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Development of Accurate Control Techniques of Strip Shape and Edge-drop in Cold Rolling

Hiroyasu Y amamoro, Kanji Bapa, Sumitade Kaxmmoro, Akira Isumara, Yasuto Acuo, Teruhide Nupome and Mitsunobu Inasa

Synopsis : A demand of quality improvement for flatness and edge-drop has been recently increasing in cold rolling of steel strip. The
accurate control systems of strip shape and edge-drop have been developed for the new tandem cold rolling mill in Yawata
Works, which has 5 stands of 6 Hi-UC+-WR shift mill. The control system of strip shape consists of the initial set-up for
roll benders, intermediate roll shifts of all stands, a feedback control for roll benders and roll levelling of No.5 stand by using
signals of the shape meter which is installed at the exit of No.5 stand. The control system of edge-drop consists of the initial
set-up for work roll shifts of No.1~4 stands and the feedforward control for work roll shifts of No.1~4 stands by using
signals of the crown meter which is installed at the entry of No.l stand. Application of these control systems to the new
tandem cold mill shows the good controllability of flatness and edge-drop in cold rolling of steel strip. The strip flatness is
within £0.7% of inclination in an overall length of strip, and the accuracy of edge-drop is 1.2#m in average and within +
3um in an overall length of strip.

Key words: cold rolling ; cold rolling mill ; flatness ; edge-drop ; control system ; shape control ; edge-drop control ; automatic flatness
control ; automatic edge-drop control ; steel.
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Table 2.

No. 3

Standard conditions of calculation for
effects of rolling conditions on strip
flatnesses.

WR diameter Dw © ¢440mm
Rolling load per unit width P : 9.8KN/mm
Initial strip thickness H : 3.5mm
Initial strip crown
Body crown, Ce . 50um
Quater crown, Cq - 20um
Entry thickness at rolling mill he : 1.0mm
Reduction in thickness r : 17%
Strip width W ! 1200mm
WR bender Fw : 300 KN/chock
IMR bender F: : 500 KN/chock
IMR shift & . 50mm
Thermal crown of WR
Body crown,Cre - 40um
Quater crown,Crq - 5um

7S

ZS

Variation of strip flatness
Adz (%)
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0 e " -

Rolling Initial Thermal W IMR INR

| oad crown crown  bender bender shift
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Fig. 4. Effects of rolling conditions on (a) strip flat-

b5,

ness A, and (b) strip flatness A, (4,, A4,:
Flatness defined by inclination. Each value
in horizontal axes shows variation of rolling
conditions).
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Material =Carbon steel, Initial strip thickness=
4.4~2 3mm, Final strip thickness=1.9~0. 3mm
Strip width=922, 1231, 1660mm, Reduction at No. 5
std=15~20%, Work roll diam. =¢ 520~500mm

Fig. 5. Accuracy of (a) strip flatness A, and (b) strip
flatness A, of the strip flatness models (A,,
A, : Flatness defined by elongation differ-
ence rate expressed in tension. 4,, 4, : Flat-
ness defined by inclination).
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Material=Carbon steel, Initial strip thickness=2.3mm
Final strip thickness=0.5mm, Strip width=1020
Work roll shift=No.1 std., Work roll diam. =@ 620mm

Fig. 6. Example of edge-drop of rolled strip in cold
rolling (A is 15mm, B is 25mm and C is
100mm from strip edge).
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Table 3. Standard conditions of calculation for ef- (fTable 4 (IR LR E#EE L T, S HIEE
fects of rolling conditions on edge-drop. BREFTNVBIEARCRTHFEHORS UL L LT,
1) WR diameter D : ¢500mm .
2) Material : Carbon steel (Strength ks=200MPa) _ a2
3) Initial strip thickness H © 2.3mm Dis l;au@m Tasls+ae

4) Final strip thickness h : 0.5mm 4
5) Initial strip crown I'se=Hc—Hso © 30#m D20223216W?+325F25+ aze
6) Initial strip edge-drop I'is=Hso— His : 50um i=1
7) WR bender Fu : 0KN/chock

8) IMR bender F\ : 0KN/chock IIT, ayi=1, 2, i=1~6)REHKTH 2, AANT

9 WR shift &, No.l std. : 50mm, 52 6 NI HE A B E T v ORI 2 Fig. TR, &7V
No.2 std. : 60mm, No.3 std. - 40mm, . e N N
No.4 std. : Omm, No.5 std. : Omm BERIT Yy Fn vy BD 3L Dyt bE1.5umTH b,
10) IMR shift & for All stds. : 50mm $70 Ty YR FOHTEEMAT 2 X 20, Fig.

