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Abstract 

 In the industry in general and in the sports industry in particular, threaded 

cylinders of small dimensions are widely used, but there are other cylinders without 

thread that are much cheaper and that, in many cases, can replace the first ones, since in 

some of the mechanical applications they have, in their devices, threaded holes to receive 

CO2 cartridges. This leads to an increase in the costs of manufacturing the assembly, 

which can make the project economically unfeasible. On the other hand, the use of 

software makes it possible, in many cases, to simulate physical-mechanical and 

dimensional behaviors, thus reducing the manufacturing deadlines and costs. The use of 

CAD software also makes it possible to weigh weights and costs with a high degree of 

reliability, which facilitates both the reduction of development time and project costs in 

general, and thus the achievement of a good cost-benefit ratio. In this paper, results are 

presented of the application of the Siemens NX software in the development of the CAD 

                                                             
1 Corresponding author: edry1961cu@gmail.com 
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CAM project for the manufacturing of a device that makes it possible to use the 

threadless cylinder. For the manufacturing of the device body, the additive 

manufacturing technology was selected due to its low cost, the existence of this type of 

printer in the laboratory and the FDM (Fused Deposition Modeling) printing facilities. 

The previous analysis of the CAD project as well as the simulation developed on the 

project made it possible to obtain a prototype device that allows the use of threadless 

cylinders in several mechanical applications, enabling both the development of the CAD 

project and the manufacturing of this device. Once built, the device was tested, which 

made it possible to validate its functionality.  

 

Keywords: CAD, device manufacturing, testing, springs. 

 

 

1. INTRODUCTION 

 

Mechanical design is of great importance in product development processes, and 

precisely in the R&D field it is key because it allows the manufacturing of the parts 

that compose the project, as well as it serves as a basis for performing simulations to 

validate the project. The use of CAD software also makes it possible to weigh weights 

and costs with a high degree of reliability, which facilitates both the reduction of 

working time and project costs in general, and thus the achievement of a good cost-

benefit ratio. It is possible to state that the use of CAD software brings benefits in the 

development of mechanical designs associated with the possibility of creating libraries 

of drawings that facilitate the reuse of these, the simulation of the assembly allows to 

correct many errors before even manufacturing these parts, the ease of developing 2D 

technical drawings using all the necessary views quickly, the process of dimensioning of 

parts can be done quickly and in a well-ordered way which ensures a better 

understanding for manufacturers, all this leads to a sharp decrease in working time, 

costs, thus ensuring a high quality product. (Garcia, et al, 2022) 

 CAD systems are known to contribute to innovation in companies, especially 

in the development of new industrial products in different areas as described by Qiu et 

al. (2007). 

 In this paper, the results of the application of NX Siemens software in the 

development of CAD CAM design for the manufacturing of a device to be used in a 

threadless cylinder are presented. This process was developed using additive 

manufacturing for the PLA fabricated parts. The results obtained enabled both the 

development of the CAD design and the fabrication of this device, and the tests 

developed validated the functionality of the device. The previous analysis of the CAD 

project as well as the simulation developed on the project made it possible to obtain a 

prototype device that allows the use of threadless cylinders in mechanical applications. 

For the manufacturing of the body of the device, as well as the height leveling cylinders, 

the additive manufacturing technology was selected due to its low cost, the existence of 

this type of printer in the laboratory, and the FDM printing facilities. 
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2. DEVELOPMENT 

 

CAD projects that use specialized software such as Siemens NX, SolidWorks, Inventor, 

and others, have had an important increase in the industry due to the advantages and 

facilities in the development of research, investigation, and development projects, with 

special emphasis on the speed and economy of both time and resources, decisive 

elements in these works. The development of this software, in turn, is always evolving 

and adapting to the new manufacturing technologies that are emerging. 

 CAD systems, Computer-Aided Design, is the generic name for computer 

systems used by engineering, geology, architecture, and industrial design to execute 

projects and technical drawings (NAVEIRO, 2010). 

 Since the 1980s, three elements have revolutionized the treatment of design 

in industry: CAD, CAD and CAM. With the application of these tools, manual sketching 

and calculation tasks are practically eliminated, so that many designers and 

manufacturers when developing new products make fewer errors in the design of parts 

and components, in the selection of materials and in the configurations of 

manufacturing tools (Richardson and Lokensgard, 2000).    

