Material Sciences #1EIRI2Z, 2022, 12(8), 807-814 Hans )0
Published Online August 2022 in Hans. http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2022.128089

AR R RIGRAB AR B 38 & S TRFET

LR, WE, # B, BRE, AEF, RME, e
LR RO AR B, K

i

ks H B 20224F4A11H; FHBEM: 20224F8 A 19H; KA HM: 202248 H26H

B

g E s, MMHETZE ZNATHEZ TSR ERRBA4HE, KEENASEZ —
EMENRL. SOt RKEBBEAREEESFHLAARRKEE - BRI LM ORI, &
YRS . BT, EMHIE T ZNRRESENER R RIS .. TEERPESSE
FRHIBRFE EEA R, S REREE. R JUTRESE, ZXWGRETEYR T EaSHASGHWH
AR, EMPRELE kR AU TR IRISREEARIT BN & € A2 A BRBE TR )
JR B KR

XA

w|ee, R, R, [, RERE, RE JLAER

Study on the Defects of Aluminum Alloy
Formed by Laser Powder Bed Fusion
Technology

Chengyan Ma, Shuangyang Tao, Lu Han, Tianya Tu, Yingqi Du, Xinyang Zhao, Jin’e Sun”

Tianjin College of Beijing University of Science and Technology, Tianjin

Received: Apr. 11", 2022; accepted: Aug. 19", 2022; published: Aug. 26", 2022

Abstract

In the past two decades, additive manufacturing has been widely applied in the manufacturing of
complex shaped parts in many industrial fields, and one of the major application fields is aero-
space. Aluminum alloy fabricated by the laser powder bed fusion technology (LPBF) is widely used
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in this field due to its high strength-weight ratio and excellent machinability. However, the appli-
cability of additive manufacturing to high strength aluminum alloys is still limited by the defects.
The defects of aluminum alloy in the LPBF printing process mainly include spheroidization, po-
rosity, poor surface quality, cracks and geometric deformation, etc. These defects seriously affect
the uniformity and integrity in the microstructure of aluminum alloy, and then influence its com-
prehensive mechanical properties. In this paper, the causes and effects of defects in as-printed
aluminum alloy by LPBF are summarized.
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BB —, EMEHR . HUREE A4 A0 & U A T2 A 7 5 S A E . (HBEAE 7 a5
AW, S EIFEEEMEA SN LA 7T HEEMER, AMUERILH] PO SR, [F I )2
PERE R B B8 A — 8 K

HAT, SHaEemBOUH R RSB R (LPBR)BUE HllkAE B RPki%: —J7iH, Ha e AR & #
SR R R AEAR IO IR (16.7%), TEEOCR RIRIGRL LSRR, ) 538 BOBO e B 2R
fEIEIHHE, Ry RARERE e I, 2 R AR R O A 38 5 B BH B S 4 A8 T, R EUR )
R, TG RER G &M, S£2IFR; 5H—TJih, ERIEERET, s Pud b S 8us iR
FRAR, AR BERE K. JRBNTERRAR, MDA ORI R, BUE RS & S B AR AR BRAGUN K P 36
FUBR . RELEERIE . hAh, LPBF HARNREA B AS BlvA £ A S S B, AR 5 88 6 e OB A 3 7= A=
BORIERAR N TT o

AR, XA G S RO R R PRI Rl S N TR = 2R sk fa, B AN R SRR R 1721
WEF TAE. 1955 4F, <[ Battelle B 7L B[ 110 & HI#GEH R (HIP)E RS AW G, A X0HB T LPBF
BOES G &= A IR AR RS T,  FRECRERIE R LEIRAR, AR 79855 % dr: 2011 4F, FEERR
BIAR - 446 R 22200 7R A LPBF HiARX B iR & &8 H EIF R 1 Al-Cu. Al-Zn Fi ik R A & IE AT
T, IRARERTZZENT. 2014 4, S E#5R%: £/NER L[S SO s b TE S8 51
REHEAT THF9T, 315 LPBF BUE Al-Si &4 ALT T 2250 Mok as & v 200 W OG5 # % 4 375 mm/s
£ 1125 mm/s; WOGHERFEE Y 0.15 mm; BOGIF R E Y 80 us: Ak )2 /54 50 pm; HAEEEANTEHITE
T2 DRI S Ar BN AT R, [EIB, FER M L ESHC T IS & A A H Si & &1 LPBF BUE Al-Si
EE W50 (368 MPa)f i | 22.7%, JoRSEIE (224 MPa) & #iE A 40 1.5 5, WrdivE(4.8%)th
fem T 15, 2014 4F, fE[E Komplexe Materialien fif 52 B Al A G /R Tk K24 [41H i oT 7 #kb#E T
2% LPBF 7 Al-20Si & 4 i FE 1 AR 23 B g5 PERE I s2 I, 45 5 R B Al-20Si & 4 IR BR Bt s i 52
M 506 MPa [#AK 2] 252 MPa, 1 ZE{H1 2= U A\ 1.6%35 K2 8.7%. LA ERFFERI], HARAE BB TH A, K

