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Abstract: 3D printing is a one of a new solution of 

manufacturing methods. This is caused by the ability of 

print a small part in a short time (rapid prototyping), but 

also because of the available materials. This is important 
because by using 3D printing, a specialized element is 

made for a specific apply. Compared with traditional 

production methods, such as turning and milling, 3D 

printing gives a wider possibility of making specific 

product patterns, thanks to which this method gained 

support and became a competitive one. Hence, the 

designing and manufacturing process based on it is more 

and more often referred as the “design-driven 

manufacturing”. This method gives the possibility of 

making personalized elements or a larger number of 

product variants, but also gives the possibility of 

manufacturing complete elements in one run. The article 
describes the possibilities of using 3D printing in the 

production of unusual elements in a uncertain situations. 
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1. INTRODUCTION  
 

As the available technology is increasing, the 
opportunities of businesses also are growing. 

Manufacturers are looking for a new solution in 

manufacturing [10, 11, 14, 15]. One of the areas, 

where advances are being seen is a 3D printing. This 
is caused by the ability of print a small part in a short 

time (rapid prototyping), but also because of the 

available materials. Another reason for the growing 
interest of this technology is also the increasingly 

popular production of customized products. 3D 

printing, as an innovation and alternative for 
traditional manufacturing, definitely fits into the 

trend. In addition to these elements, it is also 

important, that 3D printing is also one of the 

technologies of Industry 4.0. These technologies 
(Figure 1), combined with integration, are also a 

characteristic attribute of modern enterprises - 

described as factories of the future [1, 8, 21].  

Regardless of the reasons for implementing 3D 
printing in businesses, this technology has much to 

offer to users. Also producers have a benefit from 

using these alternatives, which are still being 
developed.    
 

 
Fig. 1. Technologies of Industry 4.0 [16] 

 

An additional advantage of using this solution is also 

the possibility of print a customized element, for 
which clients have to wait longer time of period or 

when the products generally is unavailable on the 

market. This is especially visible due to the existing 
pandemic, where some elements are unavailable. This 

also has impact to increase of interest of this 

technology. Of course, printed components can’t be 

used everywhere, due to limitations for example 
materials, but it is a technology, that has a lot of 

potential. An additional benefit, for which 

manufacturers are increasingly like implement this 
solution, is a modified supply chain that saves time 

and costs.   

This paper discusses about the 3D printing process 
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and the four most commonly used printing methods. 
The realization of 3D printing process is also 

discussed on the example. This is an element, 

installed directly on the robot arm, on which the laser 

is mounted. This is important, because by using 3D 
printing, a specialized element is made for a specific 

apply. Through 3D printing, a customized element is 

made, which can solve a specific problem, connected 
with avability of elements on the market. Mentioned 

printout was made for the research in Department of 

Engineering Processes Automation and Integrated 
Manufacturing Systems, Faculty of Mechanical 

Engineering. In the article is also included a 

description of the process of creation the model in 

CAD program, until the finished print.  
  

2. 3D PRINTING  

 
Interesting of 3D printing has grown significantly in 

recent years. Printing can now be seen in almost 

every field of industry. Printing capabilities have 

range from small parts to large components. The 
range of applications is large, because 3D printing is 

used in industry but also in medicine. It is an 

increasingly popular manufacturing alternative 
compared with traditional methods [4, 9, 13].  

 

2.1. Methods of 3D printing 
The problem, which is important from the point of 

view of 3D printing is the available types of printers, 

because it determine the size of the print models and 

the type of printing technology. There are four main 
types of 3D printing [3, 5, 9]:  

 FFF/FDM method, 

 SLA method, 

 SLS method, 

 CJP method 

 

FFF/FDM method 
This method is called Fused Filament 

Fabrication/Fused Deposition Modelling. It is a 

manufacturing of molten plastic. It consists of 
modeling a liquid thermoplastic material that is 

extruded in the form of a thin strand and placed on a 

work table. Filament dosing in a continuous way is 

possible by dosing the material in the form of a strand 
with a defined diameter. Filament with a given speed 

is transferred to the chamber of the melting system. 

These ensure a continuous inflow of molten material 
to the nozzle. In this method, the work table is 

lowered gradually successive, as layers of material 

are laid on, in accordance with created model. 

Creating model is a reproduction of the electronic 
model in .STL format. The precision of the printing, 

depends of the diameter of the nozzle, the precision 

of its positioning system, as well as the properties of 

the filament. In this method, printing is possible with 
one filament or two, using several heads. However, 

the disadvantage of this popular method is that, the 

printed layer must be positioned on a base because 

the melted filament must have support before hardens 
[5, 20]. 

