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Abstract

This manuscript aims to familiarise readers with the development of a device for the construction of a
mobile disinfection chamber for small communication devices and small objects. The conceptual de-
sign and the material of the new device play essential roles in the design process of a new device. The
manuscript presents concepts based primarily on previous experience and different perspectives. The
concept design is created in the 3D modelling program CREO Parametric 8.0. A multi-criteria team
evaluation determined the most suitable version of the idea. For dimensioning and shape adaptation of
the device was used EinScan SP device (3D scanning method). The article's aim was also to establish
a suitable way of producing a prototype using tribological research in available production methods
and materials within rapid prototyping. Using the ALICONA Infinite Focus G5 device, experimentally
investigated the parameters characterising the surface of the parts. The end of the manuscript focused
on the mechanical structure and subjecting them to FEM analysis in the program ANSYS Workbench.
The design of the concept disinfection device was also for extreme cases of use. Within this issue was
optimising shapes, wall thicknesses, reinforcement design and other necessary modifications using the
FEM analysis. From the results, the most suitable material to produce a more significant number of
parts may not be the most suitable material to create prototype devices. Tools such as 3D scanning,
rapid prototyping, and FEM analysis can "significantly" help reduce mistakes before testing the de-
vice.

DOI: 10.30657/pea.2023.29.24

1. Introduction

These factors can fundamentally impact a person's health and
mental and physical well-being. (Ooster-hoff and Palmet,

Modern technologies such as 3D printing and 3D scanning
of objects bring a new perspective to the production sphere.
These tools significantly speed up the prototyping process. At
the same time, new knowledge in the given industries makes
it possible to simplify the prototyping process even more. The
last two years have shown the fragility of people's health.
Achieving health protection is possible in different ways. One
of the most effective methods is to keep the environment
around us free of harmful germs, clean drinking water, and
disinfect surfaces (National Environment Agency, 2021).

@ @ © 2023 Author(s). This is an open access article licensed
~ under the Creative Commons Attribution (CC BY)

License (https://creativecommons.org/licenses/by/ 4.0/).

2020) Various bacteria, viruses or fungi pose a threat to each
of us. We often encounter such micro-organisms in everyday
life when we meet several people, for example, at work, res-
taurants, shops, schools, museums, public transport, bars, etc.
Recent years (especially from 2020) have shown that humans
are vulnerable to new pathogens. (Chen et al., 2020; Baloch et
al., 2020; Wu et al., 2020) One of the diseases that signifi-
cantly affected our lives was the infectious SARS-CoV-2 vi-
rus (COVID-19), the spread of which the entire world op-
posed. (European Council, 2022) According to Morawska and
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Cao (2020) and Lewis (2020), the infection can be e. g. like,
COVID-19, even by individuals without symptoms.

The main recommendations for preventing infection are fre-
quent ventilation, air disinfection, and minimization of con-
tact. (Morawska and Cao, 2020) According to the Centres for
Disease Control and Prevention (CDC), it is possible to use
the so-called pyramid of hierarchy, where among the most ef-
fective ways to protect a person is to eliminate the danger of
infection and the spread of pathogens. (CDC, 2015), Of
course, the human ability to resist pathogens cannot be forgot-
ten. The defence of the body can be supported by a sufficient
level of vitamin D (Nourazzaran et al., 2022; Groth, 2020), a
healthy diet (FAO et al., 2020), and sufficient sleep and rest
(Luyster et al., 2012).

One of the most effective ways to protect people against
pathogens is the disinfection of surfaces, air, hands, parts of
objects, and the environment. Disinfection can occur in vari-
ous ways. (CDC, 2021; Buktaha et al., 2022) Disinfection us-
ing ultraviolet (UV) radiation is coming to the fore, specifi-
cally UV-C. Philips (2022) company has been developing this
technology and its application to various devices that facilitate
daily life for a long time. UV-C alone can disinfect surfaces
by up to 99,9% in the case of COVID-19, with a short expo-
sure time. (Ma et al., 2021; Kitagawa et al., 2021) Different
sources of UV-C radiation (Light-emitting diode- LED, ex-
cimer lamps, tubes...) at different wavelengths (200-280nm)
are used for the disinfection process. (Ruschel et al., 2020)
(Sharma et al., 2021) According to Bergman (2021), Krypton
chloride gas (KrCI*) discharge lamps are one of the most ap-
propriate sources of UV-C because they emit a wavelength
(222 nm) that does not harm human cells, the so-called "UV-
C light lamp™. LEDs that emit light ranging from 254 to 280
nm are promising for measuring dimensions and weight. Di-
odes are not very efficient (4-5%) and are still being devel-
oped. (Hsu et al., 2021) When creating and designing concepts
for new devices, it is essential to identify the needs and the
way electro-optical, mechanical, and thermal components
work together (Sharma et al., 2021; JAG, 2020).

The main of this article theme is the design a device that,
with its mobility and functionality, would help mitigate the ef-
fects of the spread of various types of pathogens in the human
population. By using this device, pathogens would be de-
stroyed in the buds on small objects of daily use. Items include
small communication devices (mobile phones), wallets, keys,
remote controls, watches, and others. The device's compact-
ness should be combined with a simple and intuitive disassem-
bly. Low weight is essential for the device's mobility and di-
rectly impacts the user and his decision to take such a device
with him for everyday use. Combining these features makes it
possible to create a concept that can be successful. There is a
fast way to move from the idea to an actual mechanical proto-
type. Components (proto-types) can be produced using con-
ventional (CNC milling, turning, casting, injection, etc.) and
unconventional methods (rapid prototyping, laser machining,
water jet machining, electro-erosive machining, and many
other ways). (StudentLesson, 2022) It largely depends on the
material required from which the prototype will be made. This
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idea was based on the production and economic complexity of
the new prototype (Gibson et al., 2014).

