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@ Withdrawing mechanism for the casting in a horizontal continucus casting machine.

A withdrawal mechanism for a horizontal continuous
casting machine has a disc (§) on a rotateble shaft (3), &
pivoted lever (11) displaceable with respect to the disc,
means for (12,13) displacing the lever, a clutch for reieasably
(14,15) coupling the lever to the disc, a brake mechanism (7)
for preventing rotation of the shaft, and a pair of pinch rolls,
(1,2} with one of the rolls being in driving relation with the
rotatable shaft,
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This invention relates to a withdrawal
mechanism for withdrawing a casting from the mould of a
horizontal continuous casting machine, |

A horizontal continuous casting machine is
provided with a withdrawal mechanism whereby the
casting is withdrawn in an intermittent manner from the
mould in which it is formed.” ‘The withdrawal mechanism
usually comérises at least one pair of pinch rolls
which engage with opposite sides 6f the casting and at
least ongfof each pair of rolls is driven in order to
displacé;iﬂé casting. The casting is not withdrawn.
continuouély but is withdrawn in a number of successive
cycles, Qith each cycle having a withdraﬁal phase, a
pause phase and a push phase in which é force is
applied to the casting to displace it in- the direction

towards the mould in which it is formed. Usually, the

. pause phase is between the withdrawal phase and the

push phase, but the push phase can be arranged between
the withdrawal phase and the, pause phase. -

It is known for the withdrawal pinch rolls to
have hydraulic or electric motors and these motors are
directly coupled to the pinch rolls or through é gear
box;

It is an object of the present invention to
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provide an alternative withdrawal mechanism for a
horizontal continuous casting machine,

According to one aspect of the present
invention, a withdrawal mechanism for a horizontal
continuous casting machine comprises a pair of pinch
rolls engageable with opposite sides of a casting to be
withdrawn from a mould of a continuous casting machine,
one of said rolls being in driving relation with a
rotatable shaft, characterised- in that a disc is
rigidly mounted §n the shaft; a pivoted lever assembly
is displaceable with respect t; the disc} means are
provided for displacing the lever assembly in both
directions of rotation about the pivot; a clutch is
provided for releasably coupling the lever assembly to
the disc to transmit angular displacement of the lever
assembly to the disc; and a brake mechanism is
provided for preventing angular rotation of the shaft.

In use, the clutch is actuated to couple the

lever assembly to the disc and the lever assembly is

‘~pivoted about its pivot in one direction of rotation in

order to rotate the disc and, hence, the shaft in one
direction of rotation. After a predetermined angle of
rotation, the brake mechanism is applied to prevent
further angular rotation of the shaft and the clutch is

released while the lever assembly is pivoted in the

Ll
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other direction of rotation about the pivot. The
clutch is then actuated to re-couple the lever assembly
to the disc while the brake mechanism is disengageé to
allow angular rotation of the shaft and, in this way, a
limited movement of the lever assembly in the opposite
direction of rotation is transmitted to the rotatable
shaft. The movement of the shaft is, thus, through a
predetermined angle in one direction, followed by a
pause in which the shaft is stationary, followed by a
limited rotation in the opposite direction.

The means for displacing the lever assembly

.may comprise a piston—cylinder device coupled to the

lever assembly, or it may comprise a cam arrangement
acting on the lever assembly.
In order that the invention may be more

readily understood, it will now be described, by way of

. example only, with reference to the accompanying

drawings, in which:-

Figure 1 is a front view of a withdrawal

mechanism for a continuous casting machine;

Figure 2 is a side e'levation of the mechanism
shown in Figure 1;

Figures 3a - 34 are graphs showing the
operation of parts of the drive mechanism;

Figure 4 is a front elevation of an

alternative embodiment;
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Figure 5 is a side view of the embodiment of
Figure 4;

Figures 6a - 6c are graphs showing the
operation of parts of the mechanism of Figures 4 and
5;

Figure 7 is a front elevation of a still
further embodiment of the invention;

Figure 8 is a side elevation of the
embodiment shown in Figure 7§‘Mand

Figures 9a - 9c are graphs showing the
operation of parts of the mechanism of Figures 7 and 8.