 

SLA method 
The method is called Stereolithography. It is a local 

polymerization of resins with UV laser light. It 

involves point curing of a liquid material, such as 
epoxy resin, with using a low-power laser beam. 

Exposed to ultraviolet light, the photo-cured resin is 

cured because of polymerization. Then, after the 

application and curing of one layer, this process is 
repeated for subsequent layers. The process ends, 

when the full model is made. In this method the 

device, includes a container with a light-curing liquid 
and, depending on the type of printer, successive 

layers cured on the surface of the liquid and also 

appropriate system raises and the level of the liquid 

with successive layers. Hardnes at the base of the 
photopolymer container is also possible. In this 

method, a light beam shines through the transparent 

bottom of the container and causes that the polymer 
harden on a platform, which slowly emerges from the 

container. In this method, it is important to add 

supports for elements that stand off from the surface 
of the object. The second important aspect is, ensure, 

that the current layer is equally covered with 

photopolymer before curing the next layer. Because 

of this, the printing time is increased. Another 
complication is that, the printed pieces are in one 

color - the printed object is immersed in a one-color 

liquid [5, 20]. 
 

SLS method 

This method is called Selective Laser Sintering. This 
method involves selective laser melting of powders of 

different materials. In detail, layers of powder are 

applied to a work table and then are hardened by 

using a laser light sintering process. The laser causes 
that, the powder is heated locally, which ensures 

melts and fuses with the layers below. In this method, 

used materials are ceramic materials or metals as 
steel, bronze.  The advantage of the method is that, 

there is no need to create supports for printed method. 

This is caused, that  elements, which stand off from 

the surface of the object support themselves on the 
previous layers of building powder. But a 

disadvantage is the problem of powder getting into 

spaces of element, which are open [4, 5, 20]. 
 

CJP method 

This method is called Color Jet Printing. The 
principle of this method is similar as the SLS method. 

The building material in powder form is spread in 
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subsequent layers on the print surface. This process 
begins with the application of a layer of gypsum 

powder, which is spread over the surface of the 

printer's work table. Then, a print head moves over 

the powder layer, which selectively sprays the binder 
and color. Binder causes that, the powder binds to 

itself and colours for the requested color. When the 

process of applying the first layer is complete, the 
next layer of powder is applied. The unglued powder, 

is used as a support for the parts of the model. When 

the model is finished, is removed from the powder 
and then cleaned. Then, after cleaning, the models are 

immersed in a special chemical liquids. This 

improves mechanical strength and colors of the 

element. The advantage of this method is the 
possibility to re-use powder, that has not been glued 

with a binder (don’t lose physical properties). 

However, a disadvantage of this method is the 
existence of surface roughness - the uneven spreading 

of the binder over the build material. A second 

disadvantage is that the models are in the form of 

gypsum printouts and cannot be used in mechanical 
applications [5, 18, 20, 22]. 

 

2.2 Advantages and disadvantages of 3D printing 
In addition to manufacturing methods, which have 

limitations, the material, from which the printouts are 

made, is also important due to the possibility of its 
application fields. In general, the most commonly 

used materials are: metal, super-alloys, polymers, 

composites and ceramics, plastics, glass, wax, glue 

mixes, nylon. Also, researches are conducted to 
expand the range of materials used in 3D printing and 

application of different types of mixtures, i.e. mixture 

with wood [2, 7, 12, 17]. 
3D printing becomes more popular. The development 

of this type of manufacturing is connected by its 

advantages [1, 13]:  

 make a quick prototype; 

 access to various materials; 

 analysing the prototype; 

 access to different types of printers; 

 access to libraries from any computer; 

 shorter delivery time. 
 

However, like any manufacturing method, this 

method has also disadvantages, such as [1, 13]: 

 long printing time of complex elements; 

 possible defects in the printed elements; 

 high cost of printers; 

 unclear intellectual property; 

 liability problems - warranties, certification.  

   
Despite the disadvantages of 3D printing, this 

technology has potential. This is especially visible 

today with customized production and when the 

component is not available on the market. The ability 
to print a component, that is needed at a certain point 

of time, offers great opportunities for flexible 

production and a further development of this 

technology. Popularization of 3D printing and 
lowering costs of this process, creates the possibility 

of producing not only prototypes, but also short 

production series (rapid manufacturing). Realizing 
printing tasks, the first step is attention to the 

application of the printed element and to the 

appropriate choice of material. 
In the next part of the article the steps of making the 

model and the completed printout realized for the 

purpose of research are showed. This is important 

because by using addfitive manufacturing, 
specialized elements are made for a specific 

application. Through 3D printing, customized 

elements are made, which solve a problem with 
available of specific elements on the market. 

