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57 ABSTRACT 
An apparatus for supporting and guiding the slab in 
the secondary cooling zone of a continuous casting 
machine. In at least part of the secondary cooling Zone 
of a continuous casting machine, one or more pairs of 
stationary roller support structures each having a sur 
face spaced a constant distance from a corresponding 
surface of the slab and carrying a plurality of rollers 
having the same diameter as the afore-said distance 
and adapted to roll over the peripheral surface of the 
support structure with the descent of the slab are pro 
vided to support and guide the slab. The rollers extend 
at right angles to the direction of withdrawal of the 
slab and adapted to proceed in a direction parallel to 
the corresponding surface of the slab. Each roller sup 
port structure is constituted by a plurality of guide 
bars spaced from one another and defining a space, in 
which a liquid steel stirring means is accommodated. 

3 Claims, 18 Drawing Figures 
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APPARATUS FOR SUPPORTENG AND GUIDING 
SLAB IN THE SECONDARY COOLNG ZONE OF 

CONTINUOUS CASTING MACHINE 

This invention relates to means for supporting and 
guiding continuously cast slab in the secondary cooling 
Zone of a continuous casting machine and, more partic 
ularly, to such support and guide means which is pro 
vided with a liquid steel stirring means for improving 
the macroscopic and microscopic irregularities in the 
slab. 
The continuous casting is usually carried out in the 

manner as shown in FIG. 1. The liquid steel cast into a 
mold 3 forms a soldified shell 7 about several millime 
ters to 20 millimeters in thickness within the mold, and 
is withdrawn by pinch rollers while accelerating the so 
lidification in the secondary cooling zone by spraying 
water 9 ejected from the holes formed in cooling plates 
4, openings formed in cooling grids and the gaps be 
tween rollers 5. In the continuous casting of steel, the 
thermal conductivity of which is low, the solidification 
of the slab requires a long time, depending upon the 
thickness of the slab, and usually a long secondary 
cooling zone is required. Therefore, the conventional 
continuous casting equipment has a large height, so 
that a non-solidified portion subject to high static pres 
sure of the liquid steel may be presented. In conse 
quence, the deformation or so-called bulging of the 
shell is likely to result unless the machine adjustment 
such as the adjustment of the roller gap is sufficient. 
Accordingly, the continuous casting equipment has un 
dergone a design change from vertical type to S-type 
for reducing the static pressure. However, this measure 
does not basically solve the above problem. In the fig 
ure, reference numeral 1 designates a submerged noz 
zle, numeral 2 powder, and numeral 6 non-solidified 
steel. 

In addition, since the roller diameter has to be pro 
gressively increased according to the height from the 
meniscus, i.e., the static pressure of liquid steel, at apo 
sition where the static liquid steel pressure is high the 
distance between adjacent support points is large. 
Thus, as the slab passes through a succession of roller 
gaps it is locally subjected to repeated bulging and 
compression, so that its character would be extremely 
deteriorated due to such defects as concentration of 
certain components of the liquid steel at the position of 
final solidification and inner cracks. 
The bulging 6, is related to the static pressure of 

the liquid steel and the roller gap as 
8 = (60/384) - (PIEd.) 

where E is Young's modulus, d thickness of solidified 
steel, P static pressure, and l interroller distance. It will 
be seen from the equation that bulging is greater the 
greater the static pressure of the liquid steel and inter 
roller distance. This phenomenon of bulging cannot be 
avoided in the roller apron system shown in FIG. irre 
spective of the machine adjustment. It may be thought 
to Substitute a cooling plate, cooling grid system or a 
walking beam system for the roller apron in the second 
ary cooling zone of FIG. 1. However, in case of the for 
mer substitute the drawing of the slab is considerably 
hard due to very great friction with the cooling plates 
or cooling grids, giving rise to various troubles in the 
operation and various defects in the slab. The latter 
Substitute has too complicated mechanism to make suf 
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2 
ficient maintenance, and in this case worse results are 
prone compared to the roller spron system. 