The concept of the device should be as compact as possible
with low weight. The additive manufacturing method is ideal
for producing a prototype and verifying the functionality of a
printed-out component. The product made using this method
is a preliminary mechanical version. It is necessary to empha-
size the essential characteristics of these products. (Wiberg et
al., 2021; Obi et al., 2022) Concept designers can verify the
design's suitability and the operation principle and provide the
resulting product specifications. (engineeringproductdesign,
2022)

The variety of manufacturing methods using additive 3D
printing is incredible and opens many opportunities for its use.
The history of this production method dates to the 80s and 90s.
The most significant expansion occurred at the turn of the mil-
lennium, especially in the USA. (Ouajjani, 2018) The efforts
of the European Space Agency (ESA) in the project Additive
Manufacturing Aiming Towards Zero Waste & Efficient Pro-
duction of High-Tech Metal Products (AMAZE) come to peo-
ple's attention. (ESA, 2013) Precisely because of the effi-
ciency and printing of shapes that are often difficult to
produce, producing parts using additive technology is the ideal
way of making prototype parts. (Khorasani et al., 2022)

The proposed device should be used to disinfect small items
for daily use. For the size optimization of the device, the 3D
scanning method was used in other parts of the article. Specif-
ically, it involves the use of the multifunctional scanner
EINSCAN SP. (SHINING 3D, 2022) By comparing, scan-
ning, and inserting objects into the device, new suggestions
for shaping can be made (see Chapter 3.1). Using a 3D scan
can change the device and optimize it to the required shape —
size. Using the Final element method (FEM), it is possible to
perform arrival analyses at critical points to preserve the de-
vice's functionality (see Chapter 4).

Additive manufacturing can use different methods and in-
novative, light, and intelligent materials (4D printing). (Gib-
son et al., 2014; Mohol and Sharma, 2021; Furka et al., 2021)
A suitable method of making the prototype was selected by
comparing three prints from different printers. The printers
reached in Section 3.2 are Sinterit LISA (Sinterit, 2022), EOS
FORMIGA P100 (EOS, 2007), and HP JET Fusion 4200 (HP,
2022). Subsequently, the samples were subjected to optical
micro coordinate measurement and measurement of surface
properties using the ALICONA Infinite-Focus G5 device.
(ALICONA, 2022) The evaluation of the samples considers
the surface in terms of functionality, execution, and rough-
ness. The results of this research should provide a conceptual
design with an actual model prototype of a mobile device for
disinfecting small objects.

2. Proposal of solution Variants

In the introduction, several features which should character-
ize the concept of the newly designed device were described.
Similar devices based on a similar principle of UV-C radiation
(Philips UV-C, 2022) are, e. g. from the Philips company with
a volume of 10 litres (288.2 mm x 288.2 mm x 285.1 mm)
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(Philips Box, 2022) and a Mini box of compact dimensions
(234mm x 150mm x 127mm). (Philips Mini box, 2022) These
devices are of a high level of processing. It is necessary to ori-
ent the new device concept towards simple collapsibility and
intuitive assembly to increase mobility. These properties must
be combined with low weight. The ratio of the economic com-
plexity of the structure linked to the body of the device cannot
be neglected. The intuitiveness of the use and control of the
device should be high. UV-C radiation from the device must
not be in direct contact with the skin (completely covered).
The main requirements of the construction are summarized in
Table 1.

Table 1. Requirements for a new facility concept

New device characteristics

a) Disinfection with UV-C radiation Must be
b) Biocompatibility Must be
¢) High degree of mobility Wish
d) High security Must be
e) Intuitive control Must be
f) The most diminutive dimensions Wish
g) Price Availability Wish
h) Low operating costs Must be
i) A small number of components Wish
J) Resistance to external influences Wish

The following Section describes the design solutions for a
given problem. Each of the presented concepts is an approxi-
mate design solution. The visualization of the variants has
been created in the software CREO 8.0.

2.1. ""Pull-out box" concept

Concept number 1 is based on the principle of inserting one
part into another, creating a telescopic extension mechanism.
In Figure 1, it is possible to see the concept in an exploded
state.

Fig. 1. The concept of "Pull-out box" in the open state

Within the framework of the presented structure, it is possi-
ble to increase the device's disinfection space by two to three
times compared with the original state. In this construction is
a problem with locking mechanisms. The upward extension is
opposed by the force of gravity, which pulls all telescopic
links of the device downwards. The widget needs the guidance
of individual cells in an up-down direction. With this variant,
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there is a problem with the solution of illuminating objects us-
ing UV-C radiation owing to the layout and extension mecha-
nism. According to this concept, UV-C light sources can only
be placed in the lower part of the device. Radiation only in the
lower part can negatively affect the rate of disinfection of ob-
jects placed in the device and the length of stay.

2.2. ""Matchbox™ concept

The "matchbox™ concept is a possible way to approach the
request for a new device concept (see Figure 2). One of the
most significant advantages is the ease of use. After the central
part is extended and the device is opened, objects can be in-
serted. This concept can only be used in an unfolded state
compared to the previous variant. The solution of the opening
mechanism and hinges allows the device to be opened on a
larger scale, directly impacting the insertion and removal of
the device. Securing the opening mechanism can be e. g. using
mechanics (locking pin) or a glued magnet. The placement of
UV-C radiation sources was only possible in the central region
(blue part). Therefore, the length of exposure of specific ob-
jects to radiation must be considered based on the dimensions
and placement of a device.

