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1 INTRODUCTION 

According to ISO / ASTM 52900, additive manufacturing (AM) is defined as "the process 
of joining materials to make parts from 3D model data, usually layer upon layer, as opposed 
to conventional manufacturing including subtractive manufacturing technologies and 
formative manufacturing methodologies” [1]. This results in significant advantages over 
conventional manufacturing methodologies, such as the production of topologically 
optimized, complex structures, lower material consumption or shorter product development 
cycles. In order to be able to use these advantages, the possibilities and restrictions of the 
processes must be known. In particular, selective laser beam melting (SLM), in which a 
powdery metallic starting material is melted by means of a laser, requires a sound 
understanding of the process. For this purpose, design guidelines have been presented in 
various scientific papers. These design guidelines help to design a component in such a way 
that it can be manufactured successfully using additive manufacturing. These so-called “AM-
suitable design guidelines” can be found among others at Adam, Kranz and Thomas [2,3,4,5]. 
In contrast to established manufacturing processes, the post-processing of additive 
components is divided into two steps. First, the AM immanent post processing, such as the 
removing of the component from the building platform or the removing of the remaining 
powder. These post-processing steps are in the following referred to “post-processing”. 
Secondly, the subsequent post-processing steps to improve the component properties, such as 
milling and turning or a stress-relief annealing. These are referred to as “finishing” and form 
the focus of this paper. With regard to a successful finishing of additively manufactured 
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components, design guidelines must be taken into account that consider the finishing inherent 
restrictions and possibilities. In the following, these design guidelines are referred to 
“finishing suitable”. They can deviate significantly from those of conventionally 
manufactured components in the case of additively manufactured components. Although there 
are some investigations that deal with the post-processing of additively manufactured 
components [6,7], there are hardly any design guidelines that are suitable for finishing [8]. 
Therefore, knowledge about the finishing of additively manufactured components is based on 
experimental experience rather than on scientific knowledge. For this reason, design 
guidelines for a finishing suitable design must be methodically determined and quantified. 
These quantified design guidelines can be used for an automated design check on complex 
components like topology optimized geometries.  

2 EXPERIMENTAL PROCEDURE 
On the way to an automated, software-supported and finishing suitable design check of 

components built with AM, a method is developed that enables the development of design 
guidelines for a finishing suitable design. For this purpose, suitable finishing processes are 
identified, their influence on the component properties is mapped and quality criteria for a 
quality assessment are established. Test specimens are developed and produced for 
experimental investigation and quantification of the quality criteria. The results of the 
experimental investigations on the test specimens are prepared graphically and textually in 
design guidelines and provided in tabular form for a design checking software. 

2.1 Identification of suitable finishing processes 
In order to identify suitable finishing processes for additively manufactured components, it 

is advisable to take inspiration from the finishing procedures for conventionally manufactured 
components. Through extensive research, finishing methods were compiled for casted, 
formative and subtractive generated components. For SLM parts the in Table 1 listed 
processes could be identified as suitable. The advantages of these processes are their wide 
availability and the comprehensive understanding of the process that has been built up over 
decades of use in conventionally manufactured components. These processes also showed 
good suitability for additive manufactured components and had positive effects on the 
component properties [9,10]. The different finishing processes have different influences on 
additive manufactured components. The six defined types of influence are briefly explained in 
the following: 
 Surface quality: The finishing process improves the surface quality of additive 

manufactured components. 
 Functional area: The finishing process enables the realization of functional areas such as 

fits or threads. 
 Deburring: The process enables deburring and removal of support residues on the 

component surface. 
 Corrosion protection: The finishing process enables the additive manufactured component 

to be coated to counteract corrosion. 
 Optics: The finishing process improves the appearance of the additive manufactured 

component  
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 Material properties: The finishing process enables the improvement of the material 
properties, such as improved tensile strength or the reduction of residual stresses. 
 
The finishing processes are underlined in Table 1 and marked with a pictogram were 

classified as relevant. They are available in the most companies and show good results in the 
finishing of additively manufactured components.  

