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(57) ABSTRACT 

A material 1 to be shaped is reduced and formed by bringing 
dies with convex forming Surfaces, when viewed from the 
side of the transfer line of the material 1, close to the transfer 
line from above and below the material 1, in synchronism 
with each other, while giving the dies a Swinging motion in 
Such a manner that the portions of the forming Surfaces of 
the dies, in contact with the material 1, are transferred from 
the upstream to the downstream Side in the direction of the 
transfer line. 
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PLATE REDUCTION PRESS APPARATUS AND 
METHODS 

0001. This application is a division of U.S. patent appli 
cation Ser. No. 09/912,505, filed Jul. 26, 2001, which in turn 
is a division of U.S. patent application Ser. No. 09/308,293, 
filed May 12, 1999, now U.S. Pat. No. 6,341,516, issued Jan. 
29, 2002, the entire disclosures of which are considered to 
be part of the present disclosure and are Specifically incor 
porated by reference herein. 

BACKGROUND OF THE INVENTION 

0002) 1. Technical Field of the Invention 
0003. The present invention relates to a plate thickness 
reduction preSS apparatus that transferS and reduces a slab, 
and the methods concerned with its use. 

0004 2. Prior Art 
0005 1. FIG. 1 shows an example of a roughing mill 
used for hot rolling, and the roughing mill is provided with 
work rolls 2a, 2b arranged vertically opposite each other on 
opposite Sides of a transfer line S that transferS a slab-like 
material 1 to be shaped, Substantially horizontally, and 
backup rolls 3a, 3b contacting the work rolls 2a, 2b on the 
Side opposite to the transfer line. 
0006. In the above-mentioned roughing mill, the work 
roll 2a above the transfer line S is rotated counterclockwise, 
and the work roll 2b underneath the transfer line S is rotated 
clockwise, So that the material 1 to be shaped is caught 
between both work rolls 2a, 2b, and by pressing the upper 
backup roll 3a downwards, the material 1 to be shaped is 
moved from the upstream Aside of the transfer line to the 
downstream B side of the line, and the material 1 to be 
shaped is pressed and formed in the direction of the thick 
ness of the slab. 

0007. However, unless the nip angle 0 of the material 1 
to be shaped as it enters into the work rolls 2a, 2b is less than 
about 17, Slipping will occur between the upper and lower 
Surfaces of the material 1 to be shaped and the Outer Surfaces 
of both work rolls 2a, 2b, and the work rolls 2a, 2b will no 
longer be able to grip and reduce the material 1 to be shaped. 
0008 More explicitly, when the diameter D of the work 
rolls 2a, 2b is 1,200 mm, the reduction. At of a single rolling 
pass is about 50 mm according to the above-mentioned nip 
angle 0 condition for the work rolls 2a, 2b, so when a 
material 1 to be shaped with a thickness TO of 250 mm is 
rolled, the thickness T1 of the slab after being reduced and 
formed by a roughing mill becomes about 200 mm. 
0009. According to the prior art, therefore, the material 1 
to be shaped is rolled in a reversing mill, in which the 
material is moved backwards and forwards while gradually 
reducing the thickness of the plate, and when the thickneSS 
of the material 1 to be shaped is reduced to about 90 mm, the 
material 1 is Sent to a finishing mill. 
0.010 Another system for reducing and forming the mate 
rial 1 to be shaped according to the prior art is shown in FIG. 
2; dies 14a, 14b with profiles like the plane shape of dies for 
a Stentering preSS machine are positioned opposite each 
other above and below a transfer line S, and both dies 14a, 
14b are made to approach each other and Separate from each 
other in the direction orthogonal to the direction of move 
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ment of the material 1 using reciprocating means Such as 
hydraulic cylinders, in synchronism with the transfer of the 
material 1, while reducing and forming the material 1 to be 
shaped in the direction of the thickness of the plate. 
0011. The dies 14a, 14b are constructed with flat forming 
surfaces 19a, 19b gradually sloping from the upstream A 
side of the transfer line towards the downstream B side of 
the line, and flat forming surfaces 19c, 19d that continue 
from the aforementioned forming surfaces 19a, 19b in a 
direction parallel to and on opposite Sides of the transfer line 
S. 

0012. The width of the dies 14a, 14b is set according to 
the plate width (about 2,000 mm or more) of the material 1 
to be shaped. 

0013 However, when the material 1 to be shaped is rolled 
with the reversing method using the roughing mill shown in 
FIG. 1, Space is required at each of the upstream A and 
downstream B ends of the transfer line S of the roughing 
mill, for pulling out the material 1 to be shaped as it comes 
out of the roughing mill, So the equipment must be long and 
large. 

0014 When the material 1 to be shaped is reduced and 
formed in the direction of its plate thickness using the dies 
14a, 14b shown in FIG. 2, the areas of the forming surfaces 
19a, 19b, 19c and 19d in contact with the material 1 to be 
shaped are much longer than those of the dies of a Stentering 
preSS machine, and the contact areas increase as the dies 14a, 
14b approach the transfer line S, So that a large load must be 
applied to each of the dies 14a, 14b, during reduction. 
0015. Furthermore, the power transmission members 
Such as the eccentric shafts and rods for moving the dies 14a, 
14b, the housing, etc. must be Strong enough to withstand 
the above reducing loads, So each of these members and the 
housing must be made large in size. 
0016. Moreover, when the material 1 to be shaped is 
reduced and formed in the direction of its plate thickness 
using the dies 14a, 14b, some of the material 1 is forced 
backwards towards the upstream A Side on the transfer line 
depending on the shape and the Stroke of the dies 14a, 14b, 
therefore, it becomes difficult to transfer the material 1 to be 
shaped to the downstream B side of the transfer line. 
0017 When the material 1 to be shaped is reduced and 
formed in the direction of its plate thickness using the dies 
14a, 14b shown in FIG. 2, the height of the lower surface 
of the material 1 after being reduced by the dies 14a, 14b is 
higher than the height of the lower surface of the material 1 
immediately before being reduced by the dies, by an amount 
corresponding to the reduction in thickness. 
0018 Consequently, the leading end of the material 1 to 
be shaped tends to droop downwards, therefore the table 
rollers (not illustrated) installed on the downstream B side of 
the transfer line, to Support the material 1 being shaped, may 
catch the leading end of the material 1, possibly resulting in 
damage to both the table rollers and the material 1 being 
shaped. 

0019 Recently, the flying-sizing press machine shown in 
FIG. 3 has been proposed. 
0020. This flying-sizing press machine is provided with a 
housing 4 erected on a transfer line S So as to allow 
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movement of a material 1 to be shaped, an upper shaft box 
6a and a lower shaft box 6b housed in window portions 5 of 
the housing 4 opposite each other on opposite Sides of the 
transfer line S, upper and lower rotating shafts 7a, 7b 
extending Substantially horizontally in the direction 
orthogonal to the transfer line S and Supported by the upper 
shaft box 6a or the lower shaft box 6b by bearings (not 
illustrated) on the non-eccentric portions, rods 9a, 9b located 
above and below the transfer line S, respectively, connected 
to eccentric portions of the rotating shafts 7a, 7b through 
bearings 8a, 8b at the end portions thereof, rod support 
boxes 11a, 11b connected to intermediate portions of the 
upper and lower rods 9a, 9b by bearings 10a, 10b with 
spherical Surfaces and housed in the window portions 5 of 
the housing 4 and free to slide vertically, die holders 13a, 
13.b connected to the top portions of the rods 9a, 9b through 
bearings 12a, 12b with spherical surfaces, dies 14a, 14b 
mounted on the die holders 13a, 13b, and hydraulic cylin 
ders 15a, 15b whose cylinder units are connected to inter 
mediate locations along the length of the rods 9a, 9b by 
means of bearings and the tips of the piston rods are 
connected to the die holders 13a, 13b through bearings. 
0021. The rotating shafts 7a, 7b are connected to the 
output shaft (not illustrated) of a motor through a universal 
coupling and a speed reduction gear, and when the motor is 
operated, the upper and lower dies 14a, 14b approach 
towards and move away from the transfer line S in Synchro 
nism with the transfer operation. 
0022. The dies 14a, 14b are provided with flat forming 
surfaces 16a, 16b gradually sloping from the upstream A 
side of the transfer line towards the downstream B side of 
the transfer line So as to approach the transfer line S, and 
other flat forming surfaces 17a, 17b continuing from the 
aforementioned forming Surfaces 16a, 16b in a direction 
parallel to the transfer line S. 
0023 The width of the dies 14a, 14b is determined by the 
plate width (about 2,000 mm or more) of the material 1 to 
be shaped. 
0024. A position adjusting screw 18 is provided at the top 
of the housing 4, to enable the upper shaft box 6a to be 
moved towards or away from the transfer line S, and by 
rotating the position adjusting Screw 18 about its axis, the 
die 14a can be raised and lowered through the rotating shaft 
7a, rod 9a, and the die holder 13.a. 
0.025. When the material 1 to be shaped is reduced and 
formed in the direction of the plate thickneSS using the 
flying-sizing press machine shown in FIG. 3, the position 
adjusting Screw 18 is rotated appropriately to adjust the 
position of the upper shaft box 6a, So that the Spacing 
between the upper and lower dies 14a, 16b is determined 
according to the plate thickness of the material 1 to be 
shaped by reducing and forming in the direction of plate 
thickness. 

0026. Next, the motor is operated to rotate the upper and 
lower rotating shafts 7a, 7b, and the material 1 to be shaped 
is inserted between the upper and lower dies 14a, 14b, and 
the material 1 is reduced and formed by means of the upper 
and lower dies 14a, 14b that move towards and away from 
each other and with respect to the transfer line S while 
moving in the direction of the transfer line S as determined 
by the displacement of the eccentric portions of the rotating 
shafts 7a, 7b. 

Oct. 16, 2003 

0027. At this time, appropriate hydraulic pressure is 
applied to the hydraulic chambers of the hydraulic cylinders 
15a, 15b, and the angles of the die holders 13a, 13b are 
changed so that the forming surfaces 17a, 17b of the upper 
and lower dies 14a, 14b, on the downstream B side of the 
transfer line, are always parallel to the transfer line S. 
0028. However, the flying-sizing press machine shown in 
FIG. 3 has much larger contact areas between the forming 
Surfaces 16a, 16b, 17a and 17b of the dies 14a, 14b and the 
material 1 to be formed, compared to the dies of a plate 
reduction press machine, and because the above-mentioned 
contact areas increase as the dies 14a, 14b approach the 
transfer line S, a large load must be applied to the dies 14a, 
14b during reduction. 
0029. In addition, the die holders 13a, 13b, rods 9a, 9b, 
rotating shafts 7a, 7b, shaft boxes 6a, 6b, housing 4, etc. 
must be strong enough to withstand the reducing load 
applied to the dies 14a, 14b, so that these members are made 
larger in size. 
0030 Also, the flying-sizing press machine shown in 
FIG. 3 may suffer from the problem that the leading and 
trailing ends of the material 1 being reduced and formed are 
locally bent to the left or right, or with a camber so that when 
a long material 1 is being formed it generally warps, unless 
the centers of the reducing forces from the dies 14a, 14b on 
the material 1 to be shaped are in close alignment when the 
material 1 is reduced and formed by the upper and lower dies 
14a, 14b. 

