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[57] ABSTRACT 
When roughing a continuously cast slab in a continuous 
hot rolling stand,'the invention breaks‘down the width 
of the slab, having passed‘ through a vertical scale 
breaker, by- means of rolls having at least a pair of 
pressing calibers and thereafter the width of the slab is 
rolled by means of vertical rolls whereby the width of 
the slab is rolled more accurately than was possible in 
the prior art, and accordingly changes of molds of con 
tinuous casting machines are no longer required during 
the continuous casting operation and such an operation 
is possible over many charges. 

12 Claims,’ 11 Drawing Figures 
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METHOD OF ROUGHING SLAB TO 
PREDETERMINED WIDTH AND APPARATUS 

THEREOF 

BACKGROUND 

This invention relates to a method of roughing slabs 
to a predetermined width and an apparatus for carrying 
out same, and more speci?cally to such a technique 
suitable for roughing slabs of thin plate material which 
may be obtained from a continuously casting process. 

In producing thin steel plate materials it is necessary 
to predetermine the width of the slab as closely as pos 
sible to that of the product. The slab may be rolled to 
the thickness of the ?nal product in subsequent pro 
cesses. The thickness may be rolled and altered easily, 
however, the width dimension is dif?cult to alter. The 
width of a thin plate material may vary substantially 
from 700 mm to 2,000 mm with the upper limit approx~ 
imately three times the lower limit. In order to obtain 
a slab having a width approximating that of the prod 
uct, prior art methods and apparatus employ means for 
controlling the ingot sizes, or means for controlling the 
hot strip mill comprising the rougher. However, these 
prior art methods and apparatus are unsatisfactory in 
that the controlling of those steps are in themselves lim 
ited. It has been thought that if the desired width could 
be obtained by controlling the hot strip mil, the opera 
tion could be performed satisfactorily. However, it was 
found that the width could only be controlled in the hot 
strip mill to about 40 to 60 mm at best. The ?rst step 
using a vertical scale breaker would reduce the width 
a maximum of 40 mm. In subsequent stands, which roll 
the slab alternately in the longitudinal and latitudinal 
directions, the width is not substantially altered. 
Even if the hot strip mill is furnished with four or ?ve 

stands, it was found that the width would only be rolled 
to about 20 mmm at best by use of the‘ subsequent rolls. 
This disadvantage is well known to workers in this ?eld. 
Thus, most of the prior art methods of obtaining slabs 
of thin plates use widening rolling in the blooming roll. 
With this method, the slab is obtained whose width is 
about that of the product. However, this method re 
quires a special blooming process for the once-cast in 
got, and furthermore the operation is complicated and 
is not advantageous. 
Using a continuous casting technique, a slab whose 

width is about 2,000 mm at the maximum is continu 
ously obtained. If the merits of the continuous casting 
process are fully utilized it is possible to eliminate the 
casting-ingot process and the blooming process subse 
quent thereto, which method forces the treatments to 
be intermittent, and instead enable the roll slab to be 
obtained directly from the continuous casting. It is pos 
sible to directly rough slab by casting, followed by feed 
ing it to a tandem strip mill, and for obtaining slab of 
thin plate. With such a technique, the size of the mold 
at the time of continuous casting must be varied in view 
of the technical circumstances, according to the prede 
termined width. However, when the size of the mold is 
changed, the width is also changed. Thus, to obtain dif 
ferent widths of thin plate materials, the mold size of 
each charge must be changed. After casting the steel in 
each charge, there is some delay while changing the 
casting mold. Thus, this method reduces the operating 
rate of the continuous casting process. 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

2 

SUMMARY OF THE INVENTION 

The present invention is based on inventors’ discov 
ery that if the width of continuous cast slab can be 
rolled to a certain range of widths by roughing stands 
placed in front of a tandem mill, the hot strip material, 
being within that range, can be applied with such a slab 
which is cast in the mold of a ?xed size. According to 
this invention, it is not necessary to stop the casting for 
each melting as is now necessary using conventional 
methods. The melting of at least several times can be 
continuously performed with a mold of a ?xed size, so 
that the advantageous merits of continuous casting may 
be enjoyed at its maximum and the operating rate of 
the continuous casting process may be elevated. 

