538 % 46 M H ot Vol. 38. No. 6
2011 4F 6 H CHINESE JOURNAL OF LASERS June, 2011

LiREIE ST 2 i b AR O R ek I TR A Y B
ARE KA FRE BER % I

(Wﬁﬂ@k%ﬁ??%f‘ﬁﬁiﬁiﬁﬁﬂiﬁ%E)ﬁﬂ«?ﬁ%» Ww K 410082)
PETTH LB LA R, f e EIT 361024

W= %Fﬁfﬁﬁﬁiﬁ‘ﬁ%ﬁﬂ‘ 6016 =G4 5 DCS6D § B 85 He 3% L # AT T HOC B H IR AT 0. WFo% TR
JEXT SR /A e e Sk A ﬁﬁé}%lﬂﬂc’*%ﬂlﬁ FRISE 0 5 LA B B HR 5% 5 XU 4 T b 8 S A I8 X 4 Sk o B 22
5. *FHHT”EE?EM?(SEM)?FDQ*M‘H1}((EDS)XJ‘%FT%%%Emﬁ*T’J 4 )i [ 46 5 W0 B 43 DA Bz A i 2400 1
FUHEAT TR 0. 25 SRR W] S 43830 204 1 R 0 8 2 Tl e TR A 5 3 Y R P s ] SRS 0 e B B I IR e ok . 4
S A AR 4 B AL G W) R Fe, Al JFeAl, FI FeAly 3 ., 3R XU 48 A5 5 8 2 7 A A8 o s 4 3k
BE 423k B KB 3R T35 155 N/mm, 2048 & & B ST RL3E BE (9 8400 AT SRR 4 A5 B 2 3k 48 & T 26 %05 hifib
KEEW RSB A SR XA W8 TR s .

KEIR  BOEHIR R BUR SRR & B B E Y EHE A & A

fESES TG457 XHERFRIRAS A doi: 10.3788/CJL201138.0603010

Experimental Investigation on Fiber Laser Overlap Welding of
Automotive Aluminum to Galvanized Steel

Zhang Mingjun' Chen Genyu' Li Shichun' Mei Lifang® Zhang Zheng'
' The State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University,
Changsha , Hunan 410082, China

* Department of Mechanical Engineering , Xiamen University of Technology, Xiamen , Fujian 361024, China

Abstract Experimental investigation of fiber laser welding of automotive aluminum 6016 to galvanized steel DC56D
in an overlap configuration is carried out. The effect of the welding speed on penetration depth and tensile shear
strength of the joints are studied experimentally. On the other hand, the comparison of the joint strength of the
single-weld and that of double-weld assemblies is investigated. The microstructure of the joint and the chemical
composition of the intermetallic compounds and the fracture of the tensile specimen are investigated by scanning
electron microscope (SEM) and energy dispersive spectroscopy (EDS) separately. The results indicate that the joint
tensile shear strength is great with limiting the penetration depth under appropriate welding speed. The kinds of the
intermetallic layer are Fe,Al;, FeAl, and FeAl;. The double-weld assembly is contributed to improve the joint
strength, and the maximum tensile shear strength is 155 N/mm, about 84 % of that of the aluminum substrate, which
is 26 % higher than that of single-weld assembly. In tensile test, the specimen fracture is in heat-affected zone or
substrate of aluminum, and the fracture form of the joint is ductile fracture.
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Table 1 Chemical composition of substrates (mass fraction, %)
Element
Alloy -
Mg Si Cu Mn P S C Fe Al
DC56D — 0.01 0.3 — 0.03 0.03 0.01 Bal. 0.02
6016 0.25~0.6 1~1.5 0.2 0.2 — — — 0.5 Bal.
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Fig. 1 Schematic diagram of robot fiber laser
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Fig. 2 Schematic diagrams of joint assembly. (a) single-weld, (b) double-weld
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Fig. 3 Mechanical test specimens. (a) single-weld, (b) double-weld
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Fig. 4 Cross-sections of the joints with different welding speeds. (a) v=100 mm/s, A=280 pm; (b) v=90 mm/s, h=
170 pm; (¢) v=285 mm/s, h=200 pm; (d) v=280 mm/s, h=250 pm; (e) v=75 mm/s, h=380 pm; () v=
70 mm/s, h=650 pm
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Fig. 5 Influence of welding speed on the penetration depth
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Fig. 6 Microscopic views of SEM backscattered electron micrographs of the joints with different welding speeds.
(a) v=85 mm/s, (b) v=80 mm/s, (¢) v=75 mm/s, (d) v=70 mm/s
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Table 2 EDS analysis results of the intermetallic layer

Measured points Al (atomic fraction /%) Fe (atomic fraction /%)

Zn (atomic fraction /%) Intermetallic compounds

1 72.46 23.38
2 69. 80 28.52
3 66. 04 30. 34
4 69. 84 28.01
5 70. 44 27.01
6 74.56 23.33
7 68.39 28.73
8 75.06 23.54
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3.62 FeAl,
2.15 Fe, Al;
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2.88 Fe, Al;
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Fig. 7 Influence of penetration depth and weld
assembly style on the joint strength
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Fig. 8 Fracture positions of the tensile shear specimens in single-weld assembly. (a) decohesion fracture on the

weld-aluminium interface, (b) fracture on the weld-steel interface, (c¢) fracture in the weld
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Fig. 9 SEM fractography of the tensile shear specimens.

(a) decohesion fracture on the weld-aluminum interface, (b)

fracture on the weld-aluminum interface and through the heat affected zone (HAZ) of the aluminum, (c) fracture in

the weld and on the weld-steel interface
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Fig. 10 Fracture positions of the tensile shear specimens in double-weld assembly. (a) fracture on the weld-aluminum

interface and through the HAZ of the aluminum. (b) decohesion fracture on the weld-aluminium interface. (c)

fracture on the weld-steel interface, (d) fracture in the weld
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