0031) 2. With a conventional rolling mill known in the 
prior art, in which a material is rolled between two work 
rolls, there is a reduction ratio limit of normally about 25% 
due to the nip angle limitation. Therefore, it is not possible 
to reduce the thickness of a material by a large ratio (for 
example, reducing a material from about 250 mm thickness 
to 30 to 60 mm) in a single pass, therefore three or four 
rolling mills are arranged in tandem in a tandem rolling 
system, or the material to be rolled is rolled backwards and 
forwards in a reverse rolling System. However, these Sys 
tems are accompanied with practical problems. Such as the 
need for a long rolling line. 
0032. On the other hand the planetary mill, Sendzimir 
mill, cluster mill, etc. have been proposed as means of 
pressing that allow a large reduction in one pass. However, 
with these rolling mills, Small rolls press the material to be 
rolled at a high rotational Speed, resulting in a great impact, 
therefore the life of the bearings, etc., is So short that these 
mills are not Suitable for mass production facilities. 
0033. On the other hand, various kinds of press apparatus 
modified from the conventional Stentering press machines 
have been proposed (for example, Japanese patent No. 
014139, 1990, unexamined Japanese patent publication Nos. 
222651, 1986, 175011, 1990, etc.). 
0034. An example of the “Flying-sizing press apparatus' 
according to the unexamined Japanese patent publication 
No. 175011, 1990 is shown in FIG. 4; rotating shafts 22 are 
arranged in the upper and lower Sides or the left and right 
Sides of the transfer line Z of a material to be shaped, and the 
bOSSes of rods 23 with a required shape are connected to 
eccentric portions of the rotating shafts 22, and in addition, 
dies 24 arranged on opposite sides of the transfer line of the 
material to be shaped are connected to the tips of the rods 23; 
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when the rotating Shafts 22 are rotated, the rods 23 coupled 
to the eccentric portions of the rotating shafts cause the dies 
24 to press both the upper and lower Surfaces of the material 
1 to be shaped, thereby the thickness of the material to be 
shaped is reduced. 
0.035 However, the above-mentioned high-reduction 
means are associated with problems Such as (1) a material to 
be reduced cannot be easily pressed by the flying-sizing 
apparatus in which the material is reduced as it is being 
transferred (2) the means are complicated with many com 
ponent parts, (3) many parts must slide under heavy loads, 
(4) the means arc not Suitable for heavily loaded frequent 
cycles of operation, etc. 
0.036 With conventional high-reduction pressing means 
known in the prior art, the position of the dies is controlled 
to adjust the thickness of the material to be pressed by means 
of a Screw, wedge, hydraulic cylinder, etc., and, as a result, 
there are the practical problems that the equipment is large, 
costly, complicated, and Vibrates considerably. 
0037 3. Conventionally, a roughing-down mill is used to 
roll a slab. The slab to be rolled is as short as 5 m to 12 m, 
and the slab is rolled by a plurality of roughing-down mills 
or by reversing mills in which the slab is fed forwards and 
backwards as it is rolled. In addition, a reduction preSS 
machine is also used. Recently, because a long slab manu 
factured by a continuous casting System has been intro 
duced, there is a demand for the continuous transfer of the 
Slab to a Subsequent pressing System. When a material is 
rough rolled using a roughing-down mill, the minimum nip 
angle (about 17) must be satisfied, so the reduction limit At 
per pass is about 50 mm. Because the slab is continuous, 
reverse rolling is not applicable, So that to obtain the desired 
thickness, a plurality of roughing-down mills must be 
installed in Series, or if a Single rolling mill is to be 
employed, the diameter of the work rolls should be very 
large. 

0.038 Consequently, a reduction press machine is used. 
FIG. 5 shows an example of such a machine in which the 
dies are pressed by Sliders, to provide a flying-press machine 
that can press a moving slab. Dies 32 provided above and 
below the slab 1 are mounted on sliders 33, and the sliders 
33 are moved up and down by the crank mechanisms 34. The 
dies 32, sliders 33 and crank mechanisms 34 are recipro 
cated in the direction of transferring the slab, by the feeding 
crank mechanisms 35. The slab 1 is conveyed by pinch rolls 
36 and transfer tables37. When the slab is being reduced, the 
dies 32, sliders 33 and crank mechanisms 34 are moved in 
the direction of transferring the Slab by means of the feeding 
crank mechanisms 35, and the pinch rolls 36 transfer the slab 
1 in Synchronism with this transfer Speed. A Start-stop 
System can also be used; the slab 1 is stopped when the 
System is working as a reduction press machine and the slab 
is reduced, and after completing reduction, the Slab is 
transferred by a length equal to a pressing length, and then 
pressing is repeated. 

0.039 There are problems in the design and manufactur 
ing cost of the aforementioned roughing-down mill with 
large diameter rolls, and the use of rolls with a large 
diameter results in a shorter life for the rolls because of the 
low rolling speed and difficulty in cooling the rolls. With the 
reduction press machine using sliders and feeding crank 
mechanisms shown in FIG. 5, the cost of the equipment is 
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high because the mechanisms for reciprocating the Sliders, 
etc., in the direction of movement of a slab are complicated 
and large in Scale. In addition, the Sliders vibrate Signifi 
cantly in the vertical direction. With a reduction press 
machine using a Start-Stop System, the Slab must be accel 
erated and decelerated repeatedly from Standstill to transfer 
Speed, and Vice versa. The slab is transferred using pinch 
rolls and transfer tables, and these apparatus become large 
due to the high acceleration and deceleration. 
0040 4. When a material is reduced by a large amount, 
according to the prior art, long dies were used to reduce the 
material while it was fed through the dies by the length 
thereof during one or Several pressings. Defining the longi 
tudinal and lateral directions as the direction in which the 
pressed material is moved and the direction perpendicular to 
the longitudinal direction, respectively, the material to be 
pressed by a large amount in the longitudinal direction is 
pressed by dies that are long in the longitudinal direction 
using Single pressing or by means of a plurality of pressing 
operations while feeding the material to be pressed in the 
longitudinal direction. FIG. 6 shows an example of the 
above-mentioned reduction press machine, and FIG. 7 illus 
trates its operation. Tile reduction preSS is equipped with 
dies 42 above and below a material 1 to be pressed, 
hydraulic cylinders 43 for pressing down the dies 42, and a 
frame 44 that Supports the hydraulic cylinderS 43. A pressing 
operation is described using the Symbols L for the length of 
the dies 42, T for the original thickness of the material 1 to 
be pressed, and t for the thickness of the material after 
pressing. FIG. 7 (A) shows the state of the dies 42 set to a 
location with thickness T on a portion of material to be 
pressed next, adjacent to a portion with thickness t which has 
been pressed. (B) shows the state in which the dies have 
pressed down from the state (A). (C) is the state in which the 
dies 42 have been Separated from the material 1 being 
pressed, that has then been moved longitudinally by the 
pressing length L, and completely prepared for the next 
pressing, which is the same State as (A). Operations (A) to 
(C) are repeated until all the material is reduced to the 
required thickness. 
0041. The longer the dies, the greater the force that is 
required for reduction, So the reduction press machine must 
be large. With a press machine, pressing is usually repeated 
at high Speed. When an apparatus with a large mass is 
reciprocated at a high Speed, a large power is required to 
accelerate and decelerate the apparatus, therefore the ratio of 
the power required for acceleration and deceleration to the 
power needed for reducing the material to be pressed is So 
large that much power is spent on driving the apparatus. 
When the material is reduced, the Volume corresponding to 
the thinned portion must be displaced longitudinally or 
laterally because the volumes of the material before and 
after reduction are Substantially the same. If the dies are 
long, the material is constrained So that it is displaced 
longitudinally (this phenomenon is called material flow), so 
that pressing becomes difficult especially when the reduction 
is large. 

0042. When a material to be rolled is reduced conven 
tionally in a horizontal mill, the gap between the rolls of the 
horizontal millis Set So that the rolls are capable of gripping 
the material to be rolled considering the thickness of the 
material after forming, therefore the reduction in thickness 
allowed for a single pass is limited So that when a large 
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reduction in the thickness is required, a plurality of hori 
Zontal mills have to be installed in Series, or the material 
must be moved backwards and forwards through a horizon 
tal mill while the thickneSS is gradually reduced, according 
to the prior art. Another System was also proposed in the 
unexamined Japanese patent publication No. 175011, 1990; 
eccentric portions are provided in rotating shafts, the motion 
of the eccentric portions is changed to an up/down move 
ment using rods, and a material to be pressed is reduced 
continuously by these up/down movements. 
0043. The system with a plurality of horizontal mills 
arranged in tandem (Series) has the problems that the equip 
ment is large and the cost is high. The System of passing a 
material to be pressed backwards and forwards through a 
horizontal mill has the problems that the operations are 
complicated and a long rolling time is required. The System 
disclosed in the unexamined Japanese patent application No. 
175011, 1990 has the difficulty that large equipment must be 
used, because a fairly large rotating torque must be applied 
to the rotating Shafts to produce the required reducing force 
as the movement of the eccentric portions of the rotating 
shafts has to be changed to an up/down motion to produce 
the necessary reducing force. 
0044) 5. Conventionally, a roughing-down mill is used to 
preSS a slab. The Slab to be pressed is as Short as 5 to 12 m, 
and to obtain the Specified thickness, a plurality of roughing 
down mills are provided, or the slab is moved backwards 
and forwards as it is pressed in the reversing rolling method. 
Other Systems also used practically include a flying press 
machine that transfers a slab while it is being pressed, and 
a start-Stop reduction preSS machine which Stops conveying 
the material as it is being pressed and transferS the material 
during a time when it is not being pressed. 
0.045 Since long slabs arc produced by continuous cast 
ing equipment, there is a practical demand for a Slab to be 
conveyed continuously to a Subsequent preSS apparatus. 
When a Slab is rough rolled in a roughing-down mill, there 
is a nip angle limitation (about 17), So the reduction per 
rolling cannot be made So large. Because the slab is con 
tinuous, it cannot be rolled by reverse rolling, therefore to 
obtain the preferred thickness, a plurality of roughing-down 
mills must be installed in Series, or if a Single mill is 
involved, the diameter of the work rolls must be made very 
large. There are difficulties, in terms of design and cost, in 
manufacturing Such a roughing-down mill with large-diam 
eter rolls, and large diameter rolls must be operated at a low 
Speed when rolling a slab, So the rolls cannot be easily 
cooled, and the life of the rolls becomes shorter. Because a 
flying press can provide a large reduction in thickness and is 
capable of reducing a material while it is being conveyed, 
the preSS can continuously transfer the material being 
pressed to a downstream rolling mill. However, it has been 
difficult to adjust the Speed of the material to be pressed So 
that the flying press and the downstream rolling mill can 
operate Simultaneously to reduce and roll the material. In 
addition, it has not been possible to arrange a start-stop 
reduction press machine and a rolling mill in tandem to 
reduce a slab continuously, with the Start-Stop reduction 
preSS, the material being pressed is stopped during pressing, 
and is transferred when it is not being pressed. 
0046) Another system in practical use is the flying system 
in which the Sliders that press down on a slab are moved up 
and down in synchronism with the transfer speed of the slab. 

Oct. 16, 2003 

0047. In the start-stop system, the heavy slab is acceler 
ated and decelerated every cycle from Standstill to the 
maximum speed Vmax, and accordingly the capacity of the 
transfer facilities Such as the pinch rolls and transfer tables 
must be large. Because of the discontinuous operation, it is 
difficult to carry out further operations on a downstream 
preSS machine. The flying System requires a large capacity 
apparatus to produce the Swinging motion, and to accelerate 
and decelerate the heavy sliders according to the Speed of the 
slab. Another problem with this system is that this large 
capacity apparatus for producing the Swinging motion 
causes considerable vibrations in the preSS machine. 

0048 Still another problem with this system is that if the 
speed of the slab deviates from that of the sliders, flaws may 
be produced in the Slab or the equipment may be damaged. 

0049 Recently, a high-reduction press machine that can 
reduce a thick slab (material to be pressed) to nearly /3 of its 
original thickness in a single reduction operation, has been 
developed. FIG. 8 shows an example of a reduction press 
machine used for hot pressing. With this reduction press 
machine, dies 52a, 52b are disposed opposite each other 
Vertically on opposite Sides of the transfer line S, and are 
Simultaneously moved towards and away from a material 1 
to be pressed that travels on the transfer line S by the 
reciprocating apparatus 53a, 53b incorporating eccentric 
axes, rods, and hydraulic cylinders, So that material of a 
thickness of, for example, 250 mm can be reduced to 90 mm 
by a single reducing operation. 

0050. However, the reduction of the aforementioned 
high-reduction preSS machine can be as large as 160 mm, 
that is, the reduction on one side is as large as 80 mm. 
According to the prior art, there is a Small difference of 
thickness before and after pressing, So the transfer levels of 
the transfer devices of a press machine on the inlet and outlet 
sides are substantially the same. With the above-mentioned 
high-reduction preSS machine, however, there is the problem 
that the material 1 to be pressed is bent if the transfer levels 
are identical. Another problem of the machine is that the 
transfer device is overloaded. 

SUMMARY OF THE INVENTION 

0051 1. The present invention has been accomplished 
under the circumstances mentioned above, and the first 
object of the present invention is to provide a plate reduction 
preSS apparatus and methods that can efficiently reduce a 
material to be shaped in the direction of the thickness of the 
plate, can Securely transfer the material to be shaped, can 
decrease the load imposed on the dies during reduction, and 
can prevent bending of the material to be shaped to the left 
or right as a result of the reducing and forming operations. 

0052 To achieve the aforementioned first object of the 
present invention, in the plate reduction pressing method of 
the present invention, dies with convex forming Surfaces 
protruding towards the transfer line are moved towards the 
transfer line from above and below the material to be 
shaped, when viewed from the side of the transfer line, in 
synchronism with the movement of the material to be 
shaped, in Such a manner that a portion of the forming 
Surfaces of the material is moved from the upstream Side to 
the downstream side of the transfer line and the material to 
be shaped is reduced in the direction of the plate thickness. 
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0053. The plate thickness reduction press apparatus of 
another embodiment of the present invention, is provided 
with die holders arranged opposite each other above and 
below a transfer line in which a material to be shaped is 
moved horizontally, dies mounted on the above-mentioned 
die holders and comprised of convex forming Surfaces 
protruding towards the transfer line when viewed from the 
Side of the transfer line, upstream eccentric Shafts arranged 
for each die holder on the opposite side from the transfer line 
and extending in the direction lateral to the transfer line, 
downstream eccentric shafts arranged for each die holder on 
the opposite Side from the transfer line in alignment with the 
aforementioned upstream eccentric shafts, in the down 
Stream direction of the transfer line, and comprised of 
eccentric portions with a different phase angle from the 
phase angle of the eccentric portions of the upstream eccen 
tric shafts, upstream rods whose tips are connected to 
portions of the die holders, close to the ends on the upstream 
Side of the transfer line through bearings and the other ends 
of which are connected to the eccentric portions of the 
upstream eccentric shafts through bearings, downstream 
rods whose tips are connected to portions of the die holders, 
close to the ends on the downstream Side of the transfer line 
through bearings and the other ends of which are connected 
to the eccentric portions of the downstream eccentric shafts 
through bearings, and mechanisms for moving the dies 
backwards and forwards that reciprocate the above-men 
tioned die holders relative to the direction of the transfer 
line. 

