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3 Claims. (C. 22-57.3) 
This invention relates to improvements in the con 

tinuous casting of metals and in particular to apparatus 
for reciprocating continuous casting molds. 

in carrying out the process of continuous casting, it 
has in some instances been found advantageous to move 
the mold for a short distance at the same speed and in 
the same direction as the casting is withdrawn, as de 
scribed in U.S. Patent 2,135,183 or at a slightly higher 
Speed as described in U.S. Patent 2,815,551. In both ex 
amples, the mold is returned to its original position at a 
higher speed than that at which the casting is withdrawn. 
These oscillating movements of the mold are maintained 
throughout the casting operation. Hitherto it has been 
suggested to produce this mold movement by means of a 
can driven by the withdrawal rolls or by the motor 
drive to these rolls, with an arm operated by the cam 
causing the mold to move in a manner depending on 
the shape of the cam. There are certain well known 
difficulties in the operation of the mechanical reciprocat 
ing mechanism which also tends to be somewhat cumber 
S01116. 
According to the present invention, the continuous 

casting apparatus comprises an open ended mold which 
is arranged for movement parallel to the direction of 
ingot withdrawal and hydraulic means are provided for 
repeatedly causing reciprocations of the mold at prede 
termined speed, i.e. at a selected amplitude and frequency. 

In a preferred form of the invention, apparatus for 
the continuous casting of metals comprises a continuous 
casting mold, a piston slidably located within a cylinder, 
or vice versa, a connection between the mold and a mov. 
able piston or cylinder, and means for supplying liquid to 
the cylinder on the two sides of the piston alternatively 
to cause the mold to be reciprocated parallel to the di 
rection of ingot withdrawal. 
The invention will be more readily understood by way 

of example from the following description, reference 
being made to the accompanying drawings in which: 
FIGURE 1 is a diagrammatic side sectional view of 

one form of apparatus for reciprocating the mold; and 
FiGURE 2 is a diagrammatic side sectional view of a 

part of a second form of apparatus for reciprocating the 
mold. 
With reference to FIGURE 1, a cylinder 12 is rigidly 

secured to an open ended continuous casting mold 13 
by rods 4, 15. The mold 13 is of well known construc 
tion having an inner liner 11 surrounded by a water 
jacket 10 which is provided with water inlet and outlet 
connections 8 and 9. The mold center line 7 is shown, 
with only one half of the mold 13 illustrated in FIGURE 
1. The cylinder 12 is mounted about a piston 6 and 
extending from each end of the piston 16 are two men 
bers 17, 18 secured to fixed mountings 19, 22 respective 
ly. The members 17, 18 are of width or diameter D and 
d, respectively, and protrude through apertures in the cyl 
inder 12 suitably sealed to prevent leakage. 
Two pipes 23, 24 extend to fluid chambers 25, 26 

formed in cylinder 12 above and below piston 16 re 
spectively and to pipe 23 is connected an inlet tube and 
an outlet tube as is similarly connected to pipe 24. Fluid 
is pumped via the respective inlet tubes to pipes 23, 24 
alternately and an exhaust system is arranged to allow 
fluid to flow from the chambers 25, 26 alternately. For 
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example, when fluid is pumped into chamber 25 via its 
inlet tube. 23, fluid is discharged from chamber 26 through 
tube 24. The exhaust system is so arranged (see FIG. 2) 
that no fluid will be lost from the system through an 
open outlet tube when pumping into a chamber is in 
process. The exhaust system might comprise a two way 
valve which permits discharge of fluid through an outlet 
connected to a chamber into which fluid is not being 
pumped. For example, fluid may be discharged through 
the two way valve 27 in the outlet pipe connected to 
chamber 26 when fluid is being pumped into chamber 
25 through two. way valve 28 and vice versa. The inlet 
tube 29 is connected to both of the valves 27 and 28, 
as is also the outlet tube 30. The valves may be gang 
operated, or individually positioned, and may be manipu 
lated by hand or by means of automatic instrumentalities. 
The fluid may be discharged to a supply tank, from which 
the fluid is pumped into the chambers 25, 26 alternately. 
The cylinder 12 is forced downwards, carrying with 