 CAE (Computer-Aided Engineering) is a generic term denoting the use of 

computer resources in essential product engineering tasks.  CAM (Computer-Aided 

Manufacturing) is related to the control of product manufacturing processes. CAI - 

Computer-Aided Inspection, is software that checks if the geometry machined in CNC 

machines is consistent with the model generated in CAD. (CAROZZI, 2009) 

 In design, the use of data processing and information technology serves both 

to improve the product and to reduce the cost of design and production (PAHL; 

BEITZ,1996; PAHL et al., 2005). Thus, these authors define CAD as the technique of 

project work linked to the use of the computer through the use of peripherals and 

appropriate programs. 

 CAD systems are known to contribute to innovation in companies, especially 

in the development of new industrial products in different areas, as described by Qiu et 

al. (2007). 

  As defined by Tut et al. (2010), CAD is the use of computers as technology for 

the design of real or virtual objects, and that can also be divided into two forms of 

application: to draw curves and figures in two-dimensional space ("2D"); or curves, 

surfaces or solids in three-dimensional objects ("3D"). 

 According to Bernardes et al. (2012): "The CAM process, or computer-aided 

manufacturing, is the process of materialization or manufacturing of the virtual image 

worked in CAD software, which allows quality control at the micrometric level, being of 

great importance, especially in infrastructure." 

 For Do Carmo (2017), with feature-based modelers, the design cycle can be 

reduced, automating the detailing process. 

 With all the advances in CAD techniques, software packages aimed at 

computational mechanics have become frequent, enabling the user to perform not only 

the design (graphic representation of the project), but also simulations from generated 

models. 
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Among the software packages mentioned are NX Siemens, SolidWorks, Autocad, and 

Inventor, among others. All with many advantages and few disadvantages when it 

comes to CAD CAM CAE processes. 

 The software NX Siemens is nowadays one of the most used in the industry 

and specifically in the industrial hub of Manaus, it has great applicability, it has many 

tools and provides solutions for CAE, product design, 3D printing, mechanical design in 

general as well as machining and validation. 

 

Figure 1. Siemens NX Applications 

 

 

 

 

 

 

 

 

 

 

 

Fonte: Siemens Ingenity for life.2018 

 

The use of 3D CAD software for the design of mechanical related parts can allow 

designers to design with more clarity and detail. The machine model built with this 

software is a three-dimensional model. This is also the main reason why this technology 

is widely used in modeling mechanical construction schemes. In addition, 3D CAD 

software mainly uses frame technology, 3D technology and surface technology to model 

the machine structure, and the software also contains many graphics related to 

mechanical structure.(XIANGFENG, L .2018) 

 Optimizing the structural design, analyzing the design plans and comparing 

the plan data are the main functions of mechanical CAE software. A reasonable and 

scientific mechanical design plan is formed through these three points and evaluated. 

Only in this way can the standardization of the mechanical design scheme be 

guaranteed. First, the relevant personnel must do a good job in building the 

corresponding model, and then the mechanical CAE software is responsible for the 

design and analysis to ensure the implementation of the mechanical design plan. This 

is the whole process of applying 3D CAD technology to mechanical CAE software. 

(Chulu, X. 2019). 

 The finite element method (FEM) basically consists of subdividing the 

geometry subjected to loads and constraints into small parts, called finite elements, 

which then come to represent the continuous domain of the problem. The division of the 

geometry into small elements allows a complex problem to be solved by subdividing it 

into simpler problems, which enables the computer to perform calculations more 

efficiently. The method proposes that the infinite number of unknown variables be 

replaced by a limited number of elements of well-defined behavior. These divisions can 

present different shapes, such as triangular, quadrilateral, among others, depending on 
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the type and dimension of the problem. As they are finite dimensional elements, they 

are called "finite elements" - the term that names the method. The finite elements are 

connected to each other by points, which are called nodes or nodal points. The set of all 

these elements - elements and nodes - is called a mesh. Due to these subdivisions of the 

geometry, the mathematical equations that govern the physical behavior will not be 

solved exactly, but approximately by this numerical method. The accuracy of the Finite 

Element Method depends on the number of nodes and elements, the size and the types 

of mesh elements. That is, the smaller the size and the greater the number of them in a 

given mesh, the greater the accuracy in the analysis results (CISNEROS E.A.G. ET 

ALL, 2022) 

 The finite element method (FEM) analysis is used worldwide for several 

applications due to the accuracy of the results and the possibilities of virtual simulation 

in several scenarios, elements that favor the reduction of resources and costs.  

