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Abstract 

Metal active Gas (MAG) welding is one of the widely used techniques for joining ferrous and 

non-ferrous metals. In this experiment Design of Experiment method was used. Investigation of 

MAG welding parameter optimization for good penetration and surface quality is very important 

to improve the technology of MAG welding application. The aims of this thesis was examine 

effects of eight MAG welding  parameters on Mild Steel specimens which have dimension 150 

mm x 100 mm x thickens, by metal active gas. These welding parameters are amperage, arc 

voltage, welding speed, stick-out length, welding angle, shielding gas, material thickens were 

selected for the DOE based on the selection criteria for investigated depth of joint penetrations 

and welding porosity  on butt joint. 

By used the optimization tool the thesis deals with the input parameters of MAG welding and 

examines the interaction between welding parameters and its response. As the DOE indicated 

MAG welding parameters are the most important factors to control welding quality, productivity 

and failure cost. The Experiments was conducted based on taguchi and root cause analysis 

diagram. Root cause identification for quality and productivity related problems are key issues 

for manufacturing processes. The experimental work was conducted to optimize the input 

process parameters to get optimum welding quality. By used DOE each welding parameter their 

influence for porosity and joint penetration were investigated. Analysis and optimization of 

MAG welding parameters were conducted based on ANOVA and GA respectively. 

Based on the optimized parameters welding porosity decrease by 3.92%, 3.34 %, 3% in flat, 

horizontal and vertical welding position respectively with maximum penetration of 4.61, 3.71, 

3.21 mm, respectively of the welding position at the shielding gas of 12 L/min were found as the 

result of DOE indicated amount of shielding gas not affected by the welding position that’s way 

shielding gas of 12 L/min were led for the three welding positions. 

 Key point, MAG welding, DOE, root cause analysis, GA, ANOVA 
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Chapter one 
1.1.    Back ground of the study 

In welding process, there are many parameters need to be considered in order to obtain the 

objective characteristic of welding quality. A perfect arc can be achieved when all the parameters 

are in conformity. In MAG welding process there are several important parameters need to be 

concern. These parameters are arc voltage welding current, amperage, travel speed, wire feed 

speed, torch angle, free wire length, nozzle distance, welding direction, electrode extension, 

welding position and the flow rate of gas. Generally, all welding processes are used with the aim 

of obtaining a welded joint and the weld quality with the desired parameters, excellent 

mechanical properties with quality surface.  In order to determine the welding input parameters 

that lead to the desired weld quality, application of Design of Experiment (DOE), through 

Taguchi method and GA are widely used to develop a mathematical relationship between the 

welding process input parameters and the output variables of the weld joint [1] . 

Mesfin Industrial Engineering P.L.C (MIE) is the leading equipment manufacturing company in 

East Africa. The company currently is engaged in the manufacturing of liquid and dry cargo 

bodies, trailers, semitrailers, low beds and in the fabrication of fuel storage tanks, various 

equipment’s for construction and energy sectors, such as sugar plant, cement plant components 

and hydro power elements. The company use different kinds of welding techniques like MAG 

welding, ARC welding, submerging welding [2]. However, 80% of welding process covers 

MAG welding, especially in trailers almost 98% uses MAG welding also more gap exist on this 

welding technique. on track trailer use three welding positions these are vertical, horizontal and 

flat.  All these method uses MAG welding, however the company affected by reworking process   

due to welding defects as the result of rework the company expose to unnecessary costs. 

Realizing the above mentioned problem this study was focused on the MAG welding parameters 

and root cause of the problem. Root Cause Analysis is the process of identifying causal factors 

using a structured approach with techniques designed to provide a focus for identifying and 

resolving problems. As minimize rework sustainability of welding performance will also 

increase. Because, as rework increase also failure cost increases not only quality cost but also 

performance of final product damaged. 
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1.3.  Problem Statement 

As mention in the introduction part 98% of the total amount of the joining parts of the trailer use 

MAG welding since MAG welding has high speed and flexible characteristics. However, the 

company still now affected the final products by welding defects and high product rejection. 

About 20% of reworking process done per trailer, this problem happens due to welding defects. 

The most common defects exist in the company are porosity, lack of fusion, spatters and crack, 

however porosity and lack of fusion are more dominants than the rest of welding parameters, i.e 

75% of the total defects covers by porosity and lack of fusion/penetration.  Due to this cause the 

company expose to un necessary costs, because as rework increase internal and external failure 

costs also increase and customer satisfaction decrease due to poor welding quality. However no 

more external failure costs but Internal Failure Costs are more affected to the company: this 

internal failure costs results from defects that are discovered during the production of a product 

or service. These costs will disappear if there are no defects exist in finished products. 

1.4.    Objective of the thesis  

1.4.1.   General objective  

The overall objective of this thesis is analysis and optimization of MAG welding parameters 

using ANOVA and genetic algorithm respectively based on experiments to minimizing MAG 

welding defects on trailers.  

1.4.2.   Specific objective 

 To identify the common MAG welding defects.  

 To analyze the root cause of welding defects based on laboratory experiment. 

 To optimize MAG welding parameters using genetic algorithm. 
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1.5. Scope of the study 

MAG welding has more than eleven welding parameters and uses all welding positions. 

However, Scope of this study had mainly focused on eight MAGS welding parameters with three 

levels and three welding position on trailer. These parameters are selected based on selection 

criteria. As the selection criteria indicated that the eight parameters are more affected for welding 

quality than the rest of welding parameters and the three welding position are commonly use on 

trailer .The selected parameters for DOE are amperage(C), arc voltage (V), wire feed rate 

(WFR), welding speed (WS), stick out length (SO), shielding gas (SH, gas) and welding angle 

(WA) and the welding position are flat, horizontal and vertical welding position. 

1.6. Limitation of the study 

Although, the research had reached its aims, there was some unavoidable limitation were existed 

in the company. Since this research was experimental approach   each parameter of MAG 

welding had needed measure their response in order to conduct optimization but not full 

equipment to measure each welding parameters. Arc length in welding is mandatory for control 

welding defects and this exactly the gap can measure using high speed camera but there is no 

high speed camera in the company.  

1.7. Significant of the thesis  

It is obviously that result of this thesis for the company will significantly contribute to the rapid 

of welding defect minimization as well as reworking processes diminish in addition to  

production time will decrease. Therefore, the research will have particular benefit to overcome 

the stated problems so that the company can be competitive in welding respected to the quality 

and repaired cost minimization. It provides that the thesis as input information for the welder 

what with what parameters and their levels with respect welding defect minimization and best 

joint penetration. It is hopefully believed that MIE will implement the optimized MAG welding 

parameters done by this thesis. In addition, other related company can also utilize important 

concepts out of this research and the research paper can be used as a reference for other thesis 

who wants to work on interrelated area.  Generally this thesis can serve as source of information 

and direction for any researcher which focus in parameter optimization in any company. Even if 

this thesis cause study was in MIE but the thesis is significance can serve as benchmarks for any 

welding company since MAG welding is international machine. 
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1.8. Thesis organization  

This thesis is organized into five chapters. The first chapter summarizes background of the study, 

problem statement, objectives, scope, limitation, and significance of the study. The second 

chapter is literature review which includes quality control tools, function and effects of each 

MAG welding parameters ,welding techniques, welding process, welding shape and types of 

optimization tools and their application as well as welding parameter analysis tools   .The third 

chapter covers the research methodology like design of experiment (DOE) and data validation 

methods and data collection system. The data collection method, research design and data 

analyzing method are described in this chapter also data analysis tools and sample area are listed 

on this chapter. Chapter four includes discusses the results of the study and the experimental 

analysis and interpretation of the DOE result done on this chapter. It presents the data obtained 

from the case company and analyzes it. The proposed solution and its outcome after 

implementation relying on the results obtained are also presented. Finally, the conclusion and 

recommendation presented in the fifth chapter. 
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Chapter two 

Literature review 

2.1. Welding quality  

Quality is a vital factor in today’s manufacturing world. Quality can be defined as the degree of 

customer satisfaction. Quality of a product depends on how it performs in desired circumstances. 

Quality is a very vital factor in the field of welding. The quality of a weld depends on 

mechanical properties of the weld metal which in turn depends on metallurgical characteristics 

and chemical composition of the weld [2]. 

As the researcher [3] said that Size and the amount of defects apparent in the welded part define 

the quality of the joint. A defect can either be internally located or at the surface. Occurrence of 

defects in welded materials could be a result of imperfections in product design, manufacturing 

process, material properties or a combination of these. Also researcher [3] said that other 

important factors tied to welding conditions that influence the weld quality are e.g. design, weld 

preparation, shielding, cleanliness and weld technique some of the common sources of defects 

and also discussed like  porosities, inclusions, fusion errors, weld shape and cracks. Furthermore, 

geometrical distortions due to welding can also significantly affect reducibility according to the 

researcher [3]. Cracks are the most complex defect types as they develop due to metallurgical 

behavior and welding circumstances.  

 

 

 

 

 
 

 

                                                                      

 

  

Figure [3] 
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2.2. Welding defects 

According to the previous researcher [4], by using DOE arc welding as well as other welding 

defect causes are broken down as follows: 45 percent poor process conditions, 32 percent 

operator error, and 12 percent wrong technique, 10 percent incorrect consumables, and 5 percent 

bad weld grooves. This result was got by analysis of welding defect and their root-causes.  

