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54) PROCEDE DE LAMINAGE A CHAUD CONTINU DE LINGOTS
54 METHOD OF CONTINUOUSLY HOT ROLLING STEEL PIECES

(57) Ce procede de laminage a chaud continu et constant
reduit consideérablement les dislocations survenant lors
d’un ¢€chauffement par courant de Foucault a haute
frequence applique transversalement pour fusionner des
lingots, et ¢limine les ruptures de plaques en permettant
de deécouper s€par¢ment la partie arriere d’un lingot
avant et la partie avant d un lingot arricre a 1’ aide de deux
paires de lames de coupe. La premicre paire est congue
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(57) A stable continuous hot rolling method which
extremely lessens dislocation produced upon application
of a high frequency iduction heating of the transverse
type for joining billets and eliminates plate breakage by
individually cutting a rear end of a leading billet and a
front end of a trailing billet by means of two pairs of
cutting blades, one pair of which 1s arranged such that
front faces of the blades are opposite 1n direction to each
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de sorte que les faces avant de ses lames soient opposees
["une a I’autre de chaque cote d’un lingot et la deuxicme
paire de sorte que les faces avant de ses lames solent
orientees dans la direction mnverse de celles des lames de
la premicre paire, les lingots avancant dans la méme
direction quand l'extrémite arricre du lingot avant et
I’extrémiteé avant du lingot arriere sont chacune coupees
par des cisailles a tambour, s interposant verticalement
entre ces deux extrémites et dotées sur leurs periphéries
de lames de coupe. Ces extremiteés sont dirigeées vers un
laminoir et soumises en continu a un laminage a chaud de
finissage apres avoir €te ¢€chauff€es par courant de
Foucault et pressées 1'une contre 1'autre pour étre
fusionnees.
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other on both sides of the billet and the other pair of
which 1s arranged such that front faces of the blades are
reversed in direction to those of the blades of the one
pair, while conveying the respective billets 1in the same
direction when the rear end of the leading billet and the
front end of the trailing billet, respectively, are cut by
means of drum shears which vertically interpose
therebetween the rear end and the front end and are
provided at outer peripheries thereon with cutting blades,
and the respective ends are fed to a rolling mill to be
continuously subjected to hot finished rolling after they
are heated trough high frequency induction heating to be
raised 1n temperature and pressed against each other to
be joined.
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. | (57) Abstract
v A stable continuous hot rolling method which extremely lessens dislocation produced upon application of & high frequency induction

heating of the transverse type for joining billets end eliminates plate breakage by individuslly cutting & rear end of a leading billet and o
front end of a trailing billet by means of two pairs of cutting blades, one pair of which is arranged such that front faces of the blades are
opposite in direction to each other on both sides of the billet and the other pair of which is arranged such that front facez of the biades are
reversed in direction to those of the blades of the one pair, while conveying the respective billets in the same direction when the rear end of
the leading billet and the front end of the trailing billet, respectively, are cut by means of drum shears which vertically interpose
therebetween the rear end and the front end and are provided at outer peripheries thereon with cutting blades, and the respective ends are fed
to a rolling mill to be continuously subjected to hot finished rolling after they are heated trough high frequency induction heating to be
raised in temperature and pressed against cach other o be joined.
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SPECIFICATION
METHOD OF CONTINUOUSLY HOT ROLLING STEEL PIECES

TECHNICAL FIELD

The present invention relates to a method for joining
and continuously hot rolling several to dozens of steel pieces,
such as sheet bars, slabs, billets, blooms or the like.

BACKGROUND ART

In a batch type hot rolling line in which a steel piece
1s i1ndividually heated and rolled by a roughing mill and a
finishing mill to make a steel sheet of a desired thickness,
a line stop tends to occur because the rolled material does
not successfully bite into a gap defined by the upper and lower
rolls and faulty shapes of the leading and the trailing ends
of the rolled material will considerably lower the product
vield.

Therefore, an i1mproved rolling method (endless
rolling method) has been adopted in recent years in which the
trailing end of a steel piece to be rolled is joined to the
leading end of the succeeding steel piece to be rolled before
the finish rolling and the resulting steel piece 1is
continuously supplied to a hot rolling line.

In this respect, reference may be had to Japanese
Unexamined Patent Publication No. 58‘-122 , 109 which describes
a method wherein the trailing end of a preceding steel piece
1s butt-joined to the leading end of a succeeding steel piece

over the entire area of the end plane thereof, before they
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are rolled. Also, Japanese Unexamined Patent Publication
No. 4-89,120 describes a method in which the trailing end of
a preceding steel piece is arranged against the leading end
of a succeeding steel piece with a gap on the entry side of
a hot finishing mill equipment and in this area an alternate
magnetic field is applied to the steel pieces in their
thickness direction to heat them and raise the temperatures
therecof by induction heating and then both steel pieces are
joined by pressing.

