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f# FE: KHIER4043 (Al-Si5) FIER4047 (Al-Sil2) 2 FiMR 250K KIKIGHRL (powder bed fusion laser beam/metal, PBF-
LB/M) I AlSi10Mg & 4 kT4 4 B I (cold metal transfer, CMT) X3/ 42006, WFSE T 2 Fh AL-Si 15 22 5748 B
Ty AILRHE. ONSE MRS 1A MERE RS . 45 SRR, VRN ER4043 7 22 ] PR 42 AL IR N FLRSE T
ER4047 f5-22 W R L S AR 57 )4 3k Jy 22 vk e, HESk M BTRI R 14 211.7 MPa,  ${ ER4043 2224871 1 6.7%, HIRLEHF1Y
RAYRERE (76.8 HV) £ ER4043 R 2SR 4858 F T 15.5%, KW Si & 5 19 ERA047 #7 22 AT H| T AT L5-6 ME Be AR o R AR e
%o HOMALITHIRI, W I ERA047 5 224323k 0 2 1SR HILI = 2248 TR 4R M IRk . el il 20 k. ST

H iR AR S & S 0 FR) AR SRS T 1 S R R TR

K3#IF): PBF-LB/M AISil0Mg &4x; CMT 28 ER4043; ER4047; AL J12etERe

REESHES: TG456.9 ERFRIRAG: A

XEHS: 1002-185X(2026)08-2017-11
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1 5

WO #r K R I Bl (powder bed fusion laser beam/
metal, PBF-LB/M) /& 1§ #4 | i& (additive manufacturing,
AMDFER Z —, Bt it 5 4 1) =445/ 24, 33k
S tERe  mBUE L4 B 245 . PBF-LBM ARG
AR 3R P R R I 5 5 CE AL 25 00 2 37 AR R A 2 S5 4k
RAEE R EEERY. SR, PBF-LB/M B AT (1)
JST 52 B O s 2 1) BR 1], 09 BB — IR R R ST &5
. [EIE, BT ERR R A B BOR, S 8— Ik
AR, hAh, PBF-LB/M L2 HF Bk 4 N 18K,
HLBEA I RT3 K, TR AR Ny S5 1, S B0
IR IR, R, R A R EHRKS PBF-LB/M 143
FE L R R RST S5 6 R R S O SR 7 K. Bk, R
HEEEARFATHBIEE  WE AT EGE, T LARE 1A
AR AN E] 7

AlSilOMg & & )& Al-Si G &, | 2 N H T it
R0 28505 T S5 AU O B R A A 1 2 = & ™ H T,
OV 1 — e S48 A 45 120 1% 32 PBF-LB/M AL-Si &
& W HF 7T 3 UM, AISi1OMg & & 17 75 R IR 4% K
BRI EY, XEHTAERSASTEDN
PBF-LB/M AlSi10Mg BE# 7E #5432 1 F2 i N Js it 1

IS HEA: 2025-08-21
HEWE : FEK A RFBFHE4(52271018)
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N1 D N & e W O 111 1 e W Pl SO AN - deia i
B RIE R A S B2 . BT IHEEESHU,
187 FH I 2 1 SE 70 4 SR e M AR 4R & SR (A 5 iy, 2
PR SALER A TF Bz —.

TEIRE I AR, B AT BEM A R B
M. ¥4 J& 1L VE (cold metal transfer, CMT) #8435 & — Fir
U B A B SR DR B R AR (metal inert gas
welding, MIG) , 54£ 4 1 MIG J2 4 L, BB IR HE A K
RO A R R R L ) ] B B M S AR T A,
il P HE 7 AL 2 AT DA e AR AR B 1 3 D B 4 2 5 4
TG SR, ALSTUE 2 N2, B kg R A7
SRR RN S AR S ik ik 61T EL LA B A i st L T
DABRAIREE & 54 LG U

