2,923,040

C. L. GOODWIN ETAL

CASTING PROCESS AND MACHINE

Feb. 2, 1960

4 Sheets-Sheet 1

Filed July 16, 1956

INVENTORS
CARL L. GOODWIN
WILLIAM. T. ENNOR

/3, T el

ATTORNE Yy

>

BY

N °) 8S _ ﬂu_ § | 9l

1.-85

<~

S,

A

/

—_—
et ez



Feb. 2, 1960 C. L. GOODWIN ETAL 2,923,040
CASTING PROCESS AND MACHINE
Filed July 16, 1956 4 Sheets—Sheet 2

g2

8
_ 14 |
12 i) 7 I, hAmi)
‘ T IS N
| |
I U~10 | | 10~ |
‘ 16
16—~ 50—t !
74 8
0 74
58 72 c6 68/ 72 62
60
54 6 72 36 28 o
N 94 i
70 _|U —r—LlJ
6260 v 78 (6 = N 4 i

50 > o 76 24 22
’ ’ : ' _—38

20y / ~ 7 \lo

e 50
120
A A
8 ,0q Z 02 ‘  INVENTORS
NN/ - 100 CARL L. GOODWIN

WILLIAM T. ENNOR

128 o 819‘6 & &Wﬂ//mﬁ(

ATTORNE y



C. L. GOODWIN ETAL 2,923,040

CASTING PROCESS AND MACHINE

Feb. 2, 1960

4 Sheets-Sheet 3

Filed July 16, 1956

INVENTORS

CARL L. GOODWIN
WILLIAM T. ENNOR

BY

|

2g-

Om\




Feb. 2, 1960 C. L. GOODWIN ‘ETAL 2,923,040
v CASTING PROCESS AND MACHINE '
Filed July 16, 1956 4 Sheets-~Sheet 4

Fig.4 . .

12
T T I1
)
T Y IS
10 | | -10
6 16
52—
132
L T 7777 T /7777777777,
134~
134
150~
148
52— iaaf
144 130
146 ) 154 ¥ |
=
74y 72 B
I‘ i I 9
| i1
22,) | i1z 136 o
&l aN Z 40 /160
140/ 68 N 142 122 T ;
09142 _ N oa—16  //MI i i
) ] 3 FH ) - o :
\IO4 10 1.36 \1 lJvl
102 £ K 2 f [ a S5y
% 06 N '< g ‘s @4 (22
§ 3] 9_9 \l % J | 3—38 .
48 N
) = ,
G \
\ . 44 [ "6\"4\"3

46 ‘128-'46
: INVENTORS
E 40 AL L. GOODWIN
} WILLIAM T. ENNOR
NN

ANARRINNNNNANN RN NN \\\\\\\\1 %é ﬂ/" :.!

AT TroRrRNE ”




United States Patent O

-~

2,923,040
Patentgd Feb. 2, 1960

1CC

2,923,040
CASTING PROCESS AND MACHINE

Carl L. Goodwin, Bay Village, Ohio, and William T.
Ennor, Oakmont, Pa., assignors to Aluminum Com-
pany of America, New Kensington, Pa., a corperation
of Pennsylvania

AppHecation July 16, 1956, Serial No. 598,025
11 Claims. (ClL 22—73)

This invention relates to the rapid production of chill
castings of the light metals, aluminum, magnesium and
those alloys wherein these elements constitute more than
50% by weight of the composition. The term “chill
casting” as used herein refers to castings produced in
molds, usually made of metal, which cause a rapid solidiii-
cation of the molten metal poured therein. The cast
products may be utilized in the as-cast condition or they
may serve as stock for the fabrication of wrought articles,
especially those made by the extrusion or forging
pracesses.

To gain high productxon rates in the manufacture of
relatively small castings, it has been conventional to
simultaneously cast a large number of units in a single
mold and subsequently sever each casting from the com-
mon runner or gate and trim off any risers. Separate
castings can be made by the die casting process at a rapid
rate but it is still necessary to sever the casting from the
gates and risers. Also, die castings are apt to contain
minute voids which are undesirable where the castmg isto
be subsequently worked.

Castings have not been used to any extent as stock
for the production of impact extruded articles because
they have been considered to lack the soundness and
uniformity of the conventional rolled plate and rod used
for this purpose and have not possessed the close dimen-
sional tolerances required in extrusion slugs. As is well
known, impact extrusion slugs are blanked from plate
stock, usually in a gang press, or they are cut- from
rolled or extruded rod. The latter practice is generally
used where the height of the slugs exceeds the thickness
of plate which can be economically blanked. It is ob-
viously expensive to cast ingots and roll them to plate
or rod dimensions or to extrude the ingots into rod before
slugs can be cut from the worked stock. Where plate
is employed there is the added cost of a high scrap loss
resulting from unused portions of the plate. The sawing
which is required, when rod is used, is an expensive
operation and it generates a scrap material. No casting
methods have been devisad whereby single castings can
be made at a high production rate that have the close
tolerances required for impact extrusion slugs, a. sound:
ness substantially equivalent to that of rolled plate, and
which are substantially free from the conventional gates
and risers.

One of the objects of our invention is to provide a
method of making exceptionally sound individual cast-
ings of light metals which require little or no trimming
preparatory to being used. Another object is to provide
a method of making dimensionally accurate, scund in-
dividual castings of light metals at high production rates.
A further object is to provide a method ‘of making in
chill molds at a high production rate light metal castings
which are substantially free from shrinks, voids or en-
trapped gas. A particular cbject is to provide a method
for casting slugs suitable for use in making impact ex-
trusions and forgings. Still another object is to provide
a method of making individual chill castings of light

2 .
metal by quick progressive freezing of the molten metal
toward a bottom gate. Another object is to provide ap-
paratus for the rapid production of light metal castings
having substantially no gates attached thereto and hav-
ing the foregoing characteristics, the apparatus being
readily adaptable to automatic or semi-automatic opera-

" tion.
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 These and other objects are achieved by the method
and with the apparatus described below, certain embodi-
ments of the apparatus being shown in the accompany-
ing parually schematic drawmgs wherein

Fig. 1 is a top plan view of a casting machine for mak-
ing solid cast bodies and an associated device for trans—

“ferring castmgs from the machine;

Fig. 2 is a side elevation of the casting machine taken
on section II—II of Fig. 1 and a partial view of the
transfer dev1ce,

Fig. 3 is a plan view of a casting machine for makmg
hollow cast bodies and an associated device for trans-
ferring castmgs from the machine;

Fig. 4 is a side elevation of the machine shown in Fig. 3
taken on line IV-—IV and a partlal view of the transfer
device;

Fig. 5 is a cross section of the machine on a reduced
scale taken on line V—V of Fig. 4; and

Fig. 6 is another cross section of the machine, also on
a reduced scale, taken on a lower plane on line VI—VI
of Fig. 4.

