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Abstract

In this paper, dynamic compression experiments were carried out systematically on a split Hopkin-
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son pressure bar device to investigate the effect of forming direction on the dynamic mechanical
properties and fracture behavior of selective laser melting (SLM) Ti-Al-Si alloy under compression
loading at different strain rates. Dynamic compression experiments were carried out on samples with
forming directions parallel (0°), diagonal (45°) and vertical (90°) to the loading direction. The ini-
tial microstructure, dynamic compressive stress-strain response, impact absorption energy, strain
rate hardening effect and fracture behavior of the alloy are discussed. The results show that the sam-
ples of three orientations have obvious strain rate sensitivity, 0° sample has better yield strength, and
90° sample has better impact absorption energy. The samples with 0° fracture occurred at strain rates
lower than 45° and 90°. The fracture morphology of the samples with three orientations showed duc-
tile dimples and smooth surfaces, indicating that both ductile fracture and brittle fracture existed in
the samples.
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1. 5|

ReGR—MRESS, FEAEZMRAEE, WiER, wEG. UG, WL, mHk
EAERE AL 20 A 50 ALK, KRR mER G SN VKRG St — P kg, SNBSS
G JCHAEMTE . MR, BRITAESUL, BT AREL] [2] [3]

16 X O I BUE (SLM) & —Fi 5 T OB A0 & 8 a0 R P SOE IR, 85 = 45 B A
BUR 2 B HUSR 4R B AE B, JEEHIEOE R RS S B R, BRSO RISEA R, R
THES T =2 SR FE M [4]. SLM il % & m AL B SOG40 ZRG 15 Rt 7 . G AR S
m[5] [6]. HHETHT SLM #l#& Mk & &M K E A Ti-6Al-4V [7] [8] [9]. TAL[10], T SLM #il & K47
G AR FEEA AISIIOMg [11] [12]. £ SLM K& & Xt Ti-6Al-4V i ik %2, a8 A a+ p HIMN
LM, SESGEBRFELE BN T A ERe, AL, (HEER M, XEHKEGEMHTE
PART o HEK G &, AEEER NEH, EROCE IS E LR A SRRy, 518 T4
AR AT 2L[13], HARTENSE i Bt iZ & & ALV ERE R MR K [14]. ImResEsk, B FRE M
RS PROE K, HAERE ST S M T Bt Rk, Bk —REtaek s 4
ATEAT, BEA I B AR B B A SRR S RO RER i T A RO PR iR 2 . TAL 2 a & 4,
FEH o AH A AR B AR A, TERGR A AR R OREF o SR & &40, B A BURMIPIEIEREFIFR
SEMIZAZL, 500°C LA FIAREAREFHEE RIPUG AR RE /), HARKE K, & TC4 #h& &AM T —FNHE %
AR &aA kL AISILOMg B RAFMI I M iR S it , A5 IR E [ER p T TE 4T BN B RE S T
FUFIA . ST IR I (0 R A A ST BT R B B A T T AR 3, ASCEET SLM R & S
P B TR Ti-ALLSE A4, Al Si GREBREG &R E A SNILER, BRBRFRN S tRE
BEMNERH, BT oosmZ e ERE R, HBFuEN KT ek E R E MR ARG, &
£330 Si JURAE Ti AR ARAYIS . N T Rl H 8 Ti-ALST &4, A T 396 i p
TAL ¥ K F1 AISILOMg ¥ K, B TAL KoK in—& s AISiloOMg &4 8K, I Al JTREAHS Si

DOI: 10.12677/ms.2024.143039 329 PR R


https://doi.org/10.12677/ms.2024.143039
http://creativecommons.org/licenses/by/4.0/

THERSC 4

JLE, [FI Al Si LR REA BN MRS SRS, RIBHE RN E S IotEK, 1 AISiLOMg Fi K14
AFEXHFOCER, [F AISILOMg %52 TAL 1 35, BRI TREAESNER, RmHEEE,

