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UNITED STATES

1,645,730

PATENT OFFICE.

' CONRAD VAUGHAN, OF CLEVELAND, OHIO, ASSIGNOR TO THE PERMOLD COMPANY, OF
L CLEVELAND, OXIO, A CORPORATION oF 0HIO.

METHOD OF CASTING.

Original application filed November 20, 1922, Serial No. 602,269,
‘December 26, 1924,

This invention relates to a method of cast-
ing metals in permanent metal molds."
‘While the invention is obviously of more
general application in many of its aspects,
it-has been developed in connection with the
casting of:articles from aluminum or its al-
loys, but is equally adaptable to any alloys
having relatively high crystallization shrink-
age and relatively low fusing point. -~ -
“This application is a division of my prior
application Serial No. 602,269, filed Novem-
ber 20, 1922, for molds and method of
“casting. = ' - '
The general-object 0f the invention is to
provide a method for casting such alloys
to yield castings in ‘which porosity due to

crystallization shrinkage or contraction and

“too rapid pouring is eliminated.

A further object is to provide a process:

of casting suited to making castings having
flanges or projections or having sudden

- variations in the'cross-sectional dimensions.
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A fuither object of the invention is to
considerably shorten the time-required for
the casting operation, which not only gives
a bigger production yield per mold per day,
but also produces castings in which the

physical ‘structure of the metal is of rela-

tively - fine "grain

and relatively - uniform
throughout, ‘ : :

~ Another object of the invention is to cause

the metal to flow at a suitable rate into the
‘mold cavity, and to accompany this by simul-

taneously cooling thé meolten metal remote -
from the gate or that in heavy or thick sec-

tions of the casting. Thus the freezing of

the metal takes place progressively toward -
‘the gate and the metal in the mold cavity
remains liquid between the point :where:

solidification ‘is taking place and the gate.

The -new metal coming through the gate -

comes at such a rate into the mold cavity that
it will not be- filled so rapidly that the

metal in the gate or'in any thin parts of the-

casting near the gate will be frozen:before
the metal solidifies in the more remote. or

thicker parts of the mold cavity, and thus -

‘prevent feeding-of the metal through the

gate when solidification shrinkage is taking
place in the metal in the mold cavity.. This -

overcomes the -~ objection : sometimes’  en-

countered 1n other molds where the metal of

‘the thin part solidifies before the metal in the

) Divided and thiz application filed
Serial No. 758,115. ’

thicker part of the casting and thus prevents
proper. feeding .of the metal in. the thicker
part upon solidification and contraction.
Without such feeding, the contraction causes
a drawing away from the already solid metal
of ‘the thin part, resulting in cracking of
the casting or uneven shrinking of the cast-
ing from the mold walls causing depressions
in the casting, or both. ‘

While it is an object of this invention to
provide a relatively small gate to control the -
rate of flow into the casting cavity, it is

~also an object of this invention to provide

a gate which, due to its shape, will prevent
piping and will improve the physical char-

‘acteristics of the metal in the casting ad-

jacent the gate,

Another object of the invention is to pro-
vide a mold in which the amount of molten
metal required in the sprue is greatly re.
duced as a considerable cooling of the metal
in the mold cavity is accomplished before
the hot molten metal fills the sprue cavity.
A relatively smaller amount of metal is
therefore needed in the sprue cavity to feed
the casting on account of the fact that there
has been considerable cooling in the mold
cavity and part of the shrinkage has already
taken place in the mold cavity before the
sprue cavity -is filled, and also because the
freezing of the metal in the mold cavity -
is controlled so that it is progressive toward
the gate, so that fluid communication is
maintained between the sprue cavity and the

~unfrozen parts of the casting in the mold

cavity. K , o
Another object of the invention is to pro-
vide a relatively simple method of cooling
the -portions of the mold distant from the
gate to facilitate freezing. :

Other objects will be apparent from the
following description and annexed draw-
ings: : g

Reference should be had to the accom-
panying drawings forming a vart of this
specification in which '

Figure 1 is' a top plan view of the casting
apparatus. o ‘
- Fig. 2 is a side elevation of the apparatus.