In our method, the molten metal is fed under extemal
atmospheric pressure into the bottom of a horizontally
parted mold which is partially evacuated during the filling
operation. The lower mold portion is held in continuous
contact with the molten metal body from which metal
is withdrawn to fill the mold cavity while the upper:
portion is artificially cooled. The bottom of the mold
cavity is thus maintained at a relatlvely high constant’
temperature and the upper part is kept at a much lower
temperature. By holding the mold bottom in contdct
with the molten metal the latter has but a short distance
to rise to fill the mold cavity. As a result of such bot~
tom feeding and short travel of the molten metal there
is little or no turbulence, splashing or surging such as
characterizes the conventional methods of filling molds.’
Chilling of the molten metal commences at the sides and
top of the mold cavity and progresses toward the bottom
gate. The chilling of the mold is preferably effected by
circulation of coolant at least within the side walls of the
mold body. As soon as freezing begins within the gate
aperture the upper portion of the mold with casting there-
in is raised above the bottom portion which remains in
contact with the molten metal and the casting is ejected

- from the raised mold portion onto suitable means for
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transferring the casting to a discharge station.

The partial evacuation of the mold cavity and sub-
sequent ejection of the casting therefrom under positive
air pressure is effected through conmnection to sunitable
pumps or other means of providing the desired pressure
with a system of valves to control the evacuation and
admission of air. Initially the mold cavity is partially
evacuated, the pressure being reduced only about 0:1
to 1.5 pounds per square inch below atmospheric pres-
sure, because such a small reduction in pressure is .all
that is required to bring about a complete filling of the
mold cavity. In the production .of certain castings it
is desirable to further reduce the air pressure to create
a higher vacuum at the top of the mold cavity to hold
the casting in the mold when the latter is raised.” In
some cases this further reduction in pressure is made
just after the metal has started to freeze so as to main-~
tain the cast body in closer contact with the top of the
mold and thereby increase the rate of heat transfer from
the top of the cast body to the mold.- Upon comple-
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tion of freezing of the casting, the upper portion of the
mold is elevated from the base, and a positive air pressure
applied at the top of the mold cavity in place of the
reduced pressure with the result that the casting is ejected
from the mold. It will be appreciated that the admis-
sion and extraction of air from the mold cavity can be
effected by automatic or semi-automatic means which
are integrated with the movement of the upper portion of
the mold. Under such conditions a complete cycle of
casting, ejection and transfer of the cast product can
be generally completed within a period of from 8 to 200
seconds depending upon the size of the casting. The
light metal castings produced in this manner have been
found to possess a soundness, density and dimensional
accuracy substantially equivalent to that of stock cut
from rolled plate or rod. The casting process and the
machine are well adapted to the production of light metal
cast bodies at a high rate, especially if a plurality of mold
cavities are provided in one machine and all are filled
simultaneously. Although the process and machine are
particularly suited to the production of small castings
such as for impact extrusion, larger castings can also
be made.

A unique feature of the process described above is
derived from the relative orientation of the solid metal
(i.e. the casting) to the source of molten metal. Be-
cause the solid metal is above the molten metal, the two
may be parted easily without use of special valves to
stop off the flow of molten metal. A further important
and unique feature of the process is to be.found in the
fact that the metal feeding system is self-metering and
supplies only enough metal to completely fill and feed
the mold cavity. These features simplify the casting
procedure by eliminating the special molten metal pumps,
valves and metering devices frequently employed to pro-
vide automatic pouring in conventional top-delivery cast-
ing practice.

Referring to the controlling features of our process
in greater detail, it is essential that the molten metal be
fed to the bottom of the mold cavity and that it be
moved as short a distance as possible from the source
of supply to the mold cavity thus attaining certain ad-
vantages in filling the mold cavity as described herein-
above as well as providing for a quick transfer of metal
to the mold cavity. This may be accomplished by main-
taining the lower portion of the mold in a stationary
position in contact with the bedy of molten metal which
serves as the source of supply, but the mold is not
submerged in the molten metal to the extent that the
molten metal flows into the mold cavity under hydrostatic
pressure. Moreover, by keeping the mold bottom in
continuous contact with the body of molten metal it is
maintained at a constant relatively high temperature close
to that of the molten metal. In this manner the gate
opening does not become clogged with frozen metal, the
molten metal enters the mold cavity with a minimum
loss of heat thereby insuring proper filling of the cavity
without premature freezing of the metal and a nearly
constant temperature gradient is established between the
bottom of the mold and the upper portion. By keeping
the bottom of the mold in a stationary position there
is no disturbance of the metal bath as would occur if
the mold or parts thereof were moved into or out of
the bath. Furthermore, by submerging the bottom of
the mold in the metal bath and feeding the mold cavity
from below the surface of the metal bath through a gate
in the bottom of the mold cavity, the metal entering
the mold cavity is substantially free from dross and oxide
skin.

To effect rapid and directional freezing of the metal
within the mold, a sharp temperature differential is
established and maintained between the upper and lower
portions thereof. Contrary to the customary top pour-
ing practice we supply hot liquid metal to the bottom
of the mold cavity and compensate for any shrinkage
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resulting from solidification by drawing molten metal
upwardly from the source of supply through the gate.
The temperature differential is created by artificially
cooling the upper portion of the mold and maintaining
the bottom portion close to the melting point of the
metal being cast. A satisfactory practice is to maintain
the temperature of the upper mold portion between about
80 and 400° F. while keeping the bottom, which is in
contact with the molten metal, at about 900 to 1300° F.
The metal within the mold will still freeze even though
the bottom plate temperature is above the melting point
of the metal since freezing progresses so rapidly from
the top and side walls of the mold. The artificial cool-
ing is conveniently done by circulating water in channels
within the mold wall or by providing water jackets
around that part of the mold. To effect the desired
directional and progressive freezing it is usually advisable
to maintain a temperature differential of between about
500 and 1200° F. between the upper portion of the mold
and the bottom thereof. Under these temperature con-
ditions, freezing of the molten metal can usually be com-
pleted within a period of 3 to 190 seconds depending
upon the size of the casting, the alloy and the tempera-
ture of the incoming metal. In any case, the freezing
must progress fast enough to insure a fine metallurgical
structure, a coarse structure being undesirable.

