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Abstract: In this study, AlSi10Mg alloy was prepared by selective laser melting (SLM) first, and then subjected to stress
relieved annealing treatment. The microstructures of the alloy were analyzed by optical microscope (OM), scanning electron
microscope (SEM) and electron backscatter diffraction (EBSD) technology. To understand the influence of coupling effects on
the mechanical behavior of AISi10Mg alloy under wide strain rates and wide temperatures, the mechanical behavior of the
alloy under extreme conditions (high and low temperatures, high strain-rate) were analyzed by universal testing machine with
an environmental chamber and split Hopkinson pressure bar. The results show that AISil0Mg alloy possesses fine cellular

dendritic microstructure, mainly including @-Al and Si phases, and annealing treatment can result in the discontinuous
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distribution of eutectic Si particles. The average grain size is 3.7 um. AlSi10Mg alloy displays strain-rate strengthening effect
under room temperature condition at 0.002—4 800 s™', and has different strain-rate sensitivity in different strain-rate ranges.
Under high strain-rate conditions, strain hardening effect still dominates. The material has higher yield strength and flow stress
at 173 K. When the strain-rate is 0.002 s', the SLM AlISil0Mg alloy has different temperature sensitivities in different
temperature ranges. The alloy does not have temperature sensitivity in the range of 173-243 K; the material exhibits
temperature sensitivity ranging from 293 K to 573 K, and the softening effect due to temperature on the material intensifies
with increasing temperature. Based on the J-C constitutive model, a modified J-C constitutive model expressed by piecewise
functions is constructed and the experimental results are fitted. In addition, experimental verification was conducted on the
modified J-C constitutive model, and the predicted results are basically consistent with the experimental results. Within the
scope of the study, the modified J-C constitutive model effectively reflects the mechanical behavior of the alloy at high and low
temperatures and under different strain-rate.

Keywords: selective laser melting; A1Si10Mg alloy; microstructure; mechanical behavior; modified Johnson-Cook
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Table 1 Chemical composition of AISi10Mg powder %
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Fig. 1 AlSil0Mg powder and statistical analysis
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Table 2 Processing parameters of AISil0Mg

300 1.2 0.2 0.03 30 423




o x4 KR, 2. B AISHIRITE AIST1OMg A A TR S T 1 2417 Fx M

1.2 KWHE

K F Carl ZEISS Imager.A2m 4 4H 6045 F1 H 57 SU5000 148 v 7 W08 EA T IO 20 UMW B, 15 4 4R
TCRERTEE J5 HEAT AL G, 6 Keller J& i %) (95.0% H,0+2.5% HNO,+1.5% HCI+1.0% HF) #1721 . R
JH o775 B 477 8 (electron backscatter diffraction, EBSD) 43 AR/ #TiE k 258 5 i ki 2H 24, EBSD 434143
AR 0.2 um, JI5E L E R 20 KV, TAEFEES Ky 10 mm, iEE S5/ N 70°,

K MTS810 A J7 BEIR I ALATR K A HE1T 0.002 57! REAR R T ANREIREE (173, 213, 243, 293,
373, 473 M1 573 K), LA 173 #1293 K FA[E N AE#(0.002, 0.01, 0.1 F1 1 s™") (R4 SC 50 . BLAh, FE il B
243 K. N AR#E R 0.01 87 FINREE Ry 373 K W ZAB 2K 0.1 7 R 43 AT R4 5250 U EA AL . I
ek B 3 Ao Y A TR v T P D P B 22 ROk SR, R B IR TR S, AR PRI 10 min,
DA PR IR S AR B — 3. SR SHPB #4730 T B = 0 42 %2.(2 400, 3 200, 3 900 F14 800 s™')
() P46 5256, Horp AR Rk 3900 s (4 5008 FH Ok 36 UE A A SRS, 1 45 38t 1) 7 1] 45 A5 R 9 4T BN 1)
SEAT, N T PRUE I EE 1 HER P, AR AT 3 IRE A

SHPB %¢ & 4[5l 2(a) iR, FEH T30 AGHT L B AT RO 20 B 22 % 46 A BT B 0 2% J
1 S U S A5 5, G2 AT 0 R AR e 2 WUV 3B S A 5o AR AR R AR 2k 2 400 s
HIWTE W E 2(b) Bz, AR AADE h# -2, o AR I BOIY , RS AR — > B 0 A A, Sh B )5
=V N B, MBS AR S8 . T 2 A R4S B B0 o 0 BE 25 A0 4%, SRR A1, 378 G It 0 52 S0 bk
PR L [ 3 BRI 2K

1.5
Incident bar Transmitted bar —— Strain gage 1
1.0} Strain gage 2
T 2 Reflected wave (&)
Strain gauge 1 Strain gauge 2 05k
Z
o)
R
............................ G .
- ] Strain gauge | . > Transmitted wave (&)
Firing chamber Striker ber Incidenlwnsmitted beri Absorption bar 05| U I
I
1 S R— 5 7!'1' _______ Col II:. 1ok Incident wave (g;)
Gun barrel p oo shaper amp’e Stopper :
-15 . . .
Gas gun Computer Osciloscope Amplifier 0 0.0001 0',0002 0.0003 0.0004
Time/s
(a) Schematic diagram of SHPB (b) Wave-propagation output of SHPB
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Fig.2 Schematic diagram of SHPB and wave-propagation output
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(e) Annealed SLM AlSi10Mg alloy EDS analysis
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Fig. 3 Microstructure of xOy plane and xOz plane of SLM AlSil0Mg
alloy after annealing treatment
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Fig.4 Annealed SLM AlSi10Mg alloy EBSD analysis
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(a) True stress-strain curves at room temperature (b) True stress-strain curves at 173 K
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Fig. 5 True stress-strain curves under different strain rates at room temperature and 173 K
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Fig. 7 True stress-strain curves at different temperatures under 0.002 s~ and relationship between temperature and flow stress
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