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57 
A string casting process with vacuum degassing uses 
vessel repressurization to provide uniform outflow of 
molten metal to a continuous-casting mold, a first op 
erator initiated signal controls the pump-down of a de 
gassing vessel, the admission of metal to the vessel at 
a desired pump-down pressure and the rate of degas 
sing. When the degassing of each batch is complete, a 
second operator initiated signal controls the closing of 
a sliding gate valve to seal the vessel, the admission of 
repressurization gas into the vessel and the repressur 
ization of the vessel to provide a uniform flow from 
the vessel by comparing the actual casting speed with 
a desired casting speed. 

ABSTRACT 

5 Claims, 1 Drawing Figure 
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3,830,282 
1. 

SYSTEM FOR FEEDBACK CONTROL OF CASTING 
SPEED 

This invention relates to a continuous-casting control 
system using vacuum vessel vacuum pressurization and 
more particularly, to a control system for controlling 
casting speed by controlling vessel pressurization and 
vessel pump-down to provide a uniform flow rate in the 
outflow of molten metal from a vacuum degassing ves 
sel used in string casting. 

In string casting with vacuum degassing, a ladle of 
molten metal is positioned over the vacuum vessel. The 
vessel is sealed, and when pumped down, the ladle is 
opened admitting the molten metal into the vessel. A 
sliding gate at the bottom of the vessel is opened to 
allow the metal to flow through the gate nozzle into a 
mold. When the ladle is emptied, but before the vessel 
is emptied, the ladle is removed, another ladle posi 
tioned over the vessel, the vessel pumped down again, 
and the ladle is opened admitting more molten metal 
into the vessel while the metal continues to flow out of 
the vessel. The process continues for the desired string 
of ladles. 
The metal head in the vacuum vessel falls after a 

ladle is emptied and continues to fall until a new ladle 
is in place and begins to empty into the vessel. This fall 
in head due to the continuous outflow of metal causes 
a decrease in flow since flow rate is determined from 
the equation 

F = AK VH 
where 
F is the rate of flow 
A is the area of the vessel nozzle 
K is the vessel nozzle constant, and 
H is the effective head, the height of the metal above 
the vessel nozzle less the barometric height of mol 
ten metal due to the difference in pressure inside 
and outside the vessel. Between ladles, the effec 
tive head drops which decreases the metal flow and 
the casting speed. If the vessel has a large cross 
sectional area above the barometric height of the 
liquid metal, there is a relatively small change of 
head between ladles and a correspondingly small 
change in casting speed. If the cross-sectional area 
of the vessel is small, there is a large change of head 
and a correspondingly large change in casting 
speed. 

Corrective action can be taken to minimize drop in 
head between ladles by pressurizing the vessel to com 
pensate for loss in head and thus improve the through 
put of the system. An inert pressurized gas is admitted 
into the vessel at a controlled rate so that as it expands 
at the higher temperature and lower pressure in the 
vessel, it causes an increase of pressure in the vessel 
and adds to the effective head. The ratio of gas flow 
into the vessel must be a function of the change in cast 
ing speed since the object is to maintain as nearly uni 
form flow as possible. 

If the vessel has a small cross-sectional area and if 
there is considerable time between ladles, pressuriza 
tion may result in reaching the upper limit of the vac 
uum seal while compensating for the decreasing head. 
If a new ladle is not ready when this limit is reached, the 
effective head decreases, causing a decrease in flow 
and casting speed. 
When the next ladle arrives and is in place over the 

vacuum seal, the gas supply must be shut off and the 

10 

15 

20 

25 

35 

40 

45 

50 

55 

60 

65 

2 
vacuum system opened to allow the vessel to be 
pumped down to a vacuum necessary for degassing of 
the incoming stream. During this time of pump-down 
and until the new ladle begins to empty, there is a 
greatly reduced flow and casting speed since the effec 
tive head has been reduced through loss of gas pres 
sure. Since the incoming ladle must empty at a faster 
rate than the flow from the vacuum vessel, the head in 
creases causing an increase in flow and casting speed. 
When the ladle is empty and removed from the vacuum 
seal, pressurization can again take place to compensate 
for the decreasing head. 
The system dynamics are too sluggish to allow com 

plete manual operation of the pressurization and pump 
down cycle. The long time constants in the system 
cause an operator to over-correct the system for any 
observed change in casting speed and hence make the 
system more oscillatory. 

It is therefore an object of my invention to provide a 
system for control in continuous casting with vacuum 
degassing of a string of heats. 
Another object is to provide such a control system 

having automatic control of degassing. 
A further object is to provide an automatic repressur 

ization system between degassing of each heat in a 
string. 
A still further object is to provide such a control sys 

tem that provides a uniform throughput between degas 
sing of each heat. 