In respect to filling of the mold cavity, this is accom-
plished by atmospheric pressure exerted on the surface
of the body of molten metal in the holding pot and by
partial evacuation of the mold as has been mentioned
above. We have found that only a slight reduction in
pressure within the mold cavity is necessary to cause
the liquid metal to flow into it. Ordinarily, the air
pressure within the cavity need be reduced only 0.1 to
1.5 p.s.d. below normal atmospheric pressure to effect a
complete filling of the mold. In our preferred practice
the lowest predetermined air pressure is not immediately
established within the mold cavity prior to the introduc-
tion of molten metal, but rather it is gradually ap-
proached. Thus, the initial reduced pressure is sufficient
to start filling the mold. but the maximum reduction
in pressure is only established after the cavity has been
partially filled with the molten meial. Such a gradual
change in pressure offers the advantage of avoiding any
spurting of molten metal into the mold cavity and it
assures an adequate and uniform lower fillet radius at
the bottom of the casting. In addition, filling of the
mold cavity in this manner tends to reduce the flow lines
around the lower periphery of the cast product. In
extreme cases such flow lines may be objectionable.

In the production of certain castings, especially those
which are ‘solid, i.e. there are no cored portions, it
is sometimes desirable to further reduce the air pressure
at the top of the mold cavity just after the mold has
been filled and a solidified shell has been formed.
Such a further reduction in air pressure serves to draw
the casting closer to the top wall of the mold and by
thus reducing the insulating air gap brings about an
increase in the rate of heat transfer and rapidity of
solidification of the balance of molten metal in the
casting. The latter advantage is only realized, of course,
if the higher vacuum is applied before all of the metal
has frozen. The reduction in air pressure just referred
to is on the order of from 10 to 14 p.s.i. below atmos-
pheric pressure.

When all of the metal within the mold cavity has
frozen and solidification begins in the gate leading to
the mold cavity, the upper portion of the mold with
the casting therein is raised from the bottom porticn and
the cast body is ejected from the rajsed portion of the
mold. The size of the protuberance extending into the
gate is determined by the time which is permitted to
elapse before the mold is raised. By careful timing only
a very small protuberance is developed which can be
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easily removed, or if small enough, it may be disregarded.
The reduced air pressure at the bottom of the casting is,
of course, terminated when the upper mold portion and
casting are raised and the vacuum at the top of the mold
cavity is ended when the casting is to be ejected. Such
ejection may be conveniently effected by pneumatic
means, as by applying compressed air to' the top of the
mold cavity, or by mechanical means, as with ejector pins.
Continuation of the reduced air pressure as the upper
mold portion and casting are being raised is generally
desirable to retain the casting in place.

A machine for producing castings at a high rate of
output includes a two-part mold and the mechanism for
operating it in conjunction with means for controlling
the air pressure within the mold cavity. The mold, made
of any suitable heat resistant material such as a ferrous
alloy, consists of an upper or top portion which defines
the top and side walls of the mold cavity, and a bottom
portion composed of a plate which forms the bottom
of said cavity. The mold is therefore parted in a hori-
zontal direction, the parting line preferably being at the
surface of the bottom plate. At least one gate opening
is provided in the plate for passage of molten metal into
the mold cavity. Where a hollow "casting is to be
produced, it is desirable to employ two or more sym-
metrically disposed gates in order to provide rapid and
equal flow of metal into all parts of the mold - cavity.
The diameter or cross sectional area of the gates must
be large enough to permit the flow of metal ‘there-
through, prevent undue freezing of metal therein and
at the same time not so large as to permit the formation
of protuberances which are difficult to remove.

The top or upper portion of the mold is movable in
a vertical direction, while the bottom portion is main-
tained in a stationary position.. This movement of the
upper portion of the mold body is essential to operation
of the mold to permit ejection of -the casting.  In the
form of the machine for producing hollow castings a

" core member is provided which is movable with respect

to the top and side walls of the mold. Such relative
movement is necessary prior to ejection of the casting
from the mold.

The evacuation af air from the mold cavity and ad-
mission of air thereto is effected through ducts leading
to vents at the top and bottom of the cavity which are
so narrow that the molten metal will not enter them
even though air is withdrawn through them. A very
satisfactory arrangement is that of locating the vents at
the junctions or corners where the side wall of the mold
joins the top and bottom  members. The vents may be
in the form of separate openings or a continuous opening
around the periphery of the mold cavity. By providing
vents at the corners, especially at the top of the mold
cavity, the cavity is properly filled with metal and any
voids or other imperfections associated with poor filling
are avoided.

Associated with the mold are means for supporting
it on a framework and for moving the upper portion in
sequence with respect to the introduction of molten
metal and ejection of the casting from the mold.
Suitable pneumatically or hydraulically operated cylin-
ders mounted on the frame offer convenient and efficient
power means,

A transfer device for receiving the castings ejected
from the mold and transporting them to a discharge
station also forms a part of the casting machine inasmuch
as it must function in sequential relationship to the mold
operations.

Specific - forms of the apparatus described above are
illustrated in the accompanying figures, Figs. 1 and 2
showing a machine for making solid cylindrical castings
while Figs. 3 to 6 set forth a machine for casting hollow
cylindrical bodies. - A plan view of the first mentioned
machine is to be seen in Fig. 1 where the casting unit
is suspended above a metal holding pot and a device at
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one side of the unit for receiving and transferring the
cast slugs ejected from the mold. The casting unit is
suspended over a melting pot from a cap plate 14 resting
upon ring member 12 which in turn is carried on channel
frame members 10. The stationary bottom portion of
the mold is bolted to the lower ends of four symmetri-
cally disposed columns 16 which are attached by bolts
at their upper ends to the cap plate 14. The upper or
movable part of the mold assembly is supported from
a crosshead 54 which slides on columns 16 and is guided
by sleeves 58 fixed to the crosshead. Posts having caps
74 are rigidly attached to mold top plate 66 and pass
through the crosshead, connection thereto being made
by compression springs as seen in Fig. 2. Movement
of the crosshead is effected by air or hydraulic cylinder
18 mounted on the cap plate 14. The stdtionary or
lower portion of the mold assembly is located within
a circular opening in the metal pot cover 38, as more
clearly seen in Fig. 2.

