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Numerical simulation for electron beam welding
of 12 mm-thickness titanium alloy plate

HU Mei-juan, LIU Jin-he

(School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: A three dimensional finite element model used for calculating electron beam welding temperature and stress
fields of 12 mm-thickness TC4 titanium alloy plate was developed through employing ANSYS software code. Cone body
heat source model was chosen to simulate keyhole effect of electron beam welding. Temperature-dependent thermal and
mechanical properties were used. Phase change and liquid convection in molten bath were simulated by the change of
specific heat and heat conductivity. The results of the simulation show that the shape of the weld pool is typically oval.
The longitudinal stresses with high value mainly lie in the region which extends a distance 4 mm away from the weld
centerline. The phenomenon of local three dimensions residual tensile stresses, which are equivalent to the yield stress of
the material, appears in the plate center. Macrograph of the fusion zone in the transverse section obtained from
experiment and residual stresses determined by hole-drilling method are used to validate the simulated results. The
experimental and numerical results are in sufficient overall agreement, which proves the validity of the finite element
model.
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Fig.1 Finite element mesh used for numerical simulation
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Table 1 Parameters of electron beam welding

Voltage U/ Beam current 1/ Velocity v/
kV mA (mm-s™)
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Fig.2 Temperature contour of upper surface
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Fig.3 Thermal cycles at different locations in electron beam

welding condition
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Fig.6 Macrograph of fusion zone in transverse section
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Fig.5 Plots of residual stresses along weld centerline
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of numerical and experimental results:
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