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Abstract By means of arc-assisted laser welding and with the addition of Al-12% Si welding wire, the butt welding-
brazing experiment of dissimilar metals joining aluminum alloy to galvanized steel sheet with filler powder is
conducted. The influence of wire feeding speed on weld appearance is discussed. The microstructure, fracture
morphology, phase composition, and mechanical property of welded joints are investigated by means of optical
microscope, scanning electron microscope, X-ray diffractometer, and material testing machine. The results show
that under suitable welding parameters and process conditions, a welding-brazing joint with high quality appearances
at both front and back sides can be obtained. When the welding speed is fixed, with the increment of wire feeding
speed, the spreading width of welds at the front side decreases, while that of the back side increases. Si element
enriches mainly in the upper part of joints, and the welded seams consist of a(Al) substrate and Al-Si eutectic
phases along grain boundaries. A kind of non-uniform intermetallic compounds is formed in the Al/steel interface
layer which consists of AlzFe,Si, Fe, Al;;, and Fe, Al;. The maximum tensile strength of joints is up to 130 MPa,
and the surface morphology of fractures possesses a ductile and brittle hybrid characteristic.

Key words laser technique; aluminum/steel dissimilar metals; arc-assisted laser; welding with filler wire;
intermetallic compounds; mechanical property
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Table 1 Chemical composition of parent metals and welding wires (mass fraction, %)

Element
Alloy - -
Si Mg Mn Cr Cu Zn Fe P B S Ni Al
5052 0.25 2.2~2.8 0.10 0.15~0.35 0.10 0.10 0.40 - - - - Bal
Steel <0.40 - 0.40 - <0.15 <0.15 0.02 - <0.30 <00.15
Metal powder 1~2 5~8 1~3 - - 5~10 - - 0.5~1.0 - - Bal.
ER4047 11.0~13.0 0.10 0.15 - 0.30 0.20 0.80 - - - - Bal.

PR R AN B 1 s s SR R CO, OGS (GS-TFL-10KCO, » i3 K% 4 A FLBOE R 5 A R
Aw] R ED AR WSE-250 3 a3 CTIG) SRR L AIR 2246 2 ] il & F e B4 . OLHK 9 10.6 pm,
CO, LB E P(CO,):P(N,):P(He)=1:10:20, i P« )RR, K5 bR OB TE R,
TIG HUIRAE S5 5% B 05 30 OB R A TIG A5 29 B 50 & G B bF 1 G — 8 B8, OGO oD 2 B Y 20
1 mm, TIG R B FE R 208 3 mm. TIG JEHE TN 2248 23 50 A2 T O6 6 A B WA L 546 5 2 1 7K F T Y
el 60°, R JE k2277 2 IR IL AR I AR R AR 22 BN A B BOL R IR X R R T i 5 ik 22 A
2y 30%, 1K 227 BRI 1(h) s .

RS8R SRR A 7 T 0k 25 R 2 T A0 P I T P ) 25 5 R 5 < 0 02 B 9 A 2 T B 000 30 14 7K 38 R 7
- R UK FH DR R 38 R RS 20 £ Bl J 50 SR & 4 J M R TR B AE AR PR U AL R R IR L U 0.4 mm
R, AR R A S H B E R ORI R 0.6 kWL R 12 mm/s, 36 223 20~60 mm/s, & £
it 0 mm, AYREEE 10 mm KR 10 AR EEHLE 15 VLUK 3 mm, SRR T Ar GO AL 7ES7
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Fig. 1 Schematic diagram of TIG arc-assisted laser wire welding-brazing. (a) General view of welding;

(b) welding wire position
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LRAH K T A B B0 5 SR X SR AT S CXRD) 43 B 88 4 4 — 00 T A5 55 T LA B i Ao DR 11 610 32 B 4
BT AR ML T 7 RERRHR IS ML L A7 A vk REI , H7 A B % B 1.0 mm/s,
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Fig. 2 Cross sectional morphologies of joints at different wire feeding speeds.
(a) 20 mm/s; (b) 30 mm/s; (¢) 50 mm/s; (d) 60 mm/s
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Fig. 3 Cross sectional SEM images of welding joints
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Fig. 4 OM and SEM images of joints at different areas in Fig. 3. (a) Area F; (b) fusion zone; (c) area D; (d) area E
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Fig. 5 SEM images of interfacial layers at different areas in Fig. 3. (a) Area A; (b) area B; (c) area C
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Fig. 6 EDS scanning results of interfacial layers. (a) Upper part of joints; (b) lower part of joints
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Table 2 EDS analysis results of points shown in Fig. 5 (atom fraction, %)

Main Point
element A B C D E F G H
Al 76.25 89.72 73.26 73.56 70.94 71.84 73.46 68.47
Fe 0.64 1.23 16.87 16.46 26.23 25.71 26.05 31.02
Si 22.43 8.49 9.58 9.43 2.82 2.45 0.49 0.51

Xof ST 2 BB A MRS T XRD AT, 20 7 45 AN 7 Bras, b 20 A 5L 4545 EDS 20 #7 FAR 56 3C
Wk, E AT IR R RS T AlFe,Si A, Fe, Al AN Fe, AL AH . R E RS )2 1583k 138, IR 450 4=
Kotk &4 AlgFe, Si, [ HE 8B — 0 A2 1 B2 Fey Al s 0 76 452 3k op R 350 1) ARL 48 M0 A K i 2R 4 R Tl 1k &
Y1 Fey Al o 18] 85 840 — 000 A K 85 5 IR AU PE B 90 & Fe, Al 323k AN R 384 & W 8 0 X 5] £ 2 2
SiTCEBETHL L AR T Al-Fe-Si = I, 76 R IIUHT BY A% /80 HO6 15 57 A5l B2 b, AS SEUIN K 22 1, 37
)2 H A TR Fe, Al MFe, Al SCHERL8 IR, Y A HZ T St o R B3 — & S .S n RS 5tk
BYERAER ME T Fe i mARSE A9 8 BEAR TG W2 0 5B 3205 TS 4 8 Ry iR e Bl R AE A .
MR LR R, R iAW 2 A2 A K R e TR L RE TR ZMN S e R H T
&R AK,
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Fig. 7 XRD analysis results of interface in the steel side
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AR EYE RSB R Sk OB DL Sk N ER Y ALAE . 7RI 4 R E AL & R Fe, Al B
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Fig. 8 Fracture morphology of joints. (a) Al side; (b) steel side; (c¢) area K;

(d) micromorphology of pores; (e) area H
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Fig. 9 XRD analysis results of fracture surface at the Al side
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