The device for receiving and transferring cast slugs
may be integrally connected to the casting unit or it may
be independently mounted to permit movement into or
out of operating position. The device consists of a rec-

“tangular bed frame 22 carrying a sliding frame 24 with

tray 26 positioned thereon and means for moving the
frame and tray into position for receiving the cast slug
dropped from the mold and retracting it from  the re-
ceiving position. = A cornvenient means for moving frame
24 and tray 26 consists of an air cylinder 32 mounted
on auxiliary frame 30 which is rigidly attached to the
main frame 22 and operatively connected to the sliding
frame 24 by rod 34. A cast slug’'28 is to be seen rest-
ing upon tray 26 in retracted position.

A side elevation of the casting machine which shows
more details and the structural relationship of the vari-
ous parts to each other is to be seen in Fig. 2 which is
taken on line II—II of Fig. 1. The stationary bottom
portion of the mold consists of a dish-shaped member,
preferably made in two parts, a bottom plate 44 with a
gate opening 46 therein and an L-shaped upper part
composed of a vertical wall section 48 and an outward-
ly extending flange 59 for attachment to columns 16. The
two parts may be mechanically joined together in con-
ventional manner, or they may be welded if the structural
material permits. Although the dish-shaped member
can be of unitary conmstruction, it is frequently desirable
to make it in two parts so that the bottom plate can be
replaced when necessary. As a matter of practice it is

- usually advantageous to coat at least the under side of
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the bottom plate with a conventional refractory coating
to minimize ‘attack by the molten metal. - Generally;
ferrous meals are suitable for construction of the mold
and mold parts. '
The upper or movable portion of the mold, suspended
from the crosshead 54, is composed of two parts, a verti-
cal wall portion 64 and a top member 66 rigidly joined
thereto by mechanical means. Posts 68, for supporting
the upper mold portion from the crosshead 54, may be
screwed into top member 66, or they may be attached by
these means to a base 7¢ which in turn is joined to 66.
The posts 68 are freely movable in openings provided in
the crosshead for this purpose. A resilient connection
with the crosshead is provided by a pair of compression
springs 72 encircling the posts, one being located above
the crosshead plate and the other below the plate. The
upper spring is held in place between cap 74 on posts 68
and the crosshead, the spring preferably being seated
in a slight recess in the plate to prevent displacement,
The lower spring is similarly positioned between the plate
§4 and the post base 70. The springs serve to establish
and maintain the alignment and contact necessary between
the upper and lower portions of the mold which is neces-
sary to produce a tight seal when they are pressed to-
gether and to absorb the shock of contact between the
moving and stationary mold elements as well as any shock
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resulting from abrupt movement of the crosshead by
the power cylinder 18.

The crosshead is maintained in proper alignment by
means of guide sleeves 58 sliding on columns 16 having
reduced threaded extensions 6@ for receiving lock nuts
62. The movement of the crosshead is effected through
conmnecting rod 52 which joins the crosshead to the plunger
in power cylinder 18.

With respect to the cooling of the side and top portions
of the mold, spirally arranged internal tubes or channels
76 may be provided. Alternatively, a water chamber or
jacket may be employed which extends over substantially
the same wall area. To provide such internal water pas-
sages it is usually desirable to make the mold wall or top
in two parts, to machine the channels or recesses therein
and join the two parts by any suitable means. The water
passageways, of course, must be adequate to provide for
rapid dissipation of heat from the mold and consequent-
ly should be large enough to prevent any clogging or
obstruction from any dirt or suspended particles that
may be carried by the water. The upper mold parts may
be made of any conventional ferrous metal or other mate-
rial which will withstand the repeated contact with molten
metal.

The air duct system for evacuating the mold cavity
67 and admitting air thereto consists of a portion which
serves the top of the cavity and the other which serves
the bottom thereof. Duct 78, -which is confined to the top
mold member, extends inwardly from the outer edge of
the member to an annular channel or groove 8¢ which en-
circles the mold cavity and is in close proximity to the
cavity. The channel or groove 80 may be machined or
otherwise provided in the top surface of vertical mold
section 64 before the mold parts are assembled. Com-
munication between the channel 80 and mold cavity 67
is provided by a narrow circumferential vent 82, which
is of such a small width that molten metal does not enter
it under the reduced pressure conditions prevailing in the
mold cavity during the filling thereof with molten metal.
Provision of a vent around the entire circumference of the
mold cavity has been found to be very effective for with-
drawing air and promoting a quick and complete filling
of the cavity with molten metal. The vent also provides
for the quick and effective application of compressed air
to the top of the casting to eject it from the mold. If
ejector pins are employed a vent may be provided around
them and dispense with the upper duct system. The other
portion of the duct system consists of a duct 84 in the top
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mold member which registers with a vertical passageway .

86 in the side mold member. The duct 86 leads into an
annular channel or groove 88 which in turn communicates
with the mold cavity through narrow vent 98. A rim or
ridge 92 is provided at the outside edge of the bottom
surface of side member 64 to establish a seal with bottom
plate 44 and prevent ingress of air from the surrounding
atmosphere. Conventional fittings 94 and hose are pro-
vided to connect the ducts with regulating valves and air
line to the pumps not shown.

In operating position the bottom plate 44 is partially
submerged below the surface 42 of the body of molten
metal 40 in holding pot 28. As a result of the sub-
mergence, molten metal rises in gate 46 almost to the
top of the plate 44.

The cast slug transfer device is mounted at an elevation
such that the movable frame 24 with tray 26 can be ad-
vanced to a position to receive slugs ejected from the mold
when in the fully raised position. The transfer device,
of course, must be located to pass between columns 16 and
to clear the top of the dish-shaped bottom member.

A modification of the foregoing machine, which is
adapted to produce hollow castings, is shown in Figs. 3
to 6. From the plan view appearing in Fig. 3 it will be
apparent that the casting unit is supported in the same
manner as the one described above and that the same
type of transfer device is used to receive and remove cast-
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ings dropped from the mold. It is to be noted, how-
ever, that only three symmetrically spaced columns 16
are employed to support the unit from cap plate 14.
The other supporting columns and posts, 134, 68, 144
and 156 are aligned with the main columns 6. Mount-
ed on the cap plate 14 is a power cylinder 18 which
raises and lowers the entire upper mold assembly in-
cluding . the core elements. Below the main cap plate
14 is a second one, 132 with which the power cylinder
is connected .and which supports the upper mold as-
sembly. A third cap plate 148, smaller than 132, sup-
ports the core actuating power cylinder, not seen in this
view, and below it is plate 154 attached to the movable
core member.

