Oct. 22, 1935. S. P. WETHERILL, JR., ET AL 2,018,586
METAL CASTING SYSTEM

Filed June 4, 1934 5 Sheets—Sheet 1

L
’/é//,
Z K}
. /4__/"~
Y ,
2227, /
— <. 26
: “y_
% a9 _“_
/y 73 P 45
1, °\ Ty
TV |
‘ 4\ |f”
\ ‘\ 33’ | 2
' \
\
“l ‘\\' R \
\ [ 7/ « 2
H ! T Q @
@
z6 V\! |I- { ||| h\\- ! g g|||
" 4 l‘__u.“_“' b ! ¥ h
j \ \/2 Hﬁl ”Im' l :
I
' i .I(II’ '[
7l \ \ g“\ " Al
—
| REH 3 k== !H 1
O e s il R
2% o /; ) . Y6 9o 0] - .
Frreclkric. A < Foerralkar

S



Oct. 22, 1935. S. P. WETHERILL, JR., ET AL 2,018,586

METAL CASTING SYSTEM

Filed June 4, 1934 . 5 Sheets-Sheet 2

: 9  emersiBs

Orrrzecel FFvoe WoFhbere Yk
FFeclerzed B Thoeraier

Lherr 55
éyz gy



S. P. WETHERILL, JR., ET AL

Oct. 22, 1935.

2,018,586

METAL CASTING SYSTEM

5 Sheets-Sheet 3

led June 4, 1934

Fi

1/
ecrerellis

HeBher Ok

A B Shoerrealir

=z

S ‘

Pcce

Y
_Greckr

)

&

&



S. P. WETHERILL, JR., ET AL 2,018,586

Oct. 22, 1935.

METAL CASTING SYSTEM

5 Sheets-Sheet 4

Filed June 4, 1934

i

|

____

o

L7

Freclbrieh 7 T hoerraater

s

Gy Fheir (55T

é";,"‘

g/gﬁgiuméu/



Oct. 22, 1935. S. P. WETHERILL, JR., ET AL 2,018,586

METAL CASTING SYSTEM

Filed June 4, 1934 5 Sheets-Sheet 5




10

20

14
(51

30

Patented Oct. 22, 1935

UNITED STATES

2,018,586

PATENT OFFICE

2,018,586
- METAL.CASTING SYSTEM -

.Samuel Price Wetherill, Jr., Haverford, and Fred-
erick ¥. Shoemaker, Chestnut Hill, Pa., as-
signors to Wetherill-Morris Engineering Com-
pany, Inc., Philadelphia, Pa., a corporation of

Delaware

Application June 4, 1934, Serial No. 729,002
. 28 Claims. (ClL 22—69)

This invention relates to improvements in metal
casing systems of the character - wherein the

. molten metal is fed to a mold or die under pres-

sure, and the principal object of the invention is
to provide novel and improved apparatus for this
type of casting that shall be both efficient and

commercially practicable. The apparatus, while .

useful for casting other -classes of metals, is
adapted primarily for casting metals of the higher

melting temperatures, such for example as iron .

and steel. .

" To the above general end, another object of the
invention is to provide apparatus of the stated
character comprising a crucible so constituted as

_to afford an exceptionally high efficiency of heat

transmission to the interior thereof, thereby
avoiding necessity for destructively high tempera-

" tures at the exterior of the crucible.

A further object of the invention is to brovide

apparatus of the stated character that shall be -

free from critical operations requiring the serv-
ices of a highly skilled operator, and one that can
be relied upon to provide sound castings under all
but the most abnormal conditions.

A still further object of the invention is to pro-
vide in apparatus of the stated character a novel
construction of discharge nozzle together with
novel heating means making possible mainte-
nance of sufficiently high nozzle temperatures to
prevent chilling and consequent freezing in the
nozzle of metals of the higher ranges of melting

"temperature, thereby for the first time permit-

ting manufacture by this process and in an unin-
terrupted operation of any required number of
castings of metals such as iron and steel. .
The invention further resides in certain novel
structural arrangements and details hereinafter

set forth and illustrated in the attached draw-

ings, in which:

Figure 1 is a plan view of apparatus made in

accordance with our invention; .
Fig. 2 is a side elevational view of the appara-
tus; . ' . '

PFig. 3 is a .section on the line 3—3, Fig. 1;

Fig. 4 is a section on the line 4—4, Fig. 1;

Fig. 5 is a section on the line 5—35, Fig. 3;

Fig.” 6 is a fragmentary reduced elevational
view illustrating the container or crucible-sealing
and pressure-applying means;

Fig. 7 is a vertical sectional view on the line
1—1, Fig. 8, illustrating a modified embodiment
of our invention. ] ' :

Fig. 8 is a horizontal section on the ling §—8,
Fig. 7, and :

Fig. 9 is a view In perspective of the cover mem-
ber in the embodiment illustrated in Figs. 7 and 8.

