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_Thi§ invention relatés to contiriuohis casting and more
particiilarly to a method and apparatus for the continu-
ous casting of molten metal in two or more strands si-
miiltaneously. o

In the continuouns casting of multiple strands of molten
metal, it is desirable to cast the strands from the tundish
means into molds at controlled rates of speed and it

is. frequently desirable to -cast the strands at identical

rates of ‘speed to facilitate the stibsequent cutting ‘of the
strands into billets and ‘the discharge of such cutoff
billets. - In the past, the frequently 0ccurnng and un-
controlled deviations in the sizeés of the strand pourmg
outlets of the tundish means from their initial pouring
sizes- have: caused the §trands to run at unicontrolled
relative Tates of ‘speed, reSultrng in subsequent cuttmg
and “discharging difficulties; ~ Further, -the - distribution
of ‘the proper atiount of molten metal to each of the
strands, - which has been accomphshed by means - ‘of
manually controlled tilting launders, runners, or tundrshes,
has bécome mcreasmgly difficalt with increased Casting
speeds and the required donstant ‘attention ‘of the oper-
ators to metal distribution Has resulted in: either the
neglect of other duties or fiecessarily the costly addltron
of further operators to a spemﬁc work force.

The ‘present invention avoids ‘the abovementioned dlsad—
vantages provrdmg an efficient and accurate: apparatus
and method for automat1cally controlling the distribution
of molten metal in the continuous casting of two or’more
nietal strands

The present invention further provides ‘a ‘method and
apparatus wherein the continuous casting of two or ‘more
strands “of molten ‘metal can be accomplished from a
smgle tundish without a sudden ﬂow of mietal from one
end of the dundish to the other, thus permitting a safer and
more accurate means of making small méetal ‘flow ad]ust—
ments during castmg operations.

‘Various other features of the present invention will be-
come obvious to ‘one skilled in the art upon readlno the
dlSClOSUI‘e set forth hereinafter.

More particularly, the present 1nvent10n provtdes a
method of continuously_casting molten metal comprrsmfy
pourmg molten metal strands from spaced ‘pouring ‘sta-
tions having regulatable rates of metal pour into spaced
open-ended mold zones beneath the pouring stations,
withdrawing the sohdlfymg metal strands from each of
the mold zones, sensing the rate of ‘metal withdrawal from
each of the 'mold zonegs, comparing the sensed rates of
metal thhdrawal and regulatmg the rates of ‘metal pour
from the pouring stations in accordance with the rates ‘of
withdrawal from the miold zones to provide a selected
relatlve rate ‘of casting from the mold zones. The present
invention furthier :providés apparatus - for continuously
casting ‘molten ‘metal which comprlses tiltable tundish
means, spaced potring cutlet means in. the tundish means,
spaced open-ended mold means positioned beneath the
outlet means, strand ‘withdrawal means posttloned beneath

each of the open-ended mold ‘means, sensing. means for -

sensing the rate of strand withdrawal, power means con-
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nected to the tundish means to tilt the same; and. confrol
means connecting the sensing means with thé power
means for tilting the tundish ih accorddnce with the
sensed rates of strand withdrawal.

It/is to be understood that various changés ¢an be madé
in the arrangement, form and -constriction of the -ap-
paratus set forth herein and in the several steps of the
method set forth herein without departing from. the scope
or .spirit -of this invention.

Referring to the drawings:

Figure 1 is a schematic elevation view of an apparatus
for coritinuously casting molteh metal which incorporates
an advantageous embodiment of the present invention;

Figure 2 is an enlarged top plan view of the tundish
and mold arrangement schematically disclosed in Figure 1;

Figurée 3 is an enlarged cross-sectional; elevaticn view
of the tundish and mold arrangement of Figure 2 taken
in-.a.planie passing through liné 3—3 of Figure 2;

Figure 4 is a schematic plan view of a multiple ar-
rangement of tundishes and molds like that disclosed
in Figures 1-3;

Figure 5 discloses a schematic arrangement of control
mechanism- for the multiple arrangement of Figure 4;

Referrmg to Figures 1-3 of the drawings, tiltable
tundish -2 is disclosed supported from trunnicns 3 which
are journaled for rotation in bearing boxes 4. As can be
seen more fully in Flgure 2, the tundish 2 has a substan-
tially oblong shaoed horizontal cross-sectional area and
thé trunnions 3 ‘are located along the shorter sides of the
tundish 'so that the tundish is tiltable about its major
axis Y—Y.

