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Abstract: This paper presents a method of economic analysis of welding tubes made of aluminum alloy AA6060 using MIG and TIG arc 
processes, as well as the non-conventional FSW process in relation to the length of the welded joint. The cost model includes fixed and variable 
costs, which are broken down into individual components, and their specifics for each of the selected processes are considered. The input 
values were defined and a calculation was made for obtaining a specific workpiece, that is, for welding a tube with an outer diameter of ∅150 
mm, and a wall thickness of 5 mm, with a butt joint in real production conditions. The obtained results were analyzed and the price of welding 
was determined according to the production time and per meter of the welded joint. 
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1. Introduction 
 
When it comes to the problem of environmental pollution, the 

manufacturing sector plays a significant role in CO2 emissions. This 
gas is one of the main causes of climate change in the form of global 
warming of the planet. The general attitude of all developed countries 
is to reduce these emissions and other harmful effects of humanity on 
the planet Earth, first of all, by reducing energy consumption and 
moving away from the use of fossil fuels, primarily for obtaining 
electricity and transport. Harmful emissions originating from the 
production sector can be divided into direct and indirect. Direct ones 
come from the process of burning fossil fuels, while indirect ones are 
the result of the use of a large amount of electricity, which according 
to some estimates is about 35% [1]. 

As conventional welding technologies are energy-inefficient, due 
to the high consumption of electricity, which is used to melt metals, 
these processes belong to the group of indirect polluters. 

These technologies are most often used when joining various 
parts of the industry. There are a large number of welding 
technologies, which we can divide into different ways. One of the 
divisions can be electric arc and specialized processes [2]. Today, 
over 115 welding processes e in the world, which is in daily use. 
Therefore, when choosing an adequate welding technology, in 
addition to the basic requirements in terms of mechanical properties 
(quality of the welded joint), it is necessary to analyze the economic 
aspect (reduction of costs), but also the ecological aspect (reduction 
of indirect pollution). Three welding processes (Metal Inert Gas  -
MIG, Tungsten Inert Gas - TIG, and Friction Stir Welding - FSW) 
were selected to meet these goals. The method of economic analysis 
solves the indecisiveness when choosing a priority variant (process), 
following the rules for choosing the variant that maximizes the total 
profitability based on the number of functional products, or in the 
case that revenues are not present or are constant among the 
variables, only costs are considered and the variant that minimizes 
the total cost of the functional product is chosen [3]. 

2. Welding technology 
Welding is defined as the localized joining of metals or non-

metals caused either by heating the material to a suitable temperature 
with or without the effect of pressure or only by the effect of pressure, 
with or without the use of additional material [4]. 

2.1 Conventional processes: MIG and TIG 

MIG and TIG belong to welding processes under an externally 
supplied protective gas atmosphere. These are arc welding processes 
that use an electrical power source to form an electric arc between 
the electrode and the base material. In this way, heat is generated 
which melts the material of the workpieces to be welded, which after 
cooling results in joining. 

The MIG process is a semi-automatic or automatic welding 
process with a consumable wire that is fed continuously and has the 
roles of the electrode and additional material. Inert or semi-inert 

shielding gas is continuously supplied next to the wire, which flows 
around the wire to protect the weld pool from contamination. 

The TIG process is a manual or automatic welding process that 
uses a non-consumable tungsten electrode, a mixture of inert or semi-
inert gas, and special filler material. It is particularly useful for 
welding thin materials, it is characterized by a stable arc and a high 
quality of the welded joint, but it requires considerable operator skill 
and can only be performed at relatively low speeds.  

2.2 Unconventional FSW process 

The FSW welding process makes it possible to obtain a welded 
joint without melting the material. Compared to conventional electric 
arc processes and other non-conventional processes such as laser and 
electron beam welding, this characteristic gives the FSW process a 
kind of immunity according to the criterion of the appearance of 
defects and the loss of mechanical properties that accompany the 
recrystallization of the molten metal. In addition, FSW is an 
ecologically clean process, which does not use shielding gas or 
additional material to obtain a welded joint. Also, the FSW process 
does not create harmful fumes, which in conventional processes are 
caused by the formation of metal oxides at high temperatures, and 
does not emit harmful radiation, which is more or less present in all 
other welding processes. The mentioned advantages of the FSW 
process have a positive impact on the health of the welder and the 
environment. In addition to the above, this process is characterized 
by the following properties: 