it the mold 13, when the fluid is pumped into the chamber 
26 from the pipe 24; fluid in chamber 25 from the previous 
cycle is simultaneously discharged through the pipe 23. 
Conversely, the cylinder 12 is moved upwards when fluid 
is pumped into chamber 25 and allowed to discharge 
from chamber 26. 
The dimensions D, X and d shown in FIGURE 1 are 

selected to conform with the relation 
v X? -- Dº 

d2-?-TX2 " ?o 
where v1 is the velocity of movement required on the 
downward stroke of the cylinder, and v is the desired 
velocity of the upward stroke of the cylinder as shown 
in FIGURE 1. By way of example, if it is required 
that va=v1 then from the above relation, d=D. Al 
ternatively, if it is required that va=4y then 

d2=4D2-3X2. 
The speed of the mold on the downward stroke of the 
cylinder 13 may be preferably equal to or greater than 
the ingot withdrawal speed. Similarly the speed of the 
mold on the upward stroke of the cylinder 13 may be 
preferably greater than the ingot withdrawal speed. In 
the system disclosed, the amplitude and frequency of 
the mold reciprocation may be adjusted by regulation of 
the motion of the valves, and/or by changing the rate 
of flow of fluid to the cylinder 12. 
An alternative method which dispenses with the need 

for a differential piston is shown in FIG. 2 wherein 
molten metal is delivered, as indicated at 40, to the upper 
end of, and an ingot 34 which is formed in and con 
tinually withdrawn from, a water cooled mold 33 by 
withdrawal rolls 31. A platform 32 is attached to the 
mold 33 and is connected at each end to a hydraulic means 
for lowering and raising the platform 32 and the mold 
33. Only one such means is shown in FIGURE 2 of 
the drawing and as there illustrated comprises a piston. 
35 located in a cylinder 36, the piston rod 37 of the piston 
35 protruding through an aperture in the cylinder 36 and 
the piston rod 37 being connected to the platform 32. 
Spring 38 is located between the piston 35 and the bot 
tom of the cylinder 36 so as to counterbalance the dead 
weight of the mold 33 and the platform 32. 

Fluid is constantly pumped into the fluid chambers 
39, 42 of the cylinder 36 from a pump 41 via inlet tubes 
43, 44 respectively. In the inlet tubes 43, 44 are two 
metering valves 45, 46 respectively. Leading from the 
chambers 39, 42 are two pipes 47, 48 connected to a 
storage tank 49, tank 49 supplying the pump 41 with 
fluid. The exhaust pipes 47, 48 contain valves 52, 53 
respectively. Valves 52, 53 are alternately closed by any 
known means. 
The metering valves 45, 46 are required to be set in 
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such manner that the rate of flow into the respective 
chamber will produce the required movement when a 
valve 52 or 53 is closed. The rate of flow may be altered 
during operation of the device either manually or by 
linking the valve controls to the ingot withdrawal device 
by well known electrical or mechanical means. 
Movement of the piston 35 does not take place until 

one or other of the valves 52, 53 is closed at appropriate 
points on the cycle. The bore of the exhaust pipes 47, 
48 are sufficiently larger than that of the inlet tubes 43, 
44 to accommodate the constantly flowing fluid and the 
displaced fluid. 
The apparatus may also be applied by connecting one 

end of a lever to the connecting piston rod 37 and at 
taching the other end of the lever to the mold 33, in which 
case only one cylinder is necessary. 
While in accordance with the provisions of the statutes 

we have illustrated and described herein the best form 
and mode of operation of the invention now known to 
us, those skilled in the art will understand that changes 
may be made in the form of the apparatus disclosed with 
out departing from the spirit of the invention covered by. 
our claims, and that certain features of our invention 
may sometimes be used to advantage without a corre 
sponding use of other features. 
What is claimed is: 
1. In continuous casting apparatus wherein molten 

