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T'o all whom it may concern: I
Be it known that I, Joax E. Pzrry, a
citizen of the United States, and a resident
of the city of Sharon, in the county of Mer-
5 cer, State of Pennsylvania, have invented
new and useful Improvements in Methods
of Making Ingots, and the Ingot, of which
the following is a specification.
The present invention. relates broadly to
10 metallurgy and more especially " to - the
method of casting steel ingots and the like
and the ingot resulting from the method.
The principal object of this invention is
the method of casting a steel ingot by
15 quickly filling a chill mold and preventing
segregation during filling and causing the
entire ingot-to chill over its exterior surface
quickly whereby the molten interior is sub-
jected to pressure during the cooling of the
20 ingot. '
Another object of the present invention is
-the method of casting a steel ingot which
comprises establishing currents in the molten
steel during the pouring, which currents op-
pose segregation, then quickly chilling all
sides of the molten steel and causing the
ingot to cool in such manner that the interior
thereof is maintained under pressure until
) the ingot is of uniform temperature through-
30 out. ' .

A further object of the present invention
is the method of casting steel ingots in chill
molds wherein the method may be carried
cut, by introducing the steel into the mold
in such manner that movements in the
molten steel are such as to prevent segrega-
tion, and then chilling all surfaces of the
ingot quickly to cause internal pressure in
the central molten mass to: permit freeing
of occluded gases in the steel. v

A further object of the present invention
is the method of casting steel ingots in’ chill
molds' by introducing. the steel into a sub-
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stantially horizontal pool by means of a ;
5 plurality of separate streams arranged  to¢’
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cause vertical moving currents in_the steel
pool -to carry the surface portion of the

steel downwardly and mingle the lighter.

products with the heéavier to prevent segre-
gation during pouring. U

A still further and important object of
‘the present invention is the method of cast-
Ing steel ingots wherein the pouring pro-
duces a substantially horizontal pool of steel
and wherein a part of the steel is introduced
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beneath the surface of the pool and another
part of the steel is introduced above the
surface of the pool.

A still further and important object of
the present invention is the method of cast-
ing steel ingots wherein a runner is provided
in one end of the matrix portion of a hori-
zontal chill mold -and is arranged with two
cpenings, one in the upper part of the mold
matrix and the other one in the lower part
of the mold matrix, with both openings un-
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obstructed in such manner that when steel -

is poured into the runmer it issues first in
Iarger volumes in the lower opening be-
neath the surface of the steel pool, whereas
as the mold fills the upper opening event-
ually contributes the larger amount of
fresh steel, and this strikes the surface of
the pool and causes a churning and mixing
action. .

A still further and primary object of
the invention is an article of manufacture
comprising an ingot of steel having all chill

sides with a steel shell of high fusion point

steel and. with a central mass of steel con-
taining lower fusion point material and
wherein segregation is substantially limited
throughout the ingot. , '

Another object of this invention is the
article of manufacture comprising a smooth
surface steel ingot of substantially solid
metal throughout and being ready for the
rolling processes when the ingot is stripped
from the ingot mold.

A still further object of the present inven-
tion is a_steel ingot having a substantially
pure steel shell, and solid core of metal con-
taining non-segregated metalloids in non-
deleterious quantities throughout the core.

Other and further objects will in part be
obvious, and will in part be pointed out in
the specification hereinafter following by
reference to the accompanying drawings
ferming a part of the application and where-
in like characters represent like parts
throughout the several figures thereof.

Realizing that this invention may be em-
bodied in different forms and be practiced
in different ways without departing from

my invention I desire that the specific dis- :

closure herewith shall be regarded as illus-
trative and not considered in the limiting
sense, : '

‘Figure 1 is a more or less diagrammatic
construction illustrating one type of mold
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and showing the steel as it begins to enter
the mold.

Figure 2 illustrates the pouring as
progressed further;

Figure 3 illustrates the mold completely
filled and beginning to chill;

Figure 4 illustrates a longitudinal section
through an ingot in atcordance with the
present invention;

Figure 5 illustrates a cross-section through
the ingot illustrated in Figure 4.