In such continuous hot rolling of steel pieces, a
cutting step is added as a preparatory step for the joining
process, 1in which defective portions at the leading and the
trailing ends of the steel piece are cut by a crop shear, drum
shear or the like. In the cutting step, however, there may
be instances wherein the leading end and/or the trailing end
of the steel piece tend to warp upward or downward. As a
result, the steel pieces may be joined with an upward or
downward displacement (hereinafter referred to as
"displacement"), as they are pressed against each other.

In this respect, the reason why the end of the steel
piece warps 1n the cutting step is that a moment is produced
in the cut plane when the end of the steel piece is cut by
a crop shear. Usually, the preceding steel piece and the
succeeding steel piece are cut by the same cutting blade so
that they warp in opposite directions. If the steel pieces
are heated to raise their temperatures and pressed in such
a condition, they tend to further warp upward and downward

to substantially decrease the effective joint area. This



10

15

20

25

2199872

tends to cause the demerit that the steel pieces are broken
in the following finish rolling process at the joined portion.
In particular, when a transvérse—type induction heating 1is
used as heating means and an alternate magnetic field 1is
applied to the steel pieces in their thickness direction for
heating them by induction heating, due to the requirement for
the installation space of the heating coil, a clamp for
sandwiching the steel pieces must be used at a location which
is remote from the ends of the steel pieces. As a result,
it has been considered that the influence of the warp in the
pressing process of the steel pieces would be more significant
by using a clamp having a pair of upper and lower jaw elements
which extend toward the ends of the steel pieces.
Furthermore, Japanese Unexamined Patent Publication
No. 5-185,111 describes a cutting device having a structure
wherein two pairs of upper and lower drums are arranged along
the transfer direction of the rolled material and
respectively rotated in opposite directions from each other,
and cutting blades are mounted on each pair of drums and
oriented in opposite directions. Also, Japanese Unexamined
Patent Publication No. 56-27,719 and Japanese Unexamined
Patent Publication No. 56-119,311 each describes a cutting
technique in which the shear members of a drum type shear are
driven at different circumferential speeds to cut the crop
end of the steel piece. Moreover, Japanese Unexamined Patent
Publication No. 7-251,203 describes a cutting technique in
which a flying shear for cutting the end of the steel piece

in a parallel surface relation is applied when a plurality
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of elongate steel pieces for hot rolling are joined by laser
welding and are continuously hot rolled. However, even when
such device and/or techniques are applied to the cutting of
the steel pieces, it is still impossible to reduce the warping
of the steel piece which causes the displacement at the joined
portion.

It 18 an object of the present invention to provide
a method for reducing the displacement at the joined portion
of the steel pieces even when a traverse-type high-frequency
induction heating is used as heating method, thereby allowing
a stable continuous hot rolling to be carried out without
defective joining or breakage at the -joined portion.

DISCLOSURE OF THE INVENTION

The 1nventors have conducted thorough researches and
investigations in view of the above-mentioned object and
arrived at a novel recognition that it would be highly
effective, for accomplishing the object, to make the trailing
end of the preceding steel piece and the leading end of the
succeeding steel piece warp in the same direction and, in
addition, to reduce the warp amount by cutting the ends with
a drum shear rotating at different circumferential speeds.
The present invention is based such a recognition.

According to the present invention, there is provided
a continuous hot rolling method for continuously hot finish
rolling steel pieces, comprising the steps of cutting a
trailing end of a preceding steel piece and a leading end of
a succeeding steel piece with a drum shear which sandwiches

the steel pilece between its upper drum and lower drum, having
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cutting blades on the peripheries of the drums, heating the
cut ends to raise their temperatures by high-frequency
induction heating, pressing the cut ends against each other
to butt-join the cut ends, and supplying the joined steel
plieces to a rolling equipment, wherein thé trailing end of
the preceding steel piece and the leading end of the succeeding
steel piece are cut individually by two pairs of the cutting
blades, one pair of the cutting blades having the obverses
of the blades oriented in opposite directions in the obverse
side and the reverse side of the steel piece, and another pair
of the cutting blades having the obverses of the blades
oriented in opposite directions relative to the former pair
of cutting blades, while each steel piece is transferred to
the same direction.

According to the present 1invention, it 1is
advantageous for each pair of cutting blades that, of the
cutting blades disposed in the obverse side or the reverse
side of the steel piece, the traveling speed of the cutting
blades rotating with the reverse of the blade facing forward
1s higher than the traveling speed of the cutting blades
rotating with the obverse of the blade facing forward, so that
the circumferential traveling speeds of the two cutting
blades are different from each other and the rate of the
difference in circumferential speeds at the cutting of the
steel piece is not more than 5 percent.

