Jo k. YORK,

 METHOD OF MAKING INGOTS.

APPLICATION FILED MAK, 21, 1912

1,206,188,

28, 1916.

Patented Nov,

sl
—r T

; R

N T S | B

K W/MMWMWVMVMM//// % ~ /erw@

S m..mﬁ,ﬂwﬂV////// N m

NSNNAE @
Sy o3 | T

WITNESSES: |



 citizen of the United States, residing in the

. tain new and ‘useful Improvements in

- JAMES E. YORK, OF NEW YCRK, N. Y.

1,206,188.

- Sﬁeeiﬁcation of Létters_ Patent.

METHOD OF MAKING INGOTS.

Patented Nov. 28, 1916.

Application filed March 21,1913." Serial N o. 755,931,

To allwhom it may concern.:
Be it known that I, James E. Yorg, a

borough of Brooklyn, county of Kings, city
and State of New York, have invented cer-

. Methods of Making Ingots, of which the
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- ingots, as at present manufactured, often -
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- taking place.
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- or hollow spaces, usually running longitudi-
. nally of the ingot, and known as-“pipes”,
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following is a specification. -

This invention relates to methods of mak-

ing ingots and .aims to
ments therein. _
- Shapes or products produced from metal

provide, improve-

contain-latent defécts, which:it is practically

.impossible to detect by any practical means.

This is particularly truein the case of rolled
steel rails. - The defects in the shapes or rails
are mainly due to defects which arise in the
manufacture of the ingot from which the
shapes or rails are formed and which remain
in the ingot. When poured into the ingot
mold, the molten- metal cools more rapidly
at the bottom and sides than it does at the

metal shrinks or contracts from the center,
where the metal is most fluid, toward the
sides and bottom, where the solidification is

sides and bottom of the ingot are ordinarily
homogeneous and sound, while  the -center

The result of thisis that the

incorporated" in the»sh.apes‘ or articles p'ro-

sure of the rolls or other forming devices

upon the ingot in drawing out or attenuat-.
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.55
duced by the forming operation.. The pres-. -

ing the ingot, while it may eventually bring . -

the walls of the “pipes” or cavities together,

‘has ‘the effect of lengthening the “pipes” or
cavities and spreading them throughout a

greater length of the formed article or shape,
rather than' closing the “pipes”, If the in-
got is reheated after being allowed to so-
lidify the reheating will in many cases not
be sufficient to bring the metal in the vicinity

60

65

“of the cavity to 4 welding heat, and even "

though the heat be sufficient for welding this
will not take place owing to the presence of
the oxids on the walls of the cavity, and

other matter hereinafter more fully referred.

to, which prevent the formation of a weld.

70

The. defects in the shapes or products are in -

fact rendered more imperceptible if any-

. thing by rolling than in the ingot. Further-

_center, consequently upon - solidifying the

more, the center portion or core of the ingot

is of a different composition from the metal
forming the other parts of the ingot. It is
here that the substances or compounds dis-

-solved or suspended in the metal for. the

portion of the ingot at the upper end thereof -

contains a greater or less number of cavities

which are due to this shrinking away of the

metal from the center portion or core of the |

ingot. Furthermore, after-the pouring has
been completed, the metal of the ingot be-

gins to solidify on the-top, thus forming

a solid coating over the center portion or
core where the defects aré being developed.
and ¢overing them from view.. o

- When the ingot has been formed and is
carried to the rolling mill or other forming

device, the “pipes” or cavities in the center -

portion: or core of the ingot are still con-

tained therein. The operation of the rolls.

or other forming devices upon the ingots
does not serve to remove or remedy the
“pipes” in the ingot, particularly if there
are any oxids formed on the walls of the
cavity, or other substances having the same
effect, as there almost invariably are, and the

‘most part segregate or collect, which sub-

stances or compounds are generally referred

‘to as “segregation.” Tt is the zone of the im-.

purities. . Tt is here, for instance, in the case
of steel, where the greater amount of carbon
and other substances, as for instance, man-
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ganese, silicon, sulfur and phosphorus are

contained. The upper center, portion or core

of the ingot, where the “pipes” occur, is.