Fig. 3 is a section on line 3—3 of Fig. 1.

Fig. 4 is a section on line 4—4 of Fig. 8. -
- Fig. 5.is a side elevation of a slightly
modified form of the-invention. '
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Referring to the annexed drawings, the
mold and actuaumo members for the mold

parts ave mountcd upon a “hase nietfibet 017
bed plate 1.” The mold may be madé of any’
suitable material and consists of a fixed sec-

tion’ 2y secured ' to the bed:plate, and & mov-
able section 3, slidable in a ‘guidéway 4 en
the base member 1. Such guideway may be
of the usual T-section to 1101dly hold’ the
slidable section 3 from tipping. The fixed
section 2 has the face thereof, which'is pre-
sented to the movable sectlon, ‘Tecessed to

provide the casting cavities 5 and a sprue
cav1ty 6 and T-s mped feed openings -or-
gates 7 leading from ' the sprue cavity to.
tho casting cmwty The -movable section 3

has a- ﬂat face on the s1de ‘thereof toward

the fixed section which fits against’the re--
A core 8
may be attached to the face -of the movable
section 8 to project mto the casting recesses-

ceesed face of the fixed sechon

5. -A threaded bar 9 is pivoted to ‘the: outer

side of the movable mold section 3, adjacent-

the base thereof, and-carries 2 nut 10-upon
its outer end Whlch has handles ‘11 fixed
uhereuo and is formed with a wide bearing

groove ‘12 having side walls: or - opposmm
~An open yoke 13 is’
fixed to the end of the base member 1 and-is-

shoulders- 198 and 190,

adapted to -receive the grooved. pertion-12

of the nut 10.” ‘Vhen the nut 10 is seated in-

the yoke 13, the yoke forms a thrust bearing
for the nut so that by turning the nut in-one

chrectlon1 the shouldel 19p bears against the-
yoke and forces the bar 9 to move the section

3 until it is clamped tightly against the

fixed section 2. Aﬂer a C’lStan -has ‘been’
made, the'nut 10 can be turned in the ‘oppo-

site duectlon by ‘means of the handles' 11,

so that the-shoulder 12 bears -against the -
yoke and pulls the mold section 3 away i,rrolm :

he:
nut- may' then be 1otated or the: sectwn 3:
moved so that the screw 9 may be:lifted free-
of 'the yoke 187in order that the movable"
section 8 can he qulckly phllﬂd entirely aw av -
. pipes 24 and, 25 on opposite sides of the ma--

the: SDCUOD 2, heemd it of: the casting.

from the- fixed section 2 2.
"The fixed section 2 is pmwded Wlth an

- ejecting mechanism -consisting of a-series of
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plungers 14 slidably fitted in the rear wall-
the back: of:each casting re-

thereof and at-

cess 5. Duaring he ‘operation "of - castm

these plungers-are in withdrawn position so‘
that their ends are -flush with the wall ot -
The-

the recess and form a part thereof.
plungers 14 in the present -disclosure are

rigidly secured to a cross bar 15 which, car--
ries a pair of 1e‘11WLudly extending rack
These are engaged. by an LlonoatecT
pinion 17 journaled in a “suitable bmcket 18-

bms 16.

at the rear end ot the base member. - A suit-
able operating lever is connected to one exnd
of: the  pinion to actuate the same. By

swinging the lever forwardly after the mov-

able mold section 8 has been moved away

1,645,730

from the fixed section, the plungers 14 are
caused to move in the same direction and
eject "the’ cadtings fromi tlie mold. In‘case
thete Be thié same number of plungers de-
sired asrack bars, the plungers themselves
may be formed ‘with rack teéth -in them o
be-diréctly enpaged b¥’a pinion and thus
do away with the connecting bar or plate 15.
In the Tiold herein disclosed by way of ex-
ample, the movable section 3 is the one shown
with a flat face as a mitter of convenience,
whereas it is obvious that either of the mold
sections may- be movable but preferably the
one is stationary which will retain the cast-
ing until, itis ejected by the ejector mecha~
nism herein' described.

