Oct. 26, 1971 osco 3,614,978

M. A. K
COMPUTERIZED CONTINUOUS CASTING SYSTEM CONTROL
. : RESPONSIVE TO STRAND POSITION
Filed July 1, 1968 . S Sheets~Sheet 1

c% § o) @u I-Cf
1+ o3 3341
@®
§13(6/85] o o o |23 <
Lz 5|8 5
sl2|g ¥
o |f & O 0O D N
: 3
5] © © O 0 ©
T a
8 8/ © 6 © © ©
18 et 9_) 8
4 |¥
.0 0 O 0O v
e 1B
T4 . H o) &
(4] 3 m'
8- |
® 81181 8 8.
. BN N \J
i
3
d pa
I

T

| _-AN

INVENTOR
Michael A Kosco

oot | (ogmobtos

FIG.IA.



M. A. KOSCO

TIN

3,614,978

L

Oct. 26, 1971

UOUS CASTING SYSTEM CONTRO

RESPONSIVE TO STRAND POSITION

COMPUTERIZED CON

3 Sheets-Sheet 2

Filed July 1, 1968

TNy

v92 992 NV
¥ ] ~~020
" 4 u,, ) 029
090 S < 149
574 T 120
7 14| [Mas] _MUW_ g0y om ulton[g m hm\o vs1] [sod [0.3
L e B \a e oo |hwc. OO
sor. OFLS 8~ 0%e £9d B_
) ¥31NdINOD ) = Howo. | Howo | ; 338,
g H3NNI _muSo ' yvg
LINN LINO L O Wan [ anmovar =1 | AR
i LOLIWHLINY[] 108 1NOD _ :omowm.@L Lowi
vz o) eLe 022 | ol 652 =
_ 1 (%) 1iNn 1ndino-Lndni —
~ _
ol ; 08 jILL 050
ommmmh i.q i AR (oo
zse2d w b
b8z
Ny L 1do| |
NVOS NVOS L95e| | 81914
082
0029 ﬂ ﬁ 14902
y ,Hom.l < 4 IR IB L PN¢ d——d 4+
|8 %) 022 v22
98l | [961] ,
A N - Il . . . N - & - ¢mN1 ‘. i l\looo
9t a -
= A b =122 |4 K 26l
2 €12 slz bz
v

Loo0



Oct. 26, 1971 M. A. KOSCO 3,614,978
o COMPUTERIZED CONTINUOUS CASTING SYSTEM CONTROL
: RESPONSIVE TO STRAND POSITION
Filed July 1, 1968 : 3 Sheets~Sheot 3

- FlIG.2.




United States Patent

3,614,978
Patented Oct. 26, 1971

fice

1

3,614,978
COMPUTERIZED CONTINUQUS CASTING SYSTEM
CONTROL RESPONSIVE TO STRAND POSITION
Michael A. Kosco, East McKeesport, Pa., assignor to
Westinghouse Eleciric Corporation, Piftsburgh, Pa,
Filed July 1, 1968, Ser. No. 741,567
Int. CL B22d 11/12

U.S. Cl. 164—154 16 Claims

ABSTRACT OF THE DISCLOSURE

Computer controlled continuous casting of materials
from the molten to the solid state. The computer keeps
tracks of the position of the moving cast strand of each
of a plurality of casting lines from the time it emerges
from the mold and, in response to position of the strand,
controls various elements at the proper time along the
casting line, such as coolant flow, pinch rolls, straighten-
ing roller, dummy bar head separation, table or con-
veyor rolls, and slab cutting machine. The computer
keeps track of the slab cutting machine and the position
of its cutting elements, and controls the cutting operation
in synchronism with movement of the strand. Also in
response to position of the moving strand, the computer
at appropriate times begins to monitor and compare
against stored references such conditions as coolant and
strand temperatures, coolant flow rates, pinch roll drive
current, and pinch roll pressure. The computer also per-
forms a pre-pour diagnostic check-up on various ele-
ments of the casting line to determine if a malfunction
exists. Additionally as the casting progresses, the com-
puter gathers and outputs information as a function
of position and time with respect to each strand. The
computer controls a plurality of casting lines in “par-
allel” by suitable multiplexing,.

BACKGROUND OF THE INVENTION

This invention relates to the operation of systems
'wherein metal is cast in a continuous billet by pouring
molten metal into a fluid-cooled mold and continuously
withdrawing the metal as it solidifies from. an opening in
the mold by means of withdrawal devices. As the billet
(commonly referred to as “strand”) emerges from the
mold, it is characterized by a solid exterior enclosing a
molten interior, and as the strand progresses it passes
through an auxiliary cooling area to further solidify the
strand. Further along the casting “line” the billet is cut
in suitable slab lengths by a cutting mechanism for exam-
ple a torch cutting machine. Initially the start end of
the strand is pulled out of the mold by a dummy bar
attached to the start end of the strand, and before the
slab cutting mechanism is reached, the strand is gen-
erally separated from the dummy bar. The withdrawal
mechanism usually includes pinch rolls that drive the
dummy bar and later drive the strand after it reaches the
pinch rolls. In some systems human operators control
various elements of the system and also check gauges and
other sensors detecting various conditions such as fluid
coolant temperatures and flow rates, strand skin tem-
peratures, pinch roll pressure, etc. There have been pro-
posals heretofore of various degrees and methods of au-
tomating different parts of such a system. Prior art at-
tempts at automation generally were directed to control
in response to properties of the cast strand and of the
elements of the system such as strand and coolant tem-
perature, solidity of the strand, etc. It has even been pro-
posed to computer-control the continuous casting sys-
tem in accordance with a highly complex formulation
involving properties of the strand and conditions of sys-
tem elements. I am unaware of any successful applica-
tion of such complex computerized control.
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SUMMARY OF THE INVENTION

The invention is directed to improved computer con-
trolled methods of and apparatus for controlling a con-
tinuous casting system. One of the objects is to provide
such control in a simple but effective and accurate man-
ner without resorting to complex formulation.

Another object of the invention is to enhance the
capabilities of the system whereby a high throughput con-
sistent with acceptable quality is achieved.

In accordance with one embodiment of the invention
pulses generated as the cast strand advances are accumu-
lated in a computer whereby the computer knowns the
position of the advancing strand and in response to arrival
of the strand at successive points along the line applies
control functions to devices along the line in the order of
succession of the devices. Each device affects in some
manner the cast product. The devices may for example be
water spray control, pinch roll control, slab cutter control,
and others. In response to relative positions of the strand,
the slab cufter, and the cutter elements of the slab cut-
ter, the traverse of the cutting members is controlled by
the computer to be in timed relation with the moving
strand so that the cut is finished at a predetermined
point along the line.

Other and further objects and advantages of the present
invention will become increasingly apparent from the
following detailed specification taken in connection with
the accompanying drawings which illustrate a preferred
embodiment of the invention in connection with ap-
paratus for continuously casting steel.

IN THE DRAWINGS

FIGS. 1a and 1b taken together side-by-side with
FIG. 1a to the left form a composite block diagram of a
continuous casting system incorporating computer con-
trol in accordance with the invention;

FIG. 2 is a block diagram illustrating details of the
torch machine shown in FIG. 15b.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In FIGS. 1a and 15b, two similar continuous casting
lines A and B are shown with elements thereof monitored
and controlled by control apparatus including an opera-
tor’s control console 9 and a digital computer 10. Since
the casting lines A and B are similar, only one, casting
line is shown in detail, casting line B being shown only as
a single box. It may be noted that casting line A extends
across the FIGS. 1a and 15, taken together.

