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Synopsis :

The research and development activities of steel sheet in the last decade are reviewed
by focusing mainly on a viewpoint of newly installed No. 3 hot strip mill at Chiba Works.
The new products developed by using No. 3 hot strip mill are as follows: (1) Ultra high
r-value cold-rolled sheet steel: Newly developed continuous and warm rolling technique
combined with lubrication led to marvelously high r-value (r=3.0) cold rolled sheet steel.
This steel has been applied to extra deep drawn shape parts. (2) TS/590 MPa hot-rolled
dual phase sheet steel: Subdivided control valves in water cooling zone enabled to
control cooling pattern precisely, which led to new hot-rolled high strength dual phase
sheet steel. Mechanical properties, especially total elongation, have been much
improved because of fine grains. (3) Hybrid dual phase sheet steel: Combination of the
above mentioned dual phase steel and precipitation strengthening by using TiC in
ferrite phase led to hybrid dual phase sheet steel. Hole expanding property and fatigue
property have been greatly improved. (4) Highly formable thin steel for can use: Very
thin and highly formable cold rolled sheet steel for can use has been developed using
solute N. Improved product accuracy in strip gauge and crown using No. 3 hot strip mill

backed up the development of the new products.
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1 Introduction

Steel sheets arc used in a wide range of applications,
such as automobiles, structural purposes, electrical
equipment, and cans, and the requirements for these
products have become ecxtremely diverse, including
range of thickness and width, surface condition, and
mechanical propertics. At the same time, customers in
various industrial fields have alse desired the develop-
ment of steel sheets with far higher functions. On the
other hand, looking at the steel sheet manufacturing
process, rapid progress has been achieved in technoio-
gies which enable continuous production, such as con-
tinuous casting, continuous annealing. continuous hot
rolling, and others. This report reviews the technical
development of the last ten years, focusing mainly on
the improvement of the mechanical propertics of steel
sheets by application of the continuous hot rolling
process.

2 Continuation of Production Processes

[n recent years, “continuation” has becn one of the
main tasks for technical innovation in the steel industry.

One such effort was the establishment of the continu-
ous casting methed, which offers great advantages not
only in terms of savings of heat energy. but also in the
control of material properties, because fluctuations in
the chemical composition of the steel can be reduced to
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an extremely low level.

Next, continuous anncaling technology should be
mentioncd. In comparison with the box annealing used
to date, the continuous annesaling process enables stable
production of stee! sheets with excelient homogeneity
and surface condition with extremely high cfficiency.
Further, by applying rapid heating and rapid cooling
processes, which are the strong points of the continuous
annealing process, it has been possible to develop prod-
ucts with special features, beginning with high tensile
cold rolled siecl sheets, Examples of these products
include low vicld ratio (ratio of yield strength to tensile
strength) steel sheets,'” as represented by cold rolled fer-
rite-martensite dual phase steel, and extra desp drawing
cold rolled steel shects” which possess both an anti-
aging property and bake-hardenability,

The next “continuation”, fellowing continuous an-
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nealing, was realized recently in the hot rolling process.
The hot rolling process is represented by the tandem
type hot strip mill, which has extremely high productiv-
ity. The first step 1o continuatien of the hot rolling
process is continuation and synchremization of the steel-
making and hot rolling processes. represented by CC-
DR icontinuous casting-direct rolling) and DHCR
(direct hot charge rolling). By making usc of these con-
tinuous processes, it has become possible to exercise a
high level of control over the precipitation phenomena
involving carbides and nitrides, and thus to improve the
property of the material.

The second step 11 continuation of the hot rolling
process s that of hot rolling itself. [n hot rolling. the
material 15 passed continuously through the roughing
mill and a finishing mill comprising 6 or 7 stands, but
basically, slabs arc rolled one at a time. However,
Kawasaki Stee!l’s Chiba Works realized continuation in
the finishing hot rolling process at the new No. 3 hot
strip mill in 1996 in advance of any other mill in the
world. The new process, called “endless hot rolling,” is a
technology which performs finishing rolling continu-
ously by joining sheet bars that have completed rough
rolling at the entry side of the finishing mill. This con-
tinuation of hot roiling has dramatically improved the
material property of steel sheets.

3 New Products Manufactured by Application
of Endless Hot Rolling

As mentioned above, continuation ot hot rolling plays
an important rele in the improvement of mechanical
propertics. This section will introduce several products
which are manufactured by application of this technol-
ogy.