According to the present invention, the steel piece
may be cut by one drum shear, though it may be cut by two drum

shears disposed in tandem along the direction in which the
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steel pliece is transferred.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a main portion of the cutting blades.

Fig. 2 shows the locus of the main portion of cutting
blades when the rate of difference 1n circumferential speeds
18 positive.

Fi1ig. 3 schematically shows a conventional type drum

shear.
Fig. 4 1llustrates a cutting process in which the

steel piece 18 cut under the same circumferential speed.

Figs. 5 (a), (b), (c) i1llustrate a cutting condition,
a joining condition and a rolled condition of a steel piece
in the case of cutting a steel piece according to the
conventional method.

Fig. 6 shows a cutting condition in the case of
cutting a steel piece according to the present invention.

Figs. 7 (a), (b) illustrate a cutting condition 1in
the case of cutting a steel piece according to the conventional
method.

Figs. 8 (a), (b) 1llustrate a cutting condition in
the case of cutting a steel piece according to the present
invention.

Figs. 9 (a), (b) i1llustrate a warping condition and
a Joining condition in the case of cutting a steel piece
according to the present invention.

Fig. 10 illustrates a cutting process in which the

steel piece 1s cut with a positive rate of difference in

circumferential speeds.
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Fig. 11 illustrates a cutting process in which the
steel piece is cut with a negative rate of difference in
circumferential speeds.

Fig. 12 illustrates the relationship between the
rate of difference in circumferential speeds and the warp
(curvature) .

Fig. 13 illustrates the amount of the projection of
the end of the steel piece after cutting.

Fig. 14 illustrates the relationship between the

rate of difference in circumferential speeds and the amount
of the projection of the end of the steel piece.

Figs. 15 (a), (b) show for comparison the shape of
the end of the steel piece in the case where the steel piece
is cut under the same circumferential speed and the shape of
the end of the steel piece in the case where the steel piece
is cut under different circumferential speeds.

Fig. 16 shows another example of the structure of a
drum shear suitable for carrying out the present invention.

Fig. 17 shows an arrangement of a continuous hot
finish rolling equipment.

Fig. 18 schematically shows a drum shear used in - -the
inventive example 3 of the embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring now to the drawings, Fig. 1 illustrates the
main part of a pair of cutting blades in the cutting process,
wherein reference numeral 1 designates the obverse of the
cutting blade and reference numeral 2 designates the reverse

of the cutting blade. In connection with the rate £ of the
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difference in circumferential speeds, Fig. 2 shows the tip
of the cutting blade disposed on a pair of upper and lower
rotating drums of a drum shear, illustrating the locus of the
cutting blades when the rate of the difference in
circumferential speeds is positive. The rate of the
difference in circumferential speeds is expressed by the

following equation:

f

(Ve = V) / Vp, x 100 %

where V: is the traveling speed of the cutting blade which
rotates with the reverse of the cutting blade facing forward,
and V,, is the traveling speed of the cutting blade which rotates
with the obverse of the cutting blade facing forward. The
present invention will be described below in further detail
with reference to the drawings.

In the conventional method shown in Fig. 3, a cutting
blade is disposed over the steel piece and rotated with the
reverse of the cutting blade facing forward, while another
cutting blade is disposed under the steel piece and rotated
with the obverse of the cutting blade facing forward. These
cutting blades are rotated at the same speed (same
circumferential speed) so as to cut the trailing end of the
preceding steel piece and the leading end of the succeeding
steel piece, respectively (Fig. 7 (a), (b)). The cutting
condition just after the cutting blades bite the steel piece
when they cut it is shown in Fig. 4 (cutting of the trailing
end of the preceding steel piece) , wherein the characters O,

Q designate the tips of the cutting blades, and planes OP,

QR designate the contact surfaces with which the cutting
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blades come into contact when the cutting blades bite into
the steel piece.

Since the contact planes OP and QR of the cutting
blades are at the front and at the rear of the plane 0OQ 1in
this cutting method, a bending moment M (indicated by arrows
in the drawing) centering on the shear plane is produced in
the steel piece so that the trailing end of the preceding steel
piece S1 warps upward after the cutting. On the other hand,
since the bending moment acts on the steel piece in the same
direction centering on the shear plane when the leading end
of the succeeding steel piece is cut, the leading end of the
succeeding steel piece S2 warps downward (see Fig. 7 (b)).
Accordingly, the joining condition shown in Fig. 5 (a) 1is
obtained when the preceding steel piece is joined to the
succeeding steel piece.