ik
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2. LPBF B A& &P

2.1. Bkt

BRI EERACFT O T RE R, o 0 R 2 ) 4 222 PV 9 1 VR s IR 5] A 285 1Y
St RE T, FEE BB E R A S, NS RR RIKEEE I EA IR RS, I AHTEL
AR A, T R ] TRIve 4 A, X i 19026 1l = A2 BEL 7, 32 v J2 18] ST ()3 e v o 7 LPBF AJF AISi10Mg
Gaad i, RN IO N B 2 SRR A, B AR PIAFAE AR 5 T BRI
%, [FR, EEERSSEUSRIMEDL . WaEE, ARTEERNERE, B9 S
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Figure 1. Spheroidization and satellite ball defects in AISi10Mg at a scanning
speed of 750 mm/s

B 1. 3 HEERE A 750 mm/s BT AISi10Mg F#9 Bk L F1 B 2 BRERFA

HAkth, MPERAEOE T ZSH0A 2 IR 2 MM R MR R, 53t )i 5 B A2 7E
FABICTRR AR RL, ST LT3 2R, i RACE SRR Tk J1Rk e, 150 2 Bl G 2R 1L,
DRI 5 K 2 A FH O R A e e O 2 R 4w v 2 4 [ X3P, B AR B BZ (] B0 T2 50
M RAERA TS, SEUGE LB, AN, BRI, T RERM SRR 7] -

FAh, RYEEHE AT A HAEREE AR, e BEE RN, KT RASKA S BERE LUK
RIMTK ST BTG AL L7702 PR B3GR, BRI A RIESRE, S8UF — 28k 13
SETRE, MmN 2T miH, BRASEERA SRR, 265N TR AR IR AN X
S [ BRI, ]S (0 RO S 5 BN RSB LR BRI .

PLE WA FCEIBN, SR B EuHE SRS s, SRS SpE (i 7050, 7055, 7075
SEERE A, B I B SR N CT I RIAR 5~20 pm). LS. BENSIMEE AT, B R E &SN
JIT B SR IR S5l R PR S URRAE , R B4R L2 ARAIE ) 28 AR L SUR B o I3 S0, D e [l 25 m T
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Figure 2. Cracks in LPBF printed aluminum alloy parts
& 2. LPBF fTENfR & € THPHIRY

Ut LPBF M Ear tERem, sl LPBF FRE LU I & 24 AR FURN Tl F i 1 ) 25 ZE Pk AR
TR, A4 5% LPBF TS MEE LPBF LA & &M 8UN B Rl 7. 2006 4, Hu %%
N[L0]EESL T 2024 £5-6- 481 7075 #8564 1030 - IR SR R B FE 1A PR G 0 Wi Y, 153 7 4%
i AN RIS 2RI BE Sy AT ARG m] 2 ) 43 AT, FF i TR AR R I RSURE U R . S5 RO, il
BREARIEIE, ) & DI MR IRE 4 J0 26 PT DA SSCIR A A5 DX, T) B ] 36 0 B i N S5 4 it Sk e G
MRS thah, H —MEsifE 3D FTEMBUEER & SRR T I8 e 2 sl 77 1) 7 Qs d bt
gt HBRRL. 1ZA RN HRL 5256 % FrF & 11 3D FTENH s 7A77.60L 42k, CIEX M1,
HRL SEI6 = k5 1 B 9RO A%, FEH 4L E 7 7075 A1 6061 RAEE S SRR+ . A5 1
MEITCRE, (R0 SRR . SRR B EOREUASR), SEOL T A RO S 1, S0 R R A
AHZA AR BREE,  FLoP34 i IR ik 580 MPa, MR BR 58 Bk 600 MPa, ~F-¥fK S 8% [11].
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2.3. FLBR