Molten material, for example steel, is supplied by a
ladle 12 to tundishes TD1 and TD2 that in turn supply
the molten steel at controlled rates to the molds of the
respective casting lines A and B. The mold at the head of
casting line A is indicated at 14 and typically is provided
with an open top to receive the molten steel from tundish
TD1, and a bottom opening from which the cast product
for example a strand 16 is withdrawn. Although the strand
16 is shown diagrammatically as a thin line, it in fact
may be of considerable cross-section, for example forty
inches wide and seven inches thick. For the example shown,
the withdrawal drive is provided by pinch roll sets 18
and 26 and to some extent by a dummy bar winch 22,
all in a manner as later described.

Conventionally, mold 14 may be lined with copper
and provided with means for lubricating the mold and for
oscillating the mold. Lubrication of the mold liner is pro-
vided by a suitable lubrication control LC controlled from
the operator’s console 9 via a control line 24, and the
lubrication rate is sensed by a suitable senmsor ML that
transmits signals representing lube rate to the computer
through a multi-conductor cable AN, a scanner 26 and an
A/D (analog-to-digital) converter 27. Cable AN is so
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Jabeled because its conductors carry analog signals. Con-
trol line 24 passes through a multi-conductor cable that
is labeled OCO because its conductors carry the various
outputs from the operator’s control console 8. Diagnostic
status (for example operative or inoperative) of the
control LC is communicated to the computer as a CCI
(contact closure input) through a signal line 28 and a
multiplexer 29. Signal line 28 passes through a multi-
conductor cable that is labeled CCI because its conductors
carry signals from contact closure inputs (CCI’s).

Oscillation of the mold is controlled by a suitable
oscillator drive regulator OR controlled from the oper-
ator’s console through a line 308, and the oscillations are
sensed by a suitable oscillator sensor OS whose output
is transmitted to the computer through cable AN, scanner
26 and the converter 27. Diagnostic status of the control
OR is transmitted as a CCI to the computer through a
line 32 and scanner 29.

The flow of molten metal from tundish TD1 to the
mold 14 is regulated by a flow regulator FR in accord-
ance with the withdrawal rate from the mold as evidenced
by the level of the metal in the mold. Suitable weight
sensors TW1 and TW2 supply to the computer, output
signals representing the weights of tundishes TD1 and
TD2 respectively. A suitable slag binder, sensor SB sup-
plies to the computer (through scanner 26), signals indi-
cating the slag binder speed in the mold 14. ON and OFF
pour control for the tundishes is provided by signals from
the operator’s console 9 via lines 34 and 36.

Adjacent to and surrounding at least a portion of the
mold is a cooling zone Z1 followed in consecutive order,
downstream along the casting line, by cooling zones Z2,
Z3 and Z4. These zones are defined by suitable enclosures
so that coolant, for example water, may be applied to the
mold in zone Z1 in liquid form, and to the cast strand
16 as it passes through zones Z2, Z3 and Z4 in a spray
form.

Cooling zones Z1, Z2, Z3 and Z4 are provided with
coolant inlets I1, I2, I3 and I4, respectively, each con-
nected through its own flow control FC to a source of
coolant not shown. Coolant inlet It also has coupled
thereto a temperature sensor TSI for supplying to the
computer signals representing the temperature of the
coolant at the inlet. Each of the inlets has also coupled
thereto a flow meter FM for generating and transmitting
to the computer (through scanner 26), signals indicating
the rate of coolant flow to the respective inlets. More
specifically, inlet I1 has coupled to it flow control FC1,
flow meter FM1 and temperature sensor ‘TS1. Inlet I2
has coupled thereto flow control FC2 and flow meter
FM2. For inlet I3 the flow control and flow meter are
at FC3 and FM3 respectively, and for inlet 14 these
instruments are at FC4 and FM4 respectively. Each of
inlets 12, I3 and 14 is also connected to a spray head S
extending into its associated zone for spraying coolant
onto the strand 16 as it passes through that zone.

Indicated at O1, O2, O3 and O4 are coolant outlets for
zones Z1, 72, Z3 and Z4 respectively. These outlets may
be connected as a return to the coolant source or to a waste
disposal system. Usually zone Z1 associated with the mold
has a separate closed cooling system whereby inlet I1
and outlet O1 are coupled to a separate source of coolant,
while the inlets of the other zones are connected to an-
other source of coolant. Coupled to the coolant outlet O1
is a temperature sensor TS2 for transmitting to the com-
puter a signal representing the temperature of the out-
going coolant from zone Z1.

Each of the flow controls FC1, FC2, FC3 and FC4 is
operable to ON or OFF as desired in response to com-
mands from the computer via lines 40, 42, 44 and 46,
respectively, passing through a multi-conductor cable that
is labeled CCO because its conductors carry contact clo-
sure outputs (CCO’s). These flow controls are also adjust-
able via lines 48, 50, 52 and 54 from the operator’s console
9 to change the rate of coolant flow. Diagnostic status
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4
information of these flow controls is supplied to the com-
puter 19 along lines 56, 58, 60 and 62 and scanner 29.

For measuring the skin temperature of the strand 16
as it passes through zones Z1, Z2 and Z3, suitable tem-
perature sensors TS3, TS4 and TS5, respectively, are
placed in the zones along the course of the strand to
generate and transmit to the computer signals representing
these temperatures.

Referring again to the mold 14, it is shown as a curved
mold whereby the cast product is curved to the right as
it is drawn downward. It will be noted that the defining
means for the respective cooling zones also form an
arcunate course along which the advancing strand 16 is
guided.

Downstream of zone Z4 is the set of pinch rolls 18
which includes driving rolls 66 and 68 and a downwardly
forced pressure roll 76, the strand 16 being pinched be-
tween the pressure roll 70 and the bottom drive rolls
66 and 68. Although shown as driven by a single roll
drive unit RD1, rolls 68 and 66 may be driven separately
if desired. Drive unit RD1 is controllable to ON and OFF
by computer command along an input line 72 to be run
at a preset speed selected by the operator through signal
line 74.

Pinch roll set 18 is opened or closed by a controller

C1 in response to computer commands via line 76. Roll
pressure for the set 18 is controlled by a pressure control
unit PR1, which on command from the computer along
line 78 operates to compress or decompress the roll set,
and selectively calls for high or low pressure on the rolls
on command from the computer via line 80. Pressure on
the rolls 18 may be adjusted from the operator’s console
24 through a line 82. Diagnostic status of the roll pres-
sure control system is transmitted to the computer via line
84 (passing through cable CCI) and scanner 29. The roll
set 18 may be locked in closed position on command of
the computer through a line 86 applied to a pinch lock
control PL. Pressure of the roll set 18 is monitored by
the computer through a pressure sensor PS1 outputed
through scanner 26.

