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In the practice of my invention, the casi- |
ing metal is poured into the mold at a tem-
perature but slightly above the freezing or
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7o all whom 1 may concern: )

Re it known that I, Winrmon 5. FOTroR,
o citizen of the United States, residing In
the borough of Manhattan, city, county, and
State of New York, have invented cerisin

new and useful Improvements in the rro-
duction of Castings; and I do hereby ae- |

clare-the following to be a fully clear, and

exact deseription of the invention, such 8s

will enable others skilled in the art to which
it appertains to make and use the same,

. My invention relates to the production of

ingots, blanks and irregular shapes of metal
by a casting operation of such 2 charactier
that when the casting is removed from the
mold in which it is formed 1t will possess
the physical charvacteristics suitable for per-

mitéing it to be rolled, forged, hammered, :

nressed or otherwise formed to the desired
&nished shape without the necessity of & re-
heating operation. In realizing thus pur-
pose, the method of casting. employed 1s 01
such & character as to substantially avoid
irregularities of physical structure through-
out the ingot, blank or irregular shape, espe-
cially in the outer portions thereof where
they aee otherwise liable to develop, and
which are prejudicial to the subsequent

forming or shaping operations, and also to
_. ?

substantially prevent scgregation through-

out the ingot, blank or irreguiar. shape,

thereby preserving corresponding tomoge-

neity of {:l}ill{}{}Sit'i{}l‘i and distribubion of the
constituent ¢

setting point of the metal, in order that the
freezing or setting of the wmetal may take

‘place rapidly. Moreover, as the metal Is

poured inte the mold, it comes m contact
with mold surfaces of such a character as to

exzercise a chilling eflect upon the exterior of

the casting. The rapid freezing or setting

of the metual, due to the relatively low tem-

perature at which it eanters the meld and due
to the action of the chnlls is the feature upon
which I rely to prevent segregation through-

out the casting, as, for instance. when the |

metal poured 1s steel containing phosphorus
and carbon, to avoid the segregation bt those
elements and to maintain them in the cast-

ing in substantially the distribution which

ements of the metal 1 the cast

they had in the molfen metal as it enters
the mold. '

In reshizing . |
substantial prevention of segregation 1n.the
casting, there is developed, by the action oi
the chills, a tendency to the formation,

§

the exterior portions of the casting and

proximity to its ocuter skm, of columnar or
dendritic structures, which tendency, 1f not
counteracted, would result 1n & cast product
unsuitable, without reheating, for ~subse-
quent shaping and forming. ' ~

It is, therefore, n main characteristic fea-
ture of my invention to counferact the for-

mation of these columnar or dendritic siruc-

tures and to eliminate any which may have
‘besn temporarily formed, by permitting the
casting Lo remain i the mold until the
temperatures have beeun so redistributed

, throughout its mass that the conditions Tor

the formation of such columnar or dendritic
structures, or for their persistence 1n the
casting, are removed. To this end, the high
temperature prevailing in the interior of

the casting, after the metal has Irozen or

sebt are gradually fransmitted lo the chilled

portions te an extent suilicient for the pur-
pose miended. - | o
In practice, the redistribution of temper-

aturves for the purpose intended may, in

some instances, raise the temperature of the
exterior portions of the casting to even a
higher degres than is absclutely required
for the elimination of columns or dendrites,
but this will usually be found of advantage
for the reason that frequently the exigencies
of the mill require that the castings be held
temporarily in reserve before they can be
subjected to the shaping or forming oper-
“ations and the extra heat of ‘the castings
‘can, therefore, be made available to keep
them at the forming and shaping tempera-

I.tm'e during brief periods of delay. If par-

ticular circumstances involve such delay as
~would result in a drop in the temperature
‘of the casting below the temperature neces-
contemplated, they may be kept in siorage
or reserve in a soarxing pit or the like so that
they may not materially lose their casting
heat, It wiil also be understood that ii, at
the temperature of issusnce from the mold,
the castings are too hot, for the formmg or

shaping operation intended, they inay be

ww the advantage due fo the
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sary for the forming or shaping operation
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avoid the presence of