Tundish 2 is provided with mietal pouring otitlét mearns
arranged to provide pouring outlets on opposite sides of
axis Y=—Y. The outlet means includes two small outléts
or nozzles 6 and two large ‘outléts or nozzles 7 with 2
large and ‘small outlet being positioned ¢n ¢ach side of
axis Y—Y. Itis to be noted that each of the large out-
lets 7 on éither side of the tilting axis. is substantially in
alignment with ‘one of the small cutléts 6 on either side
of the tilting axis to thus form two séts of aligned large
and small outlets. With such an arrangement, the longi=
tudinal axes of the aligned large and small outléts in sach
set fall in a common plane, which plane is substantlally
normal to the tilting axes Y—Y of the tundish 2. i
the advantageous embodiment of the invention dlsclosed
small outlets' 6 are of equal size to each other and large
outlets 7 are of equal size to each other.

Situated beneath the outlet means of tundish 2 are two
spaced open-ended molds 8 and 9. These molds can bé
any one of several types well known in the art and aré
s0 positioned that each receives molten metal strands si-
multaneously from one of the sets of aligned small -and
large outlets 6 and 7 of the tundish 2. With the 7 arrange-
ment described, any small variations in the rate of flow of
metal into the molds can be obtained by trltmg the
tundish about its axis Y—Y, such tilting ‘motion increas-
ing the flow of metal to one mold while decreasing the

~ flow of metal to the other mold. = Since the tilting is
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effected about the major axis Y—Y of the tundish, no
sudden and lengthy flow of metal from one end of thé
tundish to the other occurs and, with the resulting free-
dom from sloshing, a steadier and more accurate ‘manner
of making slight adjustments in castmfr speeds is ‘pro-
vided,

In a typical example of ‘apparatus incorporating ‘the
features of the invention described above, a tundish can
Be provided having a capacity of about five (5 ) ‘tons of

olten metal with the bottom cross sectional dimensions
of ‘the tundish being approximately 30" by 100" ‘4nd
w1th the ‘tundish having large outlets or ‘nozzles ‘of 104"
in ‘diametér and small outlets or nozzles of 7’ in-didm-
eter. . The ‘aligned ‘large And small ‘outlefs ‘on eithér-sidfe’
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of the tilting axis can be spaced 24" apart from each
other with a distance of approximately 96" between out-
lets on the same side of the axis.

In operation, the metal level in the tundish can be
maintained at about 12”-above the outlets when the
tundish is ievel, the metal flow from each set of aligned
large and small outlets into each mold being about 2405
Ibs. of metal per minute under such conditions. When
the tundish is tilted 10° one way, the one mold would re-
ceive 2400 lbs. of metal per minute and the other mold
2500 Ibs. of metal per minute.

When the tundish is tilted 10° the other way, the first
mold would receive 2500 1b. of metal per minute and
the second strand would receive 2400 Ib. of metal per
minute, the tundish being tilted one way or the other in
varying amounts in accordance with the rates of with-
drawal of the strands issuing from the molds to effect a
balanced pouring into the molds. Tt wiil be obvious
that such a method of balancing is difficult to accomplish
manually, particularly when the speed of casting is great.
Accordingly, the present invention provides, in addition
to the tundish and casting features aforedescribed, an
automatically controlled system for tilting the tundish
in accordance with the rates of withdrawal of the solidi-
fying metal strands from their respective molds.

As can be seen in Figure 1 of the drawings, the strand
withdrawal means for each mcld & and ¢ includes a
separate set of pinch rolls 11, each set being driven by
a variable speed motor 12 connected thereto. Separate
sensing means is connected to each of the variable speed
motors, such sensing means including a tachometer-gen-
erator set 14 responsive to the speed of the motor for the
pinch rolls positioned under mold & and a tachomster-
generator set 15 responsive to the speed of the motor
for the pinch rolls positioned under mold 9. The tachom-
eter-generator sets 14 and 15 are connected to each
other in selective series through rectifiers 17 and 18 and
solenoids 19 and 21. Solenoids 19 and 21, in turn, are
arranged to control normally open switches 22 and 23 re-
spectively, the switches having armatures 224 and 234 re-
spectively and contacts 22b and 23b respectively. The
switches 22 and 23 are included in a circnit in such a
manner as to be connected in series respectively with the
paraliel connected solenoids 26 and 27. Accordingly, the
closing of switch 22 is effective {o actuate solenoid 26 and
the closing of switch 23 is effective to actuate solenoid
27. The solenoids 26 and 27 are connected to opposite
ends of a hydraulic selector valve 28, the position of
valve 28 being determined by energization of one of the
solenoids 26 and 27. This selector valve 28 serves to
control the direction of fluid flow in a fluid circuit which
includes fluid supply tank 29, motor driven pump arrange-
ment 31 and power cylinder 32. The power cylinder 32
has a movable piston 33, one end of piston 33 being
attached to lug 34 integral with one side of tundish 2.