90 -

therefore of different composition and: has -

different qualities- from the metal constitut-

ing .the other portions of the ingot. It is -

also in this center portion of the upper end

‘of the ingot where the greater quantity of

occluded gases and “inclosures”, such "as
. b)
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minute quantities of slag, and oxids which -

have not been reduced in the refining. proc-
esses, are found. It has been a problem for
many years in the metal industry and more
especially in' the steel industry to -overcome

‘these defects occurring in the ingot, and re-

maining in the shapes or drticles manufac-
tured therefrom. Various methods of over-
coming these defects have been heretofore

tried and practised. The most common and.

approved method has been to cut off or
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defects due to the presence of the “pipe” are “crop” a portion of the upper part of the
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- >ing'0t and 'ﬁ'se_‘ the lower‘part. This results

~./in considerable loss and in most cases an ex:
- tessive: reduction of - tonnage prdduction,
~.which is contrary to the predominating aim

_of .present-day steel manufiacturers:. .

«." Various other, methods “for. -overcoming*

- :the-above-mentioned ‘defects in

‘ gots have

.. beén heretofore proposed :=—It has been: pro-
~posed to remedy these defects by slow pour-
10 1ng of the molten metal in the molds; by
" ‘the addition of metal. alloys; by compres-
~ sion of the ingot while fluid in the mold;
- and. by means of a sinking head, whick is

‘the mold for the purpose of supplying ad-
~ditional ‘molten metal to make up - for
shrinkage occurring in the ingot. .‘Slow
- pouring of the metal into the mold- is ob-

BT

jectionable because it operates to retard pro- -
duction. - Metal alloys are expensive and’

20 .
:do not serve to satisfactorily render the de-

sired effects. Use of a sinking head involves -
the use of -a heating material, for keeping
the head of the ingot molten, and leaves"

a mass of metal to be cut off from the top
-of the ingot and discarded. Compression
of the ingot is impracticable for the reason
that large and expensive apparatlus is re-
" quired and because of the length of time in-
volved. The: foregoing and many other
- methods have been tried and found to .be
. impracticable or unsatisfactory on account
of the considerable  addition to the cost of
the ingot and to the considerable reduction
of output involved. It has also been pro-
posed to fill in the.cavities formed in the
cores of ingots by pouring molten metal
therein. This is unsuccessful, however, for
the reason that it ‘is necessary that there
should be an equalization' of the tempera-
tures of the molten metal and of the metal
of the ingot at a pasty or fluid consistency
in order for welding or fusion to take place,
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and the mass of the molten metal is usually -

[ 45 so small compared with that of the ingot
* that before the equalization takes place the

“two masses of metal are at too low a tem-

- perature for the union to take place.

From the foregoing it will be seen that a
great necessity exists for a simple and re-
liable method for producing ingots that are
solid throughout, which may be formed into
shapes or articles which will be thoroughly

. sound and which will be comparatively free
55 from the defect growing out of the “pipes,”
segregated matter and concentration of “in-

. closures” found in the cores or center por-

- tions of the present ingots. The present
invention has been designied to and meets
‘such necessity or want. -

The invention-will be more conveniently
explained by referring to the accompanying
drawings. . C o

.. In said drawings, Figures 1 and 2 are a
65 top and a side view of an ingot illustrating
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“a funnel-shaped extension connected with .
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diagrammatically the process of solidifica-
- tion or-cooling which takes place uponthe
. interior of the ingot, and the formation of
. the “pipes” or cavities in the center portion =
- or:core thereof:  Fig. § illustrates-a method 79
-~ of carrying out the invention. ‘Fig. 4 illus- = -
“ trates. another method: of carrying out the