2.3. Defect classification 

According to the researcher [5] one of the most important contributions to this field of research 

with respect to classification of defects through the use of shape features, who attempted to 

Grouped the defects according to the criteria described below: 

First, a defect can be classified through its geometric shape, whether it is circular or linear. For 

example, when a defect has a circular shape, it can be classified according to porosity and slag 

inclusion from the shape outline, the contrast, or the position in the weld seam. When a defect 

has a linear shape and is located on the edge of the seam, it is probably an undercutting, and 

when it is located in the middle of the seam, the defect can be classified as a crack or lack of 

penetration. In the study of [5], ten features are defined to discriminate among the kinds of 

defects, which are porosity, slag inclusion, fissure, lack of penetration, and under cutting [6]. 

 

Affording to the researcher [5] to recognize the kind of defect used neural networks. They 

worked with a supervised 2-layer neural network with back propagation type training, with seven 

neural in the hidden layer and five neural in the output layer (five defect classes). They used 35 

radiographic models and the data were previously normalized so that they were between 0 and 1. 

The neural with the largest value in the output layer determined the defect class [6] 

 

To verify the effectiveness of each feature in the discrimination between the defect classes 

studied, they evaluated the performance of the network removing one feature at a time, and 

concluded that the best performance was that of the situation in which they used all the feature.  

[5] made a histogram with the performance of the network for each situation (without the 

presence of a characteristic). Of 27 defects that were analyzed, 25 were classified correctly, 

equivalent to 92.6% of success [7]. 
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According to the researcher [8], to classify the undercutting and longitudinal crack defects in 

radiographs of stainless steel welds, used neural networks in a training algorithm with back 

propagation. Based on the researcher [5, 8] discussion their results indicate a success rate of 

97.0% for crack and 90.0% for under cuttings with the test data, and 82.5% for crack and 88.74% 

for under cuttings with the training data. This result, not accounted for by the authors, is peculiar, 

since normally the best results are obtained with the training data. They also made an evaluation 

of the relevance of features using neural networks, in which they changed the value of a feature 

and then verified the variation of the network's response to that change. 

 

Investigator [8] used ten features to classify the defects: porosity, lack of melting, lack of 

penetration, crack, and tungsten inclusion. They suggest that the defects can be classified 

visually into linear and circular. Based on that, they defined the characteristics: length, width, 

symmetry, and roundness, among others. Furthermore, they also defined the features: angle 

(between the main axis of the defect and the middle line of the seam), position (with respect to 

the middle of the seam), and grey level density of the defect, among others. They also 

commented on the difficulty for finding features to identify the typical welding defects based 

only on information by the radiograph inspectors, because even those with more experience often 

do not justify the use of some features to distinguish a certain class of defect. For that reason 

they point out the need to use other information such as material welded, welding technique 

used, welding conditions, and radiograph inspection technique used [9, 10]. 

 Researcher [11] refers to some rules with respect to the relation between the geometric features 

and classes of welding defects according to international standards. They are: If the length/width 

ratio is >3, then the defect is linear; otherwise it is spherical. If the defect has a smooth outline, 

then it is porosity; otherwise it is spherical slag inclusion. If the direction of orientation of the 

defect is horizontal, then the defect is horizontal; otherwise it is a crack. 
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2.4. Porosity and formation of porosity  

According to these two researchers based on their DOE beside inappropriate shielding gas 

Chemical reactions and contaminations also promote porosities [12, 13]. By choosing the 

appropriate filler materials cleaning the work piece before the operation thoroughly, controlling 

the heat input rate and the welding speed can be reduced this type of defect [12]. Pores in welds 

can take many sizes and shapes, i.e. from small to considerably large voids, and from spherical to 

elongated shapes [13]. Distribution of pores may be uniform along the weld or concentrated to 

specific areas such as the root and the top of the weld [13]. From a severity aspect, pores can be 

considered as one of the least harmful defect types. However, excessive amount of pores will 

have an effect on the load bearing area of the weld causing reduced static strength [13].  

  

  Figure 1 Porosity [13]  

Low carbon steels containing <0.15% carbon and <0.6% manganese generally have good 

weldability, as the composition is too lean to give any significant hardening effect during 

welding. However, steels with <0.12% carbon and low levels of manganese can be prone to 

porosity, although they are not susceptible to hydrogen cracking [12]. Various studies seeking to 

improve the quality of welds have been conducted over the years. The efforts were mainly 

focused on alloy hardening, post weld heat treatments [12, 13], welding procedures, and weld toe 

geometry. A few studies were also carried out to investigate the role of porosity on fatigue 

performance of welding joints. Distributed micro porosity refers to the uniformly distributed 

small pores often observed in weld metal. The size of micro pores varies from a few to nearly a 

hundred microns. 

Discussed the above researcher [12, 13] they made analysis about porosity using Taguchi method 

proved to be  in design of experiments for evaluation of the quality and ANOVA based on their 

DOE lastly they conclude about their research holes and porosity are observed in MIG welding 

at low speeds and at low current values. They selected the parameters for this DOE were, 

current, welding angle welding speed, nozzle size the rest parameters take as constant.  
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2.5. Inclusion 

According to the previous researcher [14] got result on their experiment inclusions are non-

metallic compounds e.g. oxides that are trapped in the weld zone, causing deterioration in 

material properties. Oxides can be prevented by assuring proper shielding in the welding region 

through sufficient shielding gas supply [14]. Additionally, proper cleaning of the joint before 

welding is important to assure clean surfaces. 

 

Figure 2 inclusions [14] 

2.6. Incomplete fusion/ penetration 

As the researcher [15] said based on experiment they run some conclusion about lack of joint 

penetration is normally considered a very dangerous weld defect in a welded structure. Because 

of the notch effect, a crack may further propagate under the smallest load applied. The 

occurrence of the lack-of-fusion and its characteristic is described for gas shielded arc welding 

processes [15]. The main cause for the occurrence of lack of fusion is insufficient energy input to 

the weld area. This means that the parent metal in the weld groove or previous runs have not 

heated to the melting point to make a uniform joint. This is mainly affected by the groove 

preparation, the welding technology and welding parameters chosen [4]. Lack of fusion most 

often results from the weld pool running ahead of the arc. An important influence is exerted also 

by the welding parameters, i.e. welding current, voltage, welding speed, wire feed speed, and 

wire extension length. The torch inclination, welding position, weld preparation and arc 

deflection are important tool [16]. 

a                                       

Figure 3 excessive penetrations,                             Figure 4 incomplete fusion 
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According researcher [20] lack of fusion occurs when the weld metal does not form a cohesive 

bond with the base metal or when the weld metal does not extend into the base metal to the 

required depth, resulting in insufficient throat thickness. These defects are usually caused by 

incorrect welding conditions such as current too low, insufficient preheating, welding speed too 

fast, incorrect edge preparation, short arc length, insufficient electrode size or the arc was not in 

the center of the seam. This type of defect can only be repaired by grinding/gouging out the 

defective area and re-welding. High melting point oxides or non-metallic inclusions are trapped 

between two joining faces. Oxides are arranged along the entire length of the lack of fusion 

defect in a form of a thin layer.  

When they melt or slag occurs in the lack-of-fusion defect, globular non-metallic inclusions will 

form [20].  

The oxide layer creates a thermal barrier between weld and parent metal which does not allow 

the parent metal to melt. 

 

Figure 5, incomplete fusion [20] 

 

According the researchers [15, 16, 17] lack of fusion or joint penetration happen due to incorrect 

welding parameters  and wrong welding techniques like too fast welding speed.  Lack of 

penetration is largely influenced by the plate thickness in TIG welding; current has an influence 

of about 45 % on under fill;   Influenced of up to 35% is contributed by gas pressure for lack of 

penetration and 31% is contributed by current for lack of penetration in MIG welding; Voltage, 

thickness and backing plate have large influence on under fill in MIG welding.  finally the 

researcher conclude that the weld speed should be less than 0.45 m/min for 3mm plate and 0.35 

m/min for 5mm in MIG welding;  to avoid lack of penetration the optimum velocity of nozzle tip 

distance about 10mm for 3mm plate and 12mm for 5mm plate.  
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2.7. Cracks  

Cracks are defects that develop inside and outside the weld zone. Generally, cracks can be 

divided in two sub-categories: hot- and cold-cracks. Hot-cracks are developed under elevated 

temperatures i.e. during welding, while cold-cracks are developed at near room-temperature due 

to residual stresses and stress concentrations. The causes for crack formation are many and 

sometimes interrelated [12]. Welding process parameters e.g. heat input and weld speed are set 

of factors that determine the development of cracks. Examples of causes are temperature 

gradients promoting thermal stresses in the weld zone, variation of composition in material at the 

weld zone causing different contraction behavior, and the inability of two parts to contract may 

promote cracks [20]. Temperature gradients are generally affected by heat input and speed, 

whereas the latter one affects the direction of the gradients as described the researcher [11]. 

 The direction of temperature gradients at the weld pool are of importance as it determines in 

which direction crystals are formed i.e. the solidification process [11].   

At excessive weld speeds, the susceptibility of solidification cracking increases as the thermal 

strain reaches critical levels [14] and 1 mm of crack growth 70 % of the life is consumed. Cracks 

can be prevented by pre-heating the work piece prior to welding, changing welding 

parameters/procedure and modifying the joint design to reduce thermal stresses due to shrinkage 

[12]. However, these preventive actions are of basic practice and are in reality far more complex. 

Determining the susceptibility of a material to crack requires deeper knowledge about the 

material structure and mechanisms that triggers cracking phenomena.  Crack originated 

from undercuts and lack of fusion/penetration according to researcher [21].   