0.054 According to the plate reduction press apparatus of 
another embodiment of the present invention, the mecha 
nisms for moving the dies backwards and forwards in the 
plate press apparatus are provided with arms one end of each 
of which is fixed to the die holder, and guide members which 
are installed near the die holders and guide the other end of 
each of the arms. 

0055. In the plate reduction press apparatus according to 
the invention, the mechanisms for moving the dies back 
wards and forwards are provided with actuators one end of 
each of which is connected to one of the die holders through 
a first bearing and the other end of each thereof is connected 
to a predetermined fixing member through a Second bearing. 
0056. The plate reduction press apparatus of another 
embodiment of the present invention is composed of the 
mechanisms for moving the dies backwards and forwards in 
the plate reduction press apparatus, comprised of eccentric 
shafts for backwards and forwards movements, provided 
near the die holders and rods for backwards and forwards 
movements, one end of each of the aforementioned rods 
being connected to one of the (lie holders through a first 
bearing and the other end thereof being connected to one of 
the eccentric portions of the eccentric shafts for backwards 
and forwards movements 

0057. In the plate reduction press apparatus of a still 
further embodiment of the invention, the mechanisms for 
moving the dies backwards and forwards in the plate reduc 
tion press apparatus of the present invention are composed 
of levers one end of each of which is connected to one of the 
die holders through a first bearing and the other end thereof 
is connected to a predetermined fixing member through a 
Second bearing. 
0.058 According to the plate reduction pressing method 
of the present invention, dies with convex forming Surfaces 
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protruding towards the transfer line are moved towards the 
transfer line from above and below the material to be shaped 
in synchronism with the movement of the material to be 
shaped, and given a Swinging motion Such that the portions 
of the forming Surfaces in contact with the material to be 
shaped move from the downstream side of the transfer line 
to the upstream Side thereof, thereby the areas of the material 
being shaped, in contact with the forming Surfaces, are made 
Small to reduce the pressing load on the dies. 
0059. In any of the plate reduction press apparatus 
according to the present invention, the die holders on which 
the dies are mounted are given a Swinging motion by the 
upstream eccentric Shafts, downstream eccentric Shafts, 
upstream rods and downstream rods in Such a manner that 
the portions of the forming Surfaces of the dies, in contact 
with the material to be shaped, are shifted from the down 
Stream Side to the upstream Side of the transfer line, while 
moving the dies towards the transfer line, thereby the areas 
of the forming Surfaces in contact with the material to be 
shaped are made Small to reduce the load applied to the dies 
during pressing. 

0060 Also, when the forming surfaces of the dies are in 
contact with the material to be shaped, the mechanisms for 
moving the dies backwards and forwards move the die 
holders towards the downstream side of the transfer line, and 
convey the material being reduced and formed without any 
material being displaced backwards, towards the down 
Stream Side of the transfer line. 

0061 To achieve the above-mentioned first object of the 
present invention, the plate reduction press apparatus 
according to one embodiment of the invention is provided 
with dies arranged vertically opposite each other on opposite 
Sides of a transfer line in which a material to be shaped is 
transferred horizontally, and moving towards and away from 
the transfer line in Synchronism with each other, a plurality 
of upstream table rollers arranged on the upstream Side of 
the dies on the transfer line in Such a manner that the lower 
Surface of the material to be shaped, which is to be inserted 
between the dies, can be Supported Substantially horizon 
tally, a plurality of downstream up and down table rollers 
arranged on the downstream Side of the dies on the transfer 
line in Such a manner that the downstream up and down table 
rollers can be raised and lowered and can Support the lower 
Surface of the material being shaped and fed out of the dies, 
and a plurality of downstream table rollers arranged on the 
downstream Side of the downstream up and down table 
rollers on the transfer line in Such a manner that the lower 
Surface of the material being shaped and fed out of the dies 
can be Supported Substantially horizontally at a height 
Substantially the same as the height of the aforementioned 
upstream table rollers. 

0062). The plate reduction press apparatus according to a 
further embodiment of the invention is provided with dies 
arranged vertically opposite each other on opposite Sides of 
a transfer line in which a material to be shaped is transferred 
horizontally, and moving towards and away from the trans 
fer line in Synchronism with each other, a plurality of 
upstream up and down table rollers on the upstream Side of 
the dies on the transfer line in Such a manner that the 
upstream up and down table rollers can be raised and 
lowered, and the lower Surface of the material to be shaped, 
which is to be inserted between the dies, can be Supported, 
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and a plurality of downstream table rollers arranged on the 
downstream Side of the dies on the transfer line in Such a 
manner that the lower Surface of the material being shaped 
and fed out of the dies can be Supported. 
0.063. The plate reduction press apparatus according to 
yet another embodiment of the present invention is com 
prised of dies arranged vertically opposite each other on 
opposite Sides of a transfer line in which a material to be 
shaped is transferred horizontally, and moving towards and 
away from the transfer line in Synchronism with each other, 
a plurality of upstream up and down table rollers on the 
upstream Side of the dies on the transfer line in Such a 
manner that the upstream up and down table rollers can be 
raised and lowered, and the lower Surface of the material to 
be shaped, which is to be inserted between the dies, can be 
Supported, and a plurality of downstream up and down table 
rollers arranged on the downstream Side of the dies in Such 
a manner that the lower Surface of the material being shaped 
and fed out of the dies can be Supported. 
0064. According to the method of operating the plate 
reduction press apparatus according to one embodiment of 
the invention, when a long material to be shaped is inserted, 
reduced and formed in the direction of plate thickneSS 
between both dies, the vertical positions of the downstream 
up and down table rollers near the dies are determined in 
Such a manner that the material being shaped and fed out of 
the dies is Substantially horizontal, and the vertical positions 
of the downstream up and down table rollers on the side 
farther from the dies are determined in Such a manner that 
the material being shaped gradually descends towards the 
downstream table rollers. 

0065. In the method of operating the plate reduction press 
apparatus according to one embodiment, when a long mate 
rial to be shaped is inserted, reduced and formed in the 
direction of the plate thickness between both dies, the 
Vertical positions of the upstream up and down table rollers 
near the dies arc determined in Such a manner that the 
material to be shaped, which is to be inserted between the 
dies, is Substantially horizontal. 
0.066 According to a further embodiment of the present 
invention for operating the plate reduction press apparatus, 
when a long material to be shaped is inserted, reduced and 
formed in the direction of the plate thickness between both 
dies, the vertical positions of the upstream up and down 
table rollers near the dies and the downstream up and down 
table rollers are determined in Such a manner that the 
material to be shaped, which is to be inserted between the 
dies, and the material being shaped and fed out of the dies 
are Substantially horizontal. 

0067. In the method according to a further embodiment 
of the present invention for operating the plate reduction 
preSS apparatus of the invention, the positions of the upper 
Surfaces of the downstream up and down table rollers are 
determined to be identical to the positions of the upper 
Surfaces of the upstream table rollers and the downstream 
table rollers, when no long material to be shaped is inserted, 
or being reduced or formed in the direction of the plate 
thickness between both dies. 

0068. When using the plate reduction press apparatus of 
the present invention according to the method of another 
embodiment of the invention, the positions of the upper 
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Surfaces of the upstream up and down table rollers are 
determined to be identical to the positions of the upper 
Surfaces of the downstream table rollers, when no long 
material to be shaped is inserted, or being reduced or formed 
in the direction of the plate thickness between both dies. 
0069. In the method for operating the plate reduction 
preSS apparatus according to one embodiment of the present 
invention, when no long material to be shaped is inserted, or 
being reduced or formed in the direction of the plate 
thickness between both dies, the positions of the upper 
Surfaces of the upstream up and down table rollers and the 
downstream table rollers are determined to be identical to 
each other. 

0070. With the plate reduction press apparatus of one 
embodiment of the present invention, the vertical positions 
of the downstream up and down table rollers located on the 
transfer line downstream of the dies are adjusted according 
to the amount of the reduction in the direction of the plate 
thickness of the material being shaped by the dies, and the 
lower Surface of the material being shaped and fed out from 
the dies is maintained in the most Suitable State. 

0071. In the plate reduction press apparatus of another 
embodiment of the present invention, the vertical positions 
of the upstream up and down table rollers located on the 
transfer line upstream of the dies are adjusted according to 
the amount of the reduction in the direction of the plate 
thickness of the material to be shaped, and the lower Surface 
of the material to be inserted between the dies and shaped is 
maintained in the most Suitable State. 

0072. In the plate reduction press apparatus according to 
one embodiment of the present invention, the vertical posi 
tions of the upstream up and down table rollers located on 
the transfer line upstream of the dies and the downstream up 
and down table rollers located on the transfer line down 
Stream of the dies are adjusted according to the amount of 
the reduction in the direction of the plate thickness of the 
material being formed by the dies, and the lower Surface of 
the material being shaped and fed out from between the dies 
is maintained in the most Suitable State. 

0073. When using the plate reduction press apparatus of 
the invention according to the method of one embodiment, 
the Vertical positions of the downstream up and down table 
rollers on the portion of the transfer line near to the press 
machine are determined in Such a manner that the material 
being reduced, shaped and fed out from between the dies is 
Substantially horizontal, and the Vertical positions of the 
downstream up and down table rollers farther down the 
transfer line are determined in Such a manner that the 
material being Shaped and fed out of the aforementioned 
downstream up and down table rollers gradually descends 
towards the downstream table rollers and the portion of the 
material being reduced and shaped is moved Smoothly. 
0074 According to the method of one embodiment of the 
present invention for operating the plate reduction press 
apparatus of the invention, the vertical positions of the 
upstream up and down table rollers near the dies are deter 
mined in Such a manner that a long material to be shaped, 
which is to be inserted between the dies, is substantially 
horizontal, when the long material to be shaped is inserted, 
reduced and formed in the direction of the plate thickness 
between both dies, the portion of the material to be reduced 
and shaped is moved Smoothly. 
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0075) When the plate reduction press apparatus of the 
present invention is operated according to the method of one 
embodiment of the invention, the vertical positions of the 
upstream up and down table rollers and the downstream up 
and down table rollers are determined in Such a manner that 
the material being reduced, shaped and fed out from between 
the dies is Substantially horizontal, and the portion of the 
material to be reduced and shaped and the portion of the 
material being reduced and shaped are moved Smoothly. 
0.076 According to the method of the present invention 
for operating the high-reduction press apparatus of the 
invention, the vertical positions of the downstream up and 
down table rollers are determined to correspond with the 
positions of the upstream table rollers and the downstream 
table rollers, and material passed between the dies without 
being reduced and shaped is moved Smoothly. 
0077. When the plate reduction press apparatus of the 
present invention is operated by the method of a further 
embodiment, the positions of the upper Surfaces of the 
upstream up and down table rollers are determined to be 
identical to the positions of the upper Surfaces of the 
downstream table rollers, and material passed between the 
dies without being reduced and formed is moved Smoothly. 
0078. In the method of the present invention for operating 
the high-reduction press apparatus according to one embodi 
ment of the invention, the Vertical positions of the upstream 
up and down table rollers and the downstream up and down 
table rollers are determined to be the same as each other, and 
material passed between the dies without being reduced and 
shaped is moved Smoothly. 
0079. Furthermore, according to the plate reduction 
pressing method according to one embodiment of the 
present invention for achieving the aforementioned first 
object of the invention, a first reduction in plate thickness is 
performed; in this Sub-method the material to be shaped is 
transferred from the upstream side of the transfer line to the 
downstream Side of the transfer line, upstream dies with 
forming Surfaces facing the above-mentioned material to be 
shaped are moved towards the material to be shaped as the 
upstream dies are moved in the downstream direction of the 
transfer line and the upstream dies are moved away from the 
material to be shaped as the upstream dies are moved in the 
upstream direction of the transfer line, in Synchronism with 
each other, and the aforementioned material to be shaped is 
reduced and shaped in the direction of the plate thickneSS 
Sequentially, and then the Second reduction in plate thickneSS 
is carried out; in this Sub-method, downstream dies with 
forming Surfaces facing the above-mentioned material to be 
shaped are moved towards the material being shaped in the 
opposite phase to the phase of the upstream dies while the 
downstream dies are moved in the downstream direction of 
the transfer line from above and below a portion of the 
material, whose thickneSS has been reduced by the first plate 
thickness reduction Sub-method, and the downstream dies 
are moved away from the material being shaped as the 
downstream dies are moved in the upstream direction of the 
transfer line, in Synchronism with each other, and the 
material which has been shaped by the first plate reduction 
is further reduced and shaped in the direction of the plate 
thickneSS Sequentially. 
0080 With the plate reduction press apparatus according 
to a further embodiment of the present invention, upstream 
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Sliders are arranged vertically opposite each other on oppo 
Site Sides of a transfer line; in which a material to be shaped 
is transferred, mechanisms for moving the upstream sliders 
move the above-mentioned upstream Sliders towards the 
transfer line and move the upstream Sliders away from the 
transfer line, upstream dies are mounted on the upstream 
Sliders in Such a manner that the upstream dies can move 
along the direction of the transfer line, and are comprised of 
forming Surfaces facing the transfer line, mechanisms for 
moving the upstream dies move the above-mentioned 
upstream dies in a reciprocating manner in the direction of 
the transfer line, downstream sliders are located on the 
transfer line downstream of the upstream sliders, opposite 
each other on opposite Sides of the transfer line, mechanisms 
for moving the downstream sliderS move the downstream 
sliders towards the transfer line and move the downstream 
Sliders away from the transfer line, downstream dies are 
mounted on the downstream Sliders in Such a manner that the 
downstream dies can move along the direction of the trans 
fer line, and are comprised of forming Surfaces facing the 
transfer line, and mechanisms for moving the downstream 
dies move the downstream dies in a reciprocating manner in 
the direction of the transfer line. 

