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Abstract: Aiming at understanding the dynamic mechanical properties of titanium alloys additively manufactured by selective
laser melting (SLM), quasi-static and dynamic impact experiments were carried out on selective laser melted Ti-6A1-4V alloy
at different temperatures using thermal simulation material testing machine and SHPB device, respectively. Based on the
experimental results, the parameters of Johnson-Cook constitutive model are fitted. Meanwhile, the mechanical behaviors of
titanium alloy at high temperature and high strain rates were simulated by finite element method. The results show that the
yield strength of selective laser melted Ti-6Al-4V alloy is enhanced significantly compared with those of wrought or forged
counterparts, Moreover, it exhibits significant strain rate strengthening effect and thermal softening effect. The finite element
simulation results are close to the experimental results and further validate the constitutive model parameters, which could

provide a theoretical basis for expanding the application of selective laser melting technique and its products.
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PR e R 2= K, B R T A 535 B 4 1 99.4% Fig. 1 SLM scanning strategy and cylindrical specimens
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Fig. 2 Optical metallography and SEM micrographs of the SLMed titanium alloy
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(a) EBSD characterization (b) Phase map
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Fig. 3 EBSD characterization, phase map and pole figures of the SLMed titanium alloy
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(a) Quasi-static compression (b) Dynamic compression
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Fig. 4 Schematic diagram of quasi-static and dynamic compression experiments
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i ig. 5 Quasi-static compressive stress (o)-strain (&) curves at
B o different temperatures
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Fig. 6 Dynamic compressive stress (o-)-strain (&) Fig. 7 Ultimate compressive strength (o) -strain rate (£) curve
curves at room temperature of Ti-6Al-4V alloy at room temperature
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Fig. 8 Compressive stress (o)-strain () curves at 2000 s

strain rate at different temperatures
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Fig. 9 EBSD characterisation of longitudinal sections after impact
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Fig. 10  Grain sizes before and after loading
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K o Flle 53 B A T sl R S RV N AR 5 4 R 2 2% SR8 R B N5 25 13 AR 38 B4 46 i IR ISE F15 B R n oy
o7 735 e Ak A5 e R AL F8 450 C A R AR SRR S HG m WAL IE G e W TR mNN AR (& = ¢/&,), H g
NS H AR T NI EREE (T = (T -T)/(Ty-T,), e TN HERE, T, MRS IL IR . A
RIS N AR F 8)=10" s\ BRI T,=25 C . IELIE T,=1668 C. SMABHLEP CT J-C A
P FH SCBIF I A THOEE G AR & SR A S 805 , I TFRGUILAE S 2 vp s 287 19 012447 0
3.2 AHWBHIRE
Me=107 7'\ T =T, 0}, RDZEZ IR HE S A0 N 2R AT FR 48 5250, e i J7 A% ] g i o«
o=A+B¢s" &)
B2 (5) S H: In(o—A) = InB+nlne, 18 A 2 I FH 25 6 46 2007 T 190 7 -0 28 B 47 28 1 0
G, AT R N AR RE AL S5 B h A=1186 MPa, B=734 MPa, n=0.36.,
PIRACSH m LG AR BTR RN A O, DR m AT LA i 52 1 AR 2R AN [ i B B4 7 77 -7 28 H50
153, R 5 B R AL A
oc=(A+Be)1-T™) (6)
23 8 R In[1 — o /(A+ Be") =mInT*, 5y Hl m iz sREC R . i 1 J7 B b g A8 8 Ak 00 2 28 1
FE, Gl R ME LA AR B IR S m=0.82.

N AR R AL S EL C RO T AR R AR AN, T R 2L A [ 07 A% 28 8 Iy g -7 AR s R AT AU
G, B RN
o =(A+Be")(1+CIné) (7

WA CRI N o/(A+Be")—1=C Ing" RN, AR IR T A [F] A8 5 1 Ry 7 -1y AR B Je vl A5 B AR 2R
sk S8 C R 0.025,

W LR A 25 5 5 A 225 S0k Ti-6A1-4V & 41 J-C BRI S BT XS He, ange 1722 s, w] LA
RIAS SCAUA WOGHE XA AR & B A9 A AS 1 S 8505 FLA 3G 1 1 1 K & i S8 0, (R A T
5 T AR B G 4, A SCRMI BRI PN A R 4 (. A S B W 2 AR F1 2R B, (E A
JT bR, AR T2 PE R R L OW L S P e 1 . RIS S A A AT AR RS A
ZIZR o G, 56 2T A A 25k T FC AR RIS i 45 1 40 A1 0 e ) O 8 B, X A 1Y
18 B U SRR AR T B FF IR AR 2 T AR SR A BHATVE F o BRI Z Ak, 3444 1 35 KA S R A T /N ok R
SRV =5 1 o A B, 3 4 2 AR R R S 0T R T B A 1 v AR, E J-C A S
AANES oL NP R -

F 1 EHA3EK Johnson-Cook KBS S5 ARTEERITLL

Table1 Comparison of the Johnson-Cook constitutive model parameters in references and this article

SCHik MmITTZ A/MPa B/MPa n c m
[22] it 830 809 0.26 0.012 -
[23] Bt 997.9 653.1 0.45 0.0198 0.7
[24] B 985 830 0.3794 0.0161 0.7646
[25] L 1060 1090 0.884 0.0117 1.1
[26] SLH] 1104 1036 0.6349 0.0139 0.7794
[27] Pt 782.7 498.4 0.28 0.028 1
[28] LT XA 1119 838.6 0.4734 0.01921 0.6437
[29] HWOtE X IE 1100 889 0.32 - -
ES'ELE S HWOtE X IE L 1186 734 0.36 0.025 0.82
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Fig. 11 Dynamic impact finite element simulation model
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Table 2 Other finite element simulation parameters
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Fig. 12 Comparison of stress-strain curves between experiment and simulation
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