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57 ABSTRACT 
A method for producing a differential thickness steel 
plate having a step portion at least on one side by hot 
rolling a steel material comprising reversing the hot 
rolling at the half-way region of the steel material and 
effecting the rolling with a finishing temperature in a 
temperature range of 680° to 1050°C. 

6 Claims, 18 Drawing Figures 
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1 
METHOD FOR PRODUCING DIFFERENTIAL 

THCKNESS STEEL, PLATE 

SUMMARY 

The present invention relates to a method for manu 
facturing differential thickness steel plate which is use 
ful for ship building or constructing structures. 
Conventionally a flat steel plate having even thick 

ness in width and length directions has been produced 
for ship building or structure construction as every 
body knows. In case of structures such as ships, tanks, 
sluices or chimneys which are to be loaded with static 
pressure and constructed with the conventional flat 
steel plate, they are constructed in such process that 
flat steel plates of a given dimension are used for the 
upper part of the structures by welding so as to mini 
mize the weight of the upper part, and other flat steel 
plates of smaller thickness than that of the foregoing 
steel plates are used for the lower part of the structures 
by welding with each other to obtain a required length 
and obtain higher mechanical strength at the lower part 
than that at the upper part of the structure. 
However, the construction process mentioned above 

contains not only various problems of repetition of 
working stages in the method, higher processing costs 
and complicated treatment, but also an unavoidable 
disadvantage of poor strength in the quality of material. 
Now, construction of bulkheads for partitioning 

tanks in an oil tanker will be explained hereinafter. Sev 
eral kinds of operations such as, (1) edge preparation 
of welding portions, (2) straightening the butting 
contact edges of steel plates to be welded, (3) butt 
welding the beveled portions in butting contact with a 
each other, (4) welding of reinforcement, and the like, 
have to be carried out in turn, and are very trouble 
some, in particular, in the operation of items (2) and 
(4) described above. 
In other words, the process for butting the contact 

edges is required not only to maintain the gap for butt 
ing at the beveling portions but also to adjust and Se 
cure carefully, for instance, the linear property, surface 
smoothness, and right angle of edges of thick steel plate 
to be seamed. 
Thick steel plates to be welded together have to be 

arranged to the fitting position with the aid of a ma 
chine tool such as a jack or crane, since the plates to 
be fitted are rather heavy and, in addition, high techni 
cal skill and a fairly long time for the fitting operation 
is required. 
For the welding operation of reinforcement, such as 

a stiffener, etc. to the welded differential steel plate 
mentioned in the foregoing item (4), the reinforcement 
has to be previously worked on the fitting surface 
thereof to form a common shape to the stepped portion 
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of the steel plate, if the surface of the steel plate to be 
welded with a reinforcement is formed in a stepped 
plane. 

In order to avoid the aforementioned troubles, in a 
process previously carried out the steel plates of differ 
ent plate thickness are welded after adjustment of their 
height so as to form a level surface on one side face and 
the level surface portions of welded thickness steel 
plates are welded with a reinforcement. However, in 
the above-mentioned process, it is very troublesome, 
after the welding operation of thick steel plate with a 
reinforcement, to arrange previously for fitting the 
steel plate having a smaller plate thickness to float 
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2 
above the work surface in order to avoid forming 
stepped butting portion of a thick steel plate on the sur 
face to which reinforcement is being welded for the 
second time. 
A reversing operation is required for a thick steel 

plate of huge dimension, in case a thick steel plate is 
welded and a reinforcement is given to the flat welding 
portion of the back surface, and the stepped thick steel 
plate is turned over. 
Increased welding cost is brought and checking for 

detecting deterioration of the material due to heat 
affected inclusions is necessitated, as the weld line be 
comes longer, thus it happens that it is necessary to test 
several welded portions by supersonic flow detecting 
and X-ray inspection. 