Pinch roll set 2¢ includes a bottom drive roll 88 and
an upper pressure roll 90. Roll 88 is driven by a roll drive
unit DR2 which is controlled to ON and OFF by com-
puter command along signal line 92, and which operates
roll 88 at a preset speed selected from the operator’s con-
sole 9 through line 94. The drive current is monitored by
the computer through a current sensor CS outputed
through scanner 26. Pinch roll set 20 is provided with a
controller OC2 for opening and closing the pinch rolls on
command from the computer through a line 96. Roll set
20 is also provided with a pressure control unit PR2. High
or low pressure is selected on computer command via line
98 and compress and decompress status of the rolls is
selected by computer command through line 100. Diag-
nostic status of the pressure control unit PR2 is trans-
mitted to the computer via line 102 and scanner 29. The
roll pressure of pinch roll set 2¢ may be adjusted from
the operator’s console 24 through a line 104.

Pressure of the roll set 20 is monitored by the com-
puter through a pressure sensor PS2. A pulse generator
PG1 coupled to the drive roll 88 gencrates a pulse for
each successive equal predetermined increment of angular
travel of the drive roll, and thereby for each successive
equal predetermined increment of travel of the cast strand
being worked on with the aid of the roll set 20. These
pulses are transmitted along a line 166 to the computer as
CPI's (computer process interrupts) passing through a
cable that is labeled CPI because it carries process inter-
rupts. The frequency of these pulses is used by the com-
puter to calculate the casting speed of the strand, and the
accumulation of the pulses is used to calculate the loca-
tion of the front end of the strand and the total length of
the stand.

Diagnostic statuses of roll drive units RD1 and RD2 ure
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transmitted to the computer through lines 163 and 185
and scanner 29.

Downstream of the pinch roll set 2¢ are a plurality of
motor driven conveyor rolls R spaced along the normal
course of travel of the cast strand and cut slabs, which
course is indicated by the dashed line 107 running along
the tops of the conveyor rolls R. Although each of the rolls
R is individually motorized, the drive unit for only one of
the rolls is shown at RD3. Drive unit RD3 is operated ON
or OFF by computer command along a line 108 at a
preselected speed set by the operator’s console 9 via line
109. It will be understood that each of rolls R has a simi-
lar controlled drive unit coupled thereto.

Downstream of the pinch rolls 2¢ is a rocker arm 11¢
for guiding a dummy bar 112, the latter comprising a
dummy bar head 114 coupled to a dummy bar chain 116.
The dummy bar chain passes around a pulley 117, and its
other end or a cable attached thereto is wound around
the drum of the winch 22 which is controlled for wind-up
or pay-ouf under command of the computer through a line
118 applied to a winch controller WC. A drive unit LR1
coupled to the rocker arm 116 operates to selectively lower
or raise the rocker arm in response to computer command
through a line 124. The dummy bar head is detachably
coupled to the dummy bar chain by an arrangement where-
in a pin 120 fixed to the end of the dummy bar chain is
disposed in the upwardly directed open jaws of a hook-
shaped end of the dummy bar head. The fit is tight enough
so that they do not normally fall apart, but will be forced
apart in response to a downward push on the dummy bar
head by a straightener roll 126.

Disposed between the pinch roll set 20 and rocker arm
110 is the roll 126 which has the dual function of un-
coupling the dummy bar head from the dummy bar chain
and straightening the cast strand 16 along the horizontal
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path 107 as it emerges from the pinch roll set 20. Roll

126 is selectively lowered or raised by a suitable drive
unit L.R2 under computer command through a line 128.

A limit switch LS1 disposed along the casting line trans-
mits a signal to the computer when the cast strand reaches
the position of the limit switch, whereby the computer
recalibrates the position of the strand. Up to that point the
calculated position might have varied =+ one inch due to
slippage, stretching, etc. thus, the desirability for recalibra-
tion.

Downstream of the rocker 116 is a dummy bar head

40

push-off mechanism 140 (FIG. 15), operable under con- -

trol of the computer through a line 142. A push-off sensor
POS, for example, a limit switch is actuated if the dummy
bar head is in fact successfully pushed off, thereby to
transmit a signal to the computer through scanner 29.

To the right of the dummy bar push-off mechanism 1464
is a slab cutter in the form of a torch cutting machine 144
which is provided with an inside torch 146 and an out-
side torch 148, and which machine is shown in greater de-
tail, although still in diagrammatic form, in FIG. 2. It will
be noted that although the torches are shown one after the
other along the casting line in FIG. 15, they are in fact
laterally displaced from each other relative to the casting
line as more clearly shown in FIG. 2. It should be noted
that while in FIG. 1b the cast strand 16 has not yet
reached the torch machine, the illustration in FIG. 2
shows the strand 16 under the torch machine.

Referring now to FIG. 2, the torch machine is shown
as having a frame 150, including members 152, 154, 156,
158, 160 and 162, cantilevered over the casting line from
a side carriage 164 that rolls on a rail 166. The torch
machine is prevented from falling across the course of
the strand by means of a roller 168 attached to the torch
machine and engaging a retainer rail 176. It should be
appreciated that only fragments of the full length of rails
166 and 170 are shown.

Torches 146 and 148 are suitably suspended from the
frame 150 for movement transversely of the course of
the cast strand 16 as indicated by double ended arrows
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172 and 174. In order to impart to torch 146 such trans-
verse or lateral movement in either direction, a traverse
mechanism 176, secured to frame member 162, is coupled
through a mechanical linkage 178 to that torch. Traverse
mechanism 176 is controlled by the computer through
a line 180. It should be understood that line 180 is
symbolic of whatever number of lines connected to sep-
arate contact closure outputs of the computer are neces-
sary to effect lateral movement of the torch 146 in either
direction and at selected speeds (high or low).

A pulse generator PG2, secured to the frame 150 and
driven by a wheel 184 in engagement with the mechanical
linkage 178, generates a pulse for every unit of distance
traversed by torch 146. The pulses are transmitted as
process interrupts (CPI's) to the computer along a line
186.

In like manner, lateral movement in either direction
is imparted to torch 148 through a link 188 by a traverse
mechanism 19¢ attached to frame member 154, and con-
trolled by the computer through a line 192 which line
is symbolic of the necessary number of lines connected
to separate contact closure outputs of the computer to
effect computer control of lateral movement for torch
148 in either direction at a selected speed (high or low).
A pulse generator PG3 secured to frame 150 generates a
pulse for every unit of torch distance traversed and trans-
mits the pulses as process interrupts (CPI’s) along a line
196 to the computer.

Vertical movement of torches 146 and 148 under con-
trol of the computer is effected by vertical drive units
200 and 202 respectively. Vertical drive unit 200 is con-
trolled by the computer through a line 204, while drive
unit 202 is controlled by the computer through a line 206.
Each of lines 204 and 206 is of course symbolic of the
necessary number of lines to separate contact closure out-
puts of the computer to effect up and down control for
the torches.

The supply of cutting gases (example oxygen) and iron
powder to torches 146 and 148 is controlled by control
units 268 and 210, respectively. Control unit 208 is con-
trolled by the computer for oxygen through a line 212,
and for iron powder through a line 213, while control
unit 216 is controlled by the computer for oxygen through
a line 214, and for iron powder through a line 215.

