‘No. 653,133, . patented July 3, 1900.
 APPARATUS FOR TREATING INGOTS OF STEEL.

(Application filed Mar. 14, 1895.)
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- SPECIFICATION forming part of Letters Patent No. 653,138, dated July 3,
Application filed March 14, 1895, |

1900,

Serial No, 541,739,  (No model.)

To all whom it may concern:

Be it known that I, JAMES HENRY CARPEN-
TER, a citizen of the United States, residing at

Reading, in the county of Berks and Stata of
Pennsylvania,have invented certain new and

useful Improvementsin Apparatus for Treat-
Ing Ingots of Steel, of which the following is
a specification. .

My invention relates to apparatus for treat-
ing ingots of steel; and it has for itg main ob-

- Ject to improve and simplify such apparatus;

20

and it consists in the various features of in- -

vention, substantially as hereinafter more
particularly pointed out. | |
Inthe accompanying drawings I have illus-
trated an apparatus for ireating ingots of
steel, and in which— .. . |
Figure 1is aside view of a mold. Fig.21is a
vertlcal transverse section of the same. Fig.
3 1s a horizontal sectional view, and Fig. 4 is
an end view thereof. |

Among the particular objects of my inven-

- tion is the production of plates of steel adapt-

- side than on the other,

30

35

.40

ed to serve as, armor-plates for. war-vessels,
forts, &e., or parts of machinery or other de-
vices which must be of harder metal on one
and while my inven-
tion i especially adapted for this purpose it
can of course be used in whole or in part for
other purposes;
connection.

Referring to the drawings, A represents a |

mold of suitable size, shape, and construction

for forming the ingot of steel, and in the pres-

ent instance I have shown it gg comprising
two parts A’ A2 united together by flanges A*
and suitable bolts or connections.in a well-
known manner, although, of course, the mold
may be madein a single piece,depending upon
the size and other considerations. Moreover,

I haveshown this mold as having a bottom A4,

~although in some instances it is preferable to

45
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character of the ingot,

make them without bottoms, a piece of cast-

iron plate or other material bein gused, sothat |

the completed ingot may be dropped out from
the mold at the bottom or the mold with-
drawn from the ingot by suitable machinery,
Inother words, the particular form and shape
of the mold will depend very largely upon the
and any of the usual

and well-known forms may be used, and the

and at the other side

but I will describe it in this |

‘passing from one side

| ingot may be of any desired shape, either hav-

Ing straight or curved sides or otherwise, ac-
cording to the ultimate form in which the ar-

ticle is to be made.

| 1 am aware that heretofore it has been pro-
posed to chill _
broviding passages for water or other fluids
| on one side, and I do'not

plates and other articles by

claim this feature
broadly; but I provide means whereby one
surface of the ingot can be thoroughly and
evenly chilled throughout its extent and the

other surface may be maintained relatively

warm, 8o as not to take the chill and so as

to prevent the setting of the metal too
quickly, in order that the crystallization pro-
duced by the chill may extend to the greatest
degree into the mass of the ingot. 'Thus the

| mold is provided with openings or with pipes

embedded therein having suitable connec-
tions by means of which one face of the Ingot

| may be chilled, while the other may be kept,

hot and prevented from chilling, and I have
shown in the drawings a series
alternately arranged in the mold, the pipes «
being connected on one side, as by a pipe o/,
preferably being car-
ried or bent round the end of the mold, asat
a*’, and being connected
the pipes b are similarly connected at one
end o a pipe b’ and are carried or bent around
the opposite end of the mold, as at 0?, and
are connected to a pipe 3. The other part
of the mold A’ is similarly provided with
alternate rows of pipes ¢ d; which may be
similarly connected at their outer ends, as at
¢ candd *. | .
- The pipes &’ b’ may be suitably. connected
with a source of supply of fluid, so that the
fluid shall enter the alternate pipes at one
end and pass through and out the other end,
thus permitting the cooling liquids to enter
at both ends of the mold,

the face of the'ingot. As the cooling liquid,
mold, will become more or less heated before
1t reaches its exit from the tube, I provide
another pipe e, which is preterably arranged
midway between the terminals of

and which is provided with branches ¢, con-
| necting with all of the pipes ¢ b, and by this

to the other of the .

the pipes
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of pipesa b

75’

to a pipe «®, while
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nold, so as to make the
distribution of temperature even throughout
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means cooling liquids can be supplied along

the central part of the ingot, accelerating the

flow of fluids passing through the pipes and

at the same time reducing their temperature; |

as they have become heated, and tending to

more evenly and thoroughly cool or chill the
whole surface of the plate, thus preventing
the edges or any part of the ingot becoming

chilled or cooled before the central portion is
chilled, which might tend to warp or distort
the plate or produce unevenness in the chill,
which would tend to cause the surface to split

~or flake off or become cracked or otherwise
defective. |

The pipes ¢’ d may be connected with a
source of heated fluid, such as hot water or
oil, which may

ingot will be maintained In & molten condi-
tion for a longer time than usual, and thuas

the erystallization produced by the chill can
extend deeper into the ingot and form a more
perfect crystalline suriace, and at the same
time the rear surface of the ingot is left iIn a

comparatively-soft condition. The fluid, as

0il, may be passed through the pipes ina hot
filled with oil |
| such as
charcoal, and the objects of my invention be |
carried out to a greater or less extent, the es-
sential feature being that while cooling or
chilling fluids are applied uniformly to one .
surface of the ingot heat retaining or produc- -’
ing materials are provided for the other face |
| treated by the ordinary

condition, or the pipes may be
or other heat-retaining substance,

of the ingot.