metal is delivered to one end of a continuous casting mold 
and an embryo ingot is withdrawn from the opposite end 
of said mold, the combination comprising hydraulic means 
supporting said mold for positive reciprocation at se 
lected rate in a direction parallel to the longitudinal axis 
of said mold, said hydraulic means including a cylinder 
and a piston therein, a reservoir for hydraulic fluid, a 
pump, tube means connecting said reservoir and pump 
with opposite end portions of said cylinder including a 
first tube connected with one end portion of said cylin 
der and on one side of said piston, a second tube con 
nected with the end portion opposite from said one end 
portion and on the side of said piston opposite said one 
side of said piston for flow of fluid to said opposite end 
portions and connecting the opposite end portions of Said 
cylinder with said reservoir for discharge of fluid from 
the opposite end portions of said cylinder, and adjustable 
valve means in said tube means operable independent of 
said ingot withdrawal for directing flow of fluid at a 
selected rate to one end portion of said cylinder and the 
flow of fluid from the opposite end of said cylinder for 
movement of said hydraulic mold support means in one 
direction, reversing said valve means being operable to 
reverse the direction of movement of said hydraulic mold 
Support means. - - - - - . 

2. In continuous casting apparatus wherein molten 
metal is delivered to one end of a continuous casting mold 
and an embryo ingot is withdrawn from the opposite end 
of said mold, the combination comprising hydraulic means 
supporting said mold for positive reciprocation in a di 
rection parallel to the longitudinal axis of said mold, said 
hydraulic means including a movable cylinder with a 
piston therein, piston rods extending from opposite faces 
of said piston and through the ends of said cylinder to 
fixed external locations, said piston rods being of differ 
ent diameters, a reservoir for hydraulic fluid, a pump, first 
tubular means connecting said reservoir and pump with 
opposite end portions of said cylinder and opposite sides 
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of said piston for a substantially uniform rate of intro 
duction of fluid to said cylinder, second tubular means 
connecting the opposite end portions of said cylinder and 
opposite sides of said piston with said reservoir for dis 
charge of fluid from said cylinder, and valve means in 
said first and second tubular means for directing flow of 
fluid to one end portion of said cylinder and one side 
of said piston and from the opposite end portion of said 
cylinder and the opposite side of said piston for move 
ment of said cylinder in one direction, and on reversal 
of Said valve means to cause movement of said cylinder 
in the opposite direction. 

3. In continuous casting apparatus wherein molten 
metal is delivered to one end of a continuous casting 
mold and an embryo ingot is withdrawn from the op 
posite end of said mold, the combination comprising hy 
draulic means supporting said mold for positive recipro 
cation in a direction parallel to the longitudinal axis of 
said mold, said hydraulic means including a cylinder and 
a piston therein, a spring within the lower portion of said 
cylinder and bearing on said piston forming a counter 
weight for said mold, a reservoir for hydraulic fluid, a 
pump, a pipe connecting said reservoir and pump, inlet 
tubular means connecting said pump with opposite end 
portions of said cylinder including a first tube connected 
with one end portion of said cylinder and on one side of 
said piston, a second tube connected with the end portion 
opposite from said one end portion and on the side of 
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said piston opposite said one side of said piston for flow 
of fluid to said opposite end portions, restrictor means 
in said inlet tubular means for regulating the rate of hy 
draulic fluid flow through each of said tubular means, 
outlet tubular means connecting the opposite end portions 
of said cylinder with said reservoir for discharge of fluid 
from the opposite end portions of said cylinder including 
a third tube connected with one end portion of said cylin 
der and on one side of said piston, a fourth tube connected 
with the end portion opposite from said one end portion 
and on the side of said piston opposite said one side of 
said piston, and adjustable valve means in each of said 
outlet tubular means for controlling the rate of discharge 
of fluid from said cylinder, the discharge of fluid from 
one end portion of said cylinder being determinative of 
the direction of movement of said hydraulic mold sup 
port means, and the rate of flow to the one end of said 
cylinder as regulated by said restrictor means and in 
cooperation with the rate of fluid flow from the opposite 
end of said cylinder being determinative of the rate of 
movement of said hydraulic means. 
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