Still another object is to provide such a system with 
improved throughput rate. 
These and other objects will become more apparent 

after referring to the following specification and draw 
ing in which the single FIGURE is a schematic drawing 
of the control system of my invention. 

Referring now to the drawing, reference numeral 2 
indicates a vacuum degassing vessel for degassing mol 
ten steel S. Vessel 2 has a ladle vacuum seal 4, a dis 
charge nozzle 6, an entrance sliding gate valve 8, a dis 
charge sliding gate valve 9, a vacuum line 10 connected 
to a vacuum pump 12 through a valve 14 for withdraw 
ing gas released from molten steel as poured from a 
ladle 16. Metal Sflows from ladle 16through gate valve 
8, vessel 2 and nozzle 6 into a mold 18 where it solidi 
fies and is continuously withdrawn by pinch rolls 20. A 
mold liquid level detector 22 is connected to a liquid 
level indicator circuit 24. Circuit 24 is connected to a 
control circuit 26 which is connected to a pinch roll 
speed regulator circuit 28. Circuit 28 is connected to 
a pinch roll drive motor 30 which drives pinch rolls 20 
and a tachometer generator 32. The electrical output 
34 of generator 32 is connected to pinch roll speed reg 
ulator circuit 28. The parts thus far described are con 
ventional with parts 18 to 34 constituting a casting con 
trol system 36 which may be the type described in Tis 
kus et al. U.S. Pat. No. 3,300,820 dated Jan. 31, 1967, 
but with no dead band in controller 26. 
Tachometer generator output 34 is connected to an 

averaging circuit 38, which may have additional ta 
chometer generator inputs 34, 34' and 34' when 
casting a multistrand system, for example, as shown 
with four strands. Circuit 38 may be any conventional 
averaging circuit such as summing the output from a 
potentiometer in each input set for 1/N where N is the 
number of inputs. Circuit 38 has an output signal 40 
representative of the average casting speed. 
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A first relay 42 is connected to a relay power source 
44 through a pump-down, normally open, push button 
46 and a ladle empty, normally closed, push button 48 
connected in series. Latching contacts 42C are con 
nected across push button 46. Relay 42 has normally 
open contacts 42C1, 42C2 and 42C3 and normally 
closed contacts 42C4, 42C5, 42C6 and 42C7. 
Signal 40 is connected to an input of a first summing 

amplifier 50 through contacts 42C4. A desired casting 
speed potentiometer 52 is connected to amplifier 50 
through contacts 42C5. 
A conventional pressure transducer 54 located in 

vessel 2 provides a vessel pressure signal 56 to a first 
input of a first comparator 58. A maximum allowable 
pressure potentiometer 60 is connected to a second 
input of comparator 58. Comparator 58 is connected 
to actuate a single pole single throw switch 62. 
An output 64 of amplifier 50 is connected to a gas 

valve controller 66 through switch 62. Controller 66 is 
connected to a gas valve actuator 68 which sets a gas 
valve 70 in proportion to signal 64 to supply gas from 
a gas supply 72 to vessel 2 through a gas line 74. Actua 
tor 68 has a manual control 76, and is connected to a 
gas valve position indicator 78 which has a switch 80 
closed when valve 70 is closed. 
A second relay 82 is connected to power source 44 

through switch 80 and has a normally closed contact 
82C and normally open contacts 82C1 and 82C2. A 
reset input 84 to controller 66 is connected to contacts 
82C2. A fast close gas valve potentiometer 86 is con 
nected to an input of amplifier 50 through contacts 
42C1 and 82C. 

Vessel pressure signal 56 is also connected to a first 
input of a second comparator 88. A degassing pressure 
potentiometer 90 is connected to a second input of 
comparator 88 which is connected to actuate a single 
pole single throw switch 92. A third relay 94 is con 
nected to power source 44 through switch 92 and has 
normally closed contacts 94C and normally open 
contacts 94C1 and 94C2. 
A close vacuum valve potentiometer 96 is connected 

to an input of a second summing amplifier 98 through 
contacts 42C6. An initial pump-down rate potentiom 
eter 100 is connected to an input of amplifier 98 
through contact 82C1 and 94C. A reduced pump-down 
rate potentiometer 102 is connected to an input of am 
plifier 98 through contacts 42C2 and 94C1. An output 
104 of amplifier 98 is connected to a vacuum valve ac 
tuator 106 to actuate valve 14 in proportion to the sig 
nal 104. Actuator 106 has a manual control 108 and is 
connected to a vacuum valve position indicator 110. 
Indicator 110 is connected to a voltage transducer 112 
which provides a voltage signal 114, proportional to the 
position of valve 14 to an input of amplifier 98. 
A gate valve signal power supply 116 is connected to 

the "open' and "close' control signal inputs of a gate 
controller 118 for gate valve 8 through contacts 42C3 
and 94C2 in the "open' position and contacts 42C7 for 
the "closed' position. A three position manually oper 
ated “close,' "open' and "off' switch 120 is con 
nected in parallel to the relay contacts in the open and 
close signal lines. 