-~ *'When metal is poured into an ingot mold . .~
- the metal cools and -solidifies more rapidly 75
:-from the. sides and bottom than it does from .. -
the center, as is indicated by the lines ¢, @, a. -~
- After the-pouring has been completed, and -
as the cooling and solidifying: progresses, '
.- the top b of the mass of metal solidifies. ‘Dur--
“ing this solidification, the metal shrinks or
contracts from the center of the ingot, where * -
the metal is ‘molten, toward the exterior
of the mold, thus producing cavities ¢ ¢ in the’
core or center portion C of the upper part
of the mold, which cavities are known as
“pipes.”  This core or center portion Clso
‘contains the greatest proportion of those sub-
stances or compounds contained in the metal
which constitute the “Segregation” and “in-
closures.” - The metal of this center portion
or core is therefore of a different composi-
tion from the metal of the other parts of the
ingot -and consequently is of a different
quality, being inferior and constituting an
imperfection in the ingot and the shapes’
or articles formed therefrom. . :
In carrying out the present invention a
piece or plug of suitable material is inserted
into the upper end of the ingot while its
interior is.mobile, 4. ¢. molten or pasty, and
into the core or zone wherein the-cavities
or “pipes” occur, to fill the cavities- or
“pipes” and to displace the metal in the =
.center portion or core of the ingot, the dis- 105
. placed metal being. forced upwardly so as
to. further fill the cavity or cavities, the dis-
placement ‘is preferably carried further so
“as to cause the metal to ooze or be forced
out at the top of the ingot around the sides
of the plug or around the opening formed -
by the insertion of the plug. In the case of -
steel the plug is preferably .made of steel
having approximately the same composition
‘as the steel from which the ingot 1s to be
formed. When the piece or plug of metal
is inserted in the ingot &ither a weld or a
fusion will be produced owing to the fact
that the temperature of the metal upon the
interior ‘of the ingot: will raise the tempera-
ture of the plug to either a fluid: or a pasty
condition and to the fact that at a certain
stage of the cooling the metal of the ingot-
itself will come to a similar temperature
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-—and condition. - Under these circumstances 135

a perfect weld or fusion will be produced.
Oxidation cannot take place in the ingot
so as interfere with the weld, inasmuch as
~ the plug is inserted while the metal of the
ingot is either fluid or pasty. The plugs 150
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* themselves can be kept free from oxidation
~or be freed of oxids before being used.

The plug or plugs may be inserted at any

stage of solidification of the metal at the

5 top of the ingot, but it is preferred to insert

. the plug when the metal at the top of the

. ingot is in a fluid or pasty condition and

- . shortly after the' casting has been .com-

pleted. . The plug can be heated to a greater

10 or ‘less .temperature according to the tem-

perature of the metal of the ingot. ~The -

plug is not required to have any particular
degree of. solidity, “so-long as it possesses
sufficient solidity to:enable it to be forced
15 or to sink into the metal of the ingot to fill
.the cavities therein, and to act further to
displace, the “segregation” and “inclosures”

if desired. - Furthermore, any -shapes or

- plugs may be used: The plugs may; be sec-
20 tions of old rails; pieces of scrap metal or of
-other form, or may be formed especially for

- the purpose. They may be inserted singly,
-or_in-numbers; the plugs may be either
sithple ‘or compesite. Furthermore, treat-
25 ment of the metal, as by the addition of

”.. manganese, silicon, .aluminum,: titanium,

vanadium, ete. “churning”,. or in fact: any
other. treatment which is usual or desirable,
-may be carried on previous to the insertion

30 of the plugs, or along with the insertion of -

the plugs, - The plugs may be inserted in any

~manner.:They may be inserted manually by

. dropping: them into the top of the mold, or

. any suitable :appliance may be utilized “for
.85_placing them in-position and forcing them .

into the ingot. If there has been too much

-solidification of the metal at the top of the
* ingot, “thermit” or the like may be used to

melt the same.” - = . T .
.40, In carrying out the invention, the .plugs

.are preferably inserted gradually (and’