AWHFIGH T & SERER A2 ER4043(AL-Si5)
F1 ER4047 (A1-Si12) 2 Fl Al-Si ## £2 , 347 T PBF-LB/M
FIE AISi10Mg & 4 A CMT SR RE RS, B SR 5
T2 FPRE AN Si A B XHRGE T R FLRRIE SO 41 41
Je S Ty Ve Re 0 s2 e L B E O PBF-LB/M
AlSilOMg & 4x CMT 2 #5250 R 1) T 52 B2 32 4t 2 if
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PRI K BE A PBF-LB/M BJE AlSi10Mg & 4,
HRSFHURS N 50 mm>30 mm=3 mm. PBF-LB/M R BT
PR R AR T kT, S8 5 B R FFAE 200 pL/L LR,
My AR PR IR B T 150 C . F PBF-LB/M &L FE
B—EREcafges5a — Bk er. fH
Image-Pro Plus # A4 , 8 3sk 4 AH V2 11 SR i (4 AH X 2% % o
Ak )5 PBF-LB/M L. & 240 - WOK D)% 9 300 W, F 4 1k
FE N 1.0 m/s, FAH 18] B4 0.13 mm, /2 B4 40 yum. CMT
12 % FH () ER4043 A1 ER4047 2 fl Al-Si 1B 4 B 12 ¥ A
1.2 mmo BSR40 22 B0 3R 1 TR

JE 210 Xt PBF-LB/M & £ AISi10Mg & 4 i K K 1
BEATHUBRAT B , TENUARFT B o AT 438 v, DL 2SRk T
FALE o A T R 8%~10% (i &40 B0 A Ak
ENVETRAE 60 C T i B 6~8 min, F M 35%~45% (&1 7
HO WA R AT 5 R T 15 Pk 4~6 min.

2 % % F TransSynergic 5000 74 CMT £ Hl 5 ABB
IRB 4600 HUHKF- 149 S 158 4% R4t CMT 154 PBF-LB/M
I AlSi10Mg & &or i a1 s, Horb, 8250k A
X IE 3 3 £ B 300, T AIBE N 1 mm. B F4125
B L2 SH0A5R, R T 2B R R T E
SRR R0 A R R N 12.5 VIR 2T TR
5.6 m/min, FEE3E 4 8 mm/s.

VEZ 5 Bk AR E 5 A AN HE, B 5 B I WU
& il K Keller ik 77 (HF:HCI:HNO,:H,0=1:1.5:2.5:95,

R1 BMRIBLLFERS
Table 1 Chemical composition of the base metal (BM) and filler

wires (wt%)

Material Si Mg Fe Mn Ti Zn Al

PBF-LB/M AlSil0OMg 10.51 0.39 0.15 0.02 0.14 0.01 Bal.
ER4043 511 0.09 0.35 0.06 0.02 0.03 Bal.
ER4047 12.31 0.04 041 0.07 0.03 0.04 Bal.

ﬁlg torch -

& N
4 @c'\\ &*@0 X
S %
) &0
S Welding wire > ¥
AN
PBF-LB/M AlSil0Mg PB%—LB/M 3 mmi
L 30 mm = AlS110Mg
1 mm
Sl

K1 CMT )53 PBF-LB/M ¥ AlSi10Mg & &7~ & B
Fig.1 Schematic diagram of CMT welding process of PBF-LB/M
AlSil0Mg alloy

JE§ ol Bt [R] 29 25 o) JE ok, ) £ S AR o 1 A BRAR R
LEXT OLS4100 ##0t 44 5 £ B8 5 QUANTA FEG 650
14 H5 5% (scanning electron microscope , SEM) , Xif 2 3k il
LZH 23 e R A I 1 TR SR AT TEAE %% . SR H QUANTA
FEG 650 SEM 4% & OXFORD NordlysNano EBSD & 4t ,
£ 20 KV DI LR N F 48 40 47 DA 7= iR 1 X AR RS 2
ML G W7 B AT S Celectron backscatter
diffraction, EBSD) # /it 4 Leica RES102 # # £ 1 %I i
(K 6.5 KV, F1E 10°) 4% , #0415 HY Channel 5 %
A ¥, ff H D8 Advance X Hf £k A7 4 X (X-ray
diffractometer, XRD) 73 HT /& 52 W48 , K FH BE 154X Cenergy
dispersive spectroscope, EDS) X} /& 48 E B & &It R M
oA o B AT T .