11) Taper radius Tr for All work rolls : 20m

He : Entry thickness of the Ist stand at the center of strip width SUIRT LI, TERX L NOWRS 7 b OAEARENME
Hy : Entry thickness of the Ist stand at the position of ¥ mm from FAMZ S Ui o TRIZES RZERD = » D NE =1
the strip edge (750, 15 PR L2 6, RAD L > TNo.5 2 & > FHlOHO = >
9u="Db7 Trf +-DsTri +bsPf + bioPi + bai DFuy FRIHEES NS, £ LT, ZDHEEM L No. 5 A
ha=Cik}+ Coks + CsI'%+ Cul'o + CsH2 4+ CeH + C-P% XY FMEOTZ & Fay POEEMEEDE, Thbbx
+CsPs+CoW+Co I N By PORERLPEAZ P CHL 2 UDED LN
22T ke lEM O ZEHIMPa), Te=(Hio—H,)X 1 EDEATER L, 20Rp3niizy Y ey 7R
103 =15, 25) (ZEOMERD & emm BN » ¥ Foy PEET 2 L3 CRAN P GWRS 7 VEPREINDL L
7 &(pm), Hola=15, 25, 100) ZFAR O emm H7iE D ¥, Ty NoyrXOAEHENL, Fig. 3R LIcL IS,
% (mm), H 350 07 (mm), Tr (3Noi 2 2 > F HEAEMC 5 ~ T0RIFREERIBRAT (= T H L 2
DHWR #D PR O 8 (mm), Pi (ZNoi 28 > FOILAE
FiE(KN), w (¥Noi 2% > ko WR 7 b k(mm), Fu 3 . EEADBRARBRLEZR
12 Noiz2 v FOWRNYFZHKN/ Fav 7], Wit
iE(mm), a, by ¢ (=1~10)# L ¥ aw, ba(i=1~5) (3% R Tk~ 7RI > 2 7 2 % HHOEH L 1256 0
BTHD, TPk EIHE % Fig. 9 WO T, 2 ORFDHIHEIAIL 1 B TH 5,
Ki, BTy Nay PEREF VR ERCENT 3 F— &3, HEOEHAECEAL, 2 A vRT M
CHI Y, WRNYZIHKGNE & T 29, WROHIR DMy EERN 2P EDIS FArTHIES NI, HiE
RO YR E AR Y FT—ETHHHE, No.b AX ik DR, K HAZME ) U T2 93BT/ 1 %
FRENE 2 B L TWRS 7 b 2 BRI CATb L0, B4 NN BEAEYD DL, HIFHOHF 2RI, BRiE=2
Table 4. Improved quantities of edge-drop by changing set values of rolling conditions.
Set values AD%s (um) AD%s (um)
Former A Later B 1 std 2 std 3 std 4 std 5 std 1 std 2 std 3 std 4 std 5 std
WR shift dw 0 mm 80 53 13 5 0.3 1.4 29 3 0.3 0.1 0.2
IMR shift & 0 mm 150 5 — — — — 2 — — — —
WR bender Fw -0.2MN/chock 0.29 54 19 2.3 0.8 1.0 41 10 ‘ 0.1 0.2 0.1
IMR bender F 0.2MN/chock 0.69 5 — — — — 0.1 — — — —
Initial crown I'%o 80um 20 20.5 23.5 16.7 12.1 9.1 29.5 25.0 18.0 13.4 10.1
Ini. edge-drop I'%s 40pm 20 10.0 10.5 7.4 5.4 4.1 8.0 8.7 6.4 4.8 3.7
Strip width W 900m 1500 5.0 6.0 5.6 4.0 3.1 1.3 1.6 1.4 1.1 0.8
Taper radius Tr 80m 20 74 47 0 — — 42 20 0 — —
Rolling load P 13.7MN 8.8 10 6.0 0 — — 1.0 0.3 0 — —
WR radius R ’ 260mm 225 12 1.9 0.5 — — 6 0.3 — — —
Mate. strength Ko 600MPa 200 S 43 36 22 16 , 30 19 13 8 6.7
Ini. thickness H 6 mm 3 5.6 6.9 8.7 7.8 7.7 1.5 2.0 2.2 2.1 2.0

AD*a:D*a'B“D*aA, D*a:hso*ha(ailf), 25)

he : Delivery thickness of the 5th stand at the position of @ mm from the strip edge (@=15, 25, 50)
I =Hc—Hso : Initial crown, TI'%s=Hso—His ! Initial edge-drop

H. : Entry thickness of the 1st stand at the center of strip width

Hy : Entry thickness of the 1st stand at the pusition of ¥ mm from the strip edge (=50, 15)
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Material=Carbon steel, Initial strip thickness=3.0Omm
Final strip thickness=0,8mm, Strip width=1035, 1235mm
Work roll diam. =@ 520~500mm

Fig. 7. Accuracy of (a) D;s and (b) D,s of the edge-
drop models.
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Fig. 8. Algorithm of automatic control system of
edge-drop.
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Material=Carbon steel, Initial strip thickness=3,5~2, 5mm
Final strip thickness=1.0~0.5mm, Strip width=1060~1225mm,
Reduction at Na 5 std=15~20%, Work roll diam. =@ 520~500mm

Fig. 9. Controllability of strip shape by the shape
control system (A, and A,: Measured strip
flatnesses, A, and A, : Desired strip flat-

nesses).
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Material=Carbon steel, Initial strip thickness=3.0~23. 3mm
Final strip thickness=0.8~1.2mm, Strip width=1035~1235mm
Work roll diam. =@ 520~500mm

Fig. 10. Controllability of edge-drop D;s by the
edge-drop control system.
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