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A Universal Continuous Caster-Hot Strip Mill Direct Rolling
Process by Effective Utilization of the Unique Schedule Free
Rolling Operation System
Takashi ASAMURA, Yoji ITOH, Toshiki YABUTA, Yoshio INOI,
Megumi AKAJ, Takashi ODA and Shoji TANAKA
Synopsis :

A new 66-in. Yawata hot strip mill put into operation in Apr. 1982 and the total production amounted to
17 million tons at the end of June 1987. In this mill, up-to-date equipments, such as the 6Hi mill, work-roll
shift device, etc. and large scale computer control system were introduced. This SFR operation has been
established by a lot of developments about the unique softwares, such as the work-roll shift system, auto-
matic crown and flatness control system, the resistance to deformation model employing the dislocation
theory, forward slip measuring system, specialized operation of the reheating furnaces, eic. As a result,
the coupled and synchronized operation between continuous caster and hot strip mill has been carried out
successfully, so-called hot charged rolling (HCR), which has brought not only to the cost reduction but also
to the market need without production shortage. This epoch-making SFR operation has surely changed the
image of hot strip mill operation. And, an advanced and lay-out free direct rolling (CC-HDR) operation
started-up in June 1987.

Key words : rolling ; continuous casting; direct reduction; process control; production control; measure-
ment ; plastic deformation ; energy ; fuel ; computer.
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Fig. 2. Mass model of material flow.

(a) Profile (crown) control accuracy

WK, 777 AL R L OB 2 FRaR A 72 A
27:%% Fig. 2 (b) ORT X2, BHREIEE ¢ b
BAFERF ¥ ko C, TEMNCEBHETEILILER
L7 CoFERFFIHLT, BEDOY S v EFEHL
TR E 2 FEEICREFMEZR L0 Fig. 3 Th 5.

ITHEHES IV R ERT AL LT, BEPEY -
BEHEECO > OmRHE %KD 72 EC, =2 TRIFE
PofEsmEEx, PEAL DO TRBMRE T 5.
FrIAVETIR, O - LT 7 4 LB XU, N -
2 Y HEEREFCLDNE TR, EFELFE
739 r0EY, FHRFECIOTCHEL, BENLY
o7z, Fig. 4 ICFEHIHEOEHERERT.
3:-3 EREEERE®

3-3-1 AR EEARIE AT

MWiE -1 XOKIFICE% S SFR Tid, 14AZ¢1i
FEREHDSKE BT B0, FEEHERBS S

Calculating maximum and minimum crown
for each stand considering marginal shape
of interstand.

Estimating final stand crown and shape
controlable range and obtaining entry
crown to final stand.

nd

Calculating strip crowns for upstream each
stand using maximum crown controlability.

¥

Judging the crowns of 1st stand delively
value and 2nd stand entry one.

In case of crown unmatching, modifying
crown value of downstream stands.

Fig. 3. Algorithm of strip crown schedule for
obtaining aimed crown.

(b) Shape control accuracy

Crown at the center portion
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with
ASC

without
ASC

without
ASC

(u)

Maximum value of the Flatness
with

Fig. 4. Results of ASC (Automatic
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Fig. 5. Comparison of the resistance to deforma-
tion measured with those calculated by models.
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Di High-speed counter

Mill motor Forward slip
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calculation

n=600 pulse/REV
Finisher Set Up

(i+1) stand (i) stand

where f ; Forward slip Vs ; Material speed
Vg ; WR surface speed
IsT; Distance between (i) and (i + 1) stands
Iz ; Length of WR rev. during the time (#)
! ; Time between (i) and (i + 1) stands metal-in
N ; Toral pulse count during the time ()
n ; PLG pulse count per one rev. of WR
D ; WR diameter
Forward slip can be obtained from equations @ and @

Fig. 6. Forward slip measuring system.
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Fig. 7. Comparison of the conventional technology and the developed technology in
terms of quality indexes.
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Fig. 8. Comparison of hot strip mill operation.
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day
shift
1 Furnace
2 Furnace
3 Furnace |i |
day
shift
1 Furnace
2 Furnace
3 Furnace
day Fuel .
- consumption
shift 103KCal/ T
1 Furnace 286
2 Furnace 216
3 Furnace 124
1 DHCR HCR [] CCR = Stainless Grain Oriented m Scheduled

steel

Silicon Steel maintenance

Shift A : AM 7:00~PM 3:00 B : PM 3:00~PM 10:15 C : PM 10:15~AM 7:00
Fig. 9. An example of rolling schedule result under SFR operation through a month.
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(b) Productivity
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Fig. 10. The effects of SFR operation.
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Fig. 11. Layout of Yawata CC-HDR process.
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Fig. 12. Start-up of CC-HDR operation.
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