BRIEF DESCRIPTION OF DRAWING 

FIG. 1 shows an arranging line of rolls of the conven 
tional continuous rough-rolling mill; 
FIG. 2 depicts an arranging line of rolls of one of the 

continuous rough rolling mills of the invention; 
FIG. 3 shows the front view of a calibered edging roll 

using the invention; 
FIG. 4, shows a deformed condition of the material 

using a convention flat edging roll; 
FIG. 5, shows the deformed condition of a material 

using the calibered edging roll of the invention; 
FIGS. 6A, 6B and 6C show an arrangement of rolls 

of a continuous rolling mill using the scheme of FIG. 2; 
FIG. 7, shows an arrangement of rolls used in a re 

versible rolling mill; and 
FIGS. 8A and 8B show two arrangements of rolls em 

ploying the scheme of FIG. 7. ' 

DETAILED DESCRIPTION OF INVENTION 
FIG. 1 depicts an arranging line of rollstof a conven 

tional rough rolling mill in which the rolling reduction 
of the width of the roughed plate by action of a ?rst 
step vertical scale breaker 1 is 40 mm at maximum, and 
reduction caused by the four stands 2,3,4 and 5 subse 
quent thereto is about 20 mm at maximum. The entire 
rolling reduction is about 60 mm. For this reason the 
vertical rolls for adjusting the width arranged in front 
of the second stand of the horizontal rolls are ?at edg 
ing rolls. In case of strong rolling of the width, only sel 
vages of the slab are rolled. The deformation is not uni 
formly spread to the width, and the slab is subject to 
buckling. > ' ‘ 

The present invention offers a rough rolling method 
for rolling the width of the slab, in which the vertical 
rolls having at least a pair of calibers, are arranged in 
front of horizontal rolls. The continuous roughing mill 
generally operates the hot-rolling at the ?nishing tem 
perature of more than Aa transformation, e.g., when 
the proeutectoid ferrite or cementite is substantially 
absorbed into austenite, preferably at about l,100°C to 
1,300°C. The vertical rolls may also be in front or close 
to the horizontal rolls of a reversible type roughing mill. 
Since arrangement of such a calibered vertical roll is 
not limited to rolling only on selvages, as was true in 
prior art methods, and hence does not cause buckling, 
as was true in prior art methods, advantageously using 
this invention, it is possible to roll the width in a range 
of widths larger than 'in prior art roughing mills, and 
thus increase the operating rate of the ?nishing. It also 
enables full enjoyment of the continuous casting, and 
also reduces crop losses (i.e., losses of material due to 
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long extrusion from both ends of the slab by rolling to 
predetermined width) in comparison to methods em 
ploying application to each slab. 
FIG. 2, depicts an embodiment of the invention in 

which an arrangement of rolls comprise vertical scale 
breaker 10, and third stands 13,14, and 15 each com 
prising a pair of ?at edging rolls l6 and horizontal rolls 
17. 
The ?rst stand 11 is arranged with the horizontal rolls 

17 and two pairs of calibered rolls 18, which are for 
rolling the width according to the invention, and is used 
instead of the prior art flat edging rolls. 
The second stand 12 is, in the rolling order, com 

prised of calibered vertical rolls 18, ?at edging rolls 16 
and horizontal rolls 17. 
The calibered vertical rolls 18 are shown in greater 

detail in FIG. 3. The rolls 18 are, as depicted, formed 
with calibers at their periphery. These rolls 18, advan 
tageously, are not limited to rolling only selvages, as is 
the case with prior art flat rolls, but instead enable uni 
form deformation of the slab as to width because the 
slabs are inserted into the calibers. Moreover, advanta 
geously, buckling is not produced, as was inherent with 
prior art methods. Accordingly, heavy rolling is possi 
ble with this invention. 
The most preferable ranges of the calibered vertical 

rolls shown in FIG. 3, although not limited thereto, are: 
Bottom diameter D0 of roll caliber-600 to 1,200 

mm. 

Depth B of caliber part — 100 to 600 mm. 
Bottom width H of caliber — 50 to 100 percent of 

slab thickness. 
External edge R of caliber — 50 to 100 mm. 
Bottom r of caliber — 5 to 20 mm. 

Oblique angle a of caliber side — 3° to 12°. 
The rolling reduction of the width in the ?rst step 

with the inventive calibered rolls, will be more or less 
different depending upon the width of the slab. How 
ever, generally, it is preferable to attain the object of 
120 mm (substantially 80 to 90 mm) in the case of the 
width being more than 1,400 mm, and to aim for 150 
mm (substantially 120 to 130 mm) in the case of widths 
of not more than 1,400 mm. The thickness of the slab 
affected with compression to the width may be volun 
tarily chosen, but it is preferable to have the thickness 
reach the objective of more than 180 mm, preferably 
around 200 to 350 mm. 

In this connection, a horizontal pinch roll 19 may be 
placed prior to the ?rst stand 11, in which case the de 
formation amount is substantial in the case of such 
calibered rolls. 