In the mean time, the continuously cast slab pro 
duced with the set-up shown in FIG. 1 is subjected to 
forced cooling from its surface, so that the inner struc 
ture of the product differs from that of the ordinary in 
gots due to a greater cooling speed compared to the 
case of the ordinary ingots. Also, the type of steel or 
casting conditions may frequently produce the defects 
inherent in the continuously cast slab, such as inner 
cracks, mocroporosity and sharp segregation of molt 
components in a region of final solidification. These de 
fects have adverse effects upon the quality of the final 
products, and various measures have been investigated. 
It is already known that the above effects can be re 
duced or eliminated by adequately stirring the non 
solidified steel in the secondary cooling Zone. 
The methods of causing a stirring phenomenon in the 

liquid steel through the outer shell or metal vessel in 
clude one, in which the stirring forces are provided 
electrically, that is, by means of electromagnetic induc 
tion, and one, in which current is directly passed in the 
liquid steel while simultaneously applying a magnetic 
field thereto. Some of these methods are now in practi 
cal use. In any of these methods, the magnetic flux pro 
duced by a stirring means has to penetrate into inner 
parts of the liquid steel, and it is advantageous to make 
the distance between the stirring means and shell as 
small as possible and avoid as much as possible any in 
tervening object obstructing the penetration of the flux. 
If it is intended to assemble a stirring means into the 
presently available continuous casting equipment with 
out substantially modifying the construction thereof, 
various difficulties are encounted because an increased 
magnetic force generating capacity is required for the 
stirring means. In addition, in the case of assembling 
the stirring means into the continuous casting appara 
tus, rollers at positions where the stirring means is in 
tended to be mounted have to be removed. In this case, 
some or other slab supporting means replacing the rol 
lers is required since in the secondary cooling zone of 
the continuous casting non-solidified steel is still pres 
ent within the outer solidified shell, with the shell sub 
ject to bulging due to the static pressure of the liquid 
steel. 
A first object of the present invention is to provide 

means for supporting and guiding a slab in the second 
ary cooling zone, which permits to overcome the afore 
mentioned drawbacks inherent in the prior art, and also 
which comprises a stationary roller support structure 
having a surface extending parallel to and spaced a 
constant distance from a corresponding surface of the 
slab and a plurality of rollers rolling over an endless 
surface of said roller support structure with the descent 
of the slab and adapted to process along the gap be 
tween said roller support structure and slab, each said 
roller having a diameter equal to relevant dimension of 
said gap. 
A second object of the invention is to provide a de 

vice for supporting and guiding a slab in a continuous 
casting machine, which device comprises a liquid steel 
stirring means as well as a roller support and rollers. 

In the drawing: 
FIG. 1 is a pictorial sectional view of a prior-art con 

tinuous casting machine; 
FIG. 2 is a pictorial sectional view of a continuous 

casting machine embodying the invention; 
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FIGS. 2A to 3D show examples of the bulging pre 
vention roller mechanism according to the invention; 
FIGS. 4A and 4B are fragmentary side views showing 

bearing portions of the bulging prevension roller mech 
anism, 
FIGS. 4C and 4D are sectional views respectively 

taken along line A-A in FIG. 4A and line B-B in FIG. 
4B; 
FIGS. 5A to 5D are perspective views showing exam 

ples of the roller support structure according to the in 
vention; 
FIGS. 6A and 6B show, respectively in sectional view 

and side view, a cooling water spraying mechanism in 
the roller support structure; 
FIG. 7 is a pictorial sectional view of another em 

bodiment of the apparatus for supporting and guiding a 
slab incorporating a liquid steel stirring means; and 

FIG. 8 is a perspective respesentation of the con 
struction of the supporting and guiding apparatus 
shown in FIG. 7. 
The invention will now be described in conjunction 

with some embodiments thereof. 
FIG. 2 shows an embodiment of the apparatus for 

supporting and guiding a slab according to the inven 
tion. Liquid steel is poured through a submerged nozzle 
1 provided in a turndish into a mold 3, and as the solidi 
fication of the steel proceeds the resultant slab 6 is with 
continuously drawn by pinch rollers 12. The slab here 
is supported and guided in its progress through the sec 
ondary cooling zone by one or more pairs of stationary 
roller support structures 11 each having a surface ex 
tending parallel to and spaced a constant distance from 
a corresponding surface of the slab and carrying a plu 
rality of rollers 10 extending at right angles to the direc 
tion of slab withdrawal and rolling over its endless sur 
face. The rollers 10 have the same diameter as the gap 
between the slab and their support 11 and roll along 
that gap, thereby supporting and guiding the slab. Since 
the slab is supported by the roller support structures 11 
via the rollers 10, it is possible to reduce the roller di 
ameter. Also, since there is no need of increasing the 
roller diameter for increasing static pressure of the liq 
uid steel, it is possible to reduce the distance between 
adjacent support points. Thus, the phenomenon of re 
peated bulging and compression that results in the case 
of the roller apron system can be eliminated. 
Further, since the rollers are displaced in the direc 