     

Figure 6 cracking [21] 

                                   (a)                                 (b)                              (C)  

Cross section of cracked welds (all with lack of fusion) after fatigue testing, with crack initiation 

(a) in the lower toe, (b) in the upper and lower toe, (c) in the upper toe. 
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As researcher [23] said numerically calculating fatigue life analysis, lack of fusion/penetration  

with surface cracks slightly (<10%) reduces the fatigue life while lack of fusion alone does not 

have any impact. Figure 6 shows a comparison of different crack situations on fatigue life with 

lack of fusion/penetration and lower toe crack welded specimens with lack of fusion/penetration 

have the lowest fatigue life. Many, but not all cracks follow the weld surface flow pattern. Some 

cracks jump from an outer to an inner (with respect to the weld center) ripple. According to the 

[22], an Improvement of fatigue life by means of controlling the toe waviness is possible, e.g. 

controlling the weld pool flow as the origin of the ripples or by the post processing, e.g. surface 

re melting. Fatigue life improvement is also possible for welding joint by eliminating lack of 

fusion/penetration which can be done with proper positioning of MAG welding and optimizing 

input parameters. 

2.8.  Spatter  

As discussed the researcher [24, 25] said that spatter is made up of little bits of metal that are 

sent flying away from your welding area by your welding arc. According to the analysis of these 

researcher excessive spatter happen when you're stick welding usually indicates your arc length 

is too long and during MAG welding, one of the most common causes of excessive spatter is 

using too much wire .Spatters are produced during welding, as explained earlier researcher it is 

one of the major results of poor arc stability. Spatter occurs while welding with each and every 

short circuiting, as the wire touches the weld pool giving mini-explosions during which the 

current reaches a maximum value and voltage a minimum value. Spatters are drops of molten 

metal which are not a part of the weld but solidify at the weld surface. Also according to the 

researcher [24, 25] said that, spatter produces a significant loss of material and gives the weld a 

much poorer appearance. Spatters are a problem not only for the quality of the weld, but they 

also influence the welding equipment negatively, spatters tend to adhere on the welding nozzle, 

which in turn reduced the flow of shielding gas resulting in a turbulent flow. Cleaning of the 

welding nozzle is thus required during welding operation, which additionally extends the 

production time.  Generally according to these researcher analysis too long arc length, too much 

wire feed rate and excessive current are source of spatters in MAG welding. Result of the spatter 

appearance of the welded, quality and mechanical properties of the material affected. 
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Figure 8 spatter [24]                          Figure 9 welding fumes [25]    

Sources of fume gas metal arc welding (2). 1. Droplet at of wire or during transfer. 2. Weld pool. 

3. Electrode spot and anode). 4. Exploding wire. 5. Large particles. 6. Fine metal droplets ejected 

by wire explosion. 

2.9.  Welding shape  

According the researcher [8] shape of the weld profile is important, since a bad shape will affect 

the mechanical properties of the welded materials. Common discontinuities are under fill 

(insufficient amount of weld metal in joint), undercut (development of grooves in the weld-base 

material interface) and overlap (excessive amount of weld metal in joint) the shape of the pool is 

affected by the heat input and the welding speed [11, 12]. As these researcher said that 

temperature distribution (isotherms) that increasing heat inputs along with welding speed 

decrease. Change the pool shape from elliptical to teardrop [11].Figure 7 shows that  the 

principle of how the weld pool shape is shifted, where the dot indicates the electrode position 

relative to the weld pool. The higher the welding speed, the higher lag of the isotherm’s 

geometrical center [11]. Crystal growth direction is also altered for different welding speeds and 

is directly related to the weld pool shape [13]. For a material with a lower thermal conductivity, 

this phenomenon becomes more prominent as the ability for the weld pool to dissipate heat and 

solidify reduces. Fillet weld shape geometry is very important in determining the strength and 

integrity of the weld.  

 

 

 

 

According the previous researcher said that fillet weld size or leg length is the side of the largest 

triangle inscribed inside the fillet weld, usually a right angle triangle [23]. 

Figure 7 welding shape [23] 
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 A supplement evolved to the “weld throat formula” as mentioned in a Welding Innovation 

Journal [11], in which the root penetration is taken into consideration i.e. depth of penetration 

beyond the root. Effective throat is the weld throat plus the root as shown in Figure 7. In this way 

a strong fillet weld can be achieved with reduced leg length but with increased root, giving better 

appearance and less material utilization. But taking into consideration that the variables affecting 

penetration, like welding position, current, voltage, wire feed speed, travel speed, preheat, and 

welding procedures. 

According to researcher [23] said that controlling welding shape is More importantly the 

metallurgical issues, since MIG/MAG uses a consumable electrode, its components melts and 

combine with the parent metal, compounds containing elements such as carbon, copper, sulfur, 

phosphorous can enter into the weld pool and penetrate deeper, and since these elements has 

lower solidification temperatures and high solubility in the melt they are often pushed into the 

center of the weld, causing cracking after complete solidification. Therefore increasing the 

strength of the weld can be achieved using the effective throat formula if all the other variables 

are controlled and taken into consideration. 

2.10.    Method of defect analysis 

As researcher [24] has defined that root cause analysis as an analytic tool that can be used to 

perform a comprehensive, system-based review of critical incidents. It includes the identification 

of the root and influential factors, determination of risk reduction strategies, and development of 

action plans along with measurement strategies to evaluate the effectiveness of the response. 

In the previous researcher [25] said that root causes analysis is an important component of a 

thorough understanding of “what happened”. The analysis begins by reviewing an “initial 

understanding” of the event and identifying unanswered questions and information gaps. The 

information-gathering process includes interviews with responsible person, who were directly 

and indirectly involved, examination of the physical environment where the event and other 

relevant processes took place, and observation of usual work processes. This information is 

synthesized into a “final understanding”, which is then used by the researcher to begin the “why” 

portion of the analysis. Similarly, to solve a problem, one must first recognize and understand 

what is causing the problem. This is the essence of root cause analysis. According to [15] 

knowing root cause is the most basic reason for control an undesirable condition or problem of 

the response. If the real cause of the problem is not identified, then one is merely addressing the 

symptoms and the problem will continue to exist.  
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Both these researchers [17, 19] state that identifying and eliminating root causes of any problem 

is of utmost importance. Root cause analysis is the process of identifying causal factors using a 

structured approach with techniques designed to provide a focus for identifying and resolving 

problems. Tools that assist groups and individuals in identifying the root causes of problems are 

known as root cause analysis tools. 

 According to [18] several root cause analysis tools have emerged from the literature as generic 

standards for identifying root causes. Some of them are the why- why analysis, multi Vari 

Analysis, cause-and-effect diagram, the interrelationship diagram, and the current reality tree. He 

has added that why- why analysis is the most simplistic root cause analysis tool where as 

currently reality tree is used for possible failures of a system and it is commonly used in the 

design stages of a project and works well to identify causal relationships. There is no shortage of 

information available about these tools.  

The literatures confirmed that these tools do, in fact, have the capacity to find the root causes 

with varying degrees of accuracy, efficiency, and quality. DOE Guideline root cause analysis   

[24, 25] said that immediately after the occurrence identification, it is important to begin the data 

collection phase of the root cause process using these tools to ensure that data are not lost. The 

data should be collected even during an occurrence without compromising with safety or 

recovery. The information that should be collected consists of conditions before, during, and 

after the occurrence; personnel involvement (including actions taken); environmental factors; 

and other information having relevance to the condition or problem. For serious cases, 

photographing the area of the occurrence from several views may be useful in analysis. Every 

effort should be made to preserve physical evidence such as failed components, ruptured gaskets, 

burned leads, blown fuses, spilled fluids, and partially completed work orders and procedures. 

This should be done despite operational pressures to restore equipment to service. Occurrence 

participants another knowledgeable individual should be identified. 

The researcher [26] has simplified the root cause analysis. They provide a comprehensive study 

about the theory and application of metrics in root cause analysis. It emphasizes the difficulty in 

achieving process capability in software domain and is watchful about SPC implementation. 

They mention that the use of control charts can be helpful for an organization especially as a 

supplementary tool to quality engineering models such as defect models and reliability models. 

However, it is not possible to provide control as in manufacturing since the parameters being 

charted are usually in-process measures instead of representing the final product quality.  The 
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final product quality can only be measured at the end of a project as opposed to the production in 

manufacturing industry, so that on-time control on processes becomes impossible. According to 

[26] for optimization mostly fish bone diagram is the best since root cause are needed for DOE. 

1.11. Welding experiments and optimization 

According to [13,27] the  application  of  design  of  experiment  (DOE),  evolutionary  

algorithms  and  computational network are widely used now-a-days  to develop a mathematical  

relationship between  the welding process  input parameters and  the output variables of  the 

weld  joint  in order  to  determine  the welding  input  parameters  that  lead  to  the  desired 

weld  quality  and optimization of  response. Welding process input parameters play a very 

significant role in determining the quality of a weld joint. The joint quality can be defined in 

terms of properties such as weld-bead geometry, mechanical properties, residual stresses and 

distortion. Generally, all welding processes are used with  the aim of obtaining a welded  joint 

with  the desired  weld-bead  parameters,  excellent  mechanical  properties  with  minimum  

residual stresses and distortion . 