Fig. 2. The concept of "Matchbox" in the open state

2.3. ""Folding box" concept

The third concept is based primarily on the idea of the col-
lapsibility and assembly of the device. Reducing the device to
the smallest possible size brings a great benefit. By increasing
compliance and reducing weight, increased device portability
and mobility can be achieved. By using folding sides on the
sides and one folding side on both fronts of the device, the
necessary assembly and intuitive use of the device can be
achieved (see Figure 3).

Fig. 3. The concept of "Folding box" in the open state
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The opening uses an upper pair of doors through which the
user enters the internal storage space. Locking in folded and
unfolded positions can be done using magnets. As described
in the introduction, an advantage of this concept is its com-
pactness combined with its low weight and mobility. The dis-
advantage of this concept is the inability to use the device in
a folded state. The space in the lower part of the device is for
the power supply.

2.4. Evaluation of concepts

For arelatively impartial evaluation and selection of the best
variant to produce the prototype within the college of re-
searchers, concepts were presented, and the evaluation partic-
ipants performed the so-called multi criteria evaluation. The
participants (authors) assigned values from 1 to 5 for each var-
iant. The highest values indicated the best assessment for the
criterion's weight and for assessing a specific variant's abili-
ties. The individual requirements were averaged using the cri-
teria weight (from 1 to 10) in the given assessment. The results
are summarized in Table 2.

Table 2. Evaluation of variants

Comparison of variants

Characteristics Weight VAR1 VAR2 VARS3
Consistency 8 3 3 5
UV-C effect 7 2 3 3

Usability 6 3 3 4
Weight 8 2 3 4
Constr. complexity 7 4 3 3
Economic difficulty 6 3 3 3
Biolog. interaction 5 3 3 3
Sum 19 21 25

It follows from the multi-criteria evaluation that the evalua-
tion of variant 3 surpassed that of other variants and will be
optimized for specific use in subsequent steps. The complexity
of the construction can be understood as an effort to minimize
the number of individual parts. The mentioned condition can
only be fulfilled to a certain "reasonable™ extent owing to the
collapsibility of the device.

Another essential component is the solution for the power
supply, control, and distribution of the electrical module,
which should closely cooperate with the structural part.
(Tropp et al., 2017) The resulting device prototype may not
meet all relevant requirements if this element is not well com-
bined. As part of the creation of the prototype, it is necessary
to apply comments from electricians and prepare the structure
for the given requirements. For the initial prototype and test-
ing of the device, LEDs powered by a simple source are con-
sidered. A more complex device design (different functions of
the control module, various supply voltages for the LEDs) will
need to be combined with creating the printed circuit board
(PCB).
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3. Shape optimisation of the concept and produc-
tion method

The first part of the optimization process involves measur-
ing, scanning, and applying the scanned objects to a specific
device model (Chapter 3.1). After 3D scanning and deter-min-
ing the maximum dimensions of the disinfected objects and
the box itself, it is necessary to define production technology.
Chapter 3.2 deals with rapid prototyping. Based on an assess-
ment of suitability for use, properties, and costs, a variant of
the prototype production method was selected.

3.1. Scans of objects (3D scanning)

Scanning objects in space and their subsequent digitization
provides designers with a powerful tool in the design process.
Creating a digital form of a specific thing offers the possibility
of digitizing things, such as daily needs. By digitizing objects,
it is possible to obtain an idea of space requirements. These
findings are essential for optimizing the shapes and dimen-
sions of the prototype.

Object scanning was performed using the EinScan SP scan-
ner. The device's performance was sufficient for scanning
small objects (minimum object size 30 mm x 30 mm x 30
mm), with an accuracy of 0.05 mm. Scanning on the given
device is possible with one click by placing the object to be
scanned on a rotating stand, with a maximum stand load of
5kg (see Figure 4). (SHINING 3D, 2022)

Fig. 4. Scanner EinScan SP

Examples of 3D scans include a pen case with maximum
dimensions of 130 mm x 50 mm x 20 mm. For the mobile
phones, the full size was intended to be 150x76x15mm space.
From this point of view, objective forms of objects are essen-
tial when optimizing and designing the device's interior for
better imagination, visualization, and measurements. Scan-
ning imperfections are caused by the reflection of surfaces
from the beams of the scanner. Using the chalk spray elimi-
nated a large part of the deficiencies. It can be seen in Figure
5 that the size of the chamber fit is adequate, with sufficient
margins. The inner chamber of the device is formed witha 170
mm x 94 mm x 50 mm space. The outer part measure 190 mm
x 110 mm x 86 mm when unfolded. The given dimensions in-
clude many different small objects. Daily use from keys, mi-
nor and medium-sized mabile phones, stationery, pen cases,
wallets, and many others.
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Fig. 5. Scanned mobile phone in UV-C disinfection box

3.2. Production methods of additive manufacturing

Current production technologies have shifted from conven-
tional methods to modern and low-cost strategies. One of the
most proclaimed methods that have come to the fore and have
a primary position is the 3D printing of plastics, metals, car-
bon fibres, etc. Producing prototypes for the user is not com-
plicated, and it is enough to have a 3D model. (Kohar et al.,
2019) To create device prototypes, are available devices:

e Sinterit LISA
e EOS Formiga P100
e HP JET Fusion 4200

Two printers (LISA, EOS) are located within the University
of Zilina, and one is in the friendly company of the University
(HP). The first two printers operate using SLS (selective laser
sintering) technology. The third printer (printing centre)
works on the Multi-Jet Fusion (MJF) principle. By comparing
these technologies precisely, the properties of the prints, se-
lecting the type of technology and material that could be used
was necessary. Printers use different types of plastics, such as
PP, PA12, and PAll, or a combination of materials.
(Mehrpouya et al., 2022) Before comparing printers, it is es-
sential to note that each manufacturer provides its semi-fin-
ished powder for production. Therefore, devices that could
give the prints similar characteristics were selected for com-
parison.

