Abridged version

KAWASAKI STEEL TECHNICAL REPORT
No.14 ( March 1986 )

Special Issue on Stainless Steels

Crown Control of Hot-Rolled Stainless Steel Coils

Tadao Tanomura, Itaru Hishinuma, Akio Adachi, Akihiko Takeya, Yuji Hirose, Yushi
Miyake

Synopsis :

User's demand for the decrease in the traverse gauge deviation of hot-rolled strip is
becoming more serious year after year, especially for the stainless or other special steel.
To satisfy this demand, K-WRS (Kawasaki Steel-Work Roll Shifting) mill, which
controls the strip crown by shifting a tapered work roll, was applied to Chiba No.1 hot
strip mill in June 1983. and HC mill (High crown control mill, 6-high), equipped with
the IMR shifting device and work roll bender, was installed in Mizushima hot strip mill
in September 1983. As a result, the capability of controlling the strip-crown has been
improved to produce the stainless steel hot coil, with a smaller strip crown and square

cross section by applying the respective control methods used in K-WRS and HC mills.

(c)JFE Steel Corporation, 2003

The body can be viewed from the next page.




KAWASAKI STEEL TECHNICAL REPORT No. 14 March 1986

Crown Control of Hot-Rolled Stainless
Steel Coils™

Tadao Tanomura Akio Adachi
Hot Rolling Tech- Stall Assistant Manager, ’
nology Sec., Manager, Ho: Rolling  Hot Rolling Sec.,
Chiba Works Technology Sec., Chiba Works

om Mt

Itaru Hishinuma

Chiba Works

Alihike Takeva Yuji Hirose Yushi Miyake

Sheet & Strip Rolling  Staff Deputy Staff Assistant
Technology Sec., Manager, Sheet & General Manager,
Mizushima Works Strip Rolling Planning Sec.,

Technology Sec., Chiba Works

Mizushima Works

1 Iniroduction

Factors that determine the dimensional accuracy of
hot-rolled coils are the thickness, width, and crown
(indicating a center height of strip as shown in Fig. 1) of
the strip. With respect to thickness and width control,
AGC (automatic gauge control) and AWC (automatic
width control) have been introduced in many hot strip
mills. In recent years, the adoption of hydraulic AGC
and hydraulic AWC with beiter response characteristics
has been actively carried out.”

To reduce strip crown, such means as differential roll-
ing with a single roll drive” and high-power work-roll

* Originally published in Kawasaki Steel Giho, I7(1985)3,
pp. 225-230
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Synopsis:

User’s demand for the decrease in the traverse gauge
deviation of hot-rolled strip is becoming more serious year
after year, especially for the stainless or other special steel.
To satisfy this demand, K-WRS (Kawasaki Steel-Work
Roll Shifting) mill, which controls the strip crown by shift-
ing a tapered work rofl, was applied to Chiba No. I hot strip
mill in June 1983. And HC mill (High crown control mill,
6-high), equipped with the IMR shifting device and work
roll bender, was installed in Mizushima hot strip mill in
September 1983. As a result, the capability of controlling
the strip-crown has been improved to produce the stainless
steel hot coil,with a smaller strip crown and square cross
section by applying the respective control methods used in
K-WRS and HC mills.

benders” have been used. At Kawasaki Steel, rolling
with trapezoid-camber work rolls” has been adopted to
meet users’ requirements for smaller strip crowns.
However, completely satisfactory results have not been
obtained with any of these methods, and it has been
impossible to meet requirements especially with square
cross section strips (called “dead flat™) such as in stain-
less steel strips.

In recent years, crown specifications have become
increasingly strict and, in response, steel companies
have carried out or planned the introduction of crown
control mills. Kawasaki Steel has positively adopted
crown control mills since early on. In June 1983, the
company installed a Kawasaki Steel work roll shifting
mill (K-WRS mill), which is a 4-high mill, in the finisher
of the Chiba Works No. 1 hot strip mill.” In September
1983, an HC mill (high crown control mill),” which is a
6-high mill, was installed in the finisher of the Mizu-
shima Works hot strip mill. Furthermore, a crown con-
trol mill combining a K-WRS mill and high-power work-
roll bender will be installed in the finisher of the Chiba
Works No. 2 hot strip mill in the spring of 1986. When
this revamping is completed, ali three Kawasaki Steel
hot strip finishing mills will be crown controt mills.

This report describes the crown control methods for



the K-WRS mill and HC mill and the results of rolling of
stainless steel strips on these mills.

