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METHOD OF MAKING ARTICLES FROM STEEL INGOTS.

Application filed August 25, 1920. Serial No. 405,976,

To all whom it may concern: _

Be it known that I, Ray G. CoATEs, a citi-
zen of the United States, and a resident of
the city of Pasadena, in the county. of Los
Angeles, State of California, have invented
new and useful Improvements in Methods
of Making Articles from Steel Ingots, of
which the following is a specification. ;

This invention relates broadly to metal-

lurgy and more particularly to the method

of treating steel ingots in making articles
of manufacture, and the article resulting
from the treatment. _ ‘
The principal object of the present inven-
tion is the method of treating a steel ingot
to elongate the same while maintaining the
upper portion of the ingot in a definite part

of the elongated mass and then severing such :

upper portion as scrap. - .

A still further and important object of
the present invention is the method of fabri-
cating articles from a steel ingot which com-
prises rolling or forging the article to a
shape approximating the final form and
maintaining the metal from the top portion
of the ingot in an extended protuberance or
fin which may be cut away as serap.

A still further and important object of
the present invention is the method of fabri-
cating steel articles which comprises pro-
ducing an elongated ingot having cupped
zones of iso-crystallization extending toward
one side of the ingot, forging or rolling the

ingot to maintain such cupped zones cross- -

wise of the shape so that zones of iso-crys-
tallization extend lengthwise of the metal
mass as longitudinal transverse laminations
or zones.

Another and important object of the pres-
ent invention is an article of manufacture
comprising a fabricated shape of steel with
iso-crystallization zones extending length-
wise of the shape as blended laminations.

Other and further objects of the present
invention will in part be obvious and will Jin
part be pointed out hereinafter by refer-
ence to the accompanying drawings ‘wherein
like parts are represented by like characters
throughout the several figures thereof.

It is realized that the present invention

may be carried out by departing from.the
specific description herein but without de-
parting from the spirit of the invention so
therefore it is to be understood that the de-

scriptive matter herewith is to be considered

as illustrative and not in the limiting sense.
Figure 1 is a diagrammatic view illus.
trating an elongated ingot which has been
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cast in an elongated mold and showing an -

end view thereof with crystallization zones
diagrammatically indicated by dotted lines.
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Figure 2 is a view illustrating the side of

the ingot shown in Figure 1; -

Figure 8.is an end view of the ingot
shown in Figure 1 after it has been rolled
on four sides, and illustrating the rough
top as being one side; _

Figure 4 1llustrates further rolling of the
ingot to form a slab and showing the rough
top maintained -at the edge; o

Figure 5 illustrates the shaping of the
ingot to form a bloom with the rough top
in a marginal part of one side; , .

Figure 6 is a view similar to Figure 5
showing the bloom further developed with
the marginal top isolated at one side.

Figure 7 is a plan view of a slab with the
rough top on .one edge; :

. Figure 8 illustrates a further rolling of
the slab; - ' C
Figure 9 illustrates. cutting the rough

~edge from a sheet; :

Kigure 10 is a view illustrating an inter-
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mediate step in rolling an I-beam shape and

illustrating the zone of crystallization by

dotted lines and showing "the rough top

rolled into a protuberance or fin; ’
Figure 11 is a view similar to Fig. 10

showing .an intermediate shape for channel

bar; :

Figure 12 is a view similar to Figure
11 and showing a different shape; for ex-
ample, a continental rail;

Figure 13 illustrates the method of cut-
ting a bloom to take advantage of segrega-
tion;

Fi,gure 14 illustrates a bloom or slab cut
in accordance with the lines indicated in
Figure 13. ‘

Heretofore in the art-it has been cus-
tomary to cast ingots in vertical molds and
cut off the top portion thereof and then treat
the remaining portion by rolling or hammer-
ing without respect to the relation of ‘any
part of the ingot bears to the part of the
fabricated article. In view of the fact that
an ingot cast in a vertical mold separates or
segregates on zones which are concentrically
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symmetfic relative to the axis of the mold

it follows that the upper end of the ingot °

contains more metalloid content than the
lower end and the fabricated articles made
from such an ingot are not uniform in metal
content at the cross sections taken at oppo-
Sit% ends of a long piece, like a railroad
rail. : : :

The present method provides for fabricat-
ing articles of manufacture with reference to

- the zones of crystallization in the steel so
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tally with one long side forming

. ZOTes,.