The pipes ¢’ b’ are provided with suitable
connections, and the pipe e and its connec-
tions may be so arranged that the cooling l1g-
uid may be caused to flow in any desired
manner.

at the center than at the edges, and to accom-

plish this the cooling fluids may be passed
directly through the pipe ¢ at the center of .

TI'

the mold and flow outwardly therefrom to-
ward the discharge-openings, and,if desired,
the connections may bhe such that the fluid
will flow both ways from the central connec-
tion ¢’ through either or both of the pipes a0,
so that both of the ends of said pipes will be-
come discharge ends.

alone or b alone, or alternately, or otherwise,
aceording to the requirements of any particu-
Iar case.
ment I am enabled to produce a practically-

uniform cooling of the entire surface of the

ingot or may cool one portion faster than the

- other, or it can be cooled in lines or sectlons

corresponding to any one-or more-of the pipes,
and I have found by this construction that

be passed through the pipes
in opposite directions, so that this face of the |
| a plate thus obtained has a

_ Thus, for instance, in some cases
it is desirable that the ingot should cool faster |

Fuarthermore, itis de- -
sirable that one portion of the face shall be
chilled more quickly than the other, and by
providing suitable cocks or stops, as ¢*, the :
fluid may flow from the center toward one end
and not toward the other, and of course it will -
be understood that at the same time the fluid
may be caused to flow through the pipes o

In other words, by this arrange-

| which I am familiar.

q
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| any desired effects on the surface of the plate

can be produced. _

With this apparatus I have found it prac-
ticable to produce a chill or crystallization of
one surface of theplate to almost any desired
depth, as the chilling process may be com-
pletely under the control of the operator, and
I further find that plates thus treated show
the highest physical tests as to elongation,
hardness, and tensile strength of any with
When the ingot has
thus been treated as desired, it can be forged,
rolled, or otherwise put intoits ultimate form

| or condition for use, and I have demonstrated

the fact that this subsequent treatment does
not interfere with the relative hardness and
increased resistance of the plate gained by
the chilling treatment to the ingot and that
areater depth of
crystallization and greater hardness than one
hardened on the surface, as steel 18 now usu-
ally treated for this purpose, the forging of
the steel ingot formed in my mold seeming to
inerease and intensify its desirable qualities,
than otherwise. Moreover, by this process
the ingots after being chilled can be rolled or
forged into thin plates, preserving the 1n-
creased resistance gained by the treatment,
and it is well known that these thin plates
cannot be effectually treated by the ordinary
methods for hardening without buckling or

bending out of the required shape. Moreover,

I find that this is a special advantage in mak-
ing large plates, too large 1o be effectually

because of their bulk, as by the use-of proper
molds ingots can be treated in the manner
desired and the ingots afterward rolled or
shaped without interfering with the harden-
ing process. Furthermore,thisprocess largely
reduces the expense of producing armor-plate,
as the plates need no carbonizing treatment
by cementation processes, which are expen-
sive and diffieult. Thus by treating or chill-
ing one part or one side of the ingot of steel
while it is being cast and retarding the ‘cool-
ing of the other side I am enabled to produce
something more than the usual superficial
chilling, as the chilling extends to a great
depth, producing perfect crystallization ex-
tending directly into the softer portions of
the ingot, and the chilled side is harder than
that produced by the ordinary methods, while
the soft side may be softer, and the subse-
quent rolling or forging in no way interferes
with this condition. .
- What I claim 1s—-

1. A mold for treating ingots of cast-steel,
provided with two series of passages extend-
ing alternately from opposite sides of the
mold, connections with a source of cooling
liquid for each series,and a centrally-arranged
supply-pipe having connections with the al-
ternate passages, substantially as described.

2. A mold for treating ingots of cast-steel,

provided with two series of passages extend-

| ing alternately from opposite sides of the

hardening process
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mold across one face thereof and each series series at opposite ends thereof, and an inter-
having passages extending partially across | mediate supply-pipe connected to all the pas-
one end, and a supply and discharge pipe con- sages, substantially as described. |
nected to each series of passages at opposite | In testimony whereof I have signed my 15
5 ends thereof, substantially as deseribed. name to this specification in the presence of
3. A mold for treating Ingots of cast-steel, | two subseribing witnesses. '
provided with two series of passages extend- | |

ing alternately from opposite sides of the | '. JAMES HENRY CARPENTER.
mold across one face thereof and each series Witnesges:
10 having passages extending partially across A. N. DoBsoN,

one end, a supply and discharge pipe for each | - W. CLARENCE DuvaLL. .
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