One of the first possible variants of the production of the
prototype was using a SINTERIT LISA printer. This technol-
ogy uses a laser as a heat source and selectively melts the pow-
der on the individual layers. The laser focuses on the points in
the given cross-sectional layer, as defined by the 3D model.
The great advantage of this method is that the manufactured

Table 3. Comparison of properties of printed materials

parts do not require supports that support protruding or iso-
lated areas and layers. (Gibson et al., 2014; Gan et al., 2020)
Due to its size (620 mm x 400 mm x 660 mm), compactness,
and economic availability, the SINTERIT LISA device be-
longs to devices for small businesses. The maximum free vol-
ume for printing had dimensions of 110 mm x 160 mm x 130
mm. The full power of the laser used for the sintering was 5
W. The thickness of the printed layer is from 0.075-0.175 mm
at a printing speed of 3mm/h (Sinterit, 2022).

Another available option for prototype printing is the EOS
FORMIGA P100 printer, which uses the same method as the
previous printer (SLS). Compared with the last printer, it is
several times larger in size. The device is 1320 mm x 1067
mm X 2204 mm with an available print volume of 200 mm
x250 mm x 330 mm. The laser power was more significant,
up to 30 W. Depending on the material, the typical thickness
of one layer is usually 0.1 mm. The size of the device and the
print volume indicate the possibility of producing a small se-
ries of parts. Production is economically less demanding than
in previous printers. The minimum thickness of the printed
wall is 0,4 mm at a printing speed (depending on the material)
of approximately 24 mm/h (EQOS, 2007).

In 2016, came on the market technology from the HP com-
pany called MJF (Multi Jet Fusion). It stands out for its rela-
tive youth compared with competing and older technologies.
Compared to these methods, a method of operation uses pow-
der material in fusion with printing agents and heat applica-
tions. Initially, the space for applying the powder was heated
evenly. After the powder was heated, it was selectively used.
A detailed agent is used around the perimeter of the outer con-
tours. As the lamps passed over the used powder, the sprayed
material trapped the heat and distributed it evenly. The process
of creating one layer of components occurred. (materialise,
2022) After the process is completed, the magazine is removed
(the printing speed of the entire magazine is 10,5 hours) with
the printed part/s and the remaining powder. Finally, the parts
were brushed, and the remaining material was vacuumed into
the hopper for further printing. (Sculpteo, 2021) The whole
system provides high productivity. (HP, 2022) Based on the
summary of the available printing methods, Table 3 was pre-
pared. The table summarises all essential properties of the ma-
terials from which the prototype can be fabricated (in the hard-
ened state).

Properties Types of printers and materials
Printer Sinterit LISA EOS FORMIGA P100 HP JET Fusion 4200
Material PA 12 Smooth PA 2200 PA 12 (MJF)
Characteristics Norm Value Norm Values Norm Value
Granule size 18-90 um 1SO 13320-11 56 um ASTM D3418 60 um
Density EN ISO 845:2010 1g/cm?3 EOS method  0.93g/cm®  ASTM D792 1.01g/cm?®
Tensile strength EN 1SO 37:2007 41MPa EN 1SO 527 48 MPa ASTM D638 48 MPa
Elongation at break 1SO 37:2007 13% EN ISO 527 24% ASTM D638  X-20%; Y- 15%
Shore D — hardness EN 1SO 845:2010 74 ASTM D2240 75 ASTM D2240 80
Charpy — Impact strength Internal proced. 15-20 kJ/m? ENISO179 32.8kJm? ENISO 179-1 35 kJ/m?
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As part of the investigation of printed parts, older prints
from printers (SINTERIT, EOS, and HP) were subjected to
surface analysis. The printed components were fabricated in
the current printer settings. Samples of prints from these print-
ers were subjected to microstructure observation under a mi-
croscope at 10x magnification using an Olympus SZX 16 Mi-
croscope. The macrostructures of the given surfaces were
examined while observing the prints. Through sighting, it was
found that the SINTERIT LISA printer provided a solid sur-
face that was pleasant to touch. Surface structures were evi-
dent in the remaining two printers. The printer from the EOS
used a white material in 3D printing, which was rougher with
a visible structure even after sandblasting. When printed by
the MJF method, the details of the surface structure were not
visible, but the material was more integral from a macrostruc-
tural point of view than the product of the EOS printer.

The output from the Sinterit LISA printer is the material
(Polyamide PA 12 Smooth), as shown in Figure 6. The picture
shows the structure at 10x magnification, together with the so-
called "layering" individual layers on the printed part. The dis-
advantage of this technology is the microscopic porosity,
which is visible in the form of small "bright" (white) places.

Fig. 6. A printout from the Sinterit LISA printer under a microscope
(10x magnification)

The second was a printout from the EOS FORMIGA P100
printer and white Polyamide PA 2200. The structure is shown
in Figure 7 at a 10x magnification. Observation of the given
sample from a practical point of view showed a light-coloured
surface structure with different pigments. At the same time, as
with the previously observed sample, it shows "bright" (white)
places, which indicates a non-continuous surface with holes.

