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ABSTRACT OF THE DISCLOSURE

A plurality of finishingmills for finish rolling a relled
material are located in a row to configure a finishingmill
group. First to third surface coolers for cooling surfaces
of the rolled material are locatedon an entry side of each
offirst,secondandthirdfinishingndllsofthefinishing
mill group, and the amount of cooling water jetted at the
rolled material by each surface cooler under a command of
a2 controller is set at 4,000 liters/min-m‘, whereby the

thickness of scale is restricted to 5 pm or less.
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BACKGROUND QF THE INVENTION

Field of the Inv .
The present invention relates to a methed and a
system for suppressing a surface oxide film during hot

finish rolling of a strip material.

Description of Related Axt

When iron contacts a gas, such as oxygen or air,
at a high temperature during rolling of a strip material,
a film of the reaction product, i.e., scale, is formed on
the surfaces of the strip material. This scale may exert
an adverse influence, such as oxidation, on the strip
material, and should be removed. The customary practice
for removing scale formed on a strip material has been to
apply a jet of pressurized water at the surface of the strip
material.

Fig. 8 is a schematic view illustrative of a scale
removing device of a conventional hot finishing mill
system.

With a conventional hot finishing mill system as
shown in Fig. 8, a plurality of finishingmills, i.e., 1st
to 7th finishing mills 101, 102, 103, 104, 105, 106 and

107, are provided in a row along the direction of transport



of a rolled material S downstream of a roughing mill (not
shown) in the directionof transport. The fi.nishing mills
101, 102, 103, 104, 105, 106 and 107 have a palr of (i.e.,
upper and lower) work rollers 201, 202, 203, 204, 205, 206
and 207, respectively. A finishing mill group 100 is
constructed in this manner. On the entry side of this
finishing mill group 100, a scale breaker 301 is provided
for removing scale formed on the rolled material S. The
scale breaker 301 has jet nozzles 302 above and below the
rolled material S. These jet nozzles 302 direct jets of
water at a high pressure of, for exampls, Z00 kgf/em?, at
upper and lower surfaces of the rolledmaterial § to remcve
the scale.

Thus, the rolled material S transported after rough
rolling from a slab by a roughing mill is conveyed to the
entry side of the finishing mill group 100, where scale
formed on the surfaces of the rolled material 5 is removed
by the scalebreaker 301 before finishrolling. In detail,
water pressurized at, for example, 200 kgf/cm’, is jetted
through the upper and lower jet nozzles 302 at the upper
and lower surfaces of the conveyed rolled material S to
remove the adhering scale. The descaled rolled material
S is then carried to the finishing mill group 100 for
rolling by the work rollers 201, 202, 203, 204, 205, 206
and 207 of the 1st to 7th finishing mills 101, 102, 103,
104, 105, 106 and 107, where it is sequentially finish

rolled to predetermined thicknesses.



PADPER\CAENS107-98 AME - 2312098

-3-

With such a hot finishing mill system, when the
duration of contact of the rolled material S with the work
rollers 201, 202, 203, 204, 205, 206, 207 is relatively
long, the guality of the processed product improves;

5 however, the formation of scale is accelerated. Thus, a
conventional method for suppressing the formation of scale
has been to cocl the rolled material S before finish
rolliné. This method suppresses scale formation to some
degree; however, further suppression of scale and further

10 improvement in quality are desired for hot rolled products.

SUMMARY OF THE INVENTION:

The present invention is directed to solving the above
15 problem. Advantageously, the present invention may provide

a method and a system for suppressing a surface oxide film

Tt during hot finish rolling and it is designed to minimize
q.ug the formation of scale on a rolled material, thereby
e avoiding scale defects and improving the quality of the

- 20 resulting product.

According to a first aspect of the present invention

SO there is provided a method for suppressing a surface oxide

i film during hot finish rolling of a strip material by a row
of finishing mills, comprising:

25 cooling an upper surface and a lower surface of the

. strip material on an entry side of each of a first




predetermined number of finishing mills during the finish
rolling of the strip material, so as to repeat surface
cooling and finish rolling of the strip material
sequentially until the last of the first predetermined
number of finishing mills is reached, thereby restricting
the thickness of a surface oxide filmof the strip material
to 5 pm or less.