1.12. Genetic algorithm and ANOVA 

According to [28] used a Genetic Algorithm (GA) to achieve the target welding quality in 

Tungsten Inert Gas welding by optimizing the process parameters. If the search defects are more 

and the objective functions become highly complicated, then the computational time of a 

GA increases drastically and it is difficult to get solution in real time. To overcome this 

difficulty, according to [29 ,30] showed that multiple sets of welding variables capable of 

producing the target weld quality could be determined in a realistic time frame by coupling a 

real-coded GA with a neural network model for Gas Metal Arc fillet welding. According to [31] 

used an artificial neural network to predict the weld quality in pulsed current Gas Metal Arc 

Welding (GMAW) process. According to [32] adopted a similar approach, where a GA was used 

as a tool to decide near-optimal settings of a GMAW process. The search for the near-optimal 

settings was carried out step by step with the help of a GA predicting the next experiment based 

on the previous, and without using the knowledge of the modeling equations between the inputs 

and outputs of the GMAW process. The Genetic Algorithm was able to locate near-optimal 

conditions, with a relatively small number of experiments.  
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According to [33] some conclusion was done on genetic algorithm as this researcher said that in 

the case of GA, it is a powerful optimization tool especially in irregular experimental regions.  

The main characteristics of Gas over the other optimization techniques is that they operate 

simultaneously with a huge set of search space points to find the optimal welding condition 

instead of a single point. On the other hand, this technique required a good setting of its 

parameters and uses a large computational effort, and therefore a long run time. Optimization 

techniques, such as GA would reveal good results for finding out the optimal welding conditions. 

As the previous researcher indicated [33] By use of ANOVA analysis the percentage 

contribution of MIG welding for welding current is 94.01 %, wire diameter of 0.402 % and wire 

feed rate of 0.016 % and the error is of 5.56 % . This error is due to human ineffectiveness and 

machine vibration and welding shape. From the ANOVA it is concluded that the welding current 

is the most significant welding parameter for MIG welding depth penetration and bead welding 

geometry related to the output welding quality, however this researcher was more focused on 

these three mig welding parameters the rest mig welding parameter were assume as constant.  

According to researcher [34] Studied to investigate the optimization process parameters for 

Metal inert gas welding (MIG). The objective function have been chosen in relation to 

parameters of MIG welding bead geometry Tensile strength, Bead width, Bead height, 

Penetration and Heat affected zone (HAZ)for quality target. Quality characteristic targets 

additionally the analysis of variance (ANOVA) is also applied to identify and to show that the 

welding current is the most significant factor compared the rest of welding parameters.  [38] 

Discussed that   found out the characteristics of welded metals using MIG welding process and 

MIG welding parameters assume Voltage and the other welding parameters were taken constant 

and other parameters variable various characteristics were observed in the processes analyzed 

and finally concluded that based on the result each welding parameters were have their own 

effects more or less to the welding quality but their degree of effect were high difference.  [9] 

Established input-output relationships for metal active gas welding. Regression analysis was 

performed on data collected as per Taguchi design of experiments. Data adequacy was verified 

using ANOVA method. [39] Determined MAG welding process parameters using Taguchi 

method and regression analysis. The percentage contribution of each factor is validated by 

analysis of variance method. The planned experiments were conducted in the semi-automatic 

MAG welding machine and SN ratios are computed to determine the optimum parameters. 
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2.13. Welding Parameters  

In MAG welding, there are many parameters of the welding process. According to [35] discussed 

that setting the correct parameter is the most important aspect in-order to get proper welding 

bead. as the researcher [35]  listed several parameters need to concern about, such as material 

thickness that will determines amperage setting, selection of proper wire size according to 

amperage, setting of the voltage and setting of the wire feed speed. The important problem in 

MAG welding need to be solved is determining the optimization parameter value to achieve 

desire characteristic aspect of weld bead. According to [35], setting the correct parameter is the 

most important aspect in-order to get proper weld bead. [35] listed several parameters need to 

concern about, such as material thickness that will determines amperage setting, selection of 

proper wire size according to amperage, setting of the voltage and setting of the wire feed speed.  

 

As the researcher [36] indicated that the selected parameters for the design experiment were 

three types listed below. The depth of penetrations were measured for each specimen after the 

welding operation was done on closed butt joint and the effects of welding speed, current, 

voltage parameters on depth of penetration were investigated. The three welding parameters 

which influence in determining the depth of penetration of a butt welded joint and these three 

parameters are considered as design factor in that study. In research done by [36] stated to 

produce single weld beads for a range of welding conditions, the parameters that involved are 

voltage, wire feed rate, wire sickout, wire diameter and welding velocity. The arc voltage and 

welding current under each condition was monitored and the dimensions of the bead produced 

(height and width) were subsequently measured because, a common problem that has faced the 

manufacturer is the control of the process input parameters to obtain a good welded joint with the 

required bead geometry and weld quality. A literature review has been carried out which shows 

whether experimental or analytical, most of the studies concentrates on finding the depth of 

penetration of welded joint of different material for different input parameters. In gas metal arc 

welding, the variations of power supplies, shielding gases and electrodes have significant effects, 

resulting in different process variations [45]. 
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Table 1 MAG parameters [35] 

Increase variable Effective on measured variable 

Arc voltage current Bead width Bead height 

voltage ↑ ₌⁄↑ 
↑ ↓ 

Wire feed ↓ ↑ ↑ ↑ 

Stick out ↑ ↓ ↓ ↑ 

Wire diameter ↓ ↑ ↑ ↑ 

Welding velocity ₌ ₌ ↓ ↓ 

Voltage determines height and width of bead. There is a relationship between arc voltage and arc 

length. A short arc decreases voltage and yields a narrow, "ropey" bead. A longer arc (more 

voltage) produces a flatter, wider bead. Too much arc length produces a very flat bead welding 

and a possibility of an undercut [35]. 

2.14. Process Variables  

According [42] researcher Knowledge and control of welding variables is essential to 

consistently produce welds of satisfactory quality. These variables are not completely 

independent, and changing one generally requires changing one or more of the others to produce 

the desired results. Considerable skill and experience are needed to select optimum settings for 

each application. The optimum values are affected by (1) type of base metal, (2) electrode 

composition, (3) welding position, (4) quality requirements. Thus, there is no single set of 

parameters that gives optimum results in every case.  

When all other variables are held constant, the welding amperage varies with electrode fed speed 

or melting rate in a nonlinear relation. As the electrode feed speed is varied, the welding 

amperage will vary in a like manner if a constant voltage power source is used [42]. Arc length is 

the independent variable. Arc voltage depends on the arc length as well as many other variables, 

such as the electrode composition and dimensions, the shield gas, the welding technique and, 

since it often is measured at the power supply, even the length of the welding cable. Arc voltage 

settings vary depending on the material, shielding gas, and transfer mode.  

Trial runs are necessary to adjust the arc voltage to produce the most favorable arc characteristics 

and weld bead appearance. Trials are essential because the optimum arc voltage is dependent 
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upon a variety of factors, including metal thickness, the type of joint, welding position, electrode 

size, shielding gas composition, and the type of weld. From any specific value of arc voltage, a 

voltage increase tends to flatten the weld bead and increase the width of the fusion zone. 

Excessively high voltage may cause porosity, spatter, and undercut. Reduction in voltage results 

in a narrower weld bead with a higher crown and deeper penetration. Excessively low voltage 

may cause stubbing of the electrode.  

According to [41] as the travel speed is increased, the thermal energy per unit length of weld 

transmitted to the base metal from the arc is at first increased, because the arc acts more directly 

on the base metal. With further increase in travel speed, less thermal energy per unit length of 

weld is imparted to the base metal. Therefore, melting of the base metal first increases and then 

decreases with increasing travel speed. As travel speed is increased further, there is tendency 

toward undercutting along the edges of the weld bead because there is insufficient deposition of 

filler metal to fill the path melted by the arc [2].  

According to these researcher [43, 42, 41] all arc welding processes; the orientation of the 

welding electrode with respect to the weld joint affects the weld bead shape and penetration if 

not used properly size. Electrode orientation affects bead shape and penetration to a greater 

extent than arc voltage or travel speed. The electrode orientation is described in two ways: (1) by 

the relationship of the electrode axis with respect to the direction of travel (the travel angle), and 

(2) the angle between the electrode axis and the adjacent work surface (work angle).Also 

welding techniques affected for depth penetration and width. 

 

 

 

 

 

Figure 8 welding techniques [3] 
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2.15. Stick out length of mag welding    

According [44] stick-out is the contact tip-to-work distance and is controlled by the welder by 

changing the position of the welding gun relative to the work piece, as shown in Figure 9. It 

influences the welding processes, as increasing stick-out distance increases the electric resistance 

and the wire will be excessively heated. Also it influences the welding current and voltage 

resulting in changed rate of deposit, penetration and arc stability. As a general rule, longer stick-

out gives less current, higher voltage and decreases heat input. The distance shall therefore be 

kept constant while welding, as otherwise it can result in current variations, spatter and altering 

heat input to the weld. All stick-out distances were constant in this project according to the type 

of arc used. 

 

   

2.16. Shielding gas 

The choice of shielding gas is one of the primary factors that MIG/MAG productivity and quality 

highly depends on. Improving and choosing a suitable shielding gas is needed to establish a 

stable arc, obtain smooth metal transfer, good weld shape, achieve appropriate penetration and to 

reduce fume emissions. Hence, it is of extreme importance to select the correct shielding gas for 

each application. Shielding gas as it is largely available and commonly used composed of 

Aragon 82% and Carbon dioxide 18%. Aragon gas is used for its inertness preventing the 

oxidation of the vulnerable weld pool. According to [37] it was verified that the necessary 

voltage to obtain a stable metal transfer increase as the Carbon dioxide content of the mixture 

increases. This indicates that the arc stability decreases with the increases of carbon dioxide 

content in the mixture. This is due to the fact of the high thermal conductivity of Carbon dioxide. 