BT SLM ZARAEARF B 47 8 o 22 52 B A0S b o 28 AR se ), G ety U e o A0 2 AT
Fr B e, TRN TR SLM ERA 7E i RS R T BIAS R AT R RO E, BRI, B TR SLM
Ti-Al-Si R A& BN AT R SR B 2. 1241k, O KESCEIFL T MAZZX 3D 41
ENER & &3NS R 46 M BE 152, Rodriguez 55 A\ [15] 71 T EBM Ti-6Al-4V 7L 5 AR S fmr (158 5% 22 57,
B TSRS S ASB MR R IOE R KT SLM Ti-6Al-4V &4, Liu ZE N[16]8F 50 1 sl R AR
I FEAF R HIRAALH], I ASB N HR I 4 dt diobi ] LUE R BT YR TE, (H RIREE S ) A R 46 77 17 51k
FERIHERDT [8)°FAT, X5 T SLM SR A < R A 5] B ey o HL s 245 e REAT A R 2 o ARSIl Jshr & a4k, %
TAL $ A A AISiIOMg Fi ARIR & 345 J5iEid SLM #illi& H SLM Ti-Al-Si &R &4, XZa AT 7 AR
TS EAERE, NIRRT SLM Ti-Al-Si R4 415 AR 34 (K0 $2 (4 S a6 A E s (5 4 .

2. SKER

SLM R T H IR REF 2 5N S S H & 1) TAL By AR AISITOMg & S K, AlSi1OMg ) K Ffk 2%
AR 1R,

Table 1. Chemical composition of AlSi10Mg alloy
F 1. AISi10Mg & & B E RS

Si Mg Fe Al
9~11 0.25~0.45 0.25 &

il

HEF| Al 7E Ti FEARK & B 7. w0t 2 S350 TiAl TR, RSS2 rEae, Bk, 7Ese
3o G EE BT TAL-5.wt%AISi10Mg, K TAL #3 K1 AISi10Mg #i AR TSGR R LA HL 1 51R & Ja At
T, BEJEHAE SLM BE& FRET BN . 5206 BT {8 F 1% A P8 220 705 A W1 Y BLT-S210 SLM FTEN ¥ 4%, P
2 AR B KN TR ~F 24 250 mm x 250 mm x 300 mm. A T Btk &4 AL, A FE S RS,
FEfIE IS AR AR S B — ELIRRRELE 100 ppm BAF O 1 B ORFE i 10 R0, 2 TSR AT 7L L 2 2800 SLM
TAL-AISi10Mg A & RIS (A% 2 fvR), KEFEBUIM#E 100°C LAB/DAE S IR TE, FTERH 20 mm x 12
mm x 8 mm K ARE i, I EH 22 D RIHL K D7 AR i B OB G AARE, Sl iR e AR AT I
AE IR i (AR K — A i B AT IO A . IR Keller iRGTEAT S8 3RS S AHFE ML, SR
R (OM)MLEREEA 7 5 0] L S ARRE f,  HR ok Th 208 155W, $3##13 v 1200 mm/s (1) 4 AH % 14
KM T S0 e Ais T, FLBRANFLIR B D, S B0 FEAE 99.4% LA . R A FEI Nova Nano SEM 450 7%
AR BL(SEM)MEiZ S5 R &4 XY “FHA YZ “FH MW AL IS . K H D8 ADVANCE X Ht£EfT
41X (X-Ray Diffraction, XRD)#EATHIHH 7347 -

N T WEFE SLM TAL-AISi10Mg & < BN A 4817 9, WA T7 AR il th 2 )81 H B 4% 9 @5 mm x 5 mm
FRFEREE, 0 1 AR. N TR TR SLM TAL-AISi1OMg ShA3 R 46 TERE (05 m, LR AR [ 7
T BEEURE &, 158 45 7 15 (LD) AT HEAR J7 6] “F-47 (LD // BD, 0°) 4 5[] (LD) A HEAR J7 6] °F4T(LD « BD, 45°)-
JE4E77 F(LD) FIER J7 17 B (LD L BD, 90°), AHR p (FF S # AR IR EL(0) FIZKF(90°)FE o hAS 4
TRIGAE 7 2 A & A% A (SHPB) Lk 4T (n] 2 FiioR). SHPB HiARIJEERLE[17] [18]7 A 4= 1 1 fikiE,
A 7 A, X B 25 SHPB IRIfAI s R AIE o BT AT - NS AR AL S (9K 2 4331 4 200 mm . 1000
mm 1 1000 mm. T35 N 0.15~0.6 MPa, 7 K45 E 900~3000 s * (R N A8 R R AT . #E4F
AP SR N AT D SRR 0HRER S AR EET T SEM 2T, AR A LR BAT N
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Table 2. Selective laser melting process parameter table

=2 EXHABUETIZSHER

Fs Bt PIW
1 175
2 175
3 175
4 155
5 155
6 155
7 195
8 195
9 195

HHGEE vimm-s?