{45 F Tmage-Pro Plus EITE 8 Il AR 58 H LR
AR I A E RS AL AR & & . R TR
EIFEAALE, RALE TR S R4 S AR i LU E R AR
L. N T HERRIEREESILE, 2 IS T IR S8 M A
] FIZ\AT FR) ASCFLARFAE » 380 3 A I 4 AT 1F T 35
FLRRFAEFAN LRI EE -

K H HVS-1000 2 ol A 52 4SO 42 S AN [8] X 33 P S 4l
0 52 R AT DU, o S Gl Bl 52 AP FH 384 2 100 gf, Nk,
IFIA] 10 so R4 S B ar A I B B ) 2% 3 AR 4 55 [
M OEE 5 R 5 W 22 b5 #E (ASTM E08-21 Standard Test
Methods for Tension Testing of Metallic Materials) 34T .

3 FR5ITIE

3.1 BELEVMHRRSFLEE
3.1.1 KGRI

2 TR ER4043 F1 ER4047 5 22 CMT /5 4% PBF-
LB/M & J% AlSil0Mg & 4 4 Sk B i 30 . fEAR AL
TS, %I ER4043 Fl ER4047 13 2245 3L 13815 1
IRIERAE, SRR X7 IE . ER4043 I ER4047 52 22 [1)
FE 4% THT R W T %43 30 2 20.6 mm*. 34.1% F119.9 mm?,
31.3%. A UL, ¥ 0 ER4047 S5 22 IR 48 A B R MK otk
G 1A B I I A 2R 5 BRI 0 83 7 e, R DL Rz e (X
(heat-affected zone, HAZ) . #R1 , 7E =i i SEM K 1] Wil 42
B DX IR A B Si A AN o- AL 5 BEAF X 35 1 20 2314776 B
WS (N3.23FM3.2.4), RFHELAEMEHAZ. LA,
JRAEIAR P2 ARG IR G T 2 A T R E IR SILBRIA
X 5 [E 4 b PBF-LB/M JJE AL-Si & 4 [ 455 S8 1 92 45
R0,
3.1.2 FHEAILME

WK 3 fiw, U I ER4043 Fl1 ER4047 1542 [RS8 1A
A DX RS FAE 3 72 7. ¥N I ER4043 F1ER4047
PRz JREER) I K AL 73 0 591.4 F1689.1 pm, Jim 5 #E
WK T AT . PIIESER 1R 4748 R ~FE 400 pm AL
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Fig.2 Cross-section morphologies of the welded joints of PBF-LB/M AlSi10Mg alloys produced by CMT welding with Al-Si wires: (a) ER4043

and (b) ER4047

~S

@=17.9 e S

@145
@=10]

)

01 i
!::[!Ijil

B3 8N AL-Si #5422 CMT 454 PBF-LB/M (U JF AlSi10Mg & 4 1548 S LB SR
Fig.3 Morphologies of pore in the weld metal of PBF-LB/M AlSi10Mg alloys produced by CMT welding with ER4043 (a, ¢, ) and ER4047 (b, d, f)
wires: (a—b) upper part of the weld metal; (c—d) lower part of the weld metal; (e—f) near the fusion boundary

B)SAL, AHA I ER4047 SR 22 (1R 5% F 330 RS AR
B W 2 TS N ER4043 1 22 1) 17 4% (8] 3a.3b) .

