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This invention relates in general to the art of making 
shell molds and is directed more specifically to a novel 
machine and method for making shell molds, whereby 
intricate and complicated castings may be made, which 
has not been possible heretofore with present known ma 
chines and methods. 

In recent years the use of shell molds has been on the 
increase with the advent of machines capable of making 
the molds at an increased rate of speed. As is weli 
known, the general process of making shell molds con 
sists in the provision of a pattern which is heated in an 
oven and thereafter applying to said pattern a quantity 
of molding sand mixed with a relatively small percentage 
of a suitable resin. The heat of the pattern fuses the 
resin and sand after which the excess sand mix is re 
moved and the remainder is baked. The relatively thin 
shell mold is then stripped from the pattern for use. 
One of the difficulties which has been encountered in 

the past with shell molding machines and methods is 
that intricate and complicated molds could not be made. 
The machines and process have been satisfactory for or 
dinary molds which are relatively shallow. When an at 
tempt has been made to provide a shell mold from a pat 
tern having relatively deep or narrow voids therein, there 
was a tendency for the heat of the pattern to fuse the 
sand and resin before it reached the bottom of the void. 

This difficulty has been particularly noticeable in mak 
ing molds for casting cylinder heads or any other article 
where elongated fins or other irregular projections are 
necessary. 
Another disadvantage in the use of machines and meth 

ods heretofore known is that the thickness of the shell 
mold as well as the density thereof has not always been 
uniform. The desirability of a shell mold having a uni 
form density and thickness throughout is obvious but it 
cannot be attained where the sand mix is deposited onto 
the pattern progressively from one side thereof to the 
other, as occurs in machines where hoppers are affixed to 
the pattern and the two are rolled over or revolve to 
gether. 
The present invention, therefore, is designed as a ma 

chine and method for making shell molds which over 
come all of the disadvantages and difficulties above men 
tioned. 

It is, therefore, the principal object of the invention to 
provide a machine for producing shell molds which is 
capable of producing molds having intricate and compli 
cated shapes and forms which have been impossible to 
produce heretofore, either in the ordinary sand mold de 
.vices or in other shell mold machines. 

Another important object is to provide a shell mold 
machine which is adapted to produce molds of higher 
quality and improved structure and appearance. 
A further object of the invention is to provide anim 

proved machine for making shell molds wherein a con 
stant charge of the sand and resin mix is always depos 
sited uniformly over the entire area of the pattern at one 
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time, thereby insuring uniform thickness and density of 
the mold. 

Still another object of the invention is to provide im 
proved machines for uniformly depositing a charge of 
constant volume onto the pattern in a shell mold ma 
chine wherein a predetermined quantity of the sand mix 
charge is transferred from an upper hopper into a cham 
ber therebelow and then from said chamber onto the 
pattern. 
A still further object is to provide in a shell mold 

machine a charging chamber into which a predetermined 
charge of a sand and resin mix is deposited wherein a 
plurality of shutter devices in the bottom of the chamber 
are operable simultaneously to drop another charge 
downwardly onto the pattern therebelow throughout a 
sufficient distance to insure that the sand mix will reach 
to all parts of the voids on the pattern as well as to 
insure a uniform thickness of the entire mold. 

Still another object is to provide a shell mold ma 
chine wherein the excess mixture of sand and resin is 
dumped from the pattern into a lower hopper from which 
it is later returned into the top part of an upper hopper, 
thereby providing a sufficient time lag before the same 
sand and resin are re-used to insure that no hot or par 
tially cured resin is thereafter deposited onto the pat 
tern. 
Another object is to provide in a -shell mold machine 

a lower hopper having a screen associated therewith into 
which the excess sand mix may be dumped from the pat 
tern, thereby preventing any partially cured resin from 
entering the lower hopper from which it is transferred 
later to an upper hopper. 
A further object of the invention is to provide water 

cooled jacket means capable of being secured to the pat 
tern during the time that the sand mix charge is being 
deposited onto the pattern, thereby isolating the pattern 
heat from the jacket and hopper assembly and eliminat 
ing a build-up of the sand mix on the jacket. 
A. Still further and specific object of the invention is 

to provide means for vibrating the pattern and jacket 
during the time that the sand mix charge is being de 
posited thereon to additionally insure that the charge will 
reach the bottom of the deepest recess or voids in the 
pattern. 
Another object is to provide a charging chamber im 

mediately below the upper hopper in a shell mold ma 
chine into which a predetermined charge of sand mix is 
deposited prior to the making of each mold, thereby in 
Suring uniformity in the molds because of a constant vol 
ume of charge being dropped throughout the same dis 
tance each time onto the pattern. 
A further object of the invention is to provide a novel 

operating means for the shutters above and below the 
charging chamber to prevent the opening of the shutters 
in the bottom of the charging chamber until the other 
shutters at the top of the chamber have opened and closed, 
thereby insuring the presence of a charge in the chamber 
when the lower shutters are opened. - 

Still another object is to provide new and improved 
means for dumping the excess charge of the sand mix 
from the pattern, whereby it becomes unnecessary for 
the main hopper to be secured to the pattern during the 
dumping procedure. 

Still another and more specific object is to provide a 
novel means for preventing movement of the stripper 
pins of the pattern during the dumping of the excess 
charge therefrom. 
Another object is to provide a novel method or proc 

ess for making shell molds whereby molds can be pro 
duced having shapes and contours not heretofore possi 
ble in previously known methods. 
A further object is to provide an improved method of 
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producing shell molds whereby a constant charge of the 
sand and resin mix is dropped vertically downwardly 
through a predetermined distance onto the pattern, there 
by enabling the charge of sand mix to reach remote points 
in the voids of complicated and intricate patterns which 
could not be reached by other methods heretofore known, 
thereby enabling more complex castings to be produced 
from the shell molds made according to this method. 

Other objects and advantages of the invention will 
become apparent upon reading the following description 
taken in conjunction with the accompanying drawings, 
in which 

Fig. 1 is a perspective view of a shell mold machine 
embodying certain features of the present invention with 
certain parts removed for the sake of clarity; 

Fig. 2 is a front elevational view of that part of the 
machine embodying the present invention; 

Fig. 3 is a vertical end elevational view of that part 
of the machine embodying the present invention and 
taken along the plane of line 3-3 of Fig. 2; 

Fig. 4 is a view similar to Fig. 3 with certain of the 
parts omitted but showing the lower hopper and pattern 
elevated and in position to be secured to the jacket; 

Fig. 5 is a view similar to Fig. 4 but showing the lower 
hopper, pattern and jacket in an intermediate position 
and rotated for dumping the excess sand mix; 

Fig. 6 is a fragmentary front elevational view taken 
along the plane of line 6-6 of Fig. 1; 

Fig. 7 is a horizontal sectional view taken along the 
plane of line 7-7 of Fig. 3 showing the pattern in plan 
and partially broken away to show the stripper fingers; 

Fig. 8 is an enlarged horizontal sectional view taken 
along the plane of line 8-8 of Fig. 2 with parts broken 
away for the sake of clarity and showing the upper 
shutters; 

Fig. 9 is an enlarged horizontal sectional view taken 
along the plane of line 9-9 of Fig. 2 and showing the 
lower shutter construction; 

Fig. 10 is a further enlarged fragmentary elevational 
view showing a detail of the lower shutters and taken 
along the plane of line 10-10 of Fig. 9; 

Fig. 11 is a schematic illustration of the upper and 
lower shutters of the charging chamber and the means 
for operating them, including the valve arrangement for 
preventing the opening of the lower shutters until the 
upper shutters have been closed; 

Figs. 12 to 16, inclusive, are diagrammatic illustrations 
showing the sequence of operations of the valve and 
upper shutters; 

Fig. 17 is an enlarged rear elevational view of the 
pattern, jacket and lower part of the upper hopper exten 
sion with certain parts broken away and shown in section 
for the sake of clarity, and taken along the plane of line 
17-17 of Fig. 3; 

Fig. 18 is a vertical transverse sectional view through 
the pattern assembly illustrating the devices for render 
ing the stripper pins inoperative during the dumping 
process; 

Fig. 19 is a fragmentary view similar to Fig. 18 but 
showing the operation of the stripper pin retaining means 
when the pattern is in dumping position, and 
. Fig. 20 is an enlarged fragmentary sectional view of 
a detail of construction taken along the plane of line 
20-20 of Fig. 2. 