FLIR I B G TE AR T H . REFLBORAN “ 208 ” SRR R AOREIR, B A7 AR XA il R B0
AARK B . AEFTENERE R, AAFITEISH LS, EIREEESE . Mg T 2l BtiiRL[12],
FE R RE R L IR HE T MR R e fL[18]. AL — Rt A e E L, Bfl—BUE M T LPBF Bl
PENER, BAuH . R SEEE RIS . ARt —E R oL, 1t b2 A3 4 R R IR
FIEOLRERA AT A BERE 2 AL, RIGL RIS S AE I A R IR AR B RS BRI FLAL R -
RESLALBRE LI AT 2R 0 A [14], - sl 3(@) B

@ (b)
“‘ .
8L NN o Eu

Figure 3. (a) distribution of keyhole morphology; (b) Pores in AISi12Mg samples were obtained by CT scanning
& 3. (a) RFLEESSE; (b) CT 131152 AlSil2Mg Hm PRI SFL

SALRITE R — e PR B DL — & i THOL N LA & Sl W A VU ORGP A BE R BT 1Y,
BEMARZAAAAESLE, o sei DA, BreL, FESKBRTENERE A, AR S RS, H
T v R R AR, A PE AR B i B R AR R, TR L. R B TRR P S A
KR, plin, Al-Mg ST Mg JeER, RN IT BN AR 5 A, P AR R R A AR 2D
AT, R TR s BRI RILI EAR/NT 5 um, I HAEBEHL AR, XA
AHEJE 8 TP ARAEGH R, W&l 3(0) B Xt R SR BUREM . Han S5 A [15]F] BB UL ) 7 it
TC T RV M HEh 15 AR BUE S MRS . BRI, Ar MR R AR E A,
AR R E , HE ST EIE R Ry Tk T 4T B R e s I R, A el i i
LSRR

24, REREH

B LPBF BORIIANE, RIATENR RS MOR TS, MR A TR RE AR NS 21 T AR KR T,
SR, A B R R AT AR PR LPBF AR & &k 8 5 T I 1 A 2 —. IR HE
TS B2 UM T — 2 IO BRSO AR ™ 2R [16] o BeAh, RS I AR T RELRE P 2 7™ SR M #) 1
Mo vERe, L, 7 REIEHPEG LPBF BUBMEIREHIERE, I RGN T 2SI 8 -
WHFR I, Rl SR AT A VIS, B EEEOtIIR. AR 2 EEE T Z2H
A A B SEE R R . ESCbR A= R, LPBF BB ARSI R TR E A MM, &4 S 8H
RMROGAERS R RAY, HERAEJFM T, WRFEBRD. T8, REIUIN TS, (BRI A n
K, SERCRICT. Fik, PSRRI EX LPBF 864 WAL R Z R EE M. Fik, FiE
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25. JLZER

£ LPBF iffErf, Rt THIF LATRAIEZE 7 55 I & 7 AR AN R R LA LT BkEE . o Tidfs
R PR P AR R TR (8] S5 2 Aot o 7 A AR P74 28 R SR E BB L, AR NI, BOL AN A
WAL, AR LA IS EAN FRE E AR AR AR T [17]. T34k, SR HAN 2]
1 — R 2 BRI A S B BT BEE A S AL KA AR RN, (E LPBF Hl& R4 WG, &
PAEBR RN (K] 4). BAAdh, {£ LPBF AEAATENRE, FEULRARIN NIRRT A6 TR, BEH B
SEINEOAT B2 A B IS4, AR R AR, AR EAE A RIS N /7. BT ENZ R A0, M
TR B, MR T (R AR, ETUZRIUNRIN . FrEL, B AR B 2 5
K LPBF FAFH LT, SR A&AEZ A 51 LT RF L (R 2Z[18].

Figure 4. Thermal stress field around molten pool under finite element analysis method
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KW BRI 7%, E 5, W DAET NI R AR AR 44y, el b BI5E 431 B AR I 7
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3. BERRE

FIHATAIE, B W] e PR B AR R IR B L fE S St BRALROTRE, TR

DOI: 10.12677/ms.2022.128089 812 B Rl


https://doi.org/10.12677/ms.2022.128089
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