Table 1: Finishing processes and their influence on additive manufactured components 

Finishing 
groups 

Finishing process Pictogram Influence on additive 
manufactured component 

Examples 
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 Milling  Surface quality 

 Functional area 
 Deburring 

 Face milling  
 Circumferential milling 

 

Turning 

 

 Surface quality 
 Functional area 

 Face turning 
 Longitudinal turning 

 
Drilling   Surface quality 

 Functional area 
 Deburring 

 Round drilling 
 Screw drilling 
 Profile drilling 

Thread cutting   Functional area  Thread whirling 
 Manual thread cutting 
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ef

in
ed

 c
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Sanding  Surface quality 
 Functional area 
 Deburring 

 Vibratory finishing 
 Belt sanding 

 

Polishing   Surface quality  
 Optics 

 Electro polishing 
 Manual polishing 

Blasting   Surface quality  
 Material properties 

 Sandblasting 
 Vacuum suction 

blasting 
Lapping   Surface quality  

 Functional area 
 Flat lapping 
 External lapping 

Er
od

e 

Thermic   Surface quality  
 Deburring 

 Wire eroding 
 Die sinking 

Electrochemically   Surface quality  
 Deburring 

 Elysing 

H
ea

t 
tre

at
m

en
t Tempering   Material properties  Nitrate 

 Carburize 

Annealing  Material properties  Stress-relief annealing 
 Solution annealing 

Su
rfa

ce
 

tre
at

m
en

t Coating   Corrosion protection 
 Optics  

 Galvanize 
 Chromate 

Painting   Corrosion protection  
 Optics 

 Dip coating 
 Spray painting 
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The method for the development of design guidelines for a finishing suitable design is 
derived from the relevant finishing procedures carried out with a geometric defined cutting 
edge. In the following, the pictograms are used to clarify which kind of finishing is 
considered. 

2.2  Additive manufacturing of specimens 
The specimens which are defined for the experimental investigations are listed in 

chapter 2.3. All specimens were manufactured additively with the material AlSi10Mg. This 
material has good casting properties and is optimized for the SLM process on corresponding 
machines. AlSi10Mg is suitable for thin-walled components and has a good dynamic load 
capacity. The material is suitable for highly stressed components and for applications 
requiring a combination of low weight and good thermal properties at the same time. Before 
processing in the SLM process, the material is available in powder form with a distribution of 
15 µm to 45 µm. In the horizontal direction, a tensile strength Rm of 460 ± 20 MPa and a yield 
strength Rp0.2 of 270 ± 10 MPa can be achieved. The machines used for the investigations and 
the main manufacturing parameters are listed in table 2. The test specimens were 
manufactured in triplicate in order to obtain meaningful results taking into account a resource-
efficient number of test specimens. 

Table 2: Manufacturing boundary conditions. 

Machinery 
Machine SLM Solutions SLM 250HL SLM Solutions SLM 280 HL 
Building chamber size 250x250x250mm 280x280x350mm 
Max. laser power 400W 1000W 
Manufacturing Parameters for core hatching 
Parameter set name PS1 PS2 PS3 
Layer thickness [µm] 50 30 50 
Laser Power [W] 350 100 400 
Scan Speed [mm/s] 930 100 950 

2.3 Definition and finishing of test specimens 
In order to be able to evaluate the finishing processes and parameters, examination areas 

and quality criteria were defined which show restrictions or positive effects of the finishing. 
On the basis of these defined examination areas and quality criteria, suitable test specimens 
were designed on which the experimental examination can be carried out. The design of the 
test specimens was carried out with the 3D CAD software SolidWorks. 

In the following, the test specimens developed for the investigation of each relevant 
finishing process are listed in a structured form in tables 3, 5, 7 and 8. For each test specimen, 
the associated examination areas, quality criteria and variants are listed in tabular form. The 
performed investigations and their results are discussed. 

2.3.1 Test specimens for milling investigation 
Before finishing the test specimen 1.1 (Table 3), photos of the examination area  "run-

out surface" were taken with a macroscope. The supporting structures of the specimens were 
removed with a milling head with carbide inserts. The different run-out surfaces in the 
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examination area  were measured using a Keyence VR 3200 macroscope and the formation 
of the run-out surfaces was investigated. It can be seen that even the smallest run out surface 
V1 is sufficient to allow safe milling of the adjacent surfaces. The surface roughness was 
measured using the macroscope before the examination areas  and  were finished. The 
examination areas were machined with a 10 mm diameter end mill. In order to ensure a 
defined clamping of the test specimens on the milling table, they were fixed with a clamping 
device and mill parallel supports.  

