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Abstract: A comparative analysis of the microstructure and properties of laser powder bed fusion Ti6Al4V alloy and
AlSi10Mg alloy welding joints was conducted through electron beam butt joint tests, under a range of divergent beam configu-
rations. The results showed that the joint formed by titanium side offset beam (-0.6 mm) was more stable and aesthetically
pleasing compared to the joint formed by aluminum side offset beam (+0.6 mm). When using aluminum side offset beam, a
large number of pores and cracks appeared on the surface of the joint, and there were also many pores inside the joint, mainly
concentrated on the aluminum fusion line. When using titanium side offset beam, the number of welding defects in the joint
significantly reduced. A certain amount of intermetallic compounds was formed in the interface layer under both process con-
ditions, with TiAl being the main compound formed when using aluminum side offset beam, and TiAl,, TiAl,, Ti;Al, and TiAl
being formed when using titanium side offset beam. The tensile strength of the joint formed with aluminum side offset beam
was highest at 81 MPa, while the joint formed with titanium side offset beam could reach a maximum tensile strength of 128
MPa. Both joints failed at the reaction interface layer, exhibiting brittle fracture characteristics.
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JEE ) LT 2SR, A 5 4 P T R i A R 2
P46 A IR 45 Bl (Laser powder bed fusion, LPBF)
W B 2 R B 2R # R, LPBF BB 1Y
Ti6AI4V 4 42 Fll AISi10Mg & 4 25 A PERE B 4>,
{EAS 4RI, X PR 4 K R 82 Sk, ]
W R B A MRS TR oK. (A, Bk ARk
“EVEREA P22, ME LA 1 LPBF 5 3 B3 B &K/
PGS . I, 4300 LPBF JJE Ti6AI4V & 4
H1AISI10Mg 2544, SR I PR — 8 M2 A 454
JE—FRA SRR IR S5 R il ik

T SR b2 ) B A S B S R 2 ]
MR BRI BB IK . A3 22 8 22U 8 B E T
AR B KRS I R AR TR Ot
TEEIRIAEE T 74 T TiAL . TIAL TLAL 4 £ Fh 43 @
LG s d A A R TP R R G 4 A B ) B
i 4 Jem ) Ak 5 i, 38 8 >R FH BRI i 2 =Xl
AN BRI A R, TR D AR A R v R AR TR
BRI o 5 AAESE N R B AR ER M 0.6 mm
REXT 5083 584 4 FI Ti6321 k& 4 EAT 1 TCIE e
e WG IR & B ARG o SRR R R
gt R 2IRA B T Ti,AL TiAL TiAL #l
TIALZE LAY, B0RE 2 IR P A 9 B 15 31 219 MPa.
25 R T OGRS AR A, 4 T 6061
FRA 4 R TCABK A 4 Xt e 3k, FLmi AL B B T
TiAL TIALSFLA ), PLAing A% 217 MPa.

RIS F B X A% G R AR/ R T
FEFF I, & T LPBF BUE BEK/AR 70 A & KR
AT HRIE . T AR R AR L R HAR AR VR TE L
KBS TRMEENEZN . Wi, IRAG
% FH L 7 R KR B2 LPBF BUJE 19 Ti6AI4V & 4 Al
AlSil10Mg & 42 FIr R AR 4% B O 2 20 K 1 24 PERE A
P, HAT BB A AR B A TR SRR

1 {BWHAE

I AR I DL AISi10Mg Fl TI6AI4V £ 4x
M EA R, AR E AN 1 2 R, il i
SR AR RS FSIE (LPBF ) 5% R 34514 AISi10Mg il
Ti6AIV &40, Ti6A14V Bkt R 60 mmx
30 mmx1.5 mm, AlSi10Mg #4524 60 mmx (30+
0.5) mmx2 mms,

R1 AISIIOMg A EUZER S (B, %)

Table 1 Chemical compositions of AISi10Mg Alloy (wz. %)

Si Mg Fe Cu  Mn Ni Zn Ti (6] Al
9.88 034 0.066 0.05 045 005 0.10 0.15 0.032 Bal

K2 TieAUWVEEUZERD (REHE, %)

Table 2 Chemical compositions of Ti6AI4V Alloy (wt. %)

Al \% Fe C O N H Ti
6.08 4.10 0.03 0.016  0.063  0.015  0.003 Bal.

KRR, B4 SR AR M 0.6 mm
(+) AmEEM 0.6 mm (-) FEATHRE , 2k A 7 =0
H - RO VE 7 DL I 1, b 25 S 0 0 i o 1Y)
YEET IR B 5231 LPBF M4 i, A1Si10Mg A 44 1
BO0.S mm¥EHE ., B R TZ2ZSHNEIPIR.
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(@SB ST 42
-
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Fig.1 Welding Process
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Table 3 Process parameters of electron beam welding

I MM BT BRI A

RETTE 08 Mmmemin)  mA mA B
P
60 1200 20 560 x=y=200
0.6 mm
1
LN 900 17 sss(kimM) &
0.6 mm

1 %085 OLYMPUS DSX-510 Wi 82 45 4% 52 WK 51,
Zeiss MERLIN Compact 37 & 5} 43 #fi L ¥ I B B
(SEM) WL%¢ Ti/Al 43 J& [ 465 W 30 S o A, I 45
A RERE (EDS) ek o R o A ik 5 910
M., K Instron 5967 30 kN J7 fie b4 BHA AL
PEAT PP , Bl ORI 2 1 mm/min, $7 K
FERSF 0 2 B o

