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THE IMPORTANCE OF SUPPORT OPTIMIZATION FOR 
ADDITIVE MANUFACTURING PROCESS 
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Abstract. The paper describes why support optimization is a very important step in 
additive manufacturing process. Additive manufacturing process gains an important 
place in medical industry due to the ability to obtain complex geometries, lattice 
structures impossible to be achieved using conventional technologies. Our paper focus 
on the support structures in the additive manufacturing process, required to ensure the 
quality of the final built part. The support structures solve many problems such as: 
channeling the heat flux produced by the laser beam, and thus improving the cooling 
down of the structure during the fabrication process, they avoid detachment of parts 
from the baseplate during the job due to uneven contraction, and transfer the heat to it, 
but also introduces new challenges such as: how to remove of support structures, the 
optimization. The requirement of manually removing the support from the part 
constrains the geometric freedom of the part as there needs to be hand/tool access. 
Support structures typically result in wasted feedstock material as they are not 
reusable and have to be discarded after removal if not recyclable. Thus the aim of this 
paper is to provide information on the importance of the support structures in the 
quality of the final parts.  
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1. INTRODUCTION 

Additive manufacturing process provides significant opportunities for obtain 
complex geometry and internal detailed parts, thanks to their technique of add 
material to form a desired solid geometry, the opposite of subtractive technique as 
in the conventional manufacturing process. 

Additive manufacturing technology, SLM (Selective Laser Melting) requires 
support structures to resist deformation or even collapse caused by gravity as the 
fabrication of the component proceeds, or to tether parts so far unconnected to the 
main body of the printed part during production, to mitigate against the effects 
caused by any generated thermal gradients during the manufacturing process and 
shrinkage upon solidification that are inherent within a large number of AM 
techniques [1]. 
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When designing the support, material consumption and build time should be 
considered as a significant factor, as well as the trade-off between them and the 
final printed quality, [1]. 

First, structures can be optimized, not only for their final use but also for their 
behaviour during the building process, without requiring the addition of supports. 

Can optimize the placement of supports to improve the building process and 
avoid any of the possible defects, previously mentioned, like overhang 
deformations or residual stresses, [2].  

This helps to reduce thermal distortion that can lead to cracking, curling, sag, 
delamination and shrinkage. 

The support can be optimized by maximizing the rigidity or in term of 
topology. Thermal properties of the support can also be optimized in order to 
facilitate the evacuation of heat produced by the additive manufacturing process. A 
combination of both mechanical and thermal properties can be taken into account.  

Simple enough models so that support optimization is cheap and easy to 
implement into automatic design software.  

Investigating the process of additive manufacturing, in terms of optimization 
of the support is still a necessity because they influence the quality of the final part. 
Hence, it is very important to understand the effects and the interactions that 
manufacturing process parameters will have on the properties of finished parts [3]. 

The problems which structure support introduce is how to remove the support, 
thus One possibility is to add geometric constraints, ensuring that any contact zone 
between supports and the actual shape is accessible from the outside along a straight 
tubular hole, allowing for the passage of some tool able to cut the supports. 

The main objective of this paper is to establish and highlight the importance of 
optimization of the support for additive manufacturing process, by reviewing the 
underlying (thermo-) mechanical processes that define the necessity of a support 
structure for a given additive manufacturing technique. The paper will present also the 
differing strategies for support structure generation on EOS INT M270 and try to relate 
these between different additive manufacturing technologies, and the established 
underlying process with the aim of obtaining the properties of the final parts. 

2. ADDITIVE MANUFACTURING PROCESS FOR METALLIC 
BIOMATERIALS 

Additive manufacturing technology has captured an increasing attention 
thanks to the evolution of technology, which allows production of complex 
geometries and parts impossible to be achieved by traditional techniques. 

This study started from the using SLM machine EOSINT M270 to obtain 
metallic parts by additive manufacturing process. The EOSINT M270 Machine, 
owned by INCDMTM is shown in Fig. 1 and also the process.  
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Fig. 1 ‒ EOSINT M270 Dual Mode Machine, owned by INCDMTM and the laser beam. 

The use of metal in additive manufacturing in the biomedical industry thanks 
to their possibility have a significant role in development of the biomedical 
industry [1].  

The metallic materials which are used on EOSINT M270 are only 
biomaterials namely: titanium alloy – TI64 and cobalt-chrome alloy, intended to be 
used in the medical field. The biocompatible powder and SEM images are 
presented in the figure below. 

 

Fig. 2 ‒ Biocompatible powder and SEM images(x2000) for Ti64 and CoCr. 