3.1 Ulktra High r-Value Cold Rolled Steel Sheet

The decp drawability of steel sheets improves as r-
value increases. This phenomenon is known to be
closely related to the orientation of crystallographic
structute,” To date, the r-value has been improved by
applying optimized cold rolling and anncaling condi-
tions o ultra-low carbon IF (interstitial atom free) steel
in which C and N are stabilized as precipitates by adding
Ti and/or Nb. In such case, (L L1) texture, which is effec-
tive for decp drawability, can be obtained. The maxi-
mum r-value of steel sheets which are mass producted
by this method is 2.4. However, the development of steel
sheets with higher r-values, cortesponding to the trend
toward [orming of integrated panels for automobiles, has
been demanded for the past ten ycars. Moreover, it was
known that the »-value of steel sheets after cold rolling
and annealing generally shows a positive correlation to
the r-value of the hot rolled steel sheet before cold
rolling."

In hot rolling, which is a passing process in the pro-
duction of cold rolled steel sheets, a transformation from
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Table 1 Typical mechanical properties of high r-

value steel sheets

Yicld

Tensile Elongation
strength  strength ™7 (,‘5,}‘) rvalue
{MPa) (MPa) "

Newly developed

high rvalue steel 150 281 25 30
sheet

Conventional 1‘11ng 150 250 55 0y
rvalue stee] sheet

austenite to ferrite occurs after hot rolling. As a result,
the crystal orientation becomes random due to the
change in the crystal structure, and it is not possible to
obtain high r-values. When rolling is performed in lower
temperatute ferrite region to avoid structural randomiza-
tion due to ¥—« transformation, strong friction between
the strip and the rolling rolls causes strong surface shear
deformation which leads to poor (111) texture™ A
method of solving this problem is to reduce the surface
shear layer by lubricated rolling. By performing lubri-
cated rolling. the shear structure of the surface is
reduced, allowing orientation of the (111} plane not only
in the center of the sheet thickness, but also at the sur-
face. On the other hand, it is also possible to produce
steel sheets with ultra high #-values by performing cold
rolling and annealing twice, but due to production line
restriction on the sheet thickness, this method was lim-
ited to an r-value of approximately 2.4

In January 1996, Kawasaki Steel began the world's
first fully continuous hot rolling operation, which the
company calls “endless hot strip rolling.”®" at Chiba
Works® new hot strip mill (3 HOT, started up in May
1995y, By realizing fully continuous hot rolling, it
became passible to perform heavily lubricated, heavy
reduction roliing in the ferrite region, which could not
be applicd with the conventional hot rolling cquipment
due to problems of instability in rolling, such as mean-
dering and slipping of the strip during rolling, and simi-
lar difficultics. The development of this technology sup-
presses additional shear deformation at the strip surface
due to friction, which could not be avoided in conven-
tional territe region rolling, and enables a high level of
control aver the crystallographic structure even after hot
rolling, making it possible to produce cold rolled steel
sheets with an ultra high r-value of 3.0, which exceeds
the conventional level ™ The representative properties
of ultra high mvalue steel sheets are shown in Table 1 in
comparison with the conventional cold rolled steel
sheets having the highest level of r-values. These steel
sheets can be applied to a wide range of extra deep
drawing products such as oil pans.

3.2 High Tensile Strength 590 MPa Grade Dual
Phase Hot Rolled Steel Sheets

Dual phasce steel 1s @ matenial in which islands of hard
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Table 2 Typical mechanical properties of TS590

MPa grade hot-rolled dual phase steel

sheets
S - - _ - f=23
v TS YR El e vl
MPz)  (MP) (%) (%) Avalug r-value
sl 617 49 3l 023 ~L0

martensite are dispersed in a soft ferrite matrix. Because
the yield ratio is small, this type of steel is excellent in
formability and has the distinctive feature of high elon-
gation.'” In autometive applications, dual phasc steel
sheets are expected to be applied to reduce the weight of
parts by using thinner material. Initially. dual phase steel
sheets were produced by the cold rolling process, but
subsequently, the development of hot rolled dual phase
steel sheet was promoted. To replace cold roiled dual
phase steels with hot rolled dual phase stecls, there are
two key points. Firstly, hot rolling technology for high
strength steel must be established to obtain the same
accuracy of thickness. Secondly, accurate cooling con-
trol should be achieved 1o control phase transformation
after hot rolling.

