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This relation relates to the art of casting hol-
low objects, and is disclosed in connection with a
method of casting hollow metal lasts for use in
making rubber shoes.

~In casting hollow objects it is necessary to sup-
port a core within the pattern impression, that is,
the hollow in the sand, the periphery of which
coresponds to the outside surface of the pattern.
In case the object is such that a number of holes
in it are permissible, the core may be supported
on arms extending through the holes into the sand
in the flask; in case such holes are not permissible,

10

chaplets are used to space the core properly from -

the mold.

15  Inthe case of metal shoe lasts, these procedures
are not of utility, It is not posible to produce a
good rubber shoe on a last having a hole at any
point where it is covered by the shoe, since local
injury takes place at the hole which limits the lo-

g0 catlon of an external support to the top of the
last, outside the shoe, and the use of chaplets re-
sults in small holes in the work, since the chaplets
remain in the casting and are never perfectly
amalgamated with it.

g5 Inorder to avoid waste of metal, it is necessary

to support the core accurately within the pattern

impression in the castlng flask, If it is not so
supported, the wall of the work piece will be too
thick on one side and too thin on the other, unless
as has been the case, the average thickness of
the wall is considerably increased, thus wasting
metal and adding often undesirably to the weight
of the casting. I{ has heretofore been impossible
to support the core in this accurate manner with-

s5 out a repeated cut and try method of casting a

trial last, sawing it in two, then readjusting the

relationship of the core to its support to correct

the unbalanced condition found, and casting a

succession of trial lasts, this process having to be

repeated for every different size and style of last.
It is an object of the present invention to pro-
vide a method of making and supporting the core
which shall produce an accurate result at the first
trial, without the necessity of any adjustments.
To this end I contemplate the etablishment in
the pattern of a reference frame comprising a pair
of axes extending transversely to each other, at
the beginning of the series of steps looking to the
production of a work piece, and in certain subse~
quent steps in the series gaging or locating from
similar axes the part being produced or treated,
in the same relation to the axes as was exhibited
by the pattern. The core and its support and the
pattern impression, being all located in the same
way from these axes, will necessarily assemble in
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exactly the desired relation. These axes are es-
tablished in the objects to which they relate by
various physical indices, such as marks or
seratches, drilled holes, flask pins and flask pin
and match plate holes, and other gaging means 8
or surfaces of various types. '

The method will be understood from the follow~
ing description of its application to the casting of
hollow metal lasts which is illustrated in the draw-
ings, in which - - .. _

Fig. 1is a side elevation of the last pattern;

Fig. 2 is a plan of the last pattern; .

Fig. 3 is a front elevation of the last pattern;

Fig. 4 is an exploded view of a flask;

Fig. 5 is a plan of the pattern drilling jig;

Figs. 6 and 7 are end and side elevations of the
match plate with the pattern attached;

Fig. 8 is-a plan view of the same;

Fig. 9 illustrates the impression made from the
match plate of Figs. 6, 7 and 8; ‘

Fig. 10 shows one of these impressions;

‘Fig. 11 illustrates the lining of the impresslon
of Fig, 10;
Fig. 12 illustrates the making of the mold for
the inside core box surface; . - o8
Fig. 13 shows the match plate ready to make
the impresion for the outside core box surface;-

Fig, 14 illustrates the impressions made from
the match plate of Fig. 13; -

Fig. 15 shows one of these 1mpresslons. )

Fig. 16 shows the core print in place in the im-
pression of Fig. 15;

Fig. 17 illustrates the castmg of the half core
box;

Fig. 18 shows the half core bOX'

Fig. 19 shows the core box drilling jig;

Fig, 20 shows the finished half core box;

Fig. 21 is a bottom plan of the complete core
box;

-Figs. 22 and 23 are a slde eleva.tlon and plan 40
of the core box stand;

Fig. 24 shows the finished core and its support;

Fig.-25 is a plan of the match plate with the last
and core support patterns;
_-Fig, 26 is an edge view of the same; 45

Fig. 27 illustrates making the impressions for
the last to be cast;

Fig. 28 shows one of the impressions;

Fig. 29 shows the core and its carrier in position
in the impression;

Fig. 30 illustrates the casting of the last;

Fig. 31 shows the last and core carrier as re-
moved from the flask; and .