A limit switch 1.S2 transmits a signal along a line 220
and through scanner 29 to the computer when the torch
146 reaches the edge 222 of the strand 16 during lateral
traverse of the torch. In like manner a limit switch LS3
sends a signal to the computer along a line 224 through
scanner 29 when torch 148 reaches the edge 226 of the
strand 16 while the torch is executing a lateral traverse.
Switches L.S2 and LS3 are secured to frame member 158.
The torch machine 144 is provided with a pair of tongs
228 for clamping it to the strand 16 whereby the torch
machine is moved by and along with the strand. The tongs
228 are operated ON (clamped) or OFF (released) by
a clamp control 236 in response to command by the com-
puter along a line 232. Clamp conirol 230 is secured to
frame member 158.

As has been noted, the torch machine 144 is moved
downstream by the strand 16 when it is clamped to the
strand. To move the torch machine upstream when it is
unclamped from the strand 16, there is provided a return
drive mechanism 240 including an endless chain 242 cou-
pled to the torch machine carriage 164 and passing at
opposite ends thereof over pulleys. Only one of the
pulleys, a drive pulley 244, is shown. The drive pulley
244 is driven by a drive mechanism TMR controlled by
the computer along a line 246. When the torch machine
144, while traveling upstream reaches a reference posi-
tion marked by a limit switch 1S4, the torch machine
carriage 164 engages the limit switch 184, whereby the
switch transmits a signal to the computer along a line
248.

When the torch is returning upstream, a pulse is trans-
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mitted to the computer for every unit distance traveled
by the torch machine relative to the strand 16. These
pulses are generated by a pulse generator PG4 driven
by a measuring roll 250 which, when in a lowered posi-
tion, engages the top of the strand 16. The measuring roll
250 is raised or lowered by a suitable vertical drive mech-
anism 252 in response to computer command along a line
254. Drive mechanism 252 is secured to frame member
158. Pulses from the generator PG4 are transmitted as
process interrupts (CPI's) to the computer via a line 256.
Downstream overtravel by the torch machine is registered
by a limit switch LS5 (FIG. 1b) which transmits a sig-
nal (CCI) to the computer. A diagnostic line 259 con-
nected to traverse driver 190 of the torch machine, is
symbolic of a line connected to all control elements and
drive units of the torch machine to communicate a di-
agnostic check (machine operable or inoperable) of the
torch machine to the computer.

As seen in FIG. 15, a crop chute 260 for receiving the
crop separated from the strand is located between two
of the rolls R.

Located along the casting line near its end (FIG. 15)
are a number of motor driven runout conveyor rolls RO1,
RO2, RO3 and RO4. Each is driven by a separate roll
drive unit controlled ON or OFF and speedup by the
computer, at speeds which may be preselected at the op-
erator’s console 9. Since all the drive units are similar
only one is shown at RD4 coupled to roll RO2. Drive
unit RD4 is controlled ON or OFF by teh computer
through a line 262. Speedup control by the computer is
through a line 264, and speed selection at the operator’s
console 9 is through a line 266.

The arrival of a cut slab at the end of the casting line
is sensed by a sensor LS6 for example a limit switch
which sends an interrupt signal to the computer
to read the weight of the slab at that point which weight
is sensed by a weight sensor SBW that generates signals
representing weight and transmits them to the computer
through scanner 26 and converter 27.

The computer 16 (FIG. 1b) conventionally includes
an I/0 unit (input-output unit) 270, a memory unit 272
an arithmetic unit 274, and a control unit 276.

The outputs of various sensors such as those for weight,
temperature, flow rate, slag binder speed, oscillator rate,
current and pressure, are analog in nature and before they
are applied to the computer they are converted to digital
form by the analog digital converter 27, to which the
analog signals are sequentially applied by scanner 26
under control of the computer. More specifically, the out-
put line of each of sensors TW1, TW2, ML, OS, SB,
TSI, TS2, TS3, TS4, TS5, FM1, FM2, FM3, FM4, PSi,
PS2 and SBW of each casting line A and B is connected
as a separate input line to the scanmer 26. The scanner,
under command of the computer, periodically, for exam-
ple every Y2 second, and at a predetermined scan rate
sequentially scans the lines from the various sensors. The
scan rate may for example be 14 points in 10 ms. (milli-
seconds). The converted signals from the sensors are
compared by the computer to reference values stored in
the computer, and if they deviate beyond acceptable
limits stored in the computer, the computer prints out
and displays an alarm, so that the operator can make
the necessary corrections at the operator’s control con-
sole 9.

The outputs of the diagnostic lines from various con-
trollers are CCI (contact closure inputs) to the computer
and provide a diagnostic check for malfunction, for exam-
ple: is the controller OFF or ON? These outputs are
multiplexed before being applied to the computer. More
specifically, each of the diagnostic lines 28, 32, 56, 58,
60, 62, 84, 102, 103, 105 and 259 is applied as a sep-
arate unit to the scanner 29 which periodically for exam-
ple every Y2 second, scans these lines at a predetermined
scan rate under command of the computer to sequen-
tially connect these lines to the computer. The scan rate

>

<t

10

30

(5N
St

40

GO

8
may for example be 14 points in 10 ms. Also connected
as separate inputs to scanner 29 are the output lines of
the switches and controllers POS, 152, LS3. Certain con-
tact closure outputs from the operator’s console 9 are
also connected as separate inputs to the scanner 29 to
be included in the scan routine. The contact closure out-
puts of switches LS1, LS4, LS5, LS6 are applied directly
as separate interrupts to the computer along CCI line 289.

The outputs of the pulse generators PG1, PG2, PG3
and PG4 are each applied as a separate interrupt to the
computer via the CPI cable.

The output of a suitable reader such as card, tape or
other, located for example at the operator’s console 9, is
applied to the computer input through a cable 282. Other
outputs from the operator’s control console are applied
as necessary to the computer either as direct interrupts
on a line 284 or multiplexed through a scanner 286 as
necessary.

The computer has display and print out outputs 288
and 290 connected to suitable display elements and a
printer located for example at the operator’s control con-
sole '9. The computer is provided with a plurality of con-
tact closure outputs (CCO’s) connected to all the con-
troflers and drive units (except LC and OR) so that the
control functions of these various units commanded by
the computer can be executed. Fach of these contact clo-
sure outputs is connected to a different one of control
lines 40, 42, 44, 46, 72, 76, 78, 80, 86, 92, 96, 98, 100,
108, 118, 124, 128, 142, 143, 180, 192, 204, 206, 212,
213, 214, 215, 232, 246, 254, 262 and 264 (all passing
through the cable CCO). It is to be understood that in
any case where any of the above lines represents a plu-
rality of lines, each line of the plurality is connected to
a different CCO.

Although operator’s controls may be at several loca-
tions, for convenience of description, those of interest are
all grouped at one location, the operator’s control con-
sole 9. The control console includes the previously men-
tioned printer, display and reader. The console 9 also
includes adjustable controls for entering slab width, thick-
ness and desired length into the computer. Also located
at the operator’s console 9 are separate controls for ad-
justing each of the flow controls FC1, FC2, FC3 and
FC4 whereby the operator can adjust the coolant flow
rates at the different cooling zones. The console 9 further
includes a separate control for adjusting each of the pres-
sure controllers PR1, PR2 and PR3. Controls for adjust-
ing the mold oscillator control OR and the mold lubri-
cant rate control LC through lines 30 and 24 are also
located in the operator’s console 9.