Details of construction and the relationship of the
various parts of the machine to each other are illus-
trated in Figs. 4, § and 6. In the sectional view ap-
pearing in Fig. 4, it will be seen that the stationary
and lower portion of the mold consists of a dish-shaped
member as in the machine described hereinabove. The
dish is preferably made in two parts, 2 bottom plate
44 and an L-shaped upper part, the horizontal flange
portion 5@ serving as the base for attachment of the
supporting columns 16. In the production of hollow
castings it is advisable to provide a plurality of gates to
obtain rapid and uniform filling of the mold cavity. In
the present instance four symmetrically spaced gates
46 are located in the bottom plate 44, only two of the
gates being seen in the figure.

The upper, or movable portion of the mold, which co-
operates with the bottom plate to form the mold cavity
99, is composed of side wall member 64, top member
98 and liquid ¢ooled core member 168. The side wall

member 64 may be conveniently attached to top mem-

ber 98 by a long shank bolt, as shown, or the two parts
may be joined in other mechanical manner. The mold
top member 98 is firmly attached to cylindrical core
guide 142 by any convenient means such as a long
through bolt. To maintain the proper alignment of the
mold parts with the guide 142, a collar 102 is provided
which encircles the mold top 98 and bears against both
the guide and mold side wall. The collar 102 need
pot be rigidly attached, but should be snugly fitted to
maintain the desired alignment.

The core dassembly consists of a slightly tapersd (less
than 1°) liquid cooled tip 100 which is an extension of
the main core body 122 that moves in guide 142. The
upward movement of the core is limited by a stop 146
in the shape of a ring which is secured to the top of the
guide cylinder 142 by the same through bolt which con-
nects the guide to the top mold member 98. It will be
appreciated that the stop may be attached in other man-
ners and that the stop may assume other forms than
that of a ring. The stop 146 is located only a short
distance above the core member in its lowermost po-
sition since because of the taper of the core it is only
necessary to raise the core less than the height of the
casting to separate it from the casting preparatory to
ejecting the cast body from the mold. Three sym-
metrically disposed posts 144, rigidly attached at their
lower ends to ring 146, or the guide 142, carry the cap
plate 148 on which power cylinder i3 is mounted.
The power cylinder, which may be pneumatically or
hydraulically operated, raises and lowers the core by
means of rod 152 attached to the plunger and bolted to
plate 154. The plate 154, spaced from the core body
122, is connected thereto by posts or legs 156 rigidly
attached to both the plate and core body. The relative
position of the supporting members with respect to the
crosshead and core assembly are clearly seen in the
sectional view in Fig. 5, also the spacing of the mold from
the crosshead.

The core tip 100 is cooled by a liquid, preferably
water, circulated in chamber 128 which is divided {0
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substantially two portions by baffle 126 that extends
across the chamber and almost to the bottom thereof.
The baffle, as shown in Fig. 6, is an extension of plug
158 fitted in the top of the bore forming chamber 128.
The water or other coolant is admitted to the chamber
through tube 130 and duct ¥24 and is discharged through
a similar duct and tube. The tubes 130 are arranged
to pass through the cap plate 154 in order to facﬂltatc
making connections with a source of water.

The whole upper mold assembly just described is
suspended from cap plate 132 by three symmetrically
spaced columns 134 bolted at their lower ends to cross-
head 136. As previously stated the movement of the
crosshead 136 and assembly supported therefrom is
effected by power cylinder 18 through connecting rod
52 attached to cap plate 132. The crosshead is guided
on columns 16 by sleeves 58 as in the machine described
above. A central opening 138 is provided in the cross-
head to ‘accommodate the upper mold -assembly, the
latter being resiliently connected to the crosshéad through
compression springs 72 which surround supporting posts
68. The posts 68 are mechanically attached to the
circular flange 149 which is joined to the guide 142.
The upper compression spring is positioned between the
post cap 74 and the crosshead while the lower spring
is mounted between the flange 149 and the crosshead.

The admission and evacuation of air to the top of
the mold cavity is effected through duct 104, annular
groove 186 and vents 1§7 and 168. In the production
of hollow castings it is essential that provision be made
for withdrawal and admission of air adjacent the core
as well as the outer mold wall. To this end a small
recess 109 is provided in the main core body 122 which
registers with duct 104 and terminates at-vent 107 so that
when assembled with top plate 98 there is a passageway
from duct 164 to the vent 187. Both vents 167 and
108 are situated at the upper corners of the mold cavity
and are of such a narrow width that the molten metal
does not enter them as the mold cavity is filled. The
other duct 110 communicates with the bottom of the
mold cavity through a vertical passageway 112 in mold
wall 64. The passageway 112 terminates in annular
groove 114 which is in communication with the mold
cavity through vent 116. A slight rim 118 is provided
at the outer edge of the side wall member 64 to effect a
seal against the admission of air to the mold cavity
during the period of evacuation. Fittings 129 are
threaded into ducts 184 and 110 and the tubes asso-
ciated therewith provide-a connection to control valves
and: the air and vacuum pumps not shown.

The sectional view seen in Fig. 6 shows the water
passages to the core chamber 128, the mold cavity around
the core and the air passageways leading to the mold
cavity.

A cast slug transfer device of the same character as
that shown in Fig. 2 may be employed to recelve and
remove slugs ejected from the mold.