It is necessary to solve the problems, which of neces 
sity require high technical skill, of complicated han 
dling of the material to be treated and deterioration of 
the material in order to obtain a differential thickness 
steel plate of a long dimension by welding thick steel 
plates which are cut off at a given dimension. 
A method has been proposed for manufacturing ta 

pered plate which is continuously decreased in plate 
thickness thereof with even gradient for the purpose of 
solving the foregoing problems. However the method 
has been found to be extremely difficult and cost 
wasting at the present stage of industrial production be 
cause of the necessity of technical developments, such 
as automatic mechanical control for thickness of rolled 
plate. 
The present invention is to provide a novel and indus 

trially excellent method, while eliminating the above 
mentioned drawbacks, for manufacturing differential 
thickness hot rolled steel plate. 
Features of the present invention reside in a method 

of producing a differential thickness steel plate having 
a step portion at least on one side, by hot rolling a steel 
material comprising reversing the hot rolling at a half 
way point of rolling steel material and effecting the roll 
ing at a finishing temperature in the temperature range 
of 680 to 1050°C. 

BRIEF DESCRIPTION OF THE DRAWING 

The present invention will now be explained with ref 
erence to the accompanying drawings in which FIGS. 
1-3 are diagrams respectively showing hot rolling of 
steel plate treated by biting-in the tail end portions for 
producing of a differential thickness steel plate with 
steps on both surfaces thereof, according to the present 
invention. 
FIGS. 4-7 are diagrams, respectively, showing hot 

rolling of steel plate by biting-in the front end portions 
for producing a differential thickness steel plate with 
steps on both surface thereof according to the present 
invention. 

FIG. 8 shows hot rolling of steel plate by biting-in the 
tail end portions as well as flat rolling on the lower sur 
face of rolled surfaces by means of a table roller for 
producing a differential thickness steel plate with steps 
on one surface thereof according to the present inven 
tion. 
FIGS. 9 and 10 show flat rolling of the lower surface 

of the rolled surfaces by means of a table roller by bit 
ing-in the front end portions of steel plate for produc 
ing a differential thickness steel plate with steps on one 
surface thereof according to the present invention. 
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FIGS. 11a - 1 le, 2 and l3 are schematic sketches 
respectively show a rolling control device applicable in 
carrying out the manufacturing process of steel plate 
according to the present invention; and 
FIG. 14 shows an example of a differential thickness 

steel plate with steps on one surface thereof manufac 
tured according to the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

In the case of manufacturing a thick steel plate in 
which the steel plate to be rolled at very high tempera 
ture is hot rolled, the present invention is characterised 
in that after the finishing rolling operation for rolling 
conventional thickness plate, a differential thickness 
rolling operation is carried out while the steel plate 
rolled in the finishing rolling process is kept at a tem 
perature higher than that of the hot rolling operation, 
and the rolling operation is carried on from the end 
portion of the steel plate, and subsequently, reversing 
of the rolling mill taken place at the midway point of 
the steel plate for rolling it in the reverse direction so 
as to begin the rolling by biting-in the end portion of 
the steel plate for producing a differential thickness hot 
rolled steel plate. 
One of the features of the present invention lies in 

connection with the method of manufacturing differen 
tial thickness steel plate (steel plate with a stepped por 
tion) by means of a half-way reversing hot rolling pro 
CSS, 

As a method for manufacturing a differential thick 
ness steel plate the following three processes have hith 
erto been proposed. One of them is a half-way biting-in 
process, the second one is a half-way fin meshing pro 
cess and the third one of which is a half-way roll gap 
process. However, the first two processes are not favor 
able due to a prolongation in discontinued period of the 
roll, which causes a fire crack on the roll in contact 
with hot rolled steel plate during the discontinued pe 
riod, or decreased efficiency of production through the 
forming of an empty path, and furthermore lack of pro 
tection for bearings of the roll. 

In the half-way roll gap variation process forming no 
empty path, such troubles are caused as unclear indica 
tion of the starting point of forming differential thick 
ness and difficulty to obtain precise dimensions. 
On the contrary, in the half-way reversing rolling pro 

cess according to the present invention, rolling reduc 
tion for differential thickness is carried out during the 
period of previous roll rotation of the rolling mill, so 
that the steel plate is finished high temperature and the 
rolls are not affected by local heat load for a relatively 
long period of time. 
According to the half-way reversing rolling process 

of the present invention, there occurs very few prob 
lems such as roll cracks or defects in the roll bearings. 
As a requirement for producing the differential thick 

ness plate according to the present invention, the pres 
ent invention is characterized in that the finishing tem 
perature of the steel plate is maintained, at the lowest, 
between 680 to 1050°C. Namely, in case of producing 
the differential thickness steel plate having a step on 
both sides, the half-way reverse rolling is effected at a 
finishing temperature between 680 and 850°C. In case 
of producing the differential thickness steel plate hav 
ing a step only on one side, the plate is subjected to the 
reverse rolling at a finishing temperature between 850 
and 1050°C. 
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4 
The present invention will now be elucidated with 

reference to FIGS. 1-3 in an embodiment of the inven 
tion applied to the manufacture of steel plate having a 
stepped portion on both surfaces thereof. 
Thick steel plate 1 is displaced at the bitingout side 

