Abridged version

KAWASAKI STEEL TECHNICAL REPORT
No.1 ( September 1980 )

Development of a New Plan View Pattern Control System in Plate Rolling

Tadaaki Yanazawa, Jun Miyoshi, Kazuya Tsubota, Takahiro Ikeya, Hiroyuki Kikugawa,
Kazushi Baba

Synopsis :

In plate rolling, slab is rolled not only in longitudinal but also in transverse directions
so as to get required dimensions of plate. Plate rolled in this way, however, develops
unequal plastic deformation, making crop losses increased in top and bottom portions of
both sides. The authors have developed a new method to measure the plastic
deformation behavior during rolling by the composite picture method and formulated
equation to estimate plate plan view pattern. A new plate rolling method called MAS
rolling has been established, making it possible to prevent the unequal plastic
deformation and manufacture almost rectangular plan view pattern plates. By MAS
rolling, total product yield of plate has been improved by 4.4% to a new world record of
93.8% in dJan. 1979 at No.2 Plate Mill of Mizushima Works, Kawasaki Steel

Corporation.

(c)JFE Steel Corporation, 2003

The body can be viewed from the next page.




KAWASAKI STEEL TECHNICAL REPORT No, 1 September 1980

Development of a New Plan View Pattern
Control System in Plate Rolling*

Tadaaki YANAZAWA**
Takahiro IKEYA**

Jun MIYOSH]**
Hiroyuki KIKUGAWA®**

Kazuya TSUBOTA"*
Kazushi BABA**

In plate rolling, slab is rolled not only in longitudinal but also in transverse directions
50 as to get required dimensions of plate, Plate rolled in this way, however, develops une-
qual plastic deformation, making crop losses increased in top and bottom portions of

both sides.

The authors have developed a new method to measure the plastic deformation behavior
during roiling by the composite picture method and formulated equation to estimate plate
plan view pattern. A new plate rolling method called M AS rolling has been established,
making it possible to prevent the unequal plastic deformation and manufacture almost
rectangular plan view pattern plates. By MAS rolling, total product yield of plate has
been improved by £.4%] to a new world record of 93.8%, in Jan. 1979 at No. 2 Plate Mill
of Mizushima Works, Kawasaki Steel Corporation.

1 Preface

Plates are used for extensive applications such as
shipbuilding, general structures, bridges, pressure ves-
sels, etc., and a variety of product dimensions is
required. Plate rolling is characterized by the rolling of
base steel with relatively fixed thicknesses and widths
(hereinafter referred to as slabs) not only in the longi-
tudinal direction but also in the transverse direction in
order to get products of diverse dimensions.

When rolling in the longitudinal and transverse
directions, nonhomogeneous plastic deformation oc-
curs at both leading and tail ends at each pass. As a
result, the top and bottom sections of the rolled plate
take an uneven shape. Also, edges from barrel or
spool shape and these sections of inferior shapes (here-
inafter referred to as crops) cause yield loss in the end,
which amounts to as much as about 5 to 6 percent of a
total tonnage of slabs used. Consequently, making
this plate plan view pattern rectangular to reduce crop
loss plays an important role in improving plate yield.

Since such behavior of plastic deformation in the
non-homogeneous region is caused by complex fac-
tors, theoretical or quantitative analysis is considered
difficult. So far, no attempts are made to conduct such
analysis.

As a means of measuring plastic deformation in the
non-homogeneous region, the authors have developed

* Originally made public at AISE 1979 Annual Convention in
Cleveland, Ohio
** Mizushima Works

a composite picture method, thus making it possible to
measure! plan view pattern changes. The result of
such measurement is analized and equations for
predicting plan view patterns are obtained??®. This
equation provided a basis for developing a new rolling
process (Mizoshima Automatic Plan View Pattern
Control System hereinafter referred to as the MAS
Rolling Process), which controls plate plan view pat-
terns and attains an increased degree of rectangu-
larity*~9’,

This paper reports the application of this technique
to No. 2 Plate Mill of the Mizushima Works, which
has been worked into the standardizing operational
procedure with a remarkable success.