Referring to Figures 1 and 2, a withdrawal
mechanism for a horizontal continuous casting'machine
consists of a pair of pinch rolls 1, 2 which engage
with opposite sides of a casting C formed in a mould
(not shown). Pinch roll 1 is freely rotatable about a
shaft (not shown) and it may be urged against the upper

surface of the casting. 'Pinch roll 2 is mounted on a

~Shaft 3 which, in turn, is mounted in bearings 4, 5. A

disc 6 is rigidly secured to the shaft 3 to rotate with
it. A brake mechanism 7 has.a fixed calliper 8 with a
pair of pads 9 which can be displaced into engagement
with opposite sides of the disc so that the friction
between the pads and the disc prevents rotation of the
disc and, hence, prevents rotation of the shaft 3.

A lever assembly 10 has a lever 11 mounted at
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one end on a sleeve 12 which fits over, and is freely
rotatable relative to, the shaft 3. The opposite end
of the lever is pivotally connected to the piston rod
12° of a piston-cylinder device 13. The piston-
cylinder device 13 is either a double-acting device or
is a single-acting device provided with a spring
return, whereby the lever 11 can be pivoted in both
directions of movement relative to the axis of the
shaft 3. A bracket 14 connected to the lever 11 has a
pair of pads 15 which are positioned on opposite sides
of the disc 6. These serve as a clutch mechanism since
means ‘not shown) serve to actuate the pads into
engagement with the disc whereby the friction between
them and the disc is sufficient to cause the disc and
the lever assembly to be coupled together. A linear
electrical tranéducer 16 is rigidly secured to a
support (not shown) and has one:portion connected to
the lever assembly so that the transducer can produce
an electrical signal representative of the position of
the piston of the piston-cylinder device and, hence, of
the lever arm. A rotary tr?nsducer 17 coupled to Ehe
shaft 3 gives an indication of the angular position of
the shaft and the pinch roll 2.

The forward movement of the casting C out of
the mould is brought about bj actuating the clutch

mechanism so that the lever assembly 10 is coupled to
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the disc 6. The piston-cylinder device 13 is energised
under the control of a closed loop control system which
regulates valves which control the flow and pressure of
hydraulic fluid applied to the piston—c;linder device.
The piston rod urges the lever assembly to rotate in
the anticlockwise direction, as shown in Figure 2,
causing the disc and the shaft 3 to be rotated in an
anticlockwise direction through a limited angle. ‘At
the completion pf the forward stroke of the piston-
cylinder device, as indicated by II in Figure 3a, the
clutch is disconnected to break the connection between
the lever assembly and the disc but, at the same time,
the pads 9 on the brake calliper 8 are brought into
engagement with the disc to prevent rotation of the
disc and the shaft 3. While the brake is engaged,
there is no movement applied to the shaft and this acts
as the pause period of the withdrawal cycle. The
piston of the device 13 is reversed and returned
almost, but not quite, to its originél position
pivoting the lever assembly with it. The piston is now
positioned a distance Xp from its original positiah.

At this stage, III in Figure 3a, the clutch is re-
energised to connect the lever assembly 10 to the disc
and the brake 7 is removed from the disc and, finally,
the piston of the assembly 13 is moved through the

distance Xp to its original position moving the shaft 3
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and the pinch roll 2 with it in the reverse direction.
The cycle of movement applied to the casting C is as
indicated in Figure 3d.

The clutch and the brake mechanism can be of
any convenient form, being hydraulically,
pneumatically, or electrically operated, the main
criteria being that they should be very responsive to
high speed application and release.

The sequencing of the- operating phases of the
piston-cyiinder device, clutch and brake mechanisms is

controlled by an element in the control system. This

. may take the form of a hard-wired sequential controller

or a computer programme, either of which will receive a
signal from the position transducer 16. This signal is
compared with the preset signals in the control system
and, when these signals correspond, control signals are
sent to the clutch and brake to operate them in order
to bring about the correct operation of the mechaniém.

- 8lip can be detected by éomparing the output

‘from the linear position transducer 16 with the output

-

of the rotary position transducer 17.

| Roll slip can be deéected by comparing the
output of transducer 17 with the output of another
transducer (nbt shown) in contact with pinch roll 1 or

with the casting C.

In the arrangement shown in Figures 4 and 5,
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a lever 11', forming part of the lever assembly, has a
cam follower 21 connected to it which bears against a
cam surface on a rotatable member 22 rigidly mounted on
a drive shaft 23. A spring 24 ensures that the
follower remains in contact with the cam surface. The
lever 11' carries a pair of contacts 25, 26 at its
upper free end and these are engageable with fixed
electrical contacts 27, 28, respectively, positioned at
the ends of the path of travel~of the lever 11°'.