According to a second aspect of the invention,
there is provided a system for suppressing a surface oxide
film during hot finish rolling, comprising:

a finishing mill group including a plurality of
finishing mills for finish rolling a strip material, the
finishing mills being located in a row; and

apluralityofsurfacecoolersforcoolinganupper

surface and a lower surface of the strip material to

restrict the thickness of a surface oxide filmof Lhe strip

material to 5 umor less, the surface coolers being located
on an entry side of each of the first predetermined number

of finishing mills of the finishing mill group.

In a preferred embodiment of the second aspect of the
invention as defined above, the first, second and third
surface coolers for cooling the upper and lower surfaces
of the strip material are located on the entry side of the

first to third finishing mills, respectively, of the

finishing mill group.



BRIEF DESCRIPTION OF THE DRAWINGS:

The present invention will become more fully
understocd from the detailed description provided
hereinafter and the accompanying drawings which are given
by way of illustration only, and these are not meant to
be limitative of the present invention, and wherein:

Fig. 1isa schematicviewillustrativeof a surface
oxide film suppressing system for performing a method for
suppressing the formatlon of a surface oxide film during
hot finish rolling in accordance with the preferred
embodiment of the present invention;

Fig. 2 is a graph showing the thickness of scale
versus the amount of cooling water by a surface oxide film
suppressing system during hot finishrolling inaccordance
with the preferred embodiment;

Fig. 3 is a graph showing the temperature of a
rolled material and the thickness of scale during finish
rclling;

Fig. 4 is another graph showing the temperature
of a rolled material and the thickness of scale during
finish rollinq;

Fig. 5 is a graph showing the relation between the
thickness of scale and scale defects during ordinary
rolling;

Fig. 6 is a graph showing the temperature of a

rolled material and the thickness of scale during ordinary



rolling:

Fig. 7 is another graph showing the temperature

of a rolled material and the thickness of scale during

ordinary rolling; and

Fig. 8 is a schematic view of a descaling device

of a conventional hot finishing mill system.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

A preferred embodiment of the present invention will
now be described in detail, by way of example only, with
reference to the accompanying drawings.

Fig. 1 shows the outline of a surface oxide film
suppressingsystemforperforminganmthodforsuppressing
a surface oxide film during hot finish rolling in
accordance with the present invention, Fig. 2 is a graph
showingthethicknessofscaleversustheamountofcooling
water by a surface oxide film suppressing system duriné
hot finish rolling in accordance with the present
embodiment. Figs. 3 and 4 are graphs showing the
temperatureofarolledmaterialandthethicknessofscale
during finish rolling. Fig. 5 is a graph showing the
relation between the thickness of scale and scale defects
during ordinary rolling. Figs. 6 and 7 are graphs showing
the temperature of a rolled material and the thickness of
scale during ordinary rolling.

First, the relationship between the thickness of

scale and scale defects during rolling is explained by



reference to Fig, 5. The graph as Fig. 5 shows test values
on the third finishing mill in the finishing mill group.
In three illustrative samples, A, [, O, which are
different in the material and plate thickness, an
evaluation of scale defects is relatively low (scale
score: 2.0 to 4.5) for a scale thickness of 5 um or more,
while an evaluation of scale defects is relatively high
(scale score: 0) for a scale thickness of 5 pm or less,
regardless of the magnitude of a percentage reduction in
plate thickness.

| The relationship between the temperature of a
rolled material and the thickness of scale during finish
rolling can be explained by reference to Figs. 6 and 7.
The graph of Fig. 6 concerns the samples rated as “No scale
defects” in the evaluation of scale defects in the graph
of Fig. 5. At both of the end (O) and center (@) of the
sample, the scale thickness is 5 pm or less. The graph
of Fig. 7, on the other hand, concerns the samples rated
as “Scale defects present” in the evaluation of scale
defects in the graph of Fig. 5. At both of the end (@)
and center (@) cf the sample, the scale thickness is about
5 pm or more.

These findings are illustrative of the fact that
on the entry side of the 3rd finish rolling mill, scale
defects occur when the scale thickness is 5 jm or more,
while a rolled material without scale defects is cbtained

when the scale thickness is kept at 5 pm or less. Based




on the above test results, further experiments and
simulations have been performed. As a result, the present
invention may advantageously provide a system for
suppressing a surface oxide film during hot finish rolling
with the system restricting the thickness of scale to 5 um
or less and causing no scale defects.