 One of the foundations of Industry 4.0 is to adopt additive manufacturing, 

such as 3D printing to produce small batches of products that will allow in some cases 

to reduce transportation distances and the cost of holding inventory through the 

decentralization of production, that is, seeking to obtain several additive manufacturing 

centers (HeinerLasi; et al, 2014). 

 García et al (2022) mention that in mechanical projects the use of CAD 

technologies is a premise of work because it allows obtaining solutions with a high 

degree of accuracy, as well as a level of detailing that facilitates later the process of 

construction of the component parts, as well as the modeling of the solutions. Very often 

these projects lead to the development of new products in industries.  

 In summary, it can be concluded that the concepts associated with Industry 

4.0 promote a revolution in the production system through technological resources. The 

evolution of these systems may allow to aggregate the functions of planning, 

development, modeling, design and maintenance in a highly dynamic and versatile 

information system that will take companies to another level of competitiveness 

(HeinerLasi; et al, 2014). 

 

3. MATERIALS AND METHODS 

 

This topic will cover all the methodological aspects of the research conducted, 

describing the procedures needed to manufacture the device by 3D printing. The 

purpose of this study was to carry out research of applied nature. To reach the proposed 

objectives and better appreciate this work, a qualitative-quantitative approach was 

used. In order to get to know the problematic about the study area, exploratory research 

was carried out. To obtain the necessary data, the following technical procedures were 

used: bibliographical research and case study. For the development of the work, the 

analytical structure of the project was elaborated, as shown in figure 2. 

 To obtain the CAD design and its final manufacturing ready for its use in the 

3D printing process the steps described in Figure 2 were followed. Each step will be 

detailed in the results described below. This detailing will be accompanied by the CAD 

drawings obtained during the development of the work. The software used was the 

Siemens NX installed on a Samsung Core i7 laptop. 
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Figure 2: Project analytical framework 

 
Source: Authors, 2022 

 

In this specific case, the problem is the following: How to create a device produced 

specifically to take advantage of the existing threadless cylinders on the market in 

various industrial applications? 

 

Objective 

Derived from this problem, the objective is to develop a CAD project to manufacture a 

threadless cylinder device efficiently and safely. 

 

Sketch of the conceptual idea 

It is about the need to build a device that allows the use of threadless cylinders existing 

in the market for use in applications where it must be fixed and ensure that once 

pierced by some procedure guarantees the gas leakage in the proper proportions 

without leakage and with safety and efficiency. 

 Considering then the objective of the work, the team determined the general 

ideas and from this was created the 3D sketch of the possible solution. The following 

were taken into consideration: a) the possibility of using the threadless cylinder; b) its 

geometrical and dimensional data. See figure 3; c) the need to guarantee hermeticity 

during its use once the cylinder is drilled; d) guarantee assembly facilities. 

 In possession of these data the 3D sketch of the solution was developed. See 

figure 4 

 

Figure 3. Dimensional and geometrical data of the threadless cylinder 

 
Source: Leland, 2021. 
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Figure 4: 3D sketch of the solution 

 
Source: Authors, 2022. 

 

Analysis and approval of the solution 

Once the solution was developed, the work team approved the proposed solution since it 

meets the specifications established as requirements.  

 It was important to consider the material to be used for its manufacture: 

using additive manufacturing, in this case 3D printing with a filament printer, it was 

determined to use a polymeric material that guarantees the hermeticity and at the 

same time facilitates the process of assembling the cylinder. Some adaptations were 

also determined in order to achieve the proposed objectives. 

 The additive manufacturing process involves the material being selectively 

deposited through a nozzle. In this process category, the part is constructed by 

depositing the material, as opposed to conventional manufacturing processes where the 

material is extracted from a raw body. The predominant technology of this process 

category is FDM (Fused Deposition Modeling). 

 The main adaptations suggested were: 

 - Increasing the length of the top of the device to make it easier to fit the 

working pipes. 

 - Increase the chamfer on the other part of the device to facilitate the 

alignment of the cylinder during assembly. 

 - Use structural reinforcements in some parts to ensure its strength. 

 

3D sketch of the solution approved by the work team. 

Once the solution was approved, a 3D sketch of the final solution was developed, as 

shown in figure 5. 