2 Behavior of Plan View Patterns in Plate
Rolling

Plate rolling process is roughly divided into the
following three stages.

Stage | (sizing rolling): In this initial stage, a slab is
rolled in the longitudinal direction for 1 to 4 passes in
order to eliminate the effects of slab surface condition-
ing, to produce an accurate slab thickness, and to
improve the width accuracy of rolled plate in the next
broadside rolling,

Stage 2 (broadside rolling): To obtain a required
rolled width, the slab is turned around 90 degrees and
rolled in the transverse direction.

Stage 3 (finishing rolling): Again, the slab is turned
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around 90 degrees and rolled in the longitudinal direc-
tion to a required plate thickness.

Non-homogeneous plastic deformation becomes
notable mainly when the rolled slab is still thick,
namely, during the stages of sizing rolling and broad-
side rolling which produce a complex plan view pat-
tern when the rolling is completed.
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2.1 Basic Research by a Model Mill

In order to investigate the behavior of the plan view
pattern of a rolled slab, a model mill was used to roll
plasticine. The roll diameter and roll width of the
model mill were 1/6.5 of the actual mill and plasticine
slabs were also 1/6.5 of the actual standard slab size.
Rolling was performed at rcom temperature (20 °C)
and CaCO, powder was used as lubricant between the
rolls and plasticine to create the hot rolling condition,
Plasticine dimensions used and the positions of mar-
kings to investigate surface deformation are shown in
Fig. 1. Also, the plan view patterns of plasticine upon
completion of rolling are shown in Phetes. 1 and 2.

(1) Photo. 1 presents the case of performing no
broadside rolling. Patterns of the leading and
tail ends are such that the central portion is pro-
truding more than both ends in the transverse
direction. In other words, this is what is called
the convex crop pattern, The side crops are, on
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Photo, 1 Plan view pattern of plasticine plate in longitudinal rolling
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the contrary, in spool shape, in which both ends
protrude as compared with the central portion.

(2) Broadside rolling at the broadside rolling ratio
(rolling width/slab width) of 2.0 is shown in
Photo. 2. The shape of convex crops on the lead-
ing and tail ends in the longitudinal direction is
improved as compared with (1) and the side
crops shifted from spool to barrel shape.

In this manner, the result of the plasticine experi-
ment has shown that the plan view pattern changes
variously in combination with the longitudinal rolling
ratio (rolling length/slab length) and the broadside
rolling ratio, which agrees to the empirical trends in

Pass 13 (final pass)

rolling at the actual mill,

2.2 Quantitative Analysis by the Composite
Picture Method

For the effective rectangularity of the plan view
plate pattern upon completion of rolling, it is essential
to grasp quantitatively the plan view pattern in the
rolling process for accurate prediction. Nevertheless,
plate is hot-rolled by running the mill back and fouth.,
To measure the behavior of pattern deformation quan-
titatively during such process is a formidable task.
After numerous tests, the authors developed a new
method of measuring called the composite picture
method. This enabled a quantitative determination of

Rolling
direction

Longitudinal rolling ratio:10

Photo. 2 Plan view pattern of plasticine plate at broad-side rolling ratio of 2.0

No. 1 September 1980
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the plan view pattern change for each rolling pass and 2.2.2 Changes of plan view pattern in sizing
to discover the relation between the non-homogeneous rolling?’

plastic deformation and rolling conditions. o _
Based on the result of the plasticine experiment,

2.2.1 Principle of the composite picture test materials as shown in Table 1 were selected and
method ! their plan view pattern change for each pass was

A schematic presentation of the principle of this
method is made in Fig. 2. Cameras were fixed above
the roller table before and behind the plate mill and
composite pictures to determine the plan view pattern
were made as follows.

