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UNITED STATES

N 1’440,535'

EMIL GATHMANN, OF BALTIMORE, MARYLAND,
INGOT MOLD.

Application filed July 18, 1822. Serial Wo. 575,008,

To all whom it may concern: -

Be it known that I, Exin GaATHMANN, a

citizen of the United States, residing in
Baltimore city, State of Maryland, have in-

vented certain new and useful Improvements

In Ingot Molds, of which the following is
a specification. - -
This invention reldtes especially to ingot

‘molds of the kind used for casting and

forming ingots from molten metal. -
More specifically my invention relates to

to cool or chill the molten mass of metal
to a greater extent at the bottom or lower

portion of the mold than at the upper part

thereof, in the manner shown, described and
claimed in my United States Patent No.
921,972 of ‘May 18, 1909 and in subsequent
patents granted to me.

In the use of the mold shown in said pat-

ent of May 18, 1909, the differential cooling
occurred only during a short interval of

- time, as the ingot decreased in size and the

25

mold cavity increased. in size. (iuité rapidly
after the ingot was poured, t )

~an annular air film of considerable width,

30

which inasmuch as air is a poor conductor

of heat, insulated the contracting semi-fluid

ingot from the walls of the mold cavity
throughout practically its entire length and
thus prevented the full effect of the differ-
eni:i‘alI chilling .action of the mold walls on

- the ingot.
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The object of my present invention is to
construct or shape the mold chamber and
to so regulate the thickness of the various
portions of the mold walls that the chilling
effect of said walls will be transmitted to
the ingot for a much longer time than in
previous constructions and to so shape the
vertical walls of the ingot produced in the
mold that it can be rolled or reduced in sec-

- tion with less danger of producing what

45

1s termed “reduction laps” cracks or tears
on_the surface of the ingot.

The accompanying drawings

- constructed in accordance with my present

80

'

invention. . _ I
Figure 1 is a side elevation of a big end

down mold embodying my improvements.

- Figure 2 is a top plan view thereof show-

ing the shape of the walls of the mold.

- cavily, -

. Figure 3 is é, botmﬁ _plan Vie'w'l'ooking
into the mold cavity and showing the border

s forming

show mdldé |

-ends by twin salients, the junction

lines at the bottom and at the top bﬁf the
mold cavity. — s )
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Figure 4 is a diagrammatic view showing

the preferred
radii of the twin salients at the corners of
the mold cavity,. @~ . :
Figure 5 is a view illustra,tinﬁ more clearly
the manner of constructing the corners of
the mold cavity. - |
Figure 6 is
fication,
~ Figure 7 is a diag
ing the manner in which each corner of the
mold cavity is formed. - )
formed in the mold shown in Figures 6
and 7. - : '-

~ Figure 9 is a diagrammatic section of an

Ingot indicating its appearance after initial

roll passing.

In carrying out my invention I prefer-.
‘ably employ mold walls havin |
cooling qualities, and preferably construct
the mold walls at the upper portion of the

differential

mold in such manner that the metal con-
tent thereof is equal to approximately be-
tween 73% to 100% of the ares of the Ingot
chamber at the u%)per portion of the mold
and construct the

In such manner that the horizontal area
of the mold walls is approximately 13 times

4 top plan view of & modi-

Figure 8 is a perspective view of an iugot

ower portion of the mold

proportional lengths of the

60
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matic view illustrat-
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or more of the volume of the area of the

mold chamber at the lower portion of the
mold. This differential top _
rangement combined—i. e., the bottom dif-
ferential divided by the top differential of

more rapidly than the upper part. °
In order to obtain close contact of the

inner chambér of the mold walls with the
got so that it may
the mold walls in a.

contained semi-fluid in
be cooled or chilled by
differential manner in accordance with the
thickness and volume of the mold walls, the

and. bettom ar-
R,

~the mold should equal approximately 13 or
more, In this way the lower part of the
ingot is chilled or cooled at least 1} times

96

100

matrix cavity of the mold chamber is pref-
erably composed of four major convex sur-

faces joined at their respective oprsite

, | of said
salients with the major convex surfaces hav-
ing in a big end down mold a concave con-

tour of a smaller radius at the upper por-

105.

tion of the mold than at the lower por-
tion thereof. - The radii at the. upper and 110
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lower portions of each salient are 'prefef-
ably described from centers in the same

‘vertical line as indicated in Figure 4. This

construction of the salients provides a uni-
form length of chord of the four major con-
vex surfaces at the horizontal planes. at
the top and bottom of the mold cavity and
at any plane between said top and bottom
portions. Rolling mill operations or passes

of the ingot between blooming mill rolls
is thus greatly facilitated as the uniform

length of chord of convexity gives the con-

cave sides of the ingot a good passing sur-

face in rolling and the ingot can be readily

entered between rolls without danger ot
angular slip and -consequent danger of

diamond shaped or cobbled blooms.