When the steel pieces warping upward and downward as
described above are heated to raise their temperatures and
pressed and thereby joined, they exhibit a displacement as
shown 1n Fig. 5(b). The displaced portions overlap the base
metal during the finish rolling, as shown in Fig. 5(c),
thereby forming a region with a reduced thickness which may
cause the rolled plate to be broken during the rolling process.

Accordingly, an allowable amount of the displacement d 1is

\

designed to be not more than about 10 % of a finish gage,
although i1t may slightly fluctuate depending upon the
thickness of a finish gage.

According to the present invention, the trailing end

of the preceding steel piece and the leading end of the
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succeeding steel piece are cut individually by two pairs of
cutting blades, respectively. In this instance, one pair of
the cutting blades has the obverses of the blades oriented
in opposite directions in the obverse and the reverses side
of the steel piece. Another pair of the cutting blades has
the obverses of the blades oriented in opposite directions
relative to the former pair of cutting blades. Accordingly,
the warping direction of the preceding steel piece is the same
as the warping direction of the succeeding steel piece. It
1s thus possible to significantly reduce the displacement at
the joined portion.

Fig. 6 shows a drum type crop shear which is suitable

for carrying out the present invention. The illustrated crop

shear comprises drums d,;, d; disposed on the obverse side and

the reverse side of the steel piece, and cutting blades c;,
Ci, C2 , C2r which are fixedly secured to the surfaces of these
drums. The cutting blade c¢; is paired with the cutting blade
C:', and the cutting blade ¢, is paired with the cutting blade
C2:. When a pair of cutting blades cut a steel piece, the
obverses of the cutting blades are opposite in direction for
each pair of cutting blades and the obverses of the blades
of the pairs of cutting blades c; and c;. and the obverses of
the blades of the pairs of cutting blades c; and ¢, are also
opposite in direction. In Fig. 6, the drums d;, d, are
rotatably secured to drum chucks disposed in a housing (not
shown) , and the upper drums rotate counterclockwise and the
lower drums rotate clockwise so that the preceding steel piece

and the succeeding steel piece are cut by a pair of cutting

_10_
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blades c;, c;s fixedly secured to the surfaces of the drums
d;, d; and by the other pair of cutting blades c;, c;' fixedly
secured to the surfaces of the drums d;, d,, respectively,
while they are transferred from the left side to the right
side 1n the drawing.

For comparison, the cutting condition in the case of
cutting the steel piece by a conventional drum shear is shown
in Figs. 7 (a), (b) and the cutting condition in the case of
cutting the steel piece in accordance with the present
invention is shown in Figs. 8 (a), (b).

In the case of cutting the steel pieces with the same
cutting blades as shown in Figs. 7 (a), (b), it is generally
difficult to make the warping directions as well as the amount
of warp equal in the case of cutting the trailing end of the
preceding steel piece and in the case of cutting the leading
end of the succeeding steel piece. In the case of cutting
process shown in Figs. 8 (a), (b) , however, it is possible to
reduce the amount of the warp produced when the steel pieces
are cut, hence, to make the displacement smaller by adjusting
clearances of each pair of the cutting blades.

In the case of cutting the steel piece by a shear shown
in Fig. 6 described above, while the cutting blades c; , c;.
and C; , Cz' can be used for cutting both preceding steel piece
and succeeding steel piece, it is important to cut them so
that they warp in the same direction.

As described above, when the ends of the preceding
steel piece and the succeeding steel piece are cut by the

cutting blades c;, c;» and c,, c;, respectively, they tend to

- 11 -
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warp as shown in¥Fig. 9 (a). Accordingly, they are thereafter
heated to raise their temperatures and pressed against each
other and thereby achieve a satisfactory joining as shown in
Fig. 9 (b).

In this respect, the above described method may not
sufficiently reduce .the warp amount and there may be
fluctuations in the warp amount, thereby leaving certain
problem in terms of the operational reliability. Accordingly,
the inventors conducted thorough investigations seeking for
solutions of such a problem. Such investigations led the
inventors to a recognition that, by performing the cutting
at differential circumferential speeds, not only the warp
amount but also the fluctuations of the warp amount can be
reduced.