" An important featme of the 1ment10n is
the chilling of certain portions-of the mold.

While this . may he r\ccomphshed in various

ways, circulation of any suitable fluid, but
preferably a liquid such as water or oil,
through the portions of the mold which are
to be “chilled has been found: to-give excel-
lent results. By such chilling the rate of

cooling of the metal of the’ thick parts of

the castmcr 1s increased- to such an. extent
that the fleeﬂng if such-thick parts may be

made to occur soomer than the freezing of.

the thinner metal palts between such’ thld\
parts and the gate. By the use of such chill-
ing the metal in the thick parts of “the cast-
ing. or in those parts having sudden varia-
tions in cross-sectional dimensions is cooled
so us to prevent cracking during freezing.

The fixed section -of- the mold 18 prov1ded
beneath the casting recesses 5 with a series
of. pa%saoes 20 e‘ctendma lengthwise thereof,
the core’8 has a passage.21 ad]acent its bot.
tor extenchng lengthwise thereof, and the
plungers 14-are. hollow, and have axially dis-
posed inlet pipes 92 extendmg from the rear
end thereof to the front end or face engag-
ing the casting. An outlet nipple 23 is 10—
cltted adjacent the rear end.
culated, through the fixed mold section, core
and ejectors by means of feed and discharge

chine. "The feed pipe 24 has a connection
26 at’ its upper end from which short pipe
sections 27 extend ‘to the passages 90 in the
base portion of the fixed section.. A flexible

Liquid is cir- -
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conduit 28 connects one end of the connection -

96 with the passage 21 in the core 8, and a-
branch -conduit 29 -extends 1e‘uwardly and
across the rear ‘end of the machine. Branch
pipes: 30 with valves 30 therein for regulat-
1ng.the flow are in line \Vlth each of the ejec-
t01 pJulwexs 14, extending from the pipe 29
to-a point.over the rear en,db of the plungers
14 and are conneeted to the inlet pipes 22 of
the plungers by means of flexible hose sec-
tions 81, - The discharge pipe-25 is connected
at its upper end with a 2 cornection 32 similar
to the connection 26, from which short pipe
sections 33 ,ext_end,to ‘the outlet ends of the
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passages 20 in the base of the fixed mold sec-
tion 2. A flexible hose section 34 connects
one end of the connection 82 with ‘the outlet
end of the passage 21 in ‘the core 8, and a
flexible conduit 85 extends rearwardly from
the opposite end of the connection 32 and
connects with a cross pipe 36, connected to
the discharge nipples 23 of the plungers 14.

By means of the liquid circulating system
above described the parts of the mold ‘ad-
jacent the lower portions of the casting
cavities 5 are chilled so that metal in the
casting cavities is frozen progressively to-
ward the gate and before the metal freezes in
the gates 7. The gates are of relatively
smaller cross-sectional area than in molds
heretofore used, so that the flow of metal
continues while a relatively larger portion
of the casting is cooled or frozen, and so
that the metal does not freeze in the gates 7
until after all'the metal necessary to replace
the crystallization shrinkage of ‘the casting
is fed to the mold cavity., —

In addition to being of relatively smaller

cross-sectional area, the gate has a large
periphery with respect to its cross-sectional

area, that is instead of ‘being circular or

elliptical, as is common practice, I have
found that it is beneficial to form the gate

~of a cross-sectional shape such that all parts

of the gate are relatively narrow and that
there are no wide or heavy sections of metal