In general, the invention contemplates the use
of a crucible of a refractory composition capable
of withstanding both the corrosive action of the
molten metal and the temperatures required for
the casting of iron, steel and other high tempera-
ture metals, and which is capable alse of with-
standing in some degree the expansive effect of
the pressure to which the metal must be subjected
in the normal casting operation. In conjunction
with a crucible .of this character, the invention
further contemplates the use of a structure re-
motely positioned with respect to the crucible and
strong enough in itself to support the expansive
pressure to which the relatively weak refractory
material of the crucible is subjected, together
with means for transferring to this structure the
major part of said expansive pressure while leav-
ing portions of the exterior surface of the crucible
exposed for direct application of heat. " In a con-
struction of this character in which the heat can
be applied to the crucible at a point remote to
the supporting structure, it is only necessary to
force the heat through the walls of the crucible
while the expansive pressure imposed upon the
crucible walls iIs transferred through a heated
zone to the relatively cool and strong supporting
structure by means, capable of resisting compres-
sion as well as withstanding the heat to which it
necessarily is exposed.

With reference to the drawings, the crucible or
containerfor themolten metal is indicated at {. As
shownin Fig. 3, thiscontainerhasinits top an open-
ing 2 affording access to the main chamber 3, and
communicating with the bottom of the chamber 3,
is a nozzle passage # which extends upwardly and
terminates in a port 6 at the top of the container.
Preferably this crucible is made of a carbon~bond-
ed graphitic refractory material of the character
described in pending application for United States
Ietters Patent Serial Number 663,259, filed March
29, 1933, and known in the trade as synthetic
carbon, this material having in marked degree the
required. characteristics of resistance to the cor-
rosive action of the molten metal and to the tem-

‘peratures required for casting metals, such as iron

and steel, of the higher melting temperatures,
and a relatively high heat conductivity permitting
maintenance in the interior of the crucible of the
required relatively high temperatures without a
destructively high temperature at the exterior of
the crucible, and having also the inherent strength
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and low porosity required for practice of the
‘present invention,

The container | is supported in the present
instance upon a plurality of piers 6, which as
shown in Figs, 3 and 4 rest upon a hearth 1, and
this hearth is supported upon the bottom plate 8
of a metallic casing, the walls 9 of which extend
upwardly at points remote from the sides of the
container 1. ‘This casing is provided at opposite
sides with trunnions 11 which are journaled in
hook-shaped bearings 12 projecting from the up-
rights 13 of an elevated supporting framework
{4, This trunnioned mounting permits the cas-
ing to be pivoted from the normal upright posi-
tion to the inverted position shown in broken lines
in Fig. 2. In the normal upright position, the cas-
ing rests at one end upon a spring 15 supported
on & transverse member {6 of the frame (4. The
opposite end of the casing may be releasably sup-
ported in any suitable manner, such for example

" .as by a transverse removable bar 1T extending be-

tween and resting upon the horizontal side mem-
bers of the frame 14. Withdrawal of the bar 1T
permits the casing to be tilted, as previously set
forth., Preferably the piers 6 are of a refractory
composition, such as silicon carbide, having the
necessary strength to adequately support the con-
tainer I, together with the ability to withstand the
high temperatures to which they are subjected,
as hereinafter set forth, in the operation of the
apparatus. .

Surrounding the sides of the container | and
partially filling the space between the sides of the
container and the side walls 8 of the casing is a
body 18 of a high-temperature refractory of rela-
tively low conductivity, and this refractory is in
turn embraced, within the area of the side walls
of the container I, by a layer 19 of suitable insulat-
ing material. .

The hearth 7, which is preferably formed of
aluminum oxide or similar refractory material and
which may be lined on the top with a thin layer
of a suitable high temperature cement is sup-
ported through a sheet of asbestos upon a metallic
plate 21, and this plate in turn rests upon a series
of set screws 22 threaded into the bottom plate 8
of the metallic casing. Preferably each set screw
is provided with a lock nut 23. By this means it
is possible to adjust the hearth in accordance with
the expansion and contraction of the piers 6 and
of the container {. As hereinafter described, the
piers 6 are exposed to the heat applied to the ex-
terior surface of the container I. These piers
when heated will have a tendency to expand, but
due to partial vitrification of the silicon carbide
material, the expansion and contraction will not
remain a constant factorof the temperature. For
adequate support of the container I, it is essential
that the piers remain in firm contact both with

-the under side of the container and with the

hearth, and the adjustable mounting of the hearth
provides for maintaining this necessary relation.

