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Tab.1 Material parameters of Ti-6 Al-4V

T/C 25 100 200 300 400 500 600 700 800 900 1000 1100
a 2.30 1.92 1. 90 1. 90 2.10 2.15 1.70 0. 80 1. 00 1.15 1. 20 1. 10
¢, (107 H) 0. 00 0. 00 0. 00 0. 00 0. 00 3. 00 0. 80 0. 30 0.07 0. 05 0.02 0.01
K.(10%) 0. 40 0. 40 0.4 0. 40 0. 40 0. 40 0. 40 0. 80 1. 20 1. 20 1. 20 1. 20
Gah (107) 0. 60 0. 60 0. 60 0. 60 0. 60 0. 60 0. 50 0. 40 0. 30 0.20 0. 10 0. 10
Af, 0.50 0. 50 0. 50 0. 50 0. 50 0. 60 0. 80 1.70 1.70 1. 80 2.00 5. 00
o’ (101) 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 0.70 0. 10 0. 10 0.10 0.01 0.01
o (101) 5.00 5. 00 5. 00 5. 00 2.24 2.00 1. 50 0. 20 0. 20 0. 20 0. 10 0. 10
B 1. 00 1. 00 1. 00 1. 00 0. 50 0. 50 0. 50 0. 60 0. 50 0.10 0.01 0.01
kp 2.00 2.00 2.00 2.00 2.00 2.00 1. 00 1. 50 2.00 2.00 2.00 2.00
M((1072) 0. 00 0. 00 0. 00 0. 00 0. 00 1. 00 6. 00 6. 00 1. 00 1. 00 1. 00 1. 00
2 0. 00 0. 00 0. 00 0. 00 0. 05 0.05 0. 60 2.00 8. 00 1. 00 1. 00 1. 00
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Fig. 2 Temperature distribution and node temperature history

during deposition of different additive layers
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Fig. 4 Crystal plasticity finite element model
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Fig.5 Stress-strain curves under different tensile directions
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Fig. 6 Stress-strain curves under longitudinal tension at different temperatures
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Fig. 7 Stress-strain curves under vertical tension at different temperatures

100 e
B0 |
& 0}
= L
£ ot 20
L [ — 104 T
— 200 T
2K} 300 T
— a4 T
1] 5[:{! i !
o0 002 o0d 006 008 D00 012
Strain
{a) 20 T~500 THYEE AR S
(a) Stress-atrain curve for 20 T-t00 T
A
4 & it

AR SCHRE TR T SRS TR AR R i A 9 e A
AHEE G O ES ¥ 12447 — R A TR A IR
TR IR FL B IE T A (A Rt . ABIE T A 8l 2
BEHY , GBS B 47 b A HL A 45 ) SRR AE 1 AR IR 5
T2 47 R . FE 8 IR T . 9N ) B A e IR 5 1 N
865. 2 MPa, T [f] $ {11 1Y) Ji iR 58 & o0 787. 8 MPa, H
AU RS, MEEMZ0 TS, SRR T % i
K AREIE B P A5 T IR SRR AR L B 2 TR T
fe o i IR B B TR . #E 600 °C ~1000 “CH}, B
7 1A% il 2 B & ARk

£ 2 3 #k (References) :

[1]

[2]

T R.K HEREB.F DEZALSMBEAE
B FRHBARLI] A FFIR,2021,38(2):264-
270. (YU Bin, ZHANG Hai, ZHAO Ji-peng, et al.
Mechanical characteristic study of composite over-
wrapped pressure vessel for satellite application [ ]].
Chinese Jowrnal of Computational Mechanics,2021,
38(2):264-270. (in Chinese))

