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Finite Elements Analysis of Overlapping Ratios of Laser Surface
Melting on Roller

Li Chaowen Wang Yong Han Tao Han Bin
(College of Mechanical and Electronic Engineering, China University of Petroleum ,

Dongying . Shandong 257061, China)

Abstract With the SYSWELD finite element code, a three-dimensional finite element model has been developed to
apply for analysis of overlapping laser surface melting on roller. The thermal circle and temperature rate of
overlapping laser melting were investigated and the phase transformation and residual stress fields were analyzed. It
is found that overlapping area becomes second melted and the boundary of overlapping area exists tempering for twice
laser scanning after overlapping laser surface melting on roller. With the increase of the overlapping ratios, the width
of the laser melted layer becomes smaller, while the martensite contents are independent on the overlapping ratios
and exceeds 90 % in the melt-hardened zone. The residual stress distributed within the melt-hardened zone is mainly
of the compressive type, while there is the tensile stress in the heat-affected zone. The tensile stress cannot be
eliminated by changing overlapping ratios, but the tensile stress amplitude can be reduced by choosing the proper
overlapping ratios. The ideal stress distribution can be obtained by choosing 3 mm overlapping ratio under these
experimental conditions. The comparisons between the calculated results with the experimental measured values
show a good agreement for axis residual stresses.
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Fig. 1 Geometric and mesh of the model. (a) mesh of the model; (b) axial section of the melted zone
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Table 1 Thermal physical properties and mechanical properties of 42CrMo

Young's ) , ) Thermal expansion ) o o
Temperature Poisson's  Density Conductivity Specific heat Enthalpy
/K modulus o Jakgmy M ] /G K /K kg KO
/GPa /(107" « KT
293 212.9 0. 287 7783 11.97 41. 28 448 —57.4
373 208.09 0. 289 7761 12.59 38. 45 479 —22.6
473 201. 65 0.293 7731 13.46 35. 96 518 27.2
673 188.76 0.299 7668 14.87 32.74 614 139. 8
873 175. 65 0. 306 7600 16. 25 30. 42 830 280. 1
1073 162. 99 0.315 7527 25.45 29.41 867 467. 8
1373 112. 45 0.351 7430 26.06 32.32 647 722.6
1473 96. 81 0.362 7449 26.54 34.97 680 855. 3
1573 88.97 0. 368 7300 29.59 36. 44 698 924.2
1673 0.0 0. 500 6964 29. 45 36. 15 809 1225.6
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Fig. 2 Thermal cycle (a) and temperature rate (b) curves
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