The four major surfaces of the ingot will
thus be given a horizontal cross section of &
concave contour, the concave surface being

formed from -the convex major surfaces of

the mold.
As is well known to those familiar with

this art, ingots provided with concave sur-
faces solidify with less danger of surface or

 gkin cracking and seams, as contraction 1s
less obstructed and the ingot.thus formed-

is more free from these defects. At the
same time such ingots as designed by this
invention may be as easily rolled as rec-
tangular ingots. - |
~ Ags the mold is heated by the liquid steel
poured or teemed into it, and as the outer

~portions of the liquid ingot become solidified,
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the convex surfaces of the mold cavity ex-

pand initially inward and compensate for

the decrease of volume of the sohdifying

ingot. This inward expansion of the convex
mold walls is most pronounced.and impor-

tant at the lower thicker portion of the mold
walls and s designed to be progressively

lessened towards the thinner upper por-
tion of the mold walls. The outer skin of

the ingot which is always initially rather
fragile is thus supported by the convex mold
walls until ingot walls of substantial thick-

ness and strength are prodiced by the cool-
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 walls will be heated throughout and expand

66

ing action of the mold. Heat is absorbed
by said walls to a greater extent and volume
at the lower portion and bottom of the ingot
than at the top thereof. as the top ‘which 1s
thinner will become -heated throughout
more rapidly and will expand outwardly
away from the ingot sooner than the heavier
lower portions of the mold walls in direct
proportion to the difference in the thickness
or relative volume of said top and bottom
walls compared to the top and bottom sec-

tions of the ingot. After a given time In-

terval both the bottom and top of the mold

outwardly while the ingot continues to con-
tract inwardly away from' the mold walls.

This frees the mold walls from the ingot and
allows of stripping or the removal of the

1,440,535

mold from the ingot in the usual way. The
interval of time between the inward and

outward expansion of the mold walls 1s°
-differential at the top and bottom of the

mold or ingot and with my improved con-
struction of mold is much more rapid at the
top than at the bottom of the mold cavity
but it is of a longer interval than with the
ordinary plane square or rectangular mold
cavity or matrix at all parts of the ingot.

It has heretofore been the practice to
make the cross sectional shape of the mold

70
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chamber square or rectangular with rounded .

corners and with flatened corners which at
their junctions with the primary side walls

of the mold chamber form salients or angles

where the chilling influence of the molds 1s

greatest and hence the solidification of the

ingot more rapid. A salient of small radius

‘at each corner of the mold is advantageous

in promoting the rapid chilling of the ingot

‘and the formation of strengthening zones

in the vertical plane of the ingot, but is dis-
advantageous in that such salient 1s apt to
be unduly heated or burned in the reheating
of the ingot preliminary to the rolling oper-
ation. _ - -

According to my
bined the advantages of the small salients
with the widening of the corners in order
to overcome the objections inherent in the
usnal octagon shaped ingot or mold cavity
by providing a new angular arrangement
on the corners or salients. '

The mold shown* in Figures 1 to 5 1s &

bie end down mold, but the invention may
be applied to other types of molds. These

molds have side walls constructed to pro-
mote the cooling of the ingot more rapidly

at the lower than at.the upper end of the

mold in order to reduce piping. As indi-
cated in Figures 2 and 3, the mold cavity 1s
of less cross sectional area at the top than

“at the bottom of thé mold and gradually ta-
“pers from bottom to top. This invention as
‘before stated has to do with the particular

shape of the mold cavity which has four con.-
vex sides A joined at the corners of the mold
by twin curved salients B at opposite ends of

widened corners C. The widened corners

C may be straight or convex. The salients

80
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invention I have com-
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110
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B are concave and the top of each saltent at

center point of which is in the same vertical

line as the center point of the radius of the
same salient ‘at the bottom of the mold.

This is indicated in Fig. 4. The radius of

each said salient gradually shortens from

the bottom to the top of the mold in the big

each corner of the mold has a radius the

120

end down mold shown. In“the mold 1llus- 125

trated the radius 2 of the twin salients at

the bottom of the mold may be for example

‘24 inches in length while the radii y at the

top of the mold may be 13 inches in length.

ak
r

r."‘-

The radii of the convex sides of the mold 130
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 cavity should vary at top and bottom. Thus

- mold cavity is of general rectangular shape

10

at the top it may be 68 inches in length and
thus at the bottom 674 inches in length.
These proportions are indicated diagram-

‘matically in Figures 4 and 5. The exact

lengths of radii need, however, not be fol-
lowed 1n different molds, but in all cases the

in cross section, preferably having at least
two convex sides joined by widened corners
and twin concave salients between the wid-

~ened corners and the major sides.