It will be noted that the piers 6 are so arranged
that the major portion of the under surface of the
container { is exposed. The space between the
hearth and the under side of the container occu-
pied by the piers is connected through a passage

‘24 in the refractory 18 with an opening 25 in the

side wall 9 of the casing. This opening provides
for insertion of a burner tube 26 which may be of
the Bunsen type, by means of which a flame may
be projected into the space immediately below the
container { and against the under surface of the
Iatter. In order to give the bottom wall of the
container sufficient strength in that portion not
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immediately supported by the piers 6, the inner
bottom surface of the container | and of the main
chamber 3 is arched, as shown in Figs. 3 and 4.

Seated in the opening 2 at the top of the con-
tainer [ is a flanged fitting 31 which projects up-
wardly above the top of the container 1 and
provides a port through which access may be had
to the chamber 3 of the container. A similar

tting 82 is seated in the top of the nozzle passage
4 and forms in effect a tip for the nozzle. The
upper portions of these fittings occupy openings
in a cover-plate 33, preferably of a low conduc-
tivity refractory, which is supported in the top
of the casing in spaced relation to the top of the
container f. A chamber 34 is thus formed at
the tcp of the container f, access to which
through the wall of the casing and through the
refractory material 18 is afforded by passages 35
and 36. The passage 3% enters the chamber 34
at -a point adjoining the nozzle tip 32 and pro-
vides for the insertion into the casing of a burner
tube 3T which may be of the Bunsen type and
which is adapted to project a flame against the
nozzle tip 82, and around this tip into the cham-
ber 34. Circulation through the chamber of the
heating gases is afforded by the passage 36 and
by the openings in the cover-plate 33 around the
uxpar ends of the fittings 31 and 32. Flues 38, 39
and 41 extend upwardly from the space between
the bottom of the container | and the hearth 7
and through the refractory material 18 into the
chamber 34 at the top of the container, it being

noted by reference to Fig. 1 that the flues 39

and 41 enter the chamber 34 closely -adjacent to
the nozzle tip 32, while the flue 41 enters the
inner end of the passage 35, which as previously
set forth also lies adjacent the nozzle tip 32. The
heated gases from the burner 26 after impinging
upon the bottom of the container ( pass up-
wardly through the flues 38, 39 and 4! into the
chamber 34 at the top of the casing, the greater
portion of the heat thus circulating passing
through the flues 39 and 41, which as previously

[

35

set forth are contiguous to that portion of the

container 1 threcugh which the nozzle opening 4

- basses, so. that the greater proportion of the cir-

culating heat is applied to this portion of the
ccntainer and to the nozzle tip 32.

It will be noted that the depending portion fa
of the container | which lies between the main
chamber 3 and the nozzle passage 4 is provided
with a recess or channel 42 which extends down-
wardly to a point adjacent the bottom of said de-
pending portion fa and which terminates at the
top in the chamber 34. This constitutes a trap

for air tending to pass through the depending

portion la of the container from the chamber 3
towards the nozzle passage 4 and prevents this
air from passing into the body of molten metal

"discharging through the nozzle, as hereinafter set

forth.

In a normal casting operatlon the contamer
| is charged with a suitable quantity of molten
metal through the opening 2 and the fitting 3,
the high conductivity material of the crucible
insuring a highly efficient transmission of heat
to the metal and maintenance within the crucible

45
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of an adequate temperature without excessively |

high temperatures within the Space immediately
below the crucible.  Thereafter the charging port
through the said fitting 31 is closed by applying
to the top of the fitting a fixture 43 formed with
a port #44 through which air pressure may be
imposed upon the upper surface of the molten

10'

metal in the main chamber 3. Preferably the 76
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fixture 43 is provided with a foraminous plate or
baffle 45 which preheats and distributes the air
forced into the dome and prevents this air im-
pinging in a concentrated blast upon the upper
surface of the molten metal. An asbestos or
other suitable gasket 46 may be provided at the
upper face of the fitting 3! in order to form an
effective seal between the fixture 43 and the top
of the fitting. .

As shown in Fig. 6, the fixture 43 is carried by
and depends from 'a lever 47 hinged at 48 upon

a suitable supporting structure in a position over- -

lying the casing, and means in the form of an
adjustable yoke 49 may be provided for retaining
the free end of the lever 47 in the horizontal
position in which the fixture 43 engages the fit-
ting 3{. This bracket may be provided with a
set screw 50 for exerting a downward pressure
upon the free end of the lever, forcing the mem-
ber 43 firmly down upon the gasket 48.

