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This paper provides an algorithm for the application of additive manufacturing in the sustainable
development of the enterprise. The manufacturing process includes the process of manufacturing
preparation, the process of realization of manufacturing (or remanufacturing), the end of the
manufacturing process with additional processing and recycling process. A 6R strategy in the
realization of new or redesign of existing elements/parts has been implemented. Additive
manufacturing or FDM printing technology enables frequent and simple modification of the model
at a customer's request, and prior to the model enters the manufacturing itself. The starting
material for making the model was polylactic acid (PLA). This paper aims to present the procedure
of the realization of an electronics enclosure for a miniature pressure transmitter on a 3D printer.
This gives the designer the opportunity to correct existing errors, modify the product according to
the requirements of end-users, or to design a completely new product (prototype). In order for the
algorithm to get the right confirmation, it is important to design a product that enables:
accessibility, easy interchangeability, disassembly, the possibility of finishing and reuse.

Keywords: Algorithm; Sustainable Development; 6R; Additive manufacturing; Electronic enclosure box.

INTRODUCTION

The short product life cycle and the increasing
complexity of the product are becoming the main
imperative in the sustainable development of the
company. That is why companies need to increase
their innovative activities and shorten the time to
enter markets, and that brings with it a new
manufacturing technology - Additive Technology
(AT).

When making a model/prototype, its geometry is
first considered, and then it is examined how the
complexity of the product can improve the
company's position. The implementation of AT
creates additional value in the realization of

complex geometry, which is not easy to realize
with conventional processing. When it comes to
sustainable business growth, the implementation of
AT implies: improving the use of resources,
implementing more effective manufacturing
methods, applying new manufacturing processes,
applying new materials, and adopting new business
models (Despeisse, & Ford, 2015).

The application of additive manufacturing (AM)
produces waste that is negligible compared to
conventional manufacturing (CM) (Wang, Zanni,
& Kobbelt, 2016). AM works on the principle of
adding materials in layers (Ciubara et al., 2013),
and the obtained waste mainly includes imperfect
or unfinished models (Peng, & Sun, 2017). AM
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technology effects on reducing weight, use of
water, energy, and material, all of which have a
positive impact on sustainability. CM creates
material waste or absorbs extra material, while AM
uses less toxic materials, additives, and cutting
fluids.

By implementing AM, designers are granted
greater freedom to design and define optimal
product design (Brackett, Ashcroft, & Hague,
2011). It is possible to create a product with
different materials that have different mechanical
properties to satisfy different specifications at
different locations within the model (Sossou,
Demoly, Montavon, & Gomes, 2018).

Functional product analysis

Functional product analysis (Sossou et al., 2018)
considers the design of the product to be an input
of the process. In this context, three important
steps in the product analysis are highlighted: 1)
external appearance (the relation between the
product and the environment is required); 2) the
principle of disassembly (the breakdown of the
product by logical sequence is considered) and 3)
the product architecture; (components and their
connections with the elements of the assembly
itself, as well as with independent design elements
are analyzed).

Product design can be re-created using any 3D
CAD software package based on existing
documentation or using advanced tools/software
that take over the configuration of the model itself.
Here, customers have a major role to play in
determining the concept, while AM is an auxiliary
tool for very quick product realization. It is
necessary to consider the following activities
(Eyers, & Potter, 2017) before embarking on the
implementation of the design: 1) preparatory
activities (pre-processing), 2) manufacturing and 3)
additional or final processing. Some of the key
design factors to be kept in mind when designing
AM include: closed gaps, surface treatment,
strength, and flexibility, as well as materials and
equipment costs (Diegel, Singamneni, Reay, &
Withell, 2010).

FDM printing and materials
AM are made of plastic parts, but other materials

such as metal, ceramics, and various composites
can be used (Nannan, 2013).

FDM systems use a number of thermoplastics. The
benefits of using FDM printing are reduction of the
unnecessary use of materials, shortening the time
for design and development of usable elements,
manufacturing of components with complex
geometry, use of new materials with good
characteristics, and reducing the amount of
realized parts/elements. (Wang, Zanni, & Kobbelt,
2016).

There are several drawbacks in the use of FDM
printers: line visibility on the surface of the model,
very low strength after making the piece, the need
for further processing and the need to manufacture
a supporting structure, long realization time, and
quite expensive material (Galantucci, Lavecchia, &
Percoco, 2009).