Prior to casting, potentiometer 52 is set to supply a 
signal to amplifier 50 representative of the desired cast 
ing speed. Potentiometer 60 is set to supply a signal to 
comparator 58 representative of the maximum allow 
able gas pressure inside vessel 2. Potentiometer 86 is 
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4 
set to supply a signal to amplifier 50 which will cause 
controller 66 to rapidly close valve 70. Potentiometer 
90 is set to supply a signal to comparator 88 representa 
tive of the pressure in vessel 2 at which it is desired to 
begin degassing. Potentiometer 96 is set to supply a sig 
nal to amplifier 98 which will close valve 14. Potenti 
ometer 100 is set to supply a signal to amplifier 98 
which will open valve 14 to the desired initial high rate 
of pump-down. Potentiometer 102 is set to supply a sig 
nal to amplifier 98 which will open valve 14 to the de 
sired subsequent reduced rate of pump-down. 
Assuming that control circuit 36 is ready to operate, 

switch 62 is closed, switch 92 is open, all relays are de 
energized and a ladle is in position to be emptied, the 
operator then momentarily closes the "pump-down' 
push button 46. This energizes relay 42, latching it on 
through contacts 42C. Contacts 42C4 and 42C5 open 
disconnecting signals from potentiometer 52 and aver 
aging circuit 38 from amplifier 50. Contacts 42C1 close 
connecting potentiometer 86 to amplifier80 to rapidly 
close gas valve 70. 
When gas valve 70 is finally closed, switch 80 closes 

to energize relay 82. Contacts 82C open which discon 
nects potentiometer 86 from amplifier 50 and contacts 
82C2 close which resets controller 66. Contacts 82C1 
close connecting potentiometer 100 to amplifier 98 
opening valve 14 to begin the initial desired high rate 
of pump-down. Feedback signal 114 stops continued 
opening of valve 14 when signal 114 indicates valve 14 
is in a position corresponding to the setting of potenti 
ometer 100. Pump-down continues at this rate until the 
vessel pressure is low enough to degas incoming metal. 
At this low pressure, as set on potentiometer 90, com 
parator 88 closes switch 92 and relay 94 is energized. 

Contacts 94C open disconnecting potentiometer 100 
from amplifier 98 and contacts 94C1, in series with 
contacts 42C2 which were closed by closing of push 
button 46, close connecting potentiometer 102 to am 
plifier 98 partially closing valve 14 to the desired re 
duced rate of pump-down so that the rate of pump 
down does not exceed the buildup of head in the vessel. 
Contacts 94C2, in series with contacts 42C3 which 
were closed by closing of push button 46, close con 
necting the gate valve signal power supply to gate valve 
control 118 for opening gate valve 8 thereby admitting 
metal from the ladle into the vessel. 
As the ladle empties into vessel 2, degassing takes 

place and when sufficient metal has built up in vessel 
2, discharge gate valve 9 is opened to allow metal to 
flow through nozzle 6 into mold 18 beginning the cast. 
Control apparatus 36 begins to operate providing signal 
40. 
When the ladle is empty, the operator momentarily 

opens "ladle empty' push button 48 which de 
energizes relay 42. Contacts 42C1 open disconnecting 
the gas valve fast close signal of potentiometer 86 from 
amplifier 50. Contacts 42C4 and 42C5 close connect 
ing the desired casting speed setting of potentiometer 
52 and the average casting speed of circuit 38 to ampli 
fier 50 which opens valve 70 admitting gas into vessel 
2. Contacts 42C2 open disconnecting the reduced 
pump-down rate potentiometer from amplifier 98. 
Contacts 42C6 close connecting potentiometer 96 to 
amplifier 98 which closes vacuum valve 14. Contacts 
42C7 close connecting the gate valve signal power sup 
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ply 116 to gate valve control 1, 18 thereby closing gate 
8 and sealing vessel 2 for gas pressurization. 
As soon as the gas valve begins to open, switch 80 

