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ABSTRACT 

 

This paper is about the development of a costing model aimed at determining 

the pricing strategy for a component manufactured through the welding 

process. Cost estimation in welding processes is crucial for industries due to 

various influencing factors like welding time, length, and joint type. 

Calculating welding costs involves considering various methods and factors. 

One method compares theoretical filling metal amounts with on-site welding 

material consumption, factoring in the welding difficulty coefficient. 

Additionally, Time Driven Activity Based Costing (TDABC) is one of the 

costing methods used to analyze input data and estimate welding costs 

accurately and efficiently, specifically in the GMAW process. Moreover, a 

comprehensive costing model developed by ESAB incorporates variables such 

as labor costs, electrode expenses, shielding gas usage, and overall power 

costs. In this paper, the selected welding design configuration is a double V- 

groove butt joint using mild steel, ER70S-3 as filler wire, and S235 mild steel 

as substrate. Based on the chosen design, the welding cost model will be 

developed to analyze the cost of the butt joint welding process based on time-
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driven activity-based costing (TDABC) method. The outcome of this study is 

the total cost to manufacture the Double V-Groove butt joint project in terms 

of materials, labor, and equipment.  Furthermore, subsequent efforts will be 

directed toward systematically enhancing the welding cost model to include a 

broader spectrum of materials, various part dimensions, and differing 

deposition rates. 

 

Keywords: Welding; Gas Metal Arc Welding; Double V-Groove; Mild Steel; 

Costing Model Analysis 

 

 

Introduction 
 

The introduction of welding processes dates to the early stages of the last 

century, evolving into various techniques based on different energy sources 

[1]-[2]. These processes are crucial in fabrication and construction industries, 

with welding equipment, power sources, and consumables playing vital roles 

in their implementation [3]. Modeling and simulation have become essential 

tools in predicting welding outcomes, including geometry, microstructure, and 

mechanical performance, although the complexity of welding processes 

requires more data and computational time compared to other industrial 

applications [4]. Understanding the production of residual stress and distortion 

during welding involves the concept of inherent strain, which is crucial in 

analyzing and reproducing residual stresses through elastic analysis [5]. 

Overall, the history, development, and modern challenges in welding 

technology highlight its significance in various engineering fields, making it a 

fundamental aspect of mechanical engineering and related disciplines. 

The welding process is a sophisticated metallurgical joining process 

characterized by the deliberate application of heat, pressure, or a combination 

thereof to affect the localized melting, coalescence, and subsequent 

solidification of materials at the joint [6]. This method exhibits specific traits 

that render it appropriate for a range of applications. Unlike conventional 

welding, which permits less precision of workpieces, this process enables the 

cost-effective joining of diverse metal types and thicknesses [7]. As an 

illustration, Gas Metal Arc Welding (GMAW) excels in accommodating 

variations in workpiece fit-up, making it a versatile choice for various welding 

scenarios [8]. Due to its cost-effectiveness and wide range of applications, this 

technique is one of the common methods in the joining process [9].  

A previous study using a Metal Inert Gas (MIG) or GMAW welding 

process discovered that increasing the welding current increased 

penetration while reducing the voltage decreased penetration. Decreasing the 

arc travel rate increased penetration until it reached a minimum value based on 

arc power [11]. The research examined the relationship between GMAW 

process factors and bead geometry, concluding that arc current has the most 



A.R Ramlan et al. 

339 

significant impact. The study found that electrode polarity, diameter and 

extension, arc voltage, welding current, power source setting, travel speed, and 

flux all affect the weld deposit area [10].  

Asea Brown Boveri (ABB) has led the way in robotic programming by 

creating software packages that empower engineers by simplifying the task of 

robotic programming. The creation of RobotStudio has granted individuals 

with little to no programming experience the ability to create simulations in 

minutes. This software has drastically shortened the time necessary to program 

robotic workstations. This has come to a precipice with the addition of user-

programmed add-ins and smart components [12]. 

In the process of resource selection and product development, the 

utilization of a cost model stands as a crucial instrument. Particularly in early 

design evaluations, the necessity for a dependable and precise cost estimation 

tool becomes apparent. To assess manufacturing expenses associated with 

MIG welded joints, a method for cost estimation is employed [13]-[14]. The 

ESAB welding cost methodology delved into the estimation of costs of steel 

weldments produced through the four predominant arc welding techniques 

currently prevalent: Shielded Metal-Arc Welding (SMAW), GMAW, Flux-

Core Arc Welding (FCAW), and Submerged Arc Welding (SAW). An in-

depth cost model for the butt joint welding process chain, which encompasses 

the primary production processes, is depicted using a time-based activity-

based costing method [15]. 

