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Synopsis :

Recently, the necessity for more accurate automatic flatness control has increased
because of customers’ requirements for cold-rolled steel sheets with a thinner gauge and
better flatness quality. In April 1988, the authors installed a new flatness control
system at the 6-stand tandem cold rolling mill, which rolled mainly ultrathin gauges, at
No.1 cold rolling plant of Chiba Works. This new automatic flatness control system
consisted of actuators and a contact roll type sensor. Through accurate simulations of
the effect of flatness control, the authors chose two actuators for this system. One was
an increasing and decreasing work roll bender. The other was a zone-controlled roll
coolant system which permitted adjusting of the distribution of the coolant flow along
the strip width. Using this system, a complex distribution of steepness was controlled,
for example, not only a quarter buckle but also a simple center buckle or edge wave. As
a result, the maximum steepness of the strip has been decreased to 0.8%, and troubles

with the process and defects caused by poor shapes have been drastically decreased.
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Synopsis:

Recently, the necessity for more accurate automatic flatness con-
trol has increased because of customers” requirements for cold-rolled
steel sheets with a thinner gauge and better flatness quality.

In April 1988, the authors installed a new flatness control system
at the 6-stand tandem cold rolling mill, which rolled mainly ultrathin
gauges, at No. 1 cold rolling plant of Chiba Works, This new au-
tomatic flatness control system consisted of actuators and a contact
roll type sensor.

Through accurate simulations of the effect of flatness control, the
authors chose two actuators for this system. One was an increasing
and decreasing work rol hender. The other was a zone-controlled
roll coolant system which permitted adjusting of the distribution of
the coolant flow along the strip width.

Using this system, a complex distribution of steepness was con-
trolled, for example, not only a quarter buckle but also a simple cen-
ter buckle or edge wave.

As a result, the maximum steepness of the strip has been de-
creased to 0.8%, and troubles with the process and defects caused

by poor shapes have been drastically decreased.
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Table 1 Specifications of &-stand tandem mill

Fully continuous

Type 6 stand tandem (4-Hi)
Rolled material Mi{(dfc::et?rll plate, TFS, GI)
Max. mill speed {m/min} 2 260

Delivery thickness (mm) 0.1~1.0

Strip width (mm) 508 ~1 295

Work roll diameter (mm) 495~610

Backup roll diameter  (mm) 1270~1427

Max. roll bending force
(tfjchock)

435 (increase)
45 (decrease)

Direct

Application
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A Conventional entry-side coolant (hending force:0)
B : Delivery-side coolant {bending force: ()

C : Delivery-side covlant + Decrease bender (— 35 tf, chock)
D : Delivery-side coolant + Spat cooling
+ Decrease bender (—33 tf. chock)
2.0 4 A
ST (‘ P

Steepness (%)
s
L

Edge Center Edge
Strip width

Fig. 1 Simulation of steepness (Coolant temperature 25°C,
0.17 mm gauge x 750 mm width)
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Table 2 Comparison of actuator between conventional system
and developed system

F Conventional Developed
! system system
Work roll bender force
Upper limit  (tf/chock) 50 ! e
Lower limit  (tf/chock) 0 —45
Coolant £
Location Entry side Delivery side
Number of channels — 26
Channel width (mm) — 52
Flow leve! — 8

* Symmetrical and asymmetrical

LBREIREIREN, vy — s BULNRETD,

(3) 7—re—nAvaAlEZs -7 v EBHEELIES
Vv P —Fv AT ARBATAILICLY, sV —5
HUsHETES,

Eyiab—va vOHEERY S L BIRL A AFC fiotgfs

Vi & RS ORI BRI A LB L ¢, Table 2 w53, ¥

EOEHE LT, DTo3A0aTohs,

(1) F47) R I BMREL, 1 v 7V —RXXv gL
HERFYOEL Lis

(2) v At LT oRFRSE & R mRElED » -
Wice

(3) P—7r—ns—-5vrdeBHil»oEHL, 7—-2 90—
WAV ATRCHERY B VAL THBE Ly — 2 —F v b
VAT AEFEB L.