In the entire design scheme, about 2 or 3 molds for 
continuous casting may be used to produce the slabs, 
the widths of which vary as much as from 700 to 2,000 
mm. Using molds of for example I,000,1,500 and 
2,000 mm in width, the thin plate of from 700 mm to 
2,000mm in width can be produced. It is desireable to 
both continuous casting operation and rolling opera 
tion that any of the slabs can be produced, with two or 
three molds, nd that the and of the calibered rolls 
shown in FIG. 2, be designed so as to provide a reduc 
tion of widths of from 400 mm toSOO mm at maximum. 
In other words, if the rolling reduction by one calibered 
roll is about 150 mm, three arrangement can provide 
a reduction of about 450 mm. The rolling reduction of 
about 50 mm by the scale breaker 10 may be added 
thereto, thereby to reduce the width about 500 mm to 
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4 
600 mm at a maximum. The three stands of the third 
and subsequent stands are useful to accurately control 
the thickness and width of the slab rolled to the prede 
termined width, and are arranged successively to the 
subsequent tandem rolling. 
FIGS. 6a, 6b and 6c show three embodiments of ar 

ranging rolls of a continuous rough rolling mill. Such an 
arrangement takes into consideration the special cir 
cumstances of the factory employing same, and using 
the scheme of FIG. 2. Depicted (in FIG. 6a) are two 
pairs of calibered rolls arranged at the first stand 11 
only. In FIG. 6b are a pair of calibered rolls arranged 
respectively at the ?rst and second stands 11 and 12. 
In FIG. 6c are three pairs of calibered rolls arranged at 
the ?rst stand 11, and a pair thereof at the second stand 
12. The first, second and third stands are the same in 
each of FIGS. 60, 6b and 6c and are as shown in FIG. 
2. 

FIG. 7 or FIGS. 80 and 8b show the realized embodi 
ments of a reversible rough-rolling mill, comprising a 
first stand 20 and a second stand 21. In this embodi 
ment, the slab may be repeatedly reciprocated between 
the ?rst and second stands. The ?rst stand 20 com 
prises horizontal rolls 22, calibered vertical rolls 23, 
and the second stand 21 comprises ?at edging rolls 24, 
and horizontal rolls 25. The calibered vertical rolls 23 
are similar to that shown in FIG. 2. The horizontal rolls 
22 of the ?rst stand 20 serve the same purpose as the 
pinch rolls 19 in FIG. 2. After performing the necessary 
rolling by means of the calibered rolls 23, the thickness 
and width are adjusted by ?at rolls 24 (See FIG. '7), and 
the horizontal rolls 25 (See FIGS. 8a, 8b) of the second 
stand 21, followed by feeding the slab to the subse 
quent tandem mill. 
According to the rough-rolling mill of the invention, 

to alter the width of the slab, the rough rolling mill is 
furnished with at least one pair of calibered verticai 
rolls to roll the slab to a predetermined width. The in 
vention avoids such possibilities as only rolling sel 
vages, or producing non-uniform deformity, or buck 
ling, as occur in prior art apparatus. This invention, ad 
vantageously, produces rolling to a large range of 
widths, enhances the advantages of continuous casting 
by enabling casting with a ?xed mold, and increases the 
rate of operation of the mill. 
The following examples are set forth showing the ac 

tual results of runs produced by the invention. 

EXAMPLE 1 

Rimmed steel, the contents of which were C,0.05 to 
0.12%; Mn,0.3 to 0.6%; Si,0.05 to 0.15%; P,less than 
0.03%; S,0.03% and Al,0.005 to 0.02%, was passed 
through continuous casting to provide a slab of width 
1,910 mm and thickness about 1,230°C and fed into 
FIG. 2 line at a temperature of 225 mm. The slab was 
extracted at/around 1,200°C at the entrance of the 
rough-rolling mill. The variances of the width at the re 
spective roughing stands are shown in Table 1, and the 
width became ?nally 1,470 mm. The reduction of 
width was 440 mm and the temperature was 1,080°C at 
the exit of the rough rolling mill. 

EXAMPLE 2 

Al killed steel, the contents of which were C,0.04 to 
0.06%; Mn,0.2 to 0.6%; Si, trace; P,less than 0.025per 
cent; S,less than 0.02% and Al,0.25 to 0.65%, was 
changed into a slab of width 1,600 mm, thickness 200 
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mm, and length 8,000mm. The slab was extracted at 
1,250°C from the furnace and fed at 1,200°C to the 
rough rolling mill to be roughed. The temperature 
thereof was l,O70°C at the exit of the rough rolling mill. 
The variances of the width and thickness at the respec 
tive stands of the reversible rough rolling mill are 
shown in Table 2. 

5 

6 
rough widths said slab is rolling using ?at edging rolls 
and horizontal rolls. 

4. Method of claim 1, wherein scales are ?rst re 
moved from said slab by vertical scale breakers, and 
wherein horizontal rolls support said slab during said 
rough width rolling. 