For example, the case of cutting the trailing end of
the preceding steel piece S1 such that the trailing end of
the preceding steel piece S1 warps upward is described with
reference to Fig. 10. Fig. 10 shows a cutting condition just
after the cutting blades bite into the steel piece when the
steel piece i1is cut under the conditions of different
circumferential speeds (the rate of the difference in the
circumferential speeds is 5 %) in which the traveling speed
Ve of the cutting blade which rotates with the reverse of the
cutting blade facing forward is larger than the traveling
speed V, of the cutting blade which rotates with the obverse
of the cutting blade facing forward. The bending moment M
in the case of cutting by the positive rate of difference in

circumferential speeds (5 %) is smaller than the bending

- 12 -
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moment M 1n the case of cutting at an equal circumferential
speed shown in Fig. 4. This is because the traveling speed
Ve of the cutting blade which rotates with the reverse of the
cutting blade facing forward is larger than the traveling
speed of the other cutting blade. As a result, as shown 1in
Fig. 10, a vertical plane including the tip O of the cutting
blade 1s positioned on the reverse side of the other cutting
blade and a vertical plane including the tip Q of the cutting
blade 1s positioned on the reverse side of the other cutting
blade and, therefore, the contact planes OP and QR of the
cutting blades overlap each other (zone indicated by broken
lines). Accordingly, the warp amount when the rate of
difference 1in circumferential speeds is positive 1is very
small.

On the other hand, the bending moment M in the case
of cutting at a negative rate of difference in circumferential
speeds 1s different from the case of cutting with positive
rate of difference in circumferential speeds, in that it is
larger than the bending moment M in the case of cutting under
the conditions shown in Fig. 4.

Fig. 11 shows a cutting condition just after the
cutting blades bite i1into the steel piece when the steel piece
1s cut under the conditions of the negative rate of difference

in circumferential speeds (the rate of the difference in

circumferential speeds is -5 %) in which the traveling speed
Ve of the cutting blade which rotates with the reverse of the
cutting blade facing forward is smaller than the traveling

speed V, of the cutting blade which rotates with the obverse

- 13 -
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of the cutting blade facing forward. The cutting condition
in the case of the negative rate of difference in
circumferential speeds (-5 %) is different from the cutting
condition in the case of the positive rate of difference in
circumferential speeds and the traveling speed V¢ of the
cutting blade which rotates with the reverse of the cutting
blade facing forward is smaller than the traveling speed of
the other cutting blade. Therefore, as shown in Fig. 11, the
vertical plane including the tip O of the cutting blade is
positioned on the obverse side of one cutting blade, and the
vertical plane including the tip Q of the cutting blade is
positioned on the obverse side of the other cutting blade and
the contact plane OP of the cutting blade is away from the
contact plane QR of the cutting blade by the zone represented
by the broken lines. The degree of warping is thus larger
in the case of the negative rate of difference in
circumferential speeds than in the case of the same
circumferential speed. The cutting condition in the case of
cutting the trailing end of the preceding steel piece has been
described above. In the case of cutting the leading end of
the succeeding steel piece, it is recommended that the cutting
blade which rotates with the reverse of the cutting blade
facing forward is located under the steel piece, and the
cutting blade which rotates with the obverse of the cutting
blade facing forward is located over the steel piece. It is
further recommended that the traveling speed of the former

cutting blade is made larger than the traveling speed of the

latter cuttingblade, so as to reduce the warp amount according

- 14 -
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to the cutting method of the present invention.
The relationship between the rate of difference in

the circumferential speeds and the warp amount (curvature)

in the case of cutting the steel pieces so that the trailing
end of the preceding steel piece and the leading end of the
succeeding steel piece warp upward, respectively, is shown
in¥Fig. 12. The rate of the difference in the circumferential
speed f 1s calculated by the equation, as in the case described
above, £ = (Ve - V) / V, x 100 %, where V¢ is the traveling
speed of the cutting blade which rotates with the reverse of
the cutting blade facing forward, and V,, is the traveling speed
of the cutting blade which rotates with the obverse of the
cutting blade facing forward.

It 1s advantageous for the rate of the difference in
circumferential speeds to be less than 5 % in the case of
cutting the steel piece at different circumferential speed.
This is because, as shown in Fig. 12, the larger the rate of
difference in the circumferential speeds is, the smaller the
warp amount of the steel piece is, though when the rate of
difference in the circumferential speeds is more than 5 %,
the amount of projection at the end of the steel piece shown
in Fig. 13 (i.e., the length from the end plane to the maximum
projecting end in the supposed rectangle which is equal to
the same area of the cut end) becomes large as shown in Fig. 14
so that there may be produced defective joining even when a
transverse-type high-frequency induction heating process is
used, in which an alternate magnetic field is applied at the

end of the steel piece in the thickness direction to heat the

_15_
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steel piece (the allowable amount of projection is about 5 mm) .
In particular, when the rate of difference in the
circumferential speeds is set at 2 - 3 %, the warp amount can

be made smaller and worse shape at the joined plane can be

prevented.

Since the warp of the succeeding steel piece tends
to be larger than the warp of the preceding steel piece,
assuming that the preceding steel piece and the succeeding
steel piece are cut at different circumferential speeds, it
1s advantageous that the rate of difference in the
circumferential speeds when cutting the succeeding steel
piece 1s made larger than the ‘rate of difference in
circumferential speeds when cutting the preceding steel piece,
in order to reduce the difference of warp in both cases.

