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The present invention relates to metallurgy

and more especially to ingot molds.
The primary object of the present invention is
an ingot mold constructed in such manner as to
p Cause an ingot cast therein to be automatically
positioned within the ingot mold since as the in-
got freezes and shrinks from the side walls of the
mold an air gap is formed between the ingot and
the mold. )
Where an ingot- is cast in a vertical metallic
mold such as is customary in the art, the ingot
shrinks vertically and laterally as it freezes and
therefore the frozen ingot is of a lesser size than
the matrix of the mold. The air gap thus
15 formed between the ingot and matrix wall of the
mold comprises a substantial heat insulation
zone. The heat from the ingot in the air gap
Zone is transferred to the mold by radiation in-
stead of by conduction which takes place so long
20 as the ingot is in direct contact with the mold.
The transfer of the heat by radiation is very
much slower than by conduction. The solidified
ingot frequently tips to one side and remains in
contact with the matrix of the mold on one side
25 thereof while increasing the air gap between the
matrix of the mold and the other side of the in-
got. The side of the ingot in contact with the
mold loses its heat to thé mold much more rap-
idly than the side of the ingot which is out of
36 contact with the mold. This means unbalanced
heat transfer which sets up unequal stresses
both in the ingot and in the mold. The unequal
stress conditions in the ingot tend:'to produce un-

desirable crystalline characteristics in the ingot-

" and often results in surface cracks which may
constitute substantial defects in the ingot. The
unequal heating of the mold sets up unbalanced
stresses which seriously affect the mold lift.

The present invention utilizes the shrinkage of
40 the ingot in the mold to maintain the ingot po-
sitioned within the matrix so that an air gap is
maintained around the ingot so long as the ingot
remains in the mold.
All points on the molten ingot surfaces dre
45 initially common with all like points on the mold
matrix surfaces. On the other hand, as the
metal cools and progressively solidifies, conse-~
quent lateral and vertical shrinkages take place
and all points of the ingot skin, from the plastic
50 to rigid, move relatively with respect to like
points in the mold matrix surfaces while at the
same time these mold matrix points, because of
the expansion of the mold matrix walls, are
shifting their positions relative to those which

they originally occupied af the initial instant

(ClL. 22—139)

of contact with the molten or liquid ingot metal.

The invention is embodied in an ingot mold
more especially by providing cam surfaces on the
mold which will form cooperating cam surfaces
on the ingot, so that as the ingot shrinks in cool- g
ing, these cam surfaces move relative to each
other and may be maintained substantially in
contact. These cam surfaces may. comprise
either control protuberances on the side wall of
the matrix of the mold or control recesses in the 1.
side wall of the matrix of the mold. Recesses
are the preferred form of the invention for the
reason that the molten steel extending into the
control recesses chills more quickly than does
the body of the ingot and, therefore, comprises 18
protuberances of metal hhving a density greater )
than the metal in the body of the ingot and
thereby capable of sustaining pressure which is
transmitted. to the body of the ingot. The cam
surfaces are preferably shaped with regard to 20
the shrinkage of the ingot relative to the location
of the positioning control members in the matrix
of the mold. The shrinkage of a steel ingot,
while freezing from a liquid to a solid in the
mold in which it is cast, is dependent upon sev- 25
eral factors, such as the character of the steel,
the temperature at which the steel is poured, the
“state of solidification of the ingot, and other fac-
tors, but may be stated roughly to theoretically
be approximately one-eighth of an inch per 30
linear foot at suich time as the average ingot is
ready to be stripped from the mold, therefore,
& zone on a vertical ingot sixty inches from the
bottom of the mold will shrink downwardly ap-
proximately five-eighths of an inch during this 88
time. Assuming the transverse measure of the
matrix of this illustrative mold, at this sixty-
inch zone, to be substantially twenty-four inches
and following the samie rate of shrinkage, the
transverse shrinkage of the ingot will, there- 4gp
.fore, be one-quarter of an inch or one-eighth of
an inch on each side of the ingot. If a control
recess be provided in the mold wall at this sixty-
inch zone and having a depth of substantially
one-eighth of an inch, at its upper portion, and 43
being wedge~shaped downwardly for a distance
of substantially five-eighths of an inch, a pro-
tuberance cast on the ingot, by the metal flowing
into the said recess, will slide downwardly and
inwardly as the ingot shrinks and when the 50
shrinkage has reached the total of one-eighth of
an inch per foot, the protuberance or projection
will substantially be resting on the matrix side
wall of the mold.