Ho

by the expedient of
 temperature but shig

‘gelves will be brought

P2

cooled or peﬁ:m.itted_ to cool until they shail {

gave reached the desired shaping or forming
eat. S | |
Tn order that the conditions for the pres-

ence of the columnar or dendritic structures

in the casting as it is delivered from the
mold, shall not exist, I further provide that
the ‘netal surfaces originally serving as

chills shall likewise be raised in temperature
while the casting is still in the mold until ;

they are of substantially the same tempersa-
ture as that which prevails, in the redistri-

‘bution, in the porticns of the casting where

the columns or dendrites would otherwise
develop; and, in order that this result may
be effectively secured, I provide means for
correspondingly himiting radiation from the
metal chills outwardly. '

Tt will be noted, therefore, that the uﬁd‘erif '
embody (1)

invention
egation in the casting,
ouring the metal at a
tly above its freezing
point and by causing it to set . rapidly
through the intermediacy of chills, and (2)
ihe avoidance of columns or dendrites, by
leaving the casting i
high temperature prevalling

lying features of my
the avoidance of se

in 1ts interior

shall have appropriately acted upon the
outer zone in which the columns or den-

drites would otherwise tend to develop, and

antil the chills themselves have been raised
to the temperature necessary to permit this
sotion and also by the high temperature of

the chills, arresting or avoiding any furtber

»

formation of irregular structures 1in the -
~outer portions of the casting;
- pesult that the-casting,

with the final
when removed from
the mold, will have its temperatures g0 re-
distributed that the casting may be rolled,

. forged, hammered, pressed, or otherwise

shaped, as desired, and without the neces-
sity of any reheating operation whatsoever.
Ty the redistribution of temperatures coh-

témplated by my inverntion in order to.avold

the appearance, in the cast product, of
columns or dendrites, a sufficient rise of
temperature in the exterior portions of the
casting is attained by paintalning
ratio between the mass of the chills and the
mass of the casting that the chills theny-
' to & temperature
comewhat above that which 1s necessary for
the avoidance of the columns or dendrites.
In fact, as hereinbefore indicated, the re-
distribution of _
come instances, bring the exterior of the
casting to a temperature higher than 1s suit-
able for the immedfate action of the form-
ing or shaping apparatus.
in attaining the
columns or dendrites

in the -delivered from the

mold, the exterior
may reach a higher

product as it 1s¢
portion :
heat, without disad-

the mold, until the.

spch a

the temperatures may, in

us.  In other words,
temperature necessary to

of the casting

i

|

pickel or the

~be appropriate 1o point out

067,830

vantage. In all cases, nevertheless, when

the hot casting is to be sibjected o the

forming or shaping operation intended, pre-

cantion must be taken to correspondingly

cool it if its tempersture is too bigh.

Tn the case of steels, the temperature 0¥
the forming and shaping operations Wikl
vary within considerabie liratts; for mstance,

in the case of a manganese steel having say

-;

1929, of manganese and 1% of carbon, the
shaping or forming femperarure suitable for
the cuter portions of the casting will usuaily
lie somewhere between 1100° C. and 12007 .
Vhen the desired redistribution of tempera-
tures has taken place throughout the easting,
and when, therefove, the exterior portion
has been bronght to the condifibn contem-
plated for the avoidance of colwmne or
dendrites, the casting, in iis hot
moved from the mold and is either immedi-
ately or after suitable cooling, subjected to
the forming or shaping operations intended,
or, if it iz mecesgary L0 ficld the casting 1n
reserve, it may be maintained 1n @he heated
condition for a shorter or longer period of
time, as clvcumstances may 1r2, -

reqiire, 1n. %
suitable soaking pit or the hike. '