2' of the rolls 2 to be bit in at the tail end portion 1 
of the steel plate 1 for rolling the steel plate 1 of a de 
sired length, and treated by the half-way reversing roll 
ing process. Thereby the steel plate is rolled through 
the hot rolling mill 2 into a form of a stepped steel plate 
3. 
A roughly rolled steel plate 4 is fed subsequently for 

the finishing rolling and stands by at the bite-in side 2' 
of the hot finishing rolling mill 2, and then is immedi 
ately put under the finishing rolling operation. 
According to the present invention illustrated in the 

embodiment as shown hereinbefore, the increased effi 
ciency of rolling as well as noticeable effect for de 
creasing noises during the conveyance operation is ob 
tained. 

In the present example, the reason for limiting the 
finishing temperature of the steel plate between 680 
and 850°C is that below 850°C it is difficult to effect the 
finish rolling while above 850°C the thin portion droops 
down and thus it is difficult to obtain a step portion on 
both side of the steel plate. The preferable finishing 
temperature range is 750 to 850°C. 
The present invention will now be explained defi 

nitely with reference to the drawings in an embodiment 
of the invention. 
An ordinary steel slab having 2,000mm in width, 

150mm in thickness and 3,000mm in length is heated 
in a continuous heating furnace to a temperature of 
1,250°C and is extracted from the furnace to be placed 
on a roller table. The hot slab thus obtained is treated 
through a scale breaker to be removed of scale, then 
rolled into a thick plate product (roughly rolled steel 
plate 4 to be treated by a finishing rolling roll) having 
2,500-mm width, 80-mm thickness and 4,200-mm 
length by means of a four-high reversing rough rolling 
mill, subsequently being subjected to a finishing rolling 
by means of a four-high reversing finishing rolling mill 
2 into a thick plate 1 having 2,500-mm width, 19-mm 
thickness and 18-m length. 
The aforementioned hot thick plate 1 was subjected 

to the half-way reversing rolling process by means of 
the four-high reversing mill 2. 
The thick plate 1 having 19-mm thickness is placed 

by the outlet 2' of the finishing rolling mill so as to be 
treated by the half-way reversing rolling. The finishing 
rolling mill is set in such a manner that the work roll 2-1 
is provided with a gap having 13.3-mm clearance, and 
the work roll has 30 r.p.m. rotating rate and 4,000 tons 
reduction force, thus the product is bit-in, then com 
paring the pulses from a pulse generator connected 
with a mill motor of the work roll 2-1 with reference 
pulse having a standard length for the half-way revers 
ing, and when the number of pulses are equivalent to 
each other, a control signal for reversing the work roll 
is emitted. The rotating rate of the work roll is in 
creased at the position of 8 m from the bit-in end with 
out variation in a roll gap reverse rolling. Thus the final 
finishing temperature of 800°C is obtained and the roll 
ing operation is completed in two passes. In this way, 
it is possible to obtain a product having differential 
thickness end surfaces in symmetrical configuration on 
both of the upper and the lower surfaces of the steel 



S 
plates with the thinner portion 3' having even thick 
ness of la-mm thickness (said thinner portion having 
8,000-mm plate length from the starting end of the 
step) as well as a steel plate with the thicker portion 
3' having 19-mm plate thickness (said thicker portion 
3' having 12,000-mm plate length from the starting 
end of steps forming a arc shaped taper part of 500-mm 
radius 3' nearly at the center of the plate. Subse 
quently, the product was corrected by a hot levelling 
machine and was cooled on a cooling floor, and then 
cut in a predetermined dimension. 
Next, examples of the present invention for produc 

ing differential thickness plates having a step on both 
sides will be explained by referring to FIGS. 4 to 7. 

In the drawings, 2 is the hot rolling roll, 1 is a material 
to be rolled, 3 is a thick portion, 3’ is a step portion be 
tween the thick portion and a thin portion, 5 is a roller 
table, 6 is a roll of the roller table. 