1200
1000
800
1200
1000
800
1200
1000
800

B A B IZ d/mm
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
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Figurel. Dynamic compression specimen: (a) Orientation; (b)
Accumulation direction and compression direction: 0° sample,
45° sample and 90° sample
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Figure 2. Schematic diagram of split Hopkinson pressure bar device
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ik B AT DLVE AE B SR B . 7 YZ P R RN ASE RO i TS 3(a)), MSIRIRETE
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F BRI 67 (FH1H HE0E B 25 SOIR B 22 S B AN 82 1) 26 SUIR o b 32 IR V1 8 A2 RO IS T VR B
HABRIEF —IRE.

N T HERE A EEA 4 S IR S LB, RIS T BABERAE G4 YZ Pl XY FHeE
MBS %G 41 SEM BUER (1 4)ReiE Mg & & PAEEEDIRIY o B IR, X2 SLM Ek& 4 g iy

Figure 3. Macroscopic morphologies of the sample under OM electron microscope: (a) YZ plane; (b) XY plane
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Figure 4. SEM morphologies of SLM TA1-AISi10Mg alloy: ((a) (b)) YZ plane; ((c) (d)) XY plane
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Figure 5. XRD pattern of SLM TAL1-AISi10Mg alloy in YZ plane
[& 5. SLM TA1-AISi10Mg & &7 YZ FHEAY XRD &

3.2. BISHEMREMRERS S
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Figure 6. True stress-true strain curves of SLM TA1-AlSi10Mg alloy with three orientations at different strain rates
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7 4 3 FhELA SLM TAL-AISi10Mg £ 4 7EAS [F] AR 2 1) it IR ot B AP35 A8 B 7y . o, 3
MAENJ 248G GAE YA T B BUR AL N T I~ 35ME . X SLM TAL-AISi10Mg &4, A LUE Bl 54
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Figure 7. Yield stress and average flow stress of SLM TA1-AISi10Mg alloy with three orientations at different strain rates
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Figure 8. Impact absorption energy of SLM TA1-AlSi10Mg al-
loy with three orientations at different strain rates
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THEZE BN ] 9 F R, B O bUA T AL A8 2%2(2488 s L, 2457 571, 2521 s 1) T I S AR TEAL 2 - BSR4k
T, TTRTRREE S, HN AR E R RHIEERIAE SR T R, SRS TE— 8 MR Bl IR FEAY, B54%
18 N FE. NARRELLZR T 9 =N B, RIPUE TR B FROE B BAAN SRS T REB By . 36 AR SUAE N AR 7%
A 119%A4b (BB MARTE BRI AN IS ) o W6 1) SR BT BOM L T & s BT, T R SRRRE
BRI AR S . B, N T RABRMER RN G S, 1% B AR Ak 26 R8N o 208 R
[22]. PTLAFER], 7E55 BB, 3 FREUM I RARREALZAE O E A A BN, BRI, ULAAE AR
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Figure 9. Strain hardening rate-true strain curve of SLM TA1-
AlSi10Mg alloy with three orientations at similar strain rates
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3.3. KiOEH I

HNARGWEFE SLM TAL-AISI1OMg & WL, K 3 T e (R i 78 S v ) AR 56 A R 3 3 IR
MRZEWIR, MRARRIER] 2860 s IS, OFEMAAEIMTR, RIARAAT] 3128 s T, 45°HERRKAENIR, X4
RiAF %% ) 3356 s 1B, 90°FEAMREWIZ, Wk 3 fin. O FEMERURIORIAR R TR AR, XWIaLs
T YZVFIHFRE o 5 RIKAL, GRAREIERRHE, SO MENE. X5 Alaghmandfard 55 A[23]
RIL B, AR IR AR i (07)FER T 7K P4 i (907) A B2 AE 5 R T2

Table 3. Strain rate at fracture of samples with three orientations
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