A die 52 having a charging port 53 is now
brought down by suitable means upon the upper
end of the nogzzle tip 32, a suitable gasket 54
being provided to seal the joint between the tip
and the abutting die surface. Air pressure is im-
posed through the port 44 of the fixture 43 upon
the top of the chamber 3 and upon the surface
of the molten metal therein, this pressure being
sufficient to force the metal downwardly in the
chamber 3 and upwardly in the discharge nozzle
4, the metal passing through the tip 32 and
through the registering die opening 53 into the die.
After sufficient metal has thus been discharged to
completely fill the die and to provide an excess
of metal sufficient to compensate for shrinkage in
the die chamber, the air pressure is relieved from
the chamber 3, and the die 52 is removed. This
cycle of operations is repeated until the required
number of castings is provided, the crucible being
recharged when necessary. ‘

It is apparent that the metal thus discharged
from the casing | must be interrupted before
the level of the metal in the casing is reduced
to a point below the bottom of the depending por-
tion ia of the container. Air forced through the
somewhat permeable material of the portion {a
of the container is bypassed through the channel
42 to the chamber 34, and is thus prevented from
entering the column of metal passing through
the discharge port 4 to the die. Shock upon the
container | by impact of the die 52 on the
upper end of the nozzle tip 32 and excesslve pres-
sures arising from expansion between the die and
the container is relieved by the spring 15, which

permits that end of the casing to move down--

wardly under excessive pressure. Additional

charges of molten metal may be introduced into -

the container | by displacement of the fixture 43
from its normal position upon the fitting 3§. A
solid abutment for the bottom of the container
upon the hearth 1, which is essential in order to
prevent damage to the container 1 by the pressure
applied to the interior thereof in discharging the
molten metal, is maintained through the medium
of the adjusting screws 22, through which any
play developing by reason of contraction of the
piers 6 or in the container may be taken up.

It is essential, in order to maintain the ap-
paratus in continuous operation, to prevent
chilling and consequent freezing of the metal in
the discharge nozzle. While this has been a rela-
tively simple matter in apparatus of the general
character used for casting metals, such as type
metal, of low melting temperature, the require-
ment has never been fully met in apparatus for

3

manufacturing castings from metals, such as iron
and steel, of the higher range of melting tem-"-
peratures. Production by this method of the
latter class of castings has been so slow, by
reason of the necessity for frequent interruptions
to clear the nozzle of accretions of metal, that
the method has not heretofore been found com-
mercially practicable on any substantial scale.
Referring to Fig. 3 of the drawings, it will be.
noted that the discharge end of the nozzle 4 is 10
necessarily remocte to the principal source of
heat and is subject to considerable heat loss by
exposure to the atmosphere and by contact with
the relatively cold die, which contact is necessarily
sustained during the periods in which the metal 15
is “setting” in the die. To prevent progressive
clogging, these heat losses in the nozzle must be re-
placed and the nozzle maintained at a tempera-
ture in excess of the melting temperature of the
cast metal, which in the case of iron and steel is 20
relatively high. This requirement is complicated
by the fact that the tip of the nozzle contacted by
the die must have at these high temperatures a
structural strengh capable of withstanding the
impact and sustained pressures imposed by the 25
die, which are considerable. By the present in-
vention, we provide the nozzle 4 with the tip 32
of silicon carbide or similar refractory material
which as we have established by exhaustive ex-
periment possesses the characteristics meeting 30
the multiple requirements. This material is
capable of withstanding without undesirable
physical change sustained temperatures in excess
of the melting temperatures of the higher melting
temperature metals such as iron and steel. It 35
possesses also the required structural strength at
these high temperatures, is non-porous, and has
the additional desirable characteristic of rela-
tively high heat conductivity insuring -efficient

-

. transfer of heat to the interior bore from an ex- 40

ternal source. As previously described, provision

is made through the medium of the flues 39 and

41 for directing heat from the burner 26 to the
portions of the crucible embracing the nozzle 4
and to the area immediately surrounding the tip 45
32. Under normal conditions, this heat has been
found sufficient to maintain the minimum allew-
able operating temperature, and additional heat
may periodically be directly applied to the nozzle
tip through the burner 27.

Apparatus constructed in accordance with the
principles set forth above can be kept in con-
tinuous uninterrupted operation over extended
periods of time as required for manufacture of
high quality castings on a production basis.

When the casting operation is to be discon-~
tintied for any substantial period of time, the
residual metal within the container { may be dis-
charged therefrom by removal of the fixture 48,
withdrawal of the support |7 and tilting of the 60
entire casing to the inverted broken line position
shown in Fig. 2 permitting discharge of the molten
metal from the charging opening 2 through the
fitting 3(.

The embodiment of our invention illustrated 65
in Figs. 7, 8 and 9 is in iis essential principle of
construction and operation the same as that pre~ -
viously described. The corresponding elements
in this embodiment are, therefore, identifled by
the same reference numerals. It will be noted 70
that the crucible { is supported in the casing and’
in the same manner previously described by the
piers 6, at least some of which are located pref-
erably in the vertical planes of the access open-
ing 2 of the crucible and the discharge port §.