In FIGS. 4 to 7 the right side of the hot rolling roll 2 
is the outlet side 2' and the left side is the inlet side 2'. 

In FIG. 4 the material 1 is shown to be rolled to a pre 
determined thickness, and it is passed in the direction 
of the arrow A between the rolls 2 provided at a certain 
roll space. Then the material is reversed into the con 
trary direction of the arrow B in the course of the roll 
ing as shown in FIG. 5 and is taken out of the inlet side 
as shown in FIG. 6. In this way, step portions 3' are pro 
duced on the back and front surfaces of the steel plate 
and the thin portion 3' and the thick portion 3 are 

produced on the outlet side and the inlet side respec 
tively. 
Then as shown in FIG. 7, the space between the rolls 

2 is opened, and the material is advanced in the direc 
tion of the arrow C with the thin portion 3' ahead. 
Detailed explanations of the above example are omit 

ted because the explanations made in connection with 
the preceding examples are applicable and similar re 
sults are obtained. 
As mentioned above, in the previous examples of the 

present invention, the material is rolled from its one 
end and in the course of the rolling, the rotation of the 
work roll 2-1 of the finishing hot rolling mill is reversed 
and the bite-in end for the differential thickness rolling 
is used as the bite-out end so that the starting section 
of the step portion has a arc-like taper 3' corresponding 
to the arc of the rolling roll and apart from this taper 
section the thick portion 3 having substantially no 
thickness difference continues. Therefore, in the differ 
ential thickness plate produced by the halfway revers 
ing rolling method of the present invention, the step 
portion or the starting point of the thickness difference 
can be clearly observed by the naked eye and it is possi 
ble to obtain final products accurately meeting sizes 
specified by users. 
As an embodiment of the present invention, the half 

way reversing rolling is divided in stepwise to delay the 
starting point of the reversing in the lengthwise direc 
tion. In this way differential thickness plates having up 
to three or four step portions can be obtained. The ma 
terial to be rolled by the present invention may be spe 
cial steels so far as no welding problem exists. 
The differential thickness plate produced by the pres 

ent invention is mostly 4.8-180-mm in thickness in the 
thin portion, 8-200-mm in thickness in the thick por 
tion and the radial length at the arc tapered portion is 
about 500mm, the thickness difference between the 
thick portion and the thin portion is 0.1-20mm, the 
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6 
thickness ratio of the thick portion to the thick portion 
is 1 : 0.3 or more, and when the condition of thickness 
difference 0.1-20mm is satisfied, very excellent results 
are obtained in mechanical strength and other proper 
ties. Particularly, in the differential thickness plates 
produced by the present invention, as the step portion 
extends in an arc like taper, not only a very beautiful 
shape and excelleht functional fitness are obtained, but 
also there is no concentration of stress in the product, 
there is no chance of deposition of dust, or rust forma 
tion and thus very excellent advantages are obtained in 
view of rust prevention and strength improvement. 
Next, another example of the present invention for 

rolling a differential thickness plate having a step on 
one side shall be described hereinafter. 

In this example, for the production of thick steel 
plate by hot rolling high temperature steel plate, the 
finishing temperature of the differential thickness roll 
ing is maintained between 850-1050°C (not including 
850°C) so that one of the rolled surfaces is almost flat 
and the other rolled surface has a step or tapered por 
tion. For high efficiency of rolling, it is within the scope 
of the present invention to combine the bite-in from the 
end of the steel plate, the bite-out from the bite-in end 
by the half-way reversing rolling and the finishing tem 
perature of the differential thickness rolling all to 
gether. 
The differential thickness steel plate according to the 

present invention is obtained by maintaining the finish 
ing temperature between 850 and 1050°C after the 
material is rolled by the rolling method shown in FIGS. 
1 to 3 or FIGS. 4 to 7 and by transfering the rolled steel 
plate on the roller table, for example to flatten the plate 
surface contacting the roller table. 
This will be described in details by referring to FIG. 

8 and FIGS. 9 and 10. 
In FIG. 8, the differential thickness steel plate 3 hav 

ing step portions on both sides is transferred on the rol 
ler table with the thicker portion ahead. In this case the 
thin portion 3' of the steel plate 3 droop down by its 
gravity and contacts the roller 5 and the step portion 3' 
also droops down by its gravity so that the lower rolled 
surfaces of the thickportion, the step portion and the 
thin portion makes a flat line. In this way, a differential 
thickness steel plate having a step portion on one side 
is obtained. In some cases it is desirable to level thus 
obtained steel plate by knock-down rolls for example 
to adjust the shape of the plate. 