2.2.2 BEE B
Wkt vk, BEBRIE AT ACKGCCRLEECH A,

AAF AT, BHOREES LTNERYEBLT, Bty

He—ns A FOWHh+ v+ (STRESSOMETER) # B\, $¢

¥, 6FvFaisnliCBEEGEEESCE-TIL, WiRkR

Dl YRS LT, BRNTHERR - v OBRAAR

ot SEARERECHUREEELH - TEEL v+

EOAE— FYAFASR2 82X 0T 0 EORERILL -,

Table 3 =& v A F A TEA LB+ O HEYTR T, F1-

Fig. 2 it ARk £ v+ ORBRLTT. £ v 4 OSEEREEN

IR Ll v 7 -5 v D F w2 AEEE—EL, §

SRENERENBBIOASMEIEREC 2 D1 O 26mm &

Lize

STRESSOMETER ofIERE L, &5 e —APcilh 36

RAWMENC LV EBEARCREDSAYEEL, (1) X0 (2)

A AGCTIRRFAMCEINCERTS,

Table 3 Specifications of shape-sensor

Roll diameter (mm) 313
Accuracy (20} {(I-unit) 2.6
Period of output (s) | 0.35
Number of channels !
52-mm wide channel 10
26-mm wide channel 30
Total 40

20



B#ER s V5 a2 - F 3L REERREH oM 21
B X Zone: dg-izuFi?F O AT T U (1)
26mmx15 52mmx10 26 mmx15
’ A i Pl
1 ﬁEé- -B, ...E. Hel I __4_?‘_‘. . ( b )
L elper T e e 2
| f‘[» ; I ‘ ; i‘ﬁ drivping E
bt HEL IR L G e T Fei i channel 1350 % M 4
4] igu | F: #infErs
' T: ==, 8P (kgf/mm?)
Fig. 2 Outline of shape sensor (STRESSOMETER) doy: BHA (kgf/mm?)
E: vv 78 (kegffmm?)
20 L: i channel 2%t SRR
_ {a) Exampl%dkl (b} Example of center buckle| Fig. 3 iz, STRESSOMETER THIE Lic#h v 54 v ks +
& quarter buckle ) _ _
b On-line  Off-line 774 v OERETCYRYEE LR oEY R T, 2 H0BR
SLE L Onine I = RRIBHETHBN, +v T4 4754 v OMRILE < —K
% . LTy B,
biitned || o R OBRIFRE LU= A THE L R ARk
"or 0 DR OP O DR VAT AORERE Fig. 4 1T,
Width 2.2.3 H#EBEE
Fig. 3 Steepness comparison between off-line and on-line meas- Ry AT L OHEREEE DB, BRORIFEC O

urements

No.6 stand

I Increase hender

I Decrease bender

1 ONE

' 0" =

Roll hending

Roll cooling Shapemeter
controller controller (STRESSOMETER)
t !
Automatic flatness contraller {CRT)
{ (MELPLAC-550) AR QR A—

il

Process computer
(MELCOM-60)

Fig. 4 Schematic diagram of automatic flatness contral system

THBET, G0 L 5z, BlevviboESiEl o
B B REHERE X oK - LT, BEXMECERT
AW, DI TR0 R K E TOAETEE 6(X) 75 gn(X)
HCT (3) ADLHC f2RA L, ZEEOHK Ad b Aa
KIhBRERT L Ta,
B=Aopo+ A+ Angpat oo + Angn
2 Gigm=1 (I=m)
=0 gam)
i EEHREAE
COBRKEAEVAE, Fig. 5 It RT I o0 BRkAx v 0838
DEBKRTED,
Fig. 6 it HEBERHAES 7 = » 204+, BEBRS IUE

Shape & @ @: @ &

i { %
\/jl\/ =Aie|- [+ Az XQ}?Z + o] +Au 1| oo
t J \ .

Strip width,
Fig. 5 Recognition of shape pattern

Roll bending force
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Fig. 7 Example of roll bending control
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Fig. 8 Effect of roll bending control
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Fig. 9 Effect of delivery-side coolant and spot cooling
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Fig. 10 Effect of roll bending and roll cooling control
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