Referring now more particularly to the drawings and 
especially to Fig. 1, the machine consists of a suitable 
framework generally indicated at 1. The construction 
and arrangement of the framework is not an important 
consideration and may be varied to suit particular needs. 
As illustrated, however, the frame 1 consists of a plu 
rality of spaced uprights 2, 3 and 4. The uprights 2 
have an intermediate cross member 5 connected there 
between and the uprights 3 and 4 likewise have similar 
cross members 6 and 7 between each pair. Suitable 
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4. 
supporting members are provided at the bottom so that 
the framework may be supported on a floor. 

In addition to the intermediate cross members, the 
uprights 2 support a cross member 8 between the upper 
ends thereof and the uprights 3 support a similar cross 
member 9 between their upper ends. Additional Sup 
porting members 10 and 11 are secured to and span the 
distance between the cross members 8 and 9 and Support 
an elongated enclosed extension 12 formed as a part of 
an upper hopper 13. 
The hopper 13 is adapted to contain a quantity of a 

sand and resin mix for use in making the shell molds of 
the present invention. 
A pair of tracks 14 and 15 extend longitudinally and 

horizontally through the framework 1 and are supported 
by the cross members 5, 6 and 7. A carriage generally 
indicated at 16 is mounted for movement along the tracks 
14 and 15 and for this purpose suitable roller members 
17 (Fig. 2) are fixed thereto. The carriage 16 is also 
provided at opposite ends thereof with suitably con 
structed journals 18 for the purpose of receiving and 
supporting a pattern. The pattern 19 is shown as Sup 
ported on the carriage 16 in Figs. 2, 3 and 7. 
The pattern 19 is provided with a shaft 20 at each end 

thereof adapted to be received by the journals 18 and it 
will be immediately apparent that this arrangement con 
stitutes an important feature of the present invention. 
The arrangement not only permits the pattern 19 to be 
rotated when excess sand mix is dumped therefrom as 
will be more fully poined out hereinafter, but also per 
mits easy removal of the pattern and replacement there 
of by a different pattern without dismantling any part 
of the machine and without disturbing the carriage on 
which it is supported. Thus, patterns can be quickly 
and easily interchanged for making different molds of 
various contours. 
Movement of the carriage 16 and the pattern 19 there 

on along the tracks 14 and 15 may be accomplished in 
any suitable and well known manner, but in the present 
instance there is illustrated a chain drive 21 suitably 
secured to an arm 21a at one end of the carriage 6. 
Likewise, any suitable form of drive means may be 
utilized for moving the chain, such as a motor 22 driving 
a worm 23 in mesh with a worm gear 24. The shaft 
of the worm gear 24 may have a suitable sprocket 
mounted thereon engaging the chain 21 so that rotation 
thereof will cause movement of the carriage 16 along 
the tracks 14 and 15. 

In machines for making shell molds it is necessary to 
have an oven which is utilized not only for insuring heat 
ing the pattern but also for baking the mold after the 
sand mix has been deposited thereon. Such an oven 
is illustrated generally in Fig. 6 by the numeral 25 and 
it is evident that the carriage 16 may be moved to a 
position on tracks 14 and 15 within the oven 25 because 
of the extended arm 21a connected between the chain 
2 and the carriage 16. This arrangement permits the 
carriage to be moved into the oven without the necessity 
of having the chain drive also enter the oven. 
A charging chamber generally shown at 26 in Figs. 1, 

2 and 3 is arranged immediately below the hopper 13 
and at the upper end of the enclosed extension 12. The 
charging chamber 26 forms an important feature of the 
present invention and constitutes one of the main con 
siderations in obtaining an improved mold having a uni 
form thickness and density. Also, the charging cham 
ber 26 in combination with the downwardly extending 
enclosure 12 is an arrangement which is primarily re 
sponsible for being able to produce molds from patterns 
having exceptionally deep and narrow voids or recesses 
therein. 
The arrangement is such that the sand mix is admitted 

to the charging chamber in sufficient quantities to fill the 
chamber. Thus, the charge is always uniform. Further 
more, the arrangement is such that when the bottom of 
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the charging chamber is opened, the entire charge will 
drop vertically downwardly onto the pattern therebelow 
so that the charge is not only applied uniformly to the 
pattern, but also with sufficient force. that the sand mix 
is able to reach all parts of the pattern before bridging 
takes place due to the build-up of the sand and resin 
across narrow openings. 

In order to accomplish this result, there is provided a 
plurality of shutter members generally shown at 27 in 
Figs. 2 and 8. These shutters are positioned immediately 
below the hopper 13 and at the upper end of the charging 
chamber 26. The shutter construction includes a plurality 
of flat horizontally spaced bars 28 and another plurality 
of like flat bars 29 immediately therebelow. The bars or 
shutter members 29 normally close the space between 
the upper shutter members 28 thereby forming a support 
for the sand and resin mix in the hopper 13. 

In the illustrated embodiment of the invention the 
lower shutters 29 are secured at their ends to a frame 
30, which is movable laterally of the hopper. Thus, 
when the shutters 29 are moved to a position below the 
shutters 28 the sand mix will be permitted to be dropped 
downwardly between the shutters and onto the charging 
chamber. When the chamber is filled with the charge, 
the lower shutters 29 are returned to their normal closed 
position to prevent any more sand mix from entering the 
chamber during the time that the charge is being de 
posited onto the pattern. 

While any suitable mechanism may be arranged for 
actuating the shutter arrangement 27, there has been 
illustrated in Fig. 8 a preferred arrangement. A bar 31 
is secured to several of the shutters 29 and extends out 
wardly beyond the sides of the hopper and has its outer 
end pivotally connected to an arm 32. One end of the 
arm 32 is pivotally mounted on a bracket 33 and the 
other end thereof is pivoted at 34 to the outer end of a 
piston rod 35. The piston rod 35 is secured in any 
usual and well known manner to a piston movable with 
in a cylinder 36 mounted on one side of the hopper or 
its extension 12. The piston may be moved by fluid 
means, either air or hydraulic fluid. When the fluid is 
admitted to the cylinder on one side of the piston the rod 
35, arm 32 and bar 31 will move outwardly and carry 
the group of shutters 29 to open position. After the 
charging chamber has a sufficient quantity of sand mix 
deposited therein, fluid is then admitted to the opposite 
side of the piston to return the shutters 29 to their closed 
position. 
The bottom of the charging chamber 26 is indicated 

generally by the numeral 37 and consists of a plurality 
of shutter members 38 which are pivotally mounted by 
being secured to elongated rods 39 journaled for rotation 
at each end thereof. These shutter members are illus 
trated in Figs. 2, 9 and 10. Fig. 2 illustrates one form 
of mechanism for actuating the shutters while Figs. 9 
and 10 illustrate a modified operating device. In Fig. 2 
there is illustrated a plurality of angularly disposed arms 
40 also secured at their upper ends to the rods 39. The 
lower ends of the arms 49 are pivotally secured to an 
operating bar 41. Thus, when the bar 41 is shifted to 
ward the left from its position shown in Fig. 2, the arms 
40 will be rotated, causing the rods 39 to rotate and the 
shutters 38 to open. 
The mechanism utilized for operating the bar 4 to 

open and close the shutters 38 includes an operating arm 
42 also mounted on one of the rods 39 and pivoted to 
the bar 41 but having an extension below the bar 41, the 
end 43 of which is pivoted to one end of a link 44. The 
other end of link 44 is pivoted to an arm 45 secured to a 
rock shaft 46 mounted for rotating or rocking movement 
in supports 47 and 48 (Fig. 1). The opposite end of 
the shaft 46 has secured thereto an arm 49 pivotally 
connected to the outer end of a piston rod 50. This rod 
has a piston at its inner end (not shown) within a cylin 
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6 
der 5 suitably mounted on 
machine. - 