In the prior art it has been customary to
cast steel ingots in horizontal molds by
means of runners provided with a single
inlet opening near or adjacent the bottom of
the mold and by providing gas outlets in the
upper part of the mold, usually at the end
opposite the runner. In some cases it has
been proposed to cast horizontal ingots by a
runner which enters the mold through the
bottom wall thereof or the stool and wherein
the top of the mold is provided with a serles
of gas outlets arranged along the upper part
of the mold. In these constructions of the
prior art the metal which is feeding the
ingot being formed is forced to rise through
the zone which is solidifying or crystalliz-
ing, and the movement of the metal has
heretofore been in the direction of the move-
ment of the gas through the metal as the
gas was being set free while the steel solidi-
fied. This has a tendency to facilitate the
freeing of gas in the molten steel and
thereby causing more free gas and thus
causing the plastic or partly solidified steel
to tend to be full of gas bubbles, and to
finally solidify as a honey-comb mass not
suitable for rolling. Furthermore, where
the steel rises as an undisturbed pool the
materials of lowest fusion are forced out
from the solidifying steel into the still
molten portion of the steel and the materials
of lesser fusion point tend to rise to the top
of the pool and to remain in that position.
Therefore where chill covers are used the
part of the material of lowest fusion namely
the top of the pool comes into contact with
the top cover and forms a thin chill, but
since the fusion point of this metal is low
this upper part of the ingot tends to remain
molten longer than the bottom or side por-
tions of the ingot and the free gases move
into this liquid metal consequently there is
liability of this upper part of the ingot
being spongy or honey-combed and at the
same time the ingot in this upper part tends
to contain excessive amounts of ‘materials
which when in large quantities are consid-
ered as detriments to good steel and are
referred to in the art as “segregation.”
Some of the materials which will be found
in excess in the top of such an ingot, when
poured in the manner known of the prior
art, are sulphur, phosphorus, manganese,
and othe;; ~materials which are not detri-
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mental when present in small quantities,
but which become detrimental when per-
mitted to segregate in the manner specified.

The present invention overcomes the dif-
ficulties of the known prior art by providing
a method of casting horizontal steel ingots
in such manner that segregation is substan-
tially prevented and the formation of gas
bubbles in the final ingot is substantially
eliminated. This method may be accom-
plished in various ways and may be carried
out by providing a full chill mold wherein
the runner extends to the bottom of the
mold but is provided with runner openings
at both the bottom and the top of the mold
matrix and preferably the mold is inclined
to the horizontal with the runner end there-
of higher than the other end and with pro-
vision for escape of gases at the runner end,
preferably around the runner itself. In
carrying out-the method the mold is a hori-
zontally inclined chill mold with all sides

“and ends having a heat absorbing capacity

sufficiently great to very quickly chill all
molten steel coming in contact with the walls
of the matrix portion of the mold. The
pouring should be very rapid so that the
mold is very quickly filled with steel which
enters through both openings and the larger
proportion enters through the lower opening.
As the steel is running from the lower open-
ing into the pocl, it is also running from the

upper opening and this strikes the surface of

the pool. The effect of a plurality of streams
of steel, one leading into the pool from be-
neath the surface, and the other leading into
the matrix above the pool surface, is to pro-
duce a rolling or undertow condition in the
molten steel. The steel flowing from the
lower opening strikes the lower end of the
mold and tends to run backward toward the
runner so that the surface movement is to-
ward the runner end, while the steel from
the upper opening dropping upon the sur-
face of the steel pool meets the oncoming
surface movement of the steel from the
lower opening causing the movement to
reverse itself in a downward rolling move-
ment. This movement continues as the mold
fills and as the ferro-static pressure increases
in the mold the amount of metal flowing

from the upper opening proportionately in-

creases so that the fresh molten steel is sup-
plied in gradually increasing volumes to
the surface of the pool as the pool rises. In
the meantime the rolling or undertow move-
ment continues. This action thoroughly
mixes the materials in the mold and pre-
vents any materials of low fusion point col-
lecting as strata or “segregation.” As the
mold is filled quickly the fresh steel quickly
reaches the chill cover and immediately a
shell of solid steel at a high fusion point
begins to form. ‘The undertow or rolling