Non-toxic thermoplastic materials such as PLA
and ABS are primarily used in FDM printing.
These materials have a low melting point, lower
noise levels during building, and need less energy
when heating the nozzle and the working surface
(Peng, & Sun, 2017).

PLA (Polylactic Acid) is a biodegradable,
thermoplastic material and is extracted 100% from
sustainable sources such as beets, potatoes, and
maize (Jorda-Vilaplana et al., 2014). PLA does not
release harmful gasses into the atmosphere (King,
Babasola, Rozario, & Pearce, 2014).

ABS (Acrylonitrile Butadiene Styrene) is a
polymer of excellent mechanical properties, high-
temperature tolerance, and impact of resistance
(Lim et al.,, 2010). Vapors emitted during the
melting of ABS are hazardous to human health and
the environment as a whole, hence it is important
to provide filtration and an isolated (closed) system
of work with as little human presence as possible
(Stephens, Azimi, EI Orch, & Ramos, 2013).

FDM printing technology

The methodology of model/prototype development
using the FDM method takes place in the following
steps (Zivanovic et al., 2020):

1. The process starts with the 3D CAD model. The
model is realized using one of the CAD
software packages.

2. The 3D model is imported as *.stl file into a
specialized program (eg. open source Ultimaker
Cura), which adjusts the operating parameters
of the system. The STL file is a standard format
for 3D printing and provides good readability in
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many 3D programs (Wong, & Hernandez,
2012). Disadvantages in manipulation with *
stl. files are reflected in the fact that there is a
loss of the desired printer resolution, which
mainly refers to the thickness of each layer.

3. After appropriate settings and print simulation,
a G code is generated in the *.gcod extension
that the 3D printer recognizes. The G code is a
standard format that describes the tool path
(injectors in the FDM procedure). The
described steps are partially automated, but this
last step requires an operator.

4. In the end, the 3D model is realized, and after
manufacturing, the excess material is removed
and the model is cleaned and further processed
(Zeltmann et al., 2016).

Therefore, the application of FDM printing

requires advanced technical knowledge in the

preparation, setting parameters, and the process of
making a model/prototype (Cupar, Pogacar, &

Stjepanovi¢, 2015). The block diagram where the

3D model is transformed into a finished

model/prototype (Junk, & Schrdder, 2016) is

shown in Figure 1.
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Figure 1: Block diagram of model/prototype realization

6R strategy

The 6R strategy is important for the sustainable
development of the company, which includes: 1.)
the reduction of waste to a minimum; 2.) the reuse
of waste or used product; 3.) the processing of
waste for the purposes of environmental protection
- recycling; 4.) the regeneration of raw products,
materials, and resources from waste that cannot be
reduced, reused or recycled - recovered; 5) the
redesign of a product, business area, or complete
business process (Van Ackere, Larsen, &
Morecroft 1993), and 6) remanufacturing which
includes disassembly, cleaning, measuring and
testing of parts, as well as disposal of
correct/repaired parts in the warehouse (Sarkis,
2001).

Product redesign is divided into parametric and
adaptive redesigns (Otto, & Wood, 1998).
Parametric redesign involves the basic product
model or the latest product configuration model
after redesign (changes in geometry, materials,
minor changes in the product). Many of these
improvements are determined by consumers. The

adaptive redesign allows designers the ability to
come up with appropriate solutions for product
assemblies and subassemblies. The aim of
recycling is to reuse the material or elements of the
used product. In general, the product can be made
up of old and new components. The material cost
of replication is just 40 % of the overall cost
compared to 70 % of the total cost of development
of new goods (Hindo, & Arndt 2006). However,
designers are increasingly wary of recycled
materials, as these components may have variable
quality characteristics (Barker, & King, 2006).

According to Gehin, Zwolinski, and Brissaud
(2008), the  following advantages of
remanufacturing are emphasized: 1) companies
which use recycled goods minimize their costs; 2)
the application of remanufacturing in marketing
terms is the basis for increasing profits; 3) the
remanufacturing  process  uses  specialized
equipment; 4) optimizing tools due to disassembly
and assembly; 5) the remanufacturing provides
stability in investment (6) suppliers are
independent.
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Figure 2: Algorithm for AM application in sustainable enterprise development

METHODOLOGY

The goal of this paper is to illustrate the value of
the 6R strategy for the sustainable development of
companies. As a solution, an algorithm for the 6R
strategy implementation for sustainable
development of the organization is used by AM for
the implementation of new or updated existing
elements/parts (Maxwell, & Van der Vorst, 2003).
The algorithm with the implementation of AM
(Cafolla, Ceccarelli, Wang, & Carbone, 2016;
Sanchez, Boudaoud, Hoppe, & Camargo, 2017)

involves the manufacturing preparation process,
the manufacturing (or remanufacturing) process,
the completion of the manufacturing process with
the subsequent processing and recycling process,
see Figure 2.

