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 Abstract 

The paper presents the concept of an innovative technological line intended for the processing of long 

linear profiles used in engineering steel and aluminium structures, which can be both hollow and open 

section profiles. The line is set up with seven main sections: profile loading system, input roller con-

veyor, plasma arc cutting section, circular saw cutting section, robot welding section, output roller 

conveyor and profile packaging system. The assumptions adopted to create the concept of the techno-

logical line were specified. A block diagram of the line and drawings showing the structure of its 

selected elements were depicted. The features of the technological line documenting its product and 

process innovativeness were indicated. The proposed technological line is built in the AGICO Group 

company, but it can also be successfully implemented in other companies dealing with the processing 

of long linear profiles. 

Keywords  

Linear profiles 

Automated technological line 

Plasma arc cutting 

Circular saw cutting 

Welding robot 

 

DOI: 10.30657/pea.2023.29.2 

 

 

1. Introduction 

One of the main functions of operational management in an 

industrial company is production planning (Cheraghalikhani 

et al., 2019; Wolniak, 2020). The management processes of 

own means of production lead to the reduction of production 

costs (Krynke, 2021; Setamanit, 2019). It is possible, inter 

alia, by combining various distant production stations into one 

technological line. Then, it is advisable to automate manufac-

turing processes, which additionally reduces costs and in-

creases the repeatability of the created details (Pérez et al., 

2020; Siderska, 2020; Biedermann et al., 2021). 

This paper concerns the concept of a technological line, 

which was created in a company called AGICO Group dealing 

with the processing of long linear profiles used as load-bearing 

or supporting elements in steel structures (Biegus, 2015a; Bie-

gus, 2015b; Gosowski et al., 2016). The processing of these 

profiles on the designed line takes place in the following three 

main stages: cutting holes with plasma, cutting to size with 

a circular saw and welding with robots, while usually this is 

performed on three separate production stations. The combi-

nation of the above-mentioned operations into one line is the 

process innovativeness of the designed technological line 

(Kozioł et al., 2015). At the same time, the systems for loading 

and packaging profiles, as well as the plasma arc cutting sec-

tion, constitute the product innovativeness of the technologi-

cal line (Szopik-Depczyńska et al., 2020). The concept is be-

ing deployed with the use of the European Union funds. In this 

sense, the paper should be treated as a preliminary note pre-

ceding future publications on the results of implementing the 

technological line in the own business activity of the AGICO 

Group. 

2. Literature review 

Currently, profiles are joined into structures by using multi-

bolted (Biegus, 2015a; Sheet et. al., 2013) or welded connec-

tions (Havula et. al., 2018; Mirghaderi et. al., 2010). Both hol-

low section (Singh and Singh, 2018) and open section profiles 

(Zeinoddini and Hosseini, 2013) are used. Various methods 

can be applied for cutting profiles, which allow to obtain dif-

ferent properties of the surface layer of the cut edges (Maier-

Komor et al., 2010; Węglowski and Pfeifer, 2014; Lipiäinen 

et al., 2021). 

In the literature, one-station methods of profile processing 

are most often described. Kanyilmaz and Castiglioni (2018) 
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presented the entire manufacturing process applied to joints 

assembled with tubular column and I-beam of various sizes. 

The process was divided into two separate stages: cutting pro-

files with the laser cutting technology (LCT) and welding the 

profiles into a suitable structure. Kanyilmaz (2019) character-

ised the problematic nature of the production of steel hollow 

profile connections and indicated LCT as a remedy for the 

problems arising in this production. Moazed and Fotouhi 

(2012) investigated the possibility of using LCT for producing 

welded square hollow-section T-joints, and compared the fa-

tigue strength between T-joints obtained by mechanical cut-

ting and laser cutting. 21 full-scale experiments with cyclic 

loading showed that the fatigue strength of the laser-cut sam-

ples was higher compared to those obtained with mechanical 

cutting. The authors also concluded that the hollow section 

profiles can be feasibly cut using LCT for an efficient connec-

tion assembly. It is also possible for open section profiles, as 

proved by Szlendak and Oponowicz (2013). 

Simonetto et al. (2021) designed a prototype machine for 

bending steel hollow profiles with a ratio of the curvature ra-

dius to the outer diameter ranging from 0.5 to 8, with high ac-

curacy and repeatability. Keraita and Kim (2007) developed 

a CNC machine for plasma arc cutting of pipe profiles, capa-

ble of producing high-precision parts by simultaneously con-

trolling of two axes. The project of another CNC plasma arc 

cutting machine was realised by Kudrna et al. (2019). Al-

Shamma’a et al. (2002a) and Al-Shamma’a et al. (2002b) pre-

sented the concept of a plasma-laser hybrid system for cutting 

with the use of a special torch. 