55
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4
In this Instance, however, the body of refractory
(8 embracing the crucible does not contact the
sides of the latter but is spaced therefrom so as
to provide an uninterrupted flue passage 5%
around the crucible. The crucible is centered in
the casing and the walls thereof are reinforced
by blocks 56 of silicon carbide or other material
of similar characteristics which project inward-
ly through the walls of the casing and which are
held at their outer ends by clamps 51. These
clamps and the blocks 56 to which they are at-
tached are urged inwardly by compression springs
58 which are confined between the outer ends of
the said clamps and bars §9, which bars are sup-
ported and retained by stud bolts 68, the inner
ends of which are secured in the metallic shell 9
of the casing. The bars 59 are adjustable on the
studs to regulate the tension of the springs 58
and thereby the pressures with which the blocks
56 engage the sides of the crucible. The joints
between the blocks 56 and the walls of the cas-

"ing are sealed by a suitable refractory cement-

ing material 61.

The cover-plate 33 shown in Fig. 7 and in the
perspective view of Fig. 9 has at the under side
and in the inner surface a series of recesses §2
which in assembly and as shown in Fig. 7 regis-
ter with the upper end of the flue passage 55 and
establish communication between this passage
and the chamber 34 in which, as in the previously
described embodiment, are established the fitting
31 overlying the main chamber 3 of the crucible
and the nozzle tip 32 at the upper end of the
nozzle passage 4. The combustion gases thereby
pass from the combustion chamber below the
crucible upwardly through the flue passage 5§ and
into the chamber 34, as indicated by the arrows
in Fig. 7, and thereby supply heat not only to
the side walls of the crucible but also to the fit-
ting 31 and the discharge nozzle 32. As in the
brevious embodiment, provision is made through
the passage 35 for direct application of heat from
a-suitable burner to the nozzle tip 32, if this is
found necessary in order to maintain the said
tip at the required temperature.

It will be apparent that this embodiment of
our invention contains the same basic principles
found in-the embodiment illustrated in Figs. 1
to 6, inclusive.

We claim: . -

1. In casting apparatus of the character set
forth, the combination with a crucible of non-
metallic refractory composition, of a relatively

strong structure remote to the crucible, means

for applying heat to the exterior of the crucible,
means for applying pressure to the interior of
the crucible, sald pressure being in excess of the
pressure in the area surrounding the crucible and
thereby tending to expand and disrupt the rela-
tively weak walls of the latter, and means for
transferring to the said structure the disruptive
forces thus imposed upon the said walls of the
crucible.

2. In casting apparatus of the -character set
forth, the combination with a crucible of non-
metallic refractory composition, of a relatively
strong structure remote to the crucible, means
for applying heat to the exterior of the crucible,
means for applying pressure to the interior of
the crucible, means for -transferring to the said
structure the expansive pressures thus imposed
upon the relatively weak walls of the crucible,
said pressure-transferring meang including a
plurality of relatively spaced plers of non-metal-
lic refractory composition exposed to said heat

2,018,586

and bridging the space intervening between the
crucible and said structure, and adjustable means
for maintaining a solid bearing between the piers
and the crucible and the sald structure.

3. In casting apparatus of the character set 5
forth, the combination with a crucible of non-
metallic refractory composition, said crucible
having a discharge nozzle and an opening pro-
viding for application of pressure to the interior
of the crucible to forcibly discharge the molten 19
contents through the nozzle, of a relatively
strong structure remote to the crucible, and re-
fractory means interposed and forming solid
abutments between the crucible and said struc-

ture for reinforcing the walls of the crucible 15

against the said internal pressures, sald rein- -
forcing means being constructed and arranged
to leave a portion of the exterior surface of the
crucible exposed for application of heat to the
latter. '

4. In casting apparatus of the character set
forth, the combination with a crucible of non-.
metallic refractory composition, of a metallic
housing remotely embracing said crucible, sald
crucible having a discharge nozzle and an open- 25
ing providing for application of pressure to the
interior of the crucible to forcibly discharge the
molten contents through the nozzle, and the
housing being constructed and arranged to afford
access to the nozzle and said opening, and re- 30
fractory abutments extending between the hous-
ing and the crucible and reinforcing the walls
of the latter against the said internal pressures,
said abutments leaving portions of the outer sur-
Tace of the crucible exposed and the housing hav- 35
ing an opening affording access to said exposed
portions for application-of heat to the exterior
of the crucible.

5. In casting apparatus of the character set
forth, the combination with a crucible of non- 40
metallic refractory composition, of a metallic
housing remotely embracing said crucible, said
crucible having a discharge nozzle and an open-
ing providing for application of pressure to the
interior of the crucible to forcibly discharge the 45
molten contents through the nozzle, and the
housing being constructed and arranged to afford
access to the nozzle and said opening, refractory
abutments extending between the houstng and
the crucible and reinforcing the walls of the lat- 50
ter against the said internal pressures, said abut-
ments leaving portions of the outer surface of
the crucible exposed and the housing having an

20

‘opening affording access to said exposed portions

for application of heat to the exterior of the 55
crucible, and adjustable means in said housing ’
for compensating expansion and contraction in
the apparatus affecting the normal relation be-
tween the housing and the refractory elements.. .

