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Abstract 
Additive Manufacturing (AM) offers new opportunities for the Industry, by providing new design and manufacturing freedoms, by 
reducing assembly complexities and by decreasing manufacturing costs for high added value components. Thanks to recent 
scientifical progresses, AM processes are now able to produce components with homogeneous mechanical properties. However, 
the physical phenomena involved make the AM produced surfaces not always suitable for a direct use in mechanical assemblies, 
where functional requirements can be sharp. Indeed, AM surfaces have a poor roughness and have often breaking lines, which can 
penalize the fatigue behaviour by initiating cracks. Post processing is sometimes necessary to increase the surface properties, and 
the selection of the most adapted process with its parameterization shall be in adequacy with the input properties of the AM 
surface and the requirement to meet. Hence, this paper discusses the interest of various AM post-process techniques that focus on 
external surfaces finishing. These can base on material removal such as high speed machining or waterjet manufacturing. They can 
be based on surface properties modifications such as laser polishing. They can be based on material addition such as coating. 
Influent process parameters are introduced with the objective to evaluate a performance area for each post processing technique. 
The results of experimental campaigns carried out in the laboratory are provided. They focus on AM components made with 
various materials such as titanium alloys, aluminium alloys, or stainless steel. 
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1.  Introduction 

Additive Manufacturing (AM) offers new opportunities for the 
Industry, by providing new design and manufacturing freedoms, 
by reducing assembly complexities and by decreasing 
manufacturing costs for high added value components [1].  

Among the AM processes referenced by ISO/ASTM 52900 [2], 
Laser Metal Deposition is more dedicated to challenging 
geometries, functional graded materials parts [3] or repair [4]; 
Wire Arc Additive Manufacturing (WAAM) is more suitable for 
building large structural parts [5], [6]; whereas Powder Bed 
Fusion processes, such as Selective Laser Melting (SLM) are 
rather dedicated to small components with complex geometries 
[7]. 

AM processes common principle is to build the components 
layer by layer, by depositing or creating welded beads. Hence, 
the physical phenomena involved make the AM produced 
surfaces not always suitable for a direct use in mechanical 
assemblies, where functional requirements can be sharp: AM 
surfaces have a poor roughness and have often breaking lines, 
which can penalize the fatigue behaviour by initiating cracks [8]. 
Post processing is sometimes necessary to increase the surface 
properties, and the selection of the most adapted process with 
its parameterization shall be in adequacy with the input 
properties of the AM surface and the requirement to meet. [9] 

Several finishing techniques have been proposed to increase 
AM surface properties and this paper discusses the interest of 
various AM post-process techniques that focus on external 
surfaces finishing. These can base on material removal such as 
high speed machining or waterjet manufacturing. They can be 
based on surface properties modifications such as laser 
polishing/remelting. They can be based on material addition 
such as coating. Influent process parameters are studied with 

the objective to evaluate a performance area for each post 
processing technique. The results of experimental campaigns 
carried out in the laboratory are provided. They focus on AM 
components made with various materials such as titanium 
alloys, aluminium alloys, or stainless steels. 

2.  AM surfaces properties 

Despite their differences, AM processes are based on the same 
principle of piling layers of material. Due the physical 
phenomena inside the melt pool, the beads that constitutes the 
layers have round borders. This generates irregularities on AM 
surfaces. An example of rough AM surface is given in Figure 1, 
which shows an Al alloy surface produced with the WAAM 
process, which is known to generate very rough surfaces. Here 
the Ra roughness parameter is around 35µm. 

 
Figure 1: Example of as-built WAAM surface 

Other AM processes such as LMD provide better results 
regarding this parameter but the usage of metallic powder (with 
a d50 distribution around 60µm) as filler material still affects 
surfaces properties. A typical example of as-built surface 
topography is illustrated by Figure 2. Typical LMD defects can be 
observed: direction texture, chaotic texture with the presence 
of unmelted powder particles, layer overlap… 
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These surface topologies are not suitable as soon as severe 
functional requirements are associated to the component to 
manufacture: tightness, friction coefficients… In addition, poor 
surface properties can present fracture initiating zones. 