Table 3: Specimen data sheet for milling. 

Finishing 
process 

Specimen No. Examination areas 
 Quality criterion 1 
 Quality criterion … 

Test specimen variants / test 
specimen parameters 

Milling 

 

1.1 
1

b

h

 
3

4

tw

 

Run-out surface 
 Sufficient run-out surface 

Run-out surface geometry: 
Variant V1 V2 V3 
b [mm] 1 2 3 
h [mm] 0,3 0,45 0,6 

Face milling surface 
 Required machining allowance MA 
 Surface quality 

Machining allowance (MA): 
Variant V1 V2 V3 
MA[mm] 0,1 0,3 0,5 

Wall thickness (tw) 
 Min. tw at MA = 0,15 mm 

Wall thickness: 
Variant V1 V2 V3 
tw [mm] 1,5 3 4,5 

 Circumferential milling surface 
 Required machining allowance  
 Surface quality 

Machining allowance (MA): 
Variant V1 V2 V3 
MA[mm] 0,1 0,3 0,5 

After the milling process, the surface roughness Rz and the average roughness value Ra 
were be determined for the specimens with the macroscope. Table 4 shows the measurement 
results for face and circumferential milling before and after finishing for different machining 
allowances (MA).  

Table 4: Measured surface roughness before and after milling. 

 
MA=0,1mm MA=0,3mm MA=0,5mm 

Rz Ra Rz Ra Rz Ra 
Face milling 
 

Before Finishing 78,7 9,4 85,5 10,0 74,8 9,8 
After Finishing 17,5 2,8 12,2 1,8 12,6 1,9 

Circumferential 
milling 

Before Finishing 180,1 29,8 168,3 25,9 163,6 24,9 
After Finishing 10,8 1,4 10,8 1,5 12,8 1,8 

The measurements show that AlSi10Mg delivers good results for face and circumferential 
milling by a machining allowance of 0.3 mm. So a complete finishing of the surface is 
ensured. Furthermore, it can be seen in the examination areas  that a wall thickness of 
1.5 mm, independent of the parameter set, is not sufficient to allow complete finishing of the 
surface. This can be explained by an oscillation of the wall, which leads to an inhomogeneous 
milling of the wall surface. With a wall thickness of 3 mm acceptable results could be 
achieved.  
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2.3.2 Test specimens for turning investigation 
Before the test specimens 2.1 (Table 5) were finished on a flatbed lathe, the surface 

roughness of the examination areas was determined with the macroscope and the undercut 
formation in the examination area was recorded photographically. In addition, the remaining 
support structures were removed from the test specimens using indexable turning inserts 
KC5410 from Kennametal.  

Table 5: Specimen data sheet for turning. 

Finishing 
process 

Specimen No. Examination areas 
 Quality criterion 1 
 Quality criterion …

Test specimen variants / test 
specimen parameters 

Turning

 

2.1
2

3  
 

Undercuts DIN 509, form E 
 Sufficient undercut 

Undercut geometry DIN 509: 
Variant V1 V2 V3 
f [mm] 2,5 3 3,5 
t [mm] 0,3 0,45 0,6 

Face turning surface 
 Required machining allowance  
 Surface quality 

Machining allowance: 
Variante V1 V2 V3 
MA[mm] 0,1 0,3 0,5 

Longitudinal turning surface 
 Required machining allowance  
 Surface quality 

Machining allowance: 
Variante V1 V2 V3 
MA[mm] 0,1 0,3 0,5 

2.2

2
 

Inner lattice structure 
 Damage to the structures due to the 
turning process 
 Possibility of parting off 

- 

Outer lattice structures 
 Possibility of plan and longitudinal 
turning of supporting structures 

- 

During finishing it was found in examination area  that the smallest undercut with a 
width of 2.5 mm and a height of 0.3 mm (according to DIN 509, Form E) allows a sufficient 
tool run-out. The post-processing was carried out at 1200 rpm with a feed rate of 0.039 1/mm 
for facing and 0.053 1/mm for longitudinal turning. A feed rate of 0.1 mm was set until an 
optically homogeneous surface was achieved. Subsequently, the examination areas  und  
were subjected to a surface roughness measurement. Table 6 shows the measurement results 
for face and longitudinal turning with different machining allowances before and after 
finishing.  