tion of the slab withdrawal as they roll along the gap be 
tween the slab and roller support with the withdrawal 
of the slab, friction between roller and slab and be 
tween roller and roller support, and hence wear, is re 
duced. In the embodiment of FIG. 2, the rollers belong 
ing to each roller support are rotatably tied in the form 
of an endless row or band and are automatically fed 
back from the outlet on the side of the pinch rollers to 
the inlet on the side of the mold. As is shown, the appa 
ratus for supporting and guiding a slab in the secondary 
cooling zone according to the invention consists of a 
plurality of support sections. However, it may consist of 
a single support section as well. Also, while the above 
embodiment of the supporting and guiding means is 
provided over only part of the secondary cooling Zone, 
it may provided along the entire secondary cooling 
zone as well. 
The arrangement of the rollers 10 for the prevention 

of bulging will now be discussed. Some arrangements of 
the examples are shown in FIGS. 3A to 3D and 4A to 
4D. In the arrangement of FIG. 3B, rollers 10 each hav 
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4 
ing a length greater than the width of the slab are ar 
ranged in a row. In the examples of FIGS. 3A, 3C and 
3D, a plurality short rollers 10 are arranged end to end, 
and end-to-end arrangements of rollers are arranged in 
a row or rows with adjacent end-to-end roller arrange 
ments flush with or staggered from each other. These 
rollers may have their shafts 13 mounted in bearings 14 
which are tied to one another, as shown in FIGS. 4A 
and 4.B. The bearing may be a metallic bearing as 
shown in FIG. 4C, or it may be a ball bearing with balls 
16 as shown in FIG. 4D. The diameter of the roller 10 
may range from 10 to 150 millimeters. 
The construction of the roller support 11 will now be 

discussed in connection with examples shown in FIGS. 
5A to 5D, 6A and 6B. It is an important point of cool 
ing by spraying water to obtain uniform cooling lest 
thermal stress should result due to the thermal cycle of 
sudden cooling. This may be achieved by arranging 
such that the slab surface other than the portions in 
contact with the bulging prevention rollers is uniformly 
subjected to the spray. In the example of FIG. 5A, a 
number of spray nozzles 18 are provided on the roller 
support 11, whereby spray water can be issued from 
gaps between adjacent bulging prevention rollers 10. 
Each spray nozzle 18 here is screwed into a hole 
formed in the wall of the roller support 11. It is to be 
noted that the tip 19 of the nozzle is disposed on the 
inner side of the roller support surface (as shown in 
FIG. 6A). FIG. 6B shows an alternative way of supply 
ing the spray water. Here, the roller support consists of 
two halves, one of which is formed with a cooling water 
supply groove 20 for supplying the cooling water to be 
sprayed. In the examples of FIGS. 3B to 5D, number of 
vertical slits or horizontal slits or both vertical and hori 
zontal slits 21 for issuing the spray water are formed in 
the roller support 11. 
FIGS. 7 and 8 show, respectively in pictorial sec 

tional view and fragmentary perspective view, another 
embodiment of the apparatus for supporting and guid 
ing a slab in the secondary cooling Zone of a continuous 
casting machine according to the invention. In this em 
bodiment, a liquid steel stirring means is incorporated. 