Stolecki et al. (2015) described the technology of laser 

welding of finned tubes made of austenitic steel. Sousa et al. 

(2020) developed an modular equipment to produce T-profiles 

by continuous laser welding process. 

The literature review shows that the combination of all nec-

essary machining operations into one technological line for the 

production of profile systems is a new idea. The paper presents 

the concept of such a line for automatic plasma arc cutting, 

circular saw cutting and welding with use of welding robots. 

The line is intended for both load-bearing or supporting ele-

ments made of hollow or open section profiles. 

Waterjet and laser cutting are more precise than plasma 

(Keraita and Kim, 2007). Nevertheless, high tolerance plasma 

arc cutting (HTPAC) technology dramatically improves the 

cutting accuracy possible with plasma technology. Plasma 

technology, especially at low amperages, has advantages in 

terms of cost and housekeeping. Improvements in control and 

extending the consumable life make plasma an even more pro-

ductive and precise cutting technology. As the systems further 

improved cut quality, plasma is gradually replacing the more 

expensive cutting lasers. 

The most important parameters in the plasma arc cutting 

process are: amperage, cutting speed and gas pressure during 

cutting. The application of dependencies between these pa-

rameters in a manufacturing company allows for the minimi-

sation of production losses during the development of the 

plasma arc cutting process based on the assessment of the sig-

nificance of controllable process parameters (Feldshtein et al., 

2018). 

In the designed technological line, plasma arc cutting tech-

nology (PACT) was used as an alternative to laser cutting, giv-

ing a comparable class of fatigue behavior for steel elements 

with cut holes (Cicero et al., 2016; Cicero et al., 2017) and 

causing a similar characteristics of the heat-affected zone 

(HAZ) during the cutting process (Harničárová et al., 2010). 

Furthermore, plasma-cut samples exhibit a higher yield point 

and tensile strength than those made by laser cutting (Andrés 

et al., 2016), and plasma cut surfaces have a much lower 

roughness than laser cut surfaces (Farrokhi et al., 2015). 

3. Materials and methods 

At the stage of creating the technological line design, three 

variants of its implementation were considered. Optimisation 

was made on the basis of three criteria: technical, organisa-

tional and financial. 

In the technical criterion, various variants of the project im-

plementation were analysed in terms of the feasibility of the 

research and development works. They are listed in Table 1. 

Table 1. Design variants in the technical criterion 

Variant No. Specification 

I Performing mainly development works; the abil-

ity to reach a solution that is difficult to imple-

ment; low innovativeness of the solution. 
II Conducting research and development works on 

the main components of technology with the use 

of existing solutions, testing existing solutions; 

average innovativeness of the solution. 

III Performing research and development works in 

a wide range; creating a line entirely from 

scratch; high innovativeness of the solution. 

 

In the organisational criterion, various variants of the project 

implementation were analysed in terms of the duration time of 

the project. They are given in Table 2. 

Table 2. Design variants in the organisational criterion 

Variant No. Specification 

I 

(12 months) 

Impossibility to execute the project up to the 

TRL IX level; high risk of not achieving the as-

sumed project objectives. 
II 

(24 months) 

Possibility to execute the project up to the TRL 

IX level; average risk of not achieving the as-

sumed project objectives. 

III 

(36 months) 

Possibility to execute the project up to the TRL 

IX level; low risk of not achieving the assumed 

project objectives; extended duration time of the 

project, increasing the project implementation 

costs and associated with the risk of introducing 

a similar solution to the market by competitors. 

 

In the financial criterion, various variants of the project im-

plementation were analysed in terms of expenditure on the 

project. They are given in Table 3. In order to be able to carry 

out an efficient assessment of project variants, the Benefits to 

Costs ratio (B/C ratio) has been established. Calculations were 

made for the five-year period after the completion of the pro-

ject. The calculation results are presented in Table 4 (in Ap-

pendix A). 
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Table 3. Design variants in the financial criterion 

Variant No. Specification 

I The adopted budget is associated with the risk of 

underestimating in relation to the assumed re-

search works and revenues that can be obtained 

at a later date. 
II The adopted budget is appropriate to the as-

sumed research work and revenues that can be 

obtained at a later date. 

III The adopted budget is associated with the risk of 

overestimation in relation to the assumed re-

search works and revenues that can be obtained 

at a later date. 

 

Ultimately, variant No. II was selected as the optimal variant 

of the project implementation. Research and development 

works were assumed in the material and financial schedule of 

the project. They were planned for 24 months to ensure the 

feasibility of the project in terms of organisation. From the fi-

nancial point of view, a variant was chosen which also corre-

sponded to the high probability of the research and develop-

ment works feasibility, and at the same time obtained the 

highest value of the B/C ratio. 

Design assumptions conditioning the implementation of the 

project are summarised in Table 5 (in Appendix B). 