0081. The plate reduction press apparatus according to a 
further embodiment of the present invention is provided 
with, in addition to the components of the plate reduction 
preSS apparatus of the invention, mechanisms for moving the 
upstream Sliders comprised of upstream crank shafts 
arranged on the opposite Side of the upstream Sliders from 
the transfer line, and upstream rods one end of each of which 
is connected to an eccentric portion of one of the upstream 
crank shafts through a first bearing and the other end of each 
of which is connected to one of the upstream Sliders through 
a Second bearing, and mechanisms for moving the down 
Stream Slider comprised of downstream crank shafts 
arranged on the opposite Side of the downstream Sliders 
from the transfer line, and downstream rods one end of each 
of which is connected to an eccentric portion of one of the 
downstream crank Shafts through a third bearing and the 
other end of each of which is connected to one of the 
downstream Sliders through a fourth bearing. 

0082 Furthermore, the plate reduction press apparatus in 
one embodiment of the present invention is provided with, 
in addition to the component devices of the plate reduction 
preSS apparatus of the invention as described above, a 
Synchronous drive mechanism that rotates the upstream 
crank Shafts and the downstream crank Shafts in Synchro 
nism in the same direction in Such a manner that the 
eccentric portions of both of the upstream and downstream 
crank shafts maintain a phase difference of 180. 
0083 Moreover, the plate reduction press apparatus of a 
further embodiment of the present invention is comprised of, 
in addition to the component devices of the plate reduction 
preSS apparatus of the invention, upstream crank shafts and 
downstream crank shafts Supported by bearings in Such a 
manner that both the above-mentioned crank shafts are 
Substantially parallel to the direction orthogonal to the 
transfer line. 

0084. In the plate reduction pressing method according to 
one embodiment of the present invention, an unreduced and 
unformed portion of the material to be shaped is reduced and 
formed in the direction of its plate thickness by the upper 
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and lower upstream dies, in the first plate thickneSS reduc 
tion sub-method, and then the portion of the material to be 
shaped, that has been reduced and formed, is further reduced 
and formed in the direction of its plate thickness by the 
upper and lower downstream dies, in the Second plate 
thickness reduction sub-method, thereby the material to be 
shaped is reduced and shaped efficiently in the direction of 
its plate thickness. 
0085. In addition, the first and second plate thickness 
reduction Sub-methods are operated alternately on an unre 
duced and unformed portion and a partially reduced portion 
of the material to be shaped, respectively, in order to reduce 
the loads applied to the upstream and downstream dies 
during reduction. 
0.086. In any of the plate reduction press apparatus of the 
present invention, the mechanisms for moving the upstream 
SliderS move the upstream dies towards the transfer line 
together with the upstream Sliders, and an unreduced and 
unformed portion of the material to be shaped is reduced in 
the direction of its plate thickness by the upper and lower 
upstream dies, and then the mechanisms for moving the 
downstream SliderS move the downstream Sliders and down 
Stream dies towards the transfer line, and the portion of the 
material to be shaped, already reduced by the upstream dies, 
is further reduced in the direction of its plate thickness by the 
upper and lower downstream dies, thus the material to be 
shaped is reduced and formed efficiently in the direction of 
its plate thickness. 
0087. In addition, the upstream and downstream dies are 
moved towards and away from the transfer line, in the 
opposite phase to each other, by means of the mechanisms 
for moving the upstream and downstream Sliders, respec 
tively, So that the loads applied to the upstream and down 
Stream dies during reduction are made Smaller. 
0088 According to the plate reduction press apparatus of 
one embodiment of the present invention, as invented to 
achieve the first object of the invention, a pair of dies are 
arranged opposite each other on opposite Sides of a transfer 
line of a material to be shaped and moved toward and away 
from each other in Synchronism with each other, upstream 
Side guides are arranged in the close vicinity of the afore 
mentioned dies in the upstream direction of the transfer line 
in Such a manner that the upstream Side guides are opposite 
each other in the lateral direction of the material to be shaped 
on opposite sides of the transfer line, and comprised of a first 
pair of Side guide units that can move towards and away 
from the transfer line, and downstream Side guides arranged 
in the close vicinity of the above-mentioned dies in the 
downstream direction of the transfer line in Such a manner 
that the downstream Side guides are opposite each other in 
the lateral direction of the material being shaped on opposite 
Sides of the transfer line, and comprised of a Second pair of 
Side guide units that can move towards and away from the 
transfer line. 

0089. The plate reduction press apparatus of the present 
invention is provided with a pair of dies arranged opposite 
each other on opposite sides of a transfer line of a material 
to be shaped and moved towards and away from each other 
in Synchronism with each other, upstream Side guides 
arranged in the close vicinity of the aforementioned dies in 
the upstream direction of the transfer line in Such a manner 
that the upstream Side guides are opposite each other in the 
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lateral direction of the material to be shaped on opposite 
Sides of the transfer line, and comprised of a first pair of Side 
units that can move towards and away from the transfer line, 
upstream vertical rollerS Supported by the corresponding 
upstream Side guides in Such a manner that the upstream 
Vertical rollers can contact the lateral edges of the material 
to be shaped, when the material passes between the above 
mentioned upstream Side guides, downstream Side guides 
arranged in the close vicinity of the aforementioned dies in 
the downstream direction of the transfer line in Such a 
manner that the down Stream Side guides are opposite each 
other in the lateral direction of the material being shaped on 
opposite sides of the transfer line, and comprised of a Second 
pair of Side guide units that can move towards and away 
from the transfer line, and downstream vertical rollers 
Supported by the corresponding downstream Side guides in 
Such a manner that the downstream vertical rollers can 
contact the lateral edges of the material being shaped, when 
the material passes between the downstream Side guides. 
0090. In any of the plate reduction press apparatus 
according to one embodiment of the present invention, a 
material to be reduced and shaped is moved from the 
upstream Side to the downstream side of the transfer line, 
guided into the upper and lower dies by the left and right Side 
guide units of the upstream Side guides, the material to be 
shaped, after being reduced and formed by the dies and fed 
out on the downstream Side of the transfer line, is prevented 
from being deflected to the left or right, by the left and right 
Side guide units of the downstream Side guides. 
0091. With the plate reduction press apparatus according 
to one embodiment of the present invention, when the 
material to be shaped is guided into the dies by the left and 
right Side guide units of the upstream Side guides, the lateral 
edges of the material are guided by the upstream vertical 
rollers to protect the lateral edges of the material to be 
shaped from rubbing against the Side guide units, and the 
lateral edges of the material to be shaped are restrained by 
the left and right Side guide units of the downstream Side 
guides to prevent the material to be shaped from being 
deflected to the left or right, and guided by the downstream 
Vertical rollers to protect the lateral edges of the material to 
be shaped from rubbing against the Side guide units. 

0092. 2. The second object of the present invention is to 
provide a plate reduction press apparatus with (1) the 
capability of a flying preSS apparatus that can reduce a 
material to be pressed while it is being moved, (2) Small 
number of component parts and a simple configuration, (3) 
a reduced number of portions that slide under load, (4) the 
capability for operating under a heavy load at a high 
operating rate, and (5) a simply constructed means of 
adjusting the positions of the dies and correcting the thick 
neSS of a material to be pressed. 
0093. The plate reduction press apparatus according to 
one embodiment of the present invention offers a plate 
reduction preSS apparatus provided with upper and lower 
drive shafts arranged opposite each other above and below 
a material to be pressed, and made to rotate, upper and lower 
preSS frames one end of each of which engages with one of 
the aforementioned drive shafts in a freely slidable manner, 
and the other ends of which are connected together in a 
freely rotatable manner, a horizontal guide device that 
Supports the above-mentioned preSS frames at the point of 
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connection in a manner that allows them to Slide in the 
horizontal direction, and upper and lower dies mounted at 
the ends of the upper and lower press frames, opposite the 
material to be pressed, in which the upper and lower drive 
shafts are constructed as a pair of eccentric Shafts that are 
located at both lateral ends and which have a phase differ 
ence relative to each other, and the upper and lower dies that 
are opened and closed with a rolling action by rotating the 
drive shafts, and the material to be pressed is transferred as 
the material is being pressed. 
0094. According to the configuration of the present 
invention as described above, when the drive shafts are 
rotated, the upper and lower dies move in a circular path, 
while rolling laterally at the same time, and are opened and 
closed by the pair of eccentric shafts of which the phase 
angles are shifted relative to each other. Consequently, the 
material to be pressed can be conveyed while being pressed, 
because the upper and lower dies move in the direction of 
the line while they are closing. In addition, because the 
upper and lower dies close with a rolling action, the load 
during pressing can be reduced. The amount of reduction is 
determined by the eccentricity of the eccentric Shafts, So 
high-reduction pressing is possible without being limited by 
a nip angle, etc. Moreover, because the material to be 
pressed is conveyed while being reduced, the apparatus 
operates as a flying preSS. 

0.095. In addition, only the eccentric shafts withstand 
loads during pressing, and the horizontal guide device is 
acted on by only a rather Small load that only cancels the 
moments applied to the preSS frames, and furthermore, the 
moments applied to the upper and lower preSS frames cancel 
each other, So that the load imposed on the horizontal guide 
device is further reduced. Therefore, the construction can be 
Simplified with a Small number of component parts, and with 
a Small number of portions that Slide under load during 
pressing, and as a result, the apparatus can operate with high 
loads at a high operating frequency. 

0096. According to the plate reduction press apparatus 
according to a further embodiment of the present invention, 
a driving device to rotate and drive the drive Shafts is 
provided, and the rotational Speed of the driving device can 
be varied, and the rotational Speed is determined in Such a 
manner that the Speed of moving the dies during reducing 
Substantially matches the Speed of feeding the material to be 
pressed. 

0097 With this configuration, the speed of the dies in the 
line direction can be made to be Substantially equal to the 
Speed of feeding the material to be pressed (a slab), So the 
load on the driving device that rotates and drives the drive 
shafts can be reduced. 

0098. The plate reduction press apparatus according to a 
further embodiment is provided with a looper device that 
creates a Slack portion in the material to be pressed on the 
downstream Side and holds up the material. In this configu 
ration, the looper device can absorb deviations between the 
Speed of the dies in the line direction and the Speed of 
feeding the material to be pressed, So that the line Speed can 
be synchronized with a finish rolling mill located further 
downstream. 

0099. The plate reduction press apparatus according to a 
further embodiment of the present invention provides a plate 
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reduction preSS apparatus configured with upper and lower 
crank Shafts arranged opposite each other above and below 
a material to be pressed and made to rotate, upper and lower 
preSS frames one end of each of which engages with one of 
the aforementioned crank shafts in a freely slidable manner, 
and the other ends of which are connected together in a 
freely rotatable manner, horizontal guide devices that Sup 
port the above-mentioned preSS frames at the point of 
connection in a manner that allows them to move horizon 
tally, and upper and lower dies mounted at the ends of the 
upper and lower preSS frames, opposite the material to be 
pressed; in which the crank Shafts rotate to open and close 
the upper and lower dies, So transferring the material while 
pressing the material to be pressed, the material is trans 
ferred. 