Similar to the previous embodiment, the apparatus of 
this embodiment, as outlined in FIG. 7, comprises a 
pair of roller support structures 11 each carrying a plu 
rality of rollers 10 having a length greater than the 
width of the slab, the rollers 10 being rotatably tied to 
one another and extending at right angles to the direc 
tion of withdrawal of the slab. In this embodiment, each 
roller support 11 is provided with a built-in liquid steel 
stirring means 22. FIG. 8 shows the construction of the 
roller support 11 in detail. As is shown, it has an inner 
space 23 for accommodating the liquid steel stirring 
means. The space 23 is defined by a plurality of guide 
bars 24 extending parallel to the direction of the slab 
withdrawal and guide bar supports 25 extending at 
right angles to the slab withdrawal direction. The verti 
cal guide bars and guide bar supports are assembled to 
gether with roller support keep bars 26 to form the 
frame of the roller support. The guide bars 24 may ex 
tend parallel to the direction of the slab withdrawal. 
The slits 27 formed between adjacent guide bars 24 and 
hence extending parallel to the direction of the slab 
withdrawal, allow ready penetration of the magnetic 
flux produced in the luduid steel stirring means that is 
disposed within the roller support frame. 

Similar to the previous embodiment, the rollers 10 
supporting the surface of the slab extend in a direction 
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at right angles to the direction of the slab withdrawal 
and rotatably tied to one another to form an endless 
row or band surrounding the periphery of the roller 
support 11. Thus, with the movement of the slab the 
rollers 10 roll over the guide bars 24 due to frictions be 
tween them and slab 8 and also between them and 
guide bars 24, thereby supporting the surface of the 
slab so as to prevent the bulging. It will be appreciated 
that with the apparatus according to the invention the 
frictional resistance offered to the slab is substantially 
the same as in the case of the prior-art roller arrange 
ments. With the movement of the slab the rollers 10 
roll in the direction of the slab withdrawal at a speed 
one half that of the slab. Since the rollers are tied into 
the form of an endless row so that they roll over the pe 
riphery of the roller support, they can be cyclically sup 
plied to the gap between the slab and the roller support 
frame constituted by the guide bars at a constant inter 
val. 
As has been described, the cooling water can be uni 

formly sprayed over the slab surface other than the por 
tions in contact with the bulging prevention rollers 10, 
and it is possible to substantially eliminate thermal 
stress in the slab surface due to sudden cooling to ob 
tain uniform cooling. 
Also, the roller support 11, which has a surface ex 

tending along the direction of the slab withdrawal, may 
be a block-like structure or a welded structure, or it 
may be a rectangular frame constituted by guide bars 
24, guide bar supports 25 and roller support keep bars 
26 as shown in FIG. 8. Thus, according to the invention 
the construction cost can be reduced compared to the 
conventional roller apron system. 
Further, according to the invention one or more pairs 

of roller support structures each constituted by guide 
bars defining slit-like spaces and an inner space capable 
of accommodating a liquid steel stirring means, each 
said roller support structure carrying a roller arrange 
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6 
ment consisting of a plurality of rollers tied to one an 
other such that they can roll over an endless peripheral 
surface of the support structure, are disposed in part of 
the secondary cooling zone, preferably after the roller 
apron, of a continuous casting machine incorporating 
liquid steel stirring means for supporting, pinching and 
guiding the slab in the secondary cooling Zone. Thus, 
not only it is possible to withdraw the slab in the same 
way as with the usual roller arrangement, but also the 
bulging of the slab can be almost perfectly prevented. 
Further, it is possible to smoothly stir the liquid steel 
and very readily install the liquid steel stirring means. 
We claim: 
1. An apparatus for supporting and guiding a slab in 

at least part of the secondary cooling zone of a continu 
ous casting machine, which comprises at least one pair 
of stationary roller support structures each having a 
surface spaced a constant distance from a correspond 
ing surface of the slab being withdrawn, and rollers car 
ried by said roller support structure and adapted to roll 
over an endless surface of said roller support structure 
with the descent of the slab, said rollers being adapted 
to proceed along the gap between the associated roller 
support structure and the slab, each said roller having a 
diameter equal to the relevant dimension of said gap, 
each said roller support structure having a number of 
cooling water spraying means, a cooling water supply 
duct extending within it and branch ducts connecting 
said respective spraying means and said cooling water 
supply duct, each said spraying means having its tip dis 
posed on the inner side of the working surface of said 
roller support structure. 

2. The apparatus according to claim 1, wherein said 
cooling water spraying means are nozzles. 

3. The apparatus according to claim 1, wherein said 
cooling water spraying means are slits. 
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