It is thus evident that when fluid is admitted to the 
upper part of the cylinder 51 to cause the piston therein 
and piston rod 50 to move downwardly, the rock shaft 
46 will rotate in a counter-clockwise direction as viewed 
in Fig. 2. Counter-clockwise rotation of shaft 46 will 
cause bar 41 to move toward the left through the link 
age arrangement 45, 44 and 42, thus causing all of the 
shutters 38 to open simultaneously. Admission of fluid 
to cylinder 51 below the piston therein will cause a re 
verse movement to take place, thereby moving the shut 
ters 38 to closed position. The charging chamber, then, 
will comprise the space between the upper shutters 27 
and lower shutters 38 so that the amount of sand mix 
deposited therein from the hopper 13 will be constant 
for each cycle of the machine and for every mold. Due 
to the fact that the lower shutters 38 are of the vane 
type, all of which open and close simultaneously, the en 
tire charge of the sand mix will be dropped downwardly 
upon the opening of the shutters 38 in substantially an 
extended loose mass as distinguished from the charging 
operations of presently known machines which dump the 
sand mix onto the pattern progressively from one side 
thereof to the other and through a much shorter distance. 
The sand mix is dropped vertically downwardly through 
the enclosed extension 12 from the charging chamber 
onto the pattern, thereby insuring not only an even de 
posit and a uniform thickness of mold, but also insuring 
that the sand mix will reach to all parts of narrow cavities 
or voids in the pattern. 
The nature of the sand mix is such that it will not 

drop downwardly as one solid mass when the lower shut 
ters are opened but will drop progressively in a somewhat 
loose aerated mass. The lower shutters have been de 
signd as to the number and width thereof and as to their 
speed of opening so that the proper drop of the charge 
will be obtained. If the shutters are opened too slowly, 
the sand will begin to fall toward one side of the pattern 
and thus may cause a build-up of a greater amount of 
sand on one side than on the other. It is inevitable re 
gardless of the speed with which the shutters are operated, 
that the initial sand drop will be toward one side of the 
pattern. The shutters, however, are opened at a suffi 
cient speed so that this fall of sand at one side will be 
quickly compensated for by the time the shutters reach 
completely open position. It will be observed by view 
ing Fig. 11, for example, that when the shutters are 
completely open they will have moved past the vertical 
position by a distance of substantially 10 or 12 degrees, 
as illustrated by the dotted line position thereof. When 
this position of the shutters is reached, the falling sand 
will then be directed somewhat toward the opposite side 
of the pattern so that before the complete charge of sand 
has left the charging chamber there will be an even 
distribution of the entire charge over the pattern. 

If there were relatively few shutters, then a greater 
amount of sand would be deposited on one side than on 
the other side of the pattern. If the number of shutters 
were to be increased considerably, then the open area 
would be relatively small and would have a tendency to 
hold back the sand rather than allow it to drop. Thus, 
the number of shutters for a given area is critical within 
limits and the angular position of the shutters when they 
are fully opened is also critical to achieve the result of 
a substantially uniform drop of the sand charge. 

It may be desirable to control the amount of the 
charge depending upon the pattern from which the mold 
is being made. Another important feature of the inven 
tion involves the design of the apparatus which permits the 
size of the charging chamber to be varied. As illustrated, 
for example, in Fig. 2, the charging chamber includes a 
jacket portion 52 which surrounds the upper part of the 
enclosed extension 12 and telescopes thereover. The 
upper shutters 27 and their frame are secured in fixed 

the framework of the 
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position to the upper part of the extension 12. The 
lower shutters 38 and their frame are mounted on the 
jacket 52 which is secured in place on the extension 12 
by any suitable means such as the retaining bolts 53. 
To vary the charge it is merely necessary to raise or lower 
the jacket 52 which increases, or decreases the vertical 
distance between the upper and lower shutters and there 
by increases or decreases the volume of sand mix which 
the charging chamber is capable of holding. 
A further important feature is the provision of a wa 

ter-cooled jacket normally mounted on the lower part of 
the hopper extension 12 but which may be detached 
therefrom and secured to the pattern plate during the 
time that the sand mix is being deposited onto the pat 
tern as well as during the dumping of the excess sand mix 
therefrom. This jacket is indicated by the numeral 54 
and may be seen in Figs. 1, 2, 3, 4, 5, and 17. The latter 
figure illustrates the jacket 54 in somewhat greater detail. 

This jacket 54 is mounted immediately below the en 
closed extension 12 and bears upwardly against the rub 
ber gasket 55 secured to the underside of an outwardly 
extending flange 56 around the lower edge of the exten 
sion 12. The jacket 54 is provided with an inner wall 57 
spaced from the outer wall to provide a passage 58 
around the entire jacket for the purpose of receiving 
cooling water which may be circulated therethrough. 
An inlet 59 and an outlet 60 are provided at one end of 
the jacket 54 whereby water may be continuously cir 
culated through the passage 58. As may become more 
apparent hereinafter, when this water-cooled jacket is 
mounted upon the pattern plate 19 during the time that 
the sand mix is being deposited thereon from the charg 
ing chamber, it will effectively prevent heat from the 
pattern from being transmitted to the jacket which other 
wise would cause the sand mix to fuse around the sides 
of the pattern plate and thus build up around the edges. 
An arrangement has been designed which permits the 

jacket 54 to be mounted on or suspended from the ex 
tension 12 and to be released therefrom and secured to 
the pattern plate during the depositing of the sand mix 
and during the subsequent step of dumping the excess 
sand from the pattern. This arrangement may be clearly 
understood from viewing particularly Figs. 1, 2 and 17. 
Locking members 61 and 62 at one side of the jacket 54 
and similar locking members 61a and 62a at the opposite 
side of the jacket are pivotally mounted on the jacket 
intermediate their ends by pivot pins 63 and 64 at one 
side and 63a and 64a at the opposite side, respectively. 
Locking member 61 is provided with hooked upper and 
lower ends 65 and 66 extending in opposite directions. 
Locking member 62 is similarly provided with upper and 
lower hooked ends 67 and 68 also oppositely disposed. 
Studs or pins 69 and 70 extend outwardly from a longi 
tudinally movable bar 71 and are adapted to be received 
by the upper hooked portions 65 and 67, respectively, 
thereby supporting the jacket 54 therefrom. The oppo 
site side of the jacket is similarly arranged where the 
upper hooked ends 65a and 67a of the respective lock 
ing members extend over similar studs or pins on the 
longitudinally movable bar 7a. The jacket is thus sup 
ported on opposite sides and suspended from the lower 
end of the enclosed extension 12. 
The bar 7 is, in turn, suspended from the pivotally 

mounted links 72 and 73 while the bar 7a at the oppo 
site side is likewise suspended from the pivoted links 72a 
and 73a. Coiled tension springs 74 and 75 at one side 
of the machine and 74a and 75a at the opposite side, 
associated with the locking members, each has one end 
thereof connected to the jacket and has the other end 
thereof connected to the respective locking members 6, 
62, 6a, and 62a. The springs normally urge the lock 
ing members toward locking position in contact with the 
pins on the bars 7 and 7a. 
When the pattern plate is in position and has been 

moved upwardly to the jacket 54, the same mechanism 
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8 
used for operating the lower shutters 38 and depositing 
the sand mix on the pattern also operates the bars 71 and 
71a to release the locking members 61, 62, 61a and 62a 
from the lower end of the extension 12 and locks them 
onto the pattern plate, as will appear more fully here 
inafter. 