The control console is further provided with controls
for adjusting the output stoppers of tundishes TD1 and
TD2 over lines 34 and 36. Speed selection controls for
all the roll drive units in the system are located in the
operator’s console 9 to provide speed selection signals
over lines 74, 94, 16S and 266. Additionally there is a
control in the operator’s console for operating the pinch
roll set 20 in a reverse direction during the MOVE-IN
mode. The control console is provided with mutually
exclusive switches for selecting MOVE-IN, POUR, and
MOVE-OUT modes, and for selecting either the outside
torch or the inside torch or both torches of the torch
machine. Bach of these switches, in addition to providing
control functions, also provides signals to the computer.
Each mode switch when operated communicates with the
computer as an interrupt, while each torch selector switch,
when operated, transmits a signal to the computer through
scanner 29.

Before the casting operation is started the following
information is entered into the computer either through
the operator’s keyboard at the control console or through
the reader: (A) various desired parameters together with
upper and lower limits for (a) coolant flow rates for
the different zones, (b) inlet and outlet coolant tempera-
tures at zone 1, (c¢) strand skin temperatures at zones
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Z1, Z2 and Z3, (d) mold lube rate, (¢) mold oscillation
rate, (f) slab binder speed and (g) pressures for pinch
roll sets 18 and 28; (B) desired crop cut length (for
example one to twelve inches), desired slab length (for
example thirteen to thirty feet); and (C) for the torch
cutting program, preheat and torch cutting times and
cutting distances (transverse). The front crop length
should fit in the crop chute.

Tt is to be understood that the computer 10 is suitably
programmed to execute the various monitoring and op-
erating procedures described herein.

At the end of an immediately previous cast the casting
line will have been left in the following condition: (a)
all monitor operations deleted, (b) coolant in all zones
turned off, (c) pinch roll set 18 locked, (d) all pinch
roll sets open, (e) straightener roll 126 raised, and (f)
pinch roll drives stopped.

The initial mode of the line is MOVE-IN mode during
which the dummy bar is drawn to the mold from the
dummy bar’s home position so that the dummy bar head
can be inserted into the bottom opening of the mold. To
initiate this mode, the operator presses the MOVE-IN
mode selector switch in the operator’s control console 9.

Operation of the MOVE-IN mode switch transmits an
interrupt CCI to the computer which responds by closing
the contact closure outputs (CCO’s) for effecting the fol-
lowing operations; close pinch roll sets 18 and 20; start
the dummy bar winch 22 to pay out the dummy bar
chain; turn off the coolant in zones Z1, 72, Z3 and Z4;
start the main drives in reverse. Also in response to the
MOVE-IN mode CCI interrupt, the computer closes the
contact closure outputs (CCO’s), if not closed before, for
effecting the following operations: (a) lower the dummy
bar rocker arm to the conveyor roll level, (b) deenergize
the straightener roll 126, (c) unlock the pinch roll set 18,
(d) set pinch roll pressures to low, (e) deenergize dummy
bar push off mechanism 149. Tn addition to the com-
puter closing and opening contact closures to effect the
above described operations, a redundant set of controls
by-passing the computer is operated in response to the
MOVE-IN mode switch to effect parallel control of the
same operations and in the same manner. In other words,
there are effectively two parallel paths for effecting the
same operational comtrols, one through the computer,
and the other directly in response to the MOVE-IN mode
switch. The latter path may be considered a manual con-
trol path. Also in response to the MOVE-IN mode switch,
all of the displays are cleared.

The rocker bar 110 having been lowered, the dummy
bar head 114 hooked to the dummy bar chain 116 is
passed through the wide opening below the raised straight-
ening roller 126 and inserted between rolls 88 and 90
which, running in the reverse direction, propel the dummy
bar head between the rolls of set 1§ and through the
guides of the casting line into the bottom opening (out-
put) of the mold 14, at which time the pinch roll drives
are stopped. Then, in the usual manner, suitable mate-
rials are packed in the space between the dummy bar
head and the walls of the mold output opening to provide
a seal against the molten metal that will be poured into
the mold. That end of the dummy bar head that is in-
serted into the output opening of the mold is provided
with projections around which the poured metal will
solidify thus to “attach” the head of the cast strand to
the dummy bar head.

When the above described sealing operation is com-
pleted, the operator depresses READY TO POUR switch
at the operator’s console 9. Operation of the READY TO
POUR switch transmits a signal to the computer, which
in response thereto runs a diagnostic checkup program
that checks whether or not the following controls are op-
erative or non-operative: lube control LC through line
28; oscillator control OR through line 32; coolant system
through lines 56, 58, 60 and 62; pinch roll drives through
lines 103 and 105; pinch roll pressure system through lines
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84 and 102; torch machine operations through line 259.
If these devices and areas are functioning properly the
computer will cause a READY TO POUR light to light
up at the operator’s console, signifying to the operator
that he can start his casting operation. On the other hand,
if there is a malfunction in any of these areas, the com-
puter will print out a diagnostic message telling the op-
erator that he should not start his cast because certain
elements are malfunctioning. Before starting the cast the
operator will move the speed controls on the operator’s
console 9 to the position which will provide, when the
roll drivers are turned on, the desired withdrawal speed
of the cast strand.

When the operator is ready to start the cast, he de-
presses the POUR mode switch at the operator’s console,
thus placing the system in the POUR mode. In response
to this, the tundish TD1 through line 34 of the operator’s
console is “opened” allowing molten metal to pour into
the mold 14. Also in response to the POUR mode switch
being on, the computer effects the following: (1) calcu-
lates the front crop cut initiate point for the sequence
control program, (2) clears the total strand length dis-
play on the operator’s control console, (3) displays the
preset slab length on the operator’s control console, (4)
turns on the roll drive units RD1, RD2, RD3, RD4 in the
normal direction, (5) sets the pressure of pinch rolls
18 and 20 to HIGH through lines 78 and 160, and (6)
turns on the cooling water for zone Z1.

The pinch roll set 20 drives the dummy bar chain 116
in the downstream direction to begin withdrawing the
dummy bar head 114 from the mold, while the slack in
the dummy bar chain is taken up by winch 22 under com-
mand of the computer through line 118.

As the strand 16 is withdrawn from the mold the pulse
generator PG1I coupled to the pinch rolls 20 transmits an
interrupt for every unmit distance of strand cast, for ex-
ample for every % inch of strand cast. A program in the
computer which may be identified as the PG1 program
runs each time an interrupt is received from the pulse
generator PG1 and recognized by a main control pro-
gram in the computer. In response to such interrupts re-
ceived during an initial pre-determined short distance of
strand cast, the computer starts to monitor the mold water
temperature through sensors TS1 and TS2, starts to moni-
tor the tundish weight through sensor TW1, initiates a
data gathering program, and stores the start of cast time
for a heat information sheet to be printed out.

Also in response to the PG1 interrupts the computer
commands and causes to be executed the following groups
of operations in the group order named:

(1) Just before the advancing strand 16 reaches zone
Z}, start zone Z2 water flow by turning on FC2 through
line 42, monitor zone Z1 temperature of strand through
sensor ‘T'S3, monitor pinch roll current through current
sensor CS, monitor pressure in pinch roll sets 18 and 20
through pressure sensors PS1 and PS2, monitor mold oscil-
lation and lube rates and slag binder speed through sen-
sors ML, OS and SB.