With the system for suppressing a surface oxide
film during hot finish rclling according to the preferred
embodiment, as shown in Fig. 1, a plurality of finishing
mills, i.e., a lst finishingmill 11, a 2nd finishingmill
12, a 3rd finishing mill 13, a 4th finishing mill 14, a
5th finishing miil 15, a 6th finishing mill 16, and a 7th
finishingmill 17, are located ina rowalong the direction

. of transport of a rolled material § downstream of a
Lo roughing mill (not shown) in the direction of transport.
The finishing mills 11 to 17 have a pair of (i.e., upper
P and lower) work rollers 21, 22, 23, ... 27, respectivel‘y.
In this manner a finishing mill group 10 is formed. On
HEH the entry side of the finishing mill group 10, a scale
breaker 31 iLs provided for remeving scale formed on the
rolledmaterial §. Thescalebreaker 3lhasapairef {i.e.,
upper and lower) jet nozzles 32 above and below the rolled
et material S. These jet nozzles 32 direct jets of high
pressure water at upper and lower surfaces of the rolled 7
material S to remove the scale.

on each entry side of the 1lst finishing mill 11,

the 2nd finishing mill 12 and the 3rd finishing mill 13,




a 1st surface cooler 41, a 2nd surface cooler 42, and a
3rd surféce cooler 43, respectively, are provided for
cooling the upper and lower surfaces of the rolledmaterial
3. These 1st, 2nd and 3rd surface coolers 41, 42, 43 have
a pair of (i.e., upper and lower) jet nozzles 44, 45, 4§,
respectively, above and below the rolled material 3.
These jet nozzles 44, 45, 46 direct jets of ccoling water
at the upper and lower surfaces of the rolled material S
to cool the rolledmaterial S, thereby lowering its surface
temperature.

A control device 51 is connected te the 1st, 2nd
and 3rd surface coolers 41, 42 and 43, Under the directive
of the control device 51, a predetermined amount of cooling
water is jetted at the rolled material S through the jet
nozzles 44, 45, 46. Fig. 2 shows the thickness of scale
versus the amount Qf cooling water, demonstrating that the
amount of cooling water is desirably set at 4,000
liters/min'm’ or more in order to restrict the scale
thickness to 5 pm or less.

Thus, when the rolled.material S is to be finish
rolled by the hot finishing mill system of the embodiment
shown in Figure 1, the rolled material S transported after
rough rolling from a slab by a roughing mill is conveyed
to the entry side of the finishing mill group 10. There,
scale formed on the surfaces of the rolled material S is
removed by the scale breaker 31 before finish rolling. In

detail, water is jetted at a high pressure through the




upper and lower jet nozzles 32 of the scale breaker 31 at
the upper and lower surfaces of the conveyed rolled
material S to remove the adhering scale, The descaled
rolled material S is carried to the finishing mill group
10 for rolling by the work rollers 21, 22, 23, 24 ... 27
of the lst finishing mill 11, the 2nd finishing mill 12,
the 3rd finishing mill 13, the 4th finishing mill 14 ...
and the 7th finishing mill 17. At this time, the rolled
material S is sequentially finish rolled to predetermined
thicknesses while being coocled by the surface coolers 41,
42 and 43.

That is, prior to rolling being performed by the
1st finishing mill 11, a command of the amount of cooling
water is fed by the contrel device.Sl to the respective
surface coolers 41, 42, 43. Under this directive, cooling
water in an amount of 4,000 liters/min-m’ is applied to
the rolled material S through the jet nozzles 44 of the
1st surface cooler 41, whereby the rolled material S is
cooled. The cooledrolledmaterial $isrolledby the work
rollers 21 of the lst finishing mill 11. Then, cooling
water in the same amount is applied to the rolled material
S through the jet nozzles 45 of the Znd surface cooler 42,
whereby the rolledmaterial S is cocled. ‘The cooled rolled
material S is rolled by the work rollers 22 of the Znd
finishing mill 12. Further, cocling water in the same
amount is applied to the rolled material S through the jet

nozzles 46 of the 3rd surface cooler 43, whereby the rolled

10




material S is cooled. The cooled rolled material 3 is
rolled by the work rollers 23 of the 3rd finishing mill
13. Then, the rolled material 5 is rolled by the work
rollers 24 ... 27 of the 4th to 7th finishing mills 14 ...
17, whereby it is processed to predetermined thicknesses.