Next figure, Fig. 3, the general process and geometric data for Ti64 and CoCr 
are presented. 
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Fig. 3 ‒ General process data for Ti64 and CoCr [2]. 
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The 3D virtual models of the parts designed in SolidWorks were saved in a 
Standard Tessellation Language (STL) file and then imported into Magics RP 
software from Materialise company [2]. This software is used to multiply, orient 
and position the parts on the print surface, add the supports, and prepare the job to 
be exported to the machine. In the next step, the parts with the supports saved in 
the STL file are pre-processed using the EOS RP Tools program, and converted 
into a SLI 2D file type (Fig. 2). This conversion is necessary because sintering 
occurs only through melting layer by layer. 

The virtual 3D model and the supports are divided into layers with a 
thickness of 0.02 or 0.03 mm depending on the material used. 

After "slicing" the part, an error checking must be carried out to correct any 
errors in the file. The operation is necessary as parts made in 3D design software 
may have some errors, often undetectable by the user that can lead to problems in 
the printing operation.  

The set-up of STL (or equivalent data file) models ready for printing requires 
the specification of the print orientation and the subsequent generation and 
placement of support structures. 

This generally requires manual intervention based on the expertise of the 
operator. 

The orientation and emplacement are two very important parameters in the 
quality of the final part. Due to their advantages of low solid volume fraction, this 
has tended to lead to cellular support structures, which also provide opportunities 
to reduce the time needed for removal of support structures as well as build time. 
After design the part and save it as STL. file, Magic and RP tools (PSW) software 
help us to prepare parts for job. 

3. MANUFACTURABILITY CONDITIONS - OPTIMIZATION SUPPORT 

Starting from the fact that the additive manufacturing process joins the 
material layer-by-layer, this can lead to issues when a new layer has a footprint 
different to the previous layer, as is likely to be encountered in the complex 
geometries that additive manufacturing is best suited for. In the additive 
manufacturing process in the fabrication of complex parts, a support structure of 
some type is necessary, which needs to be removed from the part to obtain the final 
component, wasting materials and cost. 

Manufacturability conditions could be taken into account, most notably 
removal of supports. Our work is just a first step, proposing a general framework 
for support optimization.  

In a first approach, only the shape and topology of the supports are 
optimized, for a given and fixed structure. In a second and more elaborated 
strategy, both the supports and the structure are optimized, which amounts to a 
specific multiphase optimization problem.  
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Starting for the fact that the supports are required to be strong enough to 
avoid detachment of parts from the baseplate during the job due to uneven 
contraction, and transfer the heat to it.   

When designing the support, material consumption and build time should be 
considered as a significant factor, as well as the trade-off between them and the final 
printed quality. Their results revealed that, with only 2.2% overhang–support contact 
area, uniformly spaced vertical struts can manufacture relatively level thin plates. 

Some require such a structure to resist deformation or even collapse caused 
by gravity as the fabrication of the component proceeds, or to tether parts so far 
unconnected to the main body of the printed part during production. Support 
structures can also be used to mitigate against the effects caused by any generated 
thermal gradients during the manufacturing process and shrinkage upon 
solidification that are inherent within a large number of AM techniques. 

This helps to reduce thermal distortion that can lead to cracking, curling, sag, 
delamination and shrinkage. Support may also be used to balance a printed object 
so that it is securely tethered to the build platform during manufacture. 
Different support methods will also lead to different finish surface roughness, thus, 
influencing the post-processing. 

The requirement of manually removing the support from the part constrains 
the geometric freedom of the part as there needs to be hand/tool access. Support 
structures typically result in wasted feedstock material as they are not reusable and 
have to be discarded after removal if not recyclable. When adding a support 
structure to a part, the print time will be longer as the support structure also needs 
to be printed. As additive manufacturing processes typically have energy costs that 
scale with the volume of material used, this leads to increased energy usage. 

A support structure may be detrimental to the surface finish when the 
structure is removed. 

Extra time is required to design the part to accommodate the support structure 
and the design of the support structure itself. This implies a larger data file for the 
part. As printing speed increases and the complexity of a single voxel increases by 
incorporation of information such as color and material, the speed of data transfer 
may become a limitation. 

The set-up of STL (or equivalent data file) models ready for printing requires 
the specification of the print orientation and the subsequent generation and 
placement of support structures. 

This generally requires manual intervention based on the expertise of the 
operator. 

In general support structures are usually optimized in terms of material to be 
minimal and also in terms of build time and cost of the fabricated part. 
Due to their advantages of low solid volume fraction, this has tended to lead to 
cellular support structures, which also provide opportunities to reduce the time 
needed for removal of support structures as well as build time. 
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After design the part and save it as STL. file, Magic and RP tools (PSW) software 
help us to prepare parts for job. 