(1) To photograph a scale plate set on the roller
table

(2) To photograph the slab to be rolled

(3) To combine the negatives of the scale plate and
the siab

Examples of composite pictures obtained in this
procedure are shown in Photo. 3. The dimensions I
from the photographed scale plate are read and the
actual pattern of the slab is known by calculation for
the reduced scale. At this point, errors due to the
thickness of the slab, aberration of the lenses, negative
composition and other factors are produced. How-
ever, in this experiment, the total errors were +8.3 mm
at maximum, which is practically in allowable tore-
iance,

Photo. 3 Examples of composite picture
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Fig. 2 Method of composite picture to quantitatively study the behavior of plate deformation during rolling
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Table 1 Specification of test materials to study the plan view pattern of each pass during rolling

Slab dimension [mm] Plate dimension [mm] broadside Longitudinal
No. rolling rolling
Thickness Width Length | Thickness Width Length ratio ratic
1-4 215 X 1575 x 2 889 16, 00 x1524%x36 576 0. 97 12 66
-8 215 x 1575 x 3021 16 00 x 2 434x24 380 1. 55 8. 07
9-12] 215 x 1575 x 2 844 1600 x 3 048x18 2838 1L 94 6 43
13-16| 215 x 1575 x 2 889 16. 00 x4 572x%x12 192 2, 94 4, 22

measured. The test materials were rolled at No. 2

Plate Mill of the Mizushima Works. The results of

plan view pattern in sizing rolling are the same as the
one of the plasticine experiment: the leading and tail
ends of plates take the barrel shape as shown in Fig. 3
(a). Relation between the patterns of portions A and
B, and the rolling conditions is as follows.

(1) Portion A pattern (spool pattern in the width
direction) Amounts f,(x) of plan view pattern
changes of portion A is calculated by equation

(1).

e

Rolling direction
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Fig. 3 Plan view pattern after sizing and broadside

rolling

Ne. 1 September 1980

Fix)=ay+ax+axd (1)

a, ~ a, are constants determined by 37 /; - here
({y: length of arc of contact, r: reduction ratio).
As is clear from Fig. 4, which illustrates the
results calculated by equation (1), the spool pat-
tern of portion A increases as 3 /y-r rises,

x
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= f1{x)
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=

Fig. 4 Side crop shape in transverse direction after
sizing rolling

7

Length of crop f;(y) (mm)

Fig. § Top and bottom crop shape in longitudinal
direction at sizing rolling
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(2) Portion B pattern (convex crop pattern at the
leading and tail ends) Amout of f,(3) of plan
view pattern changes of portion B is calculated
by equation (2).

Fap) =co + ey + cpy?

¢y ~ ¢, are constants determined by r here.
Results calculated by equation (2) are shown in Fig. 5.

2.2.3 Plan view pattern changes in broadside
rolling >’

As in the case of sizing rolling, broadside rolling
also results in the barrel shape on the leading and tail
ends of the plate as shown in Fig, 3 (b). The relation
between this pattern and rolling conditions can be
expressed by equations (3) and (4). Results of calcula-
tion are presented in Figs. 6 and 7.

Fi(x) = B:j—blx ................ 3)

Broad-side
rolling
ratio Ry

Length of crop f;(z) (mm)

Fig. 6 Top and bottom crop shape in longitudinal di-
rection after broadside rolling
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Fig. 7 Side crop shape in transverse direction after
broadside rolling
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fi{x}: Amount of plan view pattern of
portion B’
by and b,: Constants determined by the
broadside rolling ratio.

fay=d, +dy + dyy*

Fi(»: Amount of plan view pattern of
portion A’
d, ~ d,: Constants

Sher

2.3 Notes on Plan View Pattern Changes

determined by

From the results of equation (1) through equation
(4), changes of the plan view pattern in sizing and
broadside rolling have the same tendency basically.
When the plate thickness is heavy and the rolling
length is relatively finite as in the case of plate rolling,
non-homogeneous plastic deformation occurs to a
significant extent on the edges both in the longitudinal
and width directions. Portions A and A’ in Fig. 3
were generated as a width spread in this region ex-
panded partially due to the end effect. On the other
hand, portions B and B’ have a larger width spread
than the central portion, because both edges in the
width direction are free. This difference in width
spread becomes a difference in elongation in the longi-
tudinal direction and the portions B and B’ are
produced, This tendency is considered to become
obvious by the effect of a local width spread of por-
tions A and A’.