The recesses in the matrix wall of the mold §8
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may be positioned in such manner as to con-
trol the air gap relative to various portions of
the ingot as described. If for example it Is de-
sired to cause & portion of the ingot to move
away from the matrix mold wall prior to another
portion, a recess is so located as to provide the
desired effect. If on the other hand a uniform
air gap around the ingot is desired the recesses
may be diametrically opposed.

Usually the corners of a rectangular ingot cool
first and tend to shrink away from the matrix
of the mold before the side walls of the ingot
leave the side walls of the matrix. Therefore, if
the control recesses are located in the mid side
walls- of a substantially rectangular mold, the
lateral shrinkage which occurs on each side will
be toward the mid section thereof. Consequent-
ly, the bottom of such a mid recess need not be
inclined or curved laterally. As to recesses which
are provided near the corners, however, where
shrinkage is substantial in a lateral direction, it
is preferable that the bottoms of such recesses;
be inclined laterally as well as vertically in or-
der to form cam surfaces against which protu-
berances or projections cast on the ingot meay
slide toward the mid portion of the side wall of
the mold. The same result may be attained by
a downwardly inclined direction to the corner
recesses, so as to take care of both vertical and
lateral movement of the ingot skin relative to the
mold matrix.

Other and further objects of the present in-
vention will in part be obvious and will in part

15

be pointed out hereinafter in the specification

following by reference to the accompanying

drawings forming a part of this specification.
The disclosure herewith is to be understood

as being illustrative and is not intended to be

2,221,048

indicated on Fig. 1 of the mold. The purpose
and the use of dimensions in connection with
this disclosure is to facilitate an explanation of
the present invention.

The side walls of the matrix of the mold | are
shown as being provided with control recesses
which’ are well distributed over the side walls but
In order to more clearly explain the present in-
vention, three groups of recesses are prominently
jllustrated, with other recesses between these
groups. The reason for selecting groups located

at definite intervals within the mold is to be’

able to refer.to definite dimensions and thereby
clearly explain: the present invention. The

" group A of recesses are illustrated as located at

considered in a limiting sense in that the in- -

vention may be embodied in constructions which
are specifically different but mechsanically equiv-
alent to those discloséd herewith.

Fig. 1 is a sectional view through a big-end-
up ingot mold taken on line {—{ of Fig. 2 with
the ingot removed from’the mold. )

Fig. 2 is a cross-sectional view taken on line
2—2 of Fig. 1 and showing' a cross-section
‘through the mold and an ingot in the mold.

Fig. 3 is & detall view illustrating a cross-sec-
tion, of a fragment of the mold and the fragment
of an ingot, taken adjacent the recesses A (Fig.
1) after shrinkage to the ingot has occurred.

Fig. 4 is a detail view illustrating a cross-
section of & fragment of the mold and the frag-
ment of an ingot, taken adjacent the recesses B
(Fig. 1) after shrinkage to: the ingot has oc-
curred.

Fig. 5 is a detail view illustrating a cross-sec-
‘tion of a fragment of the mold and the fragment

55

1) after shrinkage to the ingot has occurred.
Fig. 6 is a cross-section through a big-end-
"~ down ingot mold ca line 6——8 of Fig. 7 with the
ingot removed.

Fig. 7 1s a cross-section through a substan-
tially circular corrugated ingot mold and ingot
in accordance with the present invention.

Referring now to the drawings and more es-
peclally to Figs. 1 and 2 which illustrate a big-
end-up ingot mold { in which is shown in Fig. 2
an _ingot of steel 2.
tration is one wherein vertical dimensions are

70

substantially those shown on Fig. 1 of the draw-

ings and the matrix of the mold is substantially

* { rectangular with lateral dimensions such as Is

of an ingot taken adjacent the recesses C (Fig.

