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Fig. 1 Analysis schematic diagram of research method for determining stress—strain relationship of thick-walled titanium alloy

tubes
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Fig.2 Schematic diagram of ring sample compression test
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sample height
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Table 1 Experiment results of TA18 tube with 5.4 mm height

specimen in compression test

Sample Displa?/ed Actu'al Force/ Maximum

No. reduction/ reduction/ diameter/
mm mm mm
1 0.9 0.15 34280.66 14.05
2 1.1 0.27 37815.21 14.24
3 1.3 0.41 41263.54 14.39
4 1.5 0.55 46679.39 14.56
5 1.7 0.70 51172.38 14.70
6 1.9 0.85 55723.73 14.85
7 2.1 1.01 61129.82 14.98
8 2.3 1.19 62786.96 15.17
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Table 2 Spans and levels of material parameters for TA18

tube
Level
Parameter Span
1 2 3 4
K/MPa [800,1400] 800 1000 1200 1400
n [0.06,0.12] 0.06 0.08 0.10 0.12

& [0.0004,0.0016] 0.0004 0.0008 0.0012 0.0016
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Fig. 4 FE model for thick-walled tube axial compression
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Table 3 Coecfficients of load-material parameter regression equations of TA18 tube
k bo by bia bis b s b by bis
1 3651.2 52.447 310350 —50507  —11488000 345480 —146.89 159.55 —3802100
2 2328.6 53.823 205050 —32231 921880 199180 —126.38 96.455 —2598200
3 1828.3 54.047 141980 —22496 7421900 125920 —108.29 66.384 —1938500
4 1585 53.82 97673 —15881 13223000 105860 —93.767 31.084 —1622800
5 1503.1 53.222 65153 —11254 22508000 104390 —80.085 —6.9886 —1488600
6 1595.3 52.397 49484 —9346.5 29219000 114360 —68.429 —36.298 —1500700
7 1821.3 51.37 36527 —8103.9 32105000 109030 =57.79 —45.527 —1492500
8 2231 50.051 31823 —8353.6 25137000 104920 —47.474 -31.72 —1512800
e 7 07, A S R TR 22N T 0.21%. R, F5  VUNK TA18 BB TGN IR N A RS 4
FE RS R, o LU TS MR R Rl ) 5 45 Table 5 Identified material parameters of TA18 tube under

S 0 2T T

K 1 TR S 0 i N 2 B T (=] )07 R rp s
Matlab ) GA T HAFXS B[ 22 S AT REZ Btk 4T
Ko GA WM ZH Ny R/ 200, EAUEL 500,
XA 0.95, AB5A0.01. KA GA FESCK ML
IR RIS Bk 5 pra

R4 TALS PR BT RS E R T R R Hdha
Table 4  Testing database for load-material parameter

regression equation of TA18 tube

Test No. K/MPa n &
1 1400.00 0.3500 0.0150
2 1500.00 0.4500 0.0250
3 1600.00 0.5500 0.0350
4 1700.00 0.6000 0.0400
70
60
50
E 40+ .
> —— Simulated results, Test 1
230+ —— Simulated results, Test 2
S —— Simulated results, Test 3
20 + —— Simulated results, Test 4
<« Regression results, Test 1
10 - » Regression results, Test 2
* Regression results, Test 3
0r e Regression results, Test 4

0 02 04 06 08 10 12
Reduction/mm
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Fig. 7 Comparison of simulated and regression results

compressive stress state
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Plastic stress—strain relationship of thick-walled titanium alloy
tube under compressive stress state

LIU Jing"? LI Lan-yun', LI Xiao', LI Yuan-bo'

(1. School of Materials Science and Engineering, Xi’an Shiyou University, Xi’an 710065, China;
2. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: An inverse method for fast and accurate identifying the material parameters of thick-walled titanium alloy tube
under compressive stress state was developed combing ring axial compression test, FE method, regression analysis and
genetic algorithm. Considering the evitable elastic deformation of testing machine, the specimen barreling and machine
elastic deformation were examined in testing thick-walled TA18 tube specimen with varying heights. Then, a reasonable
range of specimen height and the experimental load-displacement curves were determined accordingly. Employing the
curves, the material parameters of tube were obtained by using the inverse method. In order to verify the reliability of the
identified parameters, FE simulations of ring compression tests were carried out using the determined material parameters
and compared with experiments. Comparison results show that the obtained stress—strain curves can describe the
compressive deformation behaviors of tube material with prediction errors of maximum diameter, and the load deviates
from the experiments less than 1.5% and 11%, respectively.

Key words: thick-walled titanium alloy tube; ring compression specimen; reverse method; compressive stress state;
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