In producting dual phase hot rolled steel sheets, con-
trol of the cooling condition after finishing rolling is one
particularly important factor. Promoting the ferrite trans-
formation by rapid cooling after relling, followed by
slow cooling, causes enrichment of C in the untrans-
formed austenite, while the rapid cooling treatment
which is performed subsequent to this causes the austen-
ite to transform effectively into martensite. By applying
the new No. 3 hot strip mill at Chiba Works, it has
become possible to control this cooling process with
high accuracy. Table 2 shows the typical mechanical
properties of newly developed TS 590 grade hot rolled
steel sheet. Features of the new product include favor-
able elongation, which exceeds 30%, and low yield ratio
of approximately 50%.

3.3 Hybrid High Strength Type Dual Phase
Steel Sheet'"”

[n order to achieve further reductions in the weight of
automotive body, high strength steel shects with a tensile
strength of 780 MPa have been required. In the develop-
ment of this product, the material should combine the
material property advantages of phase strengthened steel
and precipitation strengthened steel. The development
was therefore carried out by a method of precipitation
strengthening of the ferrite phase after producing a dual
phase microstructure comprising ferrite and martensite.
(The resulting product is called hybrid-type dual phase
steel sheet). As the aims of the material design, the fol-
lowing four points can be mentioned.

(1) Precipitation strengthening of the ferrite phase
reduces the strength difference between the ferrite
phase and the martensite phase, and thus reduces the
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Table 3 Chemical compositions of hybrid-type stecl

sheets
_ (mass?)
TS grade C Si Mn Ti P S Al
TRe0MPa | 0406 L25 145 0.08 000 0001 0.030
780 MPa 1 008 LS00 L8O 010 0.0100 0.001 0.080

Table 4 Mechanical properties of hybrid-type steel

sheets
B 777» o . . Faligue ﬁ111il (M[’-a_j
TS grade | YO S VSIS Bl e
Serade ) Mbay (MPa) (%) (%) | Ashet surlace
rolled  grinded
GOCMPa | 516 688 75 25 | 319 392
780MPa | 558 828 67 2| s 162

concentration of strain in the ferrite phase; this

improves both the local elongation property and the

flange elongation property.

(2) The advantages of low yield ratio and large uniform
etongation possessed by dual phase stecls are secured.

(3) The coexistence of precipitation strengthened ferrite
phase and martensite phase, increases fatigue crack
propagation resistance, and thus improves fatigue
properties.

{4) The weld hardening property imparted to the mater-
ial is good balanced in that weld area is not abnor-
mally hardened, as in the case of phase hardened
steels, and softening of HAZ (heat affected zone)
does not occur, as n the case of precipitation
strengthened steels.

In order to form the microstructure described above, 1t
is important to promote two reactions in the cooling
process following hot rolling. As the first, fine TiC,
which has a large precipitation strengthening cffeet,
should be formed rapidly in the ferrite grains immedi-
ately after the transformation from austenite to ferrite.
As the sccond, the excess C which was not consumed as
TiC shouid be made to concentrate on the austenite
phase which remains at this point in time, and the for-
mation of martensite in the subsequent cooling is facili-
tated.

Based on the above thinking, hybrid-type dual phase
hot rolled stecl sheets of TS690 MP grade and 780 MPa
grade are produced using the new No. 3 hot strip mill at
Chiba Works. The chemical compositions and their
mechanical properties of these steels are shown in
Tables 3 and 4, respectively.

The hole expansion ratio of these steels, as shown in
Fig. 1, is supcrior to that of conventional dual phase
steel and precipitation strengthened steel sheets. As
mentioned above, this is because the strength difference
between the ferrite phase and the hard phase of marten-
site is reduced by precipitation strengthening of the fer-
rite phase, which has the effect of suppressing the con-
centrations of strain in the ferrite grains during working.
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Fig. | Relation between the hole expansion ratie
and the tensile strength of conventional and
newly developed hybrid-type high strength

