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Abstract. Three-dimensional (3D) production systems are making rapid progress and their needs 

are met in every field from the construction sector to the food sector. This technology is based on 

a hardware called the 3D printer which performs layered production. These printers are used in 

producing both prototypes and machine parts and mold tools. 3D prints can be produced using 3D 

printers with that are based on different technologies. These production systems have some 

disadvantages as well as the advantages they provide. Filament supported productions have a 

common problem if the fluid gets stuck in the flow line. In this study, screw extruder design and 

product development will be provided as a new generation production technology to be used in 

additive production as an innovative approach in additive manufacturing technology. 
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1. Introduction 

3D printing is an additive manufacturing technique which is used to produce various structures 

and complex geometries from model data. Production is carried out by printing successive layers 

of material on top of each other. This technology was named stereolithography (SLA) by Charles 

in 1986, and later generations such as melt agglomeration modeling (FDM) and inkjet printing 

emerged [1]. Incorporating a variety of methods, materials and equipment, 3D printing has 

evolved over the years and has the ability to transform manufacturing and logistics processes. 

Additive manufacturing is widely applied in different industries such as defense industry [2], 

aerospace [3], construction [4], prototyping and biomechanics [5]. This method provides less 

design, less material waste and enhanced automation freedom. 

Developing technology reveals new applications and new materials in additive manufacturing. 

In addition, new additive manufacturing methods are constantly being developed. One of the main 

reasons this technology has become more accessible is because previous patents that allowed 

manufacturers to develop new 3D printing devices have expired and technologies have become 

available. Recent developments reduce the cost of 3D printers. Thus, the field of application 

spreads to large areas such as schools, homes, libraries, and laboratories. 3D printing can also be 

used by architects and designers to produce aesthetic and functional prototypes due to its rapid 

and cost-effective prototyping capabilities. The use of 3D printing minimizes the additional costs 

incurred in a product development process. For example, costs may increase as a result of demands 

for special products or large quantities of products. Special products, which are defined as a 

substance that is the result of biological, chemical, or physical changes from one or more other 

materials, can be 3D printed in small quantities at relatively low cost by additive manufacturing. 

Customized functional products currently make up about 50 % of the 3D printing industry [6]. 

This technology contributes to the production of a wide variety of medical supplies and implants, 

as well as the aerospace industry [7-10]. 

Designers must have the ability to objectify and generate their ideas. However, in the process 

of objectifying ideas, stages such as sandblasting, cutting and prototype processes take a lot of 

time. Transforming a computer-aided 3D design into a solid object is an important step in the 
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design process [11]. In this method (12), where printing is made in the form of layers, the 

productivity of the produced material is increased, and the production time is shortened. This 

production technique also provides design freedom and facilitates the production of parts with 

complex geometries [13]. 3D printers are new-age production tools that work with inkjet or laser. 

Transform products from digital media into 3D solid objects in a layer-based structure defined as 

additive production [14]. It can be produced with three-dimensional printers with different 

technologies. Production technologies with 3D technology are shown in Fig. 1 [15-17]. 

 
Fig. 1. 3D technology production method (15-17) 

The most common of these technologies is FDM (Fused Deposition Modeling) technology. 

SLS (selective laser sintering) is another widely used method. The Sintering technology of the 

SLS method generally involves the conversion of powdered metals used in powder metallurgy 

into solid objects under pressure and heat (18). 

The use of 3D printers has many advantages for companies engaged in production in the 

aviation industry. Especially the production of parts with complex geometry is challenging for the 

manufacturer. Looking at the last 25 years, complex pieces in the form of mechanical parts come 

to the fore. In addition, many problems arise when the production of these parts is made with 

conventional production methods. The important thing is to reduce the cost by simplifying the 

production and manufacturing process. Product designers can improve the properties of the part 

to be produced with minor corrections in this manufacturing method. The solution of functional 

and aesthetic problems can be solved with 3D printing technologies. In addition, parts of a multi-

component design can be printed as a whole. This is an important issue in terms of cost and time. 

Fewer parts allow for less assembly analysis and less complexity. This technology has started to 

be used in every sector and has started to take place in the automation process. This article aims 

to develop products for adapting screw sleeve technology to 3D printers with an innovative 

approach in additive manufacturing technologies.  

2. Method 

A widely used filament based additive manufacturing process [19, 20]. The roller 

thermoplastic polymer filaments are fed into the compactor using a compression feed mechanism 

[21, 22]. In accordance with the pattern created from the 3D model, the polymer is extruded by 

stacking on the build platform or on the previous layer. In the next step, after the layer is processed, 

a new layer is stacked at a distance of one layer thickness from the building platform and the 

model is created.  
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By using it in additive production in extrusion production, it will be produced in a very narrow 

diameter tolerance that cannot be obtained in the traditional method [23, 24]. Because the filament-

based 3D printer driver pushes the filament feedstock through the fluidizer, a change in diameter 

can cause clogging. A filament with a too large diameter will block the system, a filament with a 

too small diameter will not touch the extruder wall and will cause the material to rise between the 

wall and the filament. Other disadvantages of this process are buckling [22, 25, 26] and slippage 

of the filament on the compression wheel [26], which interrupts the build process and requires 

operator intervention [21, 23-25]. 