In FIG. 9, the step portion on the back side of the 
steel plate 3 having step portions on both sides finished 
at a temperature between 850 and 1050°C is made flat 
during the transfering the steel plate with the thin por 
tion ahead on the roller table, contacting a number of 
rollers on the step portion. In this way, a differential 
thickness steel plate having a step portion 3' on the 
upper side but no step portion on the back side as 
shown in FIG. 10 is obtained. 
The differential thickness steel plates produced by 

the rolling methods shown in FIG. 8 and FIG. 9 are 
shown in FIG. 14. 
The reason for limiting the finishing temperature of 

the steel plate between 850 and 1050°C for the pro 
duction of a differential thickness steel plate having a 
step only on one side is that below 850°C the thin por 
tion droops down and the flattening of the lower side 
by the roller table is not satisfactory while above 
1050°C the material qualities of the steel plate are dete 
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riorated. The preferred finishing temperature is be 
tween 900 and 950°C. 
One preferable example of the differential thickness 

steel plate having a step on one side according to the 
present invention is illustrated FIG. 14. 

In FIG. 14, the arc tapered portion 11 is positioned 
at a position between one-fourth and three-fourths of 
the total length of the plate. The right and left portions 
to the tapered portion 11 are respectively a thin portion 
13 and a thick portion 12. The thickness rate of the thin 
portion (13) to the thick portion 12 is 1 : 1.2 to 1.5. 
Above, this ratio, the rolling operation will be difficult. 
The most preferred thickness ratio is 3: 4, and a pre 
ferred thickness difference between the thin portion 
and the thick portion is 0.1 - 20mm. In practical appli 
cation, it is desirable if the thickness of the thin portion 
is 4.8 to 180mm with the above thickness difference 
and ratio. 
The bending radius of the arc tapered portion is 400 

to 600mm. The continuation from the flat portion of 
the thick portion to the tapered portion is bordered by 
a converting point 14. This converting point 14 is very 
useful for measuring the length of the thin portion. 
Next, a controlling method applicable to the rolling 

of the differential thickness steel plates having a step 
portion on one or both sides will be described hereinaf 
ter. 

FIGS. 1 1 to 13 show an embodiment of controlling 
in a rolling the differential thickness steel plate having 
a step portion on both sides by biting-in of the tail end 
of the steel plate. 
The drawing shows that in a steel plate SL of H in 

thickness and in length, the thickness of one side be 
comes Ha through H and the length l becomes la + i. 
through the condition of 1 + 1, and thus, a differential 
thickness hot-rolled steel plate SL", having the thick 
ness of H -- Ha and the length of li - la is manufac 
tured. 
The initial data, necessary for a differential thickness 

rolling, are memorized in a computer by any process 
(for example, data transmission, cord paper tape, etc.). 
The dimensions of finished goods, shown by in FIG. 
11e, namely, the thickness H1, H, the length l, la and 
the width W are given numbers. Therefore, the screw 
value S and the length l can be obtained in the follow 
ing manner. 

In FIG. 1 1a-e, the known values are H., H3, l, and 
l. The unknown values are H., l, F, F2 and S. Here, 
F is a rolling reaction force at the time of b and F2, a 
rolling reaction force at the time of d. 
Among these values there are established the follow 

ing relative formulas as a theoretically and experimen 
tally well-known fact. 

H - S = F/M + K 
() 

H - S = F/M -- K 
(II) 

F = F (R H. H. T.) 
(I) 

() 
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F = F (R. H. H. T.) 
(IV) 

l, H. F la Ha 
(V) 

In the above, M is a mill constant, R, the radius of the 
roll; and K, a constant. T is the temperature of a steel 
plate, measured by a thermometer, or the temperature, 
estimated on the basis of the previous pass. T is the 
temperature, obtained by calculation of the amount of 
temperature drop from T. 
The number of the above-mentioned equations is 5, 

while the number of the unknown values is also 5. 
Therefore, the length l and the screw value S can be 
calculated in the following manner. By (I) and (II), 

H - H = (F - F)/M 
Substituting this equation by the equations (III) and 

(IV). 