action has prevented segregation and has
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tended to prevent the formation of gas bub-
bles. The result is that when the entire mold
is filled and the chilling action is going on
the solid steel shell of a high fusion point
steel grows from the mold walls toward the
center ana gradually encloses the molten
steel material of a slightly less fusion point.
This pure stéel shell of the high fusion point
steel freezes and contracts around the central
mass of lower fusion point, and from which
the heat must escape through the outer shell.
This causes the heat gradient to run from
the central mass radially to the outer sur-
faces. The internal pressures depend upon
the heat differential between the hottest part
and the coolest part of the ingot. Therefore
with the outer shell cool and rapidly solidi-
fying, and the inner mass hot and liquid,
the central mass is subjected to great pres-
sure. This pressure continues in proportion
to the heat differential and therefore con-
tinues until the ingot is of uniform tempera-
ture. The mixing movement of the steel,
and the surface supply of fresh steel pre-
vents segregation during pouring and the
quick pouring soon brings the melted steel
against the chill cover at which time the
enclosing steel shell starts to form and from
that time on conditions are not conducive to
segregation. Therefore segregation is sub-
stantially prevented. All mold gases escape
during pouring through the gas outlets pro-

vided and when the chilled shell forms pres-’

sure builds up so quickly that the occluded
gases in the steel are prevented from being
freed and this eliminates gas bubbles. The
finest steel is on the smooth outside of the
ingot and this gives fine rolling surfaces to
the ingot. The resulting product therefore
comprises a solid steel ingot having a shell
of two or three inches in thickness, depend-
ing upon the size of the ingot, of the pure
high fusion point steel and the interior or
core of the ingot is a solid metal throughout
wherein the low fusion point materials are
distributed in such manner that at no point
in this core are these materials present in
deletericus quantities, and the whole ingot
is ready for rolling into finished product.
Referring now to the drawings the mold
for carrying out the present invention may
comprise a chilled trough-like body 1 pro-
vided with a matrix portion 2 and adapted
to be inverted upon a suitable stool 4. The

stool is inclined slightly to the horizontal

so that the axis of the matrix portion of the
mold is slightly.inclined. = A fountain 6 is
adapted to set over d rumner- tile 5 that
extends through an opening in the top of
the mold and is set along one end of the
mold matrix. The tile is provided with a
vertical passageway connected with the fun-
nel of the fountain ahd is also provided
with inlet openings 7 and 8 the axes of
which are substantially - parallel with the

8

axis of the mold matrix. These inlet open-
ings may be varied and in fact the inven-
tion may be carried out by providing a sin-
gle inlet epening preferably near the loca-
tion of the inlet opening 8. A space is left
avound the tile where it passes through the
top of the mold and another space is also
provided beneath the fountain in order to
provide a gas escape opening. The inold

body preferably is-also provided with crane .
staples 9 and 10 whereby the mold may .be

lifted from the stool.

Referring to Figures 1, 2 and 3, which
illustrate the method, it will be noted that
the steel issues into the mold body in such
manner as to create vertical eddy currents.

. Where a plurality of openings are used the

steel issuing from the opening 7 takes the
general direction indicated by the arrows A,

while the steél from the opening 8 pours ©

on the surface of the steel pool in the direc-
tion indicated by the arrows B. This pro-
duces a backward and downward action at
the surface as indicated by the arrows C.

In Figure 2 with the mold nearly filled the

surface ‘action of. the pool is more nearly
in the direction toward the pouring end as
is indicated by the a1rows D so that the steel
surface tends to carry mold, gases toward

the gas outlet and these gases have a direc- *

tion indicated by the arrows Ii. The space
occupied by the gases gradually diminishes
and when the mold is filled, as shown in
Figure 3, chilling action begins while there

is still a slight movement in the body of the ¥

steel. This chilling action is indicated in-
Figures 8, 4, and 5 by the lines ¥ and the
action begins at the end farthest from the
inlet openings. The result of the chilling
is to produce a shell of substantially pure
steel which encloses the core G made up
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of alloy steel containing materials which -

tend to solidify at a slightly lower temper-
ature than the pure steel. The center or
core of the ingot contains more metalloids
than does the shell thereof and these metal-
loids increase in quantity gradually toward
the axis of the ingot. These materials,