In a typical operation of the apparatus described above,
assuming that the strand through the open-ended mold 8
is moving faster than the strand in the open-ended meld
9. the tachometer-generator 14 will have a greater voltage
output than tachometer-generator 15. As a result, cur-
rent flows through rectifier 17 to energize solenoid 19 and
close normally open switch 22. When this oceurs, solenoid
26 is actnated and the selector control valve 28, which
is normally centered, is moved to a position which causes
fluid to be directed to the lower end of hydraulic cylinder
32. This causes piston 32 in cylinder 32 to move upwardly
and tilt tundish 2 2bout trunnioms 3 to lower the smaller
outlet 6 and raise the larger outlet 7 of the aligned out-
ict set over mold &, resulting in a greater head of metal
over small outlet 6 and a lesser head of metal over the
larger outlet 7 of the outlet set. Accordingly, there is a
slowing down of metal pour to moid 8. At the same
time the larger outlst 7 of the outlet set over mold 9
is lowered and the small outlet of such set is raised to
increase the metal head over the larger outlet of the
set and decrease the metal head of the small .outlet
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of this set. As a result, there is an increase of metal
pour to mold $. With such an arrangement, tundish 2
is automatically tilted one way or the other, keeping the
rate of speed of strand withdrawal from molds & and
9 substantially equal.

It is to be understood that the automatic control ar-
rangement described herein is not limited in its use to the
specific tundish set forth in Figures 1-3 of the drawings.
For example, the automatic control system disclosed can
be used with a single, conventional, tiltable bottom pour-
ing tundish having only single molten metal outlets on
either side of the tilting axis or with separate tundishes
of the well known lip pouring type, each of which
tundishes cooperates with its own mold positioned there-
below. It also is to be understood that the automatic
control system itself can be varied depending upon the
circumstances involved. For example, in instances where
the pinch rolls are driven by motors having electronic
speed controls, the basic semsing for the tundish tilting
control can be accomplished directly from the electronic
speed controls to eliminate possible time lags created by
motor inertia.
ment can be employed in multiple casting operations where

more than just two strands are involved, as is set forth:

hereinafter.

Referring to Figure 4, a multiple strand casting arrange-
ment is schematically disclosed as embodying eight strands
and advantageously utilizing tiltable tundishes of the.
aligned large and small outlet type as disclosed in Figures.
1-3. To receive the eight molten metal strands, eight (8)

separate and spaced molds are employed, these molds be- -

ing designated by the reference numerals 41, 42, 43, 44,
46, 47, 48, and 49. Positioned above the molds are four.
tiltable tundishes 51, 52, 53, and 54, tundish 51 cooperating.
with molds 41 and 42, tundish 52 with molds 43 and 44,
tundish 53 with molds 46 and 47, and tundish 54 with.
molds 48 and 49. Tundishes 51 and 53, in turn, are
positioned below a larger tundish 56 and tundishes 52 and
54 are positioned below a like tundish 57. Finally the.
largest tundish 58 is positioned above tundishes 56 and 57.

Referring to Figure 5, it can be seen that to tilt tundish
58 it is only necessary that the power and control sys-
tem 58’ for this tundish, which system can be like that
disclosed in Figure 1, be connected to sensing devices for.
two of the strands. In this connection, it is preferable that
system 58’ be connected to two sensing devices, one of
which sensing devices cooperaies with a strand which re-,
ceives its metai from tundish 56 and the other of which’
devices cooperates with a strand which receives its metal
from tundish 57. In the advantageous embodiment of
the invention disclosed, 58’ is shown connected to sensing’

" devices 43’ and 47’ for strands emanating from molds
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43 and 47 respectively. In like manner, it is only neces-
sary that the power and control systems 56’ and 57 for
tundishes 56 and 57 respectively be connected to sensing
devices for two of the strands, the control systems 56’ and
57’ also being like that disclosed in Figure 1. For con-
trol system 59, it is preferable that one of the sensing
devices to which it is connected be one co-operating with