The shéft is rotatable at a constant speed
for each cycle by any convenient means. Rotation of
the cam 22 causes the lever arm to be pivoted about its
pivot and, when the clutch 14, 15 is engaged, the
displacement of the lever arm is transmitted to the
disc 6 and, consequently, to the shaft 3.

The operation of the device is very similar
to that shown in Figures 1 and 2 in that rotation of
the cam 22 to displace the lever arm in one direction

takes place while the clutch- 15, 16 is engaged, thereby

drivingAthe shaft 3 in the same direction. Brake 7 is

then applied to prevent furthgr rotation of the shaft
while the clutch is disengaged and the cam continues to
rotate and the spring displaces the lever assembly
relative to the stationary disc.

Referring to Figures 6a - 6c, the cycle

starts at point I where the clutch is on and the brake
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is off, The follower moves under the influence of the
cam to its maximum displacement at point II. At this
point, the brake is applied to decelerate the casting
to zero velocity and hold it stationary. -
Simultaneously, the clutch is released, thus allowing
the cam follower to return toAits home position less a
distance Xp which is the push back distance. At the
end of the pause period at point III, the clutch is re-
applied and the brake 1s released and the cam profile

allows the lever to return to'its initial position

under the influence of the spring 24 taking the disc

-and the shaft 3 with it. This is the push back phase

of the cycle. The brake and the clutch can be either
hydraulically, pnéumatically or electrically operated,
the main criteria béing that they should be very
:eséonsive to high speed application and release. The
actuation of the clutcﬁ and the brake mechanasms is as
shown in Figures 6b and 6c and this phasing is

triggered by the operation of the contatcs 25, 27 and

. 26, 28, respectively.

The push back pres§ure can be adjusted ddiing
the cast by varying the pre-compression of the push
back spring 24 and the push back travel can be
attenuated by the adjustment of a push back screw 29.

The withdrawal phase can be attenuated during

the cast by the early actuation of the brake and
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release of the clutch during the withdrawal period,

Referring to the arrangement shown in
Figures 7 and 8, the shaft 3 has a pair of discs 6, 6°'
attached to it and a pair of lever assemblies 10, 10'
associated one with each of the discs. A pair of cams .
22, 22' are provided on the drive shaft, the cams have
different cam profiles and, by energising the clutch
associated with the chosen lever assembly and the
common brake, the displacemént of the lever assembly
can be brought about depending upon which cam is
chosen. |

Figures 9a - 9c indicate the alfernative
forms of angular displacement of the shaft which can be
obtained with two cams of different prbfiles.

The casting operator will be able to switch
from one casting pattern to another by selecfing the
appropriate cam and isolating in the OFF positioﬁ the
clutch associated with the other cam. 'This selection
can be made either before or during the cast.

Another embodiment of thé invention will‘now
be described, by way of example only with reference'to
the following figures of the accompanying drawings, in
which:-

Figure 10a is a perspective view of a
mechanism in accordance with another embodiment of the

invention;
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Figure 10b shows the displacement of a
cylinder A forming part of the .embodiment;

Figure 10c shows the displacement of a
cylinder B forming part of the embodiment;

Figure 104 shows the clutch engagement;

Figure 10e is a velocity time cycle of a
casting C driven by the mechanism;

Figure 1la is a perspective view of a .drive
mechanism 'in accordance with, another embodimeht of the
invention; and

Figures 11lb, llc and 11d show the |
displacements with time of three cams A, BandC
forming part of the mechanism.

Referring to Figure 10a, a casting C formed
in a horizontal continuous casting mould (not shown) is
withdrawn from the mould by a mechanism including a
pair of pin;:h rolls 1, 2 which engage with opposite
sides of the casting. The pinch' roll 2 is mounted on a

first shaft 33 and a transducer 34 coupled to the shaftA

" provides a signal of the angular position of the shaft.

