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Fig.1 Shape stress curve during rolling of titanium strip

B2 o s ks IR E

Fig.2 Double-rib wave of finished titanium coil after vacuum

annealing
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Fig.3 Roll system structure of Sendzimir 20-high mill
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Table 1 Geometric dimensions of rolls

Roll Length/mm  Diameter/mm
Backup roll See Fig.4 See Fig.4
Second middle driving roll 1384 173
Second middle idler roll 1444 173
Intermediate roll 1580 102
Work roll 1414 63.5
P 1383.11
D/\ 7
= =
. \_ 1 1 1 1 I
>| <
172.64 49.61

K4 SORBRfRRST
Fig.4 Simplified dimensions of backup rolls (mm)
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Table 2 Roll material parameters

Elasticity/  Poisson
Roll Material s
x10° MPa ratio
Backup roll GCrl5 2.19 0.3
Second middle roll  5Cr2Mn9Ni4N 2.05 0.265
Intermediate roll 5Cr2Mn9Ni4N 2.05 0.265
Work roll Cri2MoV 2.18 0.28

F3 TAl4isk TA2 M R R S8

Table 3 Material parameters in elastic stage of TA2

Parameters Value
E/MPa 102000
E>/MPa 112000
E;/MPa 112000

Hi2 0.33

Hi3 0.33

H23 0.29
Gi2,/MPa 38000
G13/MPa 38000
Gr3/MPa 43500

F4 Tl #%k TA2 &6 F 1% 8BRS 1 b
Table 4 Anisotropic yield stress ratios of TA2

Parameters Value
S 1.00
S2 1.27
S33 1.32
Si2 0.99
Si3 0.99

823 0.99
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Table 5 Deformation resistance of TA2 during cold rolling

Deformation amount Yield stress/MPa

0 508
0.1 646
0.2 693
0.3 756
0.4 807

Global mesh generation

Local enlargement

Local enlargement of deformation zone

K5 KR 20 SRELHUAR R -FL1F— gz
Fig.5 Integrated rolls-strip model for Sendzimir 20-high mill
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Fig.6 Profile comparison of titanium strip after rolling

5 6#. 3#5 S#LL M 4#AS-U W4T FEJE T 0.28 mm. X}
FRAE & AS-U 115 Ji5 KA1 W i [w] oA 75 H A 4%
PEAN AR B W T ZE (6, T AR RR A B AS-U 75
S B T IR R S AR 2k, Wi 7 TR

I, O T EA S HTFRA S AS-U 15 ) Wi
JE AR E S, B ERHT I 0~75 mm i EIX,
PRAKHF A 75~300 mm IR, BEAKT 45
300~620 mm A HFEBIX, FFrITEE T IAEX .
TRIE X UL R i X AR AGAE, Wik 6.

MWE 7 Kz 6, afULEHL: (1) 145 T#. 2#5
6#AS-U T 50 A0 X JEFE e o B, 1#5 TH,
2#5 6#AS-U 1EIH%E R TE IN 23 7R jk /N F X 5 —
JUT R T DX AN $5) 50 i R 5 1) TR B i K — iR JE X b v
X AN AR (2) 3#5 S#. 4# AS-U 1Y
A X R R S d W s, 3#5 S#. 4# AS-U 7E TR
% IR TG I S AR sk X S IR X AN A 9
YRR S (9 IR InoK IR T X 55 30 35 DX 8 AN 34 9 it
FRIE; (3D 4#AS-U XA # 8 A0 A0 120 mm [X 35
P JE B IR R B B
3.2 —HEERER AT

FAR AT B Lo R B SR FHC N AR, B

Variation of Section Thickness/jum

50
—&— 1#&T# AS-U
.60 F —e— 24 &6# ASU
—a— 3#H&S#ASU
70+ —v— 4# AS-U

600 400 200 0 200 400 600
Distance from the Center of the Titanium Strip/mm

Bl 7 O RRALE AS-U 5 Ja Rl i J5 32 AR 44 i 2k

Fig.7 Curves of section thickness change of titanium strip after

the symmetrical position AS-U adjustment

Fo6 MRME AS-UIATRARXBEEEKE
Table 6 Variation of thickness in different regions after the

symmetrical position AS-U adjustment (pm)

Double-rib

Symmetric position )
Central region

Edge region

AS-U wave region
1# and 7# -48 -17 -12
2# and 6# -49 -37 -31
3# and 5# -27 -45 -47
4# -10 -18 -21
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Fig.8 Curves of section thickness change of titanium strip after

roll channeling adjustment
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Table 7 Variation of thickness in different regions after

roll channeling adjustment

. Edge Double-rib Central
Roll channeling/mm . K X
region/um wave region/um region/pm
30 29 3 2
50 51 6 5

70 68 10 10
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Fig.9 Section thickness change curves of titanium strip after
combination adjustment: (a)1#&7# AS-U; (b)2#&6# AS-U,
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Fig.10 Shape stress curves of the contrast test: (a) before optimizing scheme adjustment and (b) after optimizing scheme adjustment
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Modeling and Simulation of Wide Commercial Pure Titanium Strip Rolling on
Sendzimir 20-high Mill

Zhou Guanyu', He Anrui', Liu Chao', Zhou Mingwei’, Qin Jian®, Liu Zhenggiao®
(1. University of Science and Technology Beijing, Beijing 100083, China)
(2. Hunan Xiangtou Goldsky Titanium Metal Co., Ltd, Changsha 410006, China)

Abstract: The problem of double-rib wave occurs frequently and is difficult to control when Sendzimir 20-high rolling mill rolls wide
industrial pure titanium strip. In order to grasp the regulation law of existing shape control means and to provide reasonable control strategy to
solve the problem of double-rib wave, an integrated roller-strip model of 20-high rolling mill for realizing the dynamic rolling process of work
roll and strip was established, and the calculation accuracy of the model was verified by the actual industrial rolling data, based on ABAQUS
finite element software and considering the anisotropic mechanical characteristics of commercial pure titanium strip rolling. The model was
used to simulate the single and combined shape control characteristics of wide industrial pure titanium strip rolled by 20-high rolling mill. The
results show that the thickness of 75~300 mm from the edge decreases most significantly with the increase of roll channeling when the backup
roll 1# and 7#, 2# and 6# symmetrical position subsection pressing is combined with the middle cone roll channeling roll, which will lead to or
aggravate the double-rib wave; the combination of 3# and 5#, 4# symmetrical position subsection pressing and the middle cone roll channeling
can alleviate the problem of the two rib waveform, and it is also found that the adjustment of the middle cone roll channeling cannot solve the
problem of the double-rib wave. Finally, combined with the shape control characteristics of 20-high rolling mill, a piecewise reduction
combination scheme is proposed, which can reduce the compressive stress in the double-rib wave zone. Industrial experiments show that the
compressive stress in the double-rib wave zone decreases by 60% after the implementation of the piecewise reduction combination scheme,
which effectively alleviates the double-rib wave defects when rolling wide titanium strip on 20-high rolling mill.

Key words: Sendzimir 20-high mill; wide commercial pure titanium strip; high-order buckle; finite element; shape control characteristics
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