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Laser welding of steel/aluminum dissimilar metal with powder addition

ZHANG Li-juan, ZHOU Dian-wu, LIU Jin-shui, XU Shao-hua, QIAO Xiao-jie, LI Sheng

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

Abstract: The fiber laser welding test with Mn and Zr powder addition was carried out on the DC51D+ ZF galvanized
steel with thickness of 1.4 mm and the 6016 aluminum alloy with thickness of 1.2 mm. By using optical microscopy,
electron microscopic hardness, scanning electron microscopy, X-ray diffraction and the tensile test, the microstructure,
hardness, mechanical properties of joints, fracture morphology and the main phase of the welded joint region were
studied. The results indicate that when Mn, Zr powders are added in steel/aluminum, the average shear strength of the
welding sample is improved compared with that without power addition, and Zr is considered as the best power based on
improved mechanical properties of joints. The element distribution, phase composition and microstructure of the
steel/aluminum interface are changed due to Mn and Zr powders addition. When Mn powder is added in steel/aluminum,
the fluidity of the molten pool metal is improved, which promotes the combination of the steel/aluminum interface, when
Zr powder is added in steel/aluminum, fine grain is seen, and a new ductile intermetallic compound ZrFe;3Al, ; inhibits
the generation of intermetallic compounds of Fe-Al, which can improve the mechanical properties of weld metal with Mn
and Zr powder addition.
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Table 1 Main technical parameters of laser
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Laser power/kW Laser mode

Divergence angle, a/rad  Focal length, f/mm

Focal spot, d/mm Wavelength, A/nm

<4.0(Continuous) TEMO00 <0.15

200 0.4 1070

#& 2 DC51D+ZF HEEEF 6016 4544 k2 sy

Table 2 Chemical compositions of DC51D+ZF Zn-coated steel and 6016 Al alloy

Mass fraction/%

Material
C Si Cu Mg S P Fe Al
DC51D+ZF <0.10 0.035 0.5 0.035 Bal.
6016 1-1.3 0.2 0.3-0.5 0.5 Bal.
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Table 3 Optimized process parameters of laser welding

Laser  Welding speed/  Defocus Local protection
power/W  (mm-s')  distance/mm gas flux/(L'min ")
1 800 50 +2 20

I |
B RO R

Fig. 1 Schematic diagram of steel/aluminum laser welding:

1—Steel; 2—Beam laser; 3—Frontage protection gas (Ar); 4—

Power; 5—Aluminum
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Fig. 2 Schematic diagram of shear test sample (Unit: mm)
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Fig. 3 Microstructures of steel/aluminum welding sample: (a) Full extent welded seam; (b) Joint; (c), (d) Local welded seam; (e)

Normalized welding zone; (f) Interfacial layer
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Fig. 4 Microstructures of steel/aluminum welding sample with Zr power addition: (a) Full extent welded seam; (b) Local welded

seam; (¢), (d) Joint
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Fig. 5 Microstructures of steel/aluminum welding sample with Mn power addition: (a) Full extent welded seam; (b) Local welded

seam; (¢) Normalized welding zone; (d) Interfacial layer
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Fig. 6 Average shear strength of welding sample with or
without power addition

RAEFECLEL 7(a)F(b)), HA/ARRARE 5230 0 20 g D 2R
FRIE. SI0 Mn. Zr ¥3 R, OB & A ik B 1) g A
—SE BRI LI T(0)~(D), B AR LIRS
PEWT 2RI .

2.3 12IFIESKAY EDS 44
K 8~10 Jrnsr Al RIS I AR SN Ze A1 Mn

JRAED RN SR T s R 4G R . IS 8 W
o, RIS AR, A TR EmRLE B T 2. b
EHTL S FEMIILZ, Fe. ARG TEEAZEAK;

FZE T4 )2 NEIRE %R RZ A 50 pm(WL & 8(b)
Fi(c)), TJZIILE Fe. AR %KL N 75 pm(ULFE
8(d)). I 9 FIEH, W Zr, Fe. Al JCERMEG %%
WAL, EJE T2, 2114 Feo Al IRG AN
75 um(WL & 9(b)HI(c)), T IEIZIR 555 K 150 pm,
IAEE &, HENRJZIZE Fe Al 5 Zr W HETE
BT B R AL . tHIE 10 7IEH, 80 Mn,

LR T4 Feu ALJLTEATIRS, 11 Mn. ALIRS 9%
80 pm, 7R Mn 5 AL —@ R EEE, 2 T4k,
TZIIZL, Fe. Al. Mn —3F A% K200 100 um,
KERBIA 75 pm VA, RN Mn [8
PE IR A, R TN A G

24 EYEE

B 11 T A R e 4 E A0 plchet P Py MR 5
K e B AR DO B X L IS IX L AR EEIX FIEN
FERX . BOURRI A I Mo, Zr WK, 55T



3406 A G A R

2013412 H

&7

Fig. 7 Fracture morphologies of shear samples without and with power addition: (a), (b) Without power addition; (c), (d) With Mn

power addition; (e), (f) With Zr power addition
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Fig. 8 EDS line scanning of steel/aluminum weld joint in different sections without power addition: (a) Position of line scanning;

(b) Line scanning of I ; (¢) Line scanning of II ; (d) Line scanning of I1I
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Fig. 9 EDS line scanning of steel/aluminum weld joint in different sections with Zr power addition: (a) Position of line scanning;

(b) Line scanning of I ; (¢) Line scanning of II ; (d) Line scanning of I1I
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Fig. 10 EDS line scanning of steel/aluminum weld joint in different sections with Mn power addition: (a) Position of line scanning;

(b) Line scanning of 1 ; (c) Line scanning of II; (d) Line scanning of III
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