Fig. 3 is a graph showing the temperature of the
rolled material S and the thickness of its scale during
descaling and finish rolling of the material. In this
gfaph, A represents the time of scale removal by the scale
breaker 31. B, C, D, E, F, G and H represent the times of
finish rolling by the 1st to 7th finishing mills 11, 12,
13, ‘14 ..., respectively, and ¥, Y and 2 represent the
pericds of cool'ing by the 1st to 3rd surface coolers 41,
42, 43,

As this graph further shows, the surface
temperature of the rolled material S drops to 420°C, with
most scale being removed, at the time A of scale removal
by the scale breaker 31. However, the internal sensible
heat tends to restore the original temperature to raise
the surface temperature of the‘ rolled material S, again
forming scale. During the period X of cooling by the lst
surface cooler 41, the surface temperature of the rolled
material S drops to 530°C, reducing the thickness of the
scale to 7 to 10 ym. Then, the surface temperature of the
rolled material § rises owing to sensible heat inside the
rolled material 8 in an attempt to restore the original

temperature. At the time B of finish rolling by the 1st

131



finishing mill 11, however, the surface temperature of the
rolled material S drops to 470°C, decreasing the scale
thickness to 4 to 6 pm. During the period Y of cooling
by the 2nd surface cooler 42, the surface temperature of
the rolled material § drops to 630°C, decreasing the scale
thickness to 6 to 8 pm. Then, the temperature rises, but
at the time C of finish rolling by the 2nd finishing mill
12, the surface temperature of the rclledmaterial S drops
to 610°C, decreasing the scale thickness to3 to4um. Then,
during the period Z of cooling by the 3rd surface cooler
43, the surface temperature of the rolled material S drops
to 610°C, restricting the scale thickness to 3 to 5 pm.
Then, the scale thickness increases as the temperature

oen rises, but does not become greater than 5 pm.
By so repeating cooling by the 1st to 3rd surface
coolers 41, 42, 43, and rolling after each cooling, one
L0 can see that the scale thickness of the reolled material
S can be finally restricted to 5 pmor less, so that scale

defects can be eliminated.
In one embodiment of the subject invention, the

cooling conditions of the surface coolers 41, 42 and 43 are

4,000 litres/min.m? as the amount of cooling water, and 1
- m x plate thickness as the cooling range. The average
B temperature recovery rate (°C/second) when the surface
cooler is in operation is compared with that when the
surface cooler 1s not in operation. Between the scale
breaker 31 and the 1st finishing mill 11, the average

temperature recovery

12




rate is 10.4°C/second in an cperating state, and
19.9°C/second in a nonoperating state. Between the 1st
finishing mill 11 and the 2nd finishing mill 12, the
a%erage temperature recovery rate i3 19.3°C/second in the
operating state, and 31.3°C/second in the nonoperating
state. Between the 2nd finishing mill 12 and the 3rd
finishing mill 13, the average temperature recovery rate
is513.9°C/second in the operating state, and 41.6°C/second
in the nonoperating state. Between the 3rd finishingmill
13 and the 4th finishing mill 14, the average temperature
recovery rate is 24.5°C/second when the surface cooclers
are in operation, and 53.5°C/second when the surface
coolers are not in operation. These findings are
indications of high cocling effect.

Fig. 4 is a graph illustrative of the femperature
of the rolled material S and the thickness of its scale
during descaling and finish rolling of this material under
operating conditions different from those stated above,
As this graph shows, during the pericd Z of cooling by the
3rd surface ccoler 43, the surface temperature of the
rolled material S drops to 820°C, restricting the scale
thickness to 5 um. Then, the scale thickness increases
as the temperature rises, but does not become greater than
5 pm. By so repeating cooling by the 1st to 3rd surface
coolers 41, 42, 43, and rolling after each cocling, ¢ne
will observe that the scale thickness of the rolled

material S can be finally restricted to 5 um or less.

13




In a further embodiment of the surface oxide film suppressing

system of the present invention, as shown in Fig. 5 the
scale thickness is reduced fron @ to O and from B to [,
both cases representing values of 5 pm or less, and the
absence of scale defects., Thus, recurrent heat
(temperature recovery) during finish rolling is found to
be properly suppressed.

In the above-described embodiment, the 1lst, 2nd,
3rd surface coolers 41, 42 and 43 are provided on the entry
side of each of the 1lst, 2nd and 3rd finishing mills 11,
12 and 13, respectively. However, the number of the
surface coolers installed is not restricted to that
indicated in this embodiment as shown in Fig. 1. S$ince
the surface temperature of the rolled material 3 1is
: desirably lowered below 900°C by cooling, surface coolers
for the 4th finishing mill 14 and subsequent finishing
e mi.lls may also be included, if desired.