The shape of the end of the steel piece when the steel
piece is cut by the drums rotating at the same circumferential
speed and the shape of the end of the steel piece when the
steel piece is cut by the drums rotating af the different
circumferential speeds are shown in Fig. 15 (a), (b) for
comparison (the warp is not shown in the drawing).

Cutting at the different circumferential speeds is
realized by controlling the rotating speed of the rotating
drum or by adjusting at least one of the height of the cutting

blades disposed on the upper and lower rotating drums and the

diameter of the drums.

Fig. 16 shows another example of the structure of a
drum-type crop shear suitable for carrying out the present

invention. This crop shear is disposed on the obverse side

_16....
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and the reverse side of the steel piece, and.comprises drums
d;, d; for cutting the trailing end of the preceding steel piece,
cutting blades c;, c; fixedly secured to the surfaces of these
drums, drums d;, dsy for cutting the leading end of the
succeeding steel piece, and cutting blades c;, c;. fixedly
secured to the surfaces of these drums.

When the pairs of cutting blades c;, c;r and c;, cs:
cut the steel piece, the obverses of the cutting blades are
oriented opposite in direction for each pair of cutting blades
and the obverses of the blades of the pairs of cutting blades
Ci1, Ci1' are oriented opposite in direction to the obverses of
the blades of the pairs of cutting blades c,, c,..

Reference numerals 3, 4 in Fig. 16 designate housings
for accommodating the drums d;, d,; and di, dy which are rotatably
mounted on the drum chucks in the housings 3, 4 so that the
steel piece 1s cut by the cutting blades while it is
transferred from the left side to the right side in the
drawing.

When the ends of the preceding steel piece and the
succeeding steel piece are cut by the cutting blades c;, c;:
and cz, c2r at the different circumferential speeds,
respectively, the ends of the steel piece tend to warp in the
same direction and the warp amount is very small. Accordingly,
the ends of the steel pieces are heated to raise their
temperatures and pressed against each other with a minimized
displacement, thereby preventing the rolled plate from being

broken during the rolling.

Moreover, in the case of cutting the steel piece with
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a shear shown in Fig. 6 and described above, it is necessary
to make a time allowance for synchronizing the cutting portion
of the succeeding steel piece to the position of the cutting
blades of the drum shear before cutting the leading end of
the succeeding steel piece after cutting the trailing end of
the preceding steel piece. In this connection, as shown in
Fig. 16, the drum shear makes it possible to freely determine
the timing of cutting the trailing end of the preceding steel
piece and the timing of cutting the leading end of the
following by the drums d;, d; and d;, d;, respectively.
Therefore, the drum shear is particularly advantageous in
that the time interval required for cutting can be reduced.

Fig. 17 shows one example of a continuous hot rolling
equipment for steel pieces, which is provided with a cutting
device having a structure shown in Fig. 6.

In the drawing, reference numeral 5 designates a
roughing mill, and reference numeral 6 designates a cutting
device for cutting the ends of the preceding steel piece s;
and the succeeding steel pieces s,. Reference numeral 7
designates a joining device for heating the cut ends of steel
pieces to raise. their temperatures by high-frequency
induction heating and joining both steel pieces by pressing
them during or after heating, reference numeral 8 designates
a scale breaker, and reference numeral 9 designates a
finishing mill train for continuously hot finish rolling the
Joined steel piece.

In the equipment having the above-mentioned

structure, in particular, a high-frequency heating means of
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the joining device 7 comprises a transverse-type induction
heating coil which has a pair of upper and lower magnetic poles
sandwiching the sheet bar in its thickness direction and is
adapted to apply an alternate magnetic field between the
magnetic poles to heat the steel piece and raise the
temperature thereof.

When the induction heating coil like this is adopted,
as described above, it may be difficult to sandwich and press

the end of the steel piece with a clamp due to an installation

space for the induction heating coil and thus a clamp is used
which comprises jaw members for clamping the preceding steel

piece and the succeeding steel piece and projects toward the

end of the steel piece.

In particular, it is highly advantageous for each of
the jaw members to be provided with cutout portion which is
cut out like a comb at predetermined intervals along the width
direction of the steel piece in the region passed by the
magnetic flux, or additionally with an insulating material
covering the steel pieces.

EMBODIMENT 1

By using a hot rolling equipment shown in Fig. 17,
a sheet bar (steel grade: low carbon steel) of 1600 mm in width,
30 mm in thickness was cut, heated and pressed and thereby
joined in the following manner, before it was rolled to a
finish gage of 1.5 - 5 mm, and the rolled plate was checked
for breakage during rolling.

