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Fig. 1 Schematic diagram of SS-SPT device and stresses: (a) the SS-SPT setup; (b) the SS-SPT specimen under load
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Tab.1 Chemical composition of TC4 alloy

JLE Al \% Fe 0] C N H Ti
TR/Y% 6.000 3.500 0. 300 0. 200 0. 200 0. 050 0.015 St

2.1 UTT iR

R4 GB/T 228. 1— 2021 & @k Frfiilse 25 1 85 FIRR5 7% ), 5 I8 PR I T 4 14
FAR GG LI 2R, i T AN 4 FrR (AR R RE . R B B 60 mm, AR EE K R 23 mm, i
JER 10 mm, BTG BB RSEA A BRI, DL 56 AL e 1515 45 52 0 L i 2 25 A o rp id) ARG R 2
R, 2545 2 R E R A TR BB 1 mm {0 BRI B R B i 5 L R AT IR A = IR T
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Fig.4 Dimension of the tensile specimen (unit: mm)
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Fig.5 SS-SPT specimen: (a)dimension of specimen(unit: mm) ; (b) test specimen
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Fig. 6 The specimen and schematic of the standard SPT: (a)dimension of specimen(unit: mm); (b)test setup
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2 AR 7 0] 2 AR Y Z R T SR R AR T B E T LU L 3 A4S T 1l e R R B A 0 B B R
[F. %F 3 25 25 R BCE 1 A3 8] 1 J5 ) i IR 5 BE 4 736 MPa, JUHism B4 830 MPas I1 75 4] i ik 5 B
809 MPa, fiLHi i &l 853 MPa; [l J7 [n]Ji Al i 8 744 MPa, $T 4058 B4 806 MPa, M LA AR
li1] ) 22 SR 45 SR AT L % 5L TC4 Bk &4 BB 4% 10 S PEAR1E
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Tab. 2 The tensile properties of TC4 alloy specimenat room temperature

75 1] B R./MPa R./MPa
1 732 822
2 751 836
1
3 725 832
S} 736 830
1 816 861
2 795 842
I
3 815 855
S S 809 853
1 740 807
2 744 806
I
3 747 804
FHE 744 806

K7 (b) AR T5 [l 5Ll TC4 Bk 4 9 SS-SPT MHLE5 R FCw M2k, W b al LLA 3 A T7 18] 1Y
EEPTF B R B X R A — 2R, Y «=<0. 25 mm B, [ 75 [ A9 %t K FHAb 2 A T5 052 o
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Fig. 7 The experimental curves of TC4 alloy at room temperature: (a)engineering stress-strain
curve of UTT; (b)load-displacement curve of SS-SPT
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Fig.8 The typical failure modes of SS-SPT Fig.9  Load-displacement curves of SPT
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XJ e SS-SPT Ml ik 45 5% (38 3) 5 UTT Ml 45 5% (3R 2) AT LU B« gt Ja JIR o B2 1M 5, T 7 1) 79 5 1) °F
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Tab. 3 SS-SPT result at room temperature

J7 11} %' F./N U /TN F./N R./MPa e /% R../MPa e /%%
1 1057 0.76 482 740 1. 09 826 0. 49
2 1 065 0.78 495 760 1. 20 811 2. 99
: 3 1051 0. 81 492 755 4. 14 771 7.33
-3 E 1058 0.78 490 752 2. 14 803 3. 60
1 1081 0. 80 509 782 4.17 803 6.74
2 1119 0.78 551 846 6.42 852 0.35
I 3 1097 0.79 561 816 0.12 825 3.51
-3 E 1099 0.79 557 815 3.57 827 3.53
1 1001 0.78 492 756 2.16 762 5.58
2 1022 0. 81 472 725 2.53 749 7.07
. 3 981 0.75 495 760 1.74 777 3.36
¥ 1 001 0.78 486 747 2. 14 763 5. 34
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DELH TC4 2kG 489 UTT MK 0. 3 A J7 ) g P40 M fE A BT 22 5, S B0 45 1) SR 0 ) 24 4
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TG A28 22 4 2. 14960 s P BU R B . 1T 7 1) 2 A6 A F 38 25 0 3. 60%, T Jr 1) 2 R (4 °F- 1
258 3.53 % Ml Jy i 2 R s i 3w 25 0 5. 34 %,
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Research on anisotropic tensile properties of rolled Ti-6Al-4V
titanium alloy using the single-stress small punch test

XU Xinlong', LAI Huansheng®, LIN Ping’, HE Jinkun’, YANG Xiaoxiang' ., GUO Jinquan'
(1. School of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350108, Fujian, China; 2. Sino-French Institute of
Nuclear Engineering and Technology, Sun Yat-sen University, Zhuhai 519082, Guangdong, China; 3. Fujian Inspection and Research

Institute of Boiler and Pressure Vessel, Fuzhou 350028, Fujian, China)

Abstract; Titanium alloy is a high-performance material widely used in aerospace, nuclear
engineering, petrochemical equipment, and other fields. In order to overcome the shortcomings of the
traditional uniaxial tensile test to test the anisotropic mechanical properties of titanium alloys that
require large-size specimens, this paper proposes to use the single-stress small punch bar test method
to study the anisotropic tensile properties of rolled Ti-6 Al-4V titanium alloys based on the test method
of micro-specimens. In order to verify the accuracy of the single-stress small punch bar test method,
standard uniaxial tensile tests as well as standard small punch bar tests were also carried out, and the
results of the standard uniaxial tensile tests showed that the rolled Ti-6 Al-4V titanium alloys tested in
the experiments had significant anisotropy. Comparison of the tensile test with the standard small
punch bar test reveals that the standard small punch bar test cannot accurately test the anisotropic
mechanical properties of titanium alloys due to the effect of bi-directional stresses. In addition, the
single-stress small punch bar test method can test the anisotropy of the rolled Ti-6Al-4V titanium
alloy used in the test with high accuracy. The average deviation of the two tests for the yield strength
in direction | (perpendicular rolling direction) is 2. 14%, that of the two tests for the direction Il
(rolling direction) is 3.57% . and that of the two tests for the direction [l (thickness direction) is
2.14 % ; the average deviation of the two tests of tensile strength in direction | is 3.60% . the average
deviation of the two tests in direction Il is 3. 53% ., and the average deviation of the two tests in
direction Il is 5.34%. The small deviations of the test results in each direction measured by the two
test methods indicate that the use of the single-stress small punch bar test method to test the tensile
properties of Ti-6Al-4V titanium alloy in different directions has high accuracy.
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