0100. According to the above configuration based on the 
present invention, the upper and lower dies move in a 
circular path when the crank Shafts rotate, and open and 
close. Consequently, as the upper and lower dies move in the 
direction of the line while closing, the material to be pressed 
can be conveyed while being reduced. The amount of 
reduction is determined by the eccentricity of the crank 
shafts, therefore high-reduction pressing is possible without 
being limited by a nip angle, etc. Also, the apparatus 
operates as a flying press because the material to be pressed 
is transferred while being reduced. 
0101. In addition, only the crank shafts withstand loads 
during pressing, and because the horizontal guide devices 
are acted on by only relatively Small loads that are Sufficient 
to only cancel the moments acting on the preSS frames, and 
also because the moments applied to the upper and lower 
preSS frames cancel each other, the loads on the horizontal 
guide devices become still Smaller. As a result, the construc 
tion of the apparatus is made Simple with few component 
parts, and with a Small number of components that Slide 
under load during pressing, So that the apparatus can operate 
with large loads at a high operating frequency. 

0102. With the plate reduction press apparatus according 
to yet another embodiment of the present invention, a 
driving device for rotating and driving the crank shafts is 
provided, and the rotational Speed of the driving device is 
variable and is determined in Such a manner that the Speed 
of the dies in the line direction during pressing Substantially 
matches the Speed of feeding the material to be pressed. 
0.103 With this configuration mentioned above, the speed 
of the dies in the line direction can be made to be substan 
tially the same as the Speed of feeding the material to be 
pressed (a slab), So the load on the driving device that rotates 
and drives the crank Shafts can be reduced. 

0104. The plate reduction press apparatus according to 
another embodiment is provided with a looper device that 
creates a Slack portion in the material to be pressed on the 
downstream Side and holds up the material. Using this 
configuration, the looper device can absorb differences 
between the speed of the dies in the line direction and the 
Speed of feeding the material to be pressed, So that the Speed 
of the line can be synchronized with that of a finish rolling 
mill located further downstream. 

0105 The plate reduction press apparatus according to 
another embodiment is provided with up and down height 
adjusting plates that are maintained between the dies and the 
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preSS frames, and the plates adjust the heights of the dies. By 
replacing these height adjusting plates, the heights of the 
dies can be adjusted freely, So compared to a conventional 
Screw mechanism, etc., the construction of the apparatus can 
be made tougher, Simpler, and more compact than a con 
ventional one, consequently, the apparatus Vibrates leSS and 
fails less often than a conventional machine, So the apparatus 
according to the present invention can be maintained more 
easily whilst the cost is reduced. 
0106 According to a further embodiment of the present 
invention, a hot Slab pressing method is provided in which 
the feeding Speed of the material to be pressed is made 
variable, relative to the maximum speed of the dies in the 
line direction. According to a preferred embodiment of the 
present invention, the Speed of feeding the material to be 
pressed is varied in Such a manner that at the beginning of 
pressing, the Speed is made greater than the aforementioned 
maximum speed, and is made Smaller at the intermediate and 
final Stages. 
0107 The plate reduction press apparatus according to 
another embodiment of the present invention is comprised of 
upper and lower eccentric drive Shafts arranged opposite 
each other above and below a material to be pressed and 
made to rotate, upper and lower Synchronous eccentric 
shafts that rotate around the axes of the above-mentioned 
eccentric drive shafts, upper and lower preSS frames one end 
of each of which engages with one of the Synchronous 
eccentric shafts in a freely slidable manner, and the other 
ends of which are connected together in a freely rotatable 
manner, and upper and lower dies mounted at the ends of the 
upper and lower preSS frames, facing the material to be 
pressed; in which the upper and lower dies are opened and 
closed by rotating the upper and lower eccentric drive shafts, 
and when the material to be pressed is pressed by the dies, 
the Synchronous eccentric Shafts Synchronize the Speed of 
the press frames in the direction of the transfer line with the 
Speed of the material to be pressed in the direction of the 
transfer line. 

0108. With the configuration mentioned above according 
to the present invention, when the drive shafts are rotated, 
the upper and lower eccentric Shafts rotate around fixed 
axes, and due to the rotation of the eccentric Shafts, the upper 
and lower dies move in circular paths while opening and 
closing. As a result, the upper and lower dies can convey the 
material to be pressed in the direction of the line while 
reducing the material, by Synchronizing the Speed of the 
press frames in the direction of the line with the speed of the 
material to be pressed by means of the Synchronous eccen 
tric shafts during pressing with the dies. In this way, the 
amount of the reduction is determined by the eccentricity of 
the eccentric Shafts without any nip angle restriction, etc., So 
high-reduction pressing can be carried out. 
0109) In this apparatus, only the eccentric shafts (dual 
eccentric shafts) that rotate around the axes of the fixed 
shafts withstand loads during pressing, and only rather Small 
loads that merely cancel the moments acting on the preSS 
frames are applied to the connection portions, in addition, 
because the moments acting on the upper and lower preSS 
frames cancel each other, the loads are further reduced. 
Therefore, there are few component parts, the construction 
is Simple, there are only a Small number of sliding locations 
which are loaded during pressing, and the apparatus can 
operate with high loads at a high operating frequency. 
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0.110) 3. The third object of the present invention is to 
offer a plate reduction press apparatus and methods by 
means of which a slab is transferred while the plate thickness 
is being reduced with a high reduction ratio, and for which 
the construction of the apparatus is rather simple and which 
can reduce the slab with little vibration, and for which the 
required length of the apparatus in the line direction can be 
reduced. 

0.111) To achieve the aforementioned third object, one 
embodiment of the present invention presents a plate reduc 
tion press apparatus provided with crank Shafts arranged 
above and below a material to be pressed, sliders which 
engage with the above-mentioned crank Shafts in a freely 
Slidable manner and are moved with an eccentric motion, 
dies mounted on the SliderS facing the material to be pressed, 
and a driving device for driving and rotating the crank 
shafts, in which the aforementioned crank Shafts are com 
posed of eccentric shafts that engage with the Sliders, and 
Support shafts arranged on both sides of the eccentric shafts 
with shaft center lines offset from the shaft center lines of the 
eccentric shafts, and at least one of the Support shafts is 
comprised of a counterweight with an eccentric center 
substantially in a direction at 180, to the direction of 
eccentricity of the eccentric shafts. 
0112 The crank shafts engage directly with the sliders, 
and when the crank shafts rotate, the eccentric Shafts are 
rotated eccentrically about the axes of-the Support shafts, So 
the sliderS move up and down and reduce the material to be 
pressed, while also moving backwards and forwards in the 
direction of the flow of material to be pressed. Thus, the 
sliders and the dies also move in the direction of the flow of 
material to be pressed during pressing, therefore the mecha 
nisms for feeding the material during pressing, shown in 
FIG. 8, are not required. Consequently, the apparatus oper 
ates as a flying press and has a Small number of component 
parts and a simple construction. In addition, because the 
counterweight provided on the Support Shafts is offset in a 
direction substantially 180 to the eccentricity of the eccen 
tric Shafts, the accelerations and decelerations acting on the 
Sliders are canceled and the vibration of the apparatus is 
reduced. 

0113. The plate reduction press apparatus according to 
another embodiment of the present invention is comprised of 
upper and lower press frames one end of each of which 
engages with one of the crank Shafts in a freely slidable 
manner and is rotated eccentrically, and the other ends of 
which are connected together in a freely rotatable manner, 
horizontal guide devices that restrain the press frames at the 
point where they are connected together in a manner Such 
that they are free to move in the horizontal direction, dies 
mounted at the ends of the above-mentioned preSS frames 
facing the material to be pressed, and a driving device for 
driving and rotating the aforementioned crank shafts, in 
which the crank shafts are provided with eccentric shafts 
engaged with the above-mentioned ends of the preSS frames, 
and Support shafts arranged on both sides of the eccentric 
shafts with Shaft center lines eccentric to the Shaft center 
lines of the eccentric shafts, and at least one of the Support 
shafts is comprised of a counterweight with an eccentric 
center substantially in a direction at 180, to the direction of 
eccentricity of the eccentric shafts. 
0114. In this configuration as mentioned above, the ends 
of the preSS frames move in a circular path as the crank 
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shafts rotate, So the dies connected thereto move up and 
down and reduce the material to be pressed, while also 
moving backwards and forwards in the direction of the flow 
of the material to be pressed, consequently by Selecting the 
direction of rotation of the crankshafts, the dies can be made 
to move in the direction of the flow of the material to be 
pressed during pressing, that is, a flying press operation can 
be achieved. The other ends of the upper and lower press 
frames are connected together in a freely rotatable manner, 
and are guided So that they can only move in the horizontal 
direction, therefore the reaction moment imposed on one 
end during pressing can be canceled by the one from the 
other end. The apparatus according to this embodiment also 
does not require the mechanisms for feeding the material 
during pressing, shown in FIG. 8. Consequently there arc 
few components and the construction is simple. In addition, 
the Support Shafts are provided with a counterweight offset 
in a direction substantially at 180 to the direction of 
eccentricity of the eccentric Shafts, So that accelerations and 
decelerations produced at the two ends are canceled out and 
the Vibration of the apparatus can be reduced. 
0115 According to a further embodiment of the inven 
tion, the aforementioned counterweight has a mass Sufficient 
to Store rotational energy and also works as a flywheel. 
0116. As the counterweight rotates on a support shaft, it 
can Store rotational energy, and it functions as a flywheel by 
means of a Sufficient mass provided in the counterweight. 
0117. According to a still further embodiment of the 
invention, the inertia force due to the eccentricity of the 
counterweight is determined So as to Substantially cancel out 
the inertia forces from the sliders and the inertia forces of the 
ends of the press frames. 
0118 Using the configuration described above, the vibra 
tion of the reduction press apparatus can be greatly reduced. 

0119) According to a still further embodiment of the 
invention which is aimed at achieving the third object 
mentioned above, the apparatus is provided with dies 
arranged above and below a slab, and equipped with sliders 
for each of the dies to give the dies an up, down, backwards 
and forwards Swinging motion and a driving device for 
driving the Sliders, in which each of the sliders is composed 
of a main unit with a circular hole with its center line in the 
lateral direction of the Slab, and a crank with a first axis that 
engages with the circular hole and a Second Shaft with a 
diameter Smaller than the diameter of the first shaft with its 
center line offset from the axis of the first shaft, and the 
Second Shaft is rotated and driven by the driving device. 
0120 When the second shaft rotates, the first shaft oper 
ates as a crank about the center line of the Second shaft, and 
the first shaft engages with the circular hole and, moves the 
main unit up and down, and backwards and forwards. 
0121 Thereby, the sliders press the dies, and can move 
the dies in a forward direction during pressing, So that the 
slab is transferred forwards (in the direction of the flow of 
the Slab) while being reduced, therefore a continuous press 
ing operation is enabled. The invention thus provides a large 
amount of reduction because the dies press the Slab from 
both the upper and lower sides of the slab. 
0122) According to another embodiment of the invention, 
there are dies arranged above or below a Slab, Sliders for 
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giving the dies an up and down and backwards and forwards 
Swinging motion, a driving device for driving the Sliders, 
and slab Supporting members arranged opposite the dies 
above and below the slab, in which each of the sliders is 
comprised of a main unit with a circular hole with its axis in 
the lateral direction of the Slab, a first shaft engaged with the 
circular hole, and a crank composed of a Second shaft with 
a diameter Smaller than the diameter of the first shaft and 
with its center line offset from the axis of the first shaft, and 
the second shaft is rotated and driven by the driving device. 
0123 The apparatus according to this embodiment is 
provided with dies either above or below the slab, and slab 
Supporting members are arranged opposite the dies above or 
below the slab, to support the slab. Compared to the inven 
tion of the prior embodiment, the amount of the reduction is 
Smaller, and there is friction between the slab and the 
Support members when the slab being reduced moves for 
wards, but the construction is simpler, and the cost can be 
further reduced. 

0.124. In the scope of the invention according to a still 
further embodiment, the circular holes and the crankS pro 
Vided in the aforementioned sliders are arranged in plurali 
ties in a row along the direction of flow of the slab, and one 
crank accepts the force due to the moment of the load, and 
the other cranks produce pressing forces in this configura 
tion. 

0.125 By arranging pluralities of circular holes and 
cranks in a row in the direction of flow of the slab (for 
wards), the dies can be maintained parallel to each other. In 
addition, the pressing loads can be distributed to Several 
cranks, So the construction of each crank can be made 
Simpler. 

0.126 In the invention according to yet another embodi 
ment, the circular holes and the crankS provided in the 
above-mentioned sliders are arranged in pluralities in a row, 
and one crank accepts the force due to the load moments, 
and the other cranks are configured to produce pressing 
forces. 

0127. With this configuration, one crank bears the forces 
due to the unbalanced moments of the loads, and the other 
cranks generate only pressing forces, So the overall effi 
ciency of a press machine can be increased. 
0128. With the invention according to still a further 
embodiment, the slab is conveyed by pinch rolls or tables, 
and when the Sliders preSS the Slab, it is conveyed at the 
Same Speed as the Speed of the Sliders in the forward 
direction. 

0129. When the sliders press the slab, the slab is trans 
ferred at the same Speed as the forward Speed of the Sliders, 
and at other times, the Slab is conveyed at an appropriate 
Speed, for example, a Speed Synchronized with that of a 
Subsequent machine. In this way, the Slab can be reduced 
most Suitably and conveyed continuously. 