(2) Just before the advancing strand 16 reaches zone
Z3, start the water flow for this zone by turning on FC3
through line 44.

(3) Just before the advancing strand 16 reaches zone
Z4, start zone Z4 water flow by turning on FC4 through
}Ege 46; monitor zone Z2 strand temperature through

4.

(4) Just before (about one foot before) the strand
reaches pinch roll set 18, set these pinch rolls to low
pressure through line 80; monitor zone Z3 strand tem-
perature through TS5.

(5) Just before (about one foot ahead) the advancing
strand reaches pinch roll set 20, decompress this pinch
roll set to low pressure; start monitoring pressure of
pinch roll set 18 through PS1.

(6) When the advancing dummy bar head 114 reaches



3,614,978

i1
the straightener rool 126, stop the dummy bar winch 22
through line 118 to provide slack in dummy bar.

(7) Then lower straightener roller 126 to force the
dummy bar head 114 downward, thereby to release it
from the dummy bar chain 116 and to straighten the
course of the advancing strand 16.

(8) Just before the strand reaches the rocker bar
110, start monitoring pressure of pinch roll set 26; re-
start winch 22 through line 118 and raise rocker bar 118
through line 124 so that the advancing dummy bar and
strand can pass under the rocker bar.

(9) When the advancing dummy bar head and strand
reach the dummy bar push off mechanism 140, activate
this mechanism through line 142 to push off (detach) the
dummy bar head from the end of the strand 16. Mecha-
nism, not shown, conveys the dummy bar head out of the
way when it is pushed off the strand. ¥f the dummy bar
head is detached from the strand, it engages a limit switch
POS, thus notifying the computer to run to completion
the front crop cut program which is started in response
to the strand 16 reaching the torch machine reference posi-
tion marked by limit switch LS4. It should be noted that
the front crop cut program will start only if the torch
machine is at its reference position.

(10) When the preset crop cut point of the strand
reaches the torch machine, clamp the torch machine to the
strand 16 and lower the torches, and start moving the
torches inward (toward each other) to the edges of the
strand 16.

The torch control program in the computer includes
the front crop cut program and utilizes the process inter-
rupt inputs associated with the pulse generators PG2 and
PG3. The control program receives a process interrupt
from these pulse generators for every unmit distance
traversed by the torches, for example for every 3¢ inch.
By accumulating these interrupts the program knows ex-
actly where the torches are during the cutting of the
strand. It may be noted, that for the sake of simplicity the
rollers R on which strand 16 travels, are not shown in
FIG. 2, and that the torch machine carriage and rails are
not shown in FIG. 1b.

In accordance with the torch control program in the
computer, the following described crop cut and subsequent
slab cuts and associated routines of the torch machine are
effected under computer command. The tforches are
initially at respective reference outward positions (home
bases of the torches). When the advancing strand 16
reaches the proper position to effect a crop cut of the
selected crop length entered in the computer, on com-
mand from the computer, through lines 232, 180, 192,
264 and 206, the torch machine clamps to the strand and
the torches start lowering and traversing toward each
other inwards to the opposite edges 222 and 226 of the
strand. When they hit the limit switches LS2 and LS3 posi-
tioned at the strand edges, the computer in response to
the signals from the limit switches stops the movement of
the torches, and the torches preheat the strand edges 222
and 226 with their heating gases for a predetermined
length of time previously programmed into the computer.
Then, when the preheat time has expired, the cutting
oxygen is turned on and the torches begin notching the
strand. For the crop cut, the iron powder is turned on with
the oxygen. The notching operation is done at a slow
traverse speed for a programmed period of time and
when this time has expired, the torches start cutting the
strand at high traverse speed. When both torches are
used, and when the torches come within a predetermined
distance, for example two inches, of each other, the in-
side torch 146 will raise and return to its initial base.
When the inside torch 146 completes its cutting, raises
and returns, the outside torch 148 stops cutting and stays
in position with only its heating gases on. The control
program in the computer then caiculates the point along
the casting line at which the outside torch should restart
and complete the final two inches of cut by the time the
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crop end reaches the crop chute 260 so that the cropped
end will fall into the crop chute. When the calculated
restart point is reached, computer commands restart the
cutting action (oxygen on traverse) of the torch 148. If
a flameout occurs during the front crop cut, the operator
signals the computer through the console 9, and under
computer command, the remaining torch cuts to within a
predetermined distance for example six inches of the
point where the malfunction occurred. This six inches will
then be cut by hand at the end of the casting line at a
piler located thereat. If the dummy bar head had not
separated from the strand 16 at the dummy bar push-off
station, the computer is so “notified” by lack of signal
from POS, and the front crop cut would not have been
completed, since the crop with the dummy bar head at-
tached could not drop into the chute 260. In that case the
front crop cut would have stopped six inches before com-
pletion, and the balance of the cut finished by hand at the
end of the casting line.

At the strand position where the crop cut is completed
by the torches, the torches are returned to their respective
home bases, and the computer knowing the positions of
the torches and the strand at all times, commands the
drive unit 252 to lower the measuring roller 250 to the
surface of the strand and, again under computer com-
mand, the tongs 228 are released by the clamp control 239,
and, when relative motion between the strand 16 and the
torch machine 144 is not zero, the torch machine starts
returning under command of the computer to the point
on the strand where the next slab cut should occur in
accordance with the instructions on slab length pro-
grammed into the computer. On its return journey up-
stream, the position of the torch cutting machine relative
to the strand 16 is known by the computer by reason of
the interrupts supplied by the pulse generator PG4 to the
computer. These interrupts are generated for every umit
distance of relative travel, for example for every one
eighth of an inch of travel. When the torch machine
reaches the point where the next slab cut should occur, on
command from the computer, the tongs 228 are operated
to clamp the torch machine to the strand 16, and the
torches start lowering and traversing inwards to the edges
of the strand. When the torches hit the limit switches LS2
and 1S3, the torches under computer command stop and
preheat the slab edges with their heating gases for the
programmed time. When the preheat time expires, the
cutting oxygen is turned on and the torches begin notching
the slab. The notching operation is done at slow traverse
speed for a programmed time period and when this time
expires, the torches start cutting the strand at high traverse
speed. When both torches are used, the torch 146 will
raise and return to its initial base, a predetermined dis-
tance for example two inches prior to meeting the outside
torch 148, and the latter torch will complete the slab cut.
When torch 148 has a predetermined distance for exam-
ple one inch of slab left to cut, the computer increases the
speed of the runout rolls RO1, RO2, RO3 and RO4
through control line 264 to pull the slab away from the
strand when the final inch is cut. When the cut is complete,
the oxygen is cut off, the torches are retracted and the
measuring roller 25¢ is lowered; the tongs 228 are re-
leased, and as soon as there is relative motion between the
strand and the torch machine, the torch carriage starts
returning to the point where the next slab cut will occur.
This routine is repeated for every slab cut. If at any time
a flameout occurs in one of the torches, the operator desig-
nates which torch is operable by manipulating the torch
selector switches at the operator’s control console 9. When
’ghe computer receives the information that only one torch
is operable, it calculates a new cut-complete-point for the
remaining torch, utilizing the distance that the malfunc-
tioning torch had traversed, and the “good” torch will then
traverse the remaining distance required to cut the slab.
When each cut slab reaches the position along the casting
line identified with the limit switch 1S6, this switch
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notifies the computer, and the weight of the slab as sensed
by the weight sensor SBW is transmitted to the computer
through the scanner 26. At the end of the casting line the
slabs are discharged onto a piler for piling in a desired
manner.