H P 3c.3d AT W, , 505 4% A B, P AR 4% R BB AL
JSFR RN RSFYE N 30.9~48.1 um 2 7] . X 545
G e R T, R4 EERILRST R T R R —
U, SRS A LR T, SR AR A7 LE RS 9.8~37.8 pum (1) /)
AL GBe 30, AL T BN F IR AN X . &5
Tt , 75 I ER4043 F11 ER4047 J57 22 [{) 17 4% S FL R 43 5 N
5.9% 1 9.2%. JXE I ER4043 15 22 [ 15 48 i Bk 45
B AR A SR EARIS AR Ry, N T RE
EE? SiAH AR A SR TEALBE R, 1 = Si B | R 22 2

IR A& T SiAR B, (RS SLIITE e

N T HER SR S SSLIFAE , i — R A T Bk A
H A 4% AL IR 30 B 93 AT, 8 I ER4043 £ ER4047 15 22
HI RS P SFLES A E 4 s . 0T 0L, %I ER4047

JR 22 RS FLEE 2 2 TR I ER4043 157 22 1) 15 5%
AL N 6.1% F19.8%, 31X 15 18 4% f 4% 1T 45 11 &5 SR
FEAR—F WA, KRR AL I B TP IR EE ) B35,
AL LE 413.2~956.4 pm 2 [a], AL <) BH B K TR
45N EI AL, BRI ER4047 F7 22 (R 1548 138 K< AL 3K
BHEZ,

4c TE T HT T VRN ER4043 55 ER4047 5 22 f) 17
M SALE R TILRS KRS . iREESALR
ST B H K28 3 95 /T 50 pm AT 50~100 pm
PAK KT 100 um 7. 734 45 B, AR 4% Hh 355 DL/
T 50 um BIF/NS AL T W I ER4043 457 22 5 ER4047
PR L2 IR GE /N T 50 pm AL o EE A3 ik 2 71.8% A
68.9%. HE—L M K I, fEUR N ER4043 5 22 15 4% 5 iR
T ER4047 15 22 45 4% 51, KT 100 pm <AL EL A5 2 5310
2.9% F13.5%. [, R HIG Si & &5 22 (ER4043) 5 B
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Fig.4 Longitudinal-section morphologies (a—b) and size distribution (c) of the hydrogen pores of the weld metal in PBF-LB/M AlSil0Mg alloys
produced by CMT welding with Al-Si wires: (a) ER4043 and (b) ER4047

TR AL, b B RRALRGT .
3.2 FEIMRLLITHE BN LE LR A S
321 FEERXeAHELR

&l 5 ¥R I ER4043 £ ER4047 15 22 3% S [ 15244 4 A
ML, WIREEIT IS A B AR AR 4% bl XS K 2 2335 9 e
ARG f, (EE SE rp O XS AL SR S S M T R IS .
G 0 XS 2R ) A A TRDBE 23 S 2978 1.7 F1 3.6 pm.
BRI S, WS N ER4047 15 22 (1) 152 4% 3 & A X T 98 I
ER4043 15 22 IR S5 S TEIE G 2R T B Kk . TR,
AN[H] Si &5 & [ ER4043 A1 ER4047 15 22 %o 15 4% b ki 4
B RS B3 g,

6 J9 ¥ I AL-Si #5222 CMT #5243 PBF-LB/M ik J&

ER4043

Near fusion boundary

Center

AlSilOMg & 415744 BSE 8 Jv ) EDS e & 434 . X &
6d.6h H I B AT TR b, A RICE T
#2. HREN AED & AN Fen RS B R FH BT
JR 22 R BERF TR Fe (H A& B B UM T 0.5%) , R IIZ L
SEEOHE L Fe TR VI HENTZ - A OAH W BN S Fe
#Ho £ Al-Si-Fe-(M@) &E&R R, & Fe fH Ll o-Fe AN
o-AlFe,Siz a-Al,,Fe,Si,) f-Fe #l (B-AlFeSi) LL K 7-Fe
(r-AlMg,FeSi )3 ML RAFAE, H 2 I AR SR
fiE, Horpr a-Fe #H 55 mr-Fe Al 8 N HOIR SRR Sz i RS54
1M1 p-Fe MM ) T~ KA IR G54, J5 3 R LR A REIE XS )
ER RN P WIS S