A similar transducer 35 is coupled to the shaft to ;
which the pinch roll 1 is co’nnected. At the opposite
end of the shaft 33, there is one element of a clutch
36 and the other element is connected to the adjacent
end of a farther shaft 37 which is aligned with the

shaft 33. The clutch can be of any convenient form



10

15

20

25

0133746

12

and, when it is disengaged, the shafts have relative
rotation between them but, when the clutch is engaged,
the shgfts move together,

A toothed wheel 38 is mounted on the shaft 33
and a pawl 39 engages with the spaces between the teeth
on the wheel. The teeth are inclined from the radial
position so that, in the position shown in Figure 1l0a,
the wheel 38 can rotate anticlockwise relative to the
pawl, but i:_he pawl prevents.it from rotating in a
clockwise direcéion. The pawl 39 is connected to a

-bracket 40 to which the piston 41 of piston-cylinder

“device 42 is connected and to which a linear transducer

43 is also connected. The piston-cylinder device 42
and the wheel and pawl provides intermittent motion of
the shaft 33 in the anticlockwise direction.

The second shaft 37 carries a crank lever 44
to which a bracket 45 is pivotally connected. A

piston-cylinder device 46 has its piston connected to

.the bracket and a linear transducer 47 is also

connecfed to the bracket.

The forward motioq of the pinch rolls is;
provided by the piston-cylinder device 42 driving the
pinch roll 2 via the pawl and wheel mechanism 38, 39.
Control of the displacement of the piston-cylinder
device, its velocity, and its acceleration is achieved

by the employment of a closed loop control system which
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controls a hydraulic valve which, in turn, regulates
the flow and pressure of hydraulic fluid to and from
-the piston-cylinder device. The linear transducer 43
provides a positive feedback to the control system to
thereby close the control position loop. Pressure
transducers (not shown) are installed at the ports on
the piston-cylinder device in order to provide a
control pressure loop to the system.

At the end'of its £6rward stroke, position I
on Figures 10b - 1l0e, the piston 41 comes to rest and

the clutch 36 is engaged. This holds the shafts 33, 37

- stationary for the pause period I - II, shown in Figure

10e. The clutch can be hydraulically, pneumatically,
or electrically operated.

A small reverse motion of pushback is
required towards the end of the cycle and this is shown
as a negative veocity at point II in Figure 10e. The
pushback motion is produced by the piston-cylinder
device 46 and the motion is controlleé by a closed loop
similar.to that referred to above. The feedback
signals are generated by the linear position transdhcer
47 and pressure transducers (not shown) monitoring the
hydraulic pressure at the ports on the piston-cylinder
device 46. The feedback for the position loop in both
forwards and backwards directions may be taken from the

transducers 35 which monitors the actual position of
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the casting.

At the completion of the cycle, the clutch is
disengaged and remains disengaged until the end of the
forward motion phase of the next cycle. The sequencing
of the operating phases of the piston-cylinder devicés
42, 46 and the clutch 36 is controlled by an element of
the control system. This may take the form of a hard
wired sequential controller or a compuﬁer programme,
either of which will receive.trigger signals from the
position transduéers 34, 43 and 47.

During the operation of the piston-cylinder
device 46 to rotate the shaft 37, the rotation is
transmitted to the shaft 33 through the clutcﬁ, and the
displacement of the pawl 39, due to the piston-cylinder
device 42 being reversed, is at a higher velocity than
the rotation of the shaft, due to the piston—cylinder
device 46, thereby enabling the shaft 33 to be rotated
by a small amount in the opposite direction to its

normal direction of rotation, thereby providing a

- puashback.

‘Ar.ly slip which may occur at the clutch can be
detected by comparing the signais froﬁ the linear
transducer 47 and a rotary transducer 34 coupled to the
drive pinch roll. Roll slip can be detected by
comparing the outputs from transducers 34 and 35.

In the arrangement shown in Figure lla, the
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pawl 39 is displaced by the action of a rotatable cam
50 mounted on a drive input shaft 51. A spring return
is provided to make sure that a follower of the pawl is
always in engagement with the cam surface of the cam
50. A further cam 52 mounted on the shaft 51 serves as
a rotary switch to open and close a pair of contacts 53
in the electrical circuit of the clutch 36 which, in
this embodiment, is electrically operated. A stiil

further cam 55 mounted on the shaft 51 has a follower

"'57 in the form of a lever which is mounted on the shaft

37. This lever is urged against the cam surface by a
spring 60 and rotation of the cam 55 causes the shaft
37 to be displaced in both directions of rotation.
The forward motion of the casting C is
produced by the cam 50 acting on the pawl and driving
the shaft 33 via the pawl and toothed wheel. The cam
is profiled such that its follower moves according to

the graph shown in Figure 11b and the useful work is

: done between points I and II on that graph. - This is

the acceleration and constant velocity phase of the_
cycle. At this point, cam 52 closes the electrical‘
contacts and engages the clutch 36. The clutch is
prevented from rotating by the lever 57 restrained by