T

Tt will be understood that the conditions

for successful roiling, forging, pressing oF
the like, do not require & homogeneous OF
uniform distribution of the heat throughout
¢he ingot. On the contrary, the interior por-

mold, will usually be at temperatures oniy
co far removed from the melting peint of
the metal as to provide the necessary €o-
Lesion to resist crushing during the shaping
or forming operation; while the exterior
portions will beat varyingly lower tempera-

fures than the interior. The maln consider-

ations are the substantial avoidan - - 5e0 -
regation and the practical absencu of col-
amns and dendrites; the absorption of a
portion of the interior heat of the casting by
fhe chilled outer portions, and the like ab-
sorption of &
about all of the redistribution.
is required. S
1t will be understood that while my n-
vention is particulary applicable to the mak-
ing of castings from steeis having high per-
centages of carbon, manganese, tungsten,
like, it is of general application
to the making of castings from other metals,
sich as aluminum and 1ts alloys, alloys of
copper, eic., which are subject Lo segregation
sud to the formation of irregular feebly
honded structures of such & character as to
require the casting to be reheated before sub;
sequent working. - In this connection, i1t may
' ' that where re-
heating is required to aaapt the casting to a
subsequent forming operation, the reheating
is almost invariably accompanied by the

3&1&%{; ?.F‘..- E@" '
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fions of the ingot,-when remeved from the
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‘ nortion of such internal heat -
by the chiils thomselves suffieing to bring
of heat that
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formation of cracks or fissures in the den-

and i amount suficent to insure

&2

Ir

Lol

dritic structwres and intermal oxidation | stadt supply for o shaping and forming
along the surfpees of such cracks or fissuves. | plant of large output.

- With some metals, the walls of the fissures

§ are readily welded together during the sub- | pose ol my invention by specific or typical in- o,
sequent working operations, while with other | stances of mesans for pulting it into effect,
metals this is either impossible or only pos- | £ have shown, in the sccompanying draw-
sible to a limited degree. In the praciice of ings, its E}%’}Fl?ﬁj&'ﬁﬂﬁ}}:}. m the proauction e
my invention, on the other hand, whatever | spectively of a vertical ingot end of an in-

10 the metal employed, the. columnar or den- | got of a slab-like configuration. It W}.H De g
dritic structures have practically disap- | understood, howsever, thai the psrticular
peared by the tume the casting is removed 11_111551;1*3,‘%;@33}5 chosen are designed 10 serve
from ‘the moid.  Furthermore, there is an m;erejiy a8 SLanees uE many Q‘&;hmisg inciuged
entire absence, in the castings produced in | within the range of the invention as has

15 accordance with my invention, of the sepa- | been hereinbefore indicated and as will ap- gq
rating out from the metal of cevtain feebly | pear rf?&;ﬂ:‘*ézh_@: 011 10 the specification and in
cementing compounds which are present in | the appended claims, o
the coliumnar or dendritic structures and in the drawings, Figuve 1 vepresenis &
which occupy therein the fAssures or eracks | vertical sectionial view of mold ADNATLLUE

20 veferred to. In fact, it is one of the charne- | suatable for producing a vertical ingot in gx

- teristic merits of my invention that these | accordance with my invention. ¥ig. 2 ren-
teebly cementing compounds, ordinarily | resents a cross-sectional view thereof taken

separating out in the class of ingots requir-

mg reheating, are reabsorbed and redistrib-
25 wted 1n the metal before the casting is re-

moved irom the mold.

L wisn further to emphasize the fact that
my 1nvention is not confined to the produc-
tion of ordinary mill castings such as in-
30 gots and blanks generally, but is applicable
with corresponding advantage to the cast-
1ng of what I have hereinbefore designated

as irregular shapes, as, for instance, such |

shapes as car wheels, beveled gears and the

reheating.  Accordingly. a mill equipped
with my Invention will have a correspond-
ingly high capacity, inasmuch as the fin-
whed castings, ready for the forming or