2 Crown of Hot-Rolled Steel Strips

When reduction is applied to material, the rolling
reaction force from the material causes roll bending, and
flattening of the roll surface. Especially in materials with
higher deformation resistance than mild steels, such as
stainless stee! strip, the force of this reaction on the rolls
is great, and deflection and flattening are accordingly
great, Furthermore, wear and thermal expansion of rolls
occurs in the course of rolling. Roll wear increases in
near proportion to the mathematical product of rolling
load and total coil length rolled by the same roll. Ther-
mial expansion of rolls occurs due to heat input to the roll
caused by the contact, friction, and radiation between
the material being rolled and the roll. Since, in the roll
axial direction, there is a difference in the amount of
thermal expansion between the barre! center pdsition,
where heat is mainly received, and the roll ends, where
receive no heat, expansion is great at the axial center of
the roll and small at the roll ends. This distribution of
thermal expansion is called thermal crown.

As is apparent from the foregoing, the crown of hot-
rolled steel strips is governed by the four factors: deflec-
tion, flattening, wear, and thermal expansion {thermal
crown).

3 Conventional Crown Control

The conventional crown control consists mainly of
relieving the deflection of the work roll due to the reac-
tion force from the strip. For this purpose, methods
adopted include one in which the pressure of a bender is
used to broaden the two ends of the work roll and
another in which the initial curve of the work roll is
made convex in order to relieve the contact pressure at
roll ends. The latter method is also effective in directly
reducing the crown by utilizing the geometrical shape of
the roll.

Although the bulging at the center of strip crown can
be reduced by these methods, they have virtually no
effect in reducing the partial loss of thickness near the
strip edges, called edge drop, shown in Fig. 1.

To eliminate the drawbacks of the conventional
methods, Kawasaki Steel, earlier than any other steel
companies,” developed the trapezoid-camber rolling
method. Figure 2 shows schematically a comparison be-
tween trapezoid-camber rolling and conventional roll-
ing. In the trapezoid-camber rolling method, the roll gap
at strip edges is increased by tapering the work roll barrel
edge vicinities. This configuration also substantially
reduces contact pressure of the work roll barrel-edge
vicinities with the backup roll, and as a result, edge drop
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Fig. 2 Schematic diagram of conventional and trape-
zoid-camber rolling

is improved. However, the fixed shape of the trapezoid-
camber roll limits the width of the strip with which the
effect of this rolling method can be obtained using the
same trapezoid-camber roll, as well as the threadable
strip width. This presented difficulties in preparing prac-
tical schedules of rolling.

4 Crown Control Mills

The specifications of the K-WRS mill installed in the
finisher of the Chiba Works No. 1 hot strip milt and the
HC mill installed in the finisher of the Mizushima
Works hot strip mill are shown in Table 1.

4.1 Crown Control in K-WRS Mill

Methods of using the K-WRS mill are broadly divided
into two; Under one method, rolls without taper are
cyclically shifted to prevent high spots (abnormal local
protuberances in strips formed due to the uneven wear
of rolls) rather than to control the strip crown. This
method is called the cyclic shifting (CS) method”® and
applied to the rolling of low carbon steel for cold rolling.
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Table I Specifications of K-WRS mill and HC mill
Mill Item Specification
Chiba No. 1 . W-R -----_597»- 70(5:;&:1 700 L mm
hot strip Roll size _ .
il BUR: 1118~1255¢x1372L mm
(R-WRS) Work roll | Stroke: 275 mm max
shift Force : 100 tf max
WR b?nd' Increase: 53 tf/chock max
ing force
Mizushi[r_la WR @ 585~ 685 ¢ x2380 L mm
231‘] SHIP | Roll size IMR : 540~ 675 ¢ x 2345 L mm
(HC) BUR: 1190~1 340 ¢ x 2 300 L mm
IMR: 0~750
Shift stroke o
WR: £150mm
Work-roll | Increase : 75 tffchock max
bending | Decrease: 75 tf/chock max
force {only for upper roll)

v

The other method is the one-side tapered work roll shift-
ing method, which was developed from the trapezoid-
camber rolling method and is called the taper-adjusting
(TA) method.®” Stainless steel is rolled using the TA
method.

