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Abstract 

Laser polishing (LP) is an emerging technique with the potential to be used for post-build, or 

in-situ, precision smoothing of rough fatigue-initiation prone surfaces of additive 

manufactured (AM) components. LP uses a laser to re-melt a thin surface layer and smooths 

the surface by exploiting surface tension effects in the melt pool. However, rapid re-

solidification of the melted surface layer and the associated substrate thermal exposure can 

significantly modify the subsurface material. This study has used an electron beam melted 

(EBM) Ti6Al4V component, representing the worst case scenario in terms of roughness for a 

powder bed process, as an example to investigate these issues and evaluate the capability of 

the LP technique for improving the surface quality of AM parts. Experiments have shown 

that the surface roughness can be reduced to below Sa=0.51 µm, which is comparable to a 

CNC machined surface, and high stress concentrating defects inherited from the AM process 

were removed by LP. However, the re-melted layer underwent a change in texture, grain 

structure, and a martensitic transformation, which was subsequently tempered in-situ by 

repeated beam rastering and resulted in a small increase in sub-surface hardness. In addition, 

a high level of near-surface tensile residual stresses was generated by the process, although 

they could be relaxed to near zero by a standard stress relief heat treatment.  
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growth rate at the solidification front when there is a forward and backward motion of the 

melt pool [32]. 

In contrast, close to the vertical face of a EBM built part an outer skin layer of finer columnar 

grains is formed that nucleated from partially melted powder in the bed and grew curving 

inwards and upwards following the maximum thermal gradient at (i.e. normal to) the melt 

pool surface of the contour pass. The finer grained outer skin layer is typically about the half 

the width of the melt pool size for the first contour pass and repeated contour passes also tend 

to create a different coarser z-aligned columnar structure within the inner side of the contour 

tracks that and extends inwards by < 0.8 mm (see ref [33]). In Figure 6 (a) it is apparent that 

grains in the re-melted layer have a different crystallographic orientation that is closer to 

<011>//Z while, as expected, the preferred orientation of grains in the substrate is 

predominantly <001>//Z. A finer band of grains can also be seen between the re-melted 

region and substrate, coinciding with the HAZ transition region, which is probably a remnant 

of the edge of the skin layer produced by the EBM processes. The re-solidified grain structure 

in the surface layer melted by laser polishing has clearly grown back epitaxially from the 

substrate, leading to a relatively coarse columnar grain structure (given the high cooling rate) 

that is slightly tilted over in the direction of melt pool travel (i.e. towards the right in Figure 6 

(a)). It is not surprising that in laser polishing columnar growth with epitaxial nucleation is 

observed on solidification of the re-melted surface layer, given the steep thermal gradient that 

will be present at the solid liquid interface. As has been widely reported, there is also a strong 

tendency for similar grain structures to develop in AM with a Ti6Al4V alloy, owing to its 

low level of solute partitioning, which makes it difficult to obtain a significant constitution 

undercooling at the growth front [33]. 

The pole figures in Figure 6 (b) and (c) are not reliable for describing textures owing to the 

low number of grains sampled, but nevertheless show the expected trend in that the substrate 

material suggests a close to <001>//Z cube texture and in the re-melted layer the grains have 

reoriented because of the change in solidification direction to close to <110>//Z. This new 

growth direction coincides with a <001> direction being perpendicular to the rear of the tilted 

melt pool solid/liquid surface when it travelled from left to right across the surface of the 

vertical side of the AM build (i.e. normal to the original melt pool travel orientation when the 

part was built).  






