Donoghue J, Antonysamy A A, Martina F.et al. The
effectiveness of combining rolling deformation with
Wire-Arc Additive Manufacture on B-grain refine-

ment and texture modification in Ti-6Al-4V []]. Ma-



842 it E 4 % ¥ # %1%

terials Characterization,2016,114:103-114. hardening[J]. Philosophical Magazine, 1966,13(23) ;
(3] & % . HTé, 7AT. .5 EXBARAFHESH 541-566.
s EF E R[]+ HE N FFIR,2023,40(3): [9] Bergstrom Y. A dislocation model for the stress-
464-471. (CEN Feng, GAN Ya-nan, YIN Ming-gan, strain behaviour of polycrystalline «-Fe with special
et al. Modified analysis method on mechanical proper- emphasis on the variation of the densities of mobile
ties of rectangular box girders [ J]. Chinese Journal and immobile dislocations [ J]. Materials Science and
of Computational Mechanics,2023,40(3) :464-471. Engineering ,1970,5(4) :193-200.
(in Chinese)) [10] Zhang Z,Tan Z J, Wang Y F,et al. The relationship
[4] Zhang Z,Tan Z J,Yao X X,et al. Numerical methods between microstructures and mechanical properties in
for microstructural evolutions in laser additive manu- friction stir lap welding of titanium alloy[J]. Materi-
facturing [J]. Computers & Mathematics with Appli- als Chemistry and Physics,2023,296:127251.
cations,2019,78(7) :2296-2307. [11] Babu B,Lindgren L E. Dislocation density based mo-
[5] Wang J, Lin X, Li J Q. et al. Effects of deposition del for plastic deformation and globularization of Ti-
strategies on macro/microstructure and mechanical 6AL-4V [J]. International Journal of Plasticity, 2013,
properties of wire and arc additive manufactured Ti- 50:94-108.
6AL-4V [J]. Materials Science and Engineering: A, [12] Wang Y F,Guo J C, Zhang Z. The deformation in-
2019,754:735-749. duced tunable topology in controlling of band gap
[6] Wu B T,Pan Z X,Ding D H,et al. Effects of heat ac- characteristics for stepped phononic crystals[J]. Solid
cumulation on microstructure and mechanical proper- State Communications,2022,351:114809.
ties of Ti6Al4V alloy deposited by wire arc additive [13] Lindgren L E, Domkin K, Hansson S. Dislocations,
manufacturing [ J ]. Additive Manufacturing, 2018, vacancies and solute diffusion in physical based plas-
23.151-160. ticity model for AISI 316L[J]. Mechanics of Materi-
(7] st &, ®EE. 5k B ATHRALEM-HFITH— als,2008,40(11) :907-919.
KA B EE R R AR []] BT S [14] Pietrzyk M, Jedrzejewski J. Identification of parame-
R .2020,27(2):182-191. (YUAN Hong-lei, TAN Zhi- ters in the history dependent constitutive model for
jun, ZHANG Zhao. Numerical simulation of friction stir steels[J]. CIRP Annals,2001,50(1):161-164.
welding based on microstructure-mechanical behavior [15] Wang F D, Williams S, Colegrove P, et al. Microstruc-
integration calculation[J]. Journal of Plasticity En- ture and mechanical properties of wire and arc additive
gineering ,2020,27(2) :182-191. (in Chinese)) manufactured Ti-6 Al-4 V[ J]. Metallurgical and Materi-
[8] Kocks U F. A statistical theory of flow stress and work- als Transactions A,2013,44(2) :968-977.

Numerical simulation method for anisotropic mechanical behavior

based on dislocation dynamics

WANG Yi-fei, CHEN Jing-yuan, ZHANG Zhao”
(State Key Laboratory of Structural Analysis,Optimization and CAE Software for Industrial Equipment,
Dalian University of Technology,Dalian 116024 ,China)

Abstract: In order to study the anisotropic mechanical behavior of materials in wire arc additive
manufacturing (WAAM), the temperature field during the wire arc additive manufacturing process is
simulated using a double ellipsoid heat source model in this paper. A Monte Carlo model is established to
simulate the microstructural changes in the additive layer. A crystal plasticity model is employed to
characterize the influence of grain morphology on the mechanical behavior, which is used to form
modified dislocation density model revealing the anisotropic mechanical behavior based on grain
morphology in WAAM. The obtained results are consistent with experimental data. The mechanical
performance of WAAM components in the build height direction is significantly lower than arc scanning
direction. When the ratio of grain size between the build height direction and the arc scanning direction
reaches 7.5 mm/1. 3 mm,the yield strength ratio reaches 787. 8MPa/865. 2 MPa. Titanium alloys exhibit

obvious material softening at temperatures above 600 °C due to grain spheroidization.

Key words: wire arc additive manufacturing; dislocation dynamics; Monte Carlo model; crystal plasticity

model ;mechanical properties