" a strand which receives its metal from tundish 51 and the

other be a device cooperating with a strand which re-
ceives its metal from tundish 53.- For control 57" it
is preferable that one of the sensing devices to which it
is connected be one cooperating with a strand which
receives its metal from tundish 52 and the other be a
device cooperating with a strand which receives its metal
from tundish 54. Accordingly, it can be seen in Fig-
ure 5 that control 56’ is connected to sensing device
42’ for the strand emanating from the mold 42 and to
sensing device 46’ for the strand emanating from the mold
46. Control system 57’ is connected to sensing device 44’
for the strand emanating from the mold 44 and sensing
device 48’ for the strand emanating from the mold 48.

Finally, to tilt tundishes 5%, 52, 53, and 54 power and
control systems 51’, 52, 53, and 54’ respectively are

Further, the automatic control arrange-

.
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provided. These systems also can be like that disclosed
in Figure 1. System 51’ is connected to sensing de-
vice 41’ and 42’ for strands emanating from molds 41
and 42 respectively, system 52’ is connected to sensing
devices 43’ and 44’ for strands emanating from mold 43
and 44 respectively, system 53’ is connected to sensing
device 46" and 47’ for strands emanating from molds 46
and 47 respectively, and system 54’ is connected  to

sensing devices 48’ and 49’ for strands emanating from °

molds 48 and 49 respectively.

With the above described system, it.is possible to. ob-
tain an efficient and economical arrangement for casting
multiple molten metal strands at selected relative rates
of speed with a minimum of equipment and in a minimum
of time.

The invention claimed is:

1. In apparatus for continuously casting molten metal,
a tiltable tundish having a substantially uninterrupted
molten metal compartment and. having .a substantially
oblong horizontal cross sectional area, said tundish com-
partment providing a single source of molten metal for
simultaneously forming a plurality of individual castings,
said tundish being tiltable about its major axis and hav-
ing metal pouring outlet means on opposite sides of said
tilting axis for simultaneously pouring molten metal into
said molds, said outlet means on such opposite sides of
said tilting axis each including spaced small and. large
outlets with the large outlets on one side of said tilting
axis substantially aligned with the small outlets on the
other side of said tilting axis so that the axes of aligned
large and small outlets lie in a common plane substantial-
ly normal to said tundish tilting axis, and spaced open-
ended mold means positioned beneath said outlet means
so that each mold means receives molten metal strands
simultaneously from aligned large and small outlets.

2. In apparatus for continuously casting molten metal,
a tiltable tundish having a substantially uninterrupted
molten metal compartment and having a substantially
oblong horizontal cross sectional area, said tundish com-
partment providing a single source of molten metal for
simultaneously forming a plurality of individual castings,
said tundish being tiltable about its major axis and hav-
ing metal pouring outlet means on opposite sides of said
tilting axis for simultaneously pouring molten metal into
said molds, said outlet means on such opposite sides of
said tilting axis each including spaced small and.large
.outlets with the large outlets on one side of said tilting
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axis substantially aligned with the small outlets on the
other side of said tilting axis so that the longitudinal axes
of aligned large and small outlets lie in a common plane
substantially normal to said tilting axis, said small outlets
being of substantially equal size to each other and said
large outlets being of substantially. equal size to each
other, and spaced open-ended mold means positioned be-
neath said outlet means so that each mold means receives
molten metal strands simultaneously from aligned. large
and small outlets. )

3. In apparatus for continuously casting molten metal,
a first tiltable tundish, said first tiltable tundish providing
a single source of molten metal for simultaneously form-
ing a plurality of individual castings, said tundish having
a first tiltable axis and having metal pouring outlet means
on opposite sides of the tilting axis of said tundish, said
outlet means on such opposite sides of said tilting axis
each including spaced small and large outlets with the
large outlets on one side of said tilting axis substantially
aligned ‘with the small outlets on the other side of said
axis, second and third tiltable tundishes having tilting
axes normal to said first tilting axis having metal pouring
outlet means like said first tiltable tundish, said second
and third tundishes positioned under said first tiltable
tundish so that each receives molten metal strands simul-
taneously from aligned large and small outlets of said
first tundish, and spaced pairs of open-ended mold
means positioned beneath the outlet means of said second
and third tundishes so that each mold means of said
pairs simultaneously receives molten metal strands from
aligned large and small outlets of each of said second and
third tundishes.
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