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Abstract: The finite element method was used to analysis the numerical value and distribution rules of hot continuous
rolling process of Ti-811 alloy bar, which include stress field, strain field and temperature field. The results show that the
maximum stress of rolling bar during rolling process is located at the surface which contact with the rolls, the stress
distribution gradually decreases from the edge to the center; with the increase of rolling, the stress value gradually
decreases, and the strain variable increases; there is difference between the surface and heart of the rolling bar in the
deformation process of each pass, and the deformation amount at the center is greater than the edge; the temperature of the
surface layer which contact with rolls has obvious cooling, when the rolling bar removed from the roll, the surface layer
temperature rises gradually, and when the rolling is over, the surface layer temperature rises to the initial temperature, but
the center temperature of rolling bar rises slightly duo to the accumulation deformation heat, the maximum temperature
appreciation reaches 14 °C. Based on the numerical simulation results, rolling test was conducted on the hot continuous
rolling mill. The rolled bars have good overall dimension, the microstructure and mechanical properties meet the
requirements of GJB 9567—2018 “Specification for TA11 and TC6 titanium alloy bars for blade and vane”.
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Fig.2 Schematic diagrams of pass structure for different rolling passes: (a) the first pass; (b) the second pass;

(c) the third pass; (d) the fourth pass
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#z1 Ti-8ll AEUFERD (W/%)
Table 1 Chemical composition of Ti-811 alloy

Main chemical components

Impurity content

Ti Al Mo \Y Fe

C N H o} Y

Bal. 7.3~8.3 0.7~1.2 0.7~1.2 <0.30

<0.08 <0.05 <0.015 <0.12 <0.005

*2 Ti-8ll &R MERE
Table 2 Physical properties of Ti-811 alloy

5 Phase transition
Density/g m”
temperature/°C

Melting point/°C

Coefficient of linear N
) - Heat conductivity/W m™ K~
expansion/10™ °C”

4.35 1025~1045

1570~1650

8.53 5.44

x3 Ti-8ll AEHBMERNFMEE

Table 3 Room temperature mechanical properties of Ti-811 alloy bar

Elastic modulus/GPa Tensile strength/MPa

Yield strength/MPa

Elongation/% Reduction of area/%

118 930

880 20 42
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Fig.3 Network model of rolled piece
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Table 4 Boundary parameters of simulation rolling

Boundary parameter Value
Rolling temperature/°C 960
Ambient temperature/°C 20
Temperature of roll/°C 20

V1=0.17, V,=0.22
V3=0.26, V,=0.31

Roll speed/m s

Rolling displacement/mm 200

Thermal conductivity coefficient
between rolled piece and 15.28
roll/W {m? 2C)*
Heat exchange coefficient between
rolled piece and air/W {m?-°C)™* 0.02

Emissivity of rolled piece 0.9
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Fig.4 Stress distribution nephograms of rolled piece at different passes: (a) the first pass; (b) the second pass;

(c) the third pass; (d) the fourth pass
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Fig.5 Strain distribution nephograms of rolled piece at different passes: (a) the first pass;(b) the second pass;

(c) the third pass; (d) the fourth pass
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Fig.6 Temperature distribution nephograms of rolled piece at different stages of the first pass: (a) nip rolling; (b) rolling finished
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Fig.7 Temperature distribution nephograms of rolled piece at different stages of the second pass: (a) nip rolling;

(b) stable rolling (surface); (c) stable rolling (longitudinal section); (d) rolling finished
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Fig.8 Temperature distribution nephograms of rolled piece at different stages of the third pass: (a) stable rolling (surface);

(b) stable rolling (longitudinal section); (c) rolling finished (surface); (d) rolling finished (longitudinal section)
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Fig.9 Temperature distribution nephograms of rolled piece at different stages of the fourth pass:

(a) stable rolling; (b) rolling finished
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Fig.10 Microstructures of Ti-811 alloy precision rolling bar in different positions: (a) edge; (b) center
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Fig.11 Macrostructures of @45 mm Ti-811 alloy bar in different positions: (a) head; (b) tail
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Fig.12 Microstructures of ¢ 45 mm Ti-811 alloy bar in different positions: (a) edge; (b) center
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Table 5 Room temperature mechanical properties of ¢ 45 mm Ti-811 alloy bar

Room temperature tensile properties

No. Notched tensile property (895 MPa)/h
Rm/MPa Rpo.2/MPa Al% Z1%

1# 934 874 21.0 44 >6

2# 935 873 20.0 44 >6

GJB 9567—2018 =895 =825 =10 =20

#£6 P45mMmTI-8ll EEBEMNEENF 8

Table 6 High temperature mechanical properties of ¢45 mm Ti-811 alloy bar

Elevated temperature tensile

properties (425 °C) Thermal stability (425 °C/100 h)

High temperature creep

No. elongation
Rw/MPa  Ryo.2/MPa Al% 2/% Rw/MPa  Rpoo/MPa  Al% Z/% (425 °C/410 MPa/100 h)/%
1# 645 505 22.5 63.5 937 888 20.5 42 0.113
2# 640 505 25 61.0 939 891 20.0 44 0.125
GJB 9567—2018 =620 =485 =10 =25 =895 =825 =9 =18 <0.2
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