Remanufacturing  potentially ~ helps  many
developing economies. Product reuse and recycling
are  becoming more intensive,  though
processed/modified or repaired goods are cheaper
than newly produced products (Matsumoto, Yang,
Martinsen, & Kainuma, 2016). The algorithm
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ensures that such pieces are reused without any
previous renovation or finishing. In order to
confirm the algorithm correctly, it is necessary to
design a product that allows: usability, easy
replacement of parts/assemblies, disassembly of
assemblies, the possibility of finishing, and reuse.

Before starting FDM printing, the parameters are
specified first and the material is selected. By
placing the system into operation, the printing is
permanently controlled by the operator. At the end
of the manufacturing process, additional geometry
and surface control is carried out during the
execution of the model. The approved model is
further refined mechanically and/or chemically, see
Fig. 2.

Check for errors in the preparation should only
affect the layer and should not be spread to other
layers. However, a change in the speed of the
injector or an initial error in the system positioning
can cause irregularities affecting the overall error
(Oropallo, & Piegl, 2016). Input errors in the
preparation of the output often emerge from the
selection  of  printing  materials  whose
characteristics affect the efficiency of the printing
process. Set parameters during 3D printing have a
major effect on the surface roughness of the
produced pieces. Such parts typically have a high
surface roughness and need additional surface
treatment to achieve smooth surfaces (Qattawi, &
Ablat, 2017).

All this is acceptable if the model meets the
mentioned criteria, but if it does not meet, it is
disposed as waste. In the algorithm, waste is not
seen as a permanently lost material, but as a
resource that can be recycled and reused. Recycled
material is later disposed of in a material/semi-
finished product warehouse.

EXPERIMENTAL WORK

The example of the 6R algorithm use in the
sustainable development of the enterprise is the
realization of a small electronics enclosure for a
pressure transmitter. It is about a domestic
manufacturer of sensors and electronic pressure
transducers, level, and temperature transmitters in
Serbia, IHTM-CMT. The realized -electronics
enclosure using AM is shown in Figure 3.

T/

Figure 3: Small electronics enclosure for the
pressure transmitter

The shown product is of modular architecture,
consisting of the following modules: 1) pressure
transducer, 2) electronics enclosure, and 3)
electronics block. According to Urlich and Tung
(1991), the modular product is reflected in 1)
economic volume of components, 2) fast finishing
of products, 3) increased product variety, 4)
reduced-order time, 5) simplified design, and
testing.

The electronics enclosure is made based on the
existing technical documentation. In this stage, it is
possible to correct existing errors in design and
modify the enclosure according to the requirements
of end-users. A 3D representation of the elements
of the electronics box made based on 2D
documentation is shown in Figure 4. PLA material
was used to make the enclosure.

a) b)
Figure 4: Elements of electronics box:
a) electronics carrier, b) cover

In this paper, a Wanhao Duplicator 3D printer,
type i3 plus, manufactured by the People's
Republic of China, was used to describe and
implement the algorithm, see Figure 5. PLA
filament, 1.75 mm in diameter (manufacturer
Wanhao) was used for the model realization.

The sample was printed with defined temperatures
and speeds, and they are: 1) 215 °C for the nozzle
(printing temperature), 2) 60 °C for the plate (plate
temperature), 3) 50 mm/s print speed, 4) 70 mm/s
travel speed of the nozzle at idle (travel speed) and
5) + 45/-45, infill orientation.

An illustration of the realized elements of the
electronics enclosure, on a 3D printer, is shown in
Figure 6.
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WANHAO Duplicator i3 Plus

Figure 5: 3D printer

b)

Figure 6: Electronics enclosure elements made on
a 3D printer

Many irregularities can be seen in the pictures.
This model cannot be used immediately, but it is
necessary to perform additional surface machining.
Methods of machine additional processing include

manual grinding of parts, traditional machining,
and finishing polishing, while chemical processing
methods include painting, coating, heating, and
processing with some chemical agent.

In order to save on plastic, 3D printed parts are
made to have a solid shell that surrounds the
porous (partially hollow) interior. For obtaining
better mechanical properties, there is a need for
chemical or thermal processing.

