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Forming Law of Flexible Hot Spinning of TA1S Titanium Alloy

ZHAN Mei, CHU Qiang, SHI Feng, WANG Xian—xian, YANG He
(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

ABSTRACT : Objective In order to reveal the effects of process parameters on the forming process of hot spinning of tita-
nium alloy. Methods A finite element model for flexible hot spinning process of TA1S5 alloy was established based on
ABAQUS software, and orthogonal simulation scheme was designed to analyze the significance and law of influences of pre-
heating temperature of mandrel, spinning temperature of workpiece, gap between roller and mandrel and feed rate on the
tangential tensile strain and the wall—thickness difference of workpiece. Results Reasonable optimization of parameters and
regression equation were obtained. Conclusion Small feed rate could help suppress the fracture of workpiece. Moderate
spinning temperature was beneficial to uniform wall-thickness.
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Fig. 1 Sketch of flexible hot spinning
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Fig. 2 Finite element model for flexible hot spinning
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Fig. 4 Result verification of finite element model
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Table 1 Orthogonal design plan

= SEHGR TOMPGR W Rl
Er/C ET/C A% f/(mm-rt)

StEy 1 350(A,)  700(B,)  -12.5(C,) 0.7(D,)

SEEY 2 350 750(B,) 0(C,)  1(D,)

LI 3 350 800(B,) 12.5(C,) 1.3(Dy)

SR 4 400(A,) 700 0 1.3

SEEY 5 400 750 12.5 0.7

LI 6 400 800 -12.5 1

B 7 450(A;) 700 12.5 1

SCH 8 450 750 -12.5 1.3

S 9 450 800 0 0.7
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Fig.5 The influence of process parameters on the tangential

strain
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Table 2 Anova table of tensile strain

FERE WMEVHFM AmME ¥z FE BEE
W&ET, S, =0.1276 2 0.0638 26.04 "
NET, S,=0.1072 2 0.0536  21.88
% f  S5,=0.9932 2 0.4966 202.69
e S,=0.0049 2 0. 00245
MR S,=1.2329 8
Fy(2,2)=9  F,5(2,2)=19 F,,(2,2)=99
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Fig. 6 The temperature of workpiece deformation zone at differ-

ent feed ratio
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Table 3 Anova table of tensile strain

FrERIE R BmE HHE O FE BEN
HWET, S,=0.1100 2 0.055  1.4885
HWET, 5,=0.2122 2 0.1061 2.8714
BZA 5,=0.1009 2 0.05045 1.3654
ke  S5.=0.0739 2 0.03695
SF S;=0.497 8
Fo,(2,2)=0 F,5(2,2)=19 F,,(2,2)=99
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Table 5 Orthogonal experiment and the result of opti-

mal combination

me T EHEKF (LIRRE R
=7 or T, A f s, At/mm
S 1 1 1 1 0.3963  0.6807
g2 1 2 2 2 0.4169  0.7964
K31 3 3 3 1.2483  0.9957
K4 2 1 2 3 1.3510  1.2271
S5 2 2 3 1 0.3617  0.6399
SH 6 2 3 1 2 0.7778  0.9718
ST 3 1 3 2 0.3858  1.3386
g8 3 2 1 3 0.8433  0.7807
FE9 3 3 2 1 0.3866  1.1647
TAbZi4 A, B,C, D, 0.3473  0.6244
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