Table 6: Measured surface roughness before and after turning. 

Rz, Ra [µm] (MA=0,1mm) (MA=0,3mm) (MA=0,5mm) 
Rz Ra Rz Ra Rz Ra 

Longitudinal 
turning 

Before Finishing 64,0 8,1 57,0 7,6 62,1 8,2
After Finishing 19,0 2,6 14,2 2,0 18,8 2,7

Face turning Before Finishing 63,1 10,1 63,1 9,8 73,2 11,4
After Finishing 18,5 2,6 18,8 2,7 20,8 2,9

The optical inspection of the test specimens showed that a machining allowance of 0.1 mm 
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effects no homogeneous surface during face and longitudinal turning. A variation of the 
cutting speed showed that better surface qualities are possible with a faster cutting speed. The 
test specimen 2.2 allowed conclusions to be drawn about the lathe-turnability of support and 
lattice structures. For this purpose, the shoulder with the inner lattice structure in the 
examination area  was tapped off with a parting of tool. The outer support structure in the 
examination area  was machined with a carbide indexable turning insert. Basically it could 
be determined that a rotating machining of support structures is possible. Attention has to be 
paid to fragments and powder residues which contaminate the environment. It is therefore 
recommended to remove the supporting structures with other means (e.g. pliers) before 
turning. 

2.3.3 Test specimens for drilling investigation 
The test specimens 3.1 to 3.4 (Tabel 7) were drilled with a pillar drill machine and an HSS 

drill with a diameter of 5 mm.  

Table 7: Specimen data sheet for drilling 

Finishing 
process 

Specimen No. Examination areas 
 Quality criterion 1 
 Quality criterion …

Test specimen variants / test 
specimen parameters 

Drilling

 

3.1

1 3

 
 

Positive machining allowance  
 Surface quality 
 Ridge at outlet 

Machining allowance: 
Variant V1 V2 V3 
MA+[mm] 0,1 0,3 0,5 

Pilot hole (Ø1mm) 
 Surface quality 
 Ridge at outlet 

- 

Negative machining allowance 
 Surface quality 
 Ridge at outlet 

Machining allowance: 
Variant V1 V2 V3 
MA-[mm] 0 -0,1 -0,3 

3.2 

2

 

Cutting speed 
 Surface quality 

Cutting speed 
Variant V1 V2 V3 
v [m/min] 28,3 26,7 25,1 

Chamfer formation Chamfer geometry 
Variant V1 V2 V3 
b [mm] 0,15 0,3 0,45 
α [°] 45 45 45 

3.3

1

2  

 Internal structure drilling with core 
hole 

Core hole geometry 
Ø = 4,7 mm, t = 3mm 

 Internal structures drilling with 
small pilot hole 

Pilot hole geometry 
Ø = 1 mm, t = 3mm 

 Internal structure drilling without 
pilot hole 

- 

3.4
1

 

 Drillable hole length for thin-walled 
structures 

Cylinder height 
Variant V1 V2 V3 
h [mm] 10 20 30 

 Drillable wall thickness for thin-
walled structures 

Wall thickness 
Variant V1 V2 V3 
t [mm] 1 1,5 2 
MA [mm] 0,3 0,3 0,3 

180



S. Lammers, J. Tominski and D. Zimmer 

 8

In order to be able to drill at the defined points, the test specimens were fixed to the 
drilling machine table with a clamping device. The drilling speed of 1700 rpm and a feed rate 
of 0.1 mm/1 could be set on the drilling machine, resulting in a cutting speed of 26.7 m/min. 
The test specimens 3.1 to 3.3 were milled in the middle after the drilling process. The optical 
inspection of the test specimens 3.1 showed that there is no significant difference between 
drilling a pilot hole and a hole with positive machining allowance (examination 
area  and ). A machining allowance of +0.3 mm is recommended to compensate any 
dimensional inaccuracies for the investigated size ratios. Negative machining allowances 
(examination area ) lead to insufficient surface quality and are not recommended. In order 
to be able to assess possible influences of the drilling parameters on the result, the three holes 
of test specimen 3.2 in the examination area  were reworked at different cutting speeds 
(Table 7). The inspection of the holes after drilling showed that different cutting speeds do not 
lead to optically perceptible differences. The formation of additive chamfers was evaluated in 
the examination area . These could no longer be clearly identified after the drilling process, 
so that subsequent machining of the chamfers is recommended. Test specimen 3.3 shows that 
internal lattice structures are partially destroyed during the drilling process. The essential 
structure of the lattice structures is retained, so that positive effects of internal structures, e.g. 
damping [11], are retained to a limited extent. However, parts of the lattice structure are 
destroyed by drilling and remain inside the component. For this reason, the drilling of lattice 
structures should be avoided. Test specimen 3.4 enables the determination of the minimum 
wall thickness required for drilling additively manufactured parts (examination area ) and 
the determination of the relationship between the bore length and the bore quality 
(examination area ). It was found that only a minimal wall thickness of 0.7 mm was safely 
drillable without annealing or deforming the cylinders. A connection between the bore length 
and the bore quality could not be established. 