. preferably in elongated pieces or shapes) so

that there will be & gradual and substantially .

continuous oozing'or.out-flow of metal at the

45 top of the ingot! By this-means the metal
- around the opening at the top of the ingot
is kept molten or in a mobile state and pro-
vides a fluid coluriin of metal, extending to
the exterior ‘of the ingot, from: which any
50 shrinkage or contraction in the metal of the

body of ‘the ingot may be taken up, thus:

counteracting directly the formation of the

" cavities or “pipes”.. The place of the ex-

- truded: metal is*taken; by the ietal of the
55. plug, which is rendeéred fluid or pasty by the

heat of the interior of the ingot. Heat may

be applied during.the. extrusion ‘to assist in

maintaining the fluidity or mobility of the .

. -extruded ‘mefd] at: the issuing point. -

60 The insertion of the plugs has the further
‘terior of the ingot is utilized for doing the

65 g fluid or pasty state, and the capacity of

, _tion,” “inclosures,” ete.: -
advantageous effect, that-the heat of the in-..:
- rails, by
useful work of raising the inserted plugsTto
a temperatuge at which they are brought to .

8

the plugs for absorbing heat is utilized for
the useful purpose of absorbing heat from .
the surrounding metal of the ingot and
hastening solidification.  The hastening of
solidification has the wuseful effect of re- 7o
ducing the concentration of the “inclosures”,
the “segregation” and the formation of
blow-holes. = Acceleration ‘of cooling ordi-
narily has the effect of increasing the size of
the “pipes” or cavities in.the core, but this 75

‘effect is not.a disadvantage in the present

invention for the reason that the “pipes” or
cavities are filled by the plugs. o
The insertion of the plugs has the further
advantageous effect of rendering practically 80
the entire upper end of the ingot available
for use, requiring no “cropping” or cutting
off at all, and but 2 minimum amount of dis-
card at the end: of the “blooms” or of the
rolled shapes.. Furthermore by suitablyse-
lecting or determining the. character of the.

85

- plugs, the character of the metal at the

axis or core of the ingot may be modified so
as to obtain a wide range in the properties,
and especially the physical properties, of the 90
metal of this part of the ingot. Moreover,

“owing to the improved texture or properties

with metal which has been subjected to

‘mechanical treatment, such as rolling, usu-

ally possesses, plugs of this character may 95

“be used to advantage. This is of particular

advantage in rail making, where the method
may be used for inserting plugs of a differ-
ent composition from the metal of the in-

gots, to obtain thereby a hard or soft center 20¢

to a rail where desired, many experts con-

sidering a composite rail of this character to

“have greater strength to resist fracture.

The invention may further be carried out
a§ indicated in Fig. 4 of the drawing. A 1g:
plug which extends longitudinally the en-
tire length of the ingot, may be inserted be-
fore the cooling or solidification begins or
immediately thereafter and following the

completion of the casting of the ingot. By 110

‘this means the cooling or-solidification of
the ingot is accelerated with the resulting =
‘advantages above set forth and the ingot is-

provided with an axis.or core of compara-
tively homogeneous metal, which may be so
chosen’ as to provide a wide range-in the
physical properties of the metal constituting.

115

_the center-or‘axial portion’of the ingot. The -
" Ingot, may be subjected to.further treatment,
~preferably - after . thermal equalization -has
‘taken place and .the solidification has pro- .-
gressed, by inserting plugsin the top of the

120

ingot, as hereinbefore explained, for the ex-." .
pulsion or-elimination ‘of “pipes,” “segrega- ..
B 11
" The present method of making ingots .for -
what.is ' known as the “top cast”

method, lends itself well to the present proc-

ess.The top of the ingot is accessible at all

- times during the}{o]ing or solidification of 130
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the metal and permits of the elimination of
the “segregation,” “inclosures,” etc., by fluid

displacement at the top of the mold. The °

ingots may also be cast either-big-end-up or

big-end-down, as may be preferred, or be

in practice at any particular plant.