- lower electricity consumption, 
- simple and quick preparation of workpieces, 
- absence of equipment protection against electric arc and 
fumes and accompanying ventilation, 
- greater dimensional accuracy, i.e. less distortion of 
workpieces, 
- higher welding speed and 
- high degree of automation. 
The FSW process is mainly used to join metals with a 

relatively low melting point [5], which usually means aluminum 
alloys that are difficult to join by electric arc processes. Known 
applications of the FSW are the rocket booster of the Space Shuttle 
in America, structural elements of high-speed trains in the railway 
industry, ship hulls and decks in the shipbuilding sector, as well as 
copper containers for radioactive waste [6]. The FSW process found 
its application in the automotive industry in the form of Friction Stir 
Spot Welding, which replaced conventional spot welding in chassis 
made of aluminum with savings of up to 90% in terms of electricity 
use [7]. 

3. Preparation of workpieces 
As workpieces to be welded in the economic analysis, tubes made 

of aluminum alloy AA6060-T4 (AlMgSi0.5-T4) were taken. The 
tubes have an outer diameter of ∅150 mm, wall thickness t = 5 mm, 
while the length of the tubes that are welded individually is 250 mm 
(according to the ISO 25239-4 standard), and the length of the welded 
joint is l = 471 mm. The considered alloy was chosen, first of all, 
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because of its high prevalence in the industry, as well as because of 
its relatively good weldability. It is used in the automotive and 
railway industries, for making pipes for irrigation, heating, and 
cooling, for pneumatic installations, furniture and carpentry, and 
many other applications. 

For welding workpieces using the MIG and TIG process, it is 
necessary to carry out preparation, which is reflected in the 
production of a V-groove (Figure 1), the dimensions of which are 
adopted (according to the ISO 25239-4 standard) for each of the 
processes individually (Figure 2). 

 
Fig 1 Workpiece for MIG and TIG process 

 

Fig 2 Groove profile for MIG and TIG processes 

Where the angle of the groove is α°, the gap of the groove is b 
mm, and the thickness of the root face is c mm. 

For the FSW process, a groove is not made, but it is necessary to 
obtain a flat face on the workpieces so that they fit evenly in the butt 
joint during clamping. 

4. Components of cost estimation 
If the conditions and properties of the alloy allow the welding of 

a joint using several methods, it is necessary to choose the 
appropriate one according to economic criteria. Various factors are 
listed below, the sum of which represents the cost price of a welded 
joint per meter of weld using a certain process. In addition to the costs 
listed below, it is also necessary to take into account the selling price 
of the manufactured product Pr €/m in relation to the length of the 
welded joint, which differs in relation to the costs representing profit. 
It should be noted that all cost components are not present in all 
processes due to their specificities. We can divide costs into variable 
and fixed. 

4.1 Fixed costs 
Fixed costs  € include the cost of welding equipment (welding 

machine) as a separate entity and the cost of auxiliary accessories and 
protective equipment.  

= + (1) 
 
4.1.1 Cost of welding equipment 
It includes the cost of the welding equipment (welding machine) 

itself, the choice of which depends on the process used, the material 

and thickness of the workpiece, and the number of workpieces for 
which the welding machine is used. Depending on the size of the 
batch, the degree of automation of the process is also chosen, 
according to which welding is divided into manual, mechanized, 
automated, and robotic [8]. The adopted notation for this cost is Tm, 
and the unit is €.  

 
4.1.2 Cost of auxiliary accessories 
In industrial welding, special accessories and holders are 

generally made to bring the workpiece and the welding torch or tool 
into the desired position, in order to speed up the process. These 
elements are most often adapted specifically to the workpiece to be 
welded and their price must be considered for each job individually. 
This category includes the costs of protective equipment and 
equipment for the preparation of workpieces. The adopted notation 
for this cost is Ta, and the unit is €. 

 
4.2 Variable costs 

Variable costs Vt €/m refer to human labor, overheads, energy, 
and preparation of workpieces. In electric arc processes, we have 
additional material and shielding gas as variable costs, while these 
costs are absent in the FSW process, where the cost of the welding 
tool occurs. Total variable costs represent the sum of the specified 
variable costs characteristic of the selected process. 