119

however, are so thoroughly mixed that such

materials do not odcur at.any point in the
ingot in such quantities as to be deleterious.
The entire ingot therefore is capable of
being fabricated into finished product.
Having thus described my invention,
what I claim is: :
1. The method of casting steel ingots

which comprises providing a mass of molten

steel by filling the matrix of a mold which
matrix has the form of the ingot desired

and maintaining the steel” constituents ho- i:

mogeneously distributed throughout the en-
tire mass thereof; and freezing the molten
steet into a solid mass by quickly absorbing
heat from all sides thereof to arrest the
molecular movement of the constituents of
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of the mass has substantially changed.

2. The method as claimed in claim 1 and
wherein the honiogeneous distribution of the
constituents ‘of the steel is maintained by
agitation of steel in the mold during the
filling thercof.

3. The method as claimed in claim 1
wherein the homogencons distribution of
the constituents of the stecl is maintained
by the production of -vertical eddy currents
in the steel during the operation of filling
the mold.

4. The method: as claimed in claim 1 and

5 wherein the molten steel is introduced-into

the mold cavity in such manner that the
inflow of molten steel causes a thorough
mixing of the steel during the complete fill-
ing operation.

5. The method as claimed in claim 1 and
wherein the steel mass is quickly formed by
quickly filling a mold cavity, and wherein
heat is rapidly absorbed from the steel shell
enclosing the molten interior of the ingot
to cause the chilled shell to cool with suf-
ficient rapidity to establish internal pres-
sure on the molten mass and to maintain
said pressure until the ingot is solidified.

6. The method as claimed in claim 1 and
wherein agitation of the molten steel is
maintained by streams of steel which enter
the mold substantially parallel to the hori-
zontal axis of the mold.

7. The method of casting ingots which
comprises pouring the molten metal into a
matrix in such manner as to cause vertical
eddy currents which continually mix the
upper portions of the pool with the lower
portion thereof during pouring.

8. The method of casting steel ingots
which comprises pouring the steel into a
matrix in such manner as to cause vertical
eddy currents which continually mix the
upper portions of the pool with the lower
portion thereof during pouring and then
chilling all sides of the molten steel as soon
as the pouring is finished.

9. The method of casting steel ingots or
the like which comprises establishing verti-
cal eddy currents in the steel pool by means
of forces established by the molten steel en-
tering into the mold during pouring.

10. The method of casting steel ingots or
the like which comprises establishing verti-
cal eddy currents in the steel pool by means
of forces established by the molten steel en-
tering into the mold during pouring and fill-
ing the mold matrix quickly before the eddy
currents have ceased. 4
11. The method of casting steel ingots or_
the like which comprises establishing verti-
cal eddy currents in the steel pool by means
of forces established by the molten steel en-
tering into the mold duri.g pouring, filling
the mold matrix quickly before the eddy cur-
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rents have ceased, and then chilling the steel
to form a steel shell as soon as the pouring
is finished. :

12. The method of casting steel ingots or
the like which comprises directing the flow
of molten steel into the matrix portion of
the mold in such manner as to causc the
vertical flowing eddy currents in said mold
to rotate so as to carry the surface portions
of the molten steel downward and the bot-
tom portions of the steel upward during the
pouring operation.

18. The method of casting steel ingots or
the like in a full chill mold which comprises
directing the flow of molten steel into the
matrix portion of the mold in such manner
as to cause the vertical flowing eddy cur-
rents in said mold to rotate so as to carry the
surface portions of the molten steel down-
ward and the bottom portions of the steel
upward during the pouring operation and
quickly filling the mold to bring the steel
against the chill top.

14. The method of casting steel ingots or
the like which comprises directing the flow
of molten steel horizontally into the matrix
portion of the mold by means of a plu-
rality of streams in such manner as to cause
the vertical flowing eddy currents in said
mold to rotate so as to carry the surface
portions of the molten steel downward and
the bottom portions of the steel upward
during the pouring operation. :

15. The method of casting steel ingots or
the like which comprises directing the flow
of molten steel into the matrix portion of the
mold in such manner as to cause vertical
flowing eddy currents in said mold to rotate
so as to carry the surface portions of the
molten steel downward and the bottom por-
tions of the steel upward during the pouring
operation, and then quickly chilling the steel
when the pouring operation is finished.