N

Fig. 7. A printout from the EOS FORMIGA P100 printer under
a microscope (10x magnification)
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The objects printed on the HP JET Fusion 4200 printer were
of high quality and high processing. It is impossible to observe
material defects with the naked eye. The rigid and flexible
construction of a print made of Polyamide PA12 material pro-
vides users with a product with almost isotropic properties
throughout the body. Figure 8 shows a detail of the structure
of the 3D print-out at 10x magnification.

Fig. 8. A printout from the HP printer under a microscope (10x
magnification)

3.3. Topography survey of prints

To examine the microstructure, too used the ALICONA In-
finite Focus G5 (see Figure 9). This device is a highly accurate
and flexible 3D measurement system. It provided the user with
an output with an accuracy of up to 10 nm. The advantage of
this device is its ability to isolate noise and vibrations, which
can negatively affect the measured results. Simultaneously,
the device provides a comprehensive view of the topography
of the investigated object using various roughness parameters.
(ALICONA, 2022)

As designers of the equipment, we were interested in the
surface properties of the individual examined prints, in addi-
tion to the mechanical properties. Uneven surfaces can nega-
tively affect the degree of disinfection and duration of UV-C
radiation. In addition to affecting the strength, the fragmenta-
tion of structure surfaces also affects the number of captured
bacteria. Inserting a small object can cause the transfer of bac-
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Fig. 9. 3D measuring system ALICONA Infinite Focus G5

Figures 10, 11, and 12 show the prints' primary surfaces at
100x magnification. The extraction of the primary surface was
performed using IF-Sensor C100 G1 optics. The white spots
in the pictures indicate either material errors or reflected light
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rays. This phenomenon was most noticeable in the second
sample from the EOS FORMIGA P100 printer.

Fig. 12. A view of the primary product surface of the HP Jet Fusion
4200 printer

From the images of the microstructure of the primary sur-
face, it can be observed that the third print (Multi Jet Fusion)
has the most readable texture (layering). Figure 12 shows are
visible the applied powder layers comprising the given com-
ponent. An important finding is that the deviations of the pri-
mary surface for sample 3 (HP printer) reached the smallest
range. Subsequently, the samples were evaluated for 2D
roughness. During the investigation, 50 roughness profiles
with a length of 1 cm were extracted (see Figure 13, Figure
15, and Figure 17). The graphic course shows the worst pa-
rameters in surface functionality (See Figure 14, Figure 16,
and Figure 18).

Fig. 11. View of the primary product surface of the EOS Formiga
P100 printer

Fig. 13. 2D roughness measurement, selection of the worst surface sample (SINTERIT LISA printer)

15 3 25 3 s ] G H E5 [ B3 7 7S [] 85 § o5 ] ns 1 friy ]

Path length -|

Fig. 14. 2D Roughness on a measured sample from the SINTERIT LISA printer

Fig. 15. 2D roughness measurement, selection of the worst surface sample (EOS Formiga P100 printer)

207 ARCHIWUM INZYNIERII PRODUKCJI



JAN GALIK ET AL. / PRODUCTION ENGINEERING ARCHIVES 2023, 29(2), 201-215

Depth-z

A e

a5 [ 55 [

J

S0

&5

7

Path length -1

Fig. 16. Roughness on a measured sample from the EOS Formiga P100
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Fig. 18. Roughness on a measured sample from the HP MJF 4200

Based on the presented curves, it can be concluded that the
largest amplitude (marked in red) was achieved with the third
sample from HP Jet Fusion 4200 (see Figure 18). More details
regarding the topography of the test samples or their 3D
roughness are shown in Figures 19, 20, and 21. To evaluate
the surface topography was set the nesting index to 8um by
applying a Gaussian filter. The colour scale indicates the
printed material's increased roughness or defective state.

In Figure 19, it is possible to see how a layer showing signs
of increased roughness was carried throughout the entire part.
This layer may have resulted from a non-continuous event,
sufficient micro-movement, or a slight bang on the table, and
this minor defect in the printed part was caused. The more sig-
nificant section of the 3D printed-out is the same in the picture
or a very similar colour. The colour scale indicates a low value
of the mean arithmetic deviation of the Ra profile, which is
only 7.6567um (see Table 4).

The continuity and better stability of the surface, although
the EOS Formiga P100 printer provided higher roughness
(Ra=9.1857) (see Figures 16 and 20). In this print, the surface
roughness deviation amplitude did not often reach extreme
values in the roughness values. However, the continuity of the
surface was disturbed by imperfections in the connections of
the individual layers. The local maxima were higher than
when printed by the first 3D printer (Synterit LISA).

The differences in the printing are shown on the printed part.
The roughness amplitude in Figure 18 reached the value of the
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mean arithmetic deviation of the profile up to Ra=21.02 (see
Table 4). The graph indicates that the part with measured char-
acteristic values resembles an unprocessed semi-finished
product. At first glance, the visibility of the layers may appear
to be a significant problem in the given issue during prototype
creation. However, the high flexibility and the best mechani-
cal properties of products from this printer stand out.

Fig. 19. 3D roughness of the print of the SINTERIT LISA printer
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Fig. 21. 3D roughness of the print of the HP MJF 4200

The ratio of the roughness coefficient values Rv/Rz (depth
of most considerable profile depression/most significant pro-
file height) is often used to characterize the surface properties.
If the value of this coefficient approaches number one, depres-
sions prevail on the surface. This fact may result in a cyclic
stress fracture. The presence of pits and holes can indicate lo-
cations where bacteria can linger. The ratios of these two val-
ues are listed in Table 4. The smallest value of the pk-pk am-
plitude occurred when the EOS printer was printed. The value
of the coefficient of asymmetry of the profile RSK is the au-
thoritative quantity for determining whether protrusions (pos-
itive values) or holes/indentations (negative values) predomi-
nate. From this point of view, all RSK values are positive;
protrusions are predominant. The wave protrusions were most
noticeable in the sample from the EOS Formiga P100 printer
(see Table 1V). The smallest RSK coefficient was by the LISA
printer.