The mold chosen for lus--

substantially sixty inches -from the bottom of
the matrix of the mold; the group of recesses B
are located in a zone substantially forty inches
from the bottom of the matrix; and the group of
recesses C are located in a zone substantially
twenty inches from the bottom of the matrix.
The matrix of the mold is substantially square,
on a horizontal cross-section, with its dimensions
being substantially twenty-four and one-guarter
inches adjacent the zone A of recesses; substan-
tially twenty-four inches adjacent zone B and
substantially twenty-three and three-quarter
inches adjacent zone C. It is assumed for the
purpose of illustrating the present invention that-

the type of steel to be cast in this mold | will be S

steel which shrinks substantially one-eighth of
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one inch for each linear foot when it freezes from
a liquid state into a plastic solid and at the tem- -

perature at which ingots are usually stripped
from the mold.

It is recognized that the ferro- °

static head of the molten steel causes the vertical -

shrinkage to be slightly greater than the lateral
shrinkage so that the vertical shrinkage at the
top Of the ‘ingot is slightly greater than one-

eighth of an -inch per foot, while the lateral

shrinkage at the mid portion of the ingot is
slightly less than one-eighth of an inch per foot

40

and that this varies for different vertical portions -

of the ingot. v
the top and bottom of the ingot may have less
shrinkage than that at the top or bottom of the
ingot. The present invention to be carried out
on an enirely theoretical basis should include
corrections for the conditions above specified.
However, the invention may be efficiently cartied

out in practice without accurate adherence to

theoretical conditions.

Considering for the moment the mid sections
of each side of the mold, control recesses may be
formed at these sections in accordance with the
downward travel of a short lne on the side of.
an ingot cast in the mold, for example, in the
sixty-inch zone A, the mid control recess 4 may
have a maximum depth of one-eighth of an inch

which is one-half of the total lateral theoretical

shrinkage of an ingot twenty-four and one-

‘quarter inches saquare and the bottom of this

recess shall slope as at 6 for a distance of five-
eighths of an inch until it merges with the matrix
side wall 8. The width of the control recesses
4 need not be of any definite fixed dimension
although they should be sufficiently wide for the
purpose intended but preferably not be so wide
as to extend entirely around the mold since it is
desirable to provide an open air gap into which

For example, zones intermediate
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air may flow as the ingot shrinks from-the mold.

Preferably, in the mold specified, the control re-
cesses 4 are approximately from one-quarter of
an inch to an inch in width. The upper end -of
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the recesses are inclined as at 1, at an amount
of substantially less than 90° to the vertical, in
order to produce an inclined surface 8 on the
protuberance 9 formed on the ingot so that when
the ingot is stripped from the mold by pressure
on the plug 10 or otherwise, the protuberances 9
do not catch on abrupt shoulders or surfaces
provided on the mold.

The control recesses i, also located in the mid
portion of the side wall, in the zone B may have
a depth of one-eighth of an inch for the mold
specified and a downward length of substantially
three-eighths of an inch. The recesses (2 in the
zone C may also have a depth of substantially
one-eighth of an inch and a length in a down-
ward direction of slightly less than one-quarter
of an inch.

From the foregoing and from Figs. 3, 4, and 5,
it will be observed that while the ingot has
shrunk, the protuberances 9 have moved down-
wardly and inwardly from the maximum depth
of the slots 4 to a position on the matrix side wall
6; that the protuberances (4 have moved from
the recesses i1 downwardly and inwardly to a
position adjacent the lower end of the control
recess and on the side wall of the matrix 6; and
that the protuberances 5 have moved dowrn-
wardly and inwardly out of the recesses 2 to a
position on the matrix side wall 6. As the pro-
tuberances have .moved out of the control re-
cesses, it will be observed that the space main-
tained entirely around and between the side wall
16 of the ingot 2 and the matrix side wall 6 is
substantially one-eighth of an inch. The ingot
is now definitely positioned in the matrix due to
the shrinkage of the ingot in the matrix and the
camming of the protuberances 9, 14, and 15 from
the recesses 4, i f, and 12 as the ingot has shrunk.

The ingot shrinks laterally as well as vertically.
The recesses IT and {8 in the zone A and on each
side of the recesses 4, and the recesses 19 and 20
in zone B and on each side of the recesses |1, and
the recesses 2{ and 22 in the zone C on each side
of recesses 12, are preferably provided with in-

clined sides as is illustrated at 24 and 25 in Fig. 2.’

