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Hot drawing on Ti6Al4V titanium alloy box-shaped parts
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Abstract; Based on the analysis of the factors affecting the hot forming performance of Ti6Al4V titanium alloy sheet, the process develop-
ment of actual hot forming parts was guided by finite element simulation. Firstly, based on the hot uniaxial tensile experiment, the influ-
ences of temperature and average strain rate on flow stress, forming limit and thickness directivity coefficient of Ti6AI4V titanium alloy
sheet were summarized. Then, according to the geometrical characteristics of box-shaped parts, the three factors affecting the forming of
box-shaped parts, namely, forming temperature, average strain rate and sheet direction, were analyzed by finite element simulation, and
the optimal forming parameters were obtained. Finally, referring to the optimal forming parameters obtained by the simulation, the fine-
turning was conducted according to the actual forming effect, and the deep drawing of box-shaped part was completed. The results show
that the final forming effect and the thinning rate of part are basically consistent with the results of finite element simulation, which proves
that the finite element simulation can reflect the actual forming state of part accurately. Thus, it is significant to determine the reasonable
process conditions for the hot drawing of box-shaped parts.
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Fig. 1 Thin-walled box-shaped part of Ti6Al4V titanium alloy
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Fig. 2 Flow stresses of Ti6Al4V titanium alloy sheet under different

forming temperatures at average strain rate of 0. 1 s

fem; 720.001~0.1 s JuLFEN, ARSI
W~ 247 3 2% o 4R ) AR T 2 25 D AT, 0 P A R 4
2T T
2.2 HEFEMERY (rH)

BURTr R L (r 8 FRAE T ORHE R R 52



512 39 FRICTAE . TiOAIAV BRE & SRR IR BUE 89
450 WA, r (ERYT5 2 SN B, 7 800 C UL L
—— 600 'C TS
T &3 T AE AL 457 IREER) £ (HLRCK.
—— 700 'C
—— 1750 'C
350 —/‘“WM —+— 800 C 14
< ——850C 13k
300 ) —a— 1
E v 12 75
5 2s0f b A
rrrrTTTTIYITT——
E 200F Lo}
091
150 @
W 0.8F
100 BUDUPPBRRRRRRE iR |
[ e 0.7
50 1 1 1 1 1 1 1 1 1 1 0‘6 r
0001 02 03 04 05 06 07 08 09 1.0 1.1 05k
V%3 04l
3 TIOAI4V BRSPS AR 0. 01 57 03— ~ - - - -
KI5 47 600 650 700 750 800 850
NG 2 i )3 Y \
{52 VLB L RIGER/C
Fig. 3 Flow stresses of Ti6Al4V titanium alloy sheet under different
. . o B 5 RIASHER N 0.001 s IR FEFE IR T B9 Ti6Al4V
forming temperatures at average strain rate of 0. 01 s
BRAE AR r (H

350

—— 600 C
300 —— 650 C
7 —— 700 C
fﬁ‘“_‘ —— 750 C
L —— 800 C
S0 ——850°C
M"
E 200F
g
% 150
ig M
100
e an o
50F
pommrns ™™
eceasenes
1 1 1 ! 1 1 1 1 1 1

0 01 02 03 0405 06 0.7 08 09 10 1.1
piZg

FE 4 Ti6AIAV Bk A A AR FET-HI R AE S A 0. 001 s~ B
N[5 AR B Bl 7 T
Fig. 4 Flow stresses of Ti6AI4V titanium alloy sheet under different

forming temperatures at average strain rate of 0. 001 s™'
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Fig. 5 r values of Ti6Al4V titanium alloy sheet under different

forming temperatures at strain rate of 0. 001 s~
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Fig. 6 r values of Ti6AI4V titanium alloy sheet under different

average strain rates at forming temperature of 600 °C
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Fig. 7 Simulation model of hot drawing for box-shaped part
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Table 1 Simulation forming parameters of hot drawing
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Table 2 Material model parameters
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e WE/C o HR/sT /MPa W 0 s e
1 600 0.001 67000 0.3  0.85 1.30 1.00
2 600 0.010 67000 0.3  0.98 1.63 1.18
3600 0.100 67000 0.3  1.15 2.14 1.53
4 650 0. 001 64000 0.3  0.75 1.15 0.85
5 700 0.001 60000 0.3  0.60 1.00 0.70
6 750 0.001 58000 0.3  0.57 0.78 0.60
7 800 0.001 57000 0.3  0.48 0.58 0.50
8 850 0.001 56000 0.3  0.41 0.52 0.42
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Fig. 8 Thinning rate distributions of box-shaped drawing parts under different forming emperatures at average strain rate of 0. 001 s~
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Fig. 9 Thinning rate distributions of box-shaped drawing parts under different strain rates at forming temperatures of 600 “C
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Fig. 10  Influence of angle between length direction and rolling direction of sheet on thinning rate of box-shaped part
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Table 3 Hot forming equipment parameters
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Table 4 Comparison of thinning rates between finite element

simulation and experimental measurement for drawing

parts ( %)
D A IRTE s H B el li=s R
1 11. 67 12. 50 1.01
1 0.83 0. 00 0.83
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