Comparative Example 1

A preceding sheet bar and a successive sheet bar were
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cut by a drum shear rotating at the same circumferential speed
and shown in Fig. 3 (warp condition of the preceding sheet
bar - radius of curvature r: about 2000 mm, warp amount d:
about 30 mm, warp length L: about 400 mm; and warp condition
of the successive sheet bar - radius of curvature r: about
1000 mm, warp amount d: about 50 mm, warp length I: about
600 mm, see Fig. 7). The cut portions were then heated by
a joining device for about 10 seconds (high-frequency
induction heating, heating conditions: output 1000 Hz, rate
of heating 100 °C/ sec) to melt the surface to be joined and
then both sheet bars were pressed against each other and
thereby joined (in this case, pressing force: 100 ton f,
displacement amount: about 5 - 8 mm). The joined sheet bars
were then supplied to a finish rollingmill train via a scale
breaker (inter-stand tension of front stands were set at 0.5

- 1 kgf/mm® and those of rear stands were setat1 -1.5 kgf/mm®,

reduction in thickness of No. 1 - 3 stands: 30 - 50 %,
reduction in thickness of No. 4 - 7 stands: 15 - 30 %). As
a result, the rolled plates of not more than 2 mm in a finish
gage were frequently broken at joined portion thereof between
the rear rollingmill stands and, in particular, for the rolled

plateof 1.5 mmina finish gage, the ratio of the rolled plates

passing through the rolling mills without breakage was less

than 90 %.

Inventive Example 1

A preceding sheet bar and a succeeding sheet bar were

cut by a drum shear rotating at the same circumferential speed

and shown 1n Fig. 6 (the warp condition of the preceding sheet
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bar was the same as those of the Comparative Example 1; the

warp condition of the succeeding sheet bar - radius of
curvature r: about 1000 mm, warp amount d: about 50 mm (the
direction of the warp is opposite to that of the comparative
example) , warp length L: about 600 mm, see Fig. 9). The cut
portions were then heated by a joining device for about 10
seconds (high-frequency induction heating, heating condition
was the same as that of Comparative Example 1) to melt the
surface to be joined and then both sheet bars were pressed
against each other and thereby joined (in this case, pressing
force: 100 ton £, displacement amount: about 0 — 2 mm). The
Joined sheet bars were then rolled to a finish gage of 1.5
- 5 mm (the rolling condition was the same as that of the
Comparative Example 1) . As a result, one hundred sheet bars
of 1. 5 mm in a finish gage were rolled without any breakage
during rolling and thus it was verified that continuous hot

rolling was stably implemented by the method according to the

invention.

Inventive Example 2

A preceding sheet bar and a succeeding sheet bar were
cut by a drum shear rotating at the same circumferential speed
and shown in Fig. 16 (the warp conditions of the preceding
sheet bar and the succeeding sheet bar were the same as those
of Compatible Example 1) . The cut portions were then heated
by a joining device for about 10 seconds (high-frequency
induction heating, the heating condition was the same as that
of Compatible Example 1) to melt the plane to be joined. The

both sheet bars were then pressed against each other and
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thereby joined (in this case, the pressing force: 100 tonf,
the amount of displacement: about 0 - 2 mm) . The joined sheet
bars were then rolled to a finish gage of 1.5 - 5 mm (the
rolling condition was the same as that of Comparative
Example 1). As a result, one hundred sheet bars of 1.5 mm
in a finish gage were rolled without any breakage during
rolling and thus it was verified that continuous hot rolling

was stably 1mplemented by the method according to the

invention.

EMBODIMENT 2

By using a hot rolling equipment shown in Fig. 17,
sheet bars (steel grade: low carbon steel) of 1200 mm in width,
30 mm 1n thickness were cut, heated and pressed against each
other and thereby joined in the following manner. The joined
sheet bars were then rolled to a finish gage of 0.8 - 5 mm

and the rolled plate was checked for breakage during rolling.

Comparative Example 2

A preceding sheet bar and a succeeding sheet bar were
cut by a drum shear rotating at the same circumferential speed
and shown in Fig. 3 (the warp condition of the preceding sheet
bar - radius of curvature r: about 2000 mm, warp amount d:
about 30 mm, warp length L: about 400 mm; the warp condition
of the succeeding sheet bar -~ radius of curvature r: about
1000 mm, warp amount d: about 50 mm, warp length L: about
600 mm, see Fig. 7). The cut portions were then heated by
a Jjoining device for about 10 seconds (high-frequency
induction heating, heating condition: output 1000 Hz, rate

of heating 100 "C/ sec) to melt the surface to be joined and
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then the both sheet bars ware pressed against each other and
thereby joined (in this case, pressing force: 75 tonf,
displacement amount: about 5 - 8 mm) . The joined sheet bars
were then supplied to a finish rolling mill train via a scale
breaker (inter-stand tension of the front stands was set at
0.5 - 1 ]-:gf/mm2 and that of the rear stands was set at 1 -
1.5 kgf/mmz, reduction in thickness of No. 1 - 3 stands: 30
- 50 %, reduction in thickness of No. 4 - 7 stands: 15 - 30 %).
As a result, it was found that the rolled plates of less than
2 mm in a finish gage were frequently broken at the joined
portion thereof between the rear rolling mill stands and, in
particular, for the rolled plate of 1.5 mm in a finish gage,

the ratio of the rolled plates passing through the rolling
mills without breakage was less than 90 %.