H Kl 6g.6h 7] W, , 7 F (& Fe A 3 2 2 M PUIR 55

ER4047

F5 I8N AL-Si 542 CMT 4545 PBF-LB/M [ JE AlSi10Mg £ 442 3k IR 48 & ML 4
Fig.5 Microstructures of different regions of the welded joints in PBF-LB/M AlSil0Mg alloys produced by CMT welding with ER4043 (a, ¢) and
ER4047 (b, d) wires: (a—b) near fusion boundary; (c—d) center
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Eutectic Si-rich phase
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l(ilm
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K6 AN Al-Si #5422 CMT 154 PBF-LB/M R JE AlSi10Mg & 4 15:4% BSE [ A /2 EDS JtC R HI {34
Fig.6 Backscattered electron images (a—b, g—h) and EDS element mappings (c—f) of precipitates in the weld metal of PBF-LB/M AlSi10Mg alloys
produced by CMT welding with ER4043 (a, c, e, g) and ER4047 (b, d, f, h) wires

BRIERS, LD EKER. 48 EDSHTR s
B HEM O 5% H (A A a-Fe Ml r-Fe #H. AR 11, HF
Mg 6 & & A B, T A HEBR A7 7E /> & B-Fe A ]
BETE . Ak, xF L] 6a. 6b AT UL, ¥ i ER4047 J5 22 15 4%
s Fe AH S0 AT T ER4043 1R 22 JR 85 K %,
IXULE Fe A AT RE 2 0T IR 4% 00 ) Ve R = A AR 52 o
FI I XRD 52 A X6 75 1 9 2 Ff AL-Si A5 22 45 2% i i3k
T TR e R 7 B . AT, 2 B AL-Si SR 22 )8
HeH 2 R a-ALA DL B SiAHZE . (1R R 2, AR
T ER4043 J 22 f5 5% , 75 N ER4047 15 22 4545 b ) Si A AT

%<2 B 6g.6h F#ric S A EDS AR
Table 2 EDS analysis results of different points marked in Fig.6g

and Fig.6h (at%)
Point Al Si Mg Fe Possible phase
A 89.72 5.76 0.19 433 p-Fe
B 84.53 12.83 1.28 3.56 n-Fe, Si eutectic
C 80.34 15.63 1.23 2.80 n-Fe, Si eutectic
D 84.69 10.86 1.47 2.98 n-Fe, Si eutectic

SRPI B I B T, X T ER4047 J2 22 rh G (1) ST & &
322 FEE G SIS

8 NN ER4043 FIl ER4047 5 22 I J8 58 4 41 1) 3%
fm SiAHTESR . K 8a 8b W] UL , P I 4% 4H 21 (1) 4L i Si

o a Al
[ {220} & Si
g | L
< 220} (33] A222
E“ ___4? JL_._J‘ * { "‘,},,,,_}L Jk J«‘i o
@ (1
g 4 200}
E a
ER4043 G
(111} 20; 13317 QY X{zzz}
* * & 7 A
20 30 40 50 60 70 80 90
26/(°)

7 I AL-Si JE 22 CMT 454 PBF-LB/M il A1Si10Mg & 4 /5 4%
XRD Fl i
Fig.7 XRD patterns of the weld metal of PBF-LB/M AlSil0Mg
alloys produced by CMT welding with Al-Si wires
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Fig.8 Morphologies of Si-rich phase of the weld metal of PBF-LB/M AlSilOMg alloys produced by CMT welding with Al-Si wires:

(a, ¢, ¢) ER4043 and (b, d, f) ER4047

AR BESR A6 T AL B 1T - AL & R~ 22
SIA K . ¥R ER4043 F1 ER4047 15 22 47 8% 1) Si W )& &
3N 1.0~2.5 pm A1 1.8~6.1 pm. 7] A, , ¥ I ER4047 15
22 R A ST EE R . S I ER4047 5 22 15 4% 41 21
3 SiAH I EE 208 23.1%, 198 I ER4043 5 22 [1) 15 4%
A [ 3 A ST A EE RN 10.2%. 7 I ER4047 45 22 )5
S0 Z1H 1 R A SiAH P BU 2R T vy, B s 3 4 SiAH B AR
Al e PR R I 4 (1) S A S

L e 8F T/ , Vs I ER4043 5 22 45 4% v i 34 /7 Si
AE S MR T VS N ERA047 57 22 43 8% vp () 3 &5 Si A K
ZHONKCIR . R 3 A IL, W5 S XA A SR C R
Si & BT 25%, M E4k £ B AAD MK Si & 2IA
2.59% F14.51%. FEARH I Si & Bz Ik T & X 351 Si
TR, R SITCRET B A RAET BEN RTINS .
T AF EG - BEA B4 b 1) Si 35 5 (29 10%) , A5 4% 44 P 3
1) i [E] 5 B AR, 3 3 B 3 B30 Sil 70 A 4 i A v ) 3 9 i
PRI IFY . A, TSI ERA047 45 22 R IR 44 3L 4R )
Si R & B 5= TR I ER4043 IR L2 i1 5% , LWl &
J 2 A A T R ) [V R A R
323 HAZ ¥ a-Alt9 S 87 5 B R T

N T IRNER T PR B I TR 6B T30 4L 2R F 52
FI Fl EBSD £ A %} PBF-LB/M & £ AlSi10Mg & 4 % 3k
oh R A B 26N [F) R B () HAZ 1 a-AL SRR AE R 4T T 58
PE BT, S5 a9 BT o BERF (0 B 1) AR S A P
(orientation imaging microscopy , OIM) i i 1 5 Bl 1 %5
Hin A2, I R PUER I RUE IS . SR, A E X
W SR RS A A KRBT 43 8 3 A X3 S X

%<3 [El8c.\8d FHRIZFHIEDS 5y 47
Table 3 EDS analysis results of different points marked in Fig.8c
and Fig.8d (at%)

Point Al Si Mg
A 73.18 26.64 0.18
B 97.35 2.59 0.16
C 69.41 30.37 0.22
D 95.28 451 0.21

(remelting zone, RMZ) \HAZ I 40 /N5l i X, DA st
0> (molten pool center, MPC) R KNS5 il X o LA,
MPC H IR K 45 2l o B 1) £ -1-<001>//ND BT, 1T 4
/IS i ) B ) D) SR IR AL AT . B 9b JEOR TR S
2 4 mm 41 HAZ 1 OIM B o 1% X 3801 di ki K 22 5%
e, 5 R EROE S T ATRHE R A — 8. SR, AF
YL KI5 ST AN b i Y 38 38, 3 ] R 2 e
Tz X2 B R AR S mm , K AT o B A
H P 9c 1] L, PRI A28 1 mm Ab B HAZ B SRR & 2
TR, PUER R O I SR 5 A 2% RSP ECR I
A R0 A 38 5 5 R I RO B /N ditoR F) i Y 2 8 3K
FH Tt A BR B AR G 2 T A, 52 B A PR e B K 5 Btk Ak
P4 R B, B T 2 A B A R R A
324 HAZBAE L

HBE— 2 W8 T 7N I ER4047 17 2242 3L AN [A] [X 38 ) Si
ATEA, 10 s . Bk AR IXIRE SiAHIR 2 LA 2 Fh
TWAELE , 5390 9 a- AL s FAL I 3L & SiAH AT a-AL gl N
AT B AK SRURL . 75 BEM i, 36 5 Si A LIZE S 1 MR
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WL AE a- AVFEARAEAE , B A MT HHELAR /N T 40 nm FIZRK b, 7EFR B AR 5 2 4 mm AR o-ALBE AR 20K Si kL £L
SiMiki. PBF-LB/M ERLFE AR AV R EE AR REFE D, ROFHREIZ905 65 nm (&1 10b) .« BEEF A
SiTCE B AE a- AL, TR O AN AT SR, 2k 1 mm &b, 9K Si UKL AE SR AR B SR A, W& 10¢ Fir
HI TR R AR (R0, o- AR R AR AT ST BT o, BeE AR b AEOR AR TR RSTROR 2909 150 nm,
SEI RT3 SYNPR:) | I PN EL P SN TSI 68 UKL FF) 18] Bt WY 5 1 K. AR 408 Ostwald AL L, BOK