50

R30 }'L’
B2 frfilERS

Fig. 2 Dimensions of tensile specimens
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Fig. 3 Surface of LPBF Ti/Al alloy electron beam welding joints un-

der different beam deflection processes
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Fig. 4 Surface forming of conventional Ti6321 titanium alloy and
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5083 aluminum alloy welds by electron beam welding
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Fig. 5 Cross section morphology of weld seam
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454 A1-Si ZIuHHEUFIZ AL EDS 45 5 n] AL, FE R
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Fig. 6 Interface feature regions obtained by two process methods
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Table4 Chemical composition of interface characteristic phase(at. %)

Bt Mg Al Si Ti \% AT REAH
A 0 9.78 0 86.04 418  o-(Ti)+B-(Ti)
B 049  51.08 977 3665 2.01 TiAl
C 0.07 9496  1.75 286 036 o-(Al)
D L1 7479 1722 6.35 0.52 Al-Sidkfg
E 0 31.04 067 6491 338 Ti,Al(a,)
F 0 3271 276  61.19 334 Ti,Al(a,)
G 0 3148 090  65.02  2.60 Ti,Al(a,)
H 0 7362 952 1598  0.88 TiAL
I 0 63.95 531 2936 138 TiAl
J 0 5021 494 4275 2.09 TiAl(y)
K 0 3298 117 6313 272 Ti,Al(a,)

2.3 1RSSR

XFWIRD T 2505 F 59 LPBF i JE 1Y Ti6Al4V 45
4 F1 AISi10Mg & 4 HL F o 42 3k AT P P o B 43
Mo S5 KB, 405000 f AR A5 21 1 42 Sk Br b as i oh
81 MPa, £k i A5 B (3 Sk BT s ik 128 MPa,
3 1 T RAR 0 SR 4 v RN [ A0 s 5 1)
kM RE, SR A RGN S s . PTREJE LPBF
Mg By A T RS EEk A T
[ R R T e i 5 R

K5 EMSKAREEBERERER

Table5 Results of high energy beam welding of conventional Ti/Al alloy

g PRs PAdhse B
ik i H# /MPa

Casalino ™ WOt S7T54GEMT40844 Mtk 191

FRAEDT BT 5083fA A4 MITIO32 kA4 gk 219
BRELAEST MOk 6061 SR A M TCAR A A gk 199
2ol Bt 6061 HRAEEMTCAsES Wik 217

PRIk B W20 AR W RSN 7,51 8
Btz o Wit R3Sk IR H BLRA o 3, R T
et o B SR B34 7 T Ti-Al L& 1 5 il =
b P, FEAR e A v A IR 6 [ AL 5 1 Tk
TEHSK A IERER EEEN R

FT T 7 LA 00 i SRR 42422 S T 11 S B
RS, I ELI RS A AL B e — I e
AR B T R BB o BRIBUCRRIE A
PEATRERE AT (W Z 6) , BB A BUAH y Al-Si 2

AlsilOMg

() BAAU T 1
7 SRR SRR ET AL B R BT O R 5R
Fig. 7 Tensile fracture position and fracture morphology under alumi-
num side beam
F6 SAMERAME O ERUZRS (RFSE, %)
Table 6 Chemical compositions of tensile fracture characteristic

points under aluminum side deflection (az. %)

Hifidl Mg Al Si Ti \Y ATREAH
A 105 8118 1756 0.13 0.08  Al-Sidt
B 0.00 3845 420 5355  3.80 TiAl

At JGAE WAL T AL O TIALAH , 256 iR FHE 41 415
B, I BRI T ST AR SR T A A <2 TR Te) A 5
P24k IFAESN T VERTT & AR R

PP 8 il A0 BRI i SRR 42 122 S T A BT 1 550
HA ) 3 SR D AN g S B T A ) AR A
B AFAEAR B B, J T B R AY LR RRAE o
fIEA 9 EDS 45 R s (WLAR 7)) , Wil A7 16 R Y
Ti; Al TiAl 45 45 Ji 8] 165 1 LA SRE 3 90 Ak A7 1
Al-Si St i o 855 SO ZUHT Nk RET
ic2 A ot R T TR Y EH T A A /L S N e A L]
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Fig. 8 Tensile fracture position and fracture morphology under Tita-

nium side beam
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Table 7 Chemical compositions of tensile fracture characteristic

points under Titanium side deflection (az. %)

i Mg Al Si Ti A Ny
A 1.58 78.68 17.81 1.72 0.21 Al-Sidh i
B 0.68  72.61 436 21.31 1.04 TiAl
C 012 22.80 3.26 7095  2.87 Ti,Al
D 023 24.56 1.89 7024  3.08 TiAl

I S A2 XE W, o T S I A0S R S0 R
ALSi10Mg AR J BT I 318 AL

3 #Hig

K R T2 X LPBF B AlSi10Mg & 4 Fll
Ti6AI4V G a3 T 1 HLF O I XF LEAS [0 g
O AHEE S PR RE RSN, EZEE50 00T .

CL) BRI SIS ST R, i 3R 9 T <AL
T WL B, RN O AR A A AR I K 3 T

TERE W, PR T 50N SR NI E—E
B <AL, HEZERET AISiIOMg & &0 & 1X , £k
R AT 223k AR AL B AR BT R R
(2) B it R KR 3205, TI6AL4V K & A 1Ak, B
PR TR S, T8 B 4w (R A A 0 LA TIALR 35
KA i SR T, TI6AL4V Fil AISi10Mg ¥ & 4E T 454k
AW A IR 2R AR AL 5w,
HAETiAL TiAL . Ti; Al Fl TIA1 2 Fh 4 R/ RS9 .
(3) 55 MUEKER 5P 4 5 RE A I RO KR H 25
AH LG, LPBF BB () EK AR 5 Rl 4 i R 443k
FrARPERBRAR, A0 n A 2 RS B A 81 MPa,
SR i T 42 3k = oy A5 B Ry 128 MPa, A Sk
PN T B A A Y A2, I E R 2R E

SE
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