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Constitutive relationship and its application in
finite element simulation of hot rolling of TC18 titanium alloy

WANG Xin-ping, LI Li, ZHANG Xiao-yong, ZHOU Ke-chao, LI Chao

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Based on thermal simulation a Arrhenius type constitutive relationship of TC18 titanium alloy was applied to
the finite element simulation of multi-lane hot rolling. The field of temperature, stress—strain and damage and the
load—time status at every lane were investigated to predict the rolling size and the specification of rolling mill. The error
in spreading width and rolling length between simulating and experimental results are less than 0.7% and 4% at each lane,
respectively. Crack occurs at 1 mm edge of the workpiece after four-lane hot rolling experiment, which is in accordance

with the damage field obtained from simulation. The above verification shows that the simulation are coincident with the

experimental results.
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Fig. 1 Initial model for finite element simulation of hot

rolling: (a) Slab; (b) Combination of slab and roller
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Table 1 Formation parameters at every hot rolling lane

Entrance Exit Rolling  Deformation
Lane thickness/  thickness/  reduction/ amount/
mm mm mm %
1 10 8 2 20
2 8 5.5 2.5 31.25
3 5.5 4 1.5 27.27
4 4 3 1 25

1.4 ALK
AT AR EIRPTE AR, BT N AL R
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Fig. 2 True stress—strain curves of TC18 alloy at different deformation conditions: (a) 0.01 s (b) 0.1 s (o)1 s (d) 10 5!
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Fig. 3 Relationship between strain rate and stress at different temperature: (a) Iné —Ino;(b) né —o
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Fig. 4 Relationships among flow stress, deformation temperature and strain rate: (a) In & —In[sinh(ao)]; (b) In[sinh(ac)]—1/T
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Fig. 6 Various field distribution of TC18 alloy at first rolling: (a) Temperature field; (b) Effective stress field; (c) Effective strain

field; (d) Damage field
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Fig. 7 Various field distribution of TC18 alloy at second rolling: (a) Temperature field; (b) Effective stress field; (c) Effective strain

field; (d) Damage field
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Fig. 8 Various field distribution of TC18 alloy at third rolling: (a) Temperature field; (b) Effective stress field; (c) Effective strain
field; (d) Damage field

Temperature/C Effective stress/MPa
220

824 147

813 73.3

802 0
Effective strain Damage value

1.62 0.782

1.27 0.521

0.929 0.261

0.584 0

B9 Hefmil i ELHI&A T A G bl
Fig. 9 Various field distribution of TC18 alloy at last rolling: (a) Temperature field; (b) Effective stress field; (c) Effective strain
field; (d) Damage field
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Fig. 11 Comparison of simulation and experimental of workpiece at each lane
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Table 2  Size comparison of simulation and experimental of workpiece at each lane

Simulation Experiment Error
Lane Spreading Rolling Thickness/ Spreading Rolling Thickness/ Width/ Length/
width/mm length/mm mm width/mm length/mm mm % %
1 61.83 111.73 8 61.65 111.95 8.02 0.3 0.2
2 62.94 158.82 5.5 63.06 154.26 5.62 0.02 2.9
3 63.41 206.71 4 63.86 201.42 4.2 0.7 2.6
4 63.98 275.57 3 64.38 264.93 3.2 0.6 4.0
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Fig. 12 Comparison of damage field and workpiece by hot
rolling: (a) Damage field; (b) Workpiece
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