 Some adaptations were incorporated into this solution to facilitate both the 

assembly and its efficient operation.  The finishing on the right side where the cylinder 

will be fixed, the reinforcement of this part during the 3D printing, as well as the 

reinforcement of the part of the body that is underneath the cylinder to ensure its 

tightness. 
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Figure 5. 3D sketch of the final prototype solution. 

 
Source: Authors, 2022. 

 

2D Detailing of the device. 

In this step all the technical drawings of the parts, their dimensional specifications, fits 

and tolerances as well as the materials of each of these parts are generated. Sometimes 

it is necessary to make adjustments to facilitate the manufacturing process. 

 All parts and component parts of the device are detailed in 2D CAD drawings. 

 In figure 6 below you can see the form and position dimensions, fits and 

tolerances as well as the main elements needed for printing such as holes, thread types, 

quantities, etc. 

 

Figure 6: Example of 2D detailing of the device. 

 
Source: Authors, 2022. 

 

Manufacture of the part 

With the data from the 3D sketch and the 2-D drawings (detailing of the device) we 

proceeded to manufacture the device. This process was developed by the additive 

manufacturing method, in this case 3D printing with PLA material. 

 

Figure 7. Images of the first prototypes manufactured by the 3D printing method 

 
Source: Authors, 2022. 
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Figure 8. Image of the final prototype with blue pain material. 

 
Source: Authors, 2022 

 

Figure 9. Image of the final prototype with white pain material 

 
Source: Authors, 2022 

 

Tests and adjustments 

Once the device was built and assembled, it was used successfully in the development of 

drive tests on the device. For the development of the tests, the cylinder was mounted on 

the device several times to test the mounting facilities. Altogether, 90 different 

cylinders were mounted in the device and 100 % of the time the assembly was 

successful. These tests were conceptual in order to obtain a criterion of effectiveness 

regarding hermeticity and also practicality in the assembly process. Future tests will be 

developed to statistically evaluate the results with more assertive criteria. Figure 10 

shows the arrangement of the device's integral parts. 

 

Figure 10. Image of the initial arrangement of the integral parts of the device 

ready for assembly. 

 

 

 

 

 

 

 

 

 

Source: Authors, 2022 

 

Como se observa somente e necessário um anel de vedação e com isso é suficiente para 

garantir a hermeticidade. Na figura 11 embaixo é mostrado o dispositivo pronto e 

montado com o cilindro sem rosca. 
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Figura 11. Cilindro sem rosca montado no dispositivo. 

 

 

 

 

 

 

 

 

Source: Authors, 2022 

 

Descriptive Memorandum 

The descriptive memorial of the device for mounting the threadless cylinder is made up 

of several documents such as drawings 3 and 2 D of all the component parts and pieces 

according to the standards established in respect that guarantee manufacturing 

without dimensional or surface roughness errors. A document describing the operating 

principle, drawings of the component parts and the safety measures that must be taken 

while working with it. Figure 12 shows the final sketch of the solution already with the 

modifications 

 

Figure 12. 3D sketch of the solution 

 
Source: Authors, 2022 

 

In figure 13 below you can see an example of this detailing, the dimensions of the part, 

in this case the developed device, appear, the general and specific dimensions, both 

internal and internal, as well as the type of thread, material and other information 

necessary for manufacturing.  

 

Figure 13. 2D Detail 

 
Source: Authors, 2022 
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It is also customary to add images of the device already built according to the 2D 

detailing in this memorial. in this case images of the device built by 3D printing are 

presented. Figures 14,15 and 16 show images of the manufactured device. 

 

Figure 14. Side view image of the built device 

 
Source: Authors, 2022 

 

Figure15. Device image seen from the upper plane 

 
Source: Authors, 2022 

 

Figure16. Image of the right side of the device as seen from the top plane. 

 
Source: Authors, 2022 

 

5. CONCLUSIONS 

The results obtained allowed both the development of the CAD project and the 

fabrication of this device and the tests developed validated the functionality of the 

device. 
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The previous analysis of the CAD project as well as the simulation developed on the 

project made it possible to obtain a prototype device that allows the use of threadless 

cylinders in mechanical applications.  

 To manufacture the body of the device, as well as the height leveling 

cylinders, the additive manufacturing technology was selected due to its low cost, the 

existence of this type of printer in the laboratory and the FDM printing facilities, and 

the results obtained were favorable. 
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