To conduct the process and operate the machines re-
ferred to above, the holding pot 20 is filled with molten
metal to the desired level 42 which is preferably main-
tained throughout the series of casting operations. This
level may be maintained in known .manner such as by
the manual ladling of a small quantity of metal at in-
tervals, by gradually pouring metal from a holding ladle
or by an automatic float-control arrangement. The cast-
ing machine may be lowered into place on the supporting
framework over the holding pot, or the latter may be
elevated to the desired level. In any event, the bottom
plate 44 of the mold must be partially submerged in the
metal bath 40 but care must be exercised to avoid im-
mersing it to a depth such that the molten metal runs
into the mold cavity under hydrostatic pressure. To
facilitate commencement of casting it is advisable to pre-
heat the bottom plate before submerging it in the metal
‘bath but, of course, the heating may be effected by sub-

10

15

20

25

30

35

40

45

50

55

60

85

70

%

2,023,040

10

merging the cold plate in ‘the metal bath. The plate,
however, should attain a temperature of between about
900 and 1300° F. to produce satisfactory castings. Also,
the circulation of coolant is started in the.top and side
wall members of the mold and core, if one is employed,
before casting operations are commenced. The upper
mold portion, which is initially at room temperature, be-
comes heated as the casting operations progress but the
temperature should not exceed 400° F. Once the mold
bottom has attained the desired operating temperature
and the proper temperature differential of from 500 to
1200° F. has been established between the upper por-
tion of the mold and the bottom plate, the casting opera-
tions can start.

The first step of the casting cycle comprises withdraw-
ing of the air through all the ducts either before or just
after the upper mold portion has been seated upon the
bottom plate. To form the mold cavity, the top portion
of the mold, including the core member, is lowered to
establish contact with the bottom plate and enough pres-
sure exerted on the top portion through the compression
springs to prevent any substantial leakage of air into the
mold cavity. The sealing of the mold cavity is effected
by contact of rims 92 or 118 with the bottom plate 44.
The air pressure within the mold cavity is reduced from
0.1 to 1.5 p.s.. below atmospheric pressure, the particu-
lar value chosen in any instance being determined by the
height to which the molten metal must be raised.

Upon establishment of the mold cavity and reduction
of the air pressure therein molten metal immediately
rises within the cavity under the influence of atmospheric
pressure until the cavity is filled. As mentioned herein-
above, the rate of withdrawal of the air may be gradual-
ly increased to a predetermined maximum value as the
filling of the mold progresses. Such withdrawal of air
and control of the rate of extraction is effected through
suitable valves and pumps not shown.

Upon completion of the filling of the mold cavity, and
in some cases before all of the metal has frozen there-
in, a higher vacuum can be established at the top of the

_cavity while retaining substantially the same degree of

evacuation at the bottom of the cavity which was em-
ployed during the filling operation. The higher vacuum
should be on the order of 10 to 14 p.s.i. below atmos-
pheric pressure.  The use of a higher vacuum at the top
of the mold cavity is desirable in the production of solid
castings since it aids in holding the casting in place in
the upper mold portion when it is lifted from the bot-
tom plate and it helps maintain a closer contact between
the casting and mold top. In making hollow castings the
shrinkage of the solidifying metal around the core serves
to hold the casting securely in the upper mold body and
the overall chill rate is so high that early application
of the high vacuum is not required to shorten the cast-
ing cycle. Hence, in making cored castings, there is gen-
erally no need for employing a higher vacuum. ~ Where
a higher vacuum is employed, it represents a second
step in the casting cycle.

The next step consists in separating the top. portion of
the mold from the bottom plate This may be accom-
plished while a high vacuum is still maintained at the
top of the mold cavity and while air is being withdrawn
from the bottom of the mold cavity. If desired, with-
drawal of air from the bottom of the mold cavity may
be terminated but this is not necessary as the reduced
air pressure is too small to interfere with mechanical sepa-
ration of the upper and lower portions of the mold. The
upper portion of the mold with casting therein is elevated
to a sufficient height by operation of power cylinder 18
to permlt advancement of the sliding frame and tray to a
receiving position.

In the last step of the cycle after the tray 26 has been
moved into receiving position, the withdrawal of air is
terminated- at the top of the mold cavity and a positive
air pressure is substituted which serves to eject the cast-
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ing from the mold. It is to be understood that other
means of ejecting the casting may be employed such as
mechanical ejector pins. . .

Upon retraction of the tray 26 with casting 28 or 166
thercon the upper portion of the mold is ready for re-
seating on the bottom plate and for repetition of the
cycle. - . :

In the production of hollow. castings the last step must
be modified to include movément of the core member
189 before ejection occurs. As mentioned above it is
only necessary to raise this member a short distance,
less than the total height of the mold cavity, in order
to release it from the casting. The core may be lifted
before the upper mold assembly is raised or after such
movement has begun. However, it is usually desirable
to wait until the mold has been elevated before releas-
ing the core and thus take advantage of any adherence
of the casting to the core. Ejection can be effected by
compressed air as described above or mechanical means
may be used. )

The cast bodies produced by our process and in our
machine possess a very smooth surface free from shrinks
and voids. The freezing occurs-at a sufficiently rapid
rate to produce a fine metallurgical structure. The fillets
formed at the corners eliminate any sharp edges.
small stems or protuberances remain where the casting
was gated and these can be easily removed or even dis-
regarded in some cases.

It will be appreciated that although the production
of circular -castings has been described, other shapes can
be made such as oval, polygonal or rectangular. It is
also possible to make hollow castings having different
interior and exterior contours., In any case to secure
high production rates it is desirable to make simple
shapes with straight or tapering side walls that facilitate
ejection of the casting from the mold. In making cast-
ings of non-circular shape it may be necessary to- re-
arrange the ceoling means and change the Iocation of
the gates in the bottom plate but such alterations are
within the skill of those familiar with the production of
chill castings.

The rate of producing castings can be considerably
increased if a casting machine is enlarged to permit the
simultaneous casting of a number of slugs.  An upper
mold element can be made which includes a plurality
of mold cavities and the bottom plate can be made
with any number of gate openings to register with the
mold cavities,

Having thus described our invention and certain em-
bodiments thereof, we claim:

1. The method of making a light metal chill casting
comprising providing a chill mold having at least one
gate opening in the bottom thereof, establishing and
continuously maintaining the mold bottom at a relatively
high temperature and partially immersed in a body of
molien light metal, the mold bottom being so positioned
with reference to the body of molten metal that the
underside of the mold bottom is submerged but the mold
cavity is at all times above the top surface of the molten
metal and no metal flows into the mold under hydro-
static pressure, artificially cooling the upper portion of
the mold whereby a temperature differential is main-
tained between said upper portion and the bottom, par-
tially evacunating the mold cavity while maintaining the
external walls of the upper portion of said mold under
atmospheric pressure and filling said mold cavity from
the bottom with molten metal drawn from said body
of molten metal under the influence of the external at-
mospheric pressure, progressively chilling and solidifying
the metal from the top and sides of the mold cavity to-
ward the gate openings and finally removing the casting
from the mold.