Table 4. Roughness values of printed parts

Printer  Ra[pm] Rv[um] Rz [um] Rsk Rv/Rz
LISA 7.657 32.195 59.422  0.9596 0.542
EOS 9.186 28.714 66.363  1.4307 0.433

HP 21.204 81.993  157.094 1.2455 0.522
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3.4. Evaluating of available prototyping methods

The given technology complies with the specified require-
ments of the properties of the prototype. The best properties
of the print, such as tensile strength, elongation at break, hard-
ness, impact resistance and processing quality, were obtained
from the HP (MJF) printer. When comparing printing devices,
the printing speed of MJF is high, which is closely related to
increased productivity. With SINTERIT LISA, one can not
speak of high productivity because of the time required to print
objects.

The partner company's HP JET Fusion 4200 3D printer is
currently busy with work still. There is a question of economic
difficulty in manufacturing the model. From the point of view
of the price and availability of the device, production on the
HP JET Fusion 4200 printer is more economically demanding
than that on the Sinterit LISA and EOS Formiga P100 printers.
With this consideration, the question arises of creating a pro-
totype quickly at an acceptable cost.

From the point of view of the length of the printing time,
powder production costs, and equipment workload, the EOS
Formiga P100 printer is more suitable for the initial design.
The topography of the surface, delivery time, and cost favour
the EOS Formiga P100 printer. A qualitative examination of
the structure surfaces showed insufficient processing of the
prints (protrusions prevailed and higher roughness). However,
this printer achieved the lowest number regarding the Rv/Rz
ratio.

4. FEM analysis and optimization of the key
points of the construction

In this case, they can be used the analysis FEM to under-
stand better and visualise how the device can behave under
load. This manuscript uses used software ANSYS Workbench
for this purpose.

When determining the load of our structure, it is necessary
to predict the situation that the device can enter. Considering
that the emphasis is also on the mobility of the device is as-
sumed that the construction of the disinfection device can be
submitted to various external loads. The device can be submit-
ted to pressure in a bag (luggage), force during unfolding/fold-
ing, or accidental falls/impacts/loads. In load cases, it is essen-
tial to determine the critical components of the structure. The
main task of these crucial components is to transfer the load
and hold the system together. Therefore, a more detailed ex-
amination of them is necessary.

4.1. Load in the bag

In the case of the disinfection chamber, the elements that
make up the folding mechanism are the key components (top
cover, bottom cover, pins). Transferring the device can be a
point of contention, that is, if the device is in a folded state and
forces are acting on it (e.g. inabag). Itis essential to determine
how the forces can act and how big the forces can act. The
device would be by transporting the upper and lower covers
loaded from the sides. Figure 22 shows a visible section of the
device with an indication of the action of forces.
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Fig. 22. Disinfection device in section with action forces

With this consideration, there was a need to add reinforce-
ments to the lower part of the device (red ellipses in figure 22).
The braces should be positioned where the control and battery
module are. The main task of the reinforcements would be the
mechanical protection of the mentioned modules. From the
point of view of determining the critical parts, the just-men-
tioned upper and lower covers are crucial. The deflection of
components under load could disrupt the functionality of the
entire device. Since the emphasis is on mobility, the actual
procedure of storing it in the bag should also be described in
the device's user manual. Always transport in a folded state
and with the shorter edge in a horizontal position, as in figure
22

For the ordinary load of the bag, it should be noted that the
weight of the regular school bag should not exceed 10% of the
wearer's weight (Leong, 2021). A study about the current mass
of schoolchildren's backpacks (7-9 years old) detected that the
weight of one bag is from 4.7kg to 9 kg. (Brzgk et al., 2017,
Oosterhoff and Palmet, 2020)

4.2. Material

The material properties are essential for performing FEM
analysis. (Caco et al., 2017) Most of the properties are men-
tioned in Section 3.2.4 in Table 3. The authors wanted to con-
duct a more in-depth survey of the existing data and articles to
summarize when creating the input data for the calculation.
The parameters are influenced by the following:

spacing during movement

speed of laser movement

thickness of a deposited layer, and

the interaction between the spacing during the laser move-

ment and the thickness of a layer. (Wegner and Witt,

2012)

Correlation between properties was sought by Hofland et al.
(2017). The authors concluded that the greater the energy act-
ing on the powder, the better the print properties were
achieved up to a certain point. The website material-datacenter
(2022) shows that several powders are produced (balanced,
performance, speed, top quality, and top speed). According to
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the manufacturer EQS, the density is 930 kg/m3. The value of
Young's modulus is between 1650-1700 MPa, and the tensile
strength is 48MPa. (material data center, 2022) (EOS, 2022)
(Shapeyways, 2021) Authors Faes et al. (2016) tested the
properties of PA 12 material when printing on an EOS P395
industrial device. Young's modulus describes the isotropic
properties of prints with 1632MPa and Poisson's number of
0,41. Stoia et al. (2019) performed tensile tests on different
sintering orientations. The samples failed the most at 12-16%
elongation at break and the maximum tensile strength of 33
MPa. Poisson's number raged from 0,39 - 0,42. Due to the ab-
sence of data in the ANSYS Workbench database, the authors
chose their material with the parameters listed in Table 5.