0.130. In the invention according to another embodiment, 
the distance L in which the slab moves in a cycle of the 
pressing period plus the period with a normal transfer Speed, 
is not longer than the length L1 of the dies in the direction 
of flow of the slab. 

0131 Because the distance L slab 1 moves per cycle is no 
longer than the length L1 of the dies in the direction of flow 



US 2003/0192360 A1 

of the Slab, the reduction length for the next cycle is slightly 
Superimposed on the length reduced in the previous cycle. 
Thus, the reduction in thickneSS can be properly accom 
plished. 

0132) According to a further embodiment of the present 
invention, aimed at achieving the third object mentioned 
above the plate reduction press apparatus is provided with a 
pair of dies arranged opposite each other above and below 
a slab, and a Swinging device that gives each of the dies a 
Swinging motion backwards and forwards, towards the slab, 
and eccentric shafts rotating in the above-mentioned circular 
holes, in which each of the aforementioned eccentric shafts 
is comprised of a first shaft rotating in a circular hole with 
center line A on the same axis as the circular hole, and 
driving a second shaft with a center line B offset from that 
of the first shaft by a difference e. 
0.133 According to this configuration, the two eccentric 
shafts rotating in a pair of circular holes in the Sliders are 
located at an inclined angle or perpendicular to the direction 
of feeding the Slab, therefore compared to the case in which 
the eccentric Shafts are installed parallel to the line direction, 
the required length of the apparatus in the direction of the 
line can be reduced In particular, when the eccentric shafts 
are arranged at an inclined angle, the pressing forces acting 
on the two eccentric shafts can be shared equally, So that the 
length of the apparatus in the direction of the line can be 
reduced at the same time as giving equal loading to each 
eccentric shaft. When the eccentric shafts are installed 
perpendicular to the direction of feed of the slab, it is 
possible to load the inner eccentric shafts more than the 
outer ones, and to make the Outer eccentric shafts Smaller. 
0134) Another embodiment of the present invention pro 
vides a plate reduction pressing method using a pair of dies 
arranged opposite each other above and below a Slab, and a 
Swinging device that moves each of the dies towards the 
slab, in which the slab is synchronized with the feeding 
Speed of the dies when the Slab is being pressed by the dies, 
and during the non-pressing period when the Slab is sepa 
rated from the dies, the Slab is fed at a constant Speed 
corresponding to a predetermined cycle Speed. 

0135). Using this method mentioned above, the slab can 
be conveyed according to the upstream and downstream slab 
transfer Speeds, So the entire line can be operated continu 
ously. 

0.136 4. The fourth object of the present invention is to 
provide plate reduction press apparatus and methods that can 
preSS a slab at a high Speed with a large reduction, using a 
Small pressing force, Small driving power, and a Small 
configuration of the entire preSS facilities. 
0.137 To achieve the fourth object given above, the 
invention discloses a plate reduction preSS apparatus in 
which the longitudinal direction is defined as the direction in 
which a material to be pressed moves after being pressed, 
and N dies each of which has the same length in the 
longitudinal direction are arranged with an interval of NL 
between each die, and press the material. 
0.138. Instead of using dies with a length of NL in the 
longitudinal direction, N dies each with a length L are 
arranged in tandem, and the interval between each of the 
dies is made to be NL. After each of the dies has finished 
pressing a material to be pressed, the material is moved 
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longitudinally by a length NL. In this way, the material to be 
pressed can be reduced continually in lengths equal to the 
length NL. When a preSS machine is reciprocated at a high 
Speed, inertia forces are created, and the magnitude of these 
forces depends on the GD2 of the component members that 
are being reciprocated. The GD2 Value of a reciprocating 
body is greater than the sum of the GD2 values of each 
Segment if the body is divided into N Segments. Accord 
ingly, the apparatus can be operated at a higher speed by 
dividing the dies into Segments, because the total inertia 
force is Smaller. In addition, the driving power is reduced 
when the dies are divided. 

0.139. With the invention according to another embodi 
ment, the lateral direction is defined as the direction orthogo 
nal to the aforementioned longitudinal direction, and the 
longitudinal length of the dies is less than the length of the 
dies in the lateral direction. 

0140. The volumes of a material to be pressed, before and 
after pressing, are Substantially equal to each other, therefore 
the Volume of a reduced portion is spread out both longi 
tudinally and laterally. However, if dies are long in the 
longitudinal direction, the material cannot be displaced 
easily in the longitudinal direction, So pressing with a large 
reduction becomes difficult, however because the length of 
the dies in the longitudinal direction is Smaller than the 
length thereof in the lateral direction, the material can also 
be displaced fairly easily in the longitudinal direction, So 
that pressing with a large reduction can be achieved, and also 
the driving power of the plate reduction preSS apparatus is 
reduced. 

0.141. In the invention according to a still further embodi 
ment, the N dies press a material to be pressed at the same 
time. 

0.142 AS N dies press simultaneously, the pressing time 
can be made short and high-speed pressing can be achieved. 
0.143 With the invention according another embodiment, 
at least one of the dies presses at a different time from the 
time the other dies press. 
0144. The power for driving a plurality of dies can be 
reduced by Separating the dies into Several or a couple of 
groupS and differentiating the pressing times. 

0145 According to the plate reduction pressing method 
according to one embodiment for achieving the aforemen 
tioned fourth object of the present invention, the number of 
preSS machines pressing a material to be pressed with a press 
length L in the direction of the flow of the material to be 
pressed is defined as K, the press machines are arranged with 
K=1 on the upstream Side of the pressing line, and with K 
increasing Sequentially to K=N on the downstream Side 
when N preSS machines are arranged in tandem, the material 
to be pressed is pressed in Sequence from K=N to K=1, then 
after the material to be pressed is fed by a length NL, that 
is, the total of the pressing lengths of all the preSS machines, 
the pressing Sequence from K=N to K=1 is repeated The 
pressing force of each press machine is reduced by short 
ening the length L of the material to be pressed by each press 
machine from K=1 to K=N, so that press facilities are made 
Smaller. 

0146 According to a still further embodiment of the 
invention, the number of press machines pressing a material 
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to be pressed with a press length L in the direction of the 
flow of the material to be pressed is defined as K, the preSS 
machines are arranged with K=1 on the upstream Side of the 
pressing line, and with Kincreasing Sequentially to K=N on 
the downstream Side when N press machines are arranged in 
a tandem configuration, each press machine reduces the 
material by At, press machine Kreduces the material by At 
from its thickness after being pressed by preSS machine K=1, 
and the material is pressed by repeatedly feeding the mate 
rial by one press length L after pressing the material in 
Sequence from press machine K=1 to preSS machine K=N. 
0147 Each press machine, K=1 to K=N, presses the same 
portion of a material to be pressed in turn, by an amount At 
each, that is, by a total of NAt, therefore a large amount of 
reduction can be obtained in total, although each preSS 
machine only exerts a Small pressing force. Accordingly, the 
capacity of each press machine can be Small, and the 
pressing facilities are reduced in size. 
0148 5. The fifth object of the present invention is to 
provide a plate reduction press apparatus and methods with 
which a reduction operation by a reduction press machine 
and a rolling operation by a downstream rolling mill can be 
carried out at the same time, the capacities of the device for 
transferring the material to be pressed and the device to 
provide a Swinging motion during reduction are Small, the 
apparatus can be easily operated in Series with downstream 
equipment, and even if the moving Speed of the dies 
becomes different from the moving Speed of the conveyor 
device during a pressing operation, the equipment will not 
be damaged, the material being pressed will not be bent, nor 
will the conveyor device be overloaded. 
0149) To achieve the fifth object described above, the 
invention is provided with Speed adjusting rolls arranged 
between a reduction press machine and a rolling mill with 
SpaceS provided to deflect the material to be pressed, meter 
ing instruments arranged near the aforementioned speed 
adjusting rolls or in the vicinity thereof, to measure the 
length of the material to be pressed which has passed, and 
a control apparatus for controlling the operations of the 
above-mentioned reduction press machine and adjusting 
both Speed adjusting rolls according to the measurement of 
the length metering instrument. 
0150. The control apparatus controls the operations of 
both the Speed adjusting rolls and the press machine So that 
the material to be pressed is deflected between the preSS 
machine and the rolling mill to absorb any Speed difference 
between the preSS machine and the rolling mill when the 
material is passing between them, length metering instru 
ments are provided at both ends of the deflection between 
the press machine and the rolling mill to determine the 
difference between lengths passed, and the difference 
between the lengths passed is absorbed by the deflection and 
maintained in a predetermined range. Thereby, the preSS 
machine can press the material Simultaneously with the 
operation of the rolling mill. The preSS machine can be either 
a flying preSS machine or a Start-Stop press machine, as far 
as Simultaneous operation is concerned. 
0151. According to another embodiment of the invention, 
the aforementioned control apparatus takes the difference in 
the measured lengths of material which has passed the two 
length metering instruments over a period of a multiple of 
pressing cycles of the preSS machine, adjusts the number of 
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pressing cycles of the press machine or the transfer Speed of 
the Speed adjusting rolls, or a combination thereof, and 
controls the pressing operations in Such a manner that the 
difference in the lengths passed is brought to 0. 
0152 The difference in the lengths of material passed 
over a period of a multiple of pressing cycles of the press 
machine is absorbed by the deflection, while the control 
apparatus makes an adjustment by increasing or decreasing 
the number of pressing cycles per unit time of the press 
machine, or increases or decreases the transfer Speed of each 
Speed adjusting roll, or a combination of both, in order to 
bring the difference in the lengths passed close to 0. 
0153. According to a further embodiment of the inven 
tion, a deflection metering instrument is provided to measure 
the deflection of the material to be pressed, between the 
above-mentioned speed adjusting rolls, and the aforemen 
tioned control apparatus controls the pressing operations 
according to measurements thereof in Such a manner that the 
deflections remain within a predetermined range. 
0154 Using the configuration described above, the 
deflection is kept within a predetermined range, So the press 
machine and the rolling mill are protected from excessive 
forces that might otherwise be applied if the deflection 
became too Small, and also the elongation of the material 
being pressed at a high temperature due to an excessive 
deflection, can be prevented from occurring. 
O155 The invention according to a further embodiment 
provides a conveyor apparatus for the material being pressed 
that can be raised and lowered and is arranged between the 
aforementioned speed adjusting rolls, in which the material 
to be pressed is conveyed Substantially at the same level as 
the transfer level of the Speed adjusting rolls, when the 
leading end or trailing end of the material to be pressed 
passes the conveyor apparatus. 

0156. At the section where the material to be pressed is 
given a deflection, the conveyor apparatus is provided that 
can be raised and lowered and is equipped with rolls for 
conveying the material being pressed, in which the rolls are 
lowered when a deflection has been formed, and when the 
leading end or trailing end of the material to be pressed 
passes the conveyor apparatus, the level of the conveyor 
rolls is made substantially the same as the transfer level of 
the Speed adjusting rolls. In this way, the leading end or 
trailing end of the material to be pressed or being pressed 
can pass Smoothly acroSS the Section used for the deflection. 
O157 The invention according to a still further embodi 
ment is aimed at achieving the fifth object described above 
in the pressing method of a crank type press machine that 
presses a material to be transferred and pressed using upper 
and lower dies, in which the dies are moved at the same 
Speed as the Speed of the material to be pressed during the 
pressing period, and the Speed of feeding the material to be 
pressed is adjusted during the period when there is no 
pressing taking place in Such a manner that during one cycle, 
the material to be pressed is moved by a predetermined 
distance L. 

0158. The material to be transferred and pressed is 
pressed by dies from above and below the material, and 
during pressing, the material is transferred at the same Speed 
as that of the dies, and when the material is not being 
pressed, the Speed of the material is adjusted to move the 
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material by a distance L for each cycle, So that the material 
to be pressed can be transferred at the same Speed during 
each cycle. In addition, the variations in the transfer Speed 
during a cycle are much less than those of a start-Stop 
apparatus, and the vibration of the equipment is much leSS 
than that of a slider System. 

0159. The invention of another embodiment is provided 
with dies arranged above and below a material to be pressed, 
crank devices for pressing each of the dies, and transfer 
devices for transferring the material to be pressed, in which 
the transfer devices move the material to be pressed at the 
Same Speed as the dies when the crank devices are pressing 
the material to be pressed with the dies, and when the 
material to be pressed is not being pressed, the transfer 
devices adjust the Speed offeeding the material to be pressed 
and move the material by a predetermined distance L during 
one cycle of the pressing operation, and the above-men 
tioned distance L is not greater than the length L0 which is 
the reduction length of the dies in the direction of flow of the 
material to be pressed. 