The block diagram of the technological line for the produc-

tion of long linear profiles is presented in Fig. 1 (in Appendix 

C). It consists of three main sections for: plasma arc cutting, 

circular saw cutting and robotic welding. The line includes an 

input roller conveyor with a profile loading system and an out-

put roller conveyor with a packaging system for finished prod-

ucts. 

To create the concept of the technological line, the follow-

ing assumptions regarding its functionality were used: 

1. The purpose of the line will be the processing of long lin-

ear profiles. 

2. The line will be fully automated and will be equipped 

with computer numerical control (CNC). It will also be 

possible to control online all parameters of the line by an 

external system (Łyp-Wrońska et al., 2017). 

3. The designed technological line will occupy a much 

smaller area in relation to the line composed of individual 

machines with the same purpose. 

4. The starting material in the form of hollow or open sec-

tion profiles will be collected automatically from the 

warehouse at the beginning of the technological line and, 

after going through the entire line in the automatic cycle, 

will be stored at the end of the line in the finished product 

warehouse. 

5. The plasma arc cutting section will be equipped with four 

torches, operating in two independent pairs and in two di-

rections perpendicular to each other. 

6. The circular saw cutting section will be equipped with 

a proprietary solution enabling the profiles to be cut from 

the bottom. 

7. Due to the reduction of the number of servicing employ-

ees by non-standard combining of production stations 

into one technological line, reducing the distance between 

the stations and automation the line, a significant increase 

in the production efficiency of linear profiles will be 

achieved. 

As a result of the fulfilment of the above assumptions, a 3D 

model of the technological line for the production of long lin-

ear profiles was developed, shown in Fig. 2 (in Appendix D). 

Line performance simulation has been performed based on 

the AGICO Group company hourly standards. The process of 

machining of one 6-meter element on separate processing sta-

tions is characterised in Table 6. As a result of this process, 

the machining of one element takes a total of 18 minutes. It is 

planned that on the newly created line, processing of the same 

element will take 2 minutes. It will be possible thanks to the 

performance of several technological treatments at the same 

time. 

Table 6. Processing time of one 6-meter element on separate pro-

cessing stations 

Process name Daily standard 
Number 

of employees 

Saw cutting 120 pieces 1 

Plasma arc cutting 140 pieces 2 

Drilling 115 pieces 2 

4. Results and discussion 

The designed technological line is to be located on the area 

of a rectangle measuring 45.2 m by 10.3 m. 

The current status of work on the implementation of the de-

signed sections for laser cutting and sawing is shown in Figs. 

3 and 4, respectively. 

 

a) b) 

 
 

Fig. 3. Plasma arc cutting section: a) model 3D, b) general view 

 

The designed technological line is characterised by the fol-

lowing main features: 

1. The plasma arc section allows for cutting hollow sections 

on four walls in the same setting and for simultaneous cut-

ting of holes of the same shape on opposite walls (Gus-

towski et al., 2023). 
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2. The presented concept of the plasma system gives ex-

tended possibilities in relation to other concepts of proto-

type CNC plasma cutting machines (Oysu, 2007; Kudrna 

et al., 2019). 

3. In order to meet the design assumptions for the maximum 

external dimensions of the profile being processed, and at 

the same time to limit the external size of the circular saw 

blade, the circular saw cutting section is adapted to cut 

profiles from the bottom (Gustowski et al., 2022). 

4. The welding section consist of two welding robots and 

two manipulators. Manipulators are used to feed the pre-

fabricated elements, and robots to weld them according to 

a predefined program to the main element. 

5. The line replaces the work of five highly qualified em-

ployees and, according to an internal analysis carried out 

by the AGICO Group, it allows for a five-fold increase in 

efficiency compared to the traditional methods of produc-

ing linear elements used so far. A final estimate of the 

line’s efficiency will be possible after the line is com-

pleted and tested. 

 

a) 
b)  

  

 

Fig. 4. Circular saw cutting section: a) model 3D, b) general view 

 

Economic profits from the implementation of the designed 

technological line in the AGICO Group's own business result 

directly from: 

 high performance and efficiency of the line, 

 versatility of the technological line, which enables the 

production of elements of various assortments, both from 

hollow and open section profiles, made of various welda-

ble and non-weldable steels, alloyed steels or aluminium, 

 saving time, fuel and electricity used so far for transport-

ing materials with forklifts or overhead cranes between 

stations, 

 improvement of quality and the elimination of defects, 

 significantly reduced usable area of the hall, 

 possibility of on-line central control of all operating pa-

rameters of the technological line. 

The implementation of a process based on the technological 

line will allow for an increase in production capacity, and thus 

an increase in revenues from the AGICO Group's own busi-

ness activities. 