the cam 55. Thus, the clutch retards the forward

motion of the casting and holds it back throughout the

_ pause phase and will remain engaged during the pushback
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phase. Cam 55 imports a motion to its lever 57, as
shown in Figure 11d. At the point III, the cam moves
the lever 57 downwards, thereby producing a reverse
rotation of the clutch transmitted via the shaft 33 to
the pinch rolls, thus applying a pushback motion to the
casting. At the point IV on Figure llc, the clutch is
disengaged by the opening of the contacts 53. This
isolates the roll from the return motion of the cam
lever 57 as.it returns to itg rest position under the
action of the spring 60.

It is important that the éam profile of cams
50, 55 are such that the velocity of the cam follower
of the pawl at point Vin Figure 11b is greater than
the peripheral velocity of the ratchet wheel, otherwise
damage will be done to the mechanism.

Pushback distance can be regulated by
adjusting a screwed stop 61 which restricts the return
movement of the cam lever 57. Pull distance can also
be reguigﬁed by a similar stop which‘yill restrict the |
‘rcturn motion of the foliower of camNSO. This, '
however, will result in some loss of control over the
acceleration of the casting.

The mechanism is driven by rotation of the
cam shaft 51 and this may be driven by a drive means of

any form, such as an electric, hydraulic, or pneumatic

~motor. It is desirable that the drive should be a
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variable speed motor so as to enable the withdrawal
cycle frequency to be varied. It will be appreciated,
however, that the speed will remain constant during one
or more of a numbér of cycles.

Another embodiment of the invention will now
be described, by way of example only, with reference
to the following figures of the accompanying drawings,
in which:-

f‘igure 12 is a perspective view of the
apparatus according to another embodiment of.the
invention;

Figure 13 shows diagrammatically an
alternative form of the apparatus; and

Figure 14 shows a control loop used in the
control of the apparatus shown in Figure 13,

Referring to Figure 12, two hydraulic piston-

cylinder devices 6 have their pistons connected to

respective cranks 3 on a crankshaft 8. 1In the

arrangement shown in Figure l,‘the cranks are
pqggtiohed ét 90° to each other on the shaft 8. The
cylinders of the piston-cyliqder devices are pivotaily
mounted by way of bearings 5 so as to permit the
cylinders to follow the motion of the cranks 3.
Alternatively, the cylinders could be held in fixed
positions and motion transmitted through sliders

attached to the connecting rod.
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A pair of pinch rolls 1 are arranged to

engage against opposite sides of a casting 2 produced

in a horizontal continuous casting mould (not shown).

The lower of the two pinch rolls is connected to the
crankshaft 8 and rotation of the crankshaft imparts
linear motion to the casting 2. A position measuring
device 4 is connected to the crankshaft £o givé an
electrical signal representative of the angular
position of the shaft and, hence, the lower pinch roll.
’ The cranks 3 can be inclined to each other by
any convenient angle, othet than 180°.

In the alternative arrangement shown in
Figure 13, the pair of piston-cylinder devices 6 have
their pistons conneéted to the same crank on the
crankshaft 8. The tvﬁo piston-cylinder devices are
mounted by way of the pivots 5 such that the direction
of movement of the piéton of one de.vice relative to its
cylinder is inclined to the directién of movement of
the piston of f;he other device relativew_rt_:o its

cylinder. 1In the arrangement shown, the pivots 5 are

positioned on a pair of mutually normal axes, indicated

»

.-by broken lines, so that the direction of movement of

the piston of one device relative to its cylinder is
substantially normal to that of the other device,
Single-acting cylinders can be used instead

of double-acting cylinders, but then four cylinders are
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required with a corresponding complication to the
control circuit for each piston-cylinder device.

The operation of the system is as follows:-

Points 1,-2, 3 and 4 on the path of motion of
the crank pin are displaced from each other by 90°. 1If
point 3 is considered as a changeover point, then
pressure will be applied on side 11 of the piston of
one of the devices and the other device takes no part
in the rotation and it is controlled so that the force
on opposite sideé of its piston is balanced. At the

point 4, the previously operating device is switched to

.2 balanced force on opposite sides of its piston and’

the other device 6 has pressure applied to side 9 of
its piston. At point 1, the first device 6 is again
switched to balanced force control and the second
device has pressure applied to side 12 of its piston.
Thus, it can be seen that, for each revolution, each
device exerts one pushing action and one pulling
action,

| Each piston-cylinder device has the ports on
opposite sides of its piston Fonnected by £luid pipés
to a servo valve 13 which is connected to fluid supply
and return lines, Each servo valve is controlled by
signals from a control system.