Fig, 32 shows the finished work piece.

The last which 1t.1s proposed to cast hollow in gy
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metal is shown in Figs. 1 and 2. It is either turned
in one piece and then split, and the thickness of
the kerf filled with thin plates of veneer, or it
is turned from two pieces of wood 10, {1 tem-
porarily fastened together and readily separated
when the turning is done. The last parts so sep-
arated are shown in Fig. 3. A central gage mark
{2 is made across the top of. the pattern last
parts from side to side a$ shown in Fig. 2.

In making the core box and the finished hol-
low article, an ordinary flask, preferably of metal
with well fitting parts, is used. This flask is

shown in Fig, 4 and comprises an upper frame-
14, called the cope, and a-lower frame 16 called -

the drag or nowel. These frames have no top
or bottom, and are provided at their ends with

ears 18 having holes 20 through which pins 22 can.

be thrust to hold them in exact alinement one
above the other. These pins are generally fixedly
mounted on the ears of the drag. A match plate
24, whlch is simply a flat plate with holes 26 in
its ends registering with the holes in the ears
in the flask parts, so that the plate can be held
accurately between the two flask parts, is used
in some steps of the method. .

The fundamental axes X and Y (Fig. 1) are
first related to the pattern, and in this opera-
tion the gage mark {2 and the line tangent to

__ the heel bottom and ball portion of the last are
30-

used as gages, by means of which the locations
of the axes can be actually marked on the pat-
tern if desired.

One half of the pattern 10 is put on a jig
(Fig. 5) which has a serles of holes 28 and & rib
39.which are definitely located relatively to two
(perhaps imaginary) axes or lines X and Y. The
quantifative nature of the location is not im-
portant but its definiteness is important since
the match plate to be used has haoles in it located
at the same distance from similar axes. One co-
linear row. of holes may be and as illustrated is
centered on' the line Y in the jig. The line X
and the rib 30 are at right angles to the line Y.

The half pattern 10 is put on the jig with its
heel and forepart bottom resting on the rib 30,
and the gage mark (2 in its top in. alinement
with the line Y. The half. .pattern is then
clamped down on the jig in any convenient way
and suitable holes 31 are drilled in it through se-
lected holes 28 of the jig, and the known rela-
tion between the holes 28 in the jig and the axes
X and.Y effectively locates such axes in the half
pattern last. The Jig is provided with numerous
holes, not all shown in Fig. 5, for a large variety
of sizes and .shapes.of lasts, and,those holes are
used that are best adapted to the particular job.
The jig may e turned over and used on its other
side for the other half last pattern i1, which is
then treated.in the same way,.or.the half pat-
tern 1! may be drilled directly from the half
pattern {6.. Thus the holes in the two drilled half
patterns will exactly match.. .

The half patterns 10, (1 are then bolted on a
match plate 32, Figs. 6,7 and §, provided with the
same series of holes that have been used in drill-
ing the half patterns, located in the same way
relatively to _two lines X and Y, the. former of
which convemently Pbasses through the. pin holes,
and the latter of which is convenlently located
at one side of the center of the plate, for economy
in sand and to lighten the flask.. The match plate
32 with the attached. pattern is shown in Figs.
6,7 and 8, ..