5. Method of claim 1, wherein said slab is reversibly 

TABLE I 

Rolling Draft 
Thlck- Compress- Thick- reduction percentage 

ness ibilit ness of thick- of thick 
Station (mm) (mm.) (mm.) ness (mm.) ness 

Slab ________________________ .. 

Vertical scale breaker _______ . . 

1st Stand 
1st calibered roll ________ .. 
2nd calibered r011. . 
Horizontal roll __________ . . 

2nd Stand: 
Calibered roll ___________ . . 

TABLE 2 

Rolling Draft 
Compress- Thick- reduction percent 

Wldth ibility ness of width age of 
Pass No. Station (mm.) (mm.) (mm.) (mm.) width 

Slab _______________ . . 1, 600 ____________ . . 200 ______________________ . . 

1 {Horizontal roll 22.... 1,600 0 195 """" " Calibored roll 23...._ 1, —140 210 

{calibered roll 23.--.. 1, 300 —160 225 
‘ "' Horizontal roll 22.... 1,310 +10 215 

3 {Horizontal roll 22.... 1, 320 +10 200 
"‘ “ "' Cnllbered roll 23...._ 1, 200 —120 210 

4 {Flat roll 24 ........ . . 180 -—20 ................................ .. 
"""" " Horizontal roll 25.... 1, 210 +30 160 

5 {Horizontal roll 25.... 1 230 +20 110 
""""" " Flatroll 24...“ _. 1,215 —16 ..___._..._....._._-_....__._..... 

6 {Flat roll 24... ._ 1, 200 ~15 ................................ .. 
"""" ' ‘ Horizontal roll. _ . . 1, 210 +10 70 -—40 36. 4 

7 {Horizontal roll 2 1, 220 +10 42 —28 40. 0 
"""" " Flatroll24. 1,215 —5 8 {Flat roll 24. 1, 215 0 ................................ . . 
"""" “ Horizontal r 1, 220 +5 26 —16 38. 1 

Various embodiments and extensions will become 
evident to those skilled in the art. All such variations 
and deviations, which basically rely on the teachings 
through which this invention has advanced theart, are 45 

properly considered within the spirit and scope of this ' 
invention. 
What is claimed is: 
1. Method of width rolling to obtain improved rough 

dimensioning of the width of a continuous or non 
continuous cast slab with one or more rolling stations 
comprising the steps of feeding said slab to said one or 
more rolling stations, rolling at one of said rolling sta 
tions each width end of said slab by application of a 
force to each of said width ends in a direction substan 
tially parallel to the width direction and in a plane per 
pendicular to said width direction and extending sub 
stantially along the thickness of said slab and concur 
rently therewith application of a set of forces to each 
of said width ends in directions at opposing oblique an 
gles to said plane, and rolling said slab to thickness at 
one or more of the other rolling stations. 

2. Method of claim 1, wherein said forces are applied 
by one or more pairs of vertically oriented calibered 
rolls, with said oblique angles formed by the calibered 
lips ranging from 3° to l2” to said plane, and wherein 
said slab is continuously cast. 

3. Method of claim 1, wherein after rolling to obtain 
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reciprocat'e'd'toeffect repeated application of forces to 
said width edges. 

6. Method of claim 1, wherein said slab is com 
pressed repeatedly to be reduced in width by 500 mm 
to 600 mm. 

7. Apparatus for improved rough width rolling of a 
continuous or non-continuous cast slab, comprising 
means for compressing the width end portions of said 
slab with concurrent pressures applied to both said 
width ends in a plane with the thickness dimension 
about the thickness of said slab and in planes disposed 
at opposing oblique angles to said one plane at said 
ends, means for feeding said slab to said means for 
compressing, and means for thickness rolling said slab. 

8. Apparatus of claim 7, wherein said means for com 
pressing comprises one or more pairs of vertical caliber 
rolls, and said means for feeding comprises a horizontal 
roll, and further comprising vertical scale breakers po 
sitioned before said calibered rolls. ‘ 

9. Apparatus of claim 7, wherein said means for com 
pressing comprises a plurality of vertical calibered 
rolls, and further comprising vertical edge rolls and 
horizontal rolls with one or more pairs of said claibered 
being disposed selectively adjacent to one or more of 
said vertical edge rolls and said horizontal rolls. 

10. Apparatus of claim 9, wherein said oblique angles 
are between 3° and 12°. 
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11. Apparatus of claim 7, further comprising means 
for operating said apparatus in a reciprocal reversible 
manner. 

12. Method of substantially accurately rough dimen 

8 
substantially flat horizontal position, moving said sup 
ported slab in a horizontal direction, and while said slab 
is moving concurrently forming a substantially ?at end 
on said width edge of said slab and adjacent thereto on 

sioning at least one width edge of a continuously cast 5 both sides of said width edge an angulated bulge. 
slab, comprising the steps of supporting said slab in a 
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