Moreover, the research delineates discrepancies in the costs associated 

with the deposition of weld metal, contingent upon the selection of the filler 

material and the employed welding methodology. These cost variations are 

attributable to an array of determinants, including the labor and overhead 

charges of the practitioner, the deposition rate and efficiency of the filler 

material, operational parameters, and the costs incurred from material and 

energy consumption. This investigation proposes a cost estimation model, 

grounded in the principles applicable to various welding techniques, notably 

the GMAW process. This model adheres to the costing framework suggested 

by ESAB for evaluating welding operations.  

Upon thorough examination of the literature referenced in this 

investigation, it becomes clear that research on cost analysis models for 

additively manufactured components, especially within the oil and gas 

industry for items such as pipe flanges, is markedly insufficient. In light of this 

deficiency, the current study seeks to devise and assess a cost estimation model 

specifically for the fabrication of butt joints with double V-grooves utilizing 

the Robotic GMAW technique. This effort is directed toward establishing the 

preliminary market valuation for this nascent, potentially transformative 

manufacturing methodology. 
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Methodology 
 

The analytical methodology is employed for the systematization of welding 

duration, electrode consumption, and shielding gas consumptions, contingent 

upon various preparatory and welding attributes. Within the ambit of cost 

analysis, each parameter is associated with a distinct formula, facilitating the 

conversion of material price or quantity inputs into requisite outcomes, such 

as the aggregate cost of the product in RM. According to ESAB, the primary 

constituents calculated to ascertain the expense of a singular welding product 

encompass the aggregate labor and overhead costs, the comprehensive cost of 

electrodes, the total amount of shielding gas required, the cumulative flux cost, 

and the overall power costs. 

This manuscript offers an in-depth analysis of a comprehensive costing 

model, specifically for products crafted using GMAW, as illustrated in Figure 

1. The MyCAT4W model meticulously evaluates key cost components 

essential to the production process, including material costs for raw materials 

necessary in additive manufacturing, equipment costs focusing on electricity 

and shielding gas essential for quality maintenance, and labor costs covering 

compensation for skilled personnel in operational and supervisory roles as 

shown in Table 1. This analysis aims to equip stakeholders with a thorough 

understanding of the economic factors crucial to GMAW product fabrication, 

thereby enhancing decision-making regarding the technology's adoption and 

optimization in relevant sectors. 

 

 
 

Figure 1: Costing model structure for the GMAW process [16] 

 

Figure 1: Costing model structure fro GMAW process. 

Electrode Cost 
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Table 1:  The costing model structure for the double V-groove butt joint 

component 
 

Summation of total cost 

Material Equipment Labor 

Total length of 

weldment 
Total required shielding gas Total time of welding 

Total required weight 

and cost of electrode 

Total cost of power 

(power source and robot) 
Assumption of 

operating factor 

Total cost of material Total cost of equipment Total cost of labor 

 

Total cost of material 
Total required weight and cost of electrode 
The price of the electrode per kilogram makes up the second factor. The 

electrode's deposition effectiveness is the third consideration. The filler wire 

data book, the type of wire diameter, and the welding procedure are used to 

determine the deposition efficiency. The cost of an electrode is mostly 

determined by the electrode's weight. The weight     of the electrode also must be 

considered in the total calculation of the butt joint welding cost which is 

described in Equation (1): 

 
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑜𝑓 

              𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 
=   𝐶𝑜𝑠𝑡 𝑜𝑓 𝑤𝑖𝑟𝑒 𝑝𝑒𝑟 × 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 

                    𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑑𝑒 
(1) 

 

where the cost per wire kg is determined by the roughly similar price of 

commercially sold filler wire and the total weight of the electrode is 

determined by the following equation: 

 
𝑇ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑  

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑑𝑒 

 

=  
  𝑊𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟 𝑚𝑒𝑡𝑒𝑟* × 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑤𝑒𝑙𝑑𝑚𝑒𝑛𝑡

𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦
 

(2) 

Total cost of labor 

Total labor and overhead cost 
The remuneration for the welder operator's hourly wage, which may vary 

depending on the welding method employed, is encompassed within the labor 

and overhead expenses. Given the hourly basis of labor and administrative 

outlays, extended project durations inevitably result in escalated costs. 