The ma,king oI the core box will. next be dis-
cussed. Thisis a hollow box for shaping the core

~with shellac.
_half of the pattern is shown in Fig. 10. This im-
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that is to be supported in the impression indi-
cated in dotted lines in Fig. 9 and corresponds
to the air space in the finished hollow last. To
make this box a pair of impressions is taken from
the match plate and pattern of Figs. 6, 7 and 8. &
The making of such impressions is indicated by
Fig. 9. They are related to the axes X and Y ex-
actly as the pattern is. These impressions are
made of a mixture of sand and plaster of Parls
which sets fairly hard and are preferably coated 10
Such an impression of the right

pression is lined with some convenient substance

~34 (Fig. 11), such-as a rubber fabric about # of

an inch thick, the thickness being that of the 15
walls of the finished article desired. The lining

/36 of the top of the impression is made about %

of an inch thick and is formed of plastic clay,
or other plastic material. The result is shown
in Fig. 11. Another half flask is then placed on 20
top of the half flask shown in Fig. 10, and a mold
38 is made in it in green sand, from the impres-
sion of Fig. 10. This is illustrated in Fig. 12. The
mold 38 thus formed corresponds to the inside of
the core box, being 7 of an inch smaller than 25
the pattern except at the top, where the de-
ficiency is % of an inch. 'This mold is related to
the axes X and Y in the same definite way as
heretofore discussed. A mold is made in the
same manner from the other half of the pattern. 30
The impression for the outside of the core box
is made as follows. Wooden lug patterns 40, pref-
erably three in number, Fig. 13, are appilled to
each side of the match plate 32 of Figs, 6, 7 and
8, adjacent to the half patterns, and are bolted 35
to the match plate by bolts passing through con-
veniently located holes 42 (not shown in Figs. 6,7
and 8). These lug patterns 40 serve to make the
impressions from which the lugs 44 (Fig. 19),
which hold the t{wo halves of the core box to- 40
gether, are cast. A semi-cylindrical core print
46 is also attached to each side of the match
plate; this is to make an impression 52 which is
to hold a core 50 which makes a hole 64 for the
core support to be described. A gate pattern 48 45
is also applied to one side of the plate. The
match plate is then assembled with two half
flasks, and impressions formed from both sides
of it, which are shown assembled in Fig. 14.
Fig. 15 shows the right side impression... These 50
impressions have the same relations to the axes
X and Y as heretofore discussed. A semi-cylin-
drical core 50 is put in the core print impression
52, This core is longer than the core print im-
pression by.the thickness of the fllling 36 at the &6
top of the impression in Fig. 11. The mold, Fig.
12, for the inside surface of this side of the core
box is then assembled with the impression of
Fig. 16, in their half flasks, Fig. 17, and the half
core box 54 shown in Fig, 18 is cast. This has 60
the same definite relation to the axes X and Y
heretofore discussed. 'The gate metal 56 is then
cut away. The holes 58 in the lugs 44 are drilled
in a jig (Fig. 19) having a rib 59 located. rela-

“tively to the axes X and Y exactly as is the rib 65

30 (Fig. 5). and having suitable holes 69, 6{ for
use in drilling the lugs 44. These holes may be
located exactly like the holes 42 for attaching the
lug patterns 40 in Fig, 13 but they need not be so
located, as it is necessary only that they corre- 70
spond with holes in the core hox stand, to be
described. The inside edges of the half core box
54 are first ground flat, and it is placed on the
jig, shown in Fig. 19, with its bottom which is
thus used as a gaging surface, on the rib §9, and Y8
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with a semi-conical plug 62 arranged to slide
along the axis Y positioned to fit in the hole 64,
another gaging surface, which has been formed
in its top by the core §0. The holes 58 in the
lugs are then drilled through the appropriate
holes 60 of the jig. The jig is reversible so that
the other side can be used for the other half of
the core box. The bottom wall 68 of the core box
i1s cut away and the lugs 44 are cut back on their
inside surfaces at 70 to receive suitable supports
(Fig. 22), as will be seen. The finished half core
box 54 is shown in Fig. 20. The other half core
box 12 is made in the same way and the two
halves are shown in Fig. 21. These half core
boxes have the same definite relation to the axes
X and Y, as heretofore discussed, and the hole
64 and floor line, and the drilled holes, constitute
two sets of gaging means by which the axes can
be actually marked on the core box if desired.