This operating mechanism may be seen more clearly 
in Fig. 1 where it will be noted that the movable bars 71 
and 7a are provided at one end thereof with arms 76 
and 77 respectively. These arms are pivoted to the bars 
at their lower ends and are secured at their upper ends 
to a rock shaft 78 supported for rotating movement in 
journals 79 and 80. An arm 81 is also secured to the 
rock shaft 78 and is connected at its outer end to a link 
82 which extends upwardly and is connected to another 
arm 83 fixed to the shaft 46. 

Thus, when the shaft 46 is rotated due to the operation 
of the piston rod 50 in cylinder 51, there will be imparted 
a similar rocking movement to the shaft 78 which will 
transmit a longitudinal movement to the bars 71 and 71a 
through arms 76 and 77. These bars will be moved to 
ward the left as viewed in Fig. 17 or toward the right as 
viewed in Fig. 2, thereby to release the upper ends of the 
locking members from the pins on the respective bars. 
The pattern plate 19 is provided at one side thereof 

with outwardly extending pins 84 and 85 and at the oppo 
site side thereof with similar pins 84a and 85a. When 
the pattern plate 19 is elevated, by means to be more 
fully described hereinafter, from the position thereof 
shown in Fig. 2 to the position shown in Figs. 4 and 17, 
it will contact the lower side of the jacket 54. The pins 
on the pattern are positioned thereon so that when the 
pattern is elevated they will clear the lower hooked ends 
of the locking members. When the lower shutters are 
operated the bars 7 and 71a will be moved to the posi 
tion shown in Fig. 17 where the pins 69 and 70 thereon 
are free of the upper hooked ends of the locking mem 
bers. The tension springs 74, 75, 74a and 75a will move 
the respective locking members to which they are con 
nected to the position of Fig. 17 where the lower hooked 
ends thereof are in engagement with the pins on the pat 
tern plate 19. Thus the jacket 54 will be released from 
the extension 2 and will thereafter move downwardly 
with the pattern. 
From the foregoing it will be clear that the pattern 

plate 19 is elevated to a position in contact with the 
jacket 54 and when the lower shutters 38 are opened to 
deposit the sand mix onto the pattern, the jacket 54 will 
be released from the extension 12 and secured to the 
pattern plate. At this point in the operation of the ma 
chine the sand mix will have been deposited on the pat 
tern, as indicated in Fig. 17. 
A stripper plate 86 is movably mounted on the pattern 

plate 9 and is located therebelow and is provided with 
a plurality of stripper pins 87 as may be needed, depend 
ing upon the pattern being used. Thus, a stripper plate 
is made a part of each pattern so that when a pattern is 
removed from the carriage 16 and replaced by another 
pattern, the latter patern will have its own stripper plate 
with the stripper pins properly positioned thereon. This 
plate is free to move during the stripping operation which 
causes the plate to move upwardly and strip the mold 
from the pattern. 

Fig. 10 illustrates a modified and preferred mechanism 
for operating the lower shutters 38. The arrangement 
shown in Fig. 2 and described above is satisfactory but 
the preferred form has the advantage of being able to in 
sure operation of the shutters even though a large piece 
of foreign matter or other solid material may become 
lodged at one edge of one of the shutters during the closing 
operation. When this occurs, the one shutter may be per 
mitted to remain slightly open in contact with the piece 
of solid material while the other shutters may continue 
to move to closed position. 
To accomplish this result a pair of longitudinally mov 
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able tension bars 88 and 89 are utilized in the place of 
the operating bar 41 as shown in Fig. 2. A plurality of 
spaced operating members 90 have openings there 
through for the reception of the tension bars 88 and 89 
and are rigidly secured thereto. Thus, when the tension 
St. are moved, the operating bars 90 will move with 
them. . . . . . . . . . . . . 

Associated with each bar 90 and spaced therefrom is 
a bearing member 91 also having openings therethrough 
for the reception of the tension bars 88 and 89. These 
bearing members 91, however, are mounted on the tension 
bars for free sliding movement with respect thereto. 

Coiled compression springs 92 and 93 surround the 
tension bars 88 and 89, respectively, and are located be 
tween each operating bar 90 and bearing member 91. An 
operating arm 94 is associated with each bearing member 
91 and with each of the rotatably mounted rods 39. Each 
arm 94 is substantially U-shaped so as to straddle the 
tension bars and bearing members and each receives at 
its upper end a rod 39 to which it is secured such as by 
means of the pins 95. The lower end of each arm 94 is 
secured to a sliding bearing member 91 by a bolt 96. 

In the operation of this preferred mechanism for the 
lower shutters, the operating mechanism described above 
and illustrated in Figs. 1 and 2 may be utilized for shift 
ing the tension bars 88 and 89 toward the left from their 
position shown in Fig. 10. When the tension bars move 
toward the left they will slide through the bearing mem 
bers 91 but will carry with them the operating bars 90 to 
a position where each bar 90 is in contact with the bearing 
member 91 at the left thereof, as viewed in Fig. 10. Con 
tinued movement of the tension bars 88 and 89 and the 
operating bars 90 will thereupon move the bearing mem 
bers 91 toward the left which will carry with them the 
operating arms 94 rotating them in a clockwise direction. 
When this occurs, the rods 39 will rotate and will carry 
with them the shutters 38 moving them to open position. 
Upon the return movement of the tension bars 88 and 

89 toward the right for closing the shutters, there will be 
a lost motion during the time that the operating bars 90 
are compressing the springs 92 and 93. When a sufficient 
compression has been reached, further movement of the 
bars 90 will cause movement in the same direction of the 
bearing members 91, thereupon rotating the operating 
arms 94 in a counter-clockwise direction to close the 
shutters 38. - - - - - - - - - - . . . . - - - - - - 

If during this closing movement of the shutters some 
obstruction, such as a piece of fused sand or other solid 
material should become lodged between adjacent shutters, 
the full hydraulic pressure is not concentrated on that 
shutter, but will be taken up by the springs. The closing 
movement of that one shutter will be stopped but the 
hydraulic pressure acting upon the springs 92 and 93 will 
cause the remaining 'shutters to complete their closing 
movement. The rotating vane type shutter without this 
feature has the disadvantage that if one is held open, all 
of them remain open and the pressure on the shutters 
themselves causes them to become twisted and bent on 
the rotating shaft. . . . . . . . . . . . . . . . . 

A lower hopper 97 is positioned within the main frame 
and immediately below the carriage 16 when in the posi 
tion shown in the various figures. This lower hopper is 
mounted for vertical reciprocating movement on a plu 
rality of guide rods 98. There is a guide rod 98 at each 
corner of the hopper 97 and the hopper is guided in its 
vertical movement by a plurality of suitably arranged 
upper and lower spaced roller members '99 and 100. 
These roller members are supported on the hopper by 
suitable bracket members 101. 
The bottom of the hopper 97 slopes downwardly to 

ward the rear of the machine as may be seen clearly in 
Figs. 3, 4 and 5 and is mounted upon the upper end of a 
vertically reciprocable piston rod 102 having a piston at 
its lower end within a cylinder 103. The device is fluid 
operated so that when fluid is admitted to the bottom of 
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hopper 97 and is passed through a screen 1. 