It should be noted that the computer is programmed to
begin the cutting of the strand at a point along the casting
line such that the cutting operation will be completed
before the torch machine engages the overtravel limit
switch LSS5, and the last one inch of cut will be made with
the end of the strand on at least one of the runout rolls
RO1, RO2, RO3 and RO4 whereby the runout rolls can
be speeded up by the computer to pull the severed slab
away from the strand.

At this point, it should be emphasized that, except for
the operator’s signal in case of flameout, all the preceding
operations of the torch machine and its elements such as
the torches and clamping tongs, are effected in response
to computer commands in accordance with programs and
instructions preset into the computer.

From the displays at the operator’s console, the opera-
tor is always aware of the amount of molten metal left in
the tundish TD1. When the tundish runs out of molten
metal, the operator selects the MOVE OUT mode switch
on the operator’s console 24 to place the system in the
MOVE OUT mode. In response to operation of this
switch, the casting line is stopped for a predetermined
period of time, for example five minutes, to allow the tail
end of the strand to cool and solidify before it is with-
drawn from the mold (under command of the computer).
After the solidifying time period (five minutes) runs out,
and under further command of the computer, the follow-
ing operations are effected:

(1) When the strand leaves the mold the monitoring
operations for mold coolant flow, mold coolant tempera-

ture (zone Z1), mold oscillation, mold lube rate, slab .

binder rate, and strand temperature for zone Z1, are de-
leted.

(2) When the tail of the strand leaves zone Z1, coolant
flow for zone Z1 is stopped; monitor of zone Z2 coolant
flow is deleted.

(3) When the tail of the strand leaves zone Z2, coolant
flow in zone Z2 is stopped; monitors for zone Z3 coolant
flow and strand temperature for zone Z2 are deleted.

(4) When the strand tail leaves zone Z3, coolant flow
for zone Z3 is stopped; monitors for strand temperature
monitor for zone Z3 and coolant flow for zone Z4 are
deleted.

(5) When the strand tail leaves zone Z4, coolant flow
for zone 74 is stopped.

(6) Pinch roll set 18 is locked before the tail reaches
this roll set in order to keep the tail from curling.

(7) After strand tail passes through pinch roll set 18,
this roll set is opened; monitors for pinch roll set 2¢ cur-
rent and pressure of pinch roll sets 18 and 20 are deleted.,

(8) After strand tail passes through pinch roll set 20,
the pinch roll set 18 is unlocked; pinch Toll set 20 is
opened; straightener roll 126 is raised, and pinch roll drives
RD1 and RD2 are stopped.

In the meantime the torch cutting machine is operating
as hereinbefore described, cutting the strand in slabs of
programmed predetermined length.

During all its monitor assignments, as the cast is pro-
gressing, the computer compares the sensed values of the
various parameters, being monitored and determines
whether they are within or without predetermined stored
limits. When a sample parameter is outside permissible
limits, the computer through the printer at the operator’s
console prints out alarms so that the operator can correct
particular out of limits area by adjusting the proper con-
trols at console 9. This is applicable to the mold oscilla-
tion rate, the mold lube rate, the slab binder speed, the
coolant temperature in zone Z1, the coolant flow rates in
zones Z1, 22, 73 and Z4, the strand temperatures in zones
Z1, 72 and Z3, the low pressure of pinch roll sets 18
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and 20, the current of roll drive RD2, and the slab weights
at the end of the casting line.

During the course of the cast, an INFORMATICN
SHEET program in the computer is responsible for
gathering information relative to the strand being cast
and the computer will retain this data in its memory un-
til the casting is complete. After the cast is finished the
information obtained is printed out. The INFORMA-
TION SHEET program, obtains information as a func-
tion of position and time with respect to the strand.
Position of the strand is reflected by information re-
tained in the memory for the information sheet until the
cast reaches a predetermined point on the strand. Time
is reflected as a variable to position, so that each piece of
information can be stored a given period of time after
the cast reaches the specified point. The program starts
gathering data at some time after the strand reaches zone
Z3. The information obtained at this time is pinch roll
current, pinch roll pressure (high) and time. After the
strand reaches the pinch rolls, data is gathered at spec-
ified intervals relating to casting line speed, mold lube
rate, mold oscillation rate, slab binder speed, zone Z1
coolant temperature and flow rate, flow rates of zones
72, 73 and Z4, pinch roll pressure (low), strand tem-
perature zones Z1, Z2 and Z3, and the time associated
with each reading is stored.

As a cast is progressing, and slabs are being cut and
weighed, the computer is storing the slab length and
weight for every slab to be recorded in the information
sheet. When all strands cast have been cut and weighed,
the information sheet is printed out, although the opera-
tor may at any time on demand order a printout. Prior
to the actual printout of the information sheet data, the
computer program makes the following computations:
total strand length from the pulse generator interrupts;
total strand weight which is the unit weight of the metal
(pounds/inch); total slab lengths cast for the strand;
total heat weight cast for the strand; total slab weight cast
for the strand; percent yield=total slab weight-:-total
heat weightx 100; mold lube rate in fluid ounces per
minutes; and mold oscillations in cycles per inch strand
travel.

The computer is pregrammed to display to the opera-
tor at the console 9 how many slabs of predetermined
length have been poured from the ladle into the tundish.
This program computes the number of slabs cast from
the tundish and adds to this the number of slabs repre-
sented by the metal now in the tundish, and updates the
display to the value when another predetermined fraction
of a length of a slab has been poured. The computer
maintains in storage a record of the length of the strand
cast and from this it calculates the number of predeter-
mined length slabs in the already cast strand. The prede-
termined length of the slabs has been previously preset
into the computer by the operator. The computer main-
tains a periodic check of the metal weight in the tundish
and from this it calculates the number of slabs repre-
sented by the weight noted, utilizing preset constants and
information regarding weight per unit length of strand
preset or programmed into the computer by the operator.

The computer is programmed to allow the operator to
obtain the information associated with the next strand
to be cast on a demand basis, except during MOVE QUT
mode. The data groups gathered for such a demand
log are:

(1) Pinch roll current, pinch roll pressure (high).

(2) Mold lube, mold oscillation, slab binder rates,
and line speed.

(3) Zone Z1 coolant flow rate and temperatures (in
and out).

(4) Coolant flow rates zones 72, Z3 and Z4.

(5) Pinch roll pressure (low).

(6) Strand temperature zone Z1.

(7) Strand temperature zone Z2.

(8) Strand temperature zone Z3.



3,614,978

P

s

(9) Preset slab length, date, heat and specification
numbers.

It should be understood that the operator’s control
console 9 includes a duplicate set of controls and adjust-
ments for casting line B, and that there is a duplicate set
of interconnections between the various elements of the
casting line, the computer and the operator’s control con-
sole, for casting line B, whereby computer 10 controls
both casting lines A and B simultaneously in the manner
heretofore described for casting line A. In so doing, the
computer executes on a “first-come first-served” basis,
equal priority bids from casting lines A and B.