Figure 9 stick out [9] 
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Chapter three 
Methodology 

3.0. Introduction  

Meanwhile proper research method is imperative to start scientific research; this chapter 

describes the research methodology undertaken. The research was focus on systematic and 

objective investigation of a subject or problem in order to discover relevant information or 

principles. Once the optimal level of design parameters has been selected, the final step is to 

predict and verify the improvement of the quality characteristic using the optimal level of design 

parameters. 

3.1. Research methodology 

The evidence and concepts about this thesis were obtained from various academic sources such 

as MAG welding books, research journal articles related to this thesis objective , previous 

studies, manual of the company related welding principle, and different types of websites. The 

second step of this study, experimental design based on the selected welding parameters were 

conducted, lastly problem analysis, mathematical modeling and welding parameters optimization 

have conducted and the  process flow as indicated in the figure 10. The systematically 

organization of this study is represented in this flow chart.  

 It is a powerful statistical technique used to study and analyze the effect of various process 

parameters upon the response and this research analysis starts with the implementation concept 

of Design of Experiment (DOE), ANOVA and optimized by using genetic algorithm. Non-

Destructive Test (NDT) and visual inspection were conducted to obtain MAG welding defect on 

the samples surface. 
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Figure 10 thesis methodology flow charts 
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3.2. Data collection methods  

The researcher utilized data collected from both primary and secondary sources. 

3.2.1. Primary Data Collection 

The primary data was collected through direct observation by visual inspection and using liquid 

penetrants in order to identify MAG welding defects,this activity done when the trailer was 

welded before reworking process conducted.The second method of primary data collection was 

through irregular interview with concerned person about orginated of the welding defects.  

3.2.2. Secondary data Collection   

The secondary data collection was also collected from the company manual and recorded data. 

This data was used  distinguish which types of defects frequently happen in the company 

particular product of trailers and from this recorded data collected some root cause of the defects. 

The other method of secondary data collection used in this thesis was from different types 

literature review like published journal, and different types of welding books. This reference 

used to know how to happened each defects and their originated or their root cause of the defects 

as well as level of effects on the final MAG welding products, in addition to use to compare the 

data collected through primary with the secondary data because the secondary more connected 

with the science than the data collected through irregular interview. 

3.3. Method of data analysis   

The study was use statistical analysis and the analysis tools consisted of; 

1. (3Math lab (GA prepare using this software) and Minitab 16 software (for ANOVA and 

regression analysis), taguchi (for prepare number of experiment using number of factor and 

their level) and GA (for optimization parts). 

 In addition to this, the results have been verified using tools like, ANOVA, Pareto diagram, 

Fish bone diagram. 

2. Pareto chart in order to find the major constituents of defects which affect the quality of the 

product. 

3. Fish bone diagram to identify the root cause of the defects. 
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3.4. Parameter selection 

Depth of penetration and welding porosity of a butt welded joint depends on a number of 

manipulating factors like welding parameters. The parameter selection was selected based on 

their effects for final products, availability of measurement, conditions and measure able. 

Table 2 parameter selection for the DOE 

 

s/n parameter types assigned weight 
Scored 

(100%) 
Weighted scored 

 

1 welding speed 0.17 95 16.15 

 

2 amperage 0.20 80 16.00 

 

3 shielding gas 0.16 90 14.40 

 

4 voltage 0.15 85 12.75 

 

5 wire feed rate 0.13 88 11.44 

 

6 stick out length 0.10 85 8.50 

 

7 material thickness 0.05 60 3.00 

 

8 welding angle 0.02 40 0.80 

 

9 arc length 0.01 75 0.75 

 

10 welder skill 0.01 65 0.33 

 

11 orifice diameters 0.001 60 0.24 

 

12 wire diameters 0.001 50 0.05 

 

 

Figure 11 histogram of MAG welding parameters. 

 -

 5.00

 10.00

 15.00

 20.00

PARAMETERS SELECTION 

SCORED

1445



  

26 
 

The eight welding parameters which influence in determining the depth of penetration and 

welding porosity of a butt welded joint and thus these eight parameters are considered as design 

factor in the present study. 

3.5.    Experimental procedure and materials 

For this thesis genetic algorithm was used to determine the MAG welding parameters that would 

produce an optimal weld bead quality. Weld bead quality plays an important role in determining 

the mechanical properties of a weld. The welding process parameters were the input variables 

while the welding bead were the output variables of the MAG welding process. The base metal 

was mild steel with a square-groove butt joint. A single-pass welding process was used.  

Taguchi Robust Design Matrixes for 3*9 L27 orthogonal arrays generated. Table4 shows Robust 

Design Matrix with three (8) factor, three (3) level and (27) runs. By studying the effect of 

individual factors on the results, the best factor combination was determined. The combination 

Design of Experiments with optimization of welding control parameters to obtain best results can 

be achieved in the Taguchi Method and table below shows the selected MAG welding 

parameters and their levels for the DOE. 

Table 3 wire chemistry [Source Company manual] 

 

In case of copper coated wires 

Table 4 MAG welding parameters for flat welding positions 

s/n element Wt%range 
1 Carbon (C)  0.01 - 0.10  
2 Silicon (Si)  0.30 - 1.00  
3 Manganese (Mn)  0.70 - 2.0  
4 Phosphorous (P)  0.001 - 0.03  
5 Sulphur (S)  0.001 - 0.03  
6 Copper (Cu) 0.01 - 0.50  

 

 

MAG Welding  

Parameters 

Factors And Their Levels In MAG Welding  

Level 1 Level 2 Level 3  

Welding Position 

Current(A) 130 150 160 Flat 

Voltage (V) 18 23 24 Flat 

Material Thickness(Mm) 6 8 10 Flat 

Wire Feed Rate(M/Min) 2.2 2.8 3.5 Flat 

Welding Speed(mm/min) 165 175 185 Flat 

Stick-out length(mm) 15 17 19 Flat 
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Design matrix of doe for flat welding position 

Trial number       

Amperage(A)        

 

Voltage(V) 

 

m.thickness 

 

WFR 

 

WS 

 

AL 

 

WA 

 

SH.gas 

1 1 1 1 1 1 1 1 1 

2 1 1 1 1 2 2 2 2 

3 1 1 1 1 3 3 3 3 

4 1 2 2 2 1 1 1 2 

5 1 2 2 2 2 2 2 3 

6 1 2 2 2 3 3 3 1 

7 1 3 3 3 1 1 1 3 

8 1 3 3 3 2 2 2 1 

9 1 3 3 3 3 3 3 2 

10 2 1 2 3 1 2 3 1 

11 2 1 2 3 2 3 1 2 

12 2 1 2 3 3 1 2 3 

13 2 2 3 1 1 2 3 2 

14 2 2 3 1 2 3 1 3 

15 2 2 3 1 3 1 2 1 

16 2 3 1 2 1 2 3 3 

17 2 3 1 2 2 3 1 1 

18 2 3 1 2 3 1 2 2 

19 3 1 3 2 1 3 2 1 

20 3 1 3 2 2 1 3 2 

21 3 1 3 2 3 2 1 3 

22 3 2 1 3 1 3 2 2 

23 3 2 1 3 2 1 3 3 

24 3 2 1 3 3 2 1 1 

25 3 3 2 1 1 3 2 3 

26 3 3 2 1 2 1 3 1 

27 3 3 2 1 3 2 1 2 

   

Symbol                         Represented  

1 = low level of each parameters used  

2 = medium level of each parameters used 

      3                                  = high level of each Para meters used  

Welding Angle 70
0
 75

0
 80

0
 Flat 

Shielding Gas (L/Min) 8 10 12 Flat 

Wire diameter(mm) 1.2 1.2 1.2 Constant variable 

in the DOE Arc length  1.2 1.2 1.2 

Shielding  C02 C02 C02 
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Table 5 MAG welding parameters for vertical welding position 

  

 

 

   

DESIGN MATRIX OF DOE FOR VERTICAL WELDING POSITION 

Trial number       

Amperage(A)        

 

Voltage(V) 

 

m.thickness 

 

WFR 

 

WS 

 

AL 

 

WA 

 

SH.gas 

1 1 1 1 1 1 1 1 1 

2 1 1 1 1 2 2 2 2 

3 1 1 1 1 3 3 3 3 

4 1 2 2 2 1 1 1 2 

5 1 2 2 2 2 2 2 3 

6 1 2 2 2 3 3 3 1 

7 1 3 3 3 1 1 1 3 

8 1 3 3 3 2 2 2 1 

9 1 3 3 3 3 3 3 2 

10 2 1 2 3 1 2 3 1 

11 2 1 2 3 2 3 1 2 

12 2 1 2 3 3 1 2 3 

13 2 2 3 1 1 2 3 2 

14 2 2 3 1 2 3 1 3 

15 2 2 3 1 3 1 2 1 

16 2 3 1 2 1 2 3 3 

17 2 3 1 2 2 3 1 1 

18 2 3 1 2 3 1 2 2 

19 3 1 3 2 1 3 2 1 

20 3 1 3 2 2 1 3 2 

Parameters Factors and their levels in MAG welding 

Process Parameters Level 1 Level 2 Level 3 W/Position 

Current(A) 100 120 140 Vertical 

Voltage (V) 13 15 17 Vertical 

Material Thickness(Mm) 6 8 10 Vertical 

Wire Feed Rate(M/Min) 2 2.2 3 Vertical 

Welding Speed (Mm/Min) 170 180 191 Vertical 

Stick-out length(mm) 15 17 19 Vertical 

Welding Angle 70
0
 75

0
 50

0
 Vertical 

Shielding Gas 8 10 12 Vertical 

Wire diameters(mm) 1.2 1.2 1.2 Constant 

variable in 

the DOE 

Arc length(mm) 1.2 1.2 1.2 

Shielding gas C02 C02 C02 
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21 3 1 3 2 3 2 1 3 