opens de-energizing relay 82. Contacts 82C2 open to 
disconnect the reset portion of controller 66. Contacts 
82C1 open to disconnect the initial pump-down rate 
potentiometer 100 from normally closed contacts 94C 
and thus from amplifier 98. Contacts 82C close which 
connects amplifier 50 to open contacts 42C1 so that 
the close gas valve signal of potentiometer 86 will be 
available for the next pump-down sequence. 
As soon as pressure begins to build up in vessel 2, the 

signal 56 will exceed the signal from potentiometer 90 
and comparator 88 will change state, opening switch92 
and de-energizing relay 94. Contacts 94C2 open, but 
the associated circuit has been de-energized by a series 
connection to contacts 42C3 which opened when push 
button 48 was opened. Contacts 94C1 open, but the as 
sociated circuit has been de-energized by a series con 
nection to contacts 42C2 which opened when push but 
ton 48 was opened. Contacts 94C close but the asso 
ciated circuit has been de-energized by a series connec 
tion to contacts 82C1 which opened with the de 
energization of relay 82. 

All relays are now de-energized and gas valve 70 is 
now controlled by controller 66 in a normal manner. 
The signal from circuit 38 and the signal from potenti 
ometer 52 are connected to amplifier 50, and their dif 
ference, the casting speed error 64, is passed through 
contacts 62 to controller 66 setting valve 70 to allow 
the flow of gas to compensate for the decreasing head 
and thus maintain uniform casting speed. 
Comparator 58 compares the vessel pressure 56 from 

transducer 54 with the maximum allowable value set on 
potentiometer 60. If this upper limit is reached, com 
parator 58 changes state, opening switch 62 and thus 
applies a zero error signal to controller 66. When this 
happens the gas valve remains at its setting until the 
vessel pressure drops to the level where switch 62 
closes, again supplying gas to the vessel. In this way, the 
vessel is protected against damage from too high a pres 
Ste. 

In the event of an emergency or a breakdown, man 
ual control 76 can control gas valve 70, overriding any 
other signal to actuator 68. Manual control 108 can 
control vacuum valve 14 overriding any other signal to 
actuator 106, and switch 120 may be moved to an 
“open" or "closed' position, i.e., up or down which 
disconnects contacts 42C3, 42C7 and 94C2 from gate 
controller 18. 
Metal continues to flow out of vessel 2 while another 

full ladle is positioned over vessel 2. When the metal 
level in vessel 2 has dropped to the level where the next 
ladle of the string may be emptied into the vessel, the 
operator momentarily closes push button 46 which be 
gins a new sequence. 
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6 
I claim: 
1. In a string casting process, apparatus for control 

ling the degassing of molten metal and flow rate from 
a bottom pour degassing vessel into a continuous cast 
ing mold having means for controlling pinch rolls with 
drawing the strand from the mold comprising 
a gate valve for admitting molten metal into the ves 

sel, 
means connected to said valve for opening and clos 

ing the gate valve, 
means connected to said vessel and responsive to a 

first operator initiated signal for exhausting gas 
from the vessel, 

means for determining the gas pressure inside said 
vessel, 

means connected to said means for determining pres 
sure and said means for opening and closing said 
gate valve for opening said gate valve in response 
to the exhausting of gas below a first desired vessel 
pressure thereby beginning the discharge of a batch 
of molten metal into the vessel, 

means connected to said vessel for admitting gas 
under pressure into said vessel, 

means connected to said means for opening and clos 
ing the gate valve, said means for exhausting gas 
and said means for admitting gas and responsive to 
a second operator initiated signal at the conclusion 
of the discharge of a batch of molten metal into the 
vessel for closing the gate, discontinuing the ex 
hausting of gas and beginning the admitting of gas 
under pressure into the vessel, and 

means connected to said means for admitting gas and 
the means for controlling the pinch rolls for admit 
ting gas in response to withdrawal of the strand 
from the mold. 

2. Apparatus according to claim 1 in which said 
means for admitting gas includes a source of pressur 
ized gas, a gas line connecting said source to the vessel 
and a valve in said line and which includes means re 
sponsive to said first signal for closing said valve. 

3. Apparatus according to claim 2 in which the 
means for exhausting gas includes means connected to 
said means for determining the gas pressure in said ves 
sel for reducing the rate of exhausting gas established 
in response to said first signal when the vessel pressure 
is below said first desired vessel pressure. 

4. Apparatus according to claim 3 which includes 
means connected to said means for determining the gas 
pressure inside said vessel for maintaining the rate of 
admitting gas whenever the vessel pressure exceeds a 
second desired vessel pressure. 

5. Apparatus according to claim 4 which includes 
manual means for controlling said gas valve, manual 
means for operating said means for exhausting gas and 
manual means for opening and closing said gate valve. 
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