HALE 6 H S Vol. 41, No. 6
2014 4£ 6 A CHINESE JOURNAL OF LASERS June, 2014

/40 e i R O B 22 B ST 1%
% A4 LS PR RE 2 i

%1,2 @ )‘gl j%: %1,2
( *%%Fﬂml%ﬂ%%ﬁ?i‘ﬁ HAHEARERESKEE, LiF 201900)
PR IE KA T RO H G S AR A = . [ 200240

EE  CRAGEFHOCMAR R 225 2.5 mm J& 6013 85 G 4 R85 AR 00 0 1 53 Fh 42 I % B 82 Sk i AT T OB 22 0%
IR . RGBS TR B F AU (SEMD FIRE 1S A (EDS) 43 #7175 B A8 X 4 2 3k 19 SO0 20 21 SR T i e i
ISR T Sk R E L IR A T I A KT/ mﬁéﬁﬁkiﬁlFﬂ%A%%ﬂ%ﬁiFE’Jﬁ?mﬂJ IS5 R AR E Y AR
ESHCT T DIARAR Y B — @ SRR AR /R e e sk . i — 5 A R LR A R AL R AR T
FeAl, fil FeAls 4 )8 RIk& 4. Fﬁ%ﬂk%u/\gmim &8 EﬂﬂcA%n@ﬂWﬁziiJno JRAE SN Ry o Al B
A B oA G SR ALSEIE R TE SR SR 303 1 B AT LUK AS A8 e K BUHL SR BE Dy 88 MPa, 3R JT] 4573
I 5% B 7T LLGA B 135 MPa,

KB b W/ R AR Mk WORHIZ IR BEHE SBRMLEY

hESES P755-1 XERERIRED A doi: 10.3788/CJL201441.0603006

Microstructure and Mechanical Property of Laser Wire Fusion
Brazing Welded Butt Joints of Steel/Aluminum Dissimilar Metal
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Abstract Dissimilar metal butt joints of 2.5 mm thick 6013 aluminum alloy and galvanized low carbon steel are
welded by fiber laser wire fusion brazing method. The microstructure of the fusion brazing welded joints is
investigated by optical microscope, scanning electron microscope (SEM) and energy dispersive spectrometer (EDS) .
The joint strength is measured by tensile test. The effect of heat input on interface intermetallic compounds of
aluminum/steel butt joint and joint strength are discussed. Experimental results show that butt joints with good
appearance and certain tensile strength can be obtained under appropriate welding parameters. Further analysis
reveal that this kinds of intermetallic compounds on the interface are mainly FeAl, and FeAl;. With the increase of
heat input, the thickness of the intermetallic compound is also increased. The uniform distribution of Al-Si eutectic
along grain boundaries on «-Al substrate shows in welded seams. The maximum tensile strength of welded joints with
a 30° groove is 88 MPa, the strength can reach up to 135 MPa when using a 45° groove.
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Table 1  Chemical composition of substrates and filler wire (mass fraction, %)
Element
Alloy - -
Si Cu Mg Zn Mn Cr Fe Ti C S P
6013 0.6~1.00.6~1.10.8~1.2 <<0.25 0.2~0.8 <0.1 <0.5 <0.25 - - —
ER 4043 4.5~6.0 <0.3 <C0.05 <C0.1 <C0.05 — <0.6 <0.2
Mild steel <0.5 — — — =2.5 — — — <C0.21 =C0.035 <20.035

2 6013 F84 A FIARAR 00 ) 2 1k fig
Table 2 Mechanical properties of 6013 Al alloy

and mild steel

Alloy Yield strength Tensile strength Elongation
6013 359 379 5
Mild steel =235 400~520 =22
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Fig. 1 Schematic diagram of laser fusion brazing butt joint setup for steel-aluminum dissimilar metals.

(a) Laser welding device; (b) laser wire fusion brazing welded butt joints
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Fig. 2 Size of tensile test specimens
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Fig. 3 Macro section of the fusion brazing welded butt

joint, (a) Surface appearance; (b) cross section
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Fig. 4 SEM image of joining interface at a side of steel
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Fig. 5 EDS line scan result perpendicularto the interface of steel/Al weld seam
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Fig. 6 EDS line scan result along the intermetallic compound layer parallel to the interface of steel/Al weld seam
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Fig. 7 SEM image of weld seam center
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Fig. 8 SEM images of fusion line at a side of the aluminum alloy. (a) 10000X; (b) 4000 X
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Fig. 9 SEM images of joining interface at a side of the steel under different laser powers.

(a) 2.85 kW; (b) 2.95 kW; (¢) 3.05 kW
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Fig. 10 Macro form of a broken tensile sample.

(a) Top view; (b) side view
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Fig. 11 Tensile strength of different fusion brazing welded

butt joints. (1) Laser power of 2. 85 kW; (2) laser
power of 2. 95 kW; (3) laser power of 3. 05 kW;
(4) groove angle of 45°
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