10 
cylinder 103 the piston rod 102 will be elevated carrying 
with it the lower hopper 97. The upper edge of the hop 
per is of a size to pass through the carriage 16 and is 
provided at the opposite ends thereof with arcuate re 
cesses 104. These recesses 104 are in alignment with the 
shafts 20 at opposite ends of the pattern plate 19 so that 
as the hopper is moved upwardly from the position thereof 
shown in Figs. 2 and 3, it will pick up the pattern plate 
and stripper plate 86 connected therewith and elevate the 
entire assembly to the position shown in Fig. 4 where the 
pattern plate 19 is against the underside of the jacket 
54. In this position the lower shutters 38 are opened to 
deposit the same onto the pattern at which time the jacket 
is disengaged from the enclosed extension 12 and becomes 
engaged with the pattern plate 19 as above set forth. 
From the position of the parts shown in Fig. 4 the as 

sembly of jacket 54, pattern plate 19, stripper plates 86, 
and hopper 97, is lowered to an intermediate position as 
shown in Fig. 5. The assembly is moved downwardly a 
distance sufficient for the pattern plate and jacket to be 
rotated to dump the excess sand mix therefrom and into 
the hopper and to provide sufficient clearance below the 
lower end of the enclosed extension 2. ' 
The mechanism for rotating the assembly and dump 

ing the sand mix therefrom includes a bracket or support 
ing arm 105 extending outwardly from the bottom of the 
hopper 97 at one end thereof (Fig. 2). This supporting 
arm 105 supports a fluid cylinder 106 which operates a 
piston rod 107 having a plurality of teeth 108 thereon 
thus forming a rack. The teeth 108 engage a pinion 109 
mounted on the end of the hopper 97 so that when fluid 
enters the cylinder 106 at the bottom thereof to elevate 
the piston rod 107 it will cause a clockwise rotation of 
the pinion 109, as viewed in Figs. 3, 4 and 5. 

It will be noted that one of the end shafts 20 of the 
pattern plate 19 is also provided with a gear 110 which 
is adapted to become engaged with the pinion 109 when 
the lower hopper 97 is elevated to the position shown 
in Fig. 4. 

After the sand mix has been deposited onto the pat 
term, fluid is caused to flow into the upper end of 
cylinder 103 to lower the hopper 97, pattern plate 19 
and jacket 54 to the position shown in Fig. 5. When 
the assembly reaches this position, fluid then actuates the 
piston rod or rack 107 to move it upwardly causing 
pinion 109 to rotate in a clockwise direction. This then 
rotates gear 110 in a counter-clockwise direction and 
carries with it the pattern plate 19, stripper plate 86 
and jacket 54. The excess sand mix which has not ad 
hered to the pattern is thereupon dumped into the lower 

This will 
screen out any particles which may have been fused due 
to the heat of the pattern but which did not adhere. 
The remainder of the sand mix then passes outwardly 
from the hopper 97 and into a skip bucket 112 mounted 
on the vertically postioned tracks 13 (Fig. 3). This 
excess sand mix is then carried upwardly in the bucket 
112 on the tracks 113 by any suitable drive mechanism 
(not shown) and is dumped into the top of the upper 
hopper 13. 
The advantage of this arrangement is that the tempera 

ture of the sand mix having been raised after being de 
posited onto the pattern and within the jacket, will be 
given an opportunity to decrease and to return to its 

65 normal temperature before again being placed into the 
charging chamber. 

Since it is customary to have the stripper plate and 
pins separate from the pattern plate, it is one of the 
novel features of the present invention that the stripper 
plate 86 is mounted directly upon and in association 
with the pattern plate 19. Since, however, the plate and 
pins are free to move in a direction to strip the mold 
from the pattern, it is necessary to provide suitable means 
for preventing such movement during the time that the 
excess sand mix is being dumped from the pattern and 
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jacket 54 into the lower hopper. Figs. 18 and 19 illus 
trate a device for accomplishing this result by holding 
the stripper plate 86 in a retracted position during the 
roll-over of the pattern plate. This device consists of 
a weighted lever 14 which is pivotally mounted on a 
frame adjacent the stripper plate and is provided with a 
hook 15 at its upper end. The lower end 116 there 
of is weighted so that the entire lever arm will be caused 
to rotate about its pivotal point freely when the pat 
tern is rolled over to dumping position. A weighted 
lever 114 is provided at each end of the stripper plate 
86 and is adapted to cooperate with an angle member 
117 also at each end of the stripper plate and extending 
downwardly from the underside thereof. 
From the position of the parts as shown in Fig. 18 

the roll-over mechanism causes the pattern and its as 
sociated parts to rotate about the axes of the pattern 
shafts 20 in a counter-clockwise direction to the posi 
tion shown in Fig. 19. At the proper point during the 
roll-over of the pattern but before the stripper plate 
86 has a tendency to move against the mold because of 
gravity, the weighted lever arms 114 will be actuated by 
the weighted ends thereof and will move the hooked 
ends 115 into engagement with the angle members 117, 
as shown in Fig. 19. The excess sand mix is thus dumped 
from the pattern plate while the stripper plate is held 
against movement toward the mold. 
As stated hereinabove, one of the advantages in having 

an arrangement where the drop of the sand charge is 
vertical throughout a relatively great distance is the 
uniformity of the sand deposited on the pattern and 
the ability of the sand to reach deep recesses in the pat 
tern. To assist in this action and to aid in increasing 
the density of the sand mix as may be required by the 
pattern design, there is also provided a suitable form 
of vibrating mechanism 118 mounted on the side of the 
jacket 54 (Fig. 17). This vibrator is commercially avail 
able and is preferably air operated and therefore needs 
no detailed description. It is sufficient to state here 
that such a vibrator has been found to be extremely use 
ful when combined with the jacket 54 and when it is 
brought into use at the time the pattern is in contact 
therewith and during the charging operation. As the 
sand is dropped onto the pattern, the vibrators are 
brought into action and impart a sufficient vibration to 
the sand and pattern to cause the density of the sand 
mix to be increased, thereby making a stronger and bet 
ter mold. The vibration, of course, also aids the sand 
drop itself to insure that the sand will reach the bot 
tom of the deepest recess. - 

Another detail of the jacket and pattern assembly is 
the guide means to insure the return of the jacket to 
proper position against the lower end of the enclosed 
extension 12. Any suitable guide means may be used, 
such means being illustrated in Fig. 17 as including the 
spaced guide tracks 119 mounted on the jacket 54 and 
the guide bar 120 mounted on the lower end of exten 
sion 12 and projecting downwardly therefrom. There 
may be as many of these guide means as may be neces 
sary to insure that when the jacket 54 is returned to 
its uppermost position, it will be located properly with 
respect to the locking mechanism. 
Inasmuch as the pattern plate 19 is mounted slightly 

of center so that one side thereof will be heavier than 
the other to insure that the pattern plate will remain 
level at all times while it is receiving the sand mix, 
there is provided a stop arm 12 fixed to one of the 
shafts 20 (Figs. 3 and 7) which is adapted to rest upon 
a stop member 122 mounted on the carriage 16. 
The arrangement is such that the pattern is caused 
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to rotate about its own axis during the dumping of the 
excess sand mix therefrom and when it is returned to 
its normal horizontal position, the stop arm 121 will 
come against the stop 122. 

Another detail of the mounting for the pattern plate 75 

12 
resides in the adjustable trunnions at each end of the 
carriage upon which the two shafts 20 of the pattern 
plate are supported. A detailed illustration of one form 
which these adjustable trunnions 18 may take is shown 
in Fig. 20. Each trunnion comprises the spaced ver 
tical legs 123 and 124 within which a supporting member 
125 is adjustably mounted. The upper surface of the 
support 125 is arcuately concave to support the shaft 20. 
A bolt 126 has one end thereof extending upwardly be 
tween the legs 123 and 124 and has the support 25 
mounted thereon. Thus, as the bolt .26 is raised or 
lowered due to its threaded connection with the end 
channel of the carriage frame, the end of the pattern 
plate associated therewith will likewise be raised and 
lowered. The bolt then may be held in any adjusted 
position by means of the lock nuts 127 and 128. This 
arrangement aids materially in enabling the pattern plate 
to be positioned horizontally, at all times while it is at 
rest in the carriage. 