In making the core the halves 54, 12 of the core
box are mounted on a core-making or core box
stand shown in Figs. 22 and 23, the elements of
which are all located relatively to axes X and Y,
as will be seen. 'This stand has a post 18 at one
end to which the two leaves 16 of a hinge are
pivoted on a vertical axis 18. These hinge leaves
are provided with holes located relatively to the
axes X and Y exactly as are the holes 60 for the
rear lugs in the drill jig of Fig. 19, and are accu~
rately fitted so that there is no lost motion. At
the other end of the stand is a post 80 having a
horizontal slide 82 with two holes 84 having the
same spacing from the axis X as the holes 61 for
the toe lugs in the drill jig of Fig. 19. The holes
80 and 6! are used as gaging means for locating
the core box on the stand, as will be seen. The
two halves 54, 72 of the core box are bolted to
the hinge leaves, in the holes corresponding to
those used in the drill jig, and are freely swing-
able about the axis of the hinge. When swung
together they can be pinned through the appro-
priate hole to the slide 82 at the toe by a latch 85.
The core-making stand has two fixed V blocks 86
and an overhanging member 88 located on its
base, and another fixed V block 98 located on the
post at is toe end. These V blocks are located at
definite distances from the axes X and Y and are
arranged to hold a core support, comprising two
cylinders $2, 94 at right angles, which nests in
them and is positively held in a definite position
in them by a screw 95 at the upper V block. The
horizontal cylinder 92 is held steady under the
member 88 and has a hole 96 in line with the
axis Y in which a core arbor tube 98 is held by
a set screw 100. The core arbor tube 98 is sur-
rounded by a sleeve {02 long enough to reach
through the thickened top of the core box, and a
little way into its interior. The core box, when
placed on the stand and closed, is packed with
green sand_and plaster and the two sides 54, 12
are then opened up and the core and its support
removed, as shown in Fig. 23. The horizontal
cylinder 92 has a member {04 pivoted in a slot in
it, like a jack knife blade, which can be turned
out and used to prop the core and its arbor in an
approximately vertical position. Thus the core
and its support have been definitely related to
the axes X and Y.

In order to cast the hollow last itself, a some-
what differently shaped flask is preferably used,
in order to effect economy of sand, and conven-
ience in handling. The axis X' of the two pin
holes in the flask is located at a known distance

Z from the axis X. The match plate 106 (Fig.

25) for this flask is equipped with the same se-

3

ries of holes 108 as the match plate of Figs. 6,

7 and 8, located in the same way relatively to
the axes X and Y, and the two half last pat-
terns 10, (1 are bolted on this plate in. the same
way as in Figs. 6, 7 and 8 and are thus in the
same relation to the axes X and Y. The match
plate 106 of Fig. 25 is also equipped with holes
110 located on lines located relatively to the
axes X and Y in exactly the same way as the
center lines of the cylinders 92, 94 of the core 19
suppoit and of the core arbor tube. By means
of these holes semi-cylindrical patterns 11§, 112,
and 113 are bolted on the match plate, corre-
sponding to the core support and the tube and
sleeve. Both sides of the match plate are 15
equipped in this way, as shown in Fig. 26, and a
gate pattern 114, and an outlet pattern 116 are
provided on one side of the plate. The plate 106

is then assembled with a flask as shown in Fig.
27, and impressions of its two sides are made, g0
that in the nowel being shown in Fig. 28. The
core support and core are then placed in posi-
tion in the nowel as shown in Fig, 29. This is
conveniently done by holding the whole unit by
the jack knife member 184, settling the horizon- 25
tal cylinder 92 into place and allowing the core
and the vertical cylinder 94 to drop gently into
place. The core support and its impression in
the sand thus serve as gaging means for the
core and pattern impression. The cope is then 39
put into position, as in Fig. 30, and the hollow
last is cast. When cool, the contents of the flask
are removed, as shown in Fig. 31, the set screw
{00 is loosened, the core support cylinders 92,
94 removed, the sleeve 102 slipped off and the 35
core arbor tube 98 moved around to loosen the
sand. The sand and arbor tube member are
shaken out of the hole (18. The gate and outlet
metal 120 are then cut off and the finished prod-
uct is as shown in Fig, 32. 40