Moreover, the operational factor significantly influences project duration, as 

opting for a welding technique with a lower operational factor inherently 

extends the overall project time and amplifies labor and overhead 

expenditures. The operational factor delineates the duration a welding machine 

can operate without posing a risk to the operator, commonly assessed in 

intervals of ten minutes. Table 2 delineates the operational factors crucial for 

cost determination [16]. 
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Table 2: Operating factor for various welding processes [17] 

 

Welding process 
Operating factor 

assumption 

Range of operation 

factor 

SMAW 25 15 to 40 
GMAW – semi-automatic 45 15 to 60 

GMAW – automatic 80 50 to 100 

FCAW – semi-automatic 40 15 to 55 

SAW – mechanized 40 40 to 90 

 

Total labor and overhead costs are determined by the following equation: 

 
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑜𝑓  

𝑙𝑎𝑏𝑜𝑟 𝑎𝑛𝑑 𝑜𝑣𝑒𝑟ℎ𝑒𝑎𝑑 

 

=   𝐶𝑜𝑠𝑡 𝑜𝑓 𝑙𝑎𝑏𝑜𝑟 𝑎𝑛𝑑 𝑜𝑣𝑒𝑟ℎ𝑒𝑎𝑑 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟 × 

                𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑝𝑟𝑜𝑗𝑒𝑐𝑡 (3) 

where the cost of labor and overhead per hour will follow the average wages 

in specific countries, in this case, Malaysia [18], and the total time of the 

project is described: 

 
𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑜𝑓  

𝑡ℎ𝑒 𝑝𝑟𝑜𝑗𝑒𝑐𝑡 
=  

  𝑊𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟 𝑚𝑒𝑡𝑒𝑟* × 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑤𝑒𝑙𝑑𝑚𝑒𝑛𝑡

𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒
 (4) 

 
where weight per meter is described by the geometry shape of the heat-affected 

zone on double V–groove butt joint deposition multiplied by the total overall 

length of the weldment, and the deposition rate is based on Elektriska 

Svetsnings-Aktiebolaget (ESAB) [19]. Based on Equation (4), the total time 

to complete the overall project will consider the operating factor employing: 

 
𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑜𝑓  

𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑝𝑟𝑜𝑗𝑒𝑐𝑡  
=  

𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑜𝑓𝑤𝑒𝑙𝑑𝑖𝑛𝑔

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟 𝑎𝑠𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛∗ 
 (5) 

 
Total cost of equipment 
Total required shielding gas 
The formulation below is the GMAW criteria that is selected to determine the 

pricing based on the needed amount of shielding gas which is described in the 

following equation: 

 
𝑆ℎ𝑖𝑒𝑙𝑑𝑖𝑛𝑔 𝑔𝑎𝑠 

𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑  
=    𝑆ℎ𝑖𝑒𝑙𝑑𝑖𝑛𝑔 𝑔𝑎𝑠 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 x 𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒  

𝑜𝑓 𝑤𝑒𝑙𝑑𝑖𝑛𝑔  (6) 

            
where the shielding gas flow rate is based on the standard set in Table 3. 
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Table 3: Gas flow rate 

 
Shielding gas flow rate 

Wire diameter 0.9 mm 1.2 mm 1.6 mm 2 mm - 3.2 mm 

L/min 14.2 16.5 18.9 21.1 

m3/hr 0.85 0.99 1.13 1.27 

 

This leads to the final calculation to calculate the pricing based on 

shielding gas usage which also considers the commercial price of a similar 

whole cylinder of shielding gas: 

 
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑠ℎ𝑖𝑒𝑙𝑑𝑖𝑛𝑔 

𝑔𝑎𝑠 𝑡𝑜 𝑏𝑒 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒 

=   𝑇𝑜𝑡𝑎𝑙 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑠ℎ𝑖𝑒𝑙𝑑𝑖𝑛𝑔 𝑔𝑎𝑠  
      𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 𝑝𝑟𝑖𝑐𝑒 ×  𝑝𝑒𝑟 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟  (7) 

 