Inventive Example 3

A preceding sheet bar and a succeeding sheet bar were

cut by a drum shear shown in Fig. 18 (the rotating angular
speed of the upper drum was the same as that of the lower drum
and the radii r of the cutting blades of the upper drum and
the lower drum were in the relationship of re / Iy = 1.02
(the rate of difference in circumferential speeds was 2 %)
in the case of cutting the preceding sheet bar and they were
1n the relationship of re / 1o = 1.04 (the rate of difference
in circumferential speeds was 4 %) in the case of cutting the
succeeding sheet bar) (the warp condition of the preceding
sheet bar - upward warp, curvature 0.4 m ™' (radius of curvature
2500 mm) , warp amount 25 mm, amount of projection 4 mm, the

warp condition of the succeeding sheet bar - upward warp,
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curvature 0.7 m~ * (radius of curvature 1400 mm) , warp amount
30 mm, projection amount 4 mm). The cut portions were then
heated by a joining device for about 10 seconds (high-
frequency induction heating, the heating condition was the
same as that of Comparative Example 2) to melt the surface
to be joined and then both sheet bars were pressed against
each other and thereby joined (in this case, pressing force:
75 tonf, displacement amount: about 0 -1 mm) . The sheet bars
were then rolled to a finish gage of 0.8 - 5 mm (rolling
condition was the same as that of Comparative Example 2) . AsS
a result, one hundred sheet bars of 0. 8 mm in a finish gage
were rolled without any breakage during rolling and thus it
was verified that continuous hot rolling was stably
implemented by the method according to the invention.

Although the above description relates to a case in
which the sheet bar warped upward and the warp amount was made
small when the sheet bar was cut, it is needless to say that
the present invention can be applied to a case in which the
sheet bar warps downward and the warp amount is made small
when the sheet bar i1s cut.

INDUSTRIAL APPLICABILITY

Since the displacement produced in the case of
joining the steel pieces by using transverse-type high-
frequency induction heating can be made extremely small 1n
accordance with the present, continuous hot rolling can be

stably carried out without breakage of the sheet bars.
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WHAT IS CLAIMED IS:

1. A continuous hot rolling method for conti-

nuously hot finish rolling steel pileces, comprising the

steps of: cutting a trailing end of a preceding steel pilece
and a leading end of a succeeding steel plece with a drum
shear which sandwiches the steel piliece between an upper
drum and a lower drum, having cutting blades on the outer
peripheries of said drums; heating the cut ends and raising
temperatures thereof by high-frequency induction heating;
pressing the cut ends against each other to butt-join the
cut ends; and supplyling the Jjoined steel pleces to a
rolling equipment, 1in which the trailing end of the
preceding steel piece and the leading end of the succeedlng

steel piece are cut individually by first and second pairs

of cutting blades,the first pair of cutting blades having
obverses of the cutting blades in opposite directions 1in an
obverse side and a reverse side of the steel piece, and the
second pair of cutting blades having obverses of the
cutting blades in opposite directions relative to the first
pair of cutting blades, while the steel pleces are

transferred to a same direction.

2. A  continuous  hot rolling method  for
continuously hot finish rolling steel pileces as claimed 1n
claim 1, 1in which the preceding steel plece and the
succeeding steel piece are cut under <conditions of
different peripheral speed where, of the cutting blades
disposed in the obverse side or the reverse side of the
steel piece, a travelling speed of the cutting blades

rotating with reverses of the cutting blades facing forward
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is made larger than a travelling speed of the cutting
blades rotating with the obverses of the cutting blades

facing forward.

3. A continuous hot rolling method for
continuously hot finish rolling steel pieces as claimed 1in
claim 2, 1in which the steel piece 1is cut at a rate of

difference in circumferential speeds of not more than 5%.

4. A continuous hot rolling method for

continuously hot finish rolling steel pieces as claimed 1in

claim 1, in which the steel piece is cut by the first and
second pairs of cutting blades mounted on two drum shears
disposed in tandem along a transfer direction of a sheet

bar forming the steel piece.
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