To obtain parts from TI64 and CoCr, using EOSINT M270 we have built 
support, that should be able to prevent parts from collapse/warping, especially the 
outer contour area which needs support; using Magic software allow us to modify 
the structure of support, size.  

In next figure are presented general characteristics of external supports and 
outer skin for direct part and also the exposure strategy in the EOS. 

 

 
Fig. 4 ‒ General characteristics of external supports [2].  

 

 
Fig. 5 ‒ Exposure Strategy [2]. 
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Starting from the up-down skin hatch, we can highlight, as is shown in the 
next figure, that if an overhang tilts at an angle less than 45 degrees from the 
vertical, support structures are not necessary. 
 

 
Fig. 6 ‒ Part obtained by EOSINT M270 angle less than 45 no supports. 

4. EXPERIMENTAL DETAILS-FAILURES PARTS  

Next the paper will presents examples of the parts, manufactured by additive 
manufacturing technology, using EOSINT M270 Dual Mode, which give us 
conclusion regarding the support structure. 

The support structure can help solve many problems, but also we observe that 
it introduces some new challenges.  
We can notice that the main disadvantages of a support structure are how to 
remove of support structures after printing requiring a significant work support 
structures need extra time to be cut, ground or milled off after printing which 
consequently, labor and time to manufacture the part increases. 

In the first example the part was manufactured by additive manufacturing 
with 40 μm layer thickness. 

Starting from the fact that the support should be able to prevent the collapse 
or deformation of the parts, especially the outer contour area that needs support, we 
can conclude that in this case, the type of supports were not suitable and did not 
help but created problems. Thus, a poor quality piece resulted, and the circularity 
was not obtained. The job was completed due to the layer thickness, even if the 
supports were detached and led to deformation of the part. 

 

  
Fig. 7. ‒ The baseplate with the printed part in job1.  
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In the same job, a failure part is presented below, because of the layer thickness. 

 
Fig. 8 ‒ The baseplate with the printed part in job 2. 

In the second experiment, the manufacture of the same part, with the same 
parameters, less the layer thickness (layer thickness 20 μm), gives us interesting 
information.  

We can conclude that, in this case, by modifying the support structure in the 
boarded term, and by changing the thickness of the layer (decreasing the layer 20 
μm), the problem of detachment appears again. In this situation, the job cannot be 
completed due to the thickness of the 0.02 mm layer. Thus, the supports were 
detached and led to the deformation of the piece, that which had the consequence 
of stopping the job. We can notice that although the part quality is better than in the 
first job, but due to supports detached the job couldn’t be finished. 

Starting from the EOS exposure time and skin can be notice on our part the 
core and the skin, as in Fig. 9. 

 

Fig. 9 ‒ The core and the skin exposure strategy. 

5. SUCCESSFUL PARTS OBTAINED BY EOSINT M270 

We can present also successful parts obtained by additive manufacturing 
using EOSINT M270 Dual Mode. 
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For specific application, complex shape and geometry as anatomical shape as 
well as lattice structure, the additive manufacturing technology has proven perfect. 

Thus the additive manufacturing is best suited for complex and detailed parts 
as we can notice from resulted printed parts. 
 

 
Fig. 10 ‒ The successful parts manufactured by EOSINT M270. 

6. CONCLUSIONS 

In this paper, the importance of optimizing supports structures in additive 
manufacturing process is exposed. On the basis of the analysis carried out in this 
paper, it was found that:  

The successful and failures part manufactured by additive manufacturing 
process were presented. 

Our case studies have been highlighted to demonstrate the importance of the 
support structures, because material and build time can be significant reduced 
while fulfilling the structural demands.  

From our experiments, we can observe that the designing of support are very 
important and depend on the design part and also the final part, considering the final 
parts quality but also material consumption and build time as a significant factors. 

We should give an special attention of the attachment between the part and 
support, to not be detached but also the contact area between the support and final 
parts in the same time should be as small as possible to reduce surface deterioration 
after support removal, but also should be of minimal strength to perform the 
support function, with the aim of easily removing support.  

So that the supports are required to be strong enough to avoid detachment of 
parts from the baseplate during the job due to uneven contraction, and transfer the 
heat to it.  

We can conclude that the support can be optimized the by maximizing the 
rigidity of the supported structure with a fixed structure, or in term of topology. 
We can conclude that especially graded structures providing less support where it 
is not needed and more robust support elsewhere. 
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