The slope of the sides 24 and 25 toward the mid-
control recesses 4, {1, and 12 is preferably pro-
portioned to the shrinkage values so that the

. ingot protuberances from  these recesses move

70

" both downwardly and laterally in contact with

the control recesses until the ingot protuberances
have substantially left the recesses and rest
against the matrix side walls. The other side of
these recesses may also be sloped if desired.

It may be remarked also that in Fig. 1 and
also in Fig. 6, intermediate recesses 23 are illus-
trated and are formed on the same basis princi-
ple as are the recesses previously described.
These intermediate recesses act the same as the
control recess specifically described above.

The usual stripping temperature for steel in-
gots is generally in the neighborhood of 1400° F.,
however, ingots are often stripped in practice at
temperatures varying from 1000° to 1800° F.,
and ingots are also stripped at room temperature.
At these varying temperatures, the shrinkage. of
the ingot relative fo the mold matrix varies.
The present invention has such limits of toler-
ance that it may readily be adapted to suit limit
conditions as above suggested.

The depth of the control recesses may be var- -

ied between one-one hundred and twenty-five
thousandths (.125’’) of an inch to six hundredths
(.06’") of an inch and still obtain satlsfactory

results on ingots of the dimensions of the illus-~
trative ingot herein specified. It is to be under-
stood that larger or smaller ingots require pro-

portional corrections in accordance with this in-
vention. While the drawings,-as a matter of il-

lustration, exaggerate the size and depth of the.

recesses and indicate sharp corners and angles
to these recesses, it is to be understood in prac-
tice that the recesses are relatively shallow and
that sharp corners and sharp angles are to be
avoided.

In practice, this- mventlon may be carried out
without closely following the theoretical specific
dimensions herein set forth and it is paossible to
obtain a substantial benefit even where the con-
trol recesses are all the same shape and size.
The depth of the recesses need not approximate
the full shrinkage of the metal adjacent thereto,
however, in all cases the recesses are to be less
than the shrinkage. - The object to be attained
is that there will always be some air gap formed
at the zone or place where an air gap is desired.
An air gap of any appreciable amount is a sub-
stantial heat insulator and accordingly. .the pres-
ent invention may be carried out with a.non-uni-
form air gap around the ingot.

Fig. 6 illustrates a big-end-down mold 26
adapted to set on a stool 21 and equxpped with
control recesses according to the present inven-
tion. Since the recesses are substantially the
same as those shown in Fig. 1, the same desig-
nating characters are used. ‘The: stripping taper
in a big-end-up mold is upward and outward,
while in a big-end-down mold, the taper is up-
ward and inward, therefore, -slight corrections
may be made in the length of the control recesses
when used in a big-end-down mold, however, the
amount of taper is so small in the length of a
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‘control recess that the present invention may

be practiced successfully by substantially 1gnor-
ing this factor.

Fig. 7 illustrates  a substantially cylmdrlcal
corrugated ingot mold 28 showing a cross-section
of an ingot 29 therein. In this type of mold, the
recesses 30 may be placed so as to produce pro-
tuberances 31 on the ingot 29 on either the tops
32 of the corrugations or in the valleys 34. Pref-
erably, however, the recesses 30 are located in
the valleys 34 for the reason that the tops.32
of the corrugations tend to cool before the val-
leys and tend to shrink away from the matrix
side wall 35 before the valleys leave the matrix
side walls. Therefore, as the ingot shrinks ver-
tically, the protuberances 3t on the ingot tend
to move out of the recesses 30 and to push the
valleys away from the matrix side walls. 'This
positions the ingot 28 within the mold 28 and es-
tablishes the desired air gap around the ingot.
In view of the fact that the ingot is substantially
circular, the side walls of the control recesses 30
do not necessanly need to be wedge-shaped in
two directions as is the case of certam cof the
recesses in Figs. 1 and 6.