Table 5. Properties of material in ANSY'S Workbench

Material PA 2200
Properties Value Unit
Density 930 kg/cm?
Melting temperature 176 °C
Isotropic properties
Tensile modulus (Youn
o dulus)( 9 1650 MPa
Poisson's Ratio 0,41 -
Bulk modulus 3.0556 GPa
Shear modulus 585.11 MPa
Tensile ultimate strength 48 MPa

4.3. FEM Analysis

This chapter described the FEM analysis of a small disin-
fection chamber. The loads are simulated for the extreme case
of bag loads. The device is not in motion and therefore is cho-
sen for static analysis. In the study are linear relation holds
between applied forces and displacements. For static analysis,
inputs like the model, connections, meshing, and boundary
conditions are necessary. The model was uploaded from
CREOQ Parametric 8.0 to ANSY'S Workbench as an assembly
in step format. The critical holes and rounding were removed
from the 3D model to achieve more precise results. These con-
struction elements can act as stress concentrators and cannot
affect the results so vehemently.

Parts of the folding mechanism, which are folded in the in-
ner part, have been removed from the assembly model. The
influence of these parts on the analysis in terms of the strength
of the covers is minimal. But it is relevant to consider how a
collision with internal parts can occur and how they can be
affected. Since the device is stored in a bag, there is no need
for large movements of parts. The connections in the model
between plastic parts are BONDED. The contact connections
between the plastic parts and the pins are also treated with a
BONDED contact. The meshing is essential for the accuracy
of the results.

Rounding, chamfering, holes, and other complicated geom-
etry are reasons for using tetrahedron meshing. Because we
wanted to know what the fundamental behavior of the device
would be under load, it was necessary to leave some rounding
on the device parts. The exception in meshing is small steel
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pins that are meshed automatically (see Fig. 23). The pins
were divided into five parts.
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Fig. 23. The meshing of steel pin

The boundary conditions in this simulation are seated for the
extreme case of the force actions. In the model was created
two small surfaces (on the bottom and the top). These surfaces
will simulate areas on which the external and extreme loads
act. Dimensions of these areas are 20x20mm. The force acting
on the mentioned surfaces was chosen at the value 30N. The
magnitude of the force was derived from the weights of the
school bags. The A condition of fixed support was established
for the lower part of the device (see Fig. 24).

Standard Earth Gravity:
9806,6 mm/s?

. Fixed support
. Force:30N
. Force 2:30 N

Fig. 24. Boundary conditions

4.3.1. Bottom cover

The bottom cover of the device was reinforced with four
supports even before the actual analysis process. This change
had a significant impact on strengthening the entire bottom
surface of the device. It was necessary to make a section of the
part to evaluate the simulation and display the stress and de-
formation.

71.216
62.492
53.768
45.044
36.32
27.596
18.872
10.148
1.4244
0.000122

Fig. 25. Equivalent (von Mises) Stress (MPa) - Bottom cover

3.2637
2.8856
2.5076
2.1295
1.7515
1.3735
0.99542
0.61738
0.23934
0

Fig. 26. Deformation - Bottom cover (mm)

Figure 25 shows the Equivalent (von Mises) Stress in the
bottom cover of the section. Figure 26 shows the deformation
(mm) in the area of the part. The results were significantly af-
fected by the added support. The maximum stresses were
based on the supports, in values of up to 4 MPa (see Fig. 26).
The maximum deflection in the lower part ranged to 0.3 mm
(see Fig. 27).

4.3.2. Top cover

The top cover consists of two openable doors. Rounds and
various complex geometric elements have been removed from
the model to simplify. Critical in this element is bending the
center of the cover, which can affect the parts of the device
hidden under the surface (a folding mechanism). Damage to
the top of the body can lead to the destruction of the device.
From the top cover to other parts in the device is space
4.25mm.

Fig. 27. Equivalent (von Mises) Stress (MPa) — Top cover

3.2637
2.8856
2.5076

2.1295
1.7515
13735
0.99542
0.61738
0.23934
0

Fig. 28. Deformation (mm) - Top cover

The pins are essential to the device's structure and folding
mechanism. It is necessary to know how high the Equivalent
(von Mises) Stress on the pins is. The stress reflected an exer-
tion of the pin during the action of critical forces.
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71.216
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Fig. 29. Equivalent (von Mises) Stress in steel pin (MPa)

The analysis results provide insight into the behavior of the
top cover under the action of forces. The maximum equivalent
(von Mises) stress on the top of the body is about 10-11 MPa
(see Fig. 27). The maximal deformation in this place is about
3.3mm (see Fig. 28). One of the other essential points of the
structure and the scalding mechanism are the pins (see Fig. 29)
The maximum Equivalent (von Mises) Stress on the pins at
the extreme chosen load is around 44 MPa.

4.3.3. Evaluation of analysis

The static analyses performed in this chapter are primarily a
source for the preliminary design and verification of the de-
signed dimensions in critical parts of the structure and provide
a basis for their possible optimization. For the first time, it is
necessary to mention that bonded connections between plastic
parts and steel pins influence the analysis results. Secondly,
analysis was performed under the action of an extreme load.

For the powder material, it is essential to say that in the sev-
eral cited works (chapter 4.2), the values measured during tear
tests differed from those given by the material manufacturers.
These deviations are caused by the manufacturer performing
tests with a wholly melted material. The homogeneity and om-
nidirectional stability are on a high level.