To recapitulate the above-described procedure,

a definite relation is first established between the
pattern and its axes in the pattern drilling jig,
the same relation is then established between
the pattern and the core box casting flask axes 45
by bringing the two pairs of pattern and flask
axes into coincidence in the flask, a surface in-
terior to the pattern is then formed in def-
inite relation to these coincident pairs of axes, &
mold of the interior core box surface is formed g9
in the same definite relation to these axes, a core
box is cast in the same relation to these axes,
the core box is drilled in a certain definite rela-
tion to these axes, the core box is gaged on a
core box stand by means of the drilled holes, in 55
the same relation to the axes, a core support is
held on the stand in a definite relation to the
axes, a core is formed on it in the core box, the
core and its support are combined with an im-
pression of the pattern and of the core support go
in a pattern casting flask, all in the same rela-
tion to the axes, and the work piece is then
cast.

While this procedure has proved suecessful,
economical and convenient; not all of its steps g5
are vital to the invention in its broadest aspect.

It is not necessary that the core box itself be
made by the exact procedure described, since
any core box having suitable gaging means on
it can be introduced into the method of the in- g
vention. The particular jig of Fig. 19, for ex-
ample, will handle any core box the lower face
of which corresponds to the lower face of the
pattern last, and which has a properly centered
hole in its top surface, In a broader aspect 75
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therefore the invention contemplates establish-
ing in a core box made for the pattern a pair
of axes having the same relation to the inside
surface of the core box as have the pattern axes
to the corresponding surface inside the pattern,
making a core in the box, thus relating the core
to the axes, and assembling the core and an
impression of the pattern with the core axes
and pattern axes in coincidence.

Having described my invention, what I claim
as new and desire to secure by Lefters Patent of
the United States is: :

1. The method which consists in applying on
a pattern suitable physical indices indicating two
axes lying transversely to each other, locating
in a core box made for said pattern suitable physi-
cal indices indicating two axes also lying trans-
versely to each other and located in the same
relation to the interior surface of the core box
as the two first-mentioned axes bear to the sur-
face inside the pattern which corresponds to the
desired interior surface of the finished casting,
making a core in the core box thus establishing
the same relation between the axes prexiously
located in the core box and said core, making an
impression from the pattern in proper relation
to physical indices determining two axes lying
transversely to each other and located in the
same relation to the surface of the impression
as the two flrst-named axes bear to the sur-
face of the pattern, and assembling the core and
the impression from the pattern with the pair of
axes on the impression and the palr of axes on
said core in coincidence, whereby the core is posi-
tioned accurately in a predetermined position in
the impression from the pattern, thereby to in-
sure equal thickness of the walls of the finished
article. :

2. Establishing in a pattern, through physical
indices on the pattern, two axes lying transverse-
ly to each other, establishing through physical
indices in a core box made for said pattern two
similarly relatively located axes in the same re-
lation to the interior surface of the core box
as the two first-mentioned axes bear to the sur-
face inside the pattern which corresponds to
the desired interior surface of the finished work
piece, making a core in the core box in rigid
attachment to a core carrier which is located in
predetermined relationship to the core box in-
dices, thus establishing the core box axes rel-
atively to the core and the core carrier, making
an impression of the pattern combined with an
impression of the core carrier, the latter im-
pression having the same relation to the pattern
axes as the core carrier itself had to the core
axes when the core was made, and assembling
the core and the combined impressions with the
pattern axes and the core axes in coincidence.

