. This may be accomplished by 
blowing and baking one core while another One 
is being stripped from a core box and readied for 
use and, while another core box is being heated. 
The magazine 4 is preferably designed to con 

tain more sand-resin mix than is necessary for 
the formation of one core, it being desirable in 
most instances to form this magazine of Sufi 
cient size so that it can be retained beneath the 
air supply means for a multiplicity of shots. With 
such an arrangement, the rest table f2 is pref 
erably the reciprocable member, and the at 
tached venting assembly remains connected to 
the air supply means until the molding mixture 
in the magazine is exhausted. It also is usually 
desirable to mount the magazine On a traverse 
mechanism so that, it may be readily moved be 
tween the air supply means, and the Sand-resin 
supply or to connect both the air. and molding 
mixture supplies directly with the magazine SO 
that adjustments permitting each to connllini 
cate at the propertimes; with the magazine Inay 
be readily ade. 

Various modifications in the arrangement and 
details of the specific embodiment described and 
shown herein will be apparent to those skilled in 
the art, and are contemplated as within the scope 
of the present invention as defined in the ap 
pended claims. 
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I claim: 
1. An apparatus for forming hollow sand-resin 

cores for use in foundry casting operations, Said 
apparatus comprising a magazine for containing 
a dry mixture of sand and a thermosetting resin 
binder, a core box adapted to be heated positioned 
adjacent and communicating with the outlet end 
of Said magazine, and a blowhead structure pro 
vided with a flange portion clamped between said 
magazine and said core box and an elongated 
hollow portion projecting into said core box, the 
walls of said hollow portion being spatially Sepa 
lated from said core box to define a core-forming 
cavity therebetween, said walls being provided 
with air vents extending from said cavity to the 
interior of said hollow portion of the blowhead 
structure and air escape ports extending from 
said interior through said flange portion to the 
atmosphere. 

2. A machine for forming shell-type sand-l'esin 
cores for use in the shell molding proceSS, Said 
machine comprising the combination of a naga 
zine for containing a dry mixture of Sand and a 
thermosetting resin binder, a hollow metallic 
core pattern adapted to be heated positioned ad 
jacent the outlet end of said magazine, an elon 
gated hollow cartridge located within Said pattern 
and having its side walls spatially Separated 
therefrom to form therewith an interjacent COre 
defining cavity, means for forcing Said Sand-resini 
mixture from said magazine into Said Cavity, 
slotted vents extending from Said core cavity 
through the walls of said cartridge to the interior 
thereof to permit the air displaced from Said core 
cavity upon the admission of Said mixture into 
said cavity to flow into the interior of the car 
tridge, and air escape ports extending from Said 
interior to the atmopshere to convey the air dis 
placed from said interior bore to the atmosphere, 
the walls of said cartridge being provided With 
coolant passages for conveying a fluid coolant 
therethrough. 

3. In a core blowing machine for forming hol 
low cores for use in the shell molding proceSS, 
a magazine for containing a dry molding mixture 
of sand and a thermosetting resin binder, a gen 
erally hollow water-cooled blowhead assembly 
secured to the outlet end of Said magazine, a 
metal core box adapted to be heated, Said core 
box being reciprocable relative to the blowhead 
assembly into and out of position around Said 
assembly, the walls of said core box being Spatially 
separated from the walls of Said assembly to 
provide a core-defining cavity therebetween, 
vents in the walls of said blowhead asseinbly per 
mitting communication between said cavity and 
the interior of said assembly, and air outlet open 
ings connecting said interior with the atmosphere 
to allow the escape of air displaced during blow 
ing operations, said core box consisting of tWO 
halves detachably secured together to permit the 
ready removal of the formed core therefrom. 