  
4.2.1 Cost of labor 

The cost of human labor Lc €/m is based on the hourly labor rate 
Lr €/m, which is currently in Montenegro in the gross amount, as well 
as the welding speed S mm/s and the reinforcement factor Of [9]: 

=
+ +  

(2) 

Where the welding time is tz s which is proportional to the length 
of the welded joint per workpiece l mm, and inversely proportional 
to the speed, tp s is the time required for assembly and disassembly of 
the workpiece and tl s is the time of "ignition of the arc". Based on 
these parameters, we can calculate the cost of human labor [9]: 

=
3.6 ∙ ∙  

(3) 

 
4.2.2 Overhead costs 

It refers to the overhead costs that the company pays per meter of 
welded joint Oc  €/m and depends on the hourly overhead rate Or  €/h 
the welding speed S mm/s and the utilization factor Of [9]. 

=
3.6 ∙ ∙  

(4) 

 
4.2.3 Cost of additional material 
The cost of additional material Cf €/m is estimated by 

determining the type and quantity of the required material. Above all, 
it is necessary to determine the area of the profile of the welded joint 
A mm2 from Figure 2. 

= ( − ) ∙
2

+ ∙ ∙ (5) 
The strengthening factor Of is adopted, which represents the 

overhang of the welded joint. Based on the known area and knowing 
the density of the additional material ρ kg/m3, we can calculate the 
mass of the selected welded joint per length meter Ww kg/m. 

= ∙ ∙ ∙ 10 (6) 

Where la = 1 m. Knowing the mass of the welded joint per meter 
length, we can calculate the cost of additional material per meter 
length Vec  €/m [9]. 
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=
∙

(7) 

Where Ec  €/kg  – the price of the electrode per unit of mass and  
Emy – efficiency factor of added material, i.e. the percentage of wire 
that becomes weld metal [9] 

 

4.2.4 Cost of shielding gas 

This cost is estimated according to the type of gas used and its 
flow rate Vgc  €/m [9]. 

=
+  

3.6 ∙  
(8) 

Where Gfr m3/h gas flow, a Gc  €/m3 gas cost. 
 
4.2.5 Cost of energy 

It takes into account the energy consumed by the welding 
machine or apparatus according to the length of the welded joint Vpc  
€/m [9].  

=
∙ ∙  

3600 ∙ ∙  
= ∙ (9) 

Where I A electric current, electric voltage U V and M degree of 
efficiency of the welding apparatus, that is Pe kWh/m is the electricity 
consumption per meter of welded joint for FSW. The price of 
electricity is given by the factor Pc €/kWh. 

 
4.2.6 Cost of a welding tool 
This cost is specific to the FSW process only. The length that one 

tool can weld depends on the type of material being welded and its 
thickness. The cost of the welding tool represents the price of this 
tool per meter of weld length Va  €/m. 

 

4.2.7 Cost of preparation of workpieces 

It includes the time and resources necessary to prepare one 
workpiece for welding Vpk  €/m. For conventional processes, it is 
necessary to make a suitable groove for the welded joint, as well as 
to clean the workpieces before welding, and after the process to sand 
and clean them, while with FSW it is enough to clean the workpieces 
before the welding process. 

= ∙ ∙ 0.0167 (10) 
 

5. Economic analysis models for considered 
welding technologies 

In order to form cost models for the analyzed MIG, TIG, and 
FSW processes on the basis of the previously given equations, it is 
necessary to determine the input values of all parameters. 

An accessory was developed for mounting and dismounting 
workpieces on the lathe, which in this case is a chuck on a universal 
lathe. By tightening one KM nut, the workpieces are positioned. The 
welding speed is defined by the stepper motor that drives the 
clamping head. The gun, i.e. the torch, is positioned on a joint that 
has one degree of freedom. It takes 60 seconds to assemble and 
disassemble the workpieces from this setup. 

As a welding machine for the FSW process, it is planned to use a 
CNC machining center, which has a pallet system with two pallets, 
the total change time of which is 26 s. The worker will remove the 
finished workpiece, and then assemble the new workpieces in the 
time it takes the machine to pick up another pallet (half the time for 
changing pallets (13 s), enters the material with the tool (5 s), 
performs welding (56 s), pulls the tool out of the workpiece (5 s) and 
returns the pallet with the finished workpiece (13 s). After that, the 
cycle starts again, which means that the welder has about 92 seconds 
available for assembly and disassembly. From this, we can see that 
the actual time wasted on assembly and disassembly is 26 seconds, 

i.e. the time of changing the pallet because the rest of the cycle is 
performed in parallel with the FSW process on another pallet. 

Input parameters and their values are given in Table 1. 