In the TA method, to ensure greater crown controlla-
bility than with the conventional trapezoid-camber roll-
ing method, each work roll is tapered only on one side,
the work rolls are arranged so as to produce central sym-
metry of the tapers, and the upper and lower work rolls
are shiftable axially depending on the strip width. Figure
3 is a schematic diagram of the TA crown control
method. Crown control parameters are the amounts of
taper relative to the strip, L.e., E (effective length) and
Ey (effective height), as shown in Fig. 4. In the finisher
of Chiba Works No. 1 hot strip mill, the F; -value can be
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Fig. 3 Schematic diagram of K-WRS mill
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Fig. 4 Definition of Ey and Ey

adjusted over the range of the maximurm amount of shift
for each roll {275 mm) multiplied by 2. Under the con-
ventional method, the amount of roll taper has been
determined on the basis only of the width of the strip
that requires special crown control among strips to be
rolled in the same rolling campaign. In contrast to this,
in the TA method, an appropriate amount of taper can
be selected for each width of strips in the same rolling
campaign. Under the TA method, therefore, wider
ranging strip crown control has become possible, and
restrictions on the preparation of rolling schedules have
been substantially relaxed.

4.2 Crown Control in HC Mill'®

The principle of crown control in a HC mill is shown
in Fig. 5. The HC mill is provided with intermediate
rolls, shiftable in the axial direction, between work rolls
and backup rolls. Furthermore, the work rolls also pos-
sess shifting mechanisms for use in crown control.

When the intermediate roli is shifted, a noncontact

BUR
[ I IMR J:jjczv IMR Shift
WR &> WR Shift
Roll bender L7
WR ] HCes
; IMR
Strip
BUR
HCH = L-W Al

L: WR barrel length
W Strip width
At: IMR shift

Fig. 5 Schematic diagram of HC mill
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area is produced between the work roll barrel edge vicin-
ity and the intermediate roll, reducing the contact pres-
sure of the rolls at the work roll end, and, as a result,
decreasing deflection. The amount of deflection of the
work roll can be controlled by regulating the amount of
shift of the intermediate roll in response to strip width,
that is, by changing the distance between the strip edge
and the intermediate roll end, or, more precisely, the
length of the part of the intermediate roll in contact with
the part of the work roll not in contact with the strip
(denoted HCS). The effect of the work-roli bender also
increases with increasing amounts of shift of the inter-
mediate roll, i.e., with decreasing HC4. Therefore, due
to the effect of the intermediate roll shift, the HC mill
has a greater crown control capability than the conven-
tional 4-high mill. Furthermore, the simultaneous shift-
ing of the work roll permits a wider range of crown con-
trol and more freedom in preparing the rolling schedule.

5 Application of Crown Control Mills to
Production of Stainless Steel Strips

This section describes results of crown control of
stainless steel strips in a K-WRS mill and an HC mill,

5.1 Crown Control of Stainless Steel Strips in K-WRS
Mill

The finisher of the Chiba Works No. 1 hot strip mill,
where a K-WRS mill is installed, rolls mainly ferritic and
martensitic stainless steels.

5.1.1 Effect of change of E; -value

Figare 6 shows an example of crown change when
SUS 430 strips 4.0 mm in thickness and 1265 mm in
width were rolled on the K-WRS mill with varying E; -
values. The crown is evaluated by the strip thickness
difference (Crys), i.e., the difference between the strip
thickness at the middle of the strip width and the strip
thickness 25 mm from the strip edges.
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Fig. 6 Effect of E_ changing on strip crown
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where
hc: Strip thickness in the center of strip width
hwas: Strip thickness 25 mm from the work-side
strip edge
hpys: Strip thickness 25 mm from the drive-side
strip edge

In this case, Cry5 can be controlled to about () to 40 um
by adjusting the E; -value with the range 140 mm and
200 mm. To obtain a satisfactory control results with the
TA method, it is necessary that the roll wear contour
over the course of the rolling campaign is the same as
the roll contour initially given. Figure 7 shows an
example of the wear contour of a tapered roll used in the
TA method. The taper contour of the worn roll is the
same as the contour initially given by roll grinding, and
it was also ascertained that the effectiveness of control
by E; adjustment is maintained over the entire course of
a rolling campaign.

However, if a larger E, -value than with the preceding
strip is used or a strip wider than the preceding one is
rolled when roll wear has proceeded well, large edge
drops are formed because the strip is threaded with its
edges passing over the box-shaped worn parts of the roli.
With the stainless steel SUS 430, which has lower defor-
mation resistance than other stainless steels, it is easy to
controi crown by adopting large F, -values. In marten-
sitic stainless steels with high deformation resistance,
such as SUS 420J2, large E;-values may impair thread-

Strip width

Initial contour

Wear contour

WR width
" 1700 mm

F3 upper WR
Material: high carbon steei
Size: 3.3~-3.5 mm¢ x 668~967 mmW
Amount of
rolling materials: 602 t

Fig. 7 ‘Typical example of wear contour of tapered
work roll after hot rolling
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ing, so the usable range of E| values is limited.