-—

- In order to

on a plave mndicated by the line 2—8 of

Fig. 1. Higs. 3 and 4 vepresent respectively

vertical sections at right angies to each other ¢

of mold apparatus for casting o horizontal

U T

tlusirate the scope and pur-

or slab-like ingot in accordance with my

wmvention, _ | _
- Referring to the drawings and particu-
larly to Figs. 1 and 2 thereof, the mold

proper consists o1 a botiom piece o of metal

and side walls & likewise of metal, which
side wails support an upper section or cas-
g ¢ fitted over them and which 1s provided

to, I establish adjacent to the outer surfaces
of the metal chiils, as they may be calied,
(2. e., the metal sides and the metal bottom
of the mold), & body of material which is

6ot

5 like, cast approximatel in the shape of the | with a vefractory lining d, of five brick or jgp
fimished article and which sre then to be | the like. The bottom « snd side walls ¥ of
worked under a hammer or presg to the de- | the mold are intended to act, in the first

~sired form in the shaping die and which | instance, as chills, for the purpose of caus-

| may ﬁmaﬂy bhp Subjg(_;ted to gﬁbsequen‘é; hoat ing' {he CE%Stillg IﬂELE},}L as b is pOl’ifed ko

40 treatment for hardening, annealing, or the | the mold to freeze or set rapidly, in such 13
like, as may be found desirable. manner as to prevent segregation of the
It 1s characteristic of my invention and | phosphorus, carbon, or like segregable ele-
especially to be considered from the com- | ments, as the cass may be. To this end, the

_ mercial standpoint, that not only is the cast- | mass of the chill bottom ¢ and chill sides 2

%0 ing as it is delivered from the mold adapted | is appropriately. proportioned to the fem- 11¢

- to he subjected to the subsequent forming or | perature of the casting metal and the vol-
shaping operation desired, and that it is | vme which it occupies in the mold, and the
substantially devoid of dendrites and has | casting metal is poured at a temperature

- set without segregation of its phosphorus, | but siighily above that of its freezing or

°0 carbon or the like, and that reabsorption - setting point, so that the freezing or setting 115
and redistribution .of the componnds which | of the ingot will proceed with the required
form or tend to form in the dendritic strue- | prompiness.up to the point represented by
tures, have occurred during the period of | the brick-lined casing ¢, whers the metal .
heat distribution, but also that the casting | will remain temporarily liquid so that any

°5 has been brought to this condition in a sin- | cavities produced below by the setting oner- 120
gle heat, by redistribution of its own tem- | ation may be fed and flled from the liguid
peratures, and 1n a correspondingly short | head thus provided. In order that the east-
permd of time, which, in many cases, will | ing, as it comes from the mold, shall be de-

e at most but one fourth of the time neces- | void of any of the irregular, dendritic or
80 sary for the usual operations of casting and | columnar structures hereinbefore referved 1%5

i-..fr'j,

A o b > ' - v " - : B o % * .
%9 shaping operation, can be produced rapidly' | but a slow conductor of hest. Thus, f6r the 150

-a -.-_-"'""—r--..
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' "metal'_bétt?m ¢ I may employ a subjacent
- pad or filling ¢ of dry sand or asbestos set

in a recess in the foundation plate or base A

“of the apparatus and I may employ a like

filling 7, of dry sand or asbestos, in the an-

“nular space between the side walls of the

mold and an outlying jacket ¢. The thick-

- ness and heat absorbing capacity of the

10

B walls & and of the bottom .z of the mold are

80 established that only the proper amount

‘of heat is abstracted during the pouring of

the metal te cause the mass of casting to
freeze or set promptly, leaving out of con-

“gideration the metal within the brick lined
casing ¢ which remains temporarily liquid
" to supply piping cavities. Radiation from
the ends of the annular space between the

mold proper and the jacket g may be mini-

~mized and accidental intrusion of liquid

20

metal between the inner and outer walls of

- the mold may be avoided by building up an

25

annular mound % of fire clay or the like
above said annular space. The dry sand

_ provided with a band %
with which are adapted to engage suitable
lifting lugs 7 upon the inner surface oi the

jacket and the jacket is provided with bails

30

m’. By this arrangement it 1s feasible to

- readily strip the mold from the cast ingot

40

without losing any material part of the

sand envelop 7. _
The chill walls & of the mold can be ob-

-served through sight tube openings provided

for the purpose, at varicus places, or their
temperature can be otherwise determined,

and when that temperature has risen to the .

degree required, the mold is to be stripped
from the 1ngot, which may then be formed
or shaped, as desired, either immediately, or
after cooling somewhat, as may be most ex-

pedient, or after being held in reserve in 2

45

b0

o

goaking pit.