By the present process it is not so essen-
tial that the metal used in casting the ingot
receive such thorough treatment or refin-

‘ing before coming to the mold as is now. re-

quired in good practice, nor are the results
so unfavorable as when improperly or in-
sufficiently refined metal is used at present.
" The invention.is adaptable to all classes
of melted metal where solid and relatively
homogeneous ingots are desired, especially

" where it is desired to roll the ingots.

20

* What is claimed is:— _

1:°A method of making ingots, compris-
ing inserting metal in piece form into the
zone of the ingot wherein “pipes” occur

* while the metal of the interior of the ingot:

25

is mobile, and feeding the metal to compen-
sate for the portion which flows into the
cavities.in the interior of the ingot.

" 2. A method of making ingots, compris-

ing inserting metal in piece form into the

- zone of the Igot wherein “pipes” and “seg-
e 1ng p

. regation” occur, while the metal of the in-
30

terior of the ingot is mobile, and gradually
.displacing said metal of said zone. ¥

U8 A method of making ingots, compr1§¥/
. 4ing inserting metal in piece form into the
. zone of the ingot wherein “pipes” and “seg--

35
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regation”. oceur; while the metal of the in-—

terior of the ingot is mobile, and gradually

displacing the metal in the interior of the .
ingot, to fill said “pipes” andto expel the

portion of said metal containing the “seg-
regation” to the exterior of the ingot. -
4. A method of making:ingots, compris-

'ing inserting metdl in piece form into-the

zone of the ingot wherein “pipes” and “seg-
regation” occur, while the metal of the in-
terior of the ingot is mobile, gradually dis-
placing the metal in the interior of the ingot
to fill said “pipes” and to expel the portion
of said metal containing the “segregation”
to the exterior of the ingot, and heating said

-interior-of the ingot. *

1,206,188

extruded met‘alyat. the issuing point.to inair;'—ﬂ
tain its mobility, - ST
5. A ‘method of

and inserting metal in piece form.into the
zone of the ingot wherein “pipes” occure
while the metal in the interior of the ingot
is mobile. © -~ . : cod

6. A method of making ingots, comprising
inserting materials for chemically treéating

50 .

_ ‘making ingots, compris- B
ing inserting materials for thermally treat-: . -
ing' the metal into the interior of the ingot .

55
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the metal into the interior of the ingot and

‘inserting metal in piece form into the zone
of the ingot wherein ““pipes”. occur while®
metal in the interior of the irigot is mo- -

the
bile. . - : . ;
7. A method of making ingots, compris-
ing inserting metal in.plece form into the

zome of the ingot™wherein “pipes” occur’

65 -

while the ingot contains sufficient heat to”

melt the inserted metal to allow it to flow.

to fill up the cavities in the ingot and ‘con--

70

tinuing, the feeding of the metal until the ..~

"interior of the ingot is completely filled.

8.-A method of making ingots, compris-

ing inserting metal in piece formn into the

zoné of the ‘ingot wherein “pipes” occur. .
while the center portion of the top surface
is still in a fluid or plastic condition and "

maintaining a, fluid or plastic condition at -
_the center porton of. the top of the ingot by

continued: feeding of metal and displace-

.80;-;;

ment of the plastic oﬁﬁ.ﬂ%ﬁd:m@tal from' the -

_ 9. A method of 'makmgiingots,"dompris'-."
ing inserting metal in piece form into the

85

zone of the ingot wherein “pipes” occur

while the center portion of the top surface. - -

ig still*in a fluid or plastic condition, and

. maintaining a fluid or plastic condition at

the center of the top of the ingot. by the
-application-of heat. -~ - "+ -
In witness whereof, I have hereunto signed

my narae in the presence of: two- subscribing

witnesses. }

. . - JAMES E. YORK.

~ - ‘Witnesses: BT
“@Gustave R. THOMPSON,: -

. . Caas. Lvoxn RusseLn., = ~
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