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Abstract: In order to mitigate both residual stress and distortion induced by large thermal gradient in
laser solid forming (LLSF) process, the insitu measurement first was used to monitor the thermal and
distortion evolutions of the substrate during LSF and to calibrate the finite element model. Using the
validated model, the effect of different scanning paths on the evolution of thermo-mechanical fields in
LSF was analysed. The results show that good agreement is obtained between the numerical results
and the experimental measurements. The maximum thermal gradient and the maximum tensile stress
occur in the deposition of the first layer, and with the increasing of the layers, the temperature
gradient is reduced gradually. The largest distortion is resulted from the long edge unidirectional
scanning mode while the minimum residual stress and distortion is produced by short edge
reciprocating scanning. The checkerboard scanning method can effectively reduce distortion of the
substrate while hardly reduce the residual stress. In addition, the transverse bending of the substrate
can notably curb the longitudinal bending of the substrate. Stress relaxation induced by the phase
transformation has a significant effect on both residual stress and distortion of LSF part.
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Table 1 Material property parameter of TC4 titanium alloy™*
. L Thermal L . Thermal expansion .
Temperature/ Density/ L Heat capacity/ Poisson’s L. ) Young’s Elastic
C (kg *m™ %) conductivity/ (Je(kgeC)™H ratio coefficient/ modulus/GPa limit/ MPa
g (W (m-C) D) g0 (1075 - C 1) i /
20 4420 7 546 0. 345 8.78 110 850
205 4395 8.75 584 0. 35 10 100 630
500 4350 12. 6 651 0. 37 11.2 76 470
995 4282 22.7 753 0.43 12.3 15 13
1100 4267 19. 3 641 0.43 12. 4 5 )
1200 4252 21 660 0.43 12.42 4 1
1600 4198 25.8 732 0.43 12.5 1 0.5
1650 3886 83.5 831 0.43 12.5 0.1 0.1
2000 3818 83.5 831 0.43 12.5 0.01 0.01
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Fig. 2 Schematic diagram of scanning paths in the LSF process
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Fig. 3 Calculated and measured thermal and distortion histories of LSF part (a)temperature; (b)distortion
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Table 2 Average error of each temperature and

distortion evolution( %)
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Fig. 4 Thermal histories of the substrate at TC2 point under different scanning paths
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Fig.5 Distortion histories of the substrate under different scanning paths
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Fig. 7 Longitudinal residual stress field (s,,) under different scanning paths
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Fig. 8 Transverse residual stress field (5,,) under different scanning paths
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