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Abstract. The presented article compares two types of software in terms of the 

post-processing of topological optimization. For this analysis, a test sample was 

selected and subjected to topological optimization concerning weight reduction 

while ensuring maximum rigidity. Subsequently, the sample was processed using 

two modules that the individual software contains. During the post-processing 

phase, surface smoothing options, elements of bionic structure and standard re-

modelling tools were used. The results obtained were compared in terms of 

weight achieved. Based on the analysis, it was found that post-processing requir-

ing manual modifications done by a designer show greater weight than in the case 

of smoothing provided by the software. The approaches of the individual soft-

ware were also compared in terms of the creation of a finite element network for 

both static analysis and topological optimization. It was found that in the case of 

one software, the finite element network is background modified before the top-

ological optimization starts. 

Keywords: Topology optimization; Design region; Weight reduction, 3D print-

ing. 

1 Introduction 

In recent years, topological optimization has experienced a very rapid boom in the 

field of machine parts design due to the development of 3D printing. The principle of 

topological optimization is generally based on special optimization, material distribu-

tion or maximization, or the minimization of target parameters. [1] These parameters 

can also be analysed using different approaches. For example,  [2], [3], [4] deal with 

topological optimization focused on harmonic frequency in terms of deformations, ac-

celeration or their combination. The results may be influenced by the selection of the 

calculation method, which is described in [5], where at the end of the process the 

weights of the samples, as well as the difference between the stresses, are compared. A 

comparison of deformation models is discussed by [6], which offers a comparison of 

three lattice structure types. In addition, it also investigates mechanical properties and 

the ability to absorb energy. The research has shown that the VC lattice is stronger than 

the FCC and ECC concerning the stress in violation.  

As indicated above, a frequent calculation criterion is weight reduction while main-

taining maximum stiffness. Jeong [7] describes the criterion of an increase in stiffness.  
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Other optimized parameters can be shape, area, and parameters in terms of dynamics 

[8], [9], [10], hydrodynamics and flow. [11] 

Another rather comprehensive topic is the optimization of structures with cracks, the 

goal of which is to eliminate potential defects at the design stage. For example, [12] 

compared the FEM and peridynamic approaches. It states that the peridynamic ap-

proach provides better support for the notched structures, while the deformation energy 

is much lower than with the use of the FEM approach.  

2 Methodology 

The methodology consists of defining a geometric-shaped sample on which 

individual post-processing procedures will be applied. In addition, the sample will be 

subjected to static analysis which is a necessary pre-stage for topological optimization. 

Based on the results of the static analysis, topological optimization will be carried out, 

where design and exclusion regions will be defined as the given software allows it. 

After topological optimization is performed, the results of the masses will be compared 

above all. The methodology schematic diagram can be seen in Fig. 1. 

 

Fig. 1. Methodology schematic diagram 

The sample on which the analysis will be done is displayed in Fig. 2, while the 

boundary conditions with the load force of 2,000N are also defined. 
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Fig. 2. Boundary conditions definition 

2.1 Software options 

Ansys Workbench and Altair Inspire software were used in this comparative study. 

Each of them allows us to provide topological optimization in different ways, as well 

as work with the resulting geometry. In the case of Ansys Workbench software, we can 

choose from the following calculation methods: 

• Topology optimization – Density based 

• Lattice optimization 

• Topology optimization – Level set based 

• Topology optimization – Morphing 

 

The calculation criteria for these two softwares are listed in Table 1. 

Table 1. Overview of criteria definition options 

Criterion 
Ansys 

Workbench 

Altair 

Inspire 

Maximum stiffness while reducing weight + + 

Minimising displacement +  

Minimisation of mass + + 

Minimisation of volume +  

Minimisation of reaction force +  

Centre of gravity +  

Moment of inertia   

Global von Mises stress +  
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Local von Mises stress +  

Criterion +  

Maximum frequency  + 

 

It should be noted here that Altair Inspire software allows us to set, in addition to the 

standard criterion of maximum stiffness while reducing weight, also the following lim-

itations: 

• Maximum frequency  

• A definition of the minimum frequency 

 

Other differences can be found in the post-processing options. Altair Inspire excels 

in the possibility of creating bionic structures using the PolyNURBS module. Using 

this module, we can also provide the standard smoothing – selecting the “smooth” op-

tion. Another option available is the possibility to modify the geometry by a standard 

manual operation, the so-called remodelling. Ansys Workbench also offers similar 

tools. However, it does not allow us to create bionic structures. Thus, the final model 

modification is then limited to smoothing and remodelling.  

