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Ú 1  A�34c6���ËWÛÜ 

Fig.1  Shape stress curve during rolling of titanium strip 

 

 

 

 

 

 

 

 

 

Ú 2  ÝÞA��ßàá¸µ¶·� 

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

annealing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ú 3  ÒÓÔÕ 20`3d`e�â 

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 
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Ú 4  ��`ãhäå 

Fig.4  Simplified dimensions of backup rolls (mm) 

Tensile stress 

75~300 mm from the edge 

Compressive stress 
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Table 2  Roll material parameters 

Roll Material 

Elasticity/ 

×10

5 

MPa 

Poisson 

ratio 

Backup roll GCr15 2.19

 

0.3 

Second middle roll 5Cr2Mn9Ni4N 2.05  0.265 

Intermediate roll 5Cr2Mn9Ni4N 2.05  0.265 

Work roll Cr12MoV 2.18  0.28 
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Table 3  Material parameters in elastic stage of TA2 

Parameters Value  

E

1

/MPa 102000 

E

2

/MPa 112000 

E

3

/MPa 112000 

µ

12

 0.33 

µ

13

 0.33 

µ

23

 0.29 

G

12

/MPa 38000 

G

13

/MPa 38000 

G

23

/MPa 43500 
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Table 4  Anisotropic yield stress ratios of TA2 

Parameters Value 

S

11

 1.00 

S
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S
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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 

 

 

 

 

 

 

 

 

 

 

 

 

Ú 5  ÒÓÔÕ 20`3d`e-3Nfghij 

Fig.5  Integrated rolls-strip model for Sendzimir 20-high mill 

Local enlargement of deformation zone 

Local enlargement  

 

Global mesh generation  
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Ú 6  A�3¸èéêërsìa]íìqî 

Fig.6  Profile comparison of titanium strip after rolling 
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Ú 7  q��� AS-U��¸A�èé©uçhÛÜ 

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

the symmetrical position AS-U adjustment 

 

 6  ?@AB AS-UCDEFGHIJK<LM 

Table 6  Variation of thickness in different regions after the 

symmetrical position AS-U adjustment (µm) 

Symmetric position 

AS-U 

Edge region 

Double-rib 

wave region 

Central 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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Ú 8  �`��¸A�èé©uçhÛÜ 

Fig.8  Curves of section thickness change of titanium strip after 

roll channeling adjustment 

 

 7  N"CDEFGHIJK<LM  

Table 7  Variation of thickness in different regions after 

roll channeling adjustment  

Roll channeling/mm 

Edge 

region/µm 

Double-rib 

wave region/µm 

Central  

region/µm 

30 29 3 2 

50 51 6 5 

70 68 10 10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ú 9  ����¸A�èé©uçhÛÜ 

Fig.9  Section thickness change curves of titanium strip after 

combination adjustment: (a)1#&7# AS-U; (b)2#&6# AS-U; 

(c) 3#&5# AS-U; (d) 4# AS-U 
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Ú 10  qîïxð¸��ËW  

Fig.10  Shape stress curves of the contrast test: (a) before optimizing scheme adjustment and (b) after optimizing scheme adjustment 
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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 

 

Corresponding author: He Anrui, Ph. D., Professor, National Engineering Research Center for Advanced Rolling Technology, University of 

Science and Technology Beijing, Beijing 100083, P. R. China, Tel: 0086-10-62332598, E-mail: harui_ustb@163.com 

 