Therefore, the composition of the rolling campaign
and the setting of Ej -values should be carried so as to
best respond to these points, if the advantages of the TA
method are to be fully realized.

5.1.2 Strip crown profile

Variations in the strip crown in a hot rolling cam-
paign are shown in Fig. 8. In this campaign, thickness
varied between 3 and 4 mm and width between 720 and
1 260 mm. By the conventional methods, good crown
control is obtained only with specific sizes even using
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Fig. 8 Change of strip crown in hot rolling campaign
by K-WRS mill (SUS 430)

trapezoidcamber rolls; the average Cr,s throughout
such a campaign has been about 100 gm. With the TA
method, however, it has become possible to control Crys
to 0 to 40 gm throughout a rolling campaign by setting
optimum F; in view of the schedule composition, even
if strip width and thickness vary.

Figure 9 shows examples of a typical profile (width-
wise thickness distribution composed of the crown, edge
drops, high spots, etc.) of SUS430 steel sirips rolled by
the TA method. As is apparent from this figure, the
profiles show an almost square cross section.

140 Lm

200 mm
P

SUS430 3.0 mmtx1265mmW

T

SUS 430 3.0 mmé X 1265 mm W

)

5US430 4.0 mme X1 0620 mm W
Fig. 9 Typical profiles of SUS 430 steel by K-WRS mill

5.1.3 Results of crown contrel

Table 2 gives examples of results of crown control of
SUS 430, 410 and 420J2 steel strips rolled with the K-
WRS mill by the TA method, In the conventional
method, Cr,s was about 100 #m in the rolling of
SUS 430 strips 3.0 to 3.3 mm in thickness and 1 000 to
1 300 mm in width and SUS 410 strips 4.0 to 5.3 mm in

Table 2 Crown control capability in K-WRS mill

Materials Product size* (mm) nrr o0 0 C.g;" ('u;?]) 60 80 100 120
S0US 430 J3.x1490 159 ‘23 @) i}

SUS 430 3.0x1219 133 ! 34 10
S5US {10 4.0~-35.3%x1000 115 L lf Qg

5US 120 F0~8.0x914~1000 73 24

SUS 4§20 J2 4.0~53%x914~1 000 61 ' 345

*Thickness X width
**Number of ceils examined
o Conventional
& K-WRS
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thickness and 1000 mm in width. When the TA
method was adopted, Cr,; decreased to less than about
40 ym in almost all cases and the average Crys was ( to
30 um, less than 1{3 the values obtained with the con-
ventional methods.

5.2 Crown Control of Stainless Steel Strips in HC Mill

The finisher at the Mizushima Works hot strip mill,
where an HC mill is installed, rolls mainly SUS 304
strips which must meet severe thickness tolerances and
severe crown requirements. Crown control techniques
adopted in this HC mili and results of their application
to the rolling of SUS 304 strips are described in the
following.

5.2.1 Effect of crown control

Figure 10 shows changes in the strip crown when
the amount of shift of intermediate rolls and the work-
roll bender force in the F5 to F7 stands were simulta-
neously changed. Cr,s can be controlied to 40 to 50 um
by changing the amount of shift of the intermediate rolls
in the range of 0 to 400 mm. It is apparent from the gra-
dients shown in this figure that the effect of interme-
diate roll shift is a crown change of about 0.1 zm for
each 1 mm of shift, Furthermore, it was confirmed that
combined application of intermediate-roll shifting and
roll benders ensures strip crown controllability of about
70 #m with this product size.

5.2.2 Flatness

The HC mill has a wide crown control capability
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SUS 304 4.0 mmé <1245 mmW
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] 1 1 i 1
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Fig. 10 Effect of IMR shift on strip crown
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with SUS 304, in the same way as with mild steels.
However, the flatness between stands and on the exit
side of the finisher changes with changes in crown ratio
(crown/strip thickness) on the exit side of each stand.
When using an HC mill to control strip crown, if the
crown ratio on the exit side of an upstream stand of the
finisher is high, as crown is reduced by adjusting inter-
mediate-roll shift downstream, crown ratio changes
greatly. As a result, the flatness between stands and on
the exit side of the finisher deteriorates, and positive
results may not be obtainable from intermediate-roll
shifting. To obtain a profile of square cross section
without impairing flatness on the exit side of the fin-
isher, it is necessary to reduce crown in the upstream
stands of the finisher. To this end, good results can be
obtained from roll shifting without impairing flatness by
using convex-curved rolls in the upstream stands of the
finisher.

5.2.3 Edge drop

When rolling is conducted with an HC mill without
using trapezoid-camber work rolis, bulging of the strip
center crown can be sufficiently controlled. However, it
is difficult to prevent the occurrence of edge drops.