6. In casting apparatus of the character de- ©0
scribed, the combination with a crucible having
a discharge nozzle and an opening providing for
application of pressure to the interior of the
crucible to forcibly discharge the molten contents
through the nozzle, said crucible being of re- 65
fractory composition of insufficient strength to
withstand the expansive effect of said pressure,
of a relatively strong structure remote to said -
crucible, and means extending between the said
structure and crucible for reinforcing the latter,
said reinforcing means engaging portions only
of the outer surface of the crucible and leaving
other portions exposed for direct applicatioi. of -
heat to the crucible. .

7. In casting apparatus of the character set 75

70

-
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forth, the combination with a crucible of com-~
position both highly refractory and of high heat
conductivity, of a relatively strong reinforcing
structure, a hearth member movably mounted in
said structure below the crucible, support means
for said crucible extending upwardly from said
hearth, said support means leaving a portion of
the under surface of said crucible exposed, means
for applying heat to the exposed portion of the
under surface of said crucible, and means for
adjusting the hearth vertically to compensate for
expansion and contraction of said support means.

8. In casting apparatus of the character set
forth, the combination with a crucible comprising
a main chamber and a nozzle passage extending
from the lower portion of said chamber through
a wall of the crucible and terminating in the
top of the latter, a hearth positioned below and
in spaced relation to the bottom of said crucible,
means for projecting a flame into the space be-
tween the hearth and said crucible and against
the under surface of the latter, and flue passages
extending upwardly from said space in proximity
to said nozzle passage.

9. In casting apparatus of the character set
forth, the combination with a crucible compris-
ing a main chamber and a nozzle passage com-
municating with the lower portion of said cham-
ber and terminating in the top of the crucible,
a hearth positioned below and in spaced relation
to the bottom of said crucible, means for pro-

jecting a flame into the space between the hearth -

and said crucible and against the under surface
of the latter, flue passages extending upwardly
from said space in proximity to said nozzle pas-
sage, a nozzle tip projecting from the upper end
of sald passage, and means for circulating the
heated gases from said flues around said tip.
10. In casting apparatus of the character set
forth, the combination with a crucible compris-
ing a main chamber and a nozzle passage com-
municating with the lower portion of said cham-

" ber and terminating in the top of the crucible,

50

55

a hearth positioned below and in spaced relation
to the bottom of said crucible, means for pro-
jecting a flame into the space between the hearth
and said crucible and against the under surface
of the latter, flue passages extending upwardly
from said space in proximity to sald nozzle pas-
sage, 2 nozzle tip projecting from the upper end
of said passage, means for circulating the heated
gases from said flues around said tip, and means
independent of said heated gases for heating said
tip.

11. In casting apparatus of the character set
forth, the combination with a container having a
main chamber and a discharge passage extend-
ing from the lower end of said chamber and ter-

. minating in the top of said container, a tip of

60
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_refractory composition projecting upwardly from
the terminal end of said passage, means forming

a combustion chamber below the container, flues
extending upwardly from said combustion cham-
ber in proximity to said nozzle passage, a trans-
verse flue communicating with the upper ends
of the flues first named and embracing said tip,
and means for projecting a flame into said trans-
verse flue and against said tip.

12. In casting apparatus of the character set
forth, the combination with a sealed container
having a main chamber and a nozzle passage ex-
tending upwardly from the lower end of said
chamber, a flue passage extending transversely
over the top of said container, a combustion
chamber formed at the bottcm of said container,

5

and a plurality of flue passages extending up-
wardly from said combustion chamber to said
transverse flue passage.

13. In casting apparatus of the character set
forth, the combination with a container having . 5
2 main chamber and a nozzle passage extending
upwardly from the lower end of said chamber,
means for applying fluid pressure to the top of
said main chamber to discharge the molten con-
tents of the container through said nozzle pas- 19

- sage, and a recess extending inwardly from an

exterior surface of said container in a position
interposed between the main chamber of said con-
tainer and the nozzle passage. )

14. In casting apparatus of the character set 15
forth, the combination with a container of air-
pervious composition, said container having a
main chamber and a nozzle passage extending
from the lower end of said main passage trans-
versely and upwardly through said composition, g¢
means forming an air trap in said container in-
termediate the main chamber and said nozzle
passage, and means for imposing air pressure
in the top of said main chamber to discharge the
molten contents of the conta.mer through the noz- 25
zle passage.