0160 The upper crank device presses the material to be 
pressed when the die is near its lowest point of travel, and 
the lower crank device presses the same when the die is in 
the vicinity of the highest point of travel. AS long as the dies 
are pressing the material to be pressed, the transfer devices 
transfer the material to be pressed and being pressed at the 
Same Speed as that of the dies. The distance L in which the 
transfer devices move the material to be pressed during one 
cycle of the crank devices is less than the length L0 in which 
the dies press the material in the direction of transfer, So the 
material to be pressed is pressed Sequentially by one length 
at a time. In this mode of operation, variations in the transfer 
Speed of the material to be pressed are limited to a reason 
able range, therefore large-capacity transfer devices are not 
required. Furthermore, with this configuration it is not 
necessary to give heavy Sliders a Swinging motion to match 
the Speed of the material to be pressed, therefore, no 
high-capacity device is required for the Swinging motion. In 
addition, as the material to be pressed is transferred Sub 
Stantially continuously, the apparatus can be integrated eas 
ily with a downstream rolling mill. 

0.161 According to a still further embodiment of the 
invention, in the pressing method of a crank type preSS 
machine that presses a material to be pressed and transferred 
using dies on both Sides in the lateral direction of the transfer 
line, during the pressing period, the material to be pressed is 
moved at the same Speed as the Speed of the dies, and during 
the period when it is not being pressed, the Speed of feeding 
the material to be pressed is adjusted in Such a manner that 
during one cycle the material to be pressed is moved by a 
predetermined distance L. 

0162 The material to be pressed and transferred is 
pressed by the dies from both sides in the lateral direction, 
and during pressing, the material to be pressed is transferred 
at the same Speed as that of the dies, and when the press 
machine is not pressing, the Speed of the material to be 
pressed is adjusted to move the material by a distance L per 
cycle, So that the material to be pressed can be transferred at 
the same Speed during each cycle. In addition, the variations 
in the transfer Speed during a cycle are much less than those 
of a Start-Stop System, and the vibration is also much leSS 
than that of a slider System. 
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0163 The invention of one embodiment is configured 
with dies arranged on both Sides in the lateral direction of a 
material to be pressed, crank devices that press each of the 
dies in the lateral direction, and transfer devices that transfer 
the material to be pressed, in which the transfer devices 
move the material to be pressed at the same Speed as the 
Speed of the dies when the crank devices are pressing the 
material to be pressed in the lateral direction through the 
dies, and when the material to be pressed is not being 
pressed, the Speed of feeding the material to be pressed is 
adjusted, and the material to be pressed is moved by a 
predetermined distance L in one cycle of a pressing opera 
tion, and the above-mentioned distance L is not greater than 
the length LO which is the reduction length of the dies in the 
direction of flow of the material to be pressed. 

0164. The invention of a further embodiment is a modi 
fication of the invention of a prior embodiment using the 
apparatus of a prior embodiment for lateral pressing; the 
crank devices on both sides in the lateral direction of the 
material to be pressed, press the material in the lateral 
direction, using the dies, when they are near the point of 
travel closest to the material. While the dies press the 
material to be pressed, the transfer devices transfer the 
material at the same Speed as that of the dies. Because the 
distance La that the transfer devices move the material to be 
pressed in one cycle of the crank devices is less than the 
pressing length La() of the dies in the direction of flow of the 
material, the material to be pressed is pressed Sequentially 
by a length La during each cycle. These operations keep the 
variations in the transfer speed of the material to be pressed 
in the limits of a reasonable range, So that no large-capacity 
transfer devices are required. In addition, because the con 
figuration is Such that heavy sliders do not have to be given 
a Swinging motion corresponding to the Speed of the mate 
rial to be pressed, no large-capacity Swinging device is 
needed. Also, as the material to be pressed is transferred 
essentially continuously, the material can be easily passed on 
to a downstream rolling machine. 
0.165 According to yet another embodiment of the inven 
tion, a looper that forms a loop in the material to be pressed 
and adjusts the length thereof is provided downstream of the 
transfer devices Specified above. 

0166 The transfer speed of the material to be pressed 
varies during one cycle of the crank devices. Consequently, 
the looper is provided to enable the material to be smoothly 
passed on to a Subsequent rolling mill etc. 

0167] To achieve the fifth object described above, the 
invention of a further embodiment relates to the pressing 
method of a crank type press machine that presses a material 
to be transferred with pinch rolls and pressed with upper and 
lower dies, during the pressing period, the pinch rolls rotate 
in Such a manner that the peripheral Speed of the pinch rolls 
is made equal to the combination of the horizontal Speed of 
the dies and the elongation Speed of the material to be 
pressed, added or Subtracted, and transfer the material to be 
pressed, and when the preSS machine is not pressing, the 
Speed of feeding the material to be pressed is adjusted in 
Such a manner that during one cycle, the material to be 
pressed is moved by a predetermined distance L, and the 
preSSure of the pinch rolls during the pressing period is made 
Smaller than the preSSure thereof during the non-pressing 
period. 



US 2003/0192360 A1 

0168 The material to be pressed and transferred is 
pressed by the dies from above and below the material, and 
during the pressing period, the pinch rolls are rotated at the 
peripheral Speed equal to the Sum of the horizontal Speed of 
the dies plus or minus the elongation Speed of the material 
to be pressed, and transfer the material to be pressed, and 
when the apparatus is not pressing, the Speed of the pinch 
rolls is adjusted to give a moving distance of L per cycle, So 
the material to be pressed can be transferred at an equal 
Speed during each cycle. In addition, because the pressure of 
the pinch rolls is made Smaller during pressing than during 
the non-pressing period, even if there is a deviation between 
the Sum of the Speeds and the transfer Speed of the pinch 
rolls, flaws can be prevented from being produced in the 
material to be pressed. Furthermore, variations in the trans 
fer Speed during a cycle are significantly Smaller than those 
of a Start-Stop System, and the vibration is much less than 
that of a Slider System. 

0169. The plate reduction press apparatus of another 
embodiment is provided with dies arranged above and below 
a material to be pressed, crank devices that press each of the 
dies, and pinch rolls that transfer the material to be pressed, 
in which the pinch rolls rotate in Such a manner that the 
peripheral Speed of the pinch rolls is made equal to a 
combination of the horizontal Speed of the dies plus or minus 
the elongation Speed of the material to be pressed, and 
transfer the material to be pressed when the crank devices 
are pressing the material to be pressed through the dies, and 
when the press machine is not pressing, the Speed of feeding 
the material to be pressed is adjusted in such a manner that 
during one cycle, the material to be pressed is moved by a 
predetermined distance L and the distance L is not greater 
than the reduction length LO of the dies in the direction of 
flow of the material to be pressed, and the preSSure of the 
pinch rolls is made Smaller during pressing with the dies 
than the pressure during the non-pressing period. 

0170 The upper crank devices press the material to be 
pressed using the dies, near the lowest point of travel, and 
the lower crank devices press the material with the dies near 
to the uppermost point of travel. While the dies are pressing 
the material to be pressed, the pinch rolls rotate at the same 
peripheral Speed as the combined Speed of the Speed of the 
dies plus or minus the elongation Speed of the material to be 
pressed, So that the material to be pressed is transferred. 
Because the distance L by which the pinch rolls transfer the 
material to be pressed during one cycle of the crank devices 
is less than the pressing length LO of the dies in the direction 
of flow, the material to be pressed is pressed Sequentially in 
StepS each of length L. In addition, because the pressure of 
the pinch rolls is made Smaller during pressing than the 
preSSure during the non-pressing period, the material is 
protected from the occurrence of flaws even if there is a 
deviation between the combination Speed and the transfer 
Speed of the pinch rolls. Variations in the transfer Speed of 
the material to be pressed are kept within reasonable limits 
during these operations, So no large-capacity transfer appa 
ratus is required. Also, the configuration does not require 
heavy sliders to be given a Swinging motion in Synchronism 
with the Speed of the material to be pressed, therefore no 
large-capacity Swinging apparatus is needed. Because the 
material to be pressed is transferred essentially continuously, 
the preSS apparatus can easily be used in tandem with a 
downstream rolling mill. 
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0171 According to the invention of another embodiment, 
the pressure on the above-mentioned pinch rolls is made 
Smaller for a predetermined time t before or after the press 
machine begins to press. 
0172 By reducing the pressure on the pinch rolls at a 
predetermined time t before the preSS machine begins to 
preSS, the pinching force of the pinching rolls on the material 
to be pressed decreases, therefore the dies can grip the 
material to be pressed more firmly. The time t is the time 
required for gripping. When the pressure of the pinch rolls 
is made Smaller at a predetermined time t after the beginning 
of pressing, it is intended to make Sure the dies are capable 
of gripping the material to be pressed more firmly. 

0.173) In the invention of a further embodiment, the 
preSSure of the above-mentioned pinch rolls is made Smaller 
when the pressing load becomes more than a predetermined 
value. 

0.174. The pinch rolls press the material to be pressed 
with a high preSSure until the pressing load of the press 
machine becomes more than a predetermined value, to 
Securely feed the material to be pressed into the press 
machine, and thereafter the pressure is reduced. 

0.175. The invention of a still further embodiment, aimed 
at achieving the fifth object mentioned above is comprised 
of inlet transfer devices that are arranged on the upstream 
Side of a preSS machine, to transfer a material to be pressed, 
and can be raised and lowered, and outlet transfer devices 
that are arranged on the downstream side of the press 
machine, and transfer the material being pressed, and can be 
raised and lowered, in which the aforementioned inlet trans 
fer devices are adjusted to give a height of transfer according 
to information which has been input concerning the thick 
neSS of the material to be pressed, in Such a manner that the 
center line of the thickness of the material to be pressed is 
the same as the center line of the preSS machine, and the 
above-mentioned outlet transfer devices are adjusted for a 
height of transferring according to information about the 
thickness of the material after being pressed, in Such a 
manner that the center line of the thickness of the material 
is the same as the center line of the press machine. 
0176 With a press machine in which a material to be 
pressed is transferred and pressed by dies from above and 
below the material, the preSS is designed So that a line 
midway between the dies is at a predetermined height, and 
the line passing through this height is called the preSS center 
line. The thickness of a material to be pressed has been 
measured during a proceSS on the upstream Side of the 
transfer line, when the material is delivered to the press 
machine. The height of transfer from the inlet transfer 
devices is determined So that the center of the thickness of 
the material coincides with the press center line. In addition, 
the thickness of the material after being pressed by the press 
machine is known from the design value of the press or by 
measurement, So the height of transfer of the outlet transfer 
devices is determined So that the center of the thickness of 
the material after being pressed matches the preSS center 
line. Consequently, the material being pressed is not bent 
after pressing, and also the outlet transfer devices will not be 
damaged. 

0177. In another embodiment of the invention, inlet 
transfer devices are provided that are arranged on the 
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upstream Side of a preSS machine for pressing a material to 
be pressed between upper and lower dies, that transfer the 
material to be pressed, and can be raised and lowered, and 
outlet transfer devices that are arranged on the downstream 
Side of the aforementioned preSS machine, transfer the 
material being pressed, and can be raised and lowered, in 
which when the material to be pressed is passed through the 
preSS machine without being pressed with the upper and 
lower dies open, the transfer heights of the above-mentioned 
inlet transfer devices and the aforementioned outlet transfer 
devices are determined to be identical to each other and 
higher than the upper Surface of the opened lower die. 
0178. In practice, a material to be pressed must some 
times be passed through a press machine without pressing, 
or a material which has been pressed unsuccessfully must be 
transferred in the reverse direction. In Such cases, the upper 
and lower dies are opened, the transfer heights of the inlet 
transfer devices and the outlet transfer devices are made 
identical to each other and higher than the upper Surface of 
the opened lower die, then the material to be pressed or 
which has been pressed can be passed either forwards or 
backwards. 

0179 According to a still further embodiment of the 
invention, the transfer method concerns the transfer devices 
that are arranged on the upstream and downstream Sides of 
a press machine and can adjust the transfer height of a 
material to be pressed, in which both transfer devices can 
transfer the material to be pressed or after being pressed 
while the transfer devices maintain the height of the center 
of the thickness of the material to be pressed, unchanged 
during pressing. 
0180. The transfer devices arranged on the upstream and 
downstream Sides of the press machine do not cause bending 
or otherwise adversely affect the material to be pressed and 
avoid unnecessary loads being imposed on the transfer 
devices, by adjusting the height of the center of the thickneSS 
of the material being pressed So that the height of the center 
of the thickness of the material is kept at the same level 
during transfer and pressing 
0181. According to another embodiment of the invention, 
the transfer method concerns the transfer devices that are 
arranged on the upstream and downstream Sides of a press 
machine and can adjust the transfer height of a material to 
be pressed, in which when the preSS dies are opened verti 
cally in Such a manner that the material to be pressed does 
not contact the dies when the material to be pressed is passed 
through the press machine, both transfer devices transfer the 
material to be pressed at the same height. 
0182. In practice, a material to be pressed must some 
times be passed through a press machine without pressing, 
or a material which has been pressed unsuccessfully must be 
transferred in the reverse direction. At this time, the preSS 
dies are opened upwards and downwards So that they do not 
touch the material to be pressed, and the material to be 
pressed is transferred with both transfer devices maintained 
at the same height. 
0183 The other objects and advantages of the present 
invention will be revealed as follows by referring to the 
attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0184 FIG. 1 is a schematic view of an example of a 
rolling mill used for hot rolling. 
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0185 FIG. 2 is a schematic view showing an example of 
reduction forming in the direction of plate thickness of a 
material to be shaped using dies. 
0186 FIG. 3 is a conceptual view showing an example of 
a flying Sizing preSS apparatus. 