In this study, we will use the above-stated capabilities of each software and compare 

the resulting weights. When comparing them, the resulting shapes and their proper 

functionality will also be taken into account. 

3 Topology optimization 

Based on the boundary conditions defined in Fig. 2, static analysis was performed 

first. The aim of this study is to compare the weight results depending on the post-

processing method used, as well as the differences between the individual softwares. 

For this reason, individual commands were entered possibly for the same values to get 

a better picture of how each software works. One of them is the finite element network. 

Within this analysis, the defined size of the element was 6mm. Material parameters 

were also considered to be identical. An overview of the number of elements and nodes 

is displayed in Table 2. This overview shows that Altair Inspire software will regener-

ate the network in the background of the calculation provided for topological optimiza-

tion, changing the ratio of nodes and elements.  

Table 2. Number of elements and nodes 

 Ansys SA Ansys TO Inspire SA Inspire TO 

Elements 18176 18176 10480 109877 

Nodes 27823 27823 18084 21370 
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Fig. 3. Results from static analysis from 

Ansys – von Mises stress 

 

Fig. 4. Results from static analysis from An-

sys – deformation in the load direction 

 
Fig. 5. Results from static analysis from Al-

tair Inspire – von Mises stress 

 

 
Fig. 6. Results from static analysis from An-

sys – deformation in the load direction 

  

From the picture shown above, it can be seen that Altair Inspire states a maximum 

stress of 15.5 MPa and deformation of 0.01641 mm. The maximum stress is noticeable 

in Fig. 5 at the point of the shape transition. In contrast, Ansys software has a maximum 

stress value of 12.7 MPa and maximum deformation of 0.01664 mm. The maximum 

stress and deformation can be found in the same areas as in the previous case. 

Table 3.  Comparison of static analysis results 

 Ansys Altair Inspire 

von Mises stress [MPa] 12.7 15.5 

Deformation Y [mm] 0.01664 0.01641 

The following figures display the results of topological optimalization. In the case 

of Ansys Workbench software, a topological optimization method called “Level set 

based“ was selected. The target weight in both cases was considered to be lower than 

the original one by 70 %. The result can be found in Fig. 6. The resulting weights ob-

tained by each software are listed in Table 4.  
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Table 4. Weights of topological optimization results [kg] 

 Ansys Altair Inspire 

Mass 1.007 1.264 

 

 

 
Fig. 7. Results of topology optimiza-

tion in Ansys 

 
Fig. 8. Results of topology optimization 

in Altair Inspire with partitions – Altair 

Inspire 2 
 

 

 

4 Geometry modifications 

After carrying out topological optimization, the obtained results were subjected to 

geometric modifications. In Fig. 7, the result of topological optimization in Ansys can 

be seen. Ansys has a “smooth“ function, the result of which is evident in Fig. 9 9. By 

comparing these two figures, we can see that a significant smoothing of the surface has 

been provided. In contrast, Fig. 10 displays the geometric modification of the result 

obtained by remodelling. This can be done quite easily in the SpaceClaime programme, 

which is part of the Ansys program and contains the above-mentioned function 

“smooth“. When remodelling, it is necessary to take into account the influence of the 

human factor. SpaceClaime can accurately project a section of geometries from topo-

logical optimization into a sketch. However, there are often some simplifications that 

can entail an emerging deviation from the original result.  

Altair Inspire, on the other hand, allows for the creation of bionic structures using 

the PolyNURBS function. The result of this activity can be found in Fig. 12. The prin-

ciple of this method is in interlacing of the geometry from topological optimization by 

the new bionic geometry. Basically, this is another kind of remodelling since the result 

is again influenced by the human factor. Modification obtained using the PolyNURBS 

Fit command is also worth mentioning, as this basically binds partitions with the design 

region. The geometry obtained is very similar to the geometry illustrated in Fig. 911. 

292             J. Struz and L. Hruzik



One of the last options is to provide manual remodelling again. Use-friendliness for 

remodelling is significantly worse than in the cease of Ansys software, which, on the 

contrary, is redeemed by the possibility of creating bionic structures. Fig. 13 displays 

the result of the geometry obtained after smoothing. Here again, smoothing can be done 

together for partitions with the design region.  