A control system suitable for bringing about

the operation of the apparatus shown in Figure 13 is
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shown diagrammaticaly in Figure 14,

The position measuring device 4 which is
coupled to the shaft 8 is used to determine the
changeover points 1, 2, 3 and 4 shown in Figure 13. .It
also serves as a feedback element for controlling the
position of the pinch roll. The operating range of 90°
for each push/pull cycle of the piston-cylinder device
can be extgnded by a small amount so that a push or
pull cycle of the pinch rolf:yif-it is short, can be
completed by one cylinder rather than causing a slight
discontinuity by switching over to the other cylinder,

A position control loop element 21 receives
an error signal being the difference between a position
reference signal and the output position signal of the
device 4. Element 21 has a variable limit output and
so it can be considered to set the maximum velocity of
the pinch rolls. Element 22 has an adjustable rate

limit and, therefore, is used for setting the

acceleration rate., Inverter 23 is used to change the

pélarity of the output signal from element 22, if
mnecessary, to cause the piston-cylinder device to push
or pull according to its position iﬂ the 360° crank
cycle. The contacts 24 are controlled from a control
logic circuit 25 which receives a signal from the

transducer 4. An element 26 differentiates the

position signal from transducer 4 to provide a velocity
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feedback signal which is subtracted from the signal
from the contacts 24.

With double-acting piston-cylinder devices,
there is an effective difference in area on opposite
sides of the piston, the pressures measured at these
two sides are multiplied by the areas of each side of
the piston Al, A2 to produce signals corresponding to
the actual forces Fl1, F2. Element 28 subtracts one
force from the other to provide a feedback force
differential F1 - F2.

Because the piston velocity is not the same
as the circular crank velocity, except at one point
only in each cycle, a gain modifier is included in the
form of an element 29 in order keep the performance
constant throughout the rotation. The gain from the
element 29 is determined according to the position of
the crank as measured by transducer 4. The output from
this element is compared with the feedback signal from

element 28 to form a pressure responsive signal which

w.1is amplified and supplied to servo valve 13,

~

An alternative to the close lbop position

‘tontrol is a closed loop torque control. This gives a

constant force on the workpiece between the pinch
rolls. As in the position control loop, element 30
needs to be switched according to whether the cylinder

is required to push or pull. As the torque reference
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is a reference to the cylinder force control loop,

multiplier 31 is needed in order to modify this force

reference according to the position of the crank in the
operating cycle.

The control for one cylinder is shown in
Figure 14 and an identical circuit, apart from the
control logic 25 and the transducer 4, is required for
the other cylinder. Discrete control elements are
shown in Figure 14 in order ,to facilitate the
understanding of the control system but, in practice, a
computer would be used to carry out the operation of

these elemehts.
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Claims:

1. A withdrawal mechanism for a hofizontal

continuous casting machine comprising a pair of pinch
rolls (1, 2) engageable with opposite sides of a
casting (C) to be withdrawn from a mould of a
continuous casting machine, one of said rolls (2) béing
in driving relation with a rotatable shaft (3),
characterised in that a disc 16) is rigidly mounted on

the shaft; a pivoted lever aSsembly (10) is

" displaceable with respect to the disc; ‘meansv(13, 22)

are provided for displacing the lever assembly in both
directions of rotation about the pivot (12); a clutch
(15) is provided for releasably coupling the lever
assembly to the disc to transmit angular displacement
of the lever assembly to the disc; and a brake
mechanism (7) is provided for preventing angular

rotation of the shaft, -

26 L - A withdrawal mechanism asvclaimed in claim 1,

wherein the lever assembly is pivoted about the axis of

rotation of the rotatable shaft.

3. A withdrawal mechanism as claimed in claim 1
or 2, wherein the displacing means comprises a piston-

cylinder device connected to the lever assembly to
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displace the lever in both directions of rotation,

4. A withdrawal mechanism as claimed in claim 1
or 2, wherein the displacing means comprises a
rotatable member having a cam surface and spring means
urging the lever assembly into contact with the cam

surface,

5. A withdrawal mechanism as claimed in any
preceding claim, wherein the clutch comprises a pair of
friction pads mounted on the lever assembly and |
arranged on opposite sides of said disc and means for
urging the pads into and out of engagement with the

disc.