2.3.4 Test specimens for thread cutting investigation 
Before thread cutting, the machining allowances for half of the test specimens 4.1 

(Table 8) were removed by drilling. The other half of the specimens were left in as-built 
condition with machining allowance. The individual cylinders were separated from their base 
plate and clamped in a flat bed lathe with an HSS tap for thread cutting and the thread was cut 
at a speed of 65 rpm in addition of cutting oil. After machining, the test specimens were 
milled crosssectionalwise and visually inspected under the macroscope in order to identify the 
respective thread characteristics. It could be observed that pre-machining of the shaft shoulder 
by drilling ensures good thread formation. If the machining allowance is negative, the thread 
is not fully formed. It is possible to cut a thread without drilling the additive manufactured 
hole. However, it is not advisable to do so as there may be differences in the thread 
characteristics. With a machining allowance of 0.3 mm and pre-machining by drilling, the 
thread is fully formed. Half of the test specimens 4.2 were prepared with a turning process to 
remove the machining allowances and to obtain the nominal core diameter according to the 
standard DIN 13. The other half was not subjected to a preparatory turning process, so that the 
thread could be applied directly to the additive manufactured surface provided with a 
machining allowances. To apply the threads, the test specimens and an M5 HSS die were 
clamped in the lathe. The thread was applied to the test specimen at a speed of 65 rpm. In 
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order to facilitate thread cutting, cutting oil was added during the process. The threads were 
visually inspected using a macroscope. It could be seen that pre-processing of the shaft 
shoulder by turning ensures fully developed thread flanks characteristics. However, it is 
possible to cut a thread without pre-machining with a positive machining allowance. With a 
negative machining allowance, the thread is not fully formed. A machining allowance of 0.3 
and an upstream turning process are recommended in order to obtain the best possible 
external thread geometry. 

Table 8: Specimen data sheet for thread cutting. 

Finishing 
process 

Specimen No. Examination areas 
 Quality criterion 1 
 Quality criterion … 

Test specimen variants / test specimen 
parameters 

Thread 
cutting

 

4.1 
1

 

Internal thread 
 Machining allowance 
with and without 
additive manufactured 
core hole  

Thread geometry 
Variant V1 V2 V3 
Thread M5 M10 M5 M10 M5 M10

MA+[mm] 0 0,15 0,3 
MA-[mm] 0 -0,15 -0,3 

4.2 

 

External thread 
 Machining allowance 
with and without 
turning of surface 

Thread geometry 
Variant V1 V2 V3 
Thread M5 M5 M5 

MA+[mm] 0 0,15 0,3 
MA-[mm] 0 -0,15 -0,3 

3 Design guidelines for a finishing suitable design 
The carried out investigations and the results obtained on the various test specimens and 

examination areas allow to derive quantifiable design guidelines for a finishing suitable 
design for different material, machine and parameter combinations.  

Table 9: Design guideline to specify the required machining allowance for milling, turning and drilling 

Machining allowance milling /turning /drilling: 
Surfaces that have a dimensional requirement after machining must be 
provided with a machining allowance (MA).  
Unfavourable Finishing suitable 

   
Material Machine Parameter set MA face milling [mm] MA circumf. milling [mm] 
AlSi10Mg SLM 250HL PS1 0,3 0,3 

SLM 280HL PS2 0,3 0,3 
PS3 0,3 0,3 

Some of the quantifiable design guidelines which can be applied in a software-based shape 
optimization are shown in Table 9 and 10. For this purpose, the technical implementation of 
the design guidelines in software tool is given. A machining allowance must be provided to 
ensure sufficient surface quality and finishing by milling. The calculated machining 
allowances for the material AlSi10Mg can be applied as an offset to the component surfaces 
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to be reworked by means of an automated shape optimization software and thus taken into 
account before additive manufacturing. When turning and drilling, it must be ensured that the 
machining allowance is applied to the radius. 