H - H = F(R H. H. T.) - F(R H. H. T.) | M 
The unknown value H becomes, known by this equa 
tion. 
Next, the thickness H2 is substituted in the equation 

(III) to get the rolling reaction force F. F is substi 
tuted in the equation (I) to get the screw value S. 

Further, the thickness H is substituted in the equa 
tion (V) to get the length 12. 
FIG. 12 shows an example of the apparatus, by which 

a differential thickness hot-rolled steel plate is actually 
manufactured in utilization of these numbers. In the 
drawing, R is a roll of a reversible rolling mill; PS, a pre 
set device for performing a screw setting S, SC 1 and 
SC2, sequence circuits, despatching the commands of 
the table normal or reverse rotation TFR and the mill 
normal or reverse rotation MFR; CPU, a computer; PS, 
a button for ordering the differential thickness rolling; 
LC, a load cell, PLG, a mill rotation meter; TM, a ther 
mometer; and LD, a length indicator. In this apparatus, 
a steel plate is first rolled by an ordinary rolling process 
till it gets the thickness H, and is placed on the rear 
surface of the mill, as shown by (a) in FIG. 1 1. The but 
ton PS for ordering the differential thickness rolling is 
pushed by a roll operator or the code for instruction of 
the differential thickness rolling is put in beforehand. 
So, the screw value S and the length l are calculated 
by the computer CPU on the basis of the temperature, 
actually measured by the thermometer, in consider 
ation of the next pass, performing the differential thick 
ness rolling. 
The screw is set to S and the mill table is so rotated 

that the steel plate is bitten by the mill. At the time 
when the steel plate SL is bitten by the mill, it is started 
on an ON signal of the load cell LC to count the rota 
tion of the mill through the output of the mill rotation 
meter PLG. When the rotation reaches the equivalent 
amount of the length l, the mill table is reversely ro 
tated and the steel plate SL is taken out of engagement. 
Or, the desired point, distant from the centre of the mill 
by the length of the thick part of the plate, is illumi 
nated by a photo-indicator. At the moment when the 
end of the plate reaches the illuminated line, the mill 
is reversely rotated and the steel plate SL is taken out 
of engagement. As the result, the hot-rolled steel plate 



3,896,653 

of the prescribed differential thickness can be ob 
tained. Further, at this time, the length l, and the mea 
sured value la arc indicated by the indicator LD, so that 
the actual result of rolling can be discerned. 
FIG. 13 shows an embodiment example, in which the 

rolling is manually carried out by a roll operator in re 
sponse to the indication of the computer. In this appa 
ratus, an ordinary rolling is carried out till it becomes 
in the condition, shown by (a) in FIG. 1 1. If the roll op 
erator pushes the button PB for ordering the differen 
tial thickness rolling, the computer CPU measures the 
temperature of the steel plate and calculates the length 
l. Starting on the ON signal of the load cell, the rota 
tion of the mill is counted. The reversal timing is ad 
vised to the roll operator by the indicator ID, for in 
struction of the mill reverse rotation. The mill reverse 
rotation is detected by the rotation switching signal of 
the mill turning machine MRS. The measured lengths 
l, la are indicated in the indicator LD to advise the roll 
operator the actual result of rolling. 
As the indicating device LD for instruction of the 

mill reverse rotation there may be enumerated such as 
an analog indicator, for which there are used the pulses 
of the mill rotation number, starting on the starting sig 
nal of the computer, or a lamp indicator, provided with 
several lamps to indicate at suitable intervals for in 
struction of the timing of reverse rotation. The com 
mand from the memory of the computer may be used 
instead of pushing the button for ordering the differen 
tial thickness rolling. The screw value is indicated in 
the indicator LD. 
According to the above-described method, the screw 

value S and the length l are calculated by the computer 
to despatch the command of setting and reverse rota 
tion, so that the plate thickness H3 and the length la can 
be determined very exactly. Namely, when the steel 
plate is pulled out by the reverse rotation of the mill, 
the screw value is not changed. But, the rolling is con 
tinued at that time. The plate thickness is reduced from 
H to H. and the length of the steel plate is stretched 
from 1 to l. The differences AH = H – H and Al Fls 
- l are cited as an instance, as follows: If, H. F 
15.2mm, H. 14.15mm, l = 1 1,160mm and l. 
10,300mm, it results that AH = 1.05mm and Al 
86 () mm. 