After the excess sand mix has been dumped into the 
lower hopper and the assembly of jacket 54, pattern 
plate 19 and stripper plate 86 has been returned to the 
horizontal position thereof, fluid is again admitted into 
the bottom of cylinder 103 to elevate the lower hopper 
97 and the aforementioned assembly back to the posi 
tion shown in Fig. 4. At this point in the cycle of the 
machine the lower shutters 38 are then closed by a 
reverse operation of the mechanism which caused them 
to open which will also move the bars 71 and 71a back 
to their normal position to release the jacket 54 from 
the pattern plate and again mount it upon the lower 
end of the extension 12. 
The lower hopper 97 is then lowered back to its nor 

mal position below the carriage 16, thereupon returning 
the pattern plate and stripper plate to the carriage where 
it is supported in trunnions 18 as hereinabove described. 
The carriage and pattern plate with the mold thereon 

are then returned to the oven 25 (Fig. 6) for the curing 
operation. To do this, the motor 22 operates the gear 
24 to move the upper run of chain 21 toward the oven. 
Since the carriage 16 is secured to the chain through 
the arm, 21a, it will be carried to a position within the 
oven. After the curing of the mold has been completed, 
the carriage, pattern plate with the mold thereon, and 
Stripper plate are removed from the oven and moved 
to the stripping station. This station is illustrated at the 
righthand side of Fig. 6 as well as in Fig. 1. 
At the stripping station there is provided a stripping 

table 129 which extends longitudinally between the tracks 
14 and 15 and which is supported at each end thereof by 
telescoping Support members of any suitable design. 
In the present instance and for purposes of illustration, 
there is shown in Fig. 1 a pair of spaced supporting 
members for the stripping table 129, each of which in 
cludes an inner channel member 130 with its open side 
facing outwardly, and an outer channel member 31 
with its open side facing inwardly. The inner and outer 
channel members are thus placed one within the other 
so as to telescope. 
... Between these telescoping Supporting members the 
stripping table 129 is secured to the upper end of a 
piston rod 132 vertically reciprocable within a cylinder 
133 mounted below the stripping table upon the floor 
below the frame or upon a rigid channel member 134. 
The piston rod 132 is preferably internally threaded 

to receive a threaded rod 135 whereby the effective 
length of the piston rod 132 may be varied to suit condi 
tions which will depend somewhat upon the size of the 
pattern from which the mold is being stripped. 

Each inner channel 130 is guided in its reciprocating 
movement by suitable guide means which have been 
illustrated herein as including upper and lower brackets 
136 and 137 mounted on each of the outer channel 
members 131. Each bracket member supports a rod 
138 extending across the inner closed side of the inner 
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channel 130 upon which may be mounted a pair of rollers 
139 in rolling contact with the inner channel 130. 
Thus, as the stripping table 129 is raised and lowered 

upon the introduction of fluid into the cylinder 133, it 
is guided in these movements by the telescoping support 
members at each end thereof. . . . . . . . . . . . . . . . . . 
The stripping table 129 is preferably provided with a 

plurality of vertically adjustable pins 140 adapted to come 
against the lower side of the stripper plate 86 during 
the stripping of the mold from the pattern. The reason 
for making these pins 140 adjustable is that the stripper 
plate 86 and possibly the pattern may tend to become 
somewhat warped after considerable use due to contin 
ually heating and cooling. It is important during the 
stripping operation that all parts of the stripper plate 
be caused to move upwardly at the same moment. The 
pins 140 may be adjusted so that even if the plate may 
be somewhat warped or one side is higher than the 
other, all of the pins 140 will strike the plate at the 
same time when properly adjusted. . . . . . . . . . . . . . . 

It is necessary to provide suitable means to hold the 
pattern firmly in the carriage trunnions during the strip 
ping operation because of the pressure developed by the 
stripping action. Various specific forms of hold-down 
mechanism suitable for use in the present machine may 
occur to those skilled in the art and one form of such 
a device is shown herein for purposes of illustration. 
Referring to Fig. 1, it will be noted that a pair of elon 
gated hooked members 141 are pivotally mounted at 
each end of the stripping table 129, one on each of 
the supporting members 131. One end of each hooked 
member 141 is rotatably mounted on the supports by 
means of a pivot pin 142 and the upper or outer end 
of each member is in the form of a hook 143. The 
normal position of each hooked member 141 during the 
cycle of the machine is substantially horizontal, as in 
dicated by the dotted line position thereof in Fig. 1. 
A roller member 144 suitably mounted on each of the 

inner telescoping channel members 130 is positioned 
adjacent one edge of each hooked member 141. Each 
roller 144 is movable with the channel member 130 
on which it is mounted so that as the stripping table 129 
moves upwardly, each roller 144 will also move upwardly 
from the dotted line position thereof shown in Fig. 1 
to the full line position thereof. Thus, the roller 144 
at each end of the stripping table will rotate its associ 
ated hooked member 141 upwardly during the first ap 
proximately one inch or so of travel of the stripping 
table. : . . . . . 

The hooked ends 143 of the members 141 will thus be 
moved into position above the shafts 20 at each end of 
the pattern plate 19 and will hold the pattern plate down 
in the trunnions 18 against the pressure of the stripping 
table 129 as it moves upwardly against the stripper plate 
86. Continued movement upwardly of the stripping 
table will thereupon elevate the stripper plate 86 and 
stripper pins 87 to strip the mold from the pattern. The 
mold may then be removed by hand after which the 
operator may blow off the pattern and spray it with a 
stripper agent if necessary. The appropriate application 
of fluid to the cylinder 133 will lower the stripping table 
129 and its associated parts back to their normal posi 
tion at which time the hooked members 141 will return 
to their horizontal position to enable the carriage and 
pattern to move along the tracks 14 and 15. At this 
point the machine is then ready to be recycled and pro 
duce another mold. 

Referring now particularly to Figs. 11 through 16 in 
clusive, there is diagrammatically illustrated the fluid 
system for operating the lower shutters 38 and the as 
sociation thereof with the upper shutters 27 whereby the 
lower shutters are prevented from opening until the upper 
shutters have opened and then closed. This arrangement 
insures that the lower shutters cannot be opened unless 
there is a charge of sand mix in the charging chamber. 
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In the arrangement illustrated diagrammatically in Fig. 
11, there is shown a valve member 145 which is a check 
valve normally permitting the flow of fluid toward the 
right therethrough, as viewed in Fig. 11. An arm 146 
associated with valve 145 is operable to hold the check 
valve 145 open when moved toward the right, as viewed 
in Fig. 11, and to permit it to close when the arm is moved 
toward the left. The normal position of arm 146 is to 
ward the left and it is urged to that position by a suitable 
tension spring 47. 
Valve 145 is mounted on an arm 148 which is mounted 

for rotation on a rotatable pin or rockshaft 149. Another 
arm 150 is mounted on the rock shaft 149 to which is 
pivotally secured a link 151. The opposite end of this 
link is pivoted to one end of an arm 152 which may be 
either an extension of the arm 42 or may itself be directly 
secured to one of the rods 39 on which the shutters 38 
are mounted. 
When fluid is admitted to cylinder 51 to rotate arm 42 

in a clockwise direction it will be evident that the linkage 
arrangement consisting of the links 152, 151 and 150 will 
operate to rotate shaft 149 in a clockwise direction, thus 
moving the valve 145 and its arm 146 downwardly to the 
dotted line position shown in Fig.11. 
When this occurs, the spring 147 will operate to pull the 