that, cross-sections through the fabricated ar-
ticles will be substantially uniform as to
metal content, throughout the length of the
article. While the invention may be prac-
tised with various types of ingots, it is par-
ticularly adaptable to ingots cast horizon-
the top of
the ingot. In casting this type of ingot.it is
frequently -difficult to prevent “wil ” metal
from raising the top of the ingot, which pro-
duces a rough surface which is hard to re-
duce to a satisfactorily finished surface un-
der the rolls. In accordance with the pres:
ent invention the ingot is rolled or ham-
mered in such manner that the part contain-
ing the “rough top” will become some prear-
ranged marginal part of the intermediate or
finished product ‘so that this prearranged
marginal part may be sheared off or cut off
from the shape so as to leave the finished

shape as desired and of good clear metal. In-

rolling ingots in accordance with this meth-
od it is necessary to keep track of the top
surface or deleterious metal of the ingot un-
til-the bloom, slab, or other shape has been
so formed as to make the position of the
“rough top” part thereof easily identified
and isolated so that it may be cut off by lon-
gitudinal shearing rollers or by special
shears, by trimming the intermediate shape,
or by trimming the plates after the slabs
have been rolled into plates or otherwise.
The longitudinal shearing preferably is done
while the metal is hot and before the final
passes through the rollers so that the final
passes or run may smooth up the cut and

Teave the sides.of the shape with good sur-.

faces.

Ingots which are cast longitudinally per-
mit the metal to slightly segregate in cupped
zones while the metal is cooling. There ap-
pears to be a tendency forthe metalloids such

as sulphur, phosphorus, carbon etc., to be -

expelled in certain proportions from the
steel as it cools. In view of the fact tha¥
the steel cools from the bottom and sides
of the chill mold in the form of cupped
which cups contain the molten steel
that has not as yet chilled, the freed metal-
loids accumulate in the metal last to freeze.
Therefore the upper portion of such elon-
gated ingot contalns an increasing percent-
age of these elements as the top surface is
spproached. In view of the. fact these-ele-
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ments are lighter than the mgtal, gravity
also has a tendency to cause these elements

to rise in the metal. Furthermore, pure -

iron chills or freezes at a higher tempera-
ture than iron containing carbon so conse-
quently the portion containin the least
amount of cargon tends to chill first and the
efféct 6f the chill is to push a little more car-
bon into the liquid part left. This action
reduces the fusion point and lowers the crys-
tallization point since the action is traveling
away from the solidifying metal, and as the
metal continues to freeze the action pro-
gresses so that segregation gradually takes
place from the bottom side of the ingot to
the top side thereof. It appears to happen
that the segregation of the carbon, sulphur
and phosphorous go along together prob-
ably because they act in accordance with sim-
ilar laws rather than the effect of one upon
the other. This action tends to reduce pip-
ing in the elongated type of the ingots and
produces zones of different saturation as to
these materials as zones of segregation in the
ingot whereby by cuttin% the ingot with ref-
erence to these zones different characters of
steel may-be obtained. ‘

Referring to the drawings,
9 illustrate end and side views respectively

- of an alongated ingot 1 which is formed with

five chilled sides and with the top side non-
chilled. Since the top side is the side
through which gases have escaped from the
ingot while it 1s cooling it sometiies hap-
pens that the top side is rough as at 2. In
this type of ingot blended cupped zones A
of iso-erystallization are formed. These
zones are ordinarily not definitely defined
but if the crystallization or freezing of the
ingot where stopped _at intervals ‘and the
molten metal poured out the remaining
frozen portion would be of .the form indi-
cated by the dotted lines. It will be noted
that the shape of the cups gradually flattens
toward the top of the surface and therefore
it follows that the major selective portions
of the zones are defined by the bottoms of
the cups so that mecbanical separation may
be resorted to, to divide out any desired por-

_tion.of the metal.

Figures 3 and 4 illustrate end views of
blooms or slabs 4 and 5 in which the rough
surface is worked to one side;

In Figures 5 and 6 which represent end
views of the blooms, the rough tops 6 and 7
are worked into marginal portions adapted
t6 be cut away as on lines B and C.

" Figures 7, 8 and 9 indicate plan views of
slabs being rolled into plates and illustrat-
ing the rough tops 10 .on omne edge of the
plates and being adapted to be cut away as
serap on the line D of Fi%ure 9. :

Figures 10, 11 and 12 illustrate shapes 12,
14, 15 rolled with protuberances or ns*16,

in which protuberances the rough top sur-
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fdce has been rolled so that by cutting away
these protuberances on lines E the scrap
material contains the undesirable portion of
deleterious metal. - , ‘

Figures 13 and 14 illustrate the cutting of
a bloom or slab with reference to the cup
shaped zones so that the piéces of material
segregated by the cuts contain the desired

percentages of steel and metalloids, etc.,

which are wanted for the fabrication of par-
ticular articles.