" in the gate.. I have found that for this pur-
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pose a gate of T-shape is advantageous.
With a gate of such shape the tendency to
form pipes extending down into the casting
is prevented and it is not necessary to extend
the gate upwardly a considerable distance
to provide a large sprue cavity to furnish
suflicient head to prevent the piping formed
upon solidification from extending down into
the casting. Moreover, with a gate of T or

similar cross-sectional shape, namely, a gate

having a relatively long and narrow cross-
sectional portion and having a laterally ex-
tending cross-sectional portion communicat-
ing with said long and narrow portion, de-
pressions in.the surface of the casting may
In many cases be substantially eliminated,
as previously mentioned, such advantageous
results being probably due in part to escape
of air from ‘within the mold being more
readily facilitated by gates of such shape, as
the flow of part of the molten metal is di-

' rected away from the parting line’ of the "

mold. ,

It will be understood furthermore that my
improved gate construction permits feeding
of molten metal therethrough for a longer
time than is obtainable from a gate having
merely a long and narrow portion. Thus,
in the gate illustrated at 7, the metal of the
mold bordering both the relatively long and

narrow gate portion and the lateral gate por-

tion adjacent their intersection receives heat

3

from the molten casting metal disposed with-

in both gate portions, which heat as a re-
sult of the cross sectional shape of the gate,

is not readily dissipated from said bordering

mold metal. The said mold metal therefore
exerts less chilling action on the molten east-
ing metal than the mold metal adjacent the
other portions of the gate. As a result, the
casting metal disposéd adjacent the inter-
section of the gate portions remains molten
longer than the remainder of the ‘casting
metal In the gate, thereby increasing the
time of feeding of molten metal through the
gate to the casting’cavity adjacent said inter-
section.

Heretotfore it has usually been considered
necessary to apply heat to portions of the
mold to prevent freezing in'the gate, or to
use metallic inserts of high heat conductivity
to chill the thicker parts of the casting. The
heating of the mold is expensive and I have
found that it is not necessary and in fact

slows down the casting operation. It is ad- "

vantageous to avoid the use of such metallic
inserts because they are not so efficient for
chilling the mold and because, without such
inserts, the mold surfaces can be made of the
same metal, or metal having substantially
the same properties, such as heat conduc-
tivity, so that the casting will not contact
with metals of varying properties.

The present invention greatly increases the
speed of operation by keeping down the tem-

‘perature of the mold, thus producing a cast-

mg of better physical characteristics. In
view of the greater rapidity of operation
and -also in view of the shape of the gale,
the sprue cavity can be relatively small and
the sprue metal required is much less than

“heretofore, when the volume of metal in the

sprue was about one half the volume of metal
in the casting, which was considered good
general practice. By the present method
the volume of metal in the sprue need not
be more than a maxiniun of approximately
25% ot the volume of metal in the casting,
which effects a considerable saving In melt-
ing costs. .

The cooling of the ejector plunger causes
the metal of the castings to be chilled at the

points where they are engaged by the plung- .

ers, 'so that the relatively hot castings are
not deformed by the pressure exerted there-
on by the plungers. *

It will be seen that any number of castings
may be made in one mold, each casting cav-
ity having a gate connecting it to the com-
mon  sprue. Furthermore by having the
molds designed so that the gates come on the

ends of the casting, a series of castings may -
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be easily trimmed simultaneously by sliding .

them on their flat faces on the table of the
trimming machine. Also as the metal com-
ing from the gate is thin in cross-sectional
shape it is more easily and quickly cut

130



10

15

20

25

30

35

40

50

60

%
through than when a circular or elliptical
gate isused: - T
“In the 1nodified
Fig. 5 the base 1¢

construction shown In

section$ 24 and '8¢ are consructed in sub-
‘gtantially  the “sanie manner as ‘the corre-

sponding purts in the modification first de-

scribéd. In” this modification, however, the
movable section 3 hag’core pins 40 slidably”

mouhted in opénings therethrough and pro-
jecting into' the casting recesses. The core
piiis 40 ave for the purpose of forming aper-
turés such as bolt holes or the like in de-

sired portions of the casting. The pins 40

are fixed to a plate 41 Which is adapted to

"bear against the cuter face of the movable

mold section 8% A "bracket 42 is attached

to the base 6f the movable section and has’
stop pins 43 detachably secured thereto and
projecting toward the plate 417 A’screw 9¢
similar-to the screw 9 'dbove described is

pivotally attached to the plate 41. ~The tec-
tions 2° and 8¢ are held in position after
theéy are in close contact by suitible catches