steel sheets

3.4 High Formability Tin Plate for Can Use

With steel sheets for can use, which have a thickness
of approximately 0.2 mm and are termed ultra thin stezl
sheets, there has also been expanded application of con-
tinuous annealing, which offers higher productivity and
makes it possible o obtain uniform material properties.
In the field of hard steel sheets with temper grades of
T4-T5, continuous annealing can be applied with rela-
tive ease, but because of the high cooling speed in con-
tinuous annealing, solute C tends to remain in the mate-
rial, and it has therefore been difficult te produce soft
tempered tin plates. However, by using ultra low carbon
steel with a C content of 20 ppm'® as the base material,
Kawasaki Steel has succeeded in obtaining soft tem-
pered tin plates on the same level as the conventional
box-annealed material even when using the continuous
annealing process. At present, Kawasaki Steel uses this
method in the mass production of soft tempered tin
plates (grades T1-T3) and tin mill blackplates using the
former products as the substrate. Because these steel
sheets have elongation and r-values equal to or better
than those of the conventional box-anncaled steel sheets,
their applications are continuing to expand.""’ Examples
of the applications of this steel sheet are shown in Photo
1. In spite of the fact that both of these examples are
extremely hard-to-form parts, stable forming is possible.
In the production process of these highly formable, ultra
low carbon steel sheets for can use, the sheet of the hot
rolled steel is thin and the y—¢ transformation temper-
ature shows a relative merease in comparison with con-
ventional low carbon (0.03-0.03%) steel. Therefore, the
precise control of the rotling temperature and the shape
of the steel strip, becomes unportant in hot rolling. The
new No. 3 hot strip mull at Chiba Works 1s contributing
to high accuracy control of these hot rolling conditions.
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Photo | Examples of formed parts using formable

thin-gauge stecl sheets

Similar to automobile industry, high strength steels
are required in can industry to reduce materials thick-
ness and can weight. Up to present, thinner sheets have
already been realized by increasing the strength of the
material, which was achieved by changing over to con-
tinuous annealed process from box-annealed process.
The methods of realizing further increases in strength
are as follows.

(1) To increase the content of strengthening elements
such as C, Mo, cte. in the steel.

(2} To apply work hardening by performing additional
secondary cold rolling after annecaling.

However, in method (1), it is a problem that both
and Mn increase deformation resistance during hot
rolling and cold rolling. In addition, welded zone should
be hardened in case of welded can applications, and
flange formability should be reduced as well.

Method (2) has the advantage that the steel sheet is
strengthened simultaneously when the thickness is
reduced, but has the problems of markedly reduced elon-
gation in the base matrial and increased spring back due
to an increase in the yield ratio.

As a method of solving the above problems, new steel
for 3-piece cans, was developed by applying the
strengthening clement N, which had not been positively
used in the past, to SR (single reduced) material. As a
result, it was found that these steel sheets did not show
the fluting or other problems in response to the increase
n the aging property accompanying N addition. Rather,
as shown in Fig. 2, the sheets posscssed the extremely
good properties of heing soft during forming. and then
cffectively realizing a high level of strengthening after
canmaking as a result of rapid strain aging.'"*'"" With
this stee! sheet, it is necessary 1o leave the larger part of
the added N in a solid solution condition in the product.
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Fig. 2 Change of tensile properties of N solution
strengthened thin-gauge steel sheets for can

use during can manufacturing process

Therefore, the precise control of all precesses including
hot rolling is required. In this regard, the high accuracy
contrel of rolling conditions at No. 3 hot strip mill is
effectively used.

Table 5 shows a companson of the representative
properties of this N solution strengthened steel with
those of the conventional product. After aging corre-
sponding to baking following painting, the strength of
the material shows a large increase due to strain aging
hardening.

5 Conclusion

in the most recent 10 years, remarkable progress has
haen achicved in the continuation of steel sheet produc-
tion processes, and in response, product development
which makes use of the advantages of these processes
has been promoted. As a result, not only has the quality
of existing products improved. but a large number of
new products have also been developed. In particular,
the continuation of the finishing process n hot rolling,
which was achieved recently, is an innovation which has
dramatically expanded the degree of freedom in the
development of steel sheet products. In the future,
new product development based on this technology is

No. 41 October 1999

Table 5 Typical mechanical propertics of N solution
strengthened thin gauge steel sheets for can
use

_'_. ‘ As temper rolled 1 After aging {at 2107 L‘)"
Steel YS TS It Y5 TS Ll
! (MPay  (MPa) (%) (MPay  (MPa) (%)

Conven- B2 15 25 281 406 27

tionat

With 100

pom N 331 454 20 442 462 27

addition ¢

Base steel: 0.04%C-0.2%Mn-0.04 % Al

expected n a wide range of fields.
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