It can be found from this result that if the command 
of screw setting and reverse rotation is despatched 
without regard to the differences AH and Al, there may 
be an error, corresponding to the differences. How 
ever, such an error is not made according to the above 
described method. Further, the timing of reverse rota 
tion can be directly commanded to the driving gear 
from the computer, when the length of the steel plate 
reaches l. Or the instruction may be given to the in 
struction device and the worker can promptly despatch 
the command of reverse rotation. Therefore, a very 
exact determination can be performed as compared 
with a method, comprising that a mark is given on the 
line, so that the timing of reverse rotation can be 
checked. 
A complete example of the present invention will 

now be described. This example relates to production 
of a differential thickness steel plate 14mm thick in the 
thin portion, and 17mm thick in the thick portion and 
9,800-mm length in the thin portion and 6500-mm 
length in the thick portion. 
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The molten steel having the following composition 

was prepared in a converter and cast into slabs of 210 
mm thickness, 1,900-mm width and 2,700-mm length 
by a continuous casting. 

Steel Composition 
Mn P S 
1.00 ().()2 (). () () 

C Si 
().3 ().22 

The slabs were heated to 1,260C in a continuous heat 
ing furnace. The slabs taken out of the heating furnace 
were transferred on a roller table and removed of sur 
face scales, and rolled by a reversible four-high rough 
rolling mill to a size of 71-mm thickness and 3,260-mm 
width. These rough rolled materials were further rolled 
in a finishing rolling mill. In the finish rolling mill, first 
the material was rolled into a plate thickness in the 
thick portion, and then the screw value was set at 13.0 
m/m to bite in the material with the thin portion ahead 
at a mill speed of 0.9 m/sec. and at a predetermined 
plate length, the mill was reversed with the screw fixed. 
In this case the accuracy of the plate thickness was de 
termined by a standard deviation (between the actual 
thickness and the aimed thickness). The results showed 
very good accuracy as compared with that of the ordi 
nary rolling. 

In this example, the rolling was done by one back and 
forth rolling, but in case of a larger thickness difference 
where larger reduction force is required, the rolling 
may be done in two or three back and forth rollings. 
The differential thickness steel plate was thus at 

tained at a spped of 150 m/sec. transferred on a 80 m 
length roller table having rollers of 400mm diameter, 
4,700mm length and 900mm roller pitch. During the 
transferring on the roller table the lower side of the dif 
ferential thickness steel plate was flattened. Then the 
plate was subjected to a hot leveller to adjust the shape 
and cooled on a cooling floor. 
What is claimed is: 
1. A method for producing a differential thickness 

steel plate having a step portion at least on one side by 
hot rolling a steel material through a rolling mill com 
prising adjusting the rollers of the rolling mill to a pre 
set roll gap, conveying the steel material to the rolling 
mill, rolling the steel material commencing with an end 
thereof in the rolling mill, reversing the direction of 
rolling of the steel material after a specific portion 
thereof has been rolled, and finishing said rolling with 
a temperature range of 680 to 1050°C whereby a dif 
ferential thickness steel plate is formed. 

2. A method according to claim 1, wherein said tem 
perature range is between 680 and 850°C, and said 
step of reversing the direction of rolling comprises 
forming a step portion on both sides of the steel mate 
rial. 

3. A method according to claim 1, wherein said tem 
perature range is between 850 and 1050°C, and said 
step of finishing said rolling comprises forming a step 
portion on only one side of the steel material and a flat, 
continuous portion on the other side thereof. 

4. A method according to claim 3, wherein said roll 
ing of the steel material commences with the tail end 
thereof, and said step of reversing the direction com 
prises reversing the direction at the half-way region of 
the steel material. 
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5. A method according to claim 3, wherein said step 
of forming a flat portion comprises contacting the other 
side of the steel material with a roller table whereby the 
steel material is caused to level out and form a flat por 
tion due to the force of gravity. 

6. A method according to claim 1, wherein said step 
of reversing the direction of the steel material com 
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prises forming a differential steel plate having a step 
portion in both sides thereof, and said step of finishing 
comprises transferring the steel plate to a roller table 
so as to form a differential steel plate with a step por 
tion on only one side thereof. 
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