arm 146 toward the left permitting the check valve to 
close. An operating bracket or arm 153 is mounted on 
one of the lower shutter members 29 of the upper shutter 
assembly 27 and extends downwardly thereof to hold 
valve arm 146 toward the right and maintain the check 
valve open at the proper time during the cycling of the 
machine. 
The position of the parts shown in Fig. 11 is the posi 

tion thereof when a charge of sand mix has been deposited 
in the charging chamber. When the pattern plate has 
been elevated against the underside of the water-cooled 
jacket, the parts are in readiness for the sand mix to be 
deposited onto the pattern from the charging chamber. 
To do this, a manual 4-way valve 154 may be operated to 
permit fluid to flow from the intake side thereof shown at 
155 through a suitable conduit 156 and through the check 
valve 145 which is being held in open position by the arm 
146 in contact with the arm 153. The fluid flows through 
the valve and another suitable conduit 157 to the cylinder 
51, thereupon causing the piston rod 50 thereof to move 
inwardly and open the shutters 38 in the manner de 
scribed above. The opening of the shutters will thereupon 
cause the valve 145 to drop downwardly as shown in Fig. 
11. The fluid at the opposite end of cylinder 51 is ex 
hausted therefrom through a suitable conduit 158 and the 
exhaust 159 of the valve 154. The sand mix is then 
dumped from the charging chamber onto the pattern. 

Fig. 12 illustrates the check valve 145 and its associated 
parts in the same position as illustrated in Fig. 11 where 
the valve is held open for the passage of fluid therethrough 
to the cylinder 51. As soon as the piston rod 50 operates 
to open the shutters 38, the check valve 145 will be moved 
downwardly to the position shown in Fig. 13. It will be 
noted that in this position the valve arm 146 will be below 
the operating arm 153 and the spring 147 will have moved 
the valve arm to permit the check valve to be closed. In 
this position of the parts fluid can no longer flow through 
the valve 145 to the cylinder 51 but fluid will be able to 
flow from the cylinder 51 in the opposite direction through 
valve 145 and back to the exhaust. . . . . 

After the sand has been deposited on the pattern the 
machine then continues its cycle to the point where the 
excess sand mix is dumped from the pattern and the jacket 
has been again secured to the lower end of the extension 
12. At this point the 4-way valve 154 is operated to cause 
fluid to flow in the opposite direction through conduit 158 
to cylinder 51 to move piston rod 50 outwardly and close 
the shutters 38. The fluid in the cylinder will return 
through conduit 157 and check valve 145 back to the ex 
haust 159. When the shutters are closed, the jacket 54 
will be released from the pattern plate and at the same 
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time valve 145 will be returned to its upper position illus 
trated in Fig. 14. . . 

It will be noted here that the valve arm 146 is now on 
the lefthand side of the operating arm 153 and the check 
valve is still in its normally closed position. 

If an operator should forget to operate the upper shut 
ters to place a charge of sand mix in the charging cham 
ber, it will be impossible for him to open the lower shut 
ters because valve 145 is closed and fluid cannot flow 
therethrough from the 4-way valve 154 to the cylinder 51. 
Unless the lower shutters can be opened, the water-cooled 
jacket cannot be released from its normal mounting and 
be attached to the pattern plate. Thus, if an operator 
should attempt to actuate valve 154 and finds that the 
lower shutters cannot be opened, he will know immedi 
ately that there is no charge of sand mix in the charging 
chamber. 
The operator will then actuate a suitable valve to admit 

fluid to the cylinder 36 to open the upper shutters and 
permit a charge of sand mix to enter the charging cham 
ber. 
shutters 27 will move toward the left and carry with them 
the operating arm 153 from the position thereof shown in 
Fig. 14 to its position shown in Fig. 15. After the charg 
ing chamber has received its charge and the upper shut 
ters are moved to closed position, the operating arm 153 
will be returned toward the right to the position thereof 
shown in Fig. 16. As stated above, in this position of the 
parts the valve arm 146 will have opened the check valve 
so that fluid can flow therethrough to the cylinder 51 
which will cause the lower shutters to open. 

This arrangement is particularly advantageous in pre 
venting an operator from cycling the machine through a 
dry run. As long as there is sand in the upper hopper, 
the machine cannot pass through that portion of its cycle 
where the water-cooled jacket is attached to the pattern 
plate and consequently the operator of the machine will 
immediately become aware of the fact that there is no 
sand mix on the pattern. 

Operation 
The foregoing description of the various parts of the 

machine has been given in detail and the operation of 
these various parts will now be correlated to illustrate a 
typical cycling of the machine. 

In the beginning a suitable pattern plate having the 
proper stripper plate secured thereto will be placed upon 
the carriage 16 so that the trunnions 18 thereof will re 
ceive the shafts 20. An obvious advantage of this ar 
rangement is the fact that the patterns can be quickly and 
easily changed. The pattern is then leveled and the motor 
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When this occurs, the lower set 29 of the upper 
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22 is started which will carry the carriage and pattern 
plate along the tracks 14 and 15 to the oven 25 where the 
pattern is heated. 

After the pattern has reached the proper temperature 
the carriage and pattern will be moved by the chain 21 
across the stripping station to the investment chamber. 

Fluid is then admitted to the cylinder 103 (Figs. 2 and 
3), whereupon the lower hopper 97 will be elevated. The 
lower hopper will pass upwardly through the carriage 6 
and will pick up the pattern plate 19 by contacting the 
shafts 20 thereof. This assembly of parts will then con 
tinue to rise to the position thereof shown in Fig. 4 where 
the pattern plate is pressed upwardly against the under 
side of the water-cooled jacket 54. 
At this time or at an earlier time fluid will be admitted 

to the cylinder 36 (Fig. 8) to open the upper shutters 
and permit a charge of sand mix to be deposited in the 
charging chamber. The upper shutters are then closed 
by a reverse flow of fluid through cylinder 36 whereupon 
the valve 145 will have been moved to open position 
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shown in Fig. 11 enabling the lower shutters 38 to be . 
opened. 
When the lower shutters 38 are opened by the opera 

tion of the fluid passing through valve 145 and into cylin 
der 51 the charge of sand mix will be dropped down 
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wardly onto the pattern plate at which time the jacket 
may also be caused to vibrate, if desired, which, in turn, 
vibrates the pattern causing a dense pack. Simultane 
ously with the opening of the lower shutters 38, the 
locking members 61, 62, 6a, and 62a will be released 
from the respective operating bars 71 and 71a and the 
lower hooked ends thereof will attach themselves to the 
pins on the pattern plate (Fig. 17). 
When the sand mix is deposited onto the hot pattern 

the heat will fuse the sand mix while at the same time 
the water-cooled feature of the jacket will isolate the 
pattern heat from the jacket and hopper assembly, elim 
inating a build-up of the sand mix on the jacket. 
The assembly of lower hopper, pattern plate and jacket, 

will then be lowered substantially to the position shown 
in Fig. 5 where the roll-over step is carried out for dump 
ing the excess sand mix into the lower hopper. The 
securing of the jacket to the pattern holds the complete 
charge of sand over the pattern to the instant of dumping 
and also permits the roll-over of the pattern on its own 
axis. This arrangement has the advantage of reducing 
the effects of inertia on the small plastic shell and permits 
of a light construction which facilitates the speed of 
operation. 
When the excess sand mix is dumped into the lower 

hopper it is screened for removing any coagulated or 
encrusted sand while the remainder of the sand mix 
passes through the screen to the skip bucket which re 
turns the sand to the upper part of the upper hopper. 

During the roll-over step the counter-weighted lock. 
ing members will be actuated by gravity to hold the 
stripper pins in retracted position, thereby eliminating 
the necessity of using springs. 