Another technique is investigated to determine the pricing based on the 

needed amount of shielding gas which is a modification with the 

implementation of ESAB. Given that it operates on the same principle as 

GMAW, the calculation below outlines the necessary amount of shielding gas 

to procure. As the basis, Boyle’s law is used to calculate the volume as shown 

in Equation (8). To calculate the shielding gas volume at atmospheric and 

residual pressure: 
 

  𝑃1𝑉1  = 𝑃2𝑉2       𝑎𝑛𝑑     𝑃1𝑉1  = 𝑃2
∗𝑉2

∗  (8) 
 

𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑢𝑠𝑎𝑏𝑙𝑒 𝑠ℎ𝑖𝑒𝑙𝑑𝑖𝑛𝑔 𝑔𝑎𝑠 𝑡𝑜  
𝑡𝑜𝑡𝑎𝑙 𝑠ℎ𝑖𝑒𝑙𝑑𝑖𝑛𝑔 𝑔𝑎𝑠 𝑖𝑛 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 

=     
𝑉2

∗

𝑉2
   =    𝑉𝑟𝑎𝑡𝑖𝑜 (9) 

 
𝑇𝑜𝑡𝑎𝑙 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑠ℎ𝑖𝑒𝑙𝑑𝑖𝑛𝑔 

𝑔𝑎𝑠 𝑡𝑜 𝑏𝑒 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑 
=    

𝑆ℎ𝑖𝑒𝑙𝑑𝑖𝑛𝑔 𝑔𝑎𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 

𝑉𝑟𝑎𝑡𝑖𝑜
 (10) 

 
𝑇𝑜𝑡𝑎𝑙 𝑔𝑎𝑠  

𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑  
     

 

=  
𝑇𝑜𝑡𝑎𝑙 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑠ℎ𝑖𝑒𝑙𝑑𝑖𝑛𝑔 𝑔𝑎𝑠 𝑡𝑜 𝑏𝑒 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑

𝑉2
   

𝑜𝑟   
𝑆ℎ𝑖𝑒𝑙𝑑𝑖𝑛𝑔 𝑔𝑎𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑

𝑉2
∗  

(11) 

 

Due to constant temperature, the pressure and the volume of the 

shielding gas are inversely proportional to each other. The initial pressure, P1 

which is atmospheric pressure, and the initial volume, V1 is calculated based 

on Equation (6). Therefore, the residual pressure, P2, which can be measured, 

and volume, V2 after completing the project can be calculated using Equation 

(8). Using the ratio of usable shielding gas, Vratio, the total required shielding 

gas needed and the amount of shielding gas cylinder to be purchased can be 

obtained in Equation (10) and Equation (11), respectively. 
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Total power cost 
The utilization of electrical power by the power source is contingent upon the 

welding process and various welding parameters, including voltage, current, 

and wire feed speed. The aggregate electrical power consumed by the welding 

robot within a specified timeframe is referred to as its power consumption.  

The parameters for this project can observed in Table 4 which were used in the 

power cost calculations. 

 

Table 4: Experimental parameters for double V- groove joint process in the 

butt joint experiment 

 
Process parameter Values 

Current (A) 120 - 130 

Voltage (V) 27 - 29  

Travel speed (mm/s) 

Wire feed speed (m/min) 

Gas composition (argon) 

Numbers of layers 

5 

5 

100%  

3 

 

The following equation establishes the calculation of the power cost: 

 

𝑃𝑜𝑤𝑒𝑟  =   

𝐶𝑜𝑠𝑡
𝑘𝑊ℎ

 ×  𝑉𝑜𝑙𝑡𝑎𝑔𝑒𝑠 ×  𝐶𝑢𝑟𝑟𝑒𝑛𝑡𝑠

1000 ×  𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒
 (12) 

 

The cost per kilogram of wire is derived from ESAB guidelines, taking 

into account the cost of electrical power, typically constituting less than 1%. 

The cost of the welding robot is computed by multiplying its wattage by the 

duration of its operation. The power source, denoting the apparatus furnishing 

electrical power for welding operations, such as a welding machine or power 

supply, can be elucidated by the subsequent equation: 

 
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑃𝑜𝑤𝑒𝑟 

 

=    𝑃𝑜𝑤𝑒𝑟 × 𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑙𝑑𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 × 

                          𝑇𝑎𝑟𝑖𝑓𝑓 𝑟𝑎𝑡𝑒 
(13) 