16. The method of casting stecl ingots or
the like in a full chill mold which comprises
directing the flow of molten steel horizontal-
ly into the matrix portion of the mold by
means of a plurality of streams in such man-
ner as to cause the vertical flowing eddy cur-
rents in said mold to rotate so as to carry
the surface portions of the molten steel
downward and the bottom portions of the
steel upward during the pouring operation,
quickly filling the mold to bring the steel
against the chill top, and quickly chilling the
steel in the mold.

17. The method of casting steel ingots or
the like in a horizontal mold, which com-
prises introducing molten metal at one end
of said mold with the direction of the in-
troduction of the metal being substantially
horizontal in such manner as to cause the
vertical rotating eddy currents in the steel
pool to form in the mold matrix during the
pouring, )
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18.: The method of casting steel ingots or
the like in a horizontal mold, which com-
prises introducing molten metal at one end
of said mold with the direction of the in-
troduction of the metal being substantially
horizontal in such manner as to cause the

vertical rotating eddy currents in the steel

pool to form in the mold matrix during the
pouring, and chilling all surfaces of the
steel before the eddy currents have ceased.

19. The method of casting steel ingots or
the like which comprises agitating the steel
during pouring to prevent segregation, then

- quickly chilling the entire surface of the

15

steel to form a chilled shell, causing the

- chilled shell to cool with sufficient rapidity

to estabish internal pressuré on the molten

* interior thereof and to maintain said pres-

20

25

30

35

40

45

50

55

60

65

sure until the entire ingot is solidified.

20. The method of casting steel ingots or
the like which comprises pouring the steel
quickly, agitating the steel during pouring
to prevent segregation, then quickly chill-
ing the entire surface of the steel to form
a chilled shell, causing the chilled shell to
cool with sufficient rapidity to establish in-
ternal pressure on' the molten interior there-
of and to maintain said pressure until the
entire ingot is solidified.

- 21. The method of casting steel ingots or
the like which comprises quickly filling a
complete chill mold adapted to chill all sur-
faces of the ingot to be formed, preventing
segregation-and the formation of gases dur-
ing pouring, and simultaneously chilling all
surfaces of the ingot as soon as the mold is
filled and before gases are being freed from
the steel in such volumes as to cause bubbles.

22. The method of casting steel ingots
or the like which comprises quickly filling
a complete chill mold adapted to chill all
surfaces of the ingot to be formed, agitating
the molten steel during the filling operation

to cause vertical eddy currents in the steel,

simultaneously chilling the steel on all sides
as soon as the mold is filled to form a steel
shell enclosing the molten interior of the in-
got under pressure, and cooling said shell
with sufficient rapidity to maintain the pres-
sure on_the molten interior until the ingot
is completely solidified.

~ 23. As an article of manufacture an ingot
mold provided with a channel adjacent one
end of the mold matrix, and a separable
runner column in said channel and having
a plurality of openings leading into said
matrix with one of said openings leading
into the lower portion of the matrix and

_the other of said openings leading into the

upper portion of said matrix.

24. As an article of manufacture a hori-
zontal ingot mold having a longitudinally
extending matrix therein provided with a
channel adjacent one end of the mold mat-
rix, and a separable runner column in said

8

channel and having a plurality of openings
leading into said matrix with one of said

openings leading into the lower portion of -

the matrix and the other of said openings
leading into the upper portion of said
matrix,

25. As an article of manufacture an in-
got mold provided with a channel adjacent
one end of the mold matrix, and a separable
runner column Jn said channel and having
a plurality of openings with axes parallel
to the axis of the matrix and leading -into
said matrix with one of said openings lead-
ing into the lower portion of the matrix
and the other of said openings leading into
the upper portion of said matrix.