In this study, screw extruder design and product development will be provided for the next 

generation production technology to be used in additive production as an innovative approach in 

additive manufacturing technology. The technical drawing of the product will be created by 

examining the existing system. Modeling will be done with Finite Element Analysis and the 

potential of the designed product under the determined working conditions will be evaluated. After 

the design is completed, the screw design will be produced by CNC. 

In the feeding system we designed in the study, material will be fed from outside the system. 

The material will be directly transferred to the screw channel and conveyed to the nozzle. 

meanwhile, the transported polymeric material is heated by the screw. The material comes into 

the empty space between the auger base and the nozzle, called the buffer zone. Meanwhile, the 

material trying to pass through the narrow wall will reach the nozzle. A pressure gradient is created 

in the agglomerated material and the nozzle resistance causes extrusion. While there is indeed a 

transitional phase between solid and liquid, simplifying the material phase transition as a boundary 

would help develop a model for the system. (Fig. 2). 

 
Fig. 2. Extrusion screw design for additive manufacturing 

The material that can be used in traditional additive manufacturing is limited. However, in our 

proposed method, increased material options can be used depending on the feeding of the material. 

Thermoplastic material in granular form instead of filament is conveyed to the nozzle by extrusion 

of bulk material. The pressure created by the application of heat to soften the polymer granules 

into a viscoelastic melt expels the air trapped between the granules. Back pressure caused by the 

nozzle shape is overcome by the extrusion process [25-28]. The complex design and structure of 

the required three-section screw can be difficult to manufacture. However, this complex structure 

of the product will prevent the extrusion from being interrupted and will serve to prevent the air 

trapped in the polymer melt. Fig. 4 shows the design of the screw extruder unit. In addition to the 

screw, sleeve, and nozzle, a frame is also implemented for mounting the printhead to the CMM’s 

refitted frame. There will also be a total of 3 kW to assist in melting the thermoplastic material. 
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1.8550 Nitriding Steel will be used for screw production. Nitriding steels are the group that 

gives the best response to nitration heat treatment. Thanks to the aluminum it contains, its nitration 

ability (nitrogen absorption) is high. It is a pre-hardened material with a surface hardness of 

66-68 HRc thanks to the aluminum nitride layer, and its delivery hardness varies between  

27-33 HRc. The nitration depth can reach up to 0.10 mm. It is very difficult to reach a thickness 

of 0.04 mm in other types of steel. Since nitration is a process that does not pose a problem in 

terms of dimensional stability, it is mostly preferred in parts with dimensional accuracy and in 

tools that will not be chipped after heat treatment. 8550 is steel with very good nitriding ability 

and high aluminum alloy nitration surface absorption ability. It is generally used in screw sleeve 

assemblies in plastic extrusion machines. With a delivery hardness of 30 hrc and nitration, a 

hardness of 60 hrc up to 0.40 mm can be obtained on the surface. 

Metal alloy called Nitrating Steel was used in the study. Material information is shown in 

Table 1. Finite element analysis was applied using the material. As a result of the analysis, the 

results regarding the mechanical and thermal properties are presented. 

3. Conclusions 

Finite element Analysis data applied to Nitrating 8550 steel are shown in the study. Thermal, 

Mechanical and Abrasion analyzes were applied on the effects that the material would be exposed 

to during work. Thermal analyzes were applied using the material and its volumetric properties 

are shown in Table 1. 

Table 1. Finite element analysis results of the screw produced from 8550 nitrating steel 

Finite element analysis  Result 

Yield strength 680 N/m2 

Thermal 430 C 

Torsion 88.92 N·m 

In the study, examinations were made for the screw developed for the new generation 

production technology to be used in production. When the screw design data to be used in the 

system is examined, it has been determined that 1.8550 Nitriding Steel is the most suitable material 

in terms of machinability, availability, and cost. The technical design has been made for the 

material produced from nitriding steel and its position in the system. In addition, the thermal 

analyzes of the material were examined and it was seen that it has a structure that will not be 

adversely affected by the amount of heat that the system can produce. 

 
a) 

 
b) 

 
c) 

Fig. 3. a) Thermal analysis, b) bending value and c) yield strength data  

of 3d Printer extrusion screw produced from 8550 Nitriding steel 

The mechanical results show that the material responds adequately under operating conditions. 

(Fig. 3). It is also seen in the tribological analysis of the material when it is suitable for working 
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conditions. The design and manufacture of the product that can be used for the Screw Extrusion 

Systems to be developed for additive production, and the technical feature screw design in 

accordance with the production management was carried out. 
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