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ABSTRACT Because there are great differences in physicochemical properties and mechanical
properties between Al alloy and steel, their joining with high quality and high efficiency is one of
difficult problems in study of welding technology. According to their difference in melting point, the
brazing—fusion welding technology of Al alloy to steel was developed based on MIG welding. In pulsed
MIG arc brazing—fusion welding process, the molten filler metal and Al alloy base metal will form
the fusion welded joint, and will form the brazed joint together with unmelted steel plate, which can
efficiently prevent the intermetallic compounds (IMCs) from the formation. With the digital pulsed
MIG arc welding machine, the brazing—fusion welding of 6013—T4 Al alloy plate to galvanized steel plate
was realized with the filler metal of ER4043, and the effect of welding heat input on microstructures
and properties of the joint was studied. The results showed that there is a zinc-rich zone in the weld
toe of fusion weld in the brazed—fusion welded joint, which is composed of Zn—Al eutectic, Al-rich «
solid solutions and FezAl. Fe—Al IMCs layer on the brazed interface is 1.05—4.50 ym in thickness and
become thicker with the welding heat input being increased. Fe—-Al IMCs with sawtooth or tongue shape
grow towards the weld, which mainly includes FeAly, Fes Al; and FegAlys. With the welding heat input
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being increased, the tensile strength of the brazed—fusion welded joint firstly increases and then de-
creases. At the welding heat input of 850 J/cm, the tensile strength of the brazed—fusion welded joint
can be up to 229 MPa and the ductile fracture appears in the HAZ of Al alloy. At the lower welding

heat input, the brittle fracture easily occurs.

KEY WORDS brazing—fusion welding, welding of dissimilar metal, pulsed MIG welding,
microstructure and property, intermetallic compound
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BURG SRAE ERRAET . KN 10 mm @388
k. g, SRR A4 HLIEE R 0.6 mm, S5
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Table 1 Compositions of 6013-T4 Al alloy and ER4043 welding wire

(mass fraction, %)

Material Cu Si Fe

Mn Cr Zn Ti Al

6013-T4 0.6—1.1 0.6—1.0 0.8

ER4043 0.3 4.5—6.0 0.8

0.8—1.2

0.7—0.8 0.1 0.25 0.35 Bal.

0.05 0.1 0.2 Bal.
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Table 2 P-MIG arc brazing—fusion welding parameters

Test U,V I,A vy, m/min v, m/min E, J/cm
No.l1 16.5 40 2.0 0.6 660
No.2 16.6 45 2.2 0.6 747
No.3 16.5 40 2.0 0.5 792
No4 174 57 2.7 0.7 850
No.5 16.5 40 2.0 0.4 990
No.6  16.5 40 2.0 0.3 1320

Note: U—arc voltage, [—welding current, vy,—wire feed-
ing rate, v—welding speed, E—welding heat input
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Brazed)joint

1 B/ BN - FHREIES
Fig.1 Morphology of brazed—fusion welded joint of Al alloy

and galvanized steel
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—

2 ERESLAE XEET SEM &
Fig.2 SEM images of weld zone (a) and fusion zone (b) in
fusion welded joint of Al alloy

3 A 1 PRRESLRRELE Zn XA SEM 4

Fig.3 SEM image of zinc-rich zone at weld toe of fusion

welded joint in Fig.1
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Table 3 EDS analysis of different points on zinc-rich zone in
Fig.3

(atomic fraction, %)

Position Al Zn Si Fe
1 55.97 44.03 0 0
2 45.01 52.52 2.48 0
3 23.51 76.09 0 0
4 14.50 28.67 3.24 53.59

Main microstructure

Al-Zn « solid solution
Zn—Al eutectoid
Zn—Al eutectic
Fesz Al

(a)

4 FFRAE X T R E AT
Fig.4 Element scanning maps of Al (a), Fe (b) and Si (c)
on brazed interface of No.5 sample (E=990 J/cm)
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Fig.5 SEM images of brazed interface at E=660 J/cm (a),
E=850 J/cm (b) and E=990 J/cm (c)




1022 & &

o

&4 K5 PEHRATAR KRR EDS /4R
Table 4 EDS analysis results of brazed interface at different
points in Fig.5

(atomic fraction, %)

Position Fe Al Si
A 49.34 50.66 0
B 33.27 62.27 4.45
C 25.84 70.80 3.36
D 29.24 66.69 4.06
E 30.48 67.70 1.82
F 20.68 79.32 0
G 30.87 65.26 3.87
H 21.23 72.98 5.89
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Fig.6 XRD patterns of brazed interface at E=660 J/cm
(a), E=850 J/cm (b) and E=990 J/cm (c)
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Fig.8 Tensile strength of brazed—fusion welded joint at dif-

ferent welding heat inputs

B9 P-MIG BIUF — SFARELMT R E
Fig.9 Fracture positions of P-MIG arc brazed—fusion

welded joint

(a) HAZ at Al alloy side at E=850 J/cm

(b) brazed interface at E <792 J/cm

(c) fusion zone at Al alloy side at £ >990 J/cm

WA P-MIG HIE — FPARECK AL IR AL B XTI
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Fig.10 Tensile fracture appearances of brazed—fusion welded

joint

(a) HAZ at Al alloy side at E=850 J/cm

(b) brazed interface at E <792 J/cm

(c) fusion zone at Al alloy side at E >990 J/cm
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