Table 1: Input parameters for MIG, TIG and FSW processes 

No. Parameter Designation 
and unit MIG TIG FSW 

1 Cost of welding 
equipment (machine)  € 3000 7500 63000 

2 Cost of auxiliary 
accessories  € 550 550 850 

3 Cost of labor  €/h 7.8 12.3 7.2 

4 Welding speed  mm/s 6.33 3.92 10 

5 Assembly and 
disassembly time  s 60 60 26 

6 Time to start the arc  s 3 3 - 

7 Tool entry and exit 
time  s - - 10 

8 Overhang cost rate  €/h 2 2 2 

9 Number of passes  1 [10] 1 [10] 1 [10] 

10 Joint angle  ° 70 [11] 55 [11] 0 

11 Groove gap  mm 1.2 [11] 1.2 [11] 0 

12 The thickness of the 
root face  mm 1.2 [11] 1.2 [11] - 

13 Reinforcement factor 
of the welded joint  1.1 [12] 1.1 [12] 1 

14 The efficiency factor 
of added material  0.95 [9] 0.95 [9] - 

15 The density of 
additional material  kg/m  2640 2640 - 

16 Price of additional 
material  €/kg 14  12.3 - 

17 Gas flow  m /h 1 [2] 0.6 - 

18 The price of gas  €/m  2.87  2.87  - 

19 Welding current  A 200 [2] 140 - 

20 Welding voltage  V 23.6 [10] 15.5 - 

21 
Degree of efficiency 

of the welding 
machine 

 0.9 [9] 0.9 [9] - 

22 The price of 
electricity  €/kWh 0.0546  0.0546  0.0546  

23 Time of preparation 
of workpieces  min 10 10 7 

24 
Electricity 

consumption per 
meter of welded joint 

 kWh/m 0.23 0.17 0.2 [12] 

6. Analysis of results 
Based on the used model of economic analysis and given input 

parameters, an algorithm was defined that enables economic analysis 
for the selected workpiece in a simple way. 

In order to calculate the profitability of one of the processes, in 
addition to the parameters of productivity and costs, it is necessary to 
define the market value per meter of welded joint Pr =15 €/m   . Based 
on the previously given data, we can calculate the profitability Pt  € 
of the selected welding technology for a specific workpiece for a 
certain number of working hours: 
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= ( − ) ∙ ∙ 3.6 ∙ ∙ − (11) 

Where t1 time in hours h. 
Figure 3 shows the ratio of profit and working hours (time) for the 
analyzed processes MIG, TIG and FSW.

 
Fig 3 Relation time - profit 

As quantity plays a decisive role in the choice of welding 
technology, it is necessary to consider whether the workpieces are 
welded in individual, serial, or mass production, which would 
represent a key criterion for the justification of investment in a certain 
technology. 

From Figure 3, we can see that the FSW process starts with a 
significant negative value due to the large initial investment, but the 
absence of additional material, shielding gas, shorter preparation, and 
higher productivity result in the FSW process having a significant 
advantage over electric arc processes in serial and mass production. 
while with single and small series, the advantage is with electric arc 
processes. 

We can also calculate the profitability based on the length of the 
welded joint produced according to the equation: 

= ( − ) ∙ − (12) 

Where x is the length of the welded joint m. 
Figure 4 shows the profit per meter of the weld from each 

analyzed process, starting with a negative value due to the initial 
investment. In this case, the time dimension, i.e. the advantage in 
higher productivity of the FSW process, is omitted. Despite this, we 
see that the savings in the cost of the welded joint per meter of length 
in the FSW process which after a while leads to the intersection of 
curves, and the FSW process after a certain length becomes the most 
profitable. 

 
Fig 4 The relationship between the length of the welded joint and the profit 

7. Conclusion 
The economic analysis carried out in this paper shows that FSW 

technology for the case of analyzing tubes made of AA6060 alloy, 
despite a significantly higher initial investment, after 465.8 working 
hours gains an advantage over MIG and TIG processes. Also when 
we look at the problem in relation to the length of the welded joint, 
the FSW technology becomes dominant after 38396.7 meters of the 
welded joint and continues with the trend of significantly higher 
profit. 

Due to the higher initial investment, the FSW process is proving 
to be the preferred process for serial production. After the specified 
period or number of welds, despite the large initial negative value due 
to the investment, there is an intersection of the curves after which 
the FSW process takes the lead. 

The FSW process, in addition to better mechanical characteristics 
of the welded joint, an ecologically clean and energy-efficient 
process, is recommended by the economic analysis for welding the 
analyzed workpieces, because it achieves great benefits for the user 
in terms of cost savings, as well as higher productivity. The presented 
approach is part of wider research and can be applied to a wide class 
of problems. 
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