26. As an article of manufacture an in-
got of steel comprising a substantially pure
steel shell having all surfaces thereof chilled
and with a solid steel core enclosed by said
shell and with the metal content of the ingot
gradually increasing in metalloids toward
the axis thereof and with the cross-section
of the ingot comprising substantially solid
steel throughout. ‘

27. /As an article of manufacture an in-
got of steel comprising a substantially pure
steel shell having all surfaces thereof chilled
and with a solid steel core enclosed by said
shell and with the metal content of the in-
got gradually increasing in metalloids to-
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ward the axis thereof and with the cross-

section of the ingot comprising substantially

solid steel throughout and with gas bubble

cavities being negligible whereby the entire
ingot may be rolled into finished product.
28. As an article of manufacture an in-
got of solid steel comprising a substantially
pure steel shell of high fusion materials
and having all surfaces thereof smooth and
chilled and with a solid steel core enclosed
by said shell and with the metal content of
the ingot gradually increasing in metal-
loids toward the axis thereof and with the
cross-section of the ingot comprising sub-
stantially solid steel throughout. :
29. As an article of manufacture an ingot
of steel comprising a substantially pure steel
shell having all surfaces thereof chilled and
with a solid steel core enclosed by said shell
and with the metal content of the ingot
gradually increasing in metalloids toward
the axis thereof with the materials of lowest
fusion substantially at the axis of the ingot
and with the cross-section of the ingot com-
prising substantially solid steel throughout.
80. As an article of manufacture an ingot
of solid steel comprising a substantially
pure steel shell of high fusion materials and
having all surfaces thereof smooth and
chilled and with a solid steel core enclosed
by said shell and with the metal content
of the ingot gradually increasing in metal-
loids toward the axis thereof with the ma-
terials of lowest fusion substantially at the
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axis and with the cross-section of the ingot
comprising substantially solid steel through-

out and with gas bubble cavities being

(W)
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negligible whereby the entire ingot may be
rolled into finished product. ’

31. A solid steel ingot comprising a
chilled shell with all sides thereof substan-
tially smooth surfaces and with the shell
enclosing a solid steel core which has solidi-

fied under pressure and with the occluded .

gases retained in the steel mass.
32. A solid steel ingot comprising a

chilled shell of a less metalloid content than .

the ladle steel and with all sides thereof
substantially smooth surfaces and with the
shell enclosing a solid steel core which has
solidified under pressure and with the oc-
cluded gases retained in the steel mass and
with the content of the core being slightly
greater in metalloids than the ladle steel.

33. An article of manufacture comprising
a solid steel chilled ingot having a solid
chilled shell enclosing a central core of solid
steel containing metalloids in non-dele-
terious quantities distributed throughout
the core. .

34. An article of manufacture comprising
a solid steel chilled ingot having a solid

- chilled substantially pure steel shell enclos-

30

35

ing a central core of solid steel containing
metalloids in non-deleterious quantities dis-
tributed throughout the core and substan-
tially without cavities due to the mold gases.

35. The method of casting ingots which
comprises pouring the molten metal into a
mold while homogeneously distributing its
constituents throughout the mass, and then
freezing the molten metal by chilling on

1,585,245

all sides before the homogeneity of the mass
has substantially changed.

36. The method of filling a chill mold
which comprises simultaneously directing a
plurality of commingling streams of molten
metal into the matrix through a plurality of
orifices in one end thereof of which the
axis of one lies on a different straight line
than the axis of another.

87. An ingot mold comprising in com-
bination, a matrix portion having a channel
adjacent one end thereof, and a runner
column in said channel and having a plu-
rality of vertically spaced openings leading
into the matrix. :

38. In the method of casting, the step
which consists in simultaneously pouring
horizontally directed impinging streams of
molten metal within a matrix to produce a

mixing action throughout the mass during

the pouring.

39. In the method of casting, the pouring
step which consists in homogeneously dis-
tributing the constituents of the molten
metal within the matrix by the action of
commingling streams and currents.

40. In the method of casting steel ingots,
the step which consists in simultaneously
pouring impinging streams of molten steel
within a matrix to produce a continuous
mixing of the mass during the pouring.

41. In the method of casting steel ingots,
the pouring step which consists in homo-
geneously distributing the constituents of
the molten steel within a matrix by the ac-
tion of commingling streams and currents.
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