Using AM does not give the desired accuracy in
the dimensions of the product, so sometimes it is
necessary to machine (using CM) to certain
tolerances, see Figure 7.

Mechanical processing of the samples was
performed with the help of four sandpapers of
different granulations (P100, P180, P320, P400)
with constant water cooling in order to prevent
heating and melting of plastic parts.

Figure 7: Additional machining on the lathe:
thread (A) and contact surface (B)

Following was used in the process of mechanical
processing: cooling water; compressed air for
cleaning and drying surfaces; fine grinding and
polishing apparatus, as well as a device for
dimensional control before and after processing.
The methodology of additional surface treatment
and finalization of the model is shown in Table 1.

The process of manual polishing significantly
affects the increase in the quality of treated
surfaces, but can also lead to a reduction in the
designed dimensions. The process of gritting and
polishing the electronics enclosure is shown in
Figure 8.
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Table 1: The methodology of additional processing of electronics enclosure
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Figure 8: Additional mechanical processing-
gritting and final polishing P1000

Finally, the electronics enclosure is painted, giving
the finished model, see Figure 9.

Figure 9: Realized small electronics enclosure for
pressure transmitter

DISCUSION AND CONCLUSION

FDM printing allows users to be both designers
and manufacturers for their own needs. Due to
unrealistic expectations in the realization of
models/prototypes using CT, the use of AT in
terms of speed and cost of realization is
increasingly resorted to.

The paper presents the algorithm and procedures
for the introduction of the 6R strategy in
sustainable enterprise development. The algorithm
introduces AM in order to improve manufacturing
through the fast realization of models/prototypes,
quality communication with customers, and quick
reaction on the market. Also, waste (and its re-use)
is presented as an important resource in sustainable
development. The reuse of obsolete products with
redesign and remanufacturing gives a special focus

on the business excellence of the enterprise. This
introduces a new business practice in designing
products for multiple life cycles.

AM allows the designer to choose the right
technology that exactly suits his needs and meets
the requirements of the prepared sample. However,
the quality completely depends on the selected
parameters and materials. In the realization of a
small-sized electronics enclosure, care was taken
to keep all the elements of the previous design and
examine the cost-effectiveness of the realization of
the product using AM. This is actually about the
possibility of finishing, repairing, and changing the
design of the existing product as well as recycling
the product, all to protect the environment and
minimize waste.

By detailed analysis and application of the

algorithm in practice, enterprises would be able to:

= to quickly manufacture new products or models
with minimal losses of energy, materials and
the least possible accumulation of waste;

= to perform certain tests on the realized product
regarding the connection of elements made of
the same or different materials and suggestions
for improvements are given in order to
strengthen/stiffen the structure;

= to launch the product faster, i.e. to be able to
extend the life cycle of the product with the
application of new (biodegradable) materials
and technologies.
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IMPLEMENTACIJA 6R STRATEGIJE U FDM STAMPI: SLUCAJ -
MALOGABARITNA KUTIJA ELEKTRONIKE

U ovom radu dat je algoritam primene aditivne proizvodnje u odrZivom razvoju preduzece koji
obuhvata: proces pripreme proizvodnje, process realizacije proizvodnje (ili reproizvodnje), kraj
procesa proizvodnje uz dodatnu obradu i postupak reciklaze optada. Implementirana je 6R
strategija u realizaciji novih ili redizajnu postoje¢ih elemenata/delova. Aditivna proizvodnja ili
tehnologija FDM Stampe omoguéava Cestu i jednostavnu modifikaciju modela na zahtev kupca, a
pre ulaska modela u samu proizvodnju. Polazni materijal za izradu modela bio je polilakti¢na
kiselina (PLA). Cilj ovog rada bio je da se prikaZe postupak realizacije kutije elektronike za
malogabaritni transmiter pritiska na 3D Stampacu. Time se projektantu daje mogucnost da ispravi
postojece greske, modifikuje proizvod prema zahtevima krajnjih korisnika ili da isprojektuje
potpuno nov proizvod (prototip). Da bi algoritam dobio pravu potvrdu, vazno je da se projektuje
proizvod Kkoji omogucava: pristupa¢nost, laku zamenljivost, rastavljivost, moguénost dorade i
ponovne upotrebe.

Kljuéne redi: Algoritam, Odrzivi razvoj, 6R, Aditivna proizvodnja, Kutija elektronike.
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