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Effect of temperature-dependent physical properties on finite element modeling
of laser welding of titanium alloy
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Article Information Abstract

Original Research Paper This study investigates the effect of using temperature-dependent and constant thermophysical properties on the
Received: 12 September 2021 precision of numerical simulation in the laser welding of titanium Ti60 alloy. A finite element model is made for 3
First Decision: 22 September 2021 mm thick Ti60 alloy sheet piece and is affected by the laser beam using a three-dimensional moving heat source. For
Accepted: 24 November 2021 verification of the finite element model, the numerical results are compared with the results of experimental data.

Also, the influence of the number of elements on the results is investigated. The results of the finite element

Keywords: modelling showed that the solidification starts from the bottom of the melt pool and progresses to the top of the sheet
Laser Welding . . . . .

Finite Elements Method and along the weld seam. Also, the best results are obtained with all the thermophysical properties of density, thermal
Melt Pool capacity and conductivity were temperature-dependent. The use of constant density reduces the maximum values of

Ti60 Titanium Alloy the temperature and dimensions of the weld pool, and the use of constant heat capacity increases these values. Still,
these changes are such that (less than 2%), constant density and thermal capacity can be used to model the whole
laser welding process. However, the use of constant thermal conductivity causes a large error in the maximum values
of the temperature (about twice the value of this parameter), and the dimensions of the melt pool, and this parameter
cannot be assumed constant in the simulation of laser welding.
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[26] Ti60 5LIT (S 58 oles 1 Jgur
Table 1 Ti60 alloy physical properties [26]

(K) ©9d alass (MPa) ol i (GPa) XL Jgx

1983 1194 109

[27] (L5359 w0 9) TiBO 5LIT sloowds S 5 2 Jgar
Table 2 Chemical composition of Ti60 alloy (wt%) [27]
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[26] Ti6O 5LIT (slos & atly ols> 3 Jgur
Table 1 Ti60 alloy temperature dependent properties [26]
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565 79 4647 293
565 8/5 4637 373
567 9/3 4624 473
574 10/1 4611 573
577 11/1 4596 673
579 11/9 4581 773
583 12/9 4565 873
595 13/4 4545 973
607 13/9 4521 1073
615 15/1 4495 1173
630 16/4 4495 1273
641 17/9 4468 1373
652 19/5 4449 1473
662 20/9 4429 1573
672 22/1 4408 1673
681 23/7 4386 1773
698 25/1 4364 1873
699 25/9 4349 1973
702 26/5 4120 1955
709 26/5 4114 1973
2509 252 4111 1983
713 23/9 4107 1993
722 23/9 4083 2073
729 23/9 4051 2173
741 23/9 4018 2273
750 23/9 4001 2323
752 23/9 4001 2373
767 23/9 4001 2473
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