Consequently, it can be said that the plate plan
view pattern upon completion of rolling is virtually
determined by the slab dimensions, rolling dimensions,
and factors affecting width spread (for examples,
reduction ratio, projected roll contact length, etc.). In
other words, if the broadside rolling ratio is small

|

P4

(a) In the case of less rolling ratio of
R\, and greater one of Ry

I/

{(b) In the case of greater rolling ratio
of Ry and less one of Ry

Fig, 8 Plan view pattern of as rolled plate
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while the longitudinal rolling ratio is large, the effects
of A and B in Fig. 3 remain until the completion of
rolling. Crops in the leading and tail ends in the
longitudinal direction take the convex shape, while
side crops are in spool shape. Conversely, if the broad-
side rolling ratio is large while the longitudinal rolling
ratio is small, the effects of portion A’ and B’ at the
time of broadside rolling grow large. When the rolling
is finished, crops in the leading and tail ends become
concave and side crops are in barrel shape. This is
shown in Fig. 8.

3 Plan View Pattern Prediction Model

As explained in the previous section, plate plan
view patterns upon completion of rolling are produced
as a compined result of patterns created in each pass
of sizing rolling, broadside rolling, and finishing
rolling. Based on equations (1) through (4) in the
previous section, the rolling schedule, rolling dimen-
sions, slab dimensions and other factors are taken into
consideration to introduce an exact plan view pattern
prediction model.

3.1 Side Crop Prediction Model

Function F{X) expressing side crops can be repre-
sented by equations (5) on the basis of equations (1)
and (3).

F(X) = Fla-x) = f(x) + f3(x)
+ A {ox)

x: Distance in longitudinal direction
at completion of rolling

&: Longitudinal rolling ratio in finish-
ing rolling

A: Correction factor in finishing rol-
ling

As equation (5) is conducted from compounding
equations (1) and (3), which are obtained by regression
analysis, owing to get high accuracy, side crop predic-
tion model T(X) is obtained by another regression
analysis of steady state.

T(X) = F{j%) F(X)

Xc: Center position in the longitu-
dinal direction at completion of
rolling

Function 7. expressing side crops can be represented
by equation (7) as a difference between the amount of
barrel Uy produced in broadside rolling, which corre-

No. 1 September 1980

sponds to the position in the longitudinal direction,
and the amount of V3 in the leading and tail ends
created by longitudinal rolling.

K and L: Constants determined by slab
dimensions

In regard to Uy and Fj, various parameters of the
rolling condition were used for regression analysis and
equations (8) and (9) were obtained.

Up = Iy + L RY +11(;§—:)m

ol AHPE (8)
Rp\™
Vg=1 I.Ro 4+ (=R
B 4+ sR + 6(RB)
b AHP + L AHPT oo )

Ry: Broadside rolling ratio
Ry : Longitudinal rolling ratio

AHg:  Sizing rolling reduction
AHy: Broadside rolling reducticn
AHy: Finishing rolling reduction

Constants

lx‘: mi:

150

100

50

Measured value Ty (mm)}

—40

—50 0 50 00 1o
Calculated value T  (mm}

Fig. 9 Comparison of calculated and measured values
of convex shape in the transverse direction

Fig. 9 shows a comparison of the amount of side
crops T at the central position in the longitudinal
direction obtained from this prediction model with
the amount of side crops Ty measured after the rolled
plates were cooled. Accuracy of this simplified model
formulated for control is £ = —0.4mm and o =
12.6 mm, which are sufficient for practical use.