15, In casting apparatus of the character set
forth, the combination with a crucible of a car-
bon-bonded graphitic refractory composition
and a discharge nozzle therefor, of a relatively 3o
strong reinforcing structure remote to said cru-

- cible, compression members extending between

said structure and the crucible and engaging the
latter at spaced points, means for applying pres-

" sure in the interior of said crucible to discharge 35

the molten contents through said nozzle, and
means for applying heat to the exterior surface
of the crucible within the areas intermediate said
compression members,

16. In casting apparatus of the character set 4o
forth, the combination with a container struc-
ture, of means for supporting said structure on a
transverse pivotal axis to permit adjustment be-
tween normal upright and inverted positions, said
structure comprising a main chamber and a noz- 45
zle passage extending transversely from the lower
end of said chamber and upwardly to the top of
the container, said passage being positioned at
one side of said pivotal axis, resilient means for

‘supporting - the corresponding side of said con- gg

tainer structure, means for releasably supporting
the structure at the other side of said pivotal axis,
means for establishing communication beftween
the upper end of said nozzle passage, and a mold-
ing die, and means for applying fluid pressure in g3 -
the top of said main chamber.

17. In apparatus adapted for pressure casting
of metals, such as iron and steel, of the higher
melting temperatures, the combination with a
container for the molten metal having a nozzle go
through which the said metal is discharged to.
and maintained under pressure in a mold foreibly
engaged with the end of said nozzle, of a nozzle
tip at the discharge end of the nozzle, and means
for heating said tip to a temperature substan-~ ¢8
tially in excess of the melting temperature of said
metal and for supplying heat to the tip at a rate
to continuously maintain said temperature.
against heat losses due to radiation and fo con-

duction whereby solidified metal is excluded from 70

the nozzle passage, said tip being formed of a
non-metallic refractory composition of high heat
conductivity capable of withstanding said ele-
vated temperatures and having at said tempera-
tures a structural strength capable of withstand- 78
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ing the 1mpa.ct and pressure imposed thereon by
the said mold.

18. In apparatus adapted for pressure casting
of metals, such as iron and steel, of the higher
melting temperatures, the combination with a
container of non-metallic refractory composition
comprising & main chamber and a disharge noz-

‘ zle communicating with the lower end of said
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chamber and through which the molten metal is
discharged under fluid pressure in the main
chamber to a die forcibly engaged with the end
of said nozzle, _of a nozzle tip of non-metallic
refractory material adapted for engagement with

‘the die, means for maintaining said nozzle and

tip at a temperature in excess of the melting tem-
perature of said metal, and means for preventing
passage of air from said main chamber to the

nozzle passage through the intervening ‘wall of ~

sdid container,

19. In casting apparatus of the character set
forth, the combination with a crucible of non-
metallic refractory material having a main cham-
ber and a discharge passage extending from the
lower end of said chamber and terminating in
the top of said crucible, means forming a com-
bustion chamber below the crucible, flue means

- extending upwardly from said combustion cham-

30

ber and substantially embracing the sides of the
crucible, a relatively strong structure remote to
and embracing the crucible, insulating material

interposed between the crucible and said struc-
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ture and forming the outer wall of said flue, and
refractory means carried by said structure and
intersecting said flue passage to engage a.nd to
reinforce the walls of said crucible.

20. In casting apparatus of the character set
forth, the combination with a crucible of non-
metallic refractory material having a main cham-
ber and a discharge passage extending from the
lower end of said chamber and terminating in
the top of said crucible, means forming a com-
bustion chamber below the crucible, flue means
extending upwardly from said combustion cham-
ber and substantially embracing the sides of the
crucible, a relatively strong structure remote to
and embracing the crucible, insulating material
interposed between the crucible and said structure
and forming the outer wall of said flue, refractory
means carried by said structure and intersecting
said flue passage to engage and to reinforce the

walls of said crucible, and resilient means for :

urging said refractory. means into engagement
with the crucible.
21. In apparatus for pressure casting metals of

relatively high melting temperature such as brass, .

iron and steel, the combination with a heated
non-metallic refractory container for the molten
metal and a discharge nozzle for said container,
of means for applying pressure in the interior of
said container to discharge the molten metal
through the nozzle, said pressure being in excess
of the pressure in the region surrounding the
container, and a non-metallic refractory closure
for maintaining said container substantially air-
tight at the operating temperatures and pres-
sures, said container and closure constituting a
closed pressure vessel,

22. In apparatus for m'essm'e casting metals

of relatively high melting temperature such as .

brass, iron and steel, the combination with a
non-metallic refractory container for the molten
metal from which said metal is discharged by
pressure applied in the interior of said container,
of means for heating the exterior of said con-
tainer, and & non-metallic refractory closure for
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the container for maintaining said container sub-
stantially air-tight at the operating temperatures
and pressures, the pressure applied to the interior
of the container being in excess of the pressure of
the region surrounding the container. 5