15

In Figures 6 and 7 I have indicated & con-
struction in which the mold cavity is formed

‘with four inner convex side walls joined by

- widened corners and salients. In the pre-

20

ferred construction the arc of one twin sa-

lient D is greater than 45° and the are,of
~the other companion salient D’ is less than

45°, the sum of the two forming substan-
tially 90°. The primary sides are indicated

~at A and the secondary sides at C as before.

25
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“or instance, where the arc of one twin sa-
:1ent 1s 60°, the adjoining arc would be 30°,
or one arc might be 70° and the adjoining
arc 20°, | | ' |
The advantage in thus constructing the
twin salients is primarily that in the initial

rolling passes of the.ingot or in the so called

squaring pass, the slope from one primary
side of the ingot to the adjoining primary
side should be as flat as practical to pre-
vent formation of laps or seams at the
corners in reducing sections of the ingot. I

thus prefer to form the initial pass so that

the

ﬁrimary faces of the Ingot are worked
on t

e more flat sides of the mold chamber

‘or faces. The primary faces of the mold
chamber may be fiat, convex, or of any other .
" tions of the walls of two radii, one describ-
ing an arc of less than 45° and the other an

desired contour, but are preferably of con-
vex contour in a mold, such as shown in the
drawings. One of the angles should be less

‘and the other more than 45° and the sum of

which should be approximately 90°. |
The ingot shown in Figure 8 is of
superior shape for reduction by rolling. It

has four sides I at least two of which are

concave and four secondary sides ¢, which are
connected ‘with the primary sides by curved
salients 7/, the convex sides of the curves be-
ing outward, © Such an ingot may be passed
through the rolls without danger of produc-
ing reduction laps, cracks or tears on the
surface of the ingot. S
I claim as my invention: N
1. A mold having a chamber provided
with four primary side walls at least two of
which have a convex contour and four
widened corners each
curved salients intervening
widened corners and the
side walls of the mold.
2. A mold having a chamber

between the

provided

with four primary convex side walls and
65 four widened corners each provided with two each provided

provided with two

adjacent primary L ,
~-vided with four primary side walls at

curved salients intervenin between the
widened corners and the
side wells of the mold.

a

adjacent primary

3. A mold the lower portion of which

absorbs. heat from the ingot more rapidly

70

than the upper portion and having a cham-

ber provided with four primary side walls

-at least two of which have a convex contour

and four widened corners each provided
with two curved salients intervening be-
tween the widened corners and the adjacent
primary side walls of the mold. s

4. A mold having & chamber provided
with primary side walls at least two of which

have a convex contour and secondary walls-

or widened corners with curved salients in-

75
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tervening between the secondary and pri-

mary walls, the arc of each salient at the top
of the mold being struck from a center in
approximately the same vertical line as the
arc of the companion salient at the bottom
of the'mold. . S -
5. A mold having _
with primary side walls gt least two of which
have a convex contour and secondary walls
or widened corners with curved salients in-
tervening between the secondary and pri-
mary -walls, the arc of each salient at the
top of the mold being struck from a center
in approximately the same vertical line as
the arc of the companion salient at the bot-
tom of the mold, and the radii of the salient
from one end of the mold to the other being
gradually increased. . . .

6. A mold having a chamber of any de-

86

a chamber provided |
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sired cross section provided with four pri-

mary walls or sides and four secondary walls
or sides, the secondary walls being connected

to the primary walls by arc shaped por-. ' o
105

arc of more than 456°. ™. |
7. An ingot having four primary sides
and four seconda

which are connected with the adjacent pri-

mary walls by two convex salients of rela-
tively small radii, the isaid secondary sides
extending at an angle of considerably more
than 45° from one adjacent primary side
and at an angle of considerably less than 45°

from the otheradjacent side, the sum of said

angles being substantially 90 degrees.

sides at the corners

110

115

- 8. A mold having a chamber provided
.Wwith four primary side walls and four
- widened .corners each prévided with two

120

curved salients intervening  between the

widened corners and
of the mold, .
less than 20 degrees and the other salient de-
scribing an arc of more than 70 degrees. .

- 9.-An ingot mold having a chamber

two of which have an inwardly projecting
convex contonr and four widened corners
with two curved salients in-

least

the primary side wall -
one salient describing an arc of

125

130
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tervening between the widened corners and
the primary side walls of the mold, one
salient describing an arc of less than 45 de-
grees and the other an arc of more than 45

5 degrees. - ' . o
10. An ingot mold having & chamber pro-
vided with four primery side walls and four

. i
a AR G

~ widened corners, each provided with two

curved salients infervening between the

widened corners and the primary side walls
of the mold, one salient describing an arc of
approximately 30° and the other salient de-
geribing an arc of approximately 60°.

In testimony whereof, 1 have hereunto sub-
scribed my name.

'EMIL GATHMANN,

10
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