6. A withdrawal mechanism as claimed in any
preceding claim, wherein the brake mechanism comprises

a fixed calliper carrying a pair of friction pads

arranged on opposite sides of the disc and means for

displacing the pads into and out of engagement with the

-

disc.

7. A withdrawal mechanism as claimed in any
preceding claim, including transducer means for

producing a signal representative of  the éisplacement

.of said lever assembly and means for comparing said
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signal with a preset value and for producing a control

signal when said signals are equal.

8. A withdrawal mechanism as claimed in claim 4,
wherein the lever assembly is engageable with a pair of
fixed electrical contacts at opposite ends of the path

of movement of the lever assembly.

9. IA withdrawal mechatiism as claimed in claim 4,
including an additional rotatable member having a cam
surface different from that of the first-mentioned
rotatable member, an additional lever assembly
pivotable about the axis of said shaft and spring means
urging the additional lever assembly into contact with
the additional cam surface, an additional disc on the
shaft and an additional clutch mechanism for releasably
coupling the additional lever assembly to the addition

disc.

230, A withdrawal mechanism forba horizontal

cvontinuous casting comprising a pair of pinch rolié (1,
2) engageable with opposite sides of a casting (C) to
be withdrawn from a mould of a continuous casting
machine, one of said rolls (2) being in driving
relation with a first rotatable shaft (33),

characterised in the provision of means (38, 39, 42)
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for intermittently rotating said shaft in one direction
of rotation, a clutch (36) capable of connecting said
shaft in driving relation with a further rotatable
shaft (37), and means (44, 46) for rotating said

further shaft in both directions of rotation.

11. A withdrawal mechanism as claimed in claim
10, characterised in that said means for intermittently
rotating said shaft in one direéection of rotation
comprises a tootﬁed wheel on the shaft, a pawl movable
relative to the toothed wheel to rotate the wheel in

one direction only, and means for moving the pawl.

12. A withdrawal mechanism as claimed in claim
11, characterised in that said pawl moving means

comprises a piston-cylinder device.

13. A withdrawal mechanism as claimed in claim
10, 11 or 12, characterised in that said means for
retating the fufther shaft comprises a lever mounted on
the further shaft and means gor angularly displaciné

the lever.

14. A withdrawal mechanism as claimed in claim
13, characterised in that said means for angularly

displacing the lever ‘comprises a piston-cylinder
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device.

15. A withdrawal mechanism as claimed in claim
11, characterised in that said pawl moving means
comprises a rotatable cam biased into engagement with

the pawl.

l6. A withdrawal mechanism as claimed in claim
13, characterised in that said means for angularly
displacing the lever comprises a rotatable cam biased

into engagement with the lever,

17. A withdrawal mechanism as claimed in claim 15
or 16, characterised in that said clutch is
electrically operable and is controlled by rotating

switch means rotatable with the or each rotatable can.

18. A withdrawal hechanism for a horizontal

_ continuous casting machine comprising a pair of pinch

rolls (1) engageable with opposite sides of a casting
;‘(2) to be withdrawn £from a mould of the continuous
éasting machine and a rotatable shaft (8) on which one
of thé rolls is mounted, characterised in the provision
of a pair of double-acting piston-cylinder devices (§)
in driving relation with said shaft by means of at

least one crank (3) on the shaft; each piston-cylinder
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device having valve means (13) associated therewith by
which the supply of fluid under pressure to the piston-
cylinder device is controlled; means (4) for producing
an electrical signal responsive to the angular position
of the shaft and circuit means (21-30) responsive to
said electrical signal for controlling the vélve means
so as to cause each piston-cylinder device to be
operated in sequence whereby said shaft is rotated in

both directions of rotation.-*”

19. A withdrawal mechanism as claimed in claim
18, characterised in that the two piston-cylinder
devices are connected to separate cranks on the shaft,
the two cranks being out of alignment by other than

180°.

20. A withdrawal mechanism as claimed in claim

19, characterised in that the two cranks are out of

alignment by 90°.

-

21, A withdrawal mechanism as claimed in claim
18, characterised in that the two piston-cylinders
devices are connected to a crank on the shaft and the
direction of movement of the piston of one device

relative to its cylinder is out of alignment by other

_than 180° with the direction of movement of the piston
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of the other device relative to its cylinder.
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