By referring to Figures 10, 11 and 12 it

will be noted that the zones A are rolled into

‘the shapes in such manner as to extend

transversely of the shapes with the open
sides of the zones being toward one side of
the shape. In shapes which are rolled from

" billets cut- from sections of an ingot the

20

25

30

35

40

45

50

56

zones may extend entirely across the shape

in such manner that the zones are insepa-

rable areas of blended laminations in the

fabricated shape as is illustrated in Figure
10. By treatment of the steel in the manner
and in accordance with the method herein
disclosed only a relatively small portion need
be cut away as scrap 9Ad thus a great sav-
ing is effected, and the product is improved
in that the cross-sections are uniform
through the length of a shape. Further-
more, the zones of iso-crystallization are uni-
formly distributed, thereby greatly increas-
ing the homogeneity and strength of the fin-
ished product.

The foregoing method primarily is in-
tended to be practiced in conjunction with
the ingot and metnod of making same dis-
closed 1n my U. S. Patent 1,327,987, Jan. 13,
1920, although it will be clear that the pres-
ent method may be used to reduce the loss
by scrap of such ingots as are cast in ver-
tical molds. This is particularly true- of
ingots which are cast in vertical molds, and
which ingots have one long side imperfect
due to a. defective mold, lamination, cold
shuts, ete., caused by metal overflowing into

the space left between the mold and the in-.

got due to mold expansion or other side
flaws in the ingot. In rolling ordinary ver-
tically cast ingots in accordance with the
present invention surface improvement is
more particularly the object to be attained.

Having thus described muy invention, what

I claim is:—. o .
1. The method of fabricating an article of

‘manufacture from 2 steel ingot, which com-

prises producing an intermediate shape di-
rectly from the steel ingot without cropping

. the ingot and maintaining the metal of the

60

portion of the ingot which was last to solid-
ify ‘in a predetermined extended part con-
stituting an irregular portion of the elon-
gated mass, separating the irregular portion
from said intermediate shape as scrap and

8

then fabricating the article from the remain- -

ing portion of the mass from which the serap
has been separated. '

2. The method of preparing steel in an
ingot for fabrication into articles of manu-
facture which comprises, maintaining the
defective part of the ingot which formed the’
top thereof in a narrow side portion of the
steel mass during the formation of an inter-
mediate shape, and cutting away such por-
tion as scrap from the intermediate shape
before the final shaping of the metal into
the article of manufacture,

3. The method of fabricating an article
of manufacture from a steel ingot which
comprises Tolling the steel ingot into an in-
termediate shape with the deleterious por-
tion of the ingot in a marginal flange not
intended to be a part of the final shape,
separating said flange containing said dele-
terious portion from said mass as scrap, and
fabricating said article from the remaining
portion of the mass. :

4. The method of fabricating an article
from a horizontally cast steel ingot having a
longitudinally extending defective surface
portion, which comprises rolling the ingot
in a direction substantially parallel to. the
direction in which said deféct extends com-

“pressing said defective portion into a nar-
-row longitudinal extension, and subsequently

removing the said defective portion by
severing said extension.

~ 5. The. method of fabricating an article
from a horizontally cast steel ingot having a
longitadinally extending defective surface
portion, which comprises rolling the ingot

and maintaining the defective portion in a’

longitudinally extending marginal part of
the 1ngot, during such rolling operation, and

_subsequently removing the said defective

portion by severing said marginal part.
6. The method of making articles of steel
from an ingot having deleterious material

‘on one side thereof, which method comprises .

working the metal into. an intermediate
shape and maintaining the deleterious mate-
rial in an extended marginal portion of the
intermediate shape; cutting away the del-
eterious mass; and finishing the remaining
mass into a finished shape.

7. The method of making steel articles
which comprises-rolling a horizontally cast
steel ingot into an intermediate shape with
the metal comprising the top. portion of the
ingot being rolled into a marginal zone and
with the remaining portion of the interme-
diate shape comprising zones of substan-
tially homogeneous crystallization; and cut-
ting away the marginal portion.of the in-
termediate shape comprising the metal from
the top of the ingot.

RAY G. COATES.
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