In conclusion, the great advantage of Altair Inspire software is its option to create 

bionic structures in several ways. Analyses can also be set up relatively easily. On the 

other hand, if a designer wanted to produce a model using conventional methods, its 

modification is not very user-friendly in an Altair Inspire environment. Nevertheless, it 

is not impossible to provide. From the use of the Ansys software, it can be deduced that 

it does not focus purely on 3D printing, but also on standard production methods. Alt-

hough it does not have the option to create bionic structures, it allows us to perform the 

calculation of topological optimization by a number of methods. Also, editing the geo-

metric result in the SpaceClaim environment is more user-friendly. Using Fig. 9, Fig. 

11 and Fig. 13, it can be concluded that Ansys, when the “Level set based“ method is 

used, creates a constant line at the top of the model compared to the Altair Inspire. On 

the other hand, Altair Inspire creates an open pocket in the central part. In the same 

place, Ansys forms a hole and connects the platforms for bolts using rods. The resulting 

weight form Ansys is 1.007kg versus 1.264kg in the case of Altair Inspire. The higher 

weight is mainly due to partitions, which Altair Inspire automatically treats as an ex-

cluded region, thus replacing the design region. 

 

 
Fig. 9. Ansys Workbench model after 

smooth 

 

Fig. 10. Ansys Workbench model after re-

modelling 
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Fig. 11. Altair Inspire model after Poly-

NURBS Fit 

 

Fig. 12. Altair Inspire model after Poly-

NURBS 

 

Fig. 13. Altair Inspire model after smooth 

 

Fig. 14. Altair Inspire model after remodel-

ling 

 

5 Discussion 

Using the “smooth“ command in the SpaceClaime program, which is a part of  the 

Ansys program environment, the geometry displayed in  Fig. 9 was smoothed. The re-

sulting weight after smoothing is 1.0506 kg, which represent an increase from the orig-

inal weight by 4.2 %. In the case of remodelling (Fig. 10), the weight of 1.7013 kg was 

obtained, which is 40.8 % more than the original weight. However, the achieved weight 

was significantly influenced by the skills and abilities of the designer, which leads to a 

considerable individualization of the results. In the case of the Altair Inspire program, 

using the “smooth“ function helped to reach a weight of 1.2491 kg. This means that the 

weight was reduced by 1.15 %. Using PolyNURBS Fit (Fig. 11), the weight was re-

duced to 1.098 kg from the starting 1.264 kg, which corresponds to a weight reduction 

of approximately 13 %. Conversely, using the PolyNURBS command the geometry 

obtained (Fig. 12) showed a weight of 1.3039 kg. This weight proves a slight increase 

by 3.2 %. Again, it is necessary to bear in mind that this weight is influenced by the 

skills and abilities of the designer to guide the rods of bionic structures. As in previous 

case, the geometry was manually remodelled again (Fig. 14). By remodelling, the 

weight of 1.6124 kg was achieved. This corresponds to an increase from the original 

weight by 27.6 %.  

From the above, we can note that some methods lead to weight loss, and some, on 

the contrary, lead to its increase (Fig. 15). Interestingly, in the case of the “smooth“ 

function, Ansys brings a slight increase in weight, while in the case of Altair Inspire, 

there is a slight decrease of weight. For methods that require manual remodelling (Pol-

yNURBS and remodelling), there was an increase of weight in both cases. From 
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experience, this phenomenon always occurs, but it is influenced by the skills and expe-

rience of the designer. 

 

Fig. 15. Weight comparison 

For all these analyses, the same values for individual commands were set as far as 

possible. The same element size value has been defined both in the creation of the finite 

elements network and in the smoothing process. The data prove that in Altair Inspire, 

the number of elements and nodes is adjusted in the background before topological 

optimization starts. At this point, it should also be noted that the results will be very 

individual depending on the examined geometry and abilities of the designer. 

6 Conclusion 

The article presents a study on the influence of post-processing methods on the re-

sulting sample weight. In this case, it was found that the “smooth“ function endured the 

slightest change in weight. On the contrary, Altair Inspire decreases the weight. Ansys 

slightly increases the weight. Methods requiring designer modeling, on the other hand, 

cause weight gain in most cases, but the results will be very individual on a case-by-

case basis. Remodelling in Ansys feels more user-friendly than on Altair Inspire. By 

contrast, its advantage is the possibility of creating bionic structures, leading to inter-

esting design outcomes. It is also more suitable for 3D printing. 
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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