1.0 mm

9 YN ER4047 1542 CMT 542 PBF-LB/M HJE AlISi10Mg & 445 I R A [X 45k OIM & J2 432 3k AN Rl AL B R
Fig.9 OIM images (a—c) and schematic diagram of different locations (d) in different regions of the welded joints in PBF-LB/M AlSi10Mg alloys
produced by CMT welding with ER4047 wire: (a) BM, (b) 4.0 mm, and (c) 1.0 mm
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Fig.10 Si morphologies (a—c) and schematic diagram of the different locations (d) in different regions of the welded joint in PBF-LB/M
AlSi10Mg alloys produced by CMT welding with ER4047 wire: (a) BM, (b) 4.0 mm, and (c) 1.0 mm
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5 55%:

()AL & SiARFIGN K SiAHTE SZ FA RIS, W i A Bl ) &4
K SiRURL, A L H B D F S AN R X S i Si A
TERF RS HBAKZ 5, HEZE S A b s # A
SV ARRL, IXTESE T HAZ T &

& 11 y PBF-LB/M AlSil10Mg & 4 FF#5 il ER4047 #2
P S AR DO B A SV AR R . B laml I,
B Si e 2 B A a- AL & 38 &) 43 A OE BEM B b
B4k , PBF-LB/M I Lk F% (8 AR AGE F Ak 38850 S AT a-Al
fr L A BT HE T D K g Si kL. KT HAZ, B TR
PATIR IR, BEAF b 3 5 Si 9 (1) 3 21 A0 A A R AR
BB #5 AR N HUIR 'S SiAH, T A 5 F v 2k, i 116 fr
TNe THAE TSI IE A 2810 1 mm &b, BT #5208 i 2
#,Si MR, WK e s, BB 11d AT, JE4g
) o- AL fecFH K, IV i 7 FH IR BOREAR 3L i SiAHZH R,
B RST BR T AR X 45
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Fig.11 Microstructural evolution of different regions of the welded joint of PBF-LB/M AlSi10Mg alloys with ER4047 wire (a—d) and schematic

diagram of the different locations (e)
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Fig.12 Microhardness of welded joints in PBF-LB/M AlSi10Mg alloys produced by CMT welding with Al-Si wires: (a) ER4043 and (b) ER4047



8 ]

TeAIBE: AL-SifRE 2254 4 8 i I 1545 PBF-LB/M AlSi10Mg & 4 2 k421 5 F1 24 P BE ) 52

FE T a-Al FEAALY, (2)ER4047 15 22 JR 55 1) a-Al Rk
[y 1 52 Sion g, B TG [ A BOR Y s (3) 4%
G R oA T 22 (AR Si R, FETE a-ALZER BTERR T
BRI HAE X SR NURE (AR — BT T R A
FRREFE o 17 E P 423k P B HAZ SR AR B 2, HE D AT A
HHAZ A& SitHIEA IR GAH %
332 ARG fh i ZATH