 
Figure 2. Topography of a LMD surface [10] 

Several researchers have investigate this issue by comparing 
as-built and machined specimens. Thus Bartsch et al. measured 
the fatigue strength for as build WAAM G3Si1 specimen and 
concluded on the large effect of the surface roughness on the 
performance [11]. In [9] Shiyas and Ramanujam aim to list the 
defects of as built AM parts, including surface properties and 
then focus on some post processing techniques employed by the 
researchers and their effects on the improvement of AM 
components. Bagehorn et al. focused on as built LBM Ti64 
specimen and draw the same conclusions concerning fatigue 
behaviour[12]. 

3.  Material removal processes to finish AM surfaces 

Removing as built material aims to improve surface properties 
but also to remove the skin of the as built component which can 
concentrate defects (porosities, lack of materials…). This section 
focused on the most common finishing process HSM and on a 
promising alternative waterjet machining. 

3.1 High speed machining 

The principle is quite similar to classical multiprocess 
workplans by considering AM as primary process, as it is for 
casting or forging usually, and HSM as secondary process. It can 
be decided to machine the complete surface of the component 
or only some specific functional surfaces. In addition, HSM is 
already used to remove the supports with some AM process 
such as SLM and can be employed quite naturally as finishing 
process. 

According to various researchers, machining AM surfaces 
dramatically increased the mechanical properties of the parts, 
such as fatigue [12], [13] and tensile properties [8]. 

However, this hybrid manufacturing approach rises new 
challenges in terms of process planning, typically interprocess 
interactions AM/HSM [14], as components can show complex 
geometries and internal surfaces which are no longer reachable 
for the cutting tool after the AM process. Hybrid manufacturing 
approaches are consequently needed [15]–[17]., and these can 
benefit from innovative approaches for manufacturing data such 
as STEP-NC [14] or Cyber Physical Machine Tools, dedicated to 
multiprocess manufacturing [18].  

The same principles can be used with abrasive tools to carry 
out polishing operations. 

3.2 Waterjet machining 

Waterjet Machining is an advanced machining technique 
which is extensively used in industries for cutting applications. It 
operates on no direct contact between the tool and the work-

piece [19] and provides many benefits such as no heat generated 
at the cutting zone, reduced cutting forces and the ability to 
work with reflective or insulated materials [20]. The principle is 
to use the waterjet stream to polish AM surfaces by removing 
the component skin. This process is CNC controlled with a 
variable waterjet tool orientations, it can apply to complex 
geometries AM surfaces. 

In contrast with cutting operations, the use of waterjet 
machining for finishing operations need a precise control of the 
axial and radial depths of cut. In particular, feedrate has to be as 
constant as possible, because any actual feedrate variation 
generates corresponding axial depth of cut variations on the 
surface. This can be directly linked to the tool path patterns 
selected for the surface finishing operations as the machine 
slows down at the discontinuities and creates a localised high 
depth of cut. The result for the round spiral highlights also the 
need to control waterjet start and stop position on the surface. 
To do so, entry points of the tool path pattern can be located 
outside the component; if this is not possible, sacrificial sheet 
metal can be placed on the corresponding location. 

 
Figure 3. Example of roughness enhancement with waterjet 
finishing of an Aluminium allow WAAM surface 

Another major advantage of waterjet machining lies into the 
possibility to create textured surfaces, by selecting specific tool 
paths pattern, as shown in Figure 4, what will convey specific 
properties such as residual stresses reduction [21], or 
hydrodynamic behaviour improvement. 

 
Figure 4: example of various surface texturing patterns with 
waterjet machining 

Concerning AM surface finishing, waterjet can consequently 
highly reduce surface roughness. Experiment campaigns carries 
out in the laboratory showed a final roughness Ra=6.0 µm after 
Waterjet machining on WAAM Aluminium alloy surface which 
initial roughness was Ra=34.0 µm. This process is consequently a 
solid candidate for AM surface finishing. 

4.  Surface properties modifications 

4.1 Laser polishing 

Due to the use of a laser as the heat source of the AM process, 
laser finishing is mostly applied on LMD and SLM components, 
although not limited to. The principle is to melt topography 
peaks created by the AM process: unmelted powder grains, layer 
overlaps… The surface tension of the melt pool makes the 
molten material is reallocated to the surface cavities, which 
smoothes the surface topology (Figure 5). 



