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Effect of V-shaped grooves on properties of laser
welding-brazed steel-aluminum butt joints

CHEN Genyuw, WU Keru, LIAO Shenghui, DENG Hui, ZHANG Mingjun

(State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University, Changsha 410082, China)

Abstract: In order to improve the homogeneity of metallurgical reaction on the bonding interface between seam and
steel so as to improve the tensile strength of a specimen, the effect of V-shaped grooves on properties of laser welding-
brazing steel-aluminum butt joints was discussed by means of simulation combined with experiments. Frist, the temperature
field of laser welding steel-aluminum butt was simulated by means of ANSYS. It was found that the temperature gradient on
the bonding interface when there was a V-shaped groove on galvanized steel was lower than that when there was no grooves
on galvanized steel. Then the experiments were carried out for laser welding steel-aluminum butt joints with and without V-
shaped grooves on galvanized steel respectively, and the specimens were subjected to a tensile test. The result showed that
distribution of intermetallic compounds on the bonding interface between the seam and galvanized steel with a V-shaped
groove was more uniform than that without grooves. The V-shaped groove on the base material made the fracture far away
from the bonding interface and the mechanical property of the joint was improved significantly.
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Table 1 The mass fraction of the material and wire

w(Mn)  w(Si) w(P) w(S) w(Cu)
SPCC  0.00028 0.0013 0.00006 0.00011 0.00005 —

elements w(C)

5052 — 0.001  0.0045 — — 0.0012
0.045 ~
ER4043 — <0.0005 — — <0.003
0.06
elements w(Mg) w(Fe) w(Al) w(Cr)  w(Zn) w(Ti)

SPCC —
5052 0.0035  0.008

balance — — — —
balance  0.002 0.001 0.001

ER4043 <0.0005 <0.008 balance — <0.001 <0.002

laser beam filler wire

\Fe‘

welding-brazing joint~=>_| " clampirig device

Fig.1 Schematic of the experimental setup for laser welding-brazing

steel/aluminum butt jionts
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Fig.2  Schematic illustration of a testing specimen of tensile strength

measurement
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Table 2 Thermophysical parameters values of SPCC galvanized steel at

different temperature

temperature 20°C 400°C 800°C
AM(W-m™ ¢l 65 45 28
/(Jegtech 470 595 875

Fig.3 The whole mesh on a generated specimen
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Fig.4 Temprature field nephogram of laser welding-brazing steel/alumi-
num butt joints and the selected nodes on the bonding interface
for comparison
a—with a V-shaped groove on galvanised steel —b—without

grooves on galvanised steel
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Fig.5 Corresponding graph of calculated results of temperature of se-
lected nodes on the bonding interface
a—with a V-shaped groove on galvanised steel — b—without

grooves on galvanised steel
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Fig. 6 Calculated results of thermal cycle of five nodes at the bonding

interface without grooves on galvanised steel
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Fig.7  Appearances of the aluminum-steel butt joint
a—front formation ~b—Dback formation c—typical cross-section of the
aluminum-steel butt joint without any grooves on galvanised steel d—
typical cross-section of the aluminum-steel butt joint with a V-shaped

groove on galvanised steel
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Fig.8 The EDS analysis result diagram of intermetallic compound layer

Fig.9 The distribution of thickness of IMCs on the interface when there

are no grooves on galvanised steel

on the interface when

Fig. 10 The distribution of thickness of IM

there is a V-shaped groove on galvanised steel
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Fig. 11 The diagram of the result of tensile tests
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