5. Conclusions and outlook 

Modern production capabilities enable the design of auto-

mated devices to perform several machining operations in one 

cycle, reducing manufacturing costs and improving its effi-

ciency. An example of such a procedure is the planning of 

a technological line grouping stations for plasma arc cutting, 

circular saw cutting and welding of long linear profiles, the 

concept of which was presented in the paper. The designed 

line obeys to all the established pre-requisites and enables the 

production of structural elements made of hollow or open sec-

tion profiles of various sizes. 

The technological line is distinguished by the complexity of 

its specific components with a very wide versatility and the 

performance of many operations at the same time, or in coor-

dinated sequences of execution, feeding and integration in or-

der to make the vast majority of line profiles. The combination 

of three operations (plasma arc cutting, circular saw cutting 

and welding) into one line is the process innovativeness of the 

designed technological line. However, the systems for loading 

and packaging profiles and the plasma arc cutting section are 

the product innovativeness of the technological line. 

The line will be implemented in the own business of the 

AGICO Group, which will enable the expansion of the com-

pany’s business profile. The results of testing the prototype of 

the technological line under operating conditions will be pub-

lished in a separate paper. 
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Appendix A 

Table 4. B/C ratio calculation results 

 Variant No. I Variant No. II Variant No. III 

Project duration time 12 months 24 months 36 months 

Expenditure on project implementation, PLN 2,499,400 4,999,400 7,499,100 

Operational costs, PLN 9,733,500 32,445,000 32,445,000 

Revenue from the implementation, PLN 12,600,000 42,000,000 42,000,000 

B/C ratio 1.03 1.12 1.05 
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Appendix B 

Table 5. Design assumptions for the implementation of the project 

 

Appendix C 

 

Fig. 1. Block diagram of the designed technological line 
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No. Description 

Resource assumptions 

1. All necessary materials and equipment will be acquired and made available for use during the project implementation. 

2. The technological line will be located in a newly built technological hall. 

3. The people involved in the project will be mainly employees of the project contractor. Part of the work will be commissioned by 

a science and research university. 

4. All the resources (equipment, tools, or materials) will be kept in good condition for use throughout the project life-cycle. 

5. Project team members will have access to the tools they need to carry out their respective tasks on schedule, including advanced 

hardware and software, and electricity during working time. 

Cost assumptions 

1. The cost of purchasing and maintaining resources will stay within the planned budget of the project. 

2. The remuneration costs of people working on the project will be included in the planned budget of the project. 

3. Wages of any subcontractors and indirect costs will be within the planned budget of the project. 

4. The total project budget will not be exceeded. 

Schedule-based assumptions 

1. All the equipment or materials are available as needed according to the planned schedule. 

2. Project finances are within the budget for the specified period of time planned for the project. 

3. All the staff members and employees can efficiently carry out their tasks in accordance with the planned schedule. 

4. The suppliers will deliver consumables on time. 

5. The expected project schedule can be met and the project will be completed within the expected time. 

Quality/specification assumptions 

1. The quality of all equipment and materials will be in good condition throughout the project life-cycle. 

2. The scope and specifications of the project will not change during the project implementation, unless there are cases where they 

need to be altered to cater to the requirements and needs of the project. 

3. All the goods provided by suppliers will be in the best condition and of the preferable quality. 

4. All the staff members and employees possess good qualities of the skills required for the project. 

Technology assumptions 

1. The line design software development process will be able to meet the needs of stakeholders and customers. 

2. The IT support of the project will be able to cope with technical difficulties such as system errors, network congestion, connection 

problems, and technical errors. 

3. The data in the data inventory will be automatically updated and all the information in the data inventory will be synchronised. 

4. All the physical devices will be in good working order for project use. 

5. The project system will be compatible, it will run correctly and stably to make the project run smoothly. 

Location/environments assumptions 

1. There will be minimal network congestion and strong internet connection in the location where the project will be implemented. 

2. The location of the project will be constant throughout its life-cycle and will not change as the project progresses. 

3. During the winter or rainy season, the project will continue to operate normally and will not be affected by changes in weather. 
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Appendix D 

 

Fig. 2. 3D model of the designed technological line 

 

 

用于加工线性型材的创新技术线的概念 
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 摘要 

本文介绍了一条创新技术线的概念，旨在加工工程钢和铝结构中使用的长线性型材，这些型材

可以是空心截面型材，也可以是开放截面型材。 该线设置有七个主要部分：型材装载系统、

输入辊道输送机、等离子弧切割部分、圆锯切割部分、机器人焊接部分、输出辊道输送机和型

材包装系统。 详细说明了创建技术路线概念所采用的假设。 描绘了显示其所选元素结构的线

路框图和图纸。 指出了记录其产品和工艺创新的技术线的特征。 拟议的技术线建在 AGICO 集

团公司，但也可以在处理长直线型材加工的其他公司中成功实施。 

 

 

 