22 3 2 1 3 1 3 2 2 

23 3 2 1 3 2 1 3 3 

24 3 2 1 3 3 2 1 1 

25 3 3 2 1 1 3 2 3 

26 3 3 2 1 2 1 3 1 

27 3 3 2 1 3 2 1 2 

   

Symbol                         represented  

1 = low level of each parameters used  

2 = medium level of each parameters used 

      3                                  = high level of each Para meters used  

 

Table 6 MAG welding parameters for horizontal welding positions 

 

 DESIGN MATRIX OF DOE FOR HORIZONTAL WELDING POSITION 

Trial number     Amperage(A)        Voltage(V) m.thickness WFR WS AL WA SH.gas 

1 1 1 1 1 1 1 1 1 

2 1 1 1 1 2 2 2 2 

3 1 1 1 1 3 3 3 3 

4 1 2 2 2 1 1 1 2 

5 1 2 2 2 2 2 2 3 

Factors and their levels in MAG welding  

 

Process Parameters   

Level 

1 

  

Level 2 

 

Level 3 

 

W/Position 

Current(A) 120 140 164 Horizontal 

Voltage (V) 16 21 22 Horizontal 

Material Thickness(Mm) 6 8 10 Horizontal 

Wire Feed Rate (M/Min) 2.1 2.6 3.3 Horizontal 

Welding Speed (Mm/Min) 167 177 186 Horizontal 

Stick- out length (mm) 15 17 19 Horizontal 

Welding Angle  40
0
 45

0
 50

0
 Horizontal 

Shielding Gas (L/Min) 8 10 12 Horizontal 

Arc-length(mm) 1.2 1.2 1.2 constant 

variable in 

DOE 
Wire-diameter(mm) 1.2 1.2 1.2 

Shielding gas C02 C02 C02 
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6 1 2 2 2 3 3 3 1 

7 1 3 3 3 1 1 1 3 

8 1 3 3 3 2 2 2 1 

9 1 3 3 3 3 3 3 2 

10 2 1 2 3 1 2 3 1 

11 2 1 2 3 2 3 1 2 

12 2 1 2 3 3 1 2 3 

13 2 2 3 1 1 2 3 2 

14 2 2 3 1 2 3 1 3 

15 2 2 3 1 3 1 2 1 

16 2 3 1 2 1 2 3 3 

17 2 3 1 2 2 3 1 1 

18 2 3 1 2 3 1 2 2 

19 3 1 3 2 1 3 2 1 

20 3 1 3 2 2 1 3 2 

21 3 1 3 2 3 2 1 3 

22 3 2 1 3 1 3 2 2 

23 3 2 1 3 2 1 3 3 

24 3 2 1 3 3 2 1 1 

25 3 3 2 1 1 3 2 3 

26 3 3 2 1 2 1 3 1 

27 3 3 2 1 3 2 1 2 

   

Symbol                         represented  

1                              = low level of each parameters used  

2                              = medium level of each parameters used 

 3                             = high level of each Para meters used  
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                                                                                                    If yes  

Figure 12, methodology for GA optimization method 

 

3.6. ANOVA (analysis of variance)  

 

The purpose of the analysis of variance (ANOVA) is to examine which design parameters 

significantly affect the quality characteristics. This to accomplished by separating the total 

variability of the parameters, which is measured by the sum of the squared deviations from the 

total mean, into contributions by each of the design parameters and the error. In short the basic 

idea behind analysis of variance (ANOVA) is to breakdown total variability of the experimental 

results into components of variance, and then assesses their significance [32]. 

 

 

 

 

 

 

 

Initialize Parameters 

Mutation  

Gross over  
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Optimal solution 
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s 
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Mathematical formulation of the model 

Mathematical model of this thesis was developed using regression analysis by using Minitab 

16soft ware. And the lower and the upper value of welding parameters listed as follow for flat, 

vertical and horizontal respectively. 

18 ≤ V ≤ 24, 
     130 ≤ C ≤ 160, 

   6≤ MT ≤ 10 

     15 ≤ so ≤ 17 

          165 ≤ WS ≤ 185 

            8 ≤ SH.gas ≤ 12 

                  700 ≤ WA ≤ 800 

                                                                     2.2 ≤wfr ≤ 3.5 ---------------------------------- (1) 

For vertical welding position also: 

           100 ≤ c ≤ 140    

                                                                  13 ≤ V ≤ 17 

      6 ≤ MT ≤ 10 

          15 ≤ so ≤ 17 

            170 ≤ ws ≤ 191 

       8 ≤ SH.gas ≤ 12 

                   700 ≤ WA ≤ 800 
                                                        2.1 ≤ wfr ≤ 3 -------------------------------------- (2) 

Lastly for horizontal welding position: 

                                                                  120 ≤ c ≤ 164 

                                                                  16 ≤ V ≤ 22 

         6 ≤ MT ≤ 10 

                                                                  15 ≤ SO ≤ 17 

                                                                  166 ≤ WS ≤ 186 

                                                                  8≤ SH.gas≤ 12 

                                                                          700≤ WA ≤ 800 
                                                                  2.1 ≤ wfr ≤ 3.3 ------------------------------------ (3) 
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An attempt was initially made to determine the maximum value of welding penetration and best 

welding quality by varying the input process parameters, as the performance of welding depends 

on its parameters, a thorough study was carried out to determine the optimal –parameters set up. 

3.7. Data validation and optimization 

Analysis of variance (ANOVA) techniques was used to study their relationship input output in 

the experiments identify the significance of each factor. The p-value is the probability of 

obtaining a test statistic that was actually observed, in statistical significance testing. Assuming 

the alternative hypothesis is true for this parameters selection. The p-value significance level of 

0.05, this is alpha value. 

3.8. Sample area 

As mention in the introduction chapter study area of this thesis was Mesfin industrial engineering 

(MIE), because it has different types of welding techniques such as (arc welding, submerging arc 

welding, MIG welding , MAG welding and TIG welding) are the company functionally uses at 

this time. And the company has welding training center as well as has laboratory access for 

testing the welding parameters. And also non distractive testing measurement like liquid 

penetrants, x-ray and water testing are available currently in the company since welding defect 

can identified using these non-distractive testing. Even if the company has different welding 

types, at this time the company almost uses functionally MAG welding special on track trailer 

and track trailer also back bone of the company economy as well as more problems exists on the 

trailer for this reason the study was deliberation on that area. 
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Chapter four 

Result and discussion 

4.1. Common welding defects existing in the company 

This researcher is based on DOE with respects to the welding quality and cross-sectional 

characteristics of MAG welding parameters. According to the annual performance report of the 

industry of the availability of the MAG welding is more affected by welding defects and as the 

report indicated the common welding defect frequently existed in the company are listed as 

follow in table 7 with their percentage or their level.  

Table 7 common welding defects existed in the company [2014 and 2015 report] 

 

 

 

 

 

Percentage of the defects 0.40 0.35 0.15 0.05 0.05

Percent 40.0 35.0 15.0 5.0 5.0

Cum % 40.0 75.0 90.0 95.0 100.0
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Pareto Chart of Defect types

 

Figure 13 Pareto chart 

Defect types Percentage of the defects 

porosity 40% 

Lack of fusion/penetration  35% 

spatters 15% 

Under cut 5% 

Other error 5% 
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From this Pareto chart porosity and lack of fusion/penetration are more dominant compare to the 

rest of welding defects in the company.  Porosity is a collective name describing cavities or pores 

caused by environmental gas and non-metallic material entrapment in molten metal during 

solidification stage. Porosity classified in to two internal porosity and surface porosity. And 

incomplete joint penetration is a joint root condition in which weld metal does not extend 

through the joint thickness. The unpenetrated and unfused area is a discontinuity described as 

incomplete joint penetration. Incomplete joint penetration may result from insufficient welding 

heat, improper joint design (e.g., thickness the welding arc cannot penetrate), or improper control 

of the welding parameters. 

Most of the time in the company Longitudinal cracks was existed. Longitudinal cracks run along 

the direction of the weld and are usually caused by a weld metal fusion problem. And this type of 

cracking is commonly caused by a cooling problem, the elements in the weld cooling at different 

rate. They can also be caused by; the weld bead being too wide, current or welding speed too 

high. so that the root cause of cracks are (weld  bead too wide, current too high, welding speed 

too high, cooling problem and weld metal fusion problem). 

Undercutting is also as show the Pareto charts one of the welding defects. It is essentially an 

unfilled groove along the edge of the weld. According to the recoding data of the company data 

and some literatures the causes are usually associated with incorrect electrode angles, incorrect 

weaving technique, excessive current and travel speed, however welding speed is more affected 

for this welding defects and wire feed rate. When the travel speed is too fast, the weld bead will 

be very peaked because of its extremely fast solidification. The forces of surface tension have 

drawn the molten metal along the edges of the weld bead and piled it up along the center. Melted 

portions of the base plate are affected in the same way. The undercut groove is where melted 

base material has been drawn into the weld and not allowed to wet back properly because of the 

rapid solidification. Decreasing the arc travel speed will gradually reduce the size of the undercut 

and eventually eliminate it.  

When only small or intermittent undercuts are present, raising the arc voltage or using a leading 

torch angle is also corrective actions. As the data shows 15% of the total defects were spatters this 

means final MAG welding products are affected by spatters. As the collected data shows spatters 

is generated by UN appropriate wire feed rate and arc length as well as other heat in put sources 

like current and arc voltage from the data shows as wire feed rate increase spatters also increase 

in MAG welding.  
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4.2. Root cause analysis of the two types of defects (porosity and lack of 

fusion/penetration). 