23. In apparatus for pressure casting metals of
relatively high melting temperature such as brass,
iron and steel, the combination with a heated
non-metallic refractory container for the molten
metal,'and a discharge nozzle for said container, 10
of means for applying pressure in the interior of
sald container to discharge the molten metal
through the nozzle, said pressure being in excess
of the pressure in the region surrounding the
container, a non-metallic refractory closure for 15
maintaining said container substantially air-tight
at the operating temperatures and pressures, said
container and closure constituting a closed pres-
sure vessel, a relatively strong structure remote
to the container, and means for transferring to 20
said structure a part of the expansive pressures
imposed upon the walls of the container by said
internal pressure,

24. In apparatus for pressure casting metals of
relatively high melting temperature such as brass, 25
iron and steel, the combination with a non-
metallic refractory container for the molten metal
from which said metal is discharged by pressure
applied in the interior of said container, of means
for applying fluid pressure in the interior of the 30
container to discharge the molten contents, means
for maintaining said container substantially air-
tight at the operating temperatures and pressures .
and for thereby excluding said fluid pressure from
the space surrounding the container, a relatively 35
strong structure remote to the container, and
means for transferring to said structure a part

-of the expansive force imposed upon the walls of

the container by said internal pressure.

25. In apparatus for pressure casting metals of 40
relatively high melting temperature such as brass,
iron-and steel, the combination with a non-
metallic refractory container for the molten metal
from which said metal is discharged by pressure
applied in the interior of the container, of a rela-
tively strong structure remote to the container,
means for applying heat to the exterior of the
container, means for applying pressure in the
interior of the container to discharge the molten )
contents, means for maintaining said container 50
substantially air-tight at the operating tempera-
tures and pressures and for thereby excluding
said pressure from the area surrounding the con-
tainer, and means for transferring to said struc-
ture a part of the unbalanced expansive force 55
thus imposed upon the walls of the container by
said internal pressure.

26. In apparatus adapted for pressure casting
of metals, such as iron and steel, of the higher

45

‘melting temperatures, the combination with a 60

container for the molten metal and a nozzle °
through which said metal is discharged under
Ppressure to a mold forcibly engaged with the end
of 'said nozzle, of a nozzle tip at the discharge
end of the nozzle, means for exerting pressure in 65
excess of atmospheric upon the molten metal to
discharge said metal from the container to the .
mold and for maintaining said pressure over the
period during which the setting of the metal in
the mold is completed, and means for heating 70
said tip to a temperature substantially in. excess
of the melting temperature of said metal and for
supplying heat to the tip at a rate continuously
maintaining said temperature against heat losses
due to radiation and to conduction. to thereby 756
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exclude -solidified metal from the nozzle passage,
said tip being formed of a non-metallic refrac-
tory composition capable of withstanding said
elevated temperatures, and having at said tem-
peratures a structural strength capable of with-
standing the impact and pressures Imposed there-
on by said mold.

27. In apparatus adapted for pressure casting
of metals, such as iron and steel, of the higher
melting temperatures, the combination with &
container for the molten metal and a nozzle
through which the said metal is discharged under
pressure to a mold forcibly engaged with the end
of said nozzle and arranged vertically thereabove
so that all portions of the mold cavity lie above
the nozzle passage, of a nozzle tip at the dis-
charge end of said nozzle, means for heating said
tip to a temperature substantially in excess of
the melting temperature of said metal and for
supplying heat to the tip at a rate to continuous-
Iy maintain said temperature against heat losses
due to radiation and to conduction whereby solid-

ified metal is excluded from the nozzle passage,

said tip being formed of a non-metallic refrac-
tory composition capable of withstanding said
elevated temperatures, and having at said tem-
peratures a structural strength capable of with-
standing the impact and pressure imposed there-~
on by the mold, and means for exerting pressure
substantially in excess of atmospheric upon the

o 7
molten metal within the contalner to discharge
the said metal to the mold and for maintaining
sald pressure over the period during which the
setting of the metal in the mold is completed.

28. In apparatus adapted for pressure casting
of metals, such as iron and steel, of the higher
melting temperatures, the combination with a
container for the molten metal having a nozzle
through which the said metal is discharged to
and maintained under pressure in a mold forcibly
engaged with the end of said nozzle, of a nozzle
tip at the discharge end of the nozzle, & heat-
insulating gasket at the end of sald tip for re-
tarding heat loss from said tip by conduction to
the mold, and means for heating said tip to a
temperature substantially in excess of the melting
temperature of said metal and for supplying heat
to the tip at a rate to continuously maintain said
temperature against heat losses due to radiation
and to conduction whereby solidified metal is ex-
cluded from the nozzle passage, said tip being
formed of a non-metallic refractory composition
of high heat conductivity capable of withstand-
ing sald elevated temperatures and having at
said temperatures a structural strength capable
of withstanding the impact and pressure im-
posed thereon by the said mold.

SAMUEL PRICE WETHERILL, JR.
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