Table 10: Design guideline to specify the required minimal wall thickness for milling in the investigated size 
ratios 

Min. wall thickness milling: 
A minimum wall thickness must be maintained in order to enable machining by 
circumferential milling. 
Unfavourable Finishing suitable 

  
Material Machine Parameter set Min. wall thickness twmin at circumf. milling [mm] 
AlSi10Mg SLM 250HL PS1 3,0 

SLM 280HL PS2 4,5 
PS3 3,0 

Wall thicknesses must be sufficiently stable to mill without wall oscillation. A minimum 
wall thickness must be maintained depending on the material, machine and parameter 
combination used. This wall thickness can be checked using numerical methods such as the 
extraction of centre line points and the calculation of diameters of maximum circles or 
spheres as described in [12]. This method has already been used in order to numerically check 
AM suitable design guidelines on topologically optimized components [13]. If necessary, the 
wall thickness can be automatically adjusted by adding a surface offset before additive 
manufacturing. 

Further design guidelines were drawn up on the basis of the investigation results, which 
provide the designer with assistance in the finishing suitable design of components. These 
qualitative design guidelines provide information on the achievable surface quality of milled 
or turned, additive-manufactured components [Table 4, 6]. They show feasible undercut and 
tool run-out geometries. Undercuts according to DIN 509 Form E with a width of 2.5 mm and 
a height of 0.3 mm are sufficient for a successful turning process and run-out surfaces with a 
width of 1 mm and a height of 0.3 mm for a successful milling process.  

The investigations into the turning finishing of support structures induced a guideline that 
recommends the manual removal of support structures with regard to occupational safety and 
tool life.  

For drilling, it was possible to derive qualitative design guidelines that exclude the 
influence of pilot drilling on the post-processing result. An influence of the cutting speed was 
not observable on the drill hole quality. Here, an extended scope of investigations with 
varying drilling parameters could provide new insights. Drilling in support structures has also 
been described by a qualitative design guideline, which prohibits the drilling of support 
structures, since support structures are drillable but no defined drill hole shape can be 
guaranteed. The finishing by means of thread cutting led to further qualitative design 
guidelines, which recommend a machining allowance of 0.3 mm and a cutting preparation of 
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the threads. Only in this way the threads can be generated in accordance with the standards. 
The qualitative design guidelines are not suitable for automated, software-based design 
checking and optimization, but offer the design engineer extensive knowledge on how to 
design components suitable for finishing and thus save costs. 

4 Conclusion and perspectives 
In the present study, a method was presented which enables the generation of design 

guidelines for different combinations of materials, machines and parameters for a finishing 
suitable design for additive manufacturing. For this purpose, suitable finishing processes were 
identified, test specimens were developed and, with regard to suitable finishing of common 
AM parts, experimental investigations were carried out on the test specimens. The 
investigations were carried out using the material AlSi10Mg which was processed with 
machines of the type SLM 250 HL and SLM 280 HL and different parameter sets. For these 
material, machine and parameter combinations, design guidelines could be drawn up. The 
design guideline generation is multiple applicable and enables that further material, machine 
and parameter combinations or differen size ratios can be added to create an extensive 
knowledge database. Depending on the used finishing process, it was possible to determine 
necessary machining allowances, minimum wall thicknesses and finishing specific restrictions 
that had to be taken into account in the design process prior to additive manufacturing. These 
values are available in quantitative form and can be used for software-supported automated 
design checking of parts.  

It is recommended to produce further test specimens by varying the process parameters of 
the SLM process, the machine type or the material in order to gain more in-depth knowledge. 
Furthermore, the process parameters of the finishing processes can be varied and the test 
specimen geometry can be scaled to extend the scope of the design guidelines. 

In addition, the test specimens can be manufactured with different orientations in the 
building chamber in order to establish a possible relationship between the orientation and the 
required machining allowance. Further post-processing methods can be used which could not 
be considered in the context of this paper in order to gain further insights into the post-
processing of additively manufactured components. 
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