2. The method of making a light metal ¢hill casting
comprising providing a chill mold having at least one
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gate opening in the bettom thereof, establishing and
continuously maintaining the mold bottom at a tempera-
ture between $00 and 1300° F. and partially immersed in
a body of moiten. light metal, the mold botiom being so
positioned with reference to the body of molten metal
that the mold cavity is at all times above the top sur-
face of the molten metal and no metal flows into the
cavity under hydrostatic pressure, artificially cooling the
upper portion of the mold whereby a temperature differ-
ential of 500 to 1200° F. is maintained between the
said upper mold portion and the mold bottom, partially
evacuating the mold cavity and filling it from the bottom
with molten metal drawn from said body of molten
metal under the influence of the external atmospheric
pressure, progressively chilling and solidifying the metal
from the top and sides of the mold cavity toward the gate
openings and finally removing the casting from the mold.

3. The method of making a light metal chill casting
comprising providing a chill mold having at least one
gate opening in the bottom thereof, establishing and
continuously maintaining the mold bottom at a tempera-
ture between 900 and 1300° F. and partially immersed in
a body of molten light metal, the mold bottom being
so positioned with reference to the body of molten metal
that the mold cavity is at all times above the top sur-
face of the molten metal and no metal flows into the
cavity under hydrostatic pressure, artificially cooling the
upper portion of the mold whereby the temperature is
maintained between 80 and 400° F., reducing the air
pressure within the mold cavity to between 0.1 and 1.5
p.s.i. below atmospheric pressure, filling the mold cavity
from the bottom with molten metal drawn from said
body of molten metal under the influence of the external
atmospheric pressure, progressively chilling and solidify-
ing the metal from the top and sides of the mold cavity
toward the gate openings and finally removing the cast-
ing from the mold.

4. The method according to claim 3 wherein the air
pressure. within the mold cavity is gradually reduced
to- a predetermined minimum between 0.1 and 1.5 p.s.i.
below atmospheric pressure as the mold is being filled.

5. The method of making a light metal chill casting
comprising providing a horizontally parted chill mold
having at least one gate opening in the bottom of the
lower portion, establishing and continuously maintaining
the mold bottom at a temperature between 900 and
1300° F. and partially immersed in a body of molten
light metal, the mold bottom being so positioned with
reference to the body of molten metal that the mold
cavity is at all times above the top surface of the molten
meta] and -no metal flows into the cavity under hydro-
static pressure, artificially cooling the upper portion of
the mold whereby the temperature is maintained be-
tween 80 and 400° F., reducing the air pressure within
the mold cavity to between 0.1 and 1.5 p.s.i. below
atmospheric pressure, filling the mold cavity from the
bottom with molten metal drawn from said body of
moltgn metal under the influence of the external atmos-
pheric pressure, progressively chilling and solidifying the
metal from the top and sides of the mold cavity toward
the gate openings while simultaneously further reducing
thg air pressure in the upper portion of the mold cavity,
raising the upper portion of the mold with the casting
therein above the lower portion and ejecting the casting
from said upper portion.

6. The method of making a light metal chill casting
comprising providing a horizontally parted chill mold
having at least one gate opening in the bottom of the
lower portion, establishing and continuously maintaining
the mold bottom at a temperature between 900 and 1300°
F. and partially immersed in a body of molten light
metal, the mold bottom being so positioned with reference
to the body of molten metal that the mold cavity is at all
times above the top surface of the molten metal and no
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meta] ﬁows mto the cavity -under hydrostatxc pressure,
artxﬁmally coolmg the upper portion of the mold whereby
the temperature is: maintained between 80 and 400° F.,
partially evacuating the mold cavity and filling it from
the bottom :with molten metal drawn from said body of
molten metal under the influence of the external atmos-
pheric. pressure, progresswely chilling and solidifying the.
metal from the top and sides of the mold cavity toward
the gate. openings, raising the upper portion of the ‘mold
with the casting therein, terminating the evacuation. at
the top.of the mold cavity and substituting ‘a positive air
pressure whereby the casting is .ejected from:the mold.

7. A machine. for making. chill castings wherein the
lower . portion of the mold is maintained in- continuous
contact -with, a body of molten metal and the mold is
filled from the bottom, said machine comprising a main
frame, a mold unit supported from said frame, said mold
unit including a horizontally divided mold the upper por-
tion of which:is movable and composed of top and side
wall members that form, respectively, the top and side
walls of the mold cavity, and the lower portion which is
stationary- and composed- of- a plate: mémber rigidly at-
tached to the main frame that forms the bottom of the
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assocxated w1th said core to raise and Iower it, saxd means
for raising and lowermg the upper mold . portion also
bemg capable of establishing sealing contact between said
upper portlon and the bottom plate member whereby
leakage of air from the external atmosphere inio the mold
cavity is prevented, and a container below said mold
adapted to hold the molten metal supplied to the mold.

9. A machine for making solid cylindrically shaped

. castings of light metal wherein the lower portion of the

mold is maintained in continuous contact with a body of
molten metal and the mold is filled from the bottom,
said machine comprising a main frame, a mold unit sup-
ported from said frame, said mold unit including a hori-
zontally divided mold the upper portion of which is mov-
able and consists ‘of cylindrical side walls and a flat top
joined thereto which form the side walls and top of the
mold. cavity, the lower portion of the mold consisting of
a flat plate member rigidly attached to the main frame

- which -in cooperation with the upper mold portion forms

20

mold cavity, said- bottom plate:- member having at least .

one relatively small gate opening therein for passage-of
molten metal into-said mold cavity, the length of said
gate being defined by said tottom plate member, cooling
means. associated with said upper portion to maintain it
at a lower temperature than the .bottom plate member,
said " upper. portion also being provided with separate
upper and lower duct and vent systems for withdrawal and
admission of air to.the mold cavity, said upper system
consisting of a duct terminating in at.least one vent .at
the top of the mold cavity and said lower system con-
sisting of a duct terminating in a vent established by seat-
ing ‘of .the upper mold portion .on the bottom plate, each
duct and vent system being connected to means for with-
drawing or introducing air to the mold cavity, means con-
nected to said upper mold portion for raising and lower-
ing the same and establishing a sealing contact betweén
said upper mold portion and the bottom plate member
whereby leakage of air from the external atmosphere into
the mold cavity is substantially prevented.and a container
below said mold adapted to hold the molten metal sup-
plied to the mold.