4. An apparatus for forming hollow cores for 
use in casting cylinder lines of internal Con 
bustion engines, said apparatus comprising the 
combination of a magazine provided with an inlet 
opening for admitting a dry molding mixture of 
sand and a thermosetting resin binder and an 
outlet opening for said molding mixture, a gen 
erally tubular split metal core box adapted to be 
heated positioned adjacent said outlet opening, a 
generally tubular venting assembly Secured to 
the outlet end of said magazine, means for 
reciprocating said core box and venting assembly 
relative to one another to alternatively move Said 
assembly into and out of said core box, Said vent 
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8 
ing assembly, when positioned within Said core 
box, having a portion of its walls spatially sepa 
rated therefrom to form a COre-defining Cavity 
therebetween, the distance between the walls of 
said venting assembly and said core box deter 
mining the thickness of the core to be formed, a 
plurality of blowholes through the upper wall of 
said venting assembly and connecting the outlet 
opening in the magazine and Said cavity for ad 
mitting the molding mixture from said magazine 
to said cavity, means for blowing said molding 
mixture from said magazine through said blow 
holes and into Said cavity, the walls of Said vent 
ing assembly being provided with a plurality of 
slotted vents communicating between the interior 
of said assembly and said cavity to permit the 
passage of air and to prevent the passage of the 
molding mix into said interior during the blow 
ing of the molding mixture into said cavity, and 
air escape ports extending from the interior of 
the venting assembly to the atmosphere. 

5. A machine for forming thin-walled hollow 
Sand cores for use in precision casting opera 
tions, Said machine comprising a magazine for 
containing a dry mixture of sand and a thermo 
Setting plastic binder, Said magazine having an 
outlet for said mixture in one wall thereof, a 
generally hollow venting structure directly at 
tached to and extending from the outlet wall of 
Said magazine, and a COre box adapted to be 
heated having imperforate side walls positioned 
around said venting structure and removable 
relative thereto, said side walls and said venting 
Structure being Spatially separated to form a 
core-defining cavity therebetween, said cavity 
communicating with the outlet of said magazine, 
Said venting structure having walls provided With 
vents providing communication between said 
cavity and the interior of said structure and be 
tween Said interior and the atmosphere external 
Of the Core box. 

6. An apparatus for forming hollow sand cores 
comprising a magazine for containing a mixture 
of Sand and a thermosetting binder, said maga 
Zine having an outlet for said mixture in one wall 
thereof, a water-cooled metallic venting member 
attached to and extending from the outlet wall of 
Said magazine, a core box adapted to be heated 
having imperforate core-defining walls detach 
ably positioned around said venting member and 
Spatially Separated therefrom a distance equal to 
the Wall thickness of the core to be formed, the 
Space between said walls of the core box and said 
Venting member communicating with the outlet 
of Said magazine, said venting member having a 
plurality of vents providing communication be 
tween Said Space and the interior of said venting 
member to permit air displaced from said space 
to flow into the interior of said member, and a 
plurality of air escape ports providing communi 
cation between the interior of said member and 
the atmosphere external of the core box. 

7. A method of forming a hollow thin-walled 
Core Which comprises heating a hollow metallic 
pattern member, inserting an unheated venting 
member into said pattern member, blowing a 
Sufficient amount of a molding mixture of sand 
and thermosetting binder into a space between 
Said members So as to fully occupy this space, 
permitting the molding mixture to remain in 
contact With Said members for a period of time 
Sufficient to fuse a substantial portion of the sand 
and binder into a thin-walled hollow core, there 
after removing Said venting member from within 
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said pattern member, and finally suripping Said 
hollow core from said pattern member. 

8. In the art of making hollow shell-type Sand 
resin cores of a mixture of sand and thermoset 
ting resin binder for foundry operations, the proc 
ess which comprises heating a hollow metallic core 
box to a temperature above the melting point of 
said binder, positioning said core box around a 
Venting member so as to provide a Space between 
Said member and said core box, cooling said vent 
ing member by circulating Water through the 
Walls thereof, blowing a Sufficient amount of a 
molding mixture of sand and thermosetting resin 
binder into the space between said core box and 
said venting member so as to fully occupy this 
space, permitting the molding mixture to remain 
in contact with said core box for a period of time 
Sufficient to melt the resin and bond the Sand 
particles together, thereafter retracting said core 
box and the formed thin-walled hollow core ad 
hering thereto from around said venting mem 
ber, subsequently curing said hollow COre by 

10 
baking while in contact with said core box, and 
finally removing said core box from around the 
Cured COre. 
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