  

 
Figure 5. Laser Polishing of a Ti64 wall made with LMD 

As for the aforementioned processes, tool paths control is the 
key of a successful implementation. To do so, prediction models 
have been developed to prepare and select the most suitable 
tool paths patterns and parameters (such as laser defocus or 
scan paths overlap ), for laser polishing of Ti64 LMD components 
[22] or laser polishing of CrCo SLM components[23]. However, 
laser polishing can affect the mechanical properties of the 
component by inducing residual stresses on the skin as shown 
by [24], but these can be relaxed with secondary stress relief 
processes so that the specimen show improved fatigue 
strengths as shown be Lee et al. in [25]. 

Hybrid approaches can also be developed as the AM laser can 
be employed for polishing purposes and an alternation between 
the processes can be established to treat non accessible surfaces 
[10]. 

4.2 Other surface modification processes 

As for laser polishing, some AM process heat sources can be 
derived to surface finishing applications. Hence, PAW and TIG 
remelting are strong candidates to enhance surface properties 
[26] after AM deposition. 

Some innovative rapid manufacturing technique have a great 
potential for AM surface finishing.  Friction Stir Process is an [27]. 
Its working principle is to make a rotating tool travel just below 
the skin induces heating and plastic flow into the processing 
material yielding microstructure changes. Magnetic induction 
can be used as well to heat and remelt component surfaces [28]. 

5.  Material addition processes and other finishing processes 

Most of the material addition processes to enhance AM 
surface properties are coating processes. In contrast with the 
techniques mentioned in the previous sections, the objective is 
not to improve surface roughness and mechanical properties 
but to change other surface properties such as corrosion and 
wear resistances. Most of the research published measure the 
bonding conditions between the AM substrate and the coating 
[29], [30]. 

However, it can be mentioned that Functional Graded 
Material AM approaches [3], which are enabled by LMD can 
achieve the same results by building components which surface 
properties are rather different, because made with a different 
material, than the one in the core, as shown in Figure 6. 

 
Figure 6. Example of material distribution in a FGM part [3] 

The state of the art also refers to other finishing processes 
Besides some well-known processes which interest for AM 
finishing benefit from consistent research effort [31], some of 

them are at research stage, such as laser shot peening, abrasive 
flow machining of friction stir processing [9]. 

6.  Conclusions 

This paper focused on the post processing techniques 
employed to improve the surface properties of AM component. 
Whatever the AM process selected, the surface roughness is 
usually made of peaks, valley, unmelted particles, layer overlaps 
that penalize the fatigue strengths. This is the reason why most 
of the mechanical tests to verify the increased properties are 
fatigue strength experimental campaigns. Hence, the objective 
of finishing processes is to erase the initial surface topology by 
either removing the whole skin, either by remodelling the 
surfaces or by covering the surface with another material. 

It can be highlighted that most of the finishing processes are 
tool paths based. It means these tool paths have to be chosen 
and controlled carefully (overlap, depth of work) to avoid defect 
formations. 

In contrast, this can be very beneficial as well. As the tool path 
parameters are controlled locally, it is possible to fine tune the 
surface properties locally, by using these processes to produce 
graded properties surfaces. 

High Speed Machining is the most employed process, as it 
always improves surface roughness and removes unmelted 
zones on the component skins. The surface roughness is 
excellent and the process parameters are very well controlled to 
the widespread strong knowledge on this process. Waterjet 
machining could be a viable alternative to HSM or polishing, in 
particular for thin structures as deformation and residual 
stresses induction can be limited; moreover the process 
implementation is hardly sensitive to the selected AM material. 

Laser finishing is mostly used in combination with laser-based 
AM. Very good results can be obtained. However, the frequent 
need to multi-pass strategies combined with the limited size of 
the laser spot makes this finishing technique more suitable for 
small of medium parts, due the manufacturing times needed. 

Material addition processes such as coating have different 
purposes and bond another material skin on the AM surface. 

Hybrid approaches are very promising to enhance further the 
surface properties. The tight combination of AM and finishing 
processes during the build enables to work on inner surfaces; 
assemblies and component design can be simplified. But these 
approaches require dedicated multi-process manufacturing 
equipment and specific manufacturing methodologies to control 
interprocess constraints together with the contraints associated 
to each single process. 

Eventually, a key challenge to investigate is the AM surface 
properties needed for their functional applications. Most of the 
functional requirement come today from other processes and 
not only the physical properties (roughness, waviness) but also 
the identification of the surface to be finished is still to be 
clarified. 
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