 

where the total power is based on the capacity of a particular robotic welding 

equipment and the tariff rate is based on Tenaga Nasional Berhad (TNB) 

classification [20]. The projected power consumption for the project hinges on 

the travel speed of the Wired Arc Additive Manufacturing (WAAM) process 

employed to fabricate the pipe flange component. As a result, the power 

consumption for the project is derived from the rated power consumption of 

the robotic welding equipment operating at maximum speed. Factoring in the 

duration for which the equipment was utilized in the project, the cost of power 

for the robotic welding equipment can be determined using Equation (15) [21]. 
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𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑  
𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 

=  
𝑇𝑟𝑎𝑣𝑒𝑙 𝑠𝑝𝑒𝑒𝑑

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑠𝑝𝑒𝑒𝑑
 x 𝑅𝑎𝑡𝑒𝑑 𝑝𝑜𝑤𝑒𝑟  (14) 

 
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑝𝑜𝑤𝑒𝑟  
𝑓𝑜𝑟 𝑟𝑜𝑏𝑜𝑡𝑖𝑐 𝑤𝑒𝑙𝑑𝑖𝑛𝑔 

=   𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ×  
     𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑙𝑑𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 × 𝑇𝑎𝑟𝑖𝑓𝑓 𝑟𝑎𝑡𝑒  

 

(15) 

 

 

Results and Discussion 
 

Double V-groove for butt joint process model 
For this welding design, the double V-groove aims to outline the geometric 

parameters, such as the angle, depth, and width of the V-grooves, as well as 

any additional dimensions relevant to the welding process as illustrated in 

Figure 2. By detailing the characteristics of the double V-groove model, this 

introduction sets the foundation for understanding its application in welding 

procedures and ensures clarity regarding the structural aspects of the joint 

design. 

 

    
 

Figure 2: The design of double V-groove in automated GMAW 

 

Double V-groove costing analysis 
This project was performed using automated robotic welding equipment that 

utilized the GMAW process. The weldment was done based on the welding 

parameter in Table 5, as the length of the weldment is 1.5 m, and the joint 

process used in the project is a double V-groove. 

 

Total cost of material 
Important aspects to consider for the material cost of this project consist of the 

weight per meter, the weldment's length, and the cost of the electrode. 

Employing a calculation derived from an electrode density of 7800 kg/m³, 
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based on the material ER70S-3, the diagrams in Figure 3 show the dimension 

of the weldment area for a double V-groove. 

 

Table 5: The information on the double V groove project 

 
Project Information 

Details Values Units 

Length of weldment 1.5 m 

Type of welding process GMAW  

Type of electrode/ wire GMAW  

Current 120 - 130 A 

Voltage 28 - 30 V 

Type of joint Double V-Groove  

Diameter of electrode/ wire 1.2 mm 

 

 
 

Figure 3: The dimension for double V-groove weldment 
 

The calculation of the weight per meter will depend on the type of weld 

joint because every weld joint has different dimensions and shapes for example 

as shown in Figure 2, a geometric modeling approach is used to calculate the 

weight per meter and Tables 6, 7 and 8 show the V groove is divided into 3 

sections which are section A, section B, and section C, respectively. 

Table 9 shows the total cost for the material of the project. Once the 

value for the total required weight electrode has been obtained, the calculation 

for the total cost of the electrode can be performed by considering the 

commercial price of ER70S-3 wire per kg for RM 40.80. 
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Table 6: The calculation for weight for part A 

 
Section A 

Details Values Units 

Plate thickness, TA 25.4 mm 

Root gap, G 0 mm 

Root face, F 0 mm 

Cross-sectional area, AA 0 mm2 

Weight per meter, WA 0 kg/m 

Total cross-sectional area, ATA  0 mm2 

Total weight per meter, WTA  0 kg/m 

 

Table 7: The calculation weight per meter for part B 

 
Section B 

Details Values Units 

Bevel Thickness, TB 12.7 mm 

Bevel Angle, S 30 degree 

Cross-sectional Area, AB 46.56041 mm2 

Weight per meter, WB 0.363171 kg/m 

Total Cross-sectional Area, ATB 186.2416 mm2 

Total Weight per meter, WTB 1.452685 kg/m 

 

Table 8: The calculation weight per meter for part C 

 
Section C 

Details Values Units 

Reinforcement width, WC 14.6647 mm 

Reinforcement height, HC 1.59 mm 

Formula : Area = WC x HC x 0.75 
  

Cross-sectional area, AC 17.48765 mm2 

Weight per meter, WC 0.136404 kg/m 

Total cross-sectional area, ATC 34.9753 mm2 

Weight per meter, WTC 0.272807 kg/m 

Total weight per meter 1.725 kg/m 

 

Table 9: The total cost for the material of the project 
 

Total cost of materials 

Details Values Units 

Total required weight of electrode 2.70 kg 

Total cost of electrode 189.00 RM 
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Total cost of labor  
After calculating the material cost, the labor to perform this project needs to 

be calculated based on the total time of welding, the total time of the overall 

project, and the salary for this project that needs to be determined for the 

welding operator as demonstrated in Table 10. 

