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Abstract. The implementation of Industry 4.0 in Brazil could result in annual savings of R$ 35 billion in repairs, R$ 31 

billion with productive efficiency and R$ 7 billion with energy savings, totaling a saving of R$ 73 billion per year. The 

Brazilian Agenda for Industry 4.0 to prepare the country to embrace this trend and not lose the potential economic 

benefits that it brings. Structure maintenance can benefit from the innovations brought by Industry 4.0 by replacing 

costly preventive maintenance, in which specialists are called based on a prior schedule, with predictive maintenance, 

in which a monitoring system verifies the condition of the structure in an automated way and experts they are only 

triggered when there are indications of damage or potential failure. This project proposes the creation of mechanical 

design in CAD based on the DFMA and structural analyses by CAE of a small-scale virtual power transmission tower 

aimed at developing customized structural health condition monitoring solutions. It is expected that the tools to be 

developed in this project will help in the management of the power grid of Brazil, contributing to the improvement of the 

key indicators of maintenance performance. 
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1. INTRODUCTION  

 

The availability of electricity is what enables the economic and social advances of a society. The absence of it 

means chaos since society is extremely dependent on this resource to keep itself functioning. This state of chaos is 

perceived in the first hours without power, since energy is needed to pump water, keep food frozen, keep machines 

running, among countless other situations in which electricity is indispensable. Having electricity available means having 

potential for development in the most different areas (GOLDEMBERG; VILLANUEVA, 2003). Brazil is a developing 

country that needs electricity to continue to develop. The challenges in generation, transmission and distribution are great. 

A recent example was the energy crisis of 2021, caused, among other reasons, by the strong dependence on the energy 

generated by hydroelectric plants, which had their reservoirs empty because of the water crisis. (BORGES, 2021) 

The growth of electricity consumption is a reality and to keep up with this growth it is necessary to work with 

intelligent and more effective, safe, and reliable ways to generate, transmit and distribute energy. The object of study of 

this work are the transmission towers. These are critical structures, under constant stress and exposed to environmental 

factors such as variations in temperature, humidity, rain, salinity, and winds. Brazil, being one of the largest countries in 

the world, has the challenge of transmitting energy over long distances is overcome with many costs, because it is 

necessary a greater number of towers, these towers being high due to the high voltage necessary to avoid losses in 

transmission. Given these excessive costs, the choice of the type of tower and the maintenance of these impacts on the 

price of the transmitted energy. 
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The Brazilian Agency for Industrial Development (ABDI) projected that the adoption of Industry 4.0 in Brazil 

could yield significant economic benefits. According to their estimations, the implementation of Industry 4.0 technologies 

has the potential to generate annual savings of R$ 35 billion in repairs, R$ 31 billion in productive efficiency, and R$ 7 

billion in energy savings, culminating in a total savings of R$ 73 billion per year. Industry 4.0 has brought to the energy 

sector more efficient ways to inspect towers. The analysis of the integrity of the towers that was previously done in loco 

by a trained professional, today can be done in less time using drones and even at a distance through a constant monitoring 

of data collected by sensors that serve as indicators to assess the integrity of the tower. This form of real-time monitoring 

of structures is called structural health monitoring (SHM). 

The possible parameters to be used in SHM techniques are corrosion, cracks, displacement, fatigue, force, 

repression, deformation, temperature, inclination, vibration, water level and wind (SONBUL; RASHID, 2023). 

Combined, these parameters can provide important information about the variation of the stresses on the structure and 

indicate fatigue failures in the tower and cables. Each tower will be exposed to different environmental factors, knowing 

the relationship between the modes of vibration of the structure it will be possible to perceive the increase in the fatigue 

cycles of one tower in relation to the others and with this direct the maintenance before the failure occurs. (CARLOS, 

2015; GIAGOPOULOS et al., 2019). This technique has two different approaches. Data-driven, data is collected through 

sensors installed in the structure and model-driven, a computational model is used. Currently the combination of both 

techniques can be done for best results (ROSAFALCO, Luca et al.,2022) 

The creation of a computer model of the tower to be monitored is essential, because from the model it is possible 

to estimate the behavior of the real tower against different loads. With the modeling of the geometry of the tower in the 

CAD software and analyses made precisely applying the finite element method, data are obtained that will serve as a 

parameter to evaluate the integrity of the tower. The better the model, the closer to reality the results will be. With the 

processing of all this data it is possible to estimate the occurrence of failures in the structure and with this it becomes 

possible to apply an advanced method of maintenance, the so-called prescriptive maintenance. Unlike corrective 

maintenance, which is commonly applied, prescriptive maintenance of towers reduces maintenance cost and downtime 

for repairs. 

  

 

2. TRANSMISSION TOWER 

 

Among the different types of high-voltage electric transmission towers, the most economically advantageous option 

has been shown to be the single-mast cable-stayed tower. These towers are easier to build, are lighter and are cheaper 

compared to self-supporting tower options. Its disadvantage lies in the greater need for maintenance, for this reason SHM 

is an essential technique for these towers to be the cheapest choice. (JING, Wu et al. 2021) 

Due to its flexibility the single mast guyed towers are widely used in power grids. We propose a construction 

and instrumentation of a tower in a 1/10 scale, made by common materials like aluminum, easily found. The manufacture 

of the tower is being carried out by scientific initiation students linked to the FAPITEC research project, using 6060 T5 

aluminum materials in the form of an angle bracket L-1" E-1/8", profile T L-1" A-1 "E-1/8", bars L-1/2", E-1/8", parts in 

impressions in additive manufacturing, in polylactic acid material (PLA), steel cables of 1/8” in diameter and unions 

riveted with AD-440-S rivet, as shown in Figure 1. 

