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Research on Key Issues of Laser Welding of Dissimilar Metal

Yu Gang Zhao Shusen Zhang Yongjie He Xiuli Pang Ming
(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract Advanced engineering structures require dissimilar metal jointing. Laser welding has such merits as high
energy density, high depth-to-width ratio, narrow heat-affected zone and limited shape-deformation. Therefore, it
becomes one of the effective approaches for jointing dissimilar metal combination. The procedure of laser welding for
dissimilar metal is very complex, There are some key issues about laser welding mechanism, for instance, thermal-
physical material properties, melt pool dynamics, melt-condensation mechanism, formation of welding defects and
residual stress. The progress and present research of experimental and numerical simulation about these issues are

discussed. On this basis, some problems of laser welding of dissimilar metal materials are put forward.
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Table 1 Thermal-physical properties of several common metal(Data are for room temperature)

Metal Melting Boiling Thermal Specific Thermal expansion

temperature/K  temperature/K  conductivity /W/(m*K)  heat capacity /J/(kg*K)  coefficient/(10°/K)
w 3673 5852 174 138 4.5
Mo 2888 4883 137 251 5.1
Nb 2740 5013 54 268 7.2
Zr 2125 4673 23 289 5.9
Ti 1940 3558 22 528 8.9
Fe 1809 3133 78 456 12.1
Ni 1728 3188 89 452 13.3
Cu 1356 2833 397 386 17.0
Al 933 2793 238 917 23.5
Zn 693 1184 120 394 31,0
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Table 2 Absorptivity of several metals at 1. 06 ;sm and 10. 6 ym(Data are for room temperature)

Abroptivity

Meral 1,06 um (Nd:YAG)/ % 10.6 um (COD/ %

Stainless steel 31 9

Ti 26 8

Zn 16 3

Ni 15 5

Fe 10 3
Carbon steel 9 3

Al 6 2

Cu S L5
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Fig.1 Schematic diagram of laser welding melt

pool of dissimilar metal
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Fig. 2 Schematic diagram of laser roll welding
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hybrid welding with cerium as interlayer
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Fig. 4 Composition map of Cu over whole of weld pool

(dotted line indicates centerline of weld)
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Fig. 6 Motion trajectory of W-particle in the melt pool
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Fig. 7 Comparison of experimental and numerical

simulation results of melt pool shape (dotted line
indicates contour of weld seam), (a) v = 8

mm/s; (b) v =50 mm/s;(¢) v =70 mm/s
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Fig. 8 SEM image of weld microstructure
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Table 3 Nuclear spectrum analysis of dendrite in weld seam (mass fraction%)

Element Ni Fe Cr Nb Ti Mo Al
Area ] 52.4501 32.0260 6.6443 2.3228 0. 8820 1. 8907 0. 8260
Area 2 36.9269 26.9393 8.7532 12. 9590 4, 5035 5.0603 1. 8577
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Fig.9 Porosity in welding root
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Fig. 10 SEM image of weld seam zone- Laves phase
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