44 pivoted to onie of thém. When the screw

94 is pulled rearwardiy after catches 44 are

unlocked, the core pins 40 ave first partially”
withdrawn from the castinig and then when

the plate 41 strilkes the stop pins 43, the mov-
able ‘gection 8 is pulled bodily away from
the fixed séction 20~ 77 ‘

A suitable recess 50 may be formed in the
movable section 3 of the mold adjacent’ the

base, which will prevent “small” pieces of
S seraps of metal which fall between the sec--
tions ‘of the mold from keeping "the mold

sections out of close contact.”
Tt will thus be seen that T have provided a

method of casting aluminum ‘alloys andthe
sy K b g L b » L¥e g Lt
like ‘whereby the freezing of mrregularly

shaped castings niay be caused to fake place

progressively towsard the gate. ' -

"By my method, moreover, the freezing of
! Y ? ; =]

the casting nietal may take place rélatively
rapidly. Thus the time required for each

casting operation is materially reduced and
the production of castings greatly inereased.
Furthermore, by reason of the progreisive

and relatively rapid freezing of a casting as™

aceomplished by my improved ‘method, less
molten’ métal to compensate for crystalliza-
tion shrinkage of the casting metal remains
to be fed from the sprue cavity throuch the

gale to the casting cavity after the Gliiig of”

o

the casting cavity, and hence « smallér sprue
cavity may be employed With attendant ad-
vantage'
duction.

Furtherimore, it is to be understood that
the particular forms of apparatus shown and
described, bnd the particular procedure set
forth, arve prosented for purposes of expla-
nation and illustration and that various

modifications of said apparatus and proce-
dure can be made without departing from

and’ fixed 'and movable’

', “including decreased cost of pro-

1,645,730,

my invention as defined in the appended.

* cldims.

“Wlhiat T claim is: )
1. The method of casting a metallic alloy of
relatively high crystallization shrinkage and
of telatively low’ fusing point which consists:
in pouring stch métal into 4 ‘metal ‘mold ot
substantially unifor heat conductivity hav-
ing a 1iiold ¢avity, a relatively small sprue
caVvity, and 2 relatively narrow gate ‘be-
tween them, controlling the flow of metal
throtigh the gaté from the sprué cavity and’

"~ chillifig the inetal in the mold cavity in such "

a mariner that freezing iy progressive toward
the gate, wheteby the surplus of metal in the
gate and sprie cavity is maintained molten
during substantially the solidification period
of ‘the metal i the miold cavity., ~ 77 7

"2, The method of casting a metallic alloy_
of relatively high ‘crystallization shrinkage
and low fusing point which consists in pour-
ing molten metil into a'mold of substantially
uniform heat’ condiictivity, the sprue cavity’
of which has a gate communicating’ with the’
casting ‘cavity, and cooling such portions of
the miold about the casting cavity which are,
engigéd by the thick part of the casting.

