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Finite element analysis of CFRP and stainless steel laser welding

WANG Qiang'”, JIAO Junke®, WANG Feiya®, ZHANG Wenwu’, SHENG Liyuan’
(1. The Faculty of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, China; 2. Ningbo Institute of In-
dustrial Technology, Chinese Academy of Sciences, Ningbo 315201, China; 3. Shenzhen Institute, Peking University, Shenzhen
518055, China)

Abstract: In order to investigate the mechanism of laser welding of carbon fiber reinforced plastics ( CFRP) and stainless
steel, and find out the effect of different process parameters on welding quality, a 3-D finite element model based on heat
conduction welding was built by ANSYS. The distributions of temperature field and stress field were calculated by ANSYS. The
effect of process parameters, including laser power, scanning welding and spot diameter, on welding width and welding depth was
investigated. And the influence of welding residual stress on the quality of welding was also investigated. The results show that
temperature field and residual stress distributions can be rapidly and effectively simulated by the proposed finite element model.
Welding width and depth are affected by laser power, scanning welding and spot diameter. The calculated distribution and the
theoretical distribution of residual stress agree well. The result confirms that the model is reliable. The result is helpful to obtain
high quality welded joints of CFRP-stainless steel.
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Fig. 1 Schematic diagram of laser joining between CFRP and stainless steel
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Fig.2 a—cross sections of CFRP b—finite element model
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Fig.3 Relationship between enthalpy of 304 stainless steel and temperature
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Table 1 Thermal physical parameters of PPS and T700

PPS T700
specific heat capacity/(J » kg™! « K1) 1544 712
thermal conductivity/ (W + m~! - K1) 0.278 6.5
density/ (kg - m~?) 1350 1760
melting point/°C 280 3000
glass transition temperature/ C 170 —
decomposition temperature/ °C 400 —
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Fig.4 a—temperature field of CFRP cross section b—temperature distri-

bution of CFRP along depth

Fig.5 a—temperature field of CFRP
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Fig. 6 Relationship between temperature at different points of center line of

weld seam and time
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Fig.7 a—weld width at different laser powers b—throat depth at different

laser powers
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Table 2 Process parameters of the measured weld width

sequence laser power/ scanning speed/ laser diameter/ melt width/

number W (mm - s7") mm mm
1 175 6 1.5 1.95
2 225 6 1.5 4.58
3 175 4 1.5 5.22
4 175 8 1.5 0
5 175 6 0.5 2.54
6 175 6 2.5 0.68
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Fig. 13 Comparison of the measured width and the calculated width
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