After the dumping of the excess sand mix, the parts 
are returned to horizontal position and are again ele 
vated to the position thereof shown in Fig. 4. The lower 
shutters are then closed which not only returns the check 
valve 145 to its position shown in Fig. 14, but also re 
leases the water-cooled jacket from the pattern and again 
attaches it to the lower end of the enclosed extension 
12. The lower hopper with the pattern plate and mold 
thereon is then returned to its lowermost position and 
leaves the pattern plate on the carriage. The carriage 
and pattern plate are then returned to the oven where 
the mold is cured. After the curing operation the car 
riage, pattern and mold are removed from the oven 
through the operation of the chain drive and are indexed 
at the stripping station. The stripping table 129 is then 
raised by admission of fluid to the cylinder 133 where 
the adjustable bolts 140 come into contact with the strip 
per plate 86. At the same time the hooked members 
141 or other suitable hold-down means are brought into 
position to hold the pattern down while the stripper pins 
87 continue to move upwardly and strip the mold from 
the pattern. The machine is then in readiness for re 
cycling after the pattern is blown off and a stripper agent 
has been sprayed onto the pattern. 

From the foregoing description it will be evident 
that the machine embodies many novel and advantageous 
features for producing shell molds rapidly. The molds 
produced by the machine embodying the present inven 
tion are more uniform and have greater strength than 
those which have been produced heretofore by other 
machines and methods. Furthermore, the invention is 
capable of producing molds from complex and intricate 
patterns and particularly patterns having unusually deep 
and narrow cavities which have been unable to be pro 
duced heretofore with any degree of success. 

Changes may be made in the form, construction and 
arrangement of parts from those disclosed herein without 
in any way departing from the spirit of the invention or 
sacrificing any of the attendant advantages thereof, pro 
vided, however, that such changes fall within the scope 
of the claims appended hereto. 
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The invention is hereby claimed as follows: 
1. In a machine for producing shell molds, a frame, 

an upper hopper on said frame adapted to contain a quan 
tity of a sand mix for use in making the molds, an 
elongated enclosure extending downwardly from said 
hopper and having an opening in the lower end thereof, 
a chamber in the upper part of said enclosure, means for 
depositing a predetermined charge of sand mix into said 
chamber from said hopper, a carriage below said en 
closure adapted to support a pattern thereon, a lower 
hopper below said carriage, means for elevating said 
lower hopper and pattern to the open lower end of said 
enclosure, means for dropping downwardly the entire 
sand mix charge in said chamber onto the pattern, and 
means to dump the excess sand mix from said pattern 
into said lower hopper. 

2. In a machine for producing shell molds, a frame, 
an upper hopper on said frame adapted to contain a 
quantity of sand mix for use in making the molds, an 
elongated enclosure extending downwardly from said 
hopper and having an opening in the lower end thereof, 
a chamber in the upper part of said enclosure, means for 
depositing a predetermined charge of sand mix into said 
chamber from said hopper, a jacket surrounding the 
lower end of said enclosure and removably mounted 
thereon, a carriage below said enclosure adapted to 
support a pattern thereon, means for elevating the pat 
tern to said jacket, means for dropping downwardly the 
entire sand mix charge in said chamber onto the pattern 
mechanical means for automatically removing said jacket 
from said enclosure and mounting it on the pattern, 
means for dumping the excess sand mix from said pat 
tern, and means for again mounting said jacket on said 
enclosure after the dumping operation. 

3. In a machine for producing shell molds, a frame, 
an upper hopper on said frame adapted to contain a 
quantity of sand mix for use in making the molds, an 
elongated enclosure extending downwardly from said hop 
per, a jacket removably mounted on the lower end of 
said enclosure, a carriage below said enclosure adapted 
to support a pattern thereon, means for elevating the 
pattern to said jacket, means to deposit a charge of sand 
mix onto said pattern while in elevated position, mechani 
cal means for automatically releasing said jacket from 
said enclosure and mounting it on the pattern, and means 
for rotating the pattern and jacket to dump the excess 
sand mix therefrom, said third named means being oper 
able also to release said jacket from the pattern and re 
mount it on said enclosure. 

4. In a machine for producing shell molds, a frame, 
an upper hopper on said frame adapted to contain a 
quantity of sand mix for use in making the molds, an 
elongated enclosure extending downwardly from said hop 
per, a jacket removably mounted on the lower end of 
said enclosure, a carriage below said enclosure adapted 
to support a pattern thereon, means for elevating the pat 
tern to said jacket, means to deposit a charge of sand 
mix onto said pattern while in elevated position, means 
for cooling said jacket, mechanical means for automati 
cally releasing said jacket from said enclosure and mount 
ing it on the pattern, and means for rotating the pattern 
and jacket to dump the excess sand mix therefrom, said 
fourth named means being operable also to release said 
jacket from the pattern and remount it on said enclosure. 

5. In a machine for producing shell molds, a frame, 
an upper hopper on said frame adapted to contain a 
quantity of sand mix for use in making the molds, mov 
able closure means forming the bottom of said hopper 
to support the sand mix therein, a second movable closure 
means spaced downwardly from said first closure means, 
a chamber between said first and second closure means 
into which a charge of sand mix may be deposited from 
said hopper upon movement of said first closure means 
to open position, said second closure means including a 
plurality of rotatably mounted vanes, means operable to 
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open said vanes to permit the charge of sand mix in said 
chamber to drop downwardly onto a pattern therebelow 
and thereafter to close said vanes, and yieldable means 
associated with said last named means operable to per 
mit any vane having an obstruction in the path of move 
ment thereof to remain partially open while the remain 
ing vanes continue to move to closed position. 

6. In a machine for producing shell molds, a frame, 
an upper hopper on said frame adapted to contain a quan 
tity of Sand mix for use in making the molds, movable 
closure means forming the bottom of said hopper to sup 
port the sand mix therein, a second movable closure 
means spaced downwardly from said first closure means, 
a chamber between said closure means, an elongated en 
closure extending downwardly from said hopper, a jacket 
removably mounted on said enclosure, a carriage below 
said enclosure adapted to support a pattern thereon, means 
for opening said first closure means thereby to deposit 
a charge of sand mix from said hopper into said chamber, 
means to elevate the pattern into contact with said 
jacket, means to open said second closure means thereby 
to drop the charge of sand mix onto said pattern, said 
last named means being operable also to release said 
jacket from said enclosure and secure it to the pattern 
and means operable to dump the excess sand mix from 
said jacket and pattern while they are secured together. 

7. In a machine for producing shell molds, a frame, 
an upper hopper on said frame adapted to contain a quan 
tity of sand mix for use in making the molds, movable 
closure means forming the bottom of said hopper to sup 
port the sand mix therein, a second movable closure 
means Spaced downwardly from said first closure means 
and fortning a chamber therebetween, a carriage below 
said chamber adapted to have a pattern mounted thereon, 
fluid actuated means to open and then close said first 
closure means to permit a charge of the sand mix to 
drop downwardly from said hopper to said chamber 
and onto said second closure means during the time that 
said first closure means is open, fluid actuated means to 
open said second closure means and permit the sand mix 
in said chamber to drop downwardly onto the pattern 
therebelow, valve means movable with said second closure 
means and operatively connected to said second mentioned 
fluid actuated means for preventing operation of said 
Second closure means until after said first closure means 
has been opened and then closed, said valve means in 
cluding a control member thereon for opening and closing 
Said valve means, said control members being normally 
disposed in position to close said valve means and thereby 
prevent actuation of said second fluid actuated means, 
and means on said first closure means and engageable 
with said control member at the close of a reciprocation 
of said first closure means from closed position to open 
position and back to closed position to thereby move said 
control member to position to open said valve means and 
permit said second fluid means to be actuated to open 
said second closure means. 
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