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Abstract

Additive technologies have given us a new approach to designing because we can create very complex shapes that cannot
be achieved with conventional machining methods. Also, using additive technologies provides us with the possibility of
weight reduction while maintaining the rigidity of components or, as it is known, topological optimization. This article
focuses on the design optimization of a steel holder used for holding a 4 kg tube. Basic topological software is used for
the design optimization that allows us to achieve very quickly a view of the final shape of the component. This article
describes the steps from the basic design to the final shape of the holder which was printed by DMLS technology on an
EOS M290 printer.
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1. Introduction

Additive manufacturing, also known as 3D printing technology, is a technique that is used to build up components
(products) layer by layer from virtual models (created in CAD). This technology has seen unprecedented growth as a
manufacturing tool. Additive manufacturing can be used as a tool for reducing the weight of components, creating special
shapes of surfaces, and new shapes of inner structures such as cooling channels, lattice structures, etc. One of the methods
used in additive manufacturing is topological optimization, which serves to reduce weight while maintaining the
requirements which are placed on the products. This means we can build products with lower weights with the same
properties as the solid parts. It leads to shortening the build time, minimizing the material used for printing and also
cutting the cost of the products. It has found applications in many sectors such as the aircraft, aerospace and automotive
industries. It is also a great tool for academic research. [1], [2], [3]

One of the most widely used methods for weight reduction while maintaining stiffness or even improving stiffness
in additive manufacturing is topology optimization. It is used to find the optimum way for omitting the largest amount
of material while maintaining the stiffness of components. To do this it is necessary to know the basic design of the
components, constraints, loads and boundary conditions, as seen in Fig. 1., which shows the basic use of topology
optimization on a beam with a prescribed volume constraint which is loaded by a force. [4], [5], [6]
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Fig. 1. The typical use of topology optimization [7]

Today's world allows us to use a lot of software to conduct topology optimization on products. This software can be
very complex, but it achieves very accurate results which match real values. However, each simulation is very difficult
to prepare, both in terms of knowledge and time. Fortunately, there is software on the market that is very simple, and the
results are sufficient for a lot of basic changes in the design of products. Their use is very simple and intuitive, and the
required result can be achieved in a moment. The main aim of this work is to show how it be possible to use software
Inspire for topology optimization on the selected part, which will be manufactured by 3D metal printing technology. Also,
the intention of this article is to verify how much difficulty and useable is using this software for 3D printing parts.[8]

2. Specification of the printed part

The task assignment was very simple. It was necessary to optimize the design of a component which has a solid
construction with maximum use of topology optimization software and thereby create a new design which is able to hold
a force of 40N with a centre of action 50 mm from an aluminium X profile to which the component is attached so that
there will be no deformation of the component by bending. An M10 screw and nut is used for the connection between the
component and the aluminium X profile. A sketch with the load and the component in the default state is shown in Fig. 2.
(left).

50

Fig. 2. Specification and parameters of the experiment

3. Topology optimization of the part

The first step is to specify all the loads and connection of the component. Also, it is necessary to define which parts
of the component can be changed by topology optimization. This step is shown in Fig. 2. On the left is shown the location
of the 40N force, then on the right the definition of the rebuilt parts of the component (brown), and aluminium X profile
(blue). This all thing is necessary to set up in the program and it was necessary to select how much is possible to remove
the material from the removable structure (brown). This setting will affect the overall stiffness of the part; therefore, it
was necessary to select the right value. Fig 3 shows the result, where the brown part of the component is changed to the
lighter version, where the best way for this load was using "sticks". These "sticks" are not applicable in this state.
Therefore, it was necessary to edit each "stick" and make some inner edits so that the component is as light as possible.
The inner relief was designed so that it can be printed without any support structures and there are holes in the bottom of
the component for dumping the powder. The correct positioning and rotation of the component during the print process
is related to this. The final shape of the prepared component for printing is shown in Fig. 3. on the right.
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Fig. 3. Evolution of component from ‘sticks’ to final shape

After these steps, it was necessary to conduct a strength analysis using the finite element method to check if the
component withstands the load and does not bend more than the allowed value. This was necessary to verify if the new
shape of the component was created well. The maximum allowed bending value is 0.1 mm. The result of FEM analysis
is shown in Fig. 4. The result of FEM analysis is shown in Fig. 4. The value of bending is 6.953x10-% which is smaller
than the allowed value. So, the size of the bend was evaluated as negligible. Therefore, it was possible to prepare the data
for printing.

Max Displacement:
F 6.953e-003 mm

/
/

A Min Displacement: 1.252¢-005 mm

Fig. 4. FEM analysis
4. Preparing the part for printing

The first step of preparing the part for printing is to design the best way to print the part with the inner structure. The
positioning of the part plays a big role in printing. Therefore, it is necessary to know which parts of the component are
functional and which are only for construction. Also, it necessary to know if the components have an inner structure or
are solid, and many more things. The positioning of the parts also affects how many support structures will be needed,
how long the print will take, how difficult the post-processing will be (removal of support structures), etc.

From the previous steps, we know the component has a hollow inner structure, which was created so that it would not
need support structures inside the part when the correct position is selected. Therefore, it was necessary to place the
component in the Z axis as shown in Fig. 5.

The next step was to create the support structure which guarantees the connection between the part and the build
platform. Also, support structures were created which secure the holding surfaces which have angles less than 44°.
However, this leads to some supports being very long and thin, because the supported surfaces are very far from the build
platform. The lower supports were reinforced by cones because these support structures could have been destroyed by the
ceramic blade of the recoater. The higher supports were connected to the parts, because they were very long and thin
when they were connected to the build platform. The support structures are shown in Fig. 5. The part was then printed on
the EOS M290 of material MS1. The print was done with standard parameters of the process with a ceramic recoater
blade. After successful printing, we can say that the positioning of the part and its supports were designed well.
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(a)

Fig. 5. Support structure: all supports (a), cone supports (b)

5. Conclusion

This article describes the rapid topological optimization of a component that serves as a rod holder and is attached to
a wall as an embedded beam. First, the basic theory of topological optimization was briefly described and applied to a
component. Subsequently, we described how topological optimization works and what is needed to know and do it. A
component was also described which was selected for basic topological optimization of its shape. Another part of the
work has already dealt directly with the application of topological optimization to selected components. At the same time,
the steps taken to optimize the component were described. The last part of the work deals with preparing the data for
printing a topologically optimized component and the steps required to guarantee the successful printing of this
component. There was also an explanation of why support structures had to be reinforced. The component was printed
using the DMLS method on an EOS M290 3D printer to verify its functionality. Also, we can say the software is very
fast and easy to use for setting and make a good topology optimization of the part.

This topological optimization of parts serves as an input experiment for future research on this issue. In the future, it
is expected that there will be an expansion of the knowledge database and software used for faster and more demanding
topological optimizations because this step is only tested at one the part.
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