Root Cause Analysis (RCA) is a method of to identify the root causes of faults or problems that 

cause operating events. RCA practice tries to solve problems by attempting to identify and 

correct the root causes of events, as opposed to simply addressing their symptoms. By focusing 

correction on root causes, problem recurrence can be prevented. Considering this aspect, the 

cause and effect diagram for root case identification is done and the same is illustrated for one of 

the major cause of welding defects “lack of fusion and porosity because as the Pareto chart 

shows these two types of defects are more dominant so that this thesis focused on these two 

defects.  

 

Figure 14 fish bone diagram for porosity 
 

As the fish bone diagram inadequate inappropriate shielding gas is one of the root causes for 

porosity. 
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As the experimental data and some literature indicated that most of the time porosity originated 

when welding travel speed is too fast. If the welding speeds too fast not allowing enough time for 

the shielding gas or flux ingredients to do their job, because solidification needs time. Due to 

those reason the weld puddle expose to surrounding gas like oxygen and hydrogen because these 

two elements are big enemies of welding quality. Lastly the final product was attacked by 

porosity. And inappropriate current also affected the welding quality example excessive current 

is one of the root cause for porosity since excessive current create wide weld pool shielding gas 

cannot protect the environmental gas as match as possible. since MAG welding is sub-automatic 

welding speed is difficult to optimize as mention in the above welding speed depend on skill of 

the welder because its manually, however guide line is necessary for the welder. 

Also the rest root causes are connected with the weld puddle. When weld puddle is contaminated 

due to unclean metal or in proper joint cleaning surfaces, surface moisture or contact between 

metals. As the data shows those mostly originated from carelessness of the welder and also in 

MAG welding, always check the flow meter setting before starting your first weld, and make 

sure the gas (co2,) is the right one for the application. Most porosity is not visible; however, 

since severe porosity can weaken the weld, you should know when it tends to occur and how to 

combat it. Begin by removing scale, rust, paint, moisture and dirt from the joint.  

Spatter is made up of little bits of metal that are sent flying away from your welding area by your 

welding arc. Excessive spatter can result in low-quality stick and MAG welds, make your 

welding area messy, and cause visibility problems. Also spatter does not more affect weld 

strength but affected for welding porosity by narrowing orifice diameters it also create a poor 

appearance and increases cleaning costs.  

There are several ways to control excessive spatter. First, try lowering the current. Make sure it 

is within the range for the type and size electrode you are welding with and that the polarity is 

correct and if the length of stick out too long or too creates spatter as well as porosity.  Another 

way to control spatter is use shorter arc length. If the molten metal is running in front of the arc, 

change the electrode angle, and keep in mind the general rule for arc length during stick welding: 

Don't let your arc get much longer than the diameter of your electrode's metal core. .However, 

mostly welder was immediately started their task without consider of these bottle neck for 

welding quality special for porosity.  
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Figure 15  fish bone diagram for incomplete joint penetration. 

L.JP = lack of joint penetration 

The entire core problem has been identified, the cause of the core problem and the effect caused 

by the problem are stated from the factory information and other literature for both lack of joint 

penetration and porosity. Root cause of the machine problem happen due two reason one mostly 

the company use old MAG welding machine due to this reason to set amount of the  welding 

parameters were difficult and the second reason was lack of know how inter relationship between 

input parameters and the response. Welding techniques also has effects, special for penetration, if 

use back hand system penetration increase but width decrease. If use for hand welding 

techniques welding penetration decrease width of weld pool increase. Unclean base metal also 

decreases heat transfer between the joint metals due to this cause lack of joint penetration 

happen. So that based on the discussion design of the experiment was focused on these root 

cause of porosity and welding joint penetration. 
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Table 8 DEO for MAG welding of flat welding position 

DOE for MAG welding of flat welding  position  

s/n C V MT WFR WS SO WA SH.gas JP D% 

1 130 18 6 2.2 165 15 70
0
 8 3.58 3.76 

2 130 18 6 2.2 175 17 75
0
 10 3.29 3.13 

3 130 18 6 2.2 185 19 80
0
 12 3.13 2.70 

4 130 23 8 2.8 165 15 70
0
 10 3.94 3.23 

5 130 23 8 2.8 175 17 75
0
 12 3.62 2.78 

6 130 23 8 2.8 185 19 80
0
 8 3.45 4.06 

7 130 24 10 3.5 165 15 70
0
 12 4.11 2.83 

8 130 24 10 3.5 175 17 75
0
 8 3.72 4.13 

9 130 24 10 3.5 185 19 80
0
 10 3.53 3.43 

10 150 18 8 3.5 165 17 80
0
 8 3.89 4.27 

11 150 18 8 3.5 175 19 70
0
 10 3.58 3.49 

12 150 18 8 3.5 185 15 75
0
 12 4.10 2.95 

13 150 23 10 2.2 165 17 80
0
 10 3.68 3.25 

14 150 23 10 2.2 175 19 70
0
 12 3.39 2.78 

15 150 23 10 2.2 185 15 75
0
 8 3.79 3.99 

16 150 24 6 2.8 165 17 80
0
 12 4.38 2.90 

17 150 24 6 2.8 175 19 70
0
 8 4.04 4.20 

18 150 24 6 2.8 185 15 75
0
 10 4.52 3.43 

19 160 18 10 2.8 165 17 80
0
 8 3.69 4.12 

20 160 18 10 2.8 175 19 70
0
 10 3.38 3.39 

21 160 18 10 2.8 185 17 75
0
 12 3.50 2.89 

22 160 23 6 3.5 165 19 75
0
 10 4.47 3.52 

23 160 23 6 3.5 175 15 80
0
 12 5.00 2.98 

24 160 23 6 3.5 185 17 70
0
 8 4.46 4.31 

25 160 24 8 2.2 165 19 75
0
 12 3.85 2.80 

26 160 24 8 2.2 175 15 80
0
 8 4.31 4.02 

27 160 24 8 2.2 185 17 70
0
 10 3.85 3.31 
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Regression Analysis: JP versus C, V, MT, WFR, WS, SO, WA, SH.gas  

 

Regression Equation  

 

JP = 2.08761 + 0.0162993 C + 0.013733 V - 0.006548 MT + 0.0140946 WFR - 

       0.0142858 WS - 0.008548 SO + 0.000811111 WA + 0.010952 SH.gas.  

 

General regression analysis was used to establish relationship between the selected input process 

parameters and the joint penetration response variable using Minitab 16 software and the model 

represent for flat welding position of MAG welding. Sign of each welding parameter coefficient 

show the relationship between input parameters and output joint penetration of MAG welding. 

As the coefficient of this model indicated that more or less each parameter has their effect for the 

welding joint penetration as follow:  

In every 1% of current increase the joint penetration also increase by 0.0162993 as show the 

model, 1% of arc voltage increase the joint penetration also increase by 0. 013733, if 1% of wire 

feed rate increase also joint penetration increase by 0. 0140946, if 1% of welding angle increase 

as well as joint penetration increase by 0.000811111.  

Generally in the model show that the input parameters which have positive coefficient are 

directly proportional to the output or joint penetration of mag welding until some maximum level 

but, the rest parameters which have negative coefficient shows inversely proportional with the 

joint penetration (JP). 

In every 1% of material thickness increase joint penetration decrease by 0.006548, if 1% of 

welding speed increase joint penetration also decrease by 0. 0142858, also if stick out increase 

by 1% at same time joint penetration decrease by 0. 008548. 

As the figure 16 indicated that direction of the line related with the sign of each parameters of 

this model and the line represent for the response mean for joint penetration as well as the level 

represent for the input welding parameters. For the input parameters which has positive sign in 

their coefficient  the line of direction increase when move from the low level up to the upper 

level but for the other which have negative sign in their coefficient the line direction reverse with 

the positive sign as indicated figure 16.   
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Table 9 analysis of variance (ANOVA) of flat welding position 

 

Source [appendix -2 and table-8] 

The experiment of each welding parameters of the selection is determines the appropriateness of 

rejecting the null hypothesis in a hypothesis test based on the p-value. The p-value is the 

probability of obtaining a test statistic that is at least as extreme as the calculated value if the null 

hypothesis is true. For this thesis alpha used value is 0.05 represent for level of significance. If 

the p-value of a test statistic is less than your alpha, you reject the null hypothesis.  

Based on this principle as the result shows in the above table 9 -  most of the parameters their 

value are less than the alpha value this means each parameters have their own significance effect 

Analysis of Variance 

 

Source 

 

DF 

 

Seq SS 

 

Adj SS 

 

Adj MS 

 

P 

 

Regression 

 

8 

 

5.00626 

 

5.00626 

 

0.62578 

 

0.000000 

  C  

1 

 

1.141215 

 

1.11298 

 

1.11298 

 

0.000000 

   

V 

 

1 

 

1.10759 

 

1.00683 

 

1.00683 

 

0.000000 

   

MT 

 

1 

 

0.42480 

 

0.81466 

 

0.81466 

 

0.000000 

   

WFR 

 

1 

 

0.98747 

 

0.83306 

 

0.83306 

 

0.000000 

   

WS 

 

1 

 

1.20820 

 

0.05713 

 

0.05713 

 

0.000000 

   

SO 

 

1 

 

0.78783 

 

0.99519 

 

0.99519 

 

0.000000 

   

WA 

 

1 

 

0.02961 

 

0.02961 

 

0.02961 

 

0.040867 

   

SH.gas 

 

1 

 

0.00861 

 

0.00861 

 

0.00861 

 

0.250334 

 

Error 

 

18 

 

0.10981 

 

0.10981 

 

0.00610 

 

 

 

Total 

 

26 

 

6.11607 

   

 

 

S = 0.0514657     R-Sq = 99.12%        R-Sq(adj) = 98.71% 
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on the joint penetration special the parameters which have 0.000000 p-value however, for 

shielding the null hypothesis not rejected. And each parameter their percentage contribution for 

joint penetration shows in below table 10.  