This chapter investigated the folded state of the device. The
top (Chapter 4.3.1) and bottom (Chapter 4.3.2) covers under
extreme loads exhibited some deflection value. The stress val-
ues were not high owing to the considerable elasticity of the
printed material. Before the analysis, was made changes in
construction. Were designed four struts to support the bottom
cover. This step eliminated deflections and possible collisions
in the structure when extreme loads were applied. The colli-
sion of parts can be seen in Figure 27 and Figure. 29 (Chapter
4.3.2). According to the results, iron pins should transmit force
and withstand extreme load cases. At the actual deflection
value, however, contact should not occur at all (software). The
deflection of the top cover cannot affect the device's function-
ality.

This chapter pointed out the importance of analysis in the
preliminary design of the structure. The presented static anal-
ysis results should be taken as an aid in dimensioning and de-
signing. The accuracy of the results is significantly influenced
by the connections, mesh, and material properties.

5. Results — Mechanical design of the device

Based on previous research, we developed a prototype mo-
bile disinfection chamber for small communication devices
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and objects. The prototype was characterized by mobility and
stack ability (see Figures 30 and 31). The prototype was pro-
duced using the SLS method with an EOS Formiga P100 3D
printer.

The device weight without mounting elements, only printed
parts, is 252.2g. Together with the rotating steel pins, it should
be approximately 260g. This weight does not include the bat-
tery module or the entire electrical part/module (lighting and
control elements).

Fig. 30. The resulting mechanical part of the device in a closed and
folded state

Fig. 31. The resulting mechanical model of the device in a disas-
sembled and open state

Steel pins and screws were used as the connecting elements
in the prototype versions. In further developments, the authors
do not limit themselves to other methods of securing mecha-
nisms within the structure. In this case, it is also necessary to
mention other materials (composites, possibly aluminium,
etc.) that would reduce the device's weight.

During the design of the new concept, it was necessary to
pay attention to the missing electrical part and create condi-
tions for applying the electrical module of the given device. In
Figure 40 (highlighted in red), it is possible to see a niche in
the structure, which, from a functional point of view, forms a
case for fitting a battery module, that would power the circuit
with LED lights. At the same time, the protrusion forms a base
for the inserted objects, making it possible to maintain the dis-
tance between the inserted object and the source of UV-C ra-
diation. With this offset, a larger object area was exposed to
UV-C radiation.
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6. Discussion

Unfolding, inserting, and selecting objects from the device
can influence the user's using a new appliance. The material
properties, surface design, roughness, strength, and durability
are relevant properties of the designed device. The appearance
and design, together with the aspect of roughness, will influ-
ence the user so that the device can be more user-friendly.

Low weight is one of the most relevant features that influ-
ence the frequency of use. It is, therefore, vital to address this
issue. Choosing the correct ratio of strength to total weight is
even more essential. Users are in demand, and devices must
be durable and lightweight while performing their functions.
The design (appearance of the device) dramatically influences
the use of the device. The friendliness of the design, combined
with round lines and integral curves that form the edge of the
product, is another aspect of the device's success.

The sources of UV-C radiation and their effects on the in-
serted object (disinfection) cannot be neglected. For the device
to work correctly and disinfect surfaces, it must be said that
the inserted object should be exposed to UV-C radiation from
all sides as much as possible. Radiation sources were also
added to the construction side or first folding cover. The con-
nection between the UV-C LED bulb and the power sup-
ply/control appears critical. There has been an effort to create
a guide channel to maintain functionality.

Several researchers have investigated the polyamide mate-
rials in this manuscript within the Faculty of Mechanical En-
gineering Research Centre. A team of researchers also dealt
with developing a device for disinfecting factories' production
areas by using a UV-C module mounted on an automated
guided vehicle (AGV) cover.

7. Conclusion

The presented article provides the reader with an insight into
the process of constructing a new device that is beneficial to
society. The proposed device's main task is fighting against
dangerous pathogens on small objects of daily use. It is as-
sumed that the use of this device would lead to increased pro-
tection of the population associated with a high degree of port-
ability of the device.

An introduction to the article was formulated by theoretical
knowledge and surveying the current state of the market. The
essential part of this manuscript is the design process of solu-
tion variants. (Chapter 2) The final solution of the product can
significantly affect the implementation methods, so it's im-
portant to pay sufficient attention to this process. The evalua-
tion process determined the most suitable variant and pro-
ceeded to select the right, above all, available production
method (Chapter 3). The most suitable variant was chosen us-
ing the ALICONA Infinite Focus G5 device.

At the end (chapter 4) was made a FEM analysis with some
device modifications. The analysis had a recommendation
character. Described essential parts of the device, such as the
bottom cover, top cover, and steel pin, lasted to withstand ex-
treme forces. At the end of the article (chapter 5), there is a
described real printed model of the device.

The research should continue with other optimization pro-
cesses and actual load test processes. The tests should increase
the collapsibility, tightness (transmission of light), and
strength - stiffness of the structure. One of the following steps
should also be manufacturing a prototype using the MJF
method, which is currently unavailable in our laboratory.

The limitation of the presented research is the just-men-
tioned availability of production methods. If there is an inter-
est in the application of the device and the production of a
small series, then the MJF production method is very suitable.
It is relevant to mention that the physical properties of prints
can be very diverse in different parts. It is affected by various
parameters such as models, print speed, bed heating, etc. Of
course, if we want to have the device functional, the availabil-
ity of parts for the electrical and battery modules becomes es-
sential.

Further development should lead to research on disinfection
capabilities and the developing device's electrical module. The
research and development should be focused module’s design
with the PCB, controlled charging, safety features, on/off but-
tons, battery status, and others. The module's implementation
depends on the dimensional options and the weights of new
parts. The main goal is to make the device a complex product.
The primary function is combining simplicity and high effi-
ciency in one device.
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