8. A machine for making chill castings wherein the
lower portion of the mold is maintained in con‘inucus
contact with a body of molten metal and the mold is
filled from the bottom, said machine ccmprising a main
frame, a mold unit supported from said frame, said mold
unit including a horizontally divided mold the upper por-
tion of which is movable and composed of top and side
wall members that form, respectively, thé top and side
walls of the mold cavity, the side wall members consist-
ing of a fixed outer member and the inner wall consisting
of a movable core member, the lower portion of said
mold being stationary and composed of a plate member
rigidly attached to the main frame that forms the bottom
of the mold cavity, said bottom plate member having at
least one relatively small gate opening therein for passage
of molten metal into the mold cavity, the length of sad
gate being defined by said bottom plate member, cooling
means associated with said upper mold portion, including
the core, to maintain it at a lower temperature than the
bottom plate member, said upper portion also being pro-
vided with separate upper and lower duct and vent sys-
tems for the withdrawal and admission of air to the mold
cavity, said upper system consisting of a duct terminating
in vents at the top of the mold cavity and said lower sys-
tem consisting of a duct terminating in a vent established
by seating the outer fixed side wall mold member on the
bottom plate member, each duct and vent system being
connected to means for withdrawing and introducing air
to the mold cavity, means connected to said upper mold
portion for raising and lowering the same and means
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the bottom of the mold cavity, said bottom plate member
having at least one relatively small gate opening therein
for passage of molten metal into the mold cavity, the
length of said gate being defined by said bottom plate
member, a circumferential rim at the base of the circular
side wall member which establishes sealing engagement
with .the bottom plate member under pressure applied to
the upper mold portion, liquid coolant passageways asso-
ciated with said side and top members of the upper mold

..~ portion whereby the temperature of said upper portion

30

is maintained below that of the bottom plate member,
said upper portion also being provided with separate
upper and lower duct and vent systems for withdrawal
and admission of air to the mold cavity, said upper sys-

. tem. consisting of -a duct communicating with a circum-
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ferential vent at the junction of the top and side wall
members of the upper mold portion, and the lower system
consisting of a duct. communicating with an annular
groove.in the base of the mold side wall member and said

. groove further communicating with the mold cavity
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through a circumferential vent at the junction of the side
wall ‘member and the bottom plate member when the
upper, mold portion is seated on the bottom plate, each
duct and vent system bemg connected to means for with-
drawing and introducing air to the mold cavity, fluid
power means connected to said upper mold portion for
raising and lowering the same and establishing a sealing
contact  between the circumferential rim at the base of
the side wall member and the bottom plate member
whereby leakage of air from the external atmosphere into
the mold cavity is substantially prevented, and a con-
tainer below said mold adapted to hold the molten metal

supplied to the mold.

10. A machine for making hollow cylindrically shaped

“castings of light metal wherein the lower portion of the

mold is maintained in continuous contact with a body of
molten metal and the mold is filled from the bottom, said
machine comprising a main frame, a mold unit supported
from said frame, said mold unit including a horizontally
divided mold the upper portion of which is movable and
composed of an outer cylindrical side wall member, flat
top member joined to said side wall and a cylindrically
shaped movable central core member, and the lower por-
tion of said mold consisting of a stationary flat plate
member rigidly attached to the main frame having a plu-
rality of relatively small gate openings therein for passage
of molten metal into the mold cavity, the length of said
gates being defined by the thickness of said stationary flat
plate member, liquid coolant passageways associated with
said outer cylindrical side wall member and said core
member whereby they are maintained at a temperature
below that of the bottom plate member, said upper por-
tion of the mold also being provided with separate upper
and lower duct and vent systems for the withdrawal and
admission of air to the mold cavity, said upper system
consisting of a duct terminating in a circumferentjal vent
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at the junction of the side wall with the mold top mem-
ber and in a second vent at the junction of the top mem-
ber with the central core member, the lower duct and
vent system consisting of a duct terminating in an annular
groove in the base of the side wall and said groove com-
municating with the mold. cavity through a circumfer-
ential vent at the junction of the side wall member with
the bottom plate when the upper mold portion is seated
on the bottom plate member, each duct and vent system
being connected to means for withdrawing and introduc-
ing air to the mold cavity, fluid power means connected
to said upper mold portion for raising and lowering it and
establishing a sealing contact between said side wall and
bottom plate member whereby leakage of air from the
external atmosphere into the mold cavity is substantially
prevented, a second fluid power means. connected to said
central core member for raising and lowering it, and a
container below said mold adapted to hold molten metal
supplied to the mold.

11. A machine for making chill castings in combina-
tion with a casting transfer device wherein the lower por-
tion of the mold in the casting machine is maintained
in continuous contact with a body of molten metal and
the mold is filled from the bottom, said machine com-
prising a main frame, a mold unit supported from said
frame, said mold unit including a horizontally divided
mold the upper portion of which is movable and com-
posed of top and side wall members that form, respective-
ly, the top and side walls of the mold cavity, and- the
lower portion which is stationary and composed of a
plate member rigidly attached to the main frame that
forms the bottom of the mold cavity, said boitom plate
member having at least one relatively small gate opening
therein for passage of molten metal into said mold cavity,
the length of said gate being defined by said bottom plate
member, cooling means associated with the upper mold
portion to maintain it at a lower temperature than the
bottom plate member, said upper portion also being pro-
vided with separate upper and lower duct and vent sys-
tems for withdrawal and admission of air to the mold
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cavity, said upper system consisting of a duct terminating -

in at least one vent at the top of the mold cavity and said
lower system consisting of a duct terminating in a vent
established by seating of the upper mold portion'on the
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bottom plate member, each duct and vent system bemg
connected to means for withdrawing or-introducing air
to the mold- cavity, means connected with said upper
mold portion for raising and lowering the same and es-
tablishing a sealing contact between said upper portion
and the bottom plate mémber whereby leakage of air
from the external atmosphere into the mold cavity is sub-
stantially prévented, and a casting transfer device posi-
tioned at one side of the casting machine and operatively
associated therewith, said transfer device ccmprising a
frame and a reciprocable tray mounted ‘thereon and
means for advancing and retracting said tray, said tray
being located at an elevation with respect to the mold
unit such that in advanced position it comes between the
upper and lower mold portlons when the upper portion
is in raised position to receive the casting e]evted from
the ralsed upper mold portxon
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