0187 FIG. 4 is a structural view of a conventional 
high-reduction preSS machine. 
0188 FIG. 5 is a view showing a conventional flying 
reduction press machine. 
0189 FIG. 6 is a view showing an example of the 
configuration of a reduction press machine using conven 
tional long dies. 
0.190 FIGS. 7(A), 7(B), and 7(C) are views showing the 
operation of the apparatus shown in FIG. 6. 
0191 FIG. 8 shows the method of reducing thickness 
used during hot pressing. 
0192 FIG. 9 is a general view seen from the side of the 
transfer line, of the first embodiment of the plate reduction 
preSS apparatus according to the present invention. 
0193 FIG. 10 is a conceptual view showing the displace 
ment of the dies shown in FIG. 9 with respect to the transfer 
line, and the Swinging motion of the dies. 
0194 FIG. 11 is a conceptual view showing the displace 
ment of the dies shown in FIG. 9 with respect to the transfer 
line, and the Swinging motion of the dies. 
0.195 FIG. 12 is a conceptual view showing the displace 
ment of the dies shown in FIG. 9 with respect to the transfer 
line, and Swinging motion of the dies. 
0.196 FIG. 13 is a conceptual view showing the displace 
ment of the dies shown in FIG. 9 with respect to the transfer 
line, and the Swinging motion of the dies. 
0197 FIG. 14 is a general view seen from the side of the 
transfer line, of the Second embodiment of the plate reduc 
tion preSS apparatus according to the present invention. 
0198 FIG. 15 is a general view seen from the side of the 
transfer line, of the third embodiment of the plate reduction 
preSS apparatus according to the present invention. 
0199 FIG. 16 is a general view seen from the side of the 
transfer line, of the fourth embodiment of the plate reduction 
preSS apparatus according to the present invention. 
0200 FIG. 17 is a side view showing the fifth embodi 
ment of the plate reduction press apparatus according to the 
present invention. 
0201 FIG. 18 is a side view of the embodiment of FIG. 
17 showing the location of the up/down table rollers when 
the material to be shaped is not being reduced or formed. 
0202 FIG. 19 is a side view showing the sixth embodi 
ment of the plate reduction press apparatus according to the 
present invention. 
0203 FIG. 20 is a side view of the embodiment of FIG. 
19 showing the location of the up/down table rollers when 
the material to be shaped is not being reduced or formed. 
0204 FIG. 21 is a conceptual view seen from the side of 
the transfer line of the seventh embodiment of the plate 
reduction press apparatus according to the present invention, 
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when the upstream dies are in the most separated position 
from the transfer line and the downstream dies are in the 
closest position to the transfer line. 
0205 FIG. 22 is a conceptual view seen from the side of 
the transfer line of the seventh embodiment of the plate 
reduction preSS apparatus according to the present invention, 
when the upstream dies are moving towards the transfer line 
and the downstream dies arc moving away from the transfer 
line. 

0206 FIG. 23 is a conceptual view seen from the side of 
the transfer line of the seventh embodiment of the plate 
reduction preSS apparatus according to the present invention, 
when the upstream dies are in the closest position to the 
transfer line and the downstream dies are in the most 
Separated position from the transfer line. 
0207 FIG. 24 is a conceptual view seen from the side of 
the transfer line of the seventh embodiment of the plate 
reduction preSS apparatus according to the present invention, 
when the upstream dies are moving away from the transfer 
line and the downstream dies are moving towards the 
transfer line. 

0208 FIG. 25 is a conceptual view showing the mecha 
nisms for moving the sliders shown in FIGS. 21 through 
24, in a Sectional view in the longitudinal direction of the 
transfer line. 

0209 FIG. 26 is a side view showing the eighth embodi 
ment of the plate reduction press apparatus according to the 
present invention. 
0210 FIG. 27 is a plan view of the apparatus shown in 
FIG. 26. 

0211 FIG. 28 is a sectional view of the cylinder mount 
ing portion of the side guide shown in FIG. 26. 

0212 FIG. 29 is a sectional view of the vertical roller 
support portion of the side guides shown in FIG. 26. 
0213 FIG. 30 shows the configuration of the press 
equipment provided with the plate reduction preSS apparatus 
according to the ninth embodiment of the invention. 
0214 FIG. 31 is a side view of the plate reduction press 
apparatus shown in FIG. 30. 
0215 FIG. 32 is a sectional view along the line A-A in 
FIG. 31. 

0216 FIG. 33 is a schematic view showing the paths in 
which the dies move. 

0217 FIG. 34 is a view showing the movement of the 
dies in the up and down direction relative to the angular 
position 0 of the drive shafts. 
0218 FIG. 35 shows the configuration of a rolling facil 
ity provided with the plate reduction press apparatus accord 
ing to the tenth embodiment of the present invention. 
0219 FIG. 36 is a side view of the plate reduction press 
apparatus shown in FIG. 35. 

O220) 
FIG. 36. 

0221 FIGS. 38(A) and 38(B) are schematic views show 
ing the paths in which the dies move. 

FIG. 37 is a sectional view along the line A-A in 
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0222 FIG. 39 is a diagram showing the plate reduction 
pressing method according to the present invention. 
0223 FIG. 40 shows the configuration of a rolling facil 
ity provided with the plate reduction press apparatus accord 
ing to the eleventh embodiment of the present invention. 
0224 FIG. 41 is a side view of the plate reduction press 
apparatus shown in FIG. 40. 
0225 FIG. 42 is a sectional view along the line A-A in 
FIG. 41. 

0226 FIGS. 43(A) and 43(B) are schematic views show 
ing the paths in which the dies move. 
0227 FIG. 44 is a view showing the movement of the 
dies in the up and down direction relative to the angular 
position 0 of the Synchronous eccentric Shafts 
0228 FIG. 45 shows the configuration of the twelfth 
embodiment of the present invention. 
0229 FIG. 46 is a sectional view along the line X-X in 
FIG. 45. 

0230 FIG. 47 shows one cycle of the operation of a 
slider. 

0231 FIG. 48 shows one cycle of the operation of a 
Slider and the material to be pressed. 
0232 FIG. 49 shows the configuration of the thirteenth 
embodiment of the present invention. 
0233 
FIG 49. 

0234 FIGS. 51(A) and 51(B) are schematic views show 
ing the paths in which the dies move. 

FIG. 50 is a sectional view along the line Y-Y in 

0235 FIG. 52 is a view showing the configuration of the 
fourteenth embodiment of the present invention. 
0236 FIG. 53 is a sectional view along the line X-X in 
FIG 52. 

0237 FIG. 54 shows a practical construction of a slider. 
0238 FIG. 55 shows one cycle of the operation of a 
slider. 

0239 FIG. 56 shows the moving speed of a slab during 
one cycle. 

0240 FIG. 57 shows one cycle of the operation of a 
Slider and a slab. 

0241 FIG. 58 shows the configuration of the fifteenth 
example of the present invention. 

0242 FIG. 59 is a sectional view along the line X-X in 
FIG. 58. 

0243 FIG. 60 is a sectional view along the line Y-Y in 
FIG. 58. 

0244 FIG. 61 shows the construction of the sixteenth 
embodiment of the present invention. 
0245 FIG. 62 is a sectional view along the line X-X in 
F.G. 61. 

0246 FIG. 63 shows the configuration of the seventeenth 
embodiment of the present invention. 
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0247 FIG. 64 shows the configuration of the eighteenth 
embodiment of the present invention. 
0248 FIG. 65 shows one cycle of operation of a slider. 
0249 FIG. 66 shows the moving speed of a slab during 
one cycle. 
0250 FIG. 67 shows the configuration of the nineteenth 
embodiment of the present invention. 
0251 FIGS. 68(A), 68(B) and 68(C) show the operation 
of the nineteenth embodiment, for the case in which each die 
presses at the same time. 
0252 FIGS. 69(A), 68(B) and 69(C) show the operation 
of the nineteenth embodiment, for the case in which each die 
presses in Sequence. 

0253 FIG. 70 shows the configuration of the twentieth 
embodiment of the present invention. 
0254 FIGS. 71(A), 71(B) and 71(C) show the operation 
of the twentieth embodiment, for the case in which all the 
dies press simultaneously. 

0255 FIG. 72 is a side view showing the twenty-first 
embodiment of the present invention. 

0256 FIGS. 73(A) and 73(B) are views describing the 
operation of the twenty-first embodiment. 

0257 FIGS. 74(A) and 74(B) describe the operation of 
the twenty-Second embodiment, when the tip of the material 
to be pressed has been moved to dies 1201 and dies 1202. 
0258 FIGS. 75(A) and 75(B) describe the operations of 
the twenty-Second embodiment, when the tip of the material 
to be pressed has been moved to dies 1203 and dies 1204. 

0259 FIGS. 76(A), 76(B), 76(C) and 76(D) describe the 
operation of the twenty-Second embodiment, when the tip of 
the material to be pressed has passed the dies 1204. 
0260 FIG. 77 shows the configuration of the twenty 
third embodiment of the present invention. 
0261 FIGS. 78(A) and 78(B) show the speed of the 
material to be pressed in the twenty-third embodiment; (A) 
the transfer Speed of the material to be pressed at the outlet 
of the flying press machine, and (B) the transfer speed at the 
inlet of the rolling mill. 
0262 FIG. 79 shows the configuration of the twenty 
fourth embodiment of the present invention. 
0263 FIGS. 80(A) and 80(B) show the speed of the 
material to be pressed in the twenty-fourth embodiment; (A) 
the transfer Speed of the material to be pressed at the outlet 
of the flying press machine, (B) the transfer speed at the inlet 
of the rolling mill. 

0264 FIGS. 81(A) and 81(B) show the configuration of 
the twenty-fifth embodiment of the present invention. 
0265 FIG. 82 shows the crank angle 0 and the pressing 
range of the crank device. 
0266 FIG. 83 is a diagram developed from FIG.82, with 
the crank angle 0 on the X-axis. 
0267 FIG. 84 shows the speed of the reciprocating 
motion of the dies. 
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0268) 
devices. 

0269 FIGS. 86(A), 86(B) and 86(C) are views showing 
the configuration of the twenty-sixth embodiment of the 
present invention. 
0270 FIG. 87 is a view showing the configuration of the 
twenty-Seventh embodiment of the present invention. 
0271 FIG. 88 is a view showing the configuration of the 
twenty-eighth embodiment of the present invention. 
0272 FIGS. 89(A), 89(B) and 89(C) show one cycle of 
operation of a press machine. 
0273 FIG. 90 shows the crank angle 0 and the pressing 
range of the crank devices. 
0274 FIGS. 91(A), 91(B), 91(C), 91(D) and 91(E) show 
the operation of the twenty-eighth embodiment. 
0275 FIG. 92 shows the configuration of the twenty 
ninth embodiment of-the present invention. 
0276 FIG. 93 shows the configuration of the thirtieth 
embodiment of the present invention. 
0277 FIG. 94 shows the configuration of the thirty-first 
embodiment of the present invention. 
0278 FIGS. 95(A), 95(B) and 95(C) show one cycle of 
operation of the preSS machine. 
0279 FIG. 96 shows the configuration of the thirty 
Second embodiment of the present invention. 

FIG. 85 shows the speed variations of the transfer 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0280 The embodiments of the present invention are 
described as follows referring to the drawings. 

0281 (First Embodiment) 
0282 FIGS. 9 to 13 show the first embodiment of the 
plate reduction press apparatus according to the present 
invention; this apparatus is provided with a housing 101 
erected in a predetermined place on a transfer line S So that 
a plate-like material 1 to be shaped can pass through the 
center portion, upstream eccentric shafts 103a, 103b extend 
ing in the lateral direction of the material 1 to be shaped and 
provided with eccentric portions 102a, 102b, downstream 
eccentric shafts 105a, 105b extending in the same direction 
as the aforementioned upstream eccentric shafts 103a, 103b 
and provided with eccentric portions 104a, 104b, upstream 
rods 106a, 106b and downstream rods 107a, 107b extending 
up and down, die holders 109a, 109b for mounting dies 
108a, 108b, and mechanisms 121a, 121b for moving the dies 
backwards and forwards. 

0283) The upstream eccentric shafts 103a, 103b are 
arranged inside the housing 101 Such that the shafts are 
opposite each other above and below the transfer line S, and 
the non-eccentric portions 110a, 110b at both ends of the 
shafts are Supported by upstreamshaft boxes (not illustrated) 
mounted in the housing 101 through bearings. 

0284. The downstream eccentric shafts 105a, 105b are 
arranged inside the housing 101 in Such a manner that the 
shafts are opposite each other above and below the transfer 
line S on the downstream B side of the transfer line 


































