 

Table 10: The total cost of labor for this project 

 
Total cost of labour 

Details Value Units 

Total time of welding 2 hours 

Total time of overall project 3 hours 

Total cost of labour 76.42 RM 

 

Total cost of equipment 
The cost for equipment of this project can be obtained through the necessary 

shielding purchased, the cost of shielding gas, and the total power cost for the 

robotic welding equipment and power source combined as shown in Table 11. 

 

Table 11: The total cost of equipment for the project 

 
Total cost of equipment 

Details Values 

Total required shielding gas to be purchased 1 cylinder 

Total cost of shielding gas RM 201.36 

Total cost of power RM 4.67 

 

Total cost of the project 
Table 12 shows the overall cost of the four important components required for 

the double V-groove project. The appropriate calculation procedure has been 

developed to estimate the cost for the butt joint process following many 

modifications made to the ESAB-modified and Time Driven Activity Based 

(TDAB) costing method. The length of the weldment, the weight of the 

electrode, the type of welder (machine), the welding period, and the welding 

material all affect the ESAB-modified calculation technique. The material cost 

for this project is RM189.00, labor costs total RM76.42, and equipment costs 

of RM206.03, resulting in an overall cost of RM471.45.  
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Table 12: The summation of the total cost of the double V groove project 

 
Total cost of double v groove project 

Details Values 

Total cost of material RM 189.00 

Total cost of labour RM 76.42 

Total cost of equipment RM 206.03 

Total cost of welding RM 471.45 

 

Figure 4 illustrates the breakdown of the overall cost of the double V-

groove butt joint project as a proportion of the total cost, highlighting the areas 

with the most significant welding costs. The equipment cost plays a major role 

in the overall cost of butt joint products due to the required shielding gas and 

power consumption. Using the ESAB modification method shows 

distinguished contributions to material costs, specifically accounting for 

43.8% of the total cost in electrode usage to complete the double V-groove 

project. 

The graph also indicates a 16.3% overall cost for labor whereas the total 

cost required for fabricating the double V-groove butt joint project using the 

automated GMAW process is RM471.45 excluding the component machining 

expenses. Therefore, the cost of GMAW-produced butt joints using the Time-

Driven Activity-Based (TDAB) costing method can be compared within the 

Malaysian market. 

 

 
 

Figure 4: The illustration of the total cost of the double V-groove project 

Total Cost of  
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Conclusion 
 

This research is centred on conducting a cost analysis of the Gas Metal Arc 

Welding (GMAW) process for creating a double V-groove butt joint. The 

primary objective of this study is to create a thorough cost model using ESAB 

with minor adjustments to estimate the production cost of the GMAW 

products. From the findings of this study, the following conclusions can be 

made: 

i. The comprehensive costing model for the WAAM process has been 

successfully developed and implemented based on the Time-Driven 

Activity-Based (TDAB) approach. 

ii. The cost of manufacturing the butt joint through GMAW is primarily 

determined by equipment expenses, particularly the necessary shielding 

gas. The shielding gas cost represents about 43.7% of the total cost while 

the cost of materials which is the electrode plays a significant role, 

accounting for around 40%. This is largely due to the use of electrodes, 

which are essential for producing the butt joint using the GMAW method. 

iii. GMAW is a widely used arc welding process that offers several 

advantages over traditional welding methods, particularly in terms of 

control and efficiency.  

iv. The costing model is adaptable and can be utilized in other nations, 

accounting for variations in currency values. 

Moreover, this inquiry holds the potential to enhance the progression 

of research in GMAW within this specific domain by: 

i. To implement post-processing and incurring the expenses into the costing 

analysis tool. 

ii. To integrate a more comprehensive array of materials, account for 

diverse part dimensions, and consider varying deposition rates. 
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