It should be understood that the herein described ar-
rangements are simply illustrative of the principles of the
invention, and other embodiments and applications are
within the spirit and scope of the invention.

I claim as my invention:

1. In a continuous casting system having a casting line
which line includes a mold at the beginning of the line
and a plurality of types of controllable devices succes-
sively disposed along the line for acting on the cast prod-
uct, from which mold the cast product is advanced along
the line to be affecied by said devices, control apparatus
comprising means for generating digital information while
th; cast product is advancing each of successive predeter-
mined increments of the length cast, a computer, a con-
trol circuit connected between each device and the com-
puter for controlling the device in response to control
§ignals from the computer, means for feeding said digital
information to said computer, the computer being oper-
ab}e to accumulate said digital information as it is re-
ceived and to keep track of the linear position of the
cast product as it progresses along the casting line, said
computer being responsive to accumulations of said digi-
tal information signifying the arrival of said cast product
at each of successive positions along said line to apply
a control signal to a different one of said control circuits
in predetermined order, at least one of said devices being
a pinch roll set that is adjustable for at least tending to
change roll position.

2. The combination of claim 1 wherein another of
said devices is a coolant flow control device.

3. The combination as in claim 1 wherein one of said
control signals is applied to the control circujt of the
pinch roll set to change roll pressure.

4. The combination as in claim 1 wherein one of said
control signals is applied to the control circuit of the
pinch roll set to change it from one to the other of open
and closed positions.

S. The combination as in claim 4 wherein one of said
control signals is applied to the control circuit of the
pinch roll set to lock the set in closed position.

6. The combination as in claim 1 wherein said pinch
roll set is driven by a drive unit, and one of said control
signals is applied to control said drive unit from one to
the other of ON and OFF states.

7. The combination as in claim I wherein one of said
devices is a straightener roll, and one of said control sig-
nals is applied to the control circuit of the straightener roll
to change its distance from the casting line.

8. The combination as in claim 1 wherein one of said
devices is a dummy bar rocker arm retracting means.

©. The combination as in claim 1 wherein one of said
devices is a dummy bar head push-off means.

16. The combination as in claim 1 wherein said devices
include in the order named, coolant flow control means,
said pinch roll set, a straightener roll, dummy bar retrac-
tion means, dummy bar head push-off means and cutting
means for cutting the cast product in desired lengths.

11. The combination as in claim 1 wherein another of
said devices is a cutting means for cutting the cast product
into desired lengths.

12. The combination as in claim 11 which further in-
cludes a motorized run out roll that is speeded up by the
computer when the cutting means has effected a cut of pre-
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determined depth whereby the severed length of the cast
product is separated from the parent cast product by the
run out roll.

13. The combination as in claim 11 wherein
in either direction and comprises

(A) said cutting means is movable along said line

(a) means operable under command of the com-
puter for moving said cutting means upstream;

(b) clamping means operable under command of
the computer for clamping the cutting means to
the strand whereby the cutting means moves
downstream along with the strand;

(¢) a pair of cutting elements operable under com-
mand of the computer for cutting the strand
from opposite sides thereof, the movement of
the cutting elements during the cutting opera-
tion being toward each other in a direction trans-
versely of the strand;

(d) means responsive to movement of the cutting
clements for transmitting to the computer in-
formation relating to position of the cutting ele-
ments; and

(e) means responsive to upstream movement of
the cutting means relative to the strand for trans-
mitting to the computer, position data on the
cutting means realtive to the strand; and

(B) said computer is arranged to effect control of said
cuiting means to perform the following operations:

(1) clamp the cutting means to the strand at the
proper point along the length of the strand such
that the cutting operation will be completed at
a predetermined point along the processing line;

(2) start the cutting elements traversing toward
each other to cut into the strand from opposite
sides thereof;

(3) stop one of the cutting elements when the cut-
ting elements come within a predetermined dis-
tance of each other and complete the cut with
the other cutting element;

(4) when the cut is complete, retract the cutting
elements and unclamp the cutting means from
the strand; and

(5) move the cutting means upstream and clamp it
in the strand at the proper point to effect a de-
sired cut by the time the strand reaches a pre-
determined point along said line.

14. In apparatus for cutting an elongated metal strand

while in motion along a processing line,

(A) a computer;

(B) cutting means disposed along said line and mov-
able therealong in either direction, said cutting means
comprising

(a) means operable under command of the com-
puter for moving said cutting means upstream;

(b) clamping means operable under command of
the computer for clamping the cutting means to
the strand whereby the cutting means moves
downstream along with the strand;

(¢) a pair of cutting elements operable under com-
mand of the computer for cutting the strand
from opposite sides thereof, the movement of
the cutting elements during the cutting operation
being toward each other in a direction trans-
versely of the strand;

(d) means responsive to movement of the cutting
elements for transmitting to the computer in-
formation relating to position of the cutting ele-
ments; and

(e) means responsive to upstream movement of
the cutting means relative to the strand for trans-
mitting to the computer, position data on the
cutting means relative to the strand;

(C) said computer being programmed for effecting con-
trol of said cutting means to perform the following
operations:
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(1) clamp the cutting means to the strand at the
proper point along the length of the strand such
that the cutting operation will be completed at
a predetermined point along the processing line;

(2) start the cutting elements traversing toward
each other to cut into the strand from opposite
sides thereof;

(3) stop one of the cutting elements when the
cutting elements come within a predetermined
distance of each other and complete the cut with
the other cutting element;

(4) when the cut is complete, retract the cutting
elements and unclamp the cutting means from
the strand; and

(5) move the cutting means upstream and clamp
it to the strand at the proper point to effect a
desired cut by the time the strand reaches a pre-
determined point along said line.

15. The combination as in claim 1 wherein said digital
information is a pulse for each of successive predeter-
mined equal increments of advance of the cast product.

16. The combination of claim 15 wherein

(A) one of said devices is cutting means for cutting the

the cast product while in motion along the casting
line, which cutting means is disposed along said line
and movable therealong in either direction, said cut-
ting means comprising

(a) clamping means operable under command of
the computer for clamping the cutting means to
the cast product whereby the cutting means
moves downstream along with the cast product;

(b) a pair of cutting elements operable under
command of the computer for cutting the cast
product from opposite sides thereof, the move-
ment of the cutting elements during the cutting
operation being toward each other in a direction
transversely of the cast product;

(c) means responsive to movement of the cutting
elements for transmitting to the computer in-
formation relating to position of the cutting ele~
ments; and

(d) means responsive to upstream movement of
the cutting means relative to the cast product
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on the cutting means relative to the cast prod-
uct;
(B) means operable under command of the computer
for moving said cutting means upstream; and
(C) said computer is arranged to effect control of said
cutting means to perform the following operations:

(1) clamp the cutting means to the cast product at
the proper point along the length of the strand
such that the cutting operation will be completed
at a predetermined point along the casting line;

(2) start the cutting elements traversing toward
each other to cut into the cast product from op-
posite sides thereof;

{(3) stop one of the cutting elements when the cut-
ting elements come within a predetermined dis-
tance of each other and complete the cut with
the other cutting element;

(4) when the cut is complete, retract the cutting
elements and unclamp the cutting means from
the cast product; and

(5) move the cutting means upstream and clamp it
to the cast product at the proper point to effect
a desired cut by the time the cast product reaches
a predetermined point along said line.
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