As described above, according to a first aspect
HH of the invention, there is provided a method for
suppressing a surface oxide film during hot finish rolling

of a strip material by a row of finishingmills, the method

comprising: cocling an upper surface and a lower surface
: of the strip material on an entry side of each of a first
predetermined number of finishingmills during the finish
rolling of the strip material, so as to repeat surface
cooling and finish rolling of the strip material

sequentially until the last of the first predetermined

14




number of finishingmills is reached, thereby restricting
the thickness of a surface oxide film of the strip material
to 5 pm or less. Thus, the temperature of the strip
material is finally lowered to or below a predetermined
temperature to reliably restrict the thickness of the
surface oxide film to 5.um or less. Consequently, scale
defects can be eliminated and the quality of the resulting
product can bhe improved.

According to a second aspect of the invention,
there is provided a system for suppressing a surface oxide
film during hot finish rolling, comprising: a finishing
mill group including a plurality of finishing mills for
finish rolling a strip material, the finishingmills being
located in a row; and, a plurality of surface coolers for
cocling an upper surface and a lower surface of the strip
material to restrict the thickness of a surface oxide film
of the strip material to about 5 um or less, the surface
coolers being located on an entry side of each of a first
predetermined number of finishing mills of the finishing
mill group. Thus, the surface cooling and the finish
rolling of the strip material are repeated sequentially
to lower the final temperature of the strip material below
a predetermined temperature value. This reliably
restricts the thickness of the surface oxide film to 5 pm
or less. Consequently, scale defects can be eliminated,

and the quality of the resulting product can be improved.

15
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Preferably, in a system for suppressing a surface
oxide film during hot finish rolling according to the
second aspect of the invention, the first, second and third
surface coolers for cooling the upper and lower surfaces
of the strip material are located on the entry side of
first, second and third finishing mills, respectively, of
the finishing mill group. Thus, the temperature of the
strip material is lowered below a final predetermined
temperature, without the need to upsize the suppressing
system. Since the thickness of the surface oxide film is
reliably restricted to about 5 wum or less, scale defects
can be eliminated.

Having thus shown and described what 1s at present
considered to be the preferred embodiment of this
invention, it should be noted that the same has been made
by way of illustration and not limitation. Accordingly all
modifications, alterations and changes coming within the
spirit and scope of the invention as set forth in the

appended claims are meant to be included.

Throughout this specification and the claims which
follew, unless the context requires otherwise, the word
"comprise™, and variations such as "comprises" and
"comprising”, will be understood to imply the inclusion of
a stated integer or step or group of integers or steps but
not the exclusion of any other integer or step or group of

integers or steps.




THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A method for suppressing a surface oxide film
during hot finish rolling of a strip material by a
plurality of finishing mills located in a row, comprising
the steps of:

cooling an upper surface and a lower surface of
the strip material on an entry side of each of a
predetermined number of said plurality of finishingmills
during a finish rolling of the Strip material, so as to
repeat surface cooling and finish rolling of the strip
material sequentially until a last of the predetermined
number of finishing mills is reached, thereby restricting
the thickness of a surface oxide film of the strip material
te 5 um or less.

2. A system for suppressing a surface oxide film
during hot finish rolling, comprising:

a finishing mill group including a plurality of
finishing mills for finish rolling a strip material, said
finishing mills being located in a row; and

apluralitjofsurfacecoolersforcoolinganupper
surface and a lower surface of the strip material to
restrict the thickness of a surface oxide filmof the strip
material to about 5 pm or less, said plurality of surface
coolers being located on an entry side of each of a
predetermined number of said plurality of finishingmills
of the finishing nill group.

3. The system for suppressing a surface oxide film

17




during hot finish rolling according to claim 2, wherein
a first, second and third surface coolers for cooling the
upper and lower surfaces of the strip material are

resﬁectively located on an entry side of a first, second
and third finishing mills, respectively, of the finishing

mill group.

18
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4. Method for suppressing surface oxide film
substantially as hereinbefore described with reference to

the drawings excluding Figure §.

5. System for suppressing surface oxide film
substantially as hereinbefore described with reference to

the drawings excluding Figure 8.

6. Strip material which has been treated by a method or

system according to any one of ¢laims 1 to 5.

DATED this TWENTY-THIRD day of DECEMBER 1999,

Mitsubishi Heavy Industries, Ltd.
by DAVIES COLLISON CAVE |
Patent Attorneys for the applicant
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