13 N BER 8 INAS [A] AL-Si 45 22 1) CMT 45 42 32 5k
(R TRER A7- TREN AR H 2k . H1328 4 70, BEM A P o
% 423.6 MPa, I 24 S A i1 3654 12.6%. ¥ PR AL-Si
R 22 (1) CMT 422 3k 41 58 % 22 3055 70l 4 46.8% (ER4043) Fll
49.9% (ER4047) , Hi7 58 BF S W7 2 Jek SE At ZEAH 0 T BEAF
B ROR B, 32 B CMT 48 4% PBF-LB/M i JE AlSil0Mg
G T B MHALILR . SR1T, U8 il ER4047 15
#2.(211.7 MPa) # % T 5 i ER4043 45 22 (198.4 MPa) [
SRR IR T 6.7%, 3% 2 B BAR VR IN ER4047 45
22 (R AR S LI T, (E R S L A I Tk s , 95 36 Si Al
Bl 22 5 ] i R0 B 5 R i L A 40K St A R 1 B

© 2025 »
450 ———
400 ER4043
350 —— ER4047

300
250
200
150
100

50

Engineering Stress/MPa

0T 234567891011121314
Engineering Strain/%
13 BEAF K A8 N AL-Si 45 22 CMT 4% 3 PBF-LB/M i JE AlSi10Mg
B IR - TR N 2k
Fig.13 Engineering stress-engineering strain curves of the BM and
welded joints of PBF-LB/M AlSil0Mg alloys produced by
CMT welding with Al-Si wires
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Table 4 Tensile properties of the BM and welded joints of PBF-LB/M AlSi10Mg alloys produced by CMT welding with Al-Si wires

Tensile strength/MPa

Total elongation at fracture/%

Fracture location Strength coefficient/%

BM 423.6
Welded joint with ER4043 198.4
Welded joint with ER4047 211.7

12.6 - -
2.2 Weld metal 46.8
1.9 Weld metal 49.9

ER4043

Fracture location

Fracture location

Fracture surface
morphology

High magnified
morphology

1 mm

ER4047

Fraeture loeation

«.l mm

K14 770 AL-Si 2 22 CMT 24 PBF-LB/M & T A1Si10Mg £ 432 Sk hir 1 iy 54 57 R By 101 36 T
Fig.14 Fracture locations (a—b) and fracture morphologies (c—f) of welded joints of PBF-LB/M AlSi10Mg alloys produced by CMT welding with

ER4043 (a, c, e) and ER4047 (b, d, f) wires
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Effect of Al-Si Filler Wires on the Microstructure and Mechanical Properties of Cold
Metal Transfer Welded AISi10Mg Alloy Joints Fabricated Using Powder Bed Fusion
Laser Beam/Metal

Qiao Jiutong', Wu Defan', Cui Li"*, Ma Lixia', Wu Xu', Guo Xingye', He Dingyong'”
(1. College of Materials Science and Engineering, Beijing University of Technology, Beijing 100124, China)
(2. State Key Laboratory of Materials Low-Carbon Recycling, Beijing University of Technology, Beijing 100124, China)

Abstract: The cold metal transfer (CMT) butt welding was conducted on AlSil0Mg alloy thin sheets prepared by the powder bed fusion laser
beam/metal (PBF-LB/M) technique using two types of filler wires, including ER4043 (Al-SiS) and ER4047 (Al-Sil2). The effects of the two
wires on weld geometry, porosity, microstructure, and mechanical properties of the welded joints were evaluated. Results indicate that the adding
ER4043 wire effectively reduces porosity rate and pore size of the weld metal. In contrast, the ER4047 wire exhibits improved mechanical
performance. The ultimate tensile strength of joints welded with ER4047 wire reaches 211.7 MPa, representing a 6.7% increase compared to the
198.4 MPa achieved with ER4043 wire. The average microhardness of the ER4047 weld (76.8 HV) increases by 15.5% compared to that of
ER4043 weld. These findings suggest that the higher Si content in ER4047 filler wire is more conducive to achieving superior joint properties.
Microstructural analysis attributes this enhancement to a combination of solid solution strengthening, fine grain strengthening, texture
strengthening, nanoscale Si precipitation, and the load-bearing contribution of the eutectic Si network.

Key words: PBF-LB/M AlISi10Mg; CMT welding; ER4043; ER4047; microstructure; mechanical property
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