3.2 The Top and Bottom Crop Prediction Model

Function G(Y) expressing the top and bottom crop
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can be represented by equation (10) on the basis of
equations (2) and {4).

G(Y) - G(Rﬂcy) — a?}“ H:;-ll hffz(y)f
+ af4(RB'y)
+ }u‘;}H ;lh}fZ(RB -y)j ...... (10)

y: Distance in transverse direction
Ry: Broadside rolling ratio

h,., 1,2 Thickness
: Correction factor in finishing
rolling
i= 1~ m: Pass number in sizing
rolling
j=1~ n: Pass number in finishing
rolling

As equation (10) is obtained by combining equa-
tions (2) and (4), which are obtained by regression
analysis for high accuracy, the top and bottom crop
prediction model L.(Y) is obtained by another
repression analysis. Lep( Y) will be as follows,

Lea(Y) = G555 G(Y)

Yc: Center position in the transverse
direction after completion of roll-
ing

Function Lcpc showing top and bottom crops can
be expressed by equation (12) as a difference between
the amount of convex crops U created by longitudinal
rolling and the amount of ¥, generated by broadside
rolling.

Lepe = MUy — Ve) -+ N 12)
M and N: Constants determined by
slab dimensions

Also, in regard to U and V¢, various parameters of
rolling conditions were used for regression and equa-
tions (13} and (14} were obtained.

— 1 Ry\
Uc=go + g RE + gz(ﬁ;

+ g3y dHE + gy AHE oo 13
ka
Ve=1gs + &R + gy(%)
B
4 gy AHE (14)
g, and k;: Constants

Accuracy of this prediction model is also sufficient

40
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Fig. 10 Comparison of calculated and measured length
of top and bottom crop at the center portion
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Fig. 11 End crop shape after completion of rolling

for practical use as shown in Fig. 10.

Fig. 11 shows the comparison the calculation result
of plate plan view pattern upon completion of rolling
which was obtained by equations (6) and (11) and
measured one.

4 MAS Rolling Method

Teo improve inferior shapes due to non-homogene-
ous plastic deformation in rolling, the following
methods have been employed with some success:

{1) Application of the draft schedule to control
partial large width spread in sizing and broad-
side rolling.

(2) Improvement of convex crops by making the
slab widthwise cross section concave™,

(3) Improvement of convex crops by making work-
rolls or back-up rolls concave crown,

Any of these methods cannot meet all slab dimen-
sions and rolling dimensions. It can be said that these

KAWASAKI STEEL TECHNICAL REPORT



methods are only for reducing inferior shapes on an
average.

On the basis of the plan view pattern prediction
model discussed in the previous section, we have
established a new method of plan view pattern control
{The MAS Rolling Method) which can deal with each
slab accurately.

4.1 Principles of the MAS Rolling Method*'5’

The principle of this rolling method consists in a
quantitative prediction of the plate plan view pattern
to be formed upon completion of rolling and in reduc-
ing in advance the volume of the portion equivalent to
the predicted inferior pattern in order to prevent
occurrences of inferior patterns and to get the plan
view pattern closer to a rectangle.

The principle of the MAS rolling method to con-
trol side crops are shown in Fig. 12,

(1) From the prediction model of plate plan view
pattern, the amount of inferior patterns is calcu-
lated and converted to a plate thickness difference
at the final pass in sizing rolling.

(2) At the final pass in sizing rolling, the plate thick-
ness difference is given to the position corre-
sponding to the longitudinal direction.

{3) This plate thickness difference becomes a differ-
ence in the reduction ratio in broadside rolling
and the plan view pattern is controlled.

Since the plate thickness controlling process is ap-
plied in the sizing rolling stage, this rolling for plate
thickness modification is called the sizing MAS.