 

3. CREATING OF PRINTING MODEL 

 
3D printing is a technology that allows made 

products according to customer specifications. It is 

more useful, if the necessary components and their 
parts are not available on the market. For the purpose 

of this research, a printout of the element that is 

directly mounted to the robot arm was created. 
Additionally in next step a laser was mounted to the 

printout. So in the first step, a model of the element 

was created in a CAD program (Figure 2). 

 

 
Fig. 2. Part of model in CAD program  

 

This model was designed, according to the hole 
spacing and screw diameters for the gripper from the 

kit of robot. The completed model made in CAD 

program is showed in Figure 3.  
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Fig. 3. Model in CAD program 

 
After creating model in CAD program, the next step 

is the export file to .STL version (Figure 4). 

 

 
Fig. 4. Model in .STL version 

 

A print in .STL version is also for checking and 

verifing the design model. This is for interpretation, 

whether the surface is damaged or whether there are 
other errors. If everything is correct, in the next step 

the printing process is started.  

In this example, the model was printed from a PP 

(polipropylen) material. It is a material used in 
industry, such as automotive or in medicine. This 

material is characterized by high flexibility, resilience 

and durability [19]. 

The complete printing of the model took 6h and 9 
minutes and was made on Prusa i3 printer (Figure 5). 

 

 
Fig. 5. Prusa i3 printer [22] 

 

The printed model weight is 48g and 16m of material 
was used to print this element. The diameter of the 

filament was 1.75mm. Printed element is showed in 

Figure 6(a) and 6(b).  
 

 
 (a) 
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(b) 

Fig. 6. Completed model printout 
 

The printed element was used as an element mounted 
to the robot arm, to which the laser is fitted. The 

printout fulfilled the requirements both in terms of 

quality and will be used in further research. The use 
of 3D printing has many advantages, especially 

considering that, the printing is also in according to 

the idea of “design-driven manufacturing”. All, what 

is required is: the appropriate CAD software, a 
printers, filaments, and the concept of element, which 

can be printed. In this way, the required component, 

according to requirements is achieved, without 
waiting for external delivery of this component. This 

is also according to the increasingly visible trend, so-

called customized production.  
 
4. FURTHER WORKS 
 
The discussed process of printing an element by 

using 3D printing is the beginning of the realization 
of further research. This research will be related with 

the printing process, the possibilities of this method, 

the study of materials used for a specific solution, but 
also will be related with the possibility of creating a 

printout, according to the idea: need-design-

implementation. Moreover, this research will be 
related also with verification, if the modifications 

introduced to the printouts will work in different 

conditions, or used filaments are appropriate. Another 

part of research, related with 3D printing will be 
solutions connected with other technologies from 

Industry 4.0, including integration and automation of 

realized processes. The last part of the research will 
involve also issues related to the influence of 3D 

printing on the supply chain and its modification to 

the traditional model as a result of changes occurring 
in the market and in the area of manufacturing.  

5. CONCLUSIONS 
 

Nowadays, the shortest time and flexibility in 

manufacturing are more important. Also the issue of 

castomization of products is becoming more popular. 
Therefore manufacturers are looking for new 

solutions, also in the field of manufacturing. From 

recent year an interest of 3D printing significantly is 
growing. This is caused of access to printers, but also 

to better filaments. Currently this method of 

manufacturing is used in industry, but also in civil 
engineering or medicine. Now it is possible to print 

more complex elements, which can be quickly 

adapted to individual needs.  

In article, the 3D printing method and the main 
methods are described. The examples of materials, 

which can be used for 3D printing are also indicated. 

In the next part of the article, the steps related with 
modeling an specialised element in CAD program 

and then transferring to .STL version are described. 

The example of solution was an element that was 

mounted on the robot arm, according to the distance 
between the holes and the diameters of the screws for 

the gripper from the kit robot. This element was 

printed from PP (polypropylene) material. Printing of 
the model took 6h and 9 minutes. The model has 48g 

weight, and for the print used 16m of material. This 

printout was made for purpose of research in 
Department of Engineering Processes Automation 

and Integrated Manufacturing Systems, Faculty of 

Mechanical Engineering. The printout fulfilled the 

requirements in terms of quality as well as the 
possibility of using this element for further research. 

The problem discused in article is important because 

by using 3D printing, a specialized element is made, 
which can be using in specific apply. 

Further research will include modifications to the 

printouts and also on verifying them under different 
conditions, connected with used of various filaments. 

Also future works will concern on solutions related 

with Industry 4.0 technologies, including integration 

and automation of realized processes. 
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