3. Establishing physical indices in a patiern
which define two axes lying transversely to each
other, forming on a core box made for said pat-
tern gaging indices in a definite relation to a pair
of axes having the same relation to the inner sur-
face of the core box as have the first~-named axes
to a surface inside the pattern which corre-
sponds to the desired inside surface of the fin-
ished work piece, mounting the core box on a
core box stand having gaging indices cocoperat-
ing with the core box gaging indices and prede-
terminedly related to a second .gaging . surface
located in the stand, making a core in the core
box rigldly connected with the second said gag-
ing surface, making an impression of the pat-
tern combined with an impression of the last-
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named gaging surface, the latter impression hav-
ing the same relation to the pattern axes in the
pattern impression as the gaging surface itsell
had to the core axes when in the core box stand,
and assembling the core and the combined im- .8
pressions with the pattern axes and the core axes

in coincidence.

4, Lecating by means of physical indices in &
pattern two axes lying transversely to each other,
forming on a core box made for said pattern a 10
gaging surface in g definite relation to a pair of .
axes having the same relation to the inner sur-
face of the core box as have the first-named axes
to an imaginary surface inside the pattern which
corresponds to the desired inside surface of the 18:
finished work piece, mounting the core hox on &
core box stand having a gaging surface cooper-
ating with the core box gaging surface, mount-
ing in said core box stand a core carrier in a
definite relation to said core box gaging surface, 80
and thereby in a definite relation to the core hox
axes, making a core’in the core box and on said
core carrier, thereby relating the core and core
carrier as a whole to the core box axes, making
a combined impression of the pattern and of the 38
core carrier, the lattern being now located in the
same relation to the pattern axes as had the core
carrier to the core box axes, and assembling the
combined impression and the core and carrier
with the core axes and the pattern axes in coin- 30
cidence.

5, Liocating by means of physical indices in a
pattern two axes lying transversely to each other,
locating by means of physical indices in a flask
two similarly relatively located axes, forming in 38
the flask a surface corresponding to the desired
inside surface of the finished work piece and lo-
cated relatively to the flask axes in the same re-
lation as is the corresponding surface inside the
pattern to the pafttern axes, casting in the flask €0
a core box having the said surface as its interior
surface, thereby locating the flask axes in the
core box, and forming on the core box physical
gaging means having a predetermined relation
to the core box axes.

6. Locating by means of physical indices in a
pattern two axes lying transversely to each other,
locating by means of physical indices in a flask
two similarly relatively located axes, forming in
the flask a surface corresponding to the desired 50
inside surface of the finished work piece and
located relatively to the flask axes in the same
relation as is the corresponding surface inside
the pattern to the pattern axes, casting in the
flask a core box having the said surface as its 58
interior surface, thereby locating the flask axes
in the core box, forming on the core box physical
gaging means having a predetermined relation
to the core box axes, placing the core box on a
core box stand having gaging means cooperating 60
with the said core box gaging means, placing
also on the core box stand a core support in a
definite predetermined relation to the core box
axes, by means of the two gaging means on the
box and the stand, and making a core in the core 65
box in rigid connection with the core carrier.

7. Locating by physical indices in a pattern
two axes lying transversely to each other, estab-
lishing-in a flask two similarly located axes, plac-
ing the pattern in the flask with the two pairs of 70
axes in coincidence, making an impression of the
pattern in the flask, lining the impression in the

flask, making a mold of said lined impression in

a definite relation o said axes, casting an in-
terior core box surface from said mold, in the 76
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same relation to said axes, thereby locating the
axes in the core box, establishing in a core box

stand two axes having the same relative positions

as those of the already-mentioned pairs of axes,
mounting the core box on the stand with the core
box axes and stand axes in coincidence, and
forming & core in said core box in a definife
relation to said axes.