The amount of plate thickness modification can be
obtained by equation (15) in accordance with the
“volume conservation law”,

Ah/2

Ne—

Slab

Ah(x) = T( X)% ................ (5)
X =oax
Ah(x): Amount of plate thickness

modification at distance x in
the longitudinal direction

Side crops at distance X in the
longitudinal direction upon
completion of rolling

H: Final plate thickness

W: Slab width

T(X):

When side crops are spool-shaped control will be
made so as to make central portion thicker, contrary
to Fig. 12 (see Fig. 13). Fig. 14 shows the principle of
the MAS rolling method to control top and bottom
crops. Since this method is implemented in the broad-
side rolling stage, it is called the broadside MAS
rolling.

Likewise, the amount of thickness modification can
be obtained from equation (16).

4h(O) = Ler(¥)-HIL' -ooeo (16)
Y= f-y
Ah(y): Amount of thickness modifi-

cation at distance y in the
longitudinal direction

Top and bottom crops at dis-
tance Y in the width direction
after plate rolling is com-
pleted

L': Plate width in broadside roll-

ing

Lep(Y):

90" turn

s e

Final profile in sizing pass

Final profile in broad-side pass

Conventional rolling

T/2 / MAS rolling
AN
\\
IS EAN T oo =TT
T/2

Plan view pattern of plate

Fig. 12 Principle of sizing MAS rolling to control plan view pattern in transverse direction (1)

No. 1 September 1980
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Fig. 13 Principle of sizing MAS rolling to control plan vew pattern in transverse direction (2)
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Fig. 14 Principle of broadside MAS rolling to control top and bottom crop
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Fig. 15 Relation between calculated and measured
values of convex shape in sizing MAS rolling
using mechanical slab
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f: Width spread ratio

In the event that crops are in concave shape, control
made so as to make central portion thicker contrary to
Fig. 14,

As we have seen, the principle of the MAS rolling
method is to make use of the characteristics of plate
rolling, which consist of sizing roiling, broadside
rolling and finishing rolling, in order to control plan
view patterns.

To confirm the accuracy of equations (15) and (16)
obtained from the “volume conservation law”, test
rolling using machined slabs was performed. The
relation between T(X) obtained by substituting modi-
fied thickness amount 44{x) at each point in equation
(I5) and the measured values is shown in Fig. 15.
Both values are in good agreement and adequacy of
the method to determine the amount of thickness
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modification according the “volume conservation
law” was confirmed.

4.2 MAS Rolling Centrol System?’

In applying the MAS rolling method for practical
purposes, it is important to establish a highly accurate
control system which will cause no discrepancy in
thickness modification patterns and no excessive or
deficient amount of thickness modification. In the
thickness modification patterns shown in Fig. 16, it is
necessary to control accurately modification amount
Ah(l), reduction completion point /, and reduction
increase starting point /.,

Fig. 17 shows the control system of the MAS rolling
method. By means of the process computer (8), it
computes the appropriate modification pattern, ob-
tains reduction modification amount AS8(}) from

)
7777777 <

~
—

-QN

<

Fig. 16 Thickness profile on MAS rolling

(D Screw position sensor  4S: Modification value of
@ Serew driving motor in screw position
@ Control device of screw N, Roll revolution pulse
position of turning point
@ Main motor corresponding to {;
& Control device of roll in Fig. 14
revolution speed R: Roll revolutien speed
® Roll revolution speed 8§ : Secrew position
sensor APC: Automatic position
(@ Pulse generator control
Process computer ASC: Automatic speed control
(@ Micro controller

Fig. 17 Control system of MAS rolling

No. 1 September 1980

thickness modification amount A4(/) and further ob-
tains roll speed R in consideration of the characteristics
of the reduction position control system, Next, it
determines the control points equivalent to {, and /,
in Fig. 16 by considering the forward slip and links
such infermation to the micro-controller @,

The micro-controller gives instructions concerning
the aimed control spezd to the roll speed control sys-
tem, and simultaneously with the biting of the slab,
it gives instructions concerning the thickness modifica-
tion amount and control positions.