In ¥igs. 8 and 4, which illustrate the pro-
duction of a flat or horizontal casting in ac-
cordance with my invention, the chill sur-
face of metal m is contained is.the main
body portion n of the mold, which is pro-
vided with a cope » having a pouring gate
8, through which the pouring metal enters
the mol

perature but -slightly above its freezing or
setting point, and the casting sets rapidly
by reason of this low temperature of the

 metal, together with the cooling or chilling

60

action of the plate m. The redistribution of
temperatures hereinbefore contemplated 1s
effected while the metal is still in the mold.

for the casting. -As before, the
pouring metal is preferably cast at a tem--

'f

filling f rests upon a ledge ¢ attached to the |
inner. lower edge of the jacket g, and the

‘mold walls b .are

‘or setting point, chi he outer s
faces of the casting so as to assist 1n causing

. 967,830

of the casting until it attains a heat suffi-

cient to eliminate the dendritic or columnar
structures adjacent to the outer skin of the
casting ; whereupon, as in the vertical cast-

ing or ingot, the horizontal or slablike ingot .

is ready for removal from the mold and 1s
adapted to be subjected to the shaping or
forming operation intended. It will be fur-
ther noted, as characteristic of the practice
of the invention, that when the ingot or
other casting is ready for removal from the
mold, 1t will have a substantially continu-
ous grain-like structure throughout and will
have a plastic interior and a strong, tough

exterior. It is also a feature of the inven- |

tion that it
without reheating, ingots or castings which
are sound, inasmuch as by retaining the cast-
ing in the mold at such a temperature 1n 1ts
outer .portion that it can be shaped or
formed, and by having the upper portion
at a higher temperature, any piping cavities
or the like which may develop as the metal
sets can be filled in with liquid metal until
the upper portions themselves in which
these cavities exist shall have become solid
and continuous. _
operation, metal at a relatively high heat
may be at hand for filling in the top of the
casting, which metal may readily be gmu ht
to the desired temperature in an electric fur-

To further this filling in

790

iS5

80

presents means for producing,

85

90

95

nace, or other like furnace operating at high

temperatures. | | |
-~ Having thus described my invention, what
I claim i1s: | - -

100

1. The method of producing mold cast-

irgs suitable, without rebeating, to be sub-
jected to shaping and forming operations,

which consists in pouring the casting metal -

at a temperature but slightly above 1ts freez-
ing or setting point, chill-cooling the outer
portions of the casting so as to assist 1n caus-
ing the casting to set rapidly, and then re-
stricting the flow of heat from the chills
until the chilled zone has been brought to
a temperature necessaty to remove freezing
structures by the outward flow of heat irom

105

110

the interior of the casting; substantially as

described. L o

2. The method of producing mold cast-
ings suitable, without reheating, to be sub-
jected to shaping and forming operations,

which consists in pouring the’'casting metal

at a temperature slighﬂy above its freezing
l-cooling the outer sur-

the casting to set rapidly, then, by frans-
mission of heat from its interior, raising the
temperature of the exterior chiiled zone of
the casting so as to ‘remove objectionable

115

120

125

Radistign of heat is minimized by the non- | freezing structures and to bring the cast-
conductihg material ¢ forming the sides of | ing to a condition suitable for the shaping
- the mqld cavity and underlying the chill | or forming operation intended, and simul-
. plate'm;and the latter is reheated by trans- | taneously raising the temperature of the

85 Wissidh-of the temperature of the interior ) chills until their inner surfaces are likewise 139




‘brought to the degreg of heat required for
the reconstruction of  the, exterior zone of
the" casting; substantﬁﬁ ¢ as described. - -

3. In the production.of mold castings, the

Ll - »

