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Tab.1 Chemical composition of the additively manufactured TC4
titanium alloy %

Al v Fe Si C N O H Ti
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Fig. 3 Geometric model of the CT specimen
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Tab.2 Parameters of the Chaboche constitutive model for the

additively manufactured TC4 titanium alloy

BT 1) o /MPa C,/MPa Y C/MPa v,
L, 825.41 737450 5102 3230 22
L, 803.56 630386 4420 4154 29
L 778.19 787609 5529 5380 42
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Tab.3 Working condition schemes for finite element analysis of the
additively manufactured CT specimen

.y, N ] 1

FE OB BREIR %iﬁf ﬁgﬁ
1 L1 0.1 769 692.1

2 L, 0.1 2307 2076.3
3 L1 0.7 2307 692.1
4 L, 0.1 769 692.1

5 L2 0.1 2307 2076.3
6 L, 0.7 2307 692.1
7 L3 0.1 769 692.1

8 L, 0.1 2307 2076.3
9 L 0.7 2307 692.1
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Fig. 8 Curves of "loading direction stress-distance from crack tip" at the peak of the 15th cycle in different forming directions
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Fig. 9 Curves of "loading direction stress-distance from crack tip" at the peak of the 15th cycle under different load ratios or load amplitudes
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Fig. 12 Curves of "local stress ratio-distance from crack tip" at the peak of the 15th cycle in different forming directions
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Fig. 17 Curves of "equivalent plastic strain-distance from crack tip" at the peak of the 15th cycle under different load ratios or load amplitudes
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Fig. 18 Curves of "elastic strain energy-cycle number" in different forming directions
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8r

7k
= er — R=0.1
S sl — R=07
2 4
5 3
=2
#Hoq|

0F

_1 L L L 1 1 1 1 1 ]

0 2 4 6 8 10 12 14 16

IR REL
(a) L,(0"),AF=692. 1N

30

25¢

— AF=692.1 N

20 — AF=2076.3N

15¢
10+

YAPERAFRE /(107 )

0 2 4 6 8 10 12 14 16
(ERV:18
(b) L,(0°),R=0. 1

21 AR b a8 T B SR B 3R Re- TR IR B R B 2%
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Fig. 26 Comparison of the DIC test and finite element calculation results of the plastic strain for specimens with different forming directions
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Effect of forming direction on cyclic plastic behavior near crack tip of additive
manufacturing titanium alloy

LIU Qing' LI Jian' ZHAO Xun' SUN Tao' QUAN Shichao' CHEN Sihan’ ZHANG Jiadi’
(1. Faculty of Civil Engineering and Mechanics, Jiangsu University, Zhenjiang 212013, China)

GE Junming'

(2. School of Energy and Power Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: [Objective] To reveal the influence mechanism of forming direction on the cyclic plastic behavior near the crack
tip of selective laser melted TC4 titanium alloy, and provide reference for the anti-fatigue design of additive manufactured
titanium alloy load-bearing components. [Methods] Firstly, compact tension specimens with three forming directions of 0° (L)),
45° (L,) and 90° (L,) were prepared, and the cyclic constitutive parameters of materials in different directions were obtained by
tests to provide basis for numerical modeling. Secondly, based on the Chaboche mixed hardening constitutive model, the finite
element model of the cracked specimen was established by Abaqus software, and 9 groups of schemes with different load
parameters were designed to analyze the evolution law of cyclic plasticity near the crack tip. Then, fatigue loading tests were
carried out by digital image correlation technology to obtain the field data of the crack tip area. Finally, the numerical
calculation results were compared with the test results to verify the reliability of the analysis method. [Results] The results show
that the forming direction has a significant effect on the plastic strain at the crack tip and the plastic strain energy of the
component. Under the same load condition, the cumulative plastic strain and plastic strain energy at the crack tip in L, direction
are the largest, followed by those in L, direction, and the smallest in L, direction, and the difference increases continuously with
the increase of cycle number. The stress concentration at the crack tip is more significant under high load ratio and high load
amplitude conditions, with higher plastic strain, average elastic and plastic strain energy. The forming direction has no
significant effect on the local stress ratio near the crack tip and the overall elastic strain energy of the component.
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