In the finisher at the Mizushima Works hot strip mill,
edge drops are presently reduced by decreasing rolling
loads in the downstream stands of the mill. For this pur-
pose, the following measures are taken:

(1) Raising rolling temperature by increasing the sheet
bar thickness and rolling speed

(2) Adoption of a reduction schedule with lighter
reductions in downstream stands

Figure 11 shows the relationship between the rolling
load in the final stand {F7 stand) and strip crown Crys
when rolling force distribution was changed while main-
taining the same rolling conditions otherwise. It was
ascertained that reduction of rolling load in the F7 stand
results in decreases in strip crown.

T 5US 304

El 4.0mmi¢ X1 245 mmW

o100+
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o
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< 50 8] r=0.1{4 x-B9.95
£ (2 =0.77)

& v G am)

Iy Roliing load

860 1000 1200 1400
Rolling load in F7 stand (tf)

Fig. 11 Relation between rolling load in F7 stand and
strip crown
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5.2.4 Strip crown and profile

By applying the various techniques mentioned
above, it has become possible to achieve target crowns in
the rolling of SUS 304 strips. Figure 12 shows examples
of the profile of SUS 304 strips rolled with the HC mill
using these techniques. A good profile of almost square
cross section was obtained in a 4.0-mm thick strip. In the

IZ(J pim
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SUS304 20 mmis X1 050 mmW

Fig. 12 Typical profiles of SUS 304 steel by HC mill
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Fig. 13 Change of strip crown in hot rolling campaign
by HC mill (SUS 304)
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Table 3 Crown control capability-comparison of Crys-

in HC mill

{pm}

%\ i | o
Size* (mm}) - e
Method | 2.0% 106 401265

Conventional mill | <180 <150

| @ \ <100 < 70

e N _ -
HE | @ < 70 < 50
‘ < 60 < 40

D+E@+3+@

@ IMR shift

@ Rol! curve changed

(3 High temp. rolling at finisher stands

@ Light reduction at the latter stands
* Thickness x width

case of a 2.0-mm strip, however, the profile has some-
what large edge drops due to high rolling loads.

Figure 13 shows variations in the strip crown in a hot
rolling campaign when crown control was conducted
with the HC mill. Conventionally, the Cr,; of stainless
steels in the same rolling campaign is larger than that of
mild steels by more than 60 gm. However, if the various
above-mentioned control techniques are employed in
the HC mill, Cr,s can be controlled to the range of 10 to
60 um, even during a rolling campaign for stamless
steels.

5.2.5 Results of control

Table 3 gives crown control techniques so far adopt-
ed to date, with their respective control limits. By apply-
ing the above-mentioned control techniques to the HC
mill, it has become possible to reduce the Crys of SUS304
strips 2.0 mm in thickness and 1 065 mm in width to less
than 60 #m from the conventional level of about
180 pm, and that of SUS304 strips 4.0 mm in thickness
and 1 265 mm in width to less than 40 #m from the con-
ventional level of about 150 gm, i.e., to less than 13 the
conventional levels. Furthermore, hydraulic screwdown
devices were installed in connection with the adoption
of HC mills in F5 to F7 stands. This has made it possible
to improve gauge accuracy in the rolling direction. As a
result, it has become possible to supply stainless steel
strips to meet severe gauge tolerances.

6 Conclusions

Crown control of stainless steel strips is conducted
using a K-WRS mill installed in the finisher of the Chiba
Works No, 1 hot strip mill and an HC mill at the finisher
of the Mizushima Works hot strip mill. As a result, Crss
has been reduced to 23 um on average in the rolling of
SUS 430 strips 3.3 mm in thickness and 1039 mm in
width with the K-WRS mill and to less than 60 gmin the
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rolling of SUS 304 strips 2.0 mm in thickness and
1 065 mm in width with the HC mill. Thus, both results
represent a substantial reduction in sirip crown, to less
than 1/3 conventional levels. Furthermore, because
crown control throughout a rolling campaign has
become possible, the range of materials to which crown
control is applicable has greatly increased, and much
greater freedom has been achieved in rolling schedule
preparation (for example, in terms of the rolling order
of strips requiring crown control during a rolling
canmpaign).

Kawasaki Steel plans to install a crown control mill
combining the K-WRS mill with a high-power work-roll
bender at the finisher of the Chiba Works No. 2 hot strip
mill in the spring of 1986. With completion of this
revamping, all the three hot sirip mills owned by the
company will have been transformed into crown control
mills with the aim of further raising the level of crown
control techniques.
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