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Parameters optimization of laser welding process of
galvanized steel and 6016 aluminum alloy based on
BP neural network and its microstructure and mechanical properties

ZHOU Dian-wu, QIAO Xiao-jie, ZHANG Li-juan, LI Sheng

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

Abstract: The laser lap welding test on the galvanized steel and the 6016 aluminum alloy with tie fiber laser and no
brazing filler metal addition was carried out in order to inhibit or reduce the formation of Fe/Al brittle intermetallic
compound. The laser welding heat source model of steel and aluminum was established by using ANSYS software. The
penetration depths under different process parameters were given based on the simulation and experiment results, the
nonlinear relationship between the process parameters, such as laser power, welding velocity and focal position and the
penetration depth was established by the BP network, the welding parameters were also optimized. The microstructure,
fracture morphology, element distribution, the main phase of the welded joint regional and mechanical properties of
welded joints were studied by optical microscopy, scanning electron microscopy, X-ray diffractometry and
microcomputer tensile testing machine. The results show that the simulation temperatures are consistent with the
measured temperatures of different positions on the workpiece surface and the heat source model can be applied to the

actual laser welding process, the relative error of the penetration depth under different process parameters can be
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controlled within 10% according to the trained network forecast. Under the optimal process conditions, aluminum

melting and steel melting with a little amount on the weld cross-section take place, the wetting and spreading of the liquid

aluminum on the steel surface are seen to keep good conditions. The thickness of intermetallic compounds layer is about

9 um, which are composed of FeAl and Fe;Al. The average shear strength is 27.70 MPa, and the fracture morphology of

welding joint is in a ductile and quasi-cleavage mixing mode.

Key words: 6016 aluminum alloy; galvanized steel; laser welding; simulation calculation; BP neural network;

microstructure; mechanical properties
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Table 1 Chemical compositions of DC51D+ZF and 6016

aluminum alloy (mass fraction, %)

Material C Si Cu Mn Mg
DCS51D+ZF  <<0.01 - - <0.5 -
6016 Al alloy - I-1.5 <02 <02 0.25-0.6

Material S P Fe Al
DC51D+ZF  <0.035 <<0.035 Bal. -
6016 Al alloy - - <0.5 Bal.
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Fig. 6 Temperature field nephograms under laser beam at different times: (a) Surface temperature nephogram at 0.2 s; (b) Surface
temperature nephogram at 0.5 s; (c¢) Longitudinal section temperature nephogram at 0.2 s; (d) Longitudinal section temperature

nephogram at 0.5 s
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Table 2 Orthogonal simulation experiment

Experiment No. P/W  v/(mm's ) A/mm D/mm
1 1800 35 +4 0.9313
2 1800 40 +3 0.9318
3 1800 45 +2 0.9223
4 1800 50 +1 0.8926
5 1800 55 0 1.0783
6 2000 35 +3 1.2221
7 2000 40 +2 1.1962
8 2000 45 +1 1.1244
9 2000 50 0 1.2518
10 2000 55 +4 0.8143
11 2200 35 +2 1.3132
12 2200 40 +1 1.2783
13 2200 45 0 1.3347
14 2200 50 +4 1.0372
15 2200 55 +3 0.9686
16 2400 35 +1 1.3686
17 2400 40 0 1.4030
18 2400 45 +4 1.2531
19 2400 50 +3 1.2356

20 2400 55 +2 1.2058
21 2600 35 0 1.5279
22 2600 40 +4 1.3254
23 2600 45 +3 1.3020
24 2600 50 +2 1.2870
25 2600 55 +1 1.2673
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Table 3 Comparison of testing data and training data of BP

ANN
Experiment v/ A/ Dyesting ! Diraining/ Relative
P/W .
No. (mm's ) mm mm mm  error/%
1 1800 50 +1 0.8926 0.9691 8.57

2000 45 +1 1.1244 1.2290 9.30
1.3132 1.3505 2.84
1.4030 1.4546 3.68

1.2870 1.3139  2.09
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Fig. 10 Cross-section morphologies of laser welding of steel and aluminum joint after optimization: (a) Cross-section; (b) Heat

affect zone; (c) Platform area; (d) Interface of steel and aluminum
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Fig. 15 Element line scanning of line C in steel and aluminum welded joint: (a) Line scan test position; (b) Element distribution of

joint
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Fig. 16 SEM images of laser welding-brazing of steel and
aluminum interface: (a) Interface between steel and joint; (b)
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Table 4 EDS analysis results of interface compound layer
shown in Fig. 16(b)

Mass fraction/%
Element
Zonel Zone2 Zone3 Zoned Zoneb5
Fe 19.56 26.21 35.97 42.65 70.61
Al 80.44 73.79 64.03 57.35 29.39
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