 

  

Figure 1. Single mast transmission tower in 1/10 scale. Source: Author 
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  Faced with the need to have a small-scale tower that would fit in the laboratory and that would be easy to build, 

some parts were changed from the original design. The most relevant changes were the number of layers of the module 

that was reduced from 4 to 3, the pyramidal base with angle with greater angle in relation to the vertical and the peak that 

was removed from the tower. 

  

Figure 2. Number of layers per module. Source: Author 

 

3. MATERIALS AND METHODS 

 

3.1 Design and manufacturing 

 

Computers present in the Mechanical Engineering Department of the Federal University of Sergipe were used, 

which have a good processing power and have the necessary software to create the model. For the CAD model, the 

Solidworks software was used, while the Ansys software was used for the static and dynamic analyses. 

The CAD model was made recognizing the limitations of the design, since simply reducing the scale of the 

original design of a tower would not be workable due to the small dimensions of some components such as bolts and nuts, 

and the difficulty of welding small aluminum parts. This limitation was solved by creating precise connections in 3D 

printing. 

For the construction of the tower were used aluminum profiles, rivets, screws and nuts and 3d printed parts made 

in the laboratory. In addition to the 3D printer, other equipment was used for the machining of aluminum profiles and 

assembly, such as bench drill, grinder, riveter. The entire process was conducted with the correct use of personal protective 

equipment. 

 

3.2 Structural analysis 

 

In order to obtain information about the resistance of the tower to its own weight and the load imposed by the 

stays, a simplified structural analysis by finite elements was performed using the Ansys software, with the use of an 

academic license. In this sense, the structure was modeled using beam-type elements. 

As boundary conditions, the existence of crimping at the base were considered; gravitational force action; and 

the existence of stress equal to 36,6MPa in the cables, which resulted in 2 symmetrical loads with a value of 26,4kgf each 

at each of the anchorage points. 

Initially, a mesh with 2153 elements was adopted. Aiming to carry out a convergence analysis of the results, new 

meshes were made, these being more refined (3028 elements and 5832 nodes), until a final maximum stress value was 

obtained in the structure regardless of the adoption of smaller elements. 

 

3.3 Dynamic analysis 

 

  In order to characterize the dynamic response of the tower and to provide subsidies to its instrumentation and to 

the subsequent experimental investigations that will have to be made from the manufactured prototype, such as fatigue 

performance, a modal analysis of the structure was also conducted through the use of computational simulation. 

  In this sense, this survey was carried out based on the same geometric model and with the consideration of the 

boundary condition “crimping” at the base of the tower. In this case, the option of not using a free-free analysis was due 

to the consideration that such restriction has the potential to change the rigidity of the set. 
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  Given the lack of empirical data regarding the dissipation of mechanical energy in the structure, an initial 

damping value equal to 5% was adopted. 

 

4. RESULTS 

 

4.1 Stress and deformation 

 

With use of the process described in section 3.2, the maximum value for stress in the structure was identified as 

approximately 12MPa at the location indicated in Figure 3, which corresponds to a safety factor that allows for security 

regarding the structural integrity of the tower due to static loads. It is worth mentioning that the analysis carried out, being 

preliminary, was restricted only to the bars that make up the tower, so that loads on the joining elements (rivets) and 

connections made in PLA were not analyzed, which, however, must be done in the following steps. 

Concerning deformations, was identified a maximum value of 0.13mm at the location indicated in Figure 4, 

which can be seen as within acceptable limits for the purpose of this project. 

 

 
Figure 3. Stress results of static analysis of the tower made in Ansys Software. Source: Author 

 

 
Figure 3. Deformation results of static analysis of the tower made in Ansys Software. Source: Author 
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4.2 Natural frequencies and normal modes of vibration 

 

  The data obtained using the methodology described in section 3.3 indicate that the tower must manifest its first 

normal mode at a frequency of 11,2Hz. The analysis of the corresponding form of vibration allows classifying such mode 

as being of bending (Figure 4). At the frequency of 37,9Hz, the tower must exhibit its second normal mode, the 

corresponding movement being classified as bending as well (Figure 5). Finally, at the frequency of 99,9 Hz, the third 

normal mode of the tower must be present, which can be seen as torsion (Figure 6). 

  The following modes, with higher frequency, were not recorded because it was considered that these would not 

be relevant given the environmental context in which the structure was used. 

  It is also intended, in the next steps, to carry out a fluid dynamic analysis of the tower in order to know the 

excitation frequencies resulting from the action of the wind and, in this way, to compare them with the natural frequencies 

of the structure in order to take note the possibility of structural damage associated with the occurrence of resonances. 

 

 
Figure 4. First vibration mode (bending) of the tower made in Ansys Software. Source: Author 

 

 
Figure 5. Second vibration mode (bending) of the tower made in Ansys Software. Source: Author 
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Figure 6. Third vibration mode (torsion) of the tower made in Ansys Software. Source: Author 

 

5. CONCLUSION 

 

The project is still in progress, but it is intended with this work to detect ways to design safer cable-stayed towers 

in relation to the durability of the structure and cables, considering the reduction of this useful life by fatigue cycles 

originated mainly by winds that cause the tower to vibrate at certain frequencies that accelerates the failure process. 

Whether by detecting and monitoring the integrity of the tower followed by maintenance, or depending on the wind 

regime of each region, it is still possible to modify the design of the tower within certain limits to be discussed, such as 

the height of the tower, from the addition of modules or removal, when possible. These modifications would not hinder 

the industrial-scale manufacturing required to install the large number of towers throughout the country, since they are 

modules. 
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