- tion suitable for shaping or fornfing opera-
tions, which consists in " chill-cooling .the

~ outer portions of the casting so as to cause
the ‘casting to set rapidly, and restricting
10 the flow of heat. from the chills until the
| chilled zone has been brought to the tem-
wt“rﬂ necessary to remove ‘objectionable
reezing structures by the outward flow of
heat from ‘the interior of the casting ; sub-
15 stantially as described. -
4. In the production of mold castings, the
“method of bringing the casting to & condi-

' tion suitable for shaping or forming opera-
tions, -which:
20 outer portions of the
~ the casting to set rapidly, an
“mission of heat from 1ts mterio
temperature of the exterior chi
the casting until obj
structures are eliminated and the casting 18
brought to a condition suitable for the shap-
ing or forming operation intended, and

simultaneously pdiation from

d. then by trans-
r, raising the

{led
25

| _ ' restricting ra
the chills until their inner surfaces are

30
. gurface of the casting;
seribed. © - ., oo
'5.. In the production of mold castings and
. the subsequent shaping ‘or forming thereof,
ap the method of practically avoiding dendritic
" structures in the.final products, which con-
gists 1n.so gro ortioning the heat absorbing
capacity of the walls: of “the mold' to the

amount

of heat to be abstracted
40

~ eliminate any d

45 formed, and finally removing the casting

or forming ~operation intended,
hiﬁh. y afford the desired
ntially as described. - -
. 6. The method of p_r‘oducin% old ca
ings of manganese steel in the condition

667,

method of bringing the casting to.a condi- .

consists ‘1in chill-cooling the
casting so as {0 cause

zone of
ectionable freezing

brought to the tém_pé_;'atilre-_desired for the.
substantially as. de-

from the
| shaping or

'whige t%e tem
| necessary for sh

from the ‘mold and subjecting it to the |

e temperature in its outer portions

a condifion |.

830 o8
‘ adapting them for shaping or forming op-
erations, which consists In pouring the metal
‘in a mold, chill-cooling the outer portions
of the casting so &s to assist in causing the
casting to set rapidly, and reheating the ex-.
terior chilled zone, while the casting is still
in the mold, to a temperature above that at
‘ which the dendrites and other objectionable
freezing structures will be eliminated ; sub-
stantially as described.. R
7. The method of - pr m.‘,in%l mold cast-
ings of manganese steel, in the condition

adapting them for shaping or forming op-
erations, which consists 1n pouring into &
mold manganese steel containing about .12
per cent. ol manganese and about 1.10 per
cent. of carbon, chill-cooling the outer por- '
tions of the casting so as to assist in causing
the casting to set rapidly, and reheating the
exterior chilled zone, while the casting 1S
1] in the mold, to a temperature above that
1C rites and other objection-
able freezing structuies. will be eliminated;
substantially as described. - o

8. The method. of producing mold cast- =
ings  of manganese steel ' in a coadition
adapting them for shaping or forming op- - .
erations, which consist In pouring the metal 86
in & mold, chill-cooling the outer surfacesof
the casting so as to assist 1n causing the cast- -
ing to set rapidly and so roportjoning the
1 heat absorbing capacity o the walls of the ™
mold to the amount of 88

5

68

70

72

| | heat to be abstracted.
from the casting, that the outward flow of ./
heatftakini'plac_ef in the casting from the -
terior to the outer: ortions. thereof, befords
s+ removal. from the mold, shall substan- -
tially eliminate an dendrites which may 80.
haye formed, and finally removing the cast-
ing from the mold and subjecting-it to the
forming - operation intended,
rature in 1ts outer portionsis
‘high to afford the ductihity 85
aping or forming; substan---

4
Ll

still sufficiently

a
L )

'%VherﬁOfI affix my sigmt.um :

tially as descri
In testimony

in presence of pwb ?itnems-* . o
o | WINFIELD S. POTTER
Witnesses: EER |
Joux C. PENNIE,
Laura B, PENI'IEw ¥10.



	Drawings
	Front Page
	Specification
	Claims