3. The process of making light alloy cast-
ings which consists in pourihg molten ‘metal
into metal aitolds of substantially uniform
heat conductivity having a mold cavity, a
relatively smiall gate and a relatively small”
sprie cavity, and cooling the mold adjacént
the thick parts of the casting to insure the”
freezing of the metal in the mold cavity aid
thick pavts of the casting before the metal in
the gate or sprue cavity is frozen. =

"4, The process of making castings having
shapes with sudden variations in their cross’
sectioial dimensions, froin light alloys hay-
inig velatively high' crystallization shrinkage
and relitively Tow fusing point which con-
sists in introducing such metal into a metal
niold of substantially uniform heat conduc-
tivity and chilling the Thetal in the tnicker
part of the casting, whereby the metal in the

casting ‘eavity 15 solidified  progressively

toward the gate and sprue ‘cavity.
5. The method of casting which consists
in introducing molten hietal in metal molds

“hitvinig a mold cavity, a gate, and a sprue

ty, removing the Leat from the heavier
sections of the' métal in the casting by circu-
lating liquid ‘through the adjacent part of
thé mold to insute solidificatioli of the metal
in the mold progréssively toward the gate.
6. The method of casting an alloy of rela-
tively high crystallization shrinkage and a
rélatively low melfing point which consists
in introducing molten metal of such char-
acteristics into a perianent mold having a
gate of such ‘shape’ that each’ purt of ‘the
molten metal solidifying in the gate is rela-

“tively close to the metal of the mold.

7. The method of rasting an alloy of rela-
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tively high crystallization shrinkage and a
relatively low melting point which consists
in-introducing molten metal of such char-
acteristics into a permanent mold having a
gate of such shape that each part of the
molten metal solidifying in the gate is rela-
tively close to the metal of the mold, and
cooling the mold adjacent the thicker or more
remote parts of the casting.

8. The-process of making light alloy cast-
Ings in permanent molds of substantially
uniform heat conductivity having a relative-
ly small gate and sprue cavity which consists
in introducing molten metal into the sprue
cavity and cooling the mold at points remote
from the gate, whereby substantially all of

- the metal in the mold cavity solidifies before

20
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40

the surplus metal in the sprue cavity.

9. The method of casting metals having a
relatively high crystallization shrinkage and
a relatively low melting point which con-
sists in.introducing molten metal into a mold
of substantially uniform heat conductivity
having a relatively small gate and sprue
cavity and chilling portions of the mold
adjacent the heavier sections of molten
metal, whereby relatively rapid solidification
of the casting is accomplished and such
solidification is progressive toward the gate
to insure the casting receiving fresh molten
metal to compensate for shrinkage.

10. The method of -casting, relatively
rapidly, metals having a’ relatively high
crystallization shrinkage and a relatively

low melting point which consists in intro-

ducing such molten metal into a permanent
mold of substantially uniform heat conduc-
tivity through a relatively small gate and
cooling the portions of the mold adjacent the
heavier sections of the casting, whereby a
relatively smaller volume of metal is needed

in the sprue cavity to furnish molten metal

to compensate for shrinkage losses and a

relatively quick ‘total solidification is ob-
tained.

11. The method of casting metal alloys
having a relatively high crystallization
shrinkage and a relatively low melting point
which consists in introducing such metal
into a permanent mold of substantially uni-
form heat conductivity having a mold
cavity shaped to form a casting having an
irregular distribution of metal, such mold
having a relatively small gate, and cooling
portions of the mold adjacent the heavier
sections of casting metal.

12. The method of casting which consists
in pouring molten metal into a permanent
mold of substantially uniform heat con-
ductivity and maintaining the fluidity of
such metal through the gate into the casting
cavity during the freezing of the casting
by chilling only those portions of the mold
adjacent the heavier sections of metal and
permitting the metal in the thin sections to
remain fluid between such heavy sections and
the gate,

13. The method of simultaneously making
a plurality of castings from metal of rela-
tively high crystallization shrinkage and
relatively low melting point which consists
in introducing molten metal of such char-
acteristics into a permanent mold of substan-
tially uniform heat conductivity having a
plurality of mold cavities with gates lead-
ing thereto from a sprue cavity and causing
the solidification of the heavy sections of
such castings by cooling the mold adjacent
thereto, so that solidification of the metal of
the castings is progressive toward the gate
to insure a constant supply of fresh metal
to compensate for shrinkages.

In testimony whereof, T hereunto affix my
signature.

CONRAD VAUGHAN.
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