8. Locating by physical indices in a pattern
two axes lying transversely to each other, estab-
lishing in a flask two similarly located axes, plac-
ing the pattern in the flask with the two pairs
of axes in coincidence, making an impression of
the pattern in the fiask, lining the impression in
the flask, making a mold of said lined impression
in a definite relation to said axes, casting an in-
terior core hox surface from said mold, in the
same relation to said axes, thereby locating the
axes in the core box, establishing gaging means
on said core box in a definite relation to the
core box axes, establishing gaging means on a
core box stand in the same definite relation to
core box stand axes having the same relative
position as the axes previously mentioned, mount-
ing the core box in the stand, by means of the
two said gaging means, with the core box axes
and stand axes in coincidence, forming a core in
the core box on g core support placed in a known
relation to said axes, and assembling in a flask
the support and core, and an impression of the
pattern, with the pattern and core axes in coin-
cidence. :

9. Locating by physical indices in a pattern
two axes lying transversely to each other, estab-
lishing in a flask two similarly located axes,
placing the pattern in the flask with the two
pairs of axes in coincidence, making an impres-~
sion of the pattern in the flask, lining the im-
pression in the flask, making a mold of said lined
impression in a definite relation to said axes,
casting a core box wall from said mold in the
same relation to said axes, thereby locating the
axes in the core box, establishing in a core box
stand two axes having the same relative posi-
tions as those of the already-mentioned pairs of
axes, mounting the core box on the stand with
the core box axes and stand axes in coincidence,
forming a core in the core box in a definite rela-
tion to said axes, forming in a flask an impression
from the pattern, supporting the core in said
impression with the core axes in coincidence with
the pattern axes, and casting a work piece in said
flask.

10. Locating by physical indices in a pattern
two axes lying transversely to each other, estab-
lishing in a flask two similarly located axes, plac-
ing the pattern in the flask with the two pairs
of axes in coincidence, making an impression of
the pattern in the flagk, lining the impression in
the flask, making a mold of said lined impression
in g definite relation to said axes, casting a core

box wall from said mold, in the same known rela~- -

tion to said axes, thereby locating the axes in

5

the core hox, establishing in a core box stand two
axes having the same relative positions as those
of the already-mentioned pairs of axes, mount-
ing the core hox on the stand with the core box
axes and stand axes in coincidence, mounting a
core support on said stand in a definite relation
to the stand axes, and forming a core in said
core box and on said support, in the same known
relation to said axes.

11, Locating by physical indices-in a pattern.
two axes lying transversely to each other, estab-

lishing in a flask two similarly located axes, plac~
ing the pattern in the flask with the two pairs
of axes in coincidence, making an impression of
the pattern in the flask, lining the impression in
the flask, making a mold of said lined impression
in a definite relation to said axes, casting a core
box wall from said mold in the same relation to
said axes, thereby locating the axes in the core
box, forming gaging surfaces on said core box
in a known relation to said axes in the core box,
mounting the core box in g core box stand having
gaging surfaces arranged to cooperate with the
first-named gaging surfaces, with the gaging sur-
faces in cooperation, making & core in the core
box on a core support mounted on said stand in
a known relation to the core box gaging sur-
faces, whereby the core and its support, as a
whole, are given a known relation to said axes,
forming in a flask an impression of the pattern,
and an impression of the core support in the
same relation to the pattern axes as has the
core support to the core axes, supporting the
core in said impression with the core axes in
coincidence with the pattern axes, and casting
a work piece in said flask. :

12, Establishing in a pattern two axes lying
transversely to each other, establishing in a flask
two similarly located axes, placing the pattern
in the flask with the two pairs of axes in coin-
cidence, making an impression of the pattern in
the flask, lining the impression in the flask, mak~
ing a mold of said lined impression in a definite
relation to said axes, casting a core box wall
from said mold in the same relation to said axes,
establishing in a core box stand two axes hav-
ing the same relative positions as those of the
already-mentioned pairs of axes, mounting the
core box on the stand with the core box axes
and stand axes in coinecidence, mounting a core
support on said stand in a deflnite relation to
the stand axes, forming a core in said core box
and on said support in g definite relation to said
axes, said core support being connected to said
core at one place only, forming In g flask an
impression of the pattern, and an impression of
the core support in the same relation to the pat-
tern axes as had the core and core support to
the core box stand axes, supporting the core in
said impression with the core axes in coincidence
with the pattern axes, and casting a work piece
in said flask.

FRANK P. HYDE.
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