Fig. 18 shows the flow chart of MAS rolling. Sizing
MAS and broadside MAS are performed depending
on the plan view pattern prediction model.

i

Setting of initial
cendition

Calculation of end

Calculation of side crop shape Lop(Y)

crop shape T(X)

No

Yes

Caleulation of
modification value
thickness 4h{x) in
sizing MAS rolling

Caleulation of mo
thickness dAh{y) in
broad-side MAS

rolling

i
Calculation of MAS
control data
(&) Modification

value of screw
_ position 48 (y)
() Work rall revelu-|
_ tion speed R
(€} Control position

1.—

I Sizing rolling r

i
Calcuiation of MAS
control data
&) Modification

value of serew
position AS{x)
1 Work roll revolu
tion R
£ Control position

| Broad-side rolling i
!
| Finish rolling _I

@ End
Fig. 18 The flow chart of MAS rolling

4.3 Control Accuracy

As mentioned above, the control system for sizing
MAS and broadside MAS has been established by
fully automatic computerized rolling. Fig. 19 shows
the test results of control accuracy in MAS rolling.
Fig. 19 (a), shows the result of measuring the longitu-
dinal thickness of the slab which had been cooled
immediately after sizing MAS rolling, which is in
good agreement with the aimed values. This slab was
reheated and rolled to its final thickness. Then its side
crops were measured and compared with the result of
the conventional rolling method. This comparison is
shown in Fig. 19 (b). By means of the MAS rolling
method, the barrel shape was improved as required,
making way to obtain the desired rectangularity.
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{b} Width profile comparison of actual MAS rolling
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Fig. 19 An example of actual controlled data of MAS
rolling
5 Results

In January, 1978, the MAS rolling method was
taken up as a standing operational procedure at No. 2
Plate Mill of the Mizushima Works. Ever since then,
it has been making remarkable contributions to yield
improvement.

Fig. 20 shows the effects of improvement upon side
crops by sizing MAS. In conventional rolling, the

broadside rolling ratio of 1.5 was a boundary: the
spool shape is produced below it and barrel shape
above it. However, rectangularity of side crops is
made by sizing MAS. Regardless of the broadside
rolling ratio, side crop loss is nearly zero.

Fig. 21 shows the effects of improvement upon the
top and bottom crops by broadside MAS rolling,
With the parameter as Ry/Ry (longitudinal rolling
ratio/broadside rolling ratio), average crop lengths
are compared, Broadside MAS rolling results in con-
trolling the top and bottom crops and reducing the
average crop length largely.

Plan view patterns of the plates subjected to the
MAS rolling method are shown in Photo. 4. For
comparison, examples of side crops and top and bot-
tom crops produced in conventional rolling are pre-
sented in Photo. 5. As is clear from these pictures,
plan view patterns are well controlled and rectangular-
ity is virtually attained by the MAS rolling method.

As shown in Fig. 22, the effects on yield are con-
siderable. In conventional rolling, crop loss from the
side and top and bottom was 5.59%, but it is down to
1.19%; by the application of the MAS rolling method,

6 Conclusions

Caused by non-homogeneous plastic deformation
in plate rolling, crops loss is produced at the leading
and tail ends in the longitudinal and transverse direc-
tions of plates. The authors measured the process of
plastic deformation in rolling by the composite picture
method and formulated the prediction model of plate
plan view patterns. As a result, the new plan view

1.0 15 2.0

Broad-side rolling ratio

2.5 3.0

Fig. 20 Improvement of side crop shape through sizing MAS rolling
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Photo. 5 Plate plan view pattern by conventional
rolling
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Fig. 22 Decreased loss through MAS rolling

pattern control method (The MAS rolling method)
was developed as a success in making plate plan view
patterns rectangular,

Plate-making engineers have been thinking of yield
improvement through making plan view patterns
rectangular, The authors came to grips with this sub-
ject and developed a new technique, the MAS rolling
method.

It goes without saying that the MAS rolling method
has greatly contributed to yield improvement. Also,
it is no exaggeration to say that this rolling method,
which is a breakthrough in conventional rolling, has
paved the way for future technological development.
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