Where substantially rectangular cross- sectlon
matrix molds are provided with corrugations, the
recesses may be located in the mold so as to place
the protuberances on the tops of the corrugations
on the ingot or in the valleys. Preferably, how-
ever, as is shown in Fig. 7, the recesses are lo-
cated so as to produce the protuberances in the
valleys of the ingot,

45
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The disclosure herewith shows the recesses in -

the mold as being located more or less in definite
zones in the matrix. This is the preferred form
of the inven-tiqn and such a disclosure is help-
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ful In explaining the invention. It is to be un-
derstood, however, that these recesses may be

‘located in the matrix without regard to a defi-

nite geometric arrangement and without refer-
ence to deflnite zones, the location of the re-
cesses being in accordance with that portion of
the ingot adjacent which an air gap is desired.
What I claim is:
1. A vertical ingot mold adapted to be pre-
determinedly position an ingot cast in said mold

comprising: s body portion having a mold ma-~

trix, a plurality of cam surfaces on the mold
and within the matrix to form complemental
cam surfaces on an ingot cast in said mold,
said cam surfaces on the mold consisting of
the bottoms of recesses in the matrix wall and

- being generated in accordance with the move-

30

-

ment of short lines on an ingof as said ingot
is solidifying in said mold, the cam surfaces in
the upper portion of the matrix being longer
in a vertical direction than the cam surfaces
in the lower portion of the matrix. )

2. A vertical ingot mold for predeterminedly
positioning ingots cast in the mold comprising:
a body portion having a mold matrix wall, the
major portion of said wall being provided with
diametrically located recesses adapted to form
and chill protuberances on ingots cast in sald
mold, the bottoms of sald recesses comprising
ecam surfaces generated in accordance with the
movement of the protuberances on the ingot
relatively to the mold matrix as the ingot is
solidifying in the mold and whereby the pro-
tuberances and the cam surfaces remaining

" substantislly in contact and the vertical axis
of the ingot is maintained substantially coin-
cident with the vertical axis of the mold while -

the ingot is solidifying. _
3. A vertical ingot mold for -predeterminedly

positioning portions of ingots cast in the mold

comprising a body portion having a mold ma-
trix wall, said wall being provided with re-
cesses having ‘a maximum depth slightly less
than one-half the lateral shrinkage of an ingot
at the zone of location of the corresponding
recess and having a length substantially equal
tc thé vertical shrinkage of the ingot at the
zone of location of the corresponding recess,
the bottom of each recess tapering from said
maximum depth to the face of the matrix wall.

4. An ingot mold for predeterminedly posi-"

tioning steel ingots cast in the mold comprising
a body portion having a matrix therein, control

2,221,048

recesses provided In said matrix, the combined
depth of sald control recesses on opposite sides
of a mold being between the Hmits of .125 of
an inch to .08 of an inch for each foot of in~
got cross-section substantially directly in front
of said recesses.

5. An ingot mold for predeterminedly posi-
tioning steel ingots cast in the mold comprising
a body portion having a matrix therein, control
means on the side walls of sald matrix, said
control means being adapted to establish an
air gap adjacent said control means as the ingot
freezes in the mold, said air gap being slightly
less than one-hslf the total shrinkage of the
mass of metal directly in front of said control
means. .

6. An ingot mold for predeterminedly posi-
tioning a steel ingot cast in the mold comprising
a body portion having a matrix therein, con-
trol means on the side walls of said matrix to

‘form complemental control means on the ingot

to establish an air gap adjacent saild comple-
mental control means as that portion of the
ingot moves relative to the matrix as the ingot
shrinks in the mold, the depth of control means
being from .0625 of an inch to .03 of -an inch for
each foot of steel directly in front of said con-
trol means. :

7. In a vertical ingot mold for predeter-
minedly positioning a portion of an ingot cast
in the mold relatively to the mold matrix, said
mold comprising a body portion within which
is provided a matrix having vertically undulated
side walls, control means on the side walls. of
sald matrix to establish a predetermined air
gap adiacent said control means as the ingot
freezes in the mold, said control means being
located on the crests of the undulation in the
mold to form complemental control means in the
valleys of the undulations on the ingot.

8. In a vertical ingot mold for predetermined-
1y positioning a portion of a steel ingot cast in
the mold relatively to the mold matrix, said
mold comprising a body provided with a matrix
having vertical undulations on the side wall
thereof to produce complemental undulations
on an ingot cast in said mold, and control

_means in the mold matrix to produce comple-

mental control means ¢n the ingot to cause
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the valleys on the ingot surface to move away 50

from the crests on the matrix wall of the mold .
as the ingot freezes.
. EDMUND J. KAUFFMAN, .