Table 10  each parameters their effect for flat welding position of MAG welding 

 

  

s/n 

 

MAG welding parameters 

 

Percentage contribution for lack of 

fusion/penetration for flat welding position (JP %) 

 

1 

 

Amperage 

 

22.3065 

 

2 

 

Arc voltage 

  

18.6492 

 

3 

 

Material thickens 

 

5.3196 

 

4 

 

Wire feed rate 

 

15.783 

 

5 

 

Welding speed 

 

19.3084 

 

6 

 

Stick out length 

 

 

11.2398 

 

7 

 

Welding angle 

 

3.0788 

 

8 

 

Shielding gas 

 

1.1683 

 

9 

 

Other error  

 

3.1464 

Source [table-9] 

According to ANOVA analysis as Table 10 shows that amperage, welding speed, arc voltage and 

wire feed rate are more affected for joint penetration in flat welding position than the rest 

parameters. However, more or less each welding parameter has their own effect for the response 

the only difference is on their degree of influence on the response or output. As table 10 

indicated that the range of influential factor of the MAG welding parameters for the joint 

penetration/penetration from 1.1683% of shielding gas up to 22.3065% of welding current. 
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Source [appendix-3 and table-8] 

Figure 16  main effects for JP of flat welding position 

figure 16 indicated that each welding parameters has significance effect on the joint penetration 

in addition to, the line show from the left lower point to the right direction increasing means that 

the joint penetration increase as the parameter amount increase until the upper limit level, 

however if the direction of the line is from the left lower level to the upper level decreasing this 

shows that as the parameter amount increase joint penetration decreasing.  

The non-directional line shows no consistency affected to the joint penetration. Generally these 

plots help to assess the effect of each factor graphically. 
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 Regression Analysis: Defect (porosity) % versus C, V, MT, SH.gas, WA, SO, WS, WFR  
 

Regression Equation of the developed model 

D% = 0.432124 + 0.000499492 C + 0.000620089 V - 0.000386388 MT - 0.0313031SH.gas + 

4.77778e-005 WA + 0.000954983 SO + 0.000206056 WS + 0.0184423WFR. 

This model shows that in every 1% (of shielding gas, wire feed rate) increase, porosity of the 

MAG welding also decrease by 0.0313031, 0.0184423 respectively. However, the rest 

coefficient positive show as this parameter increases porosity also at the same time increase.  

Table 11 ANOVA for porosity in the flat welding position of MAG welding 

Source [appendix-2 and table- 8] 

 
 Table 11 shows how much the coefficient of the model necessary and validation of each 

parameter for welding porosity of flat welding position with respected to the welding parameters 

selected in this design of experiment (DOE). As the result in table 11 indicated that the null 

hypothesis is completely not rejected because p-value are greater than 0.05except the parameters 

of shielding gas, stick- out length, welding speed and these parameters have their p-value less 

than the alpha value used in the experiments.  

This means that most probability welding porosity depends on the welding parameters which 

have p-value less than the alpha value. R = 98.58% which indicated that the model is able to 

predict the response with high accuracy. 

Coefficients for welding porosity 

Term Coef SE Coef T P 

Constant 0.432124 0.0509190 8.4865 0.000 

C 0.000499 0.0001193 4.1875 0.001 

V 0.000620 0.0005673 1.0930 0.289 

MT 0.000386 0.0009114 0.4240 0.677 

SH.gas 0.031303 0.0009114 34.3466 0.000 

WA 0.000048 0.0000364 1.3128 0.206 

SO 0.000955 0.0009451 1.0104 0.326 

WS 0.000206 0.0001823 1.1305 0.273 

WFR 0.018442 0.0027969 6.5939 0.000 

S = 0.00772052      R-Sq = 98.58%        R-Sq(adj) = 97.94% 
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Table 12 the effect of each parameters for porosity in the flat welding position of 

MAG welding.  

Analysis of Variance 

 

Source 

 

DF 

 

Seq SS 

 

Adj SS 

 

Adj MS 

 

F 

 

P 

Regression 8 0.0742945 0.0742945 0.0092868 155.80 0.000000 

  C 1 0.0010735 0.0010452 0.0010452 17.54 0.000553 

  V 1 0.0000631 0.0000712 0.0000712 1.19 0.288801 

  MT 1 0.0000080 0.0000107 0.0000107 0.18 0.676621 

  SH.gas 1 0.0703125 0.0703173 0.0703173 1179.69 0.000000 

  WA 1 0.0001027 0.0001027 0.0001027 1.72 0.205756 

  SO 1 0.0000667 0.0000609 0.0000609 1.02 0.325690 

  WS 1 0.0000763 0.0000762 0.0000762 1.28 0.273124 

  WFR 1 0.0025917 0.0025917 0.0025917 43.48 0.000003 

Error 18 0.0010729 0.0010729   0.0000596   

Total 26 0.0753674     

Source [table-8 and appendix-2] 
According to the analysis done by the ANOVA as indicated in the table 12 each ANOVA terms 

shows the relationship of each MAG welding parameters with porosity and the value of F one of 

the indicator level of influence each input for the response or for porosity. As indicated in the 

table 12 value of F for shielding gas is greatest than the rest input parameters this indicated that 

shielding gas is more affected for porosity than the other welding parameters which selected in 

this DOE.     From ANOVA result it is observed that the shielding gas, amperage, and wire feed 

rate are influencing parameter for porosity and these three parameters are highly influencing 

parameters. While the value of p for the rest parameters greater than 0.05 so they are not 

influencing parameters for porosity. The confidence level used for investigation is taken 95% for 

this investigation.  
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Table 13 each parameters percentage effects for welding porosity inflate welding 

position 

 

s/n 

 

Mag welding parameters 

Each parameter percentage contribution for porosity 

in flat welding position) D% 

1   Welding amperage (A) 1.4243559 

2   Arc voltage (V) .0837232 

3   Material thickness(mm) 0.0106147 

4   Shielding gas (L/min) 93.2929887 

5   Welding angle (
0
) 0.1362658 

6   Stick out length (mm) 0.0884998 

7   Welding speed  0.1012374 

8   Wire feed rate (m/min) 3.4387547 

9  Other Error 1.4235598 

Source [table -12] 
According to ANOVA analysis each welding parameter their percentage effect for the porosity 

was sited in table 13, based on the analysis both shielding gas and wire feed rate are more 

dominant affected for porosity about 93.3% of the output affected by shielding gas and 3.44% 

also affected by wire feed rate. This mean that as shielding gas decrease porosity increase due to 

contamination with the environment gas like nitrogen, oxygen and hydrogen and as welding 

speed increase porosity also increase.so that, porosity can be controlled by using appropriate 

shielding gas and wire feed rate additionally check for proper gas flow rate remove spatter from 

gun nozzle. However the rest welding parameters were has fewer effects for the response 

variable mean that not significantly affected for porosity.  

Also their degree of influential factors of each welding parameters are high range, as indicated in 

the table 13 the rage from 0.01% of material thickness up to 93.29% of shielding gas. From this 

can conclude that for regulate welding porosity needs more focused on size of shielding gas, wire 

feed rate and amperage.   
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Source [table -8 and appendix-3] 

figure 17 indicated that each welding parameters with their effect for porosity, also the line show 

from the left lower point to the right direction increasing mean that the porosity increase as the 

parameter increase until the upper limit level, however if the direction of the line is from the left 

lower level to the upper level decreasing this shows that as the parameters increase porosity. But 

some of the parameters are non-directional mean that these parameters not influence consistency 

for the porosity as indicated in the figure 17.Based on this result almost shielding gas is the most 

dominant parameter for regulate porosity. 
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Figure 17  main effects for porosity of flat welding position 
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Figure 18  the optimize parameters for flat welding position 

From this optimization figure 18 can concluded that for best fitness of maximum joint 

penetration and low welding porosity of flat welding position is done on (160, 24, 6, 3.5,165,80
0
, 

16 and 12) this value represent for amperage, arc voltage, material thickness, wire feed rate, 

welding speed, welding angle, stick out length and shielding gas respectively. 
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Table 14 DOE for MAG welding parameters in the horizontal welding positions. 

 

 

Welding  Position  Doe For Mag Welding Of Horizontal  

s/n C V MT WFR WS WA SO SH.GAS JP D% 

1 120 16 6 2.1 166 70
0
 15 8 3.11 3.66 

2 120 16 6 2.1 177 75
0
 17 10 2.91 3.03 

3 120 16 6 2.1 186 80
0
 19 12 2.71 2.60 

4 120 21 8 2.6 166 70
0
 15 10 3.45 3.13 

5 120 21 8 2.6 177 75
0
 17 12 3.20 2.68 

6 120 21 8 2.6 186 80
0
 19 8 3.01 4.03 

7 120 22 10 3.3 166 70
0
 15 12 3.60 2.73 

8 120 22 10 3.3 177 750 17 8 3.31 4.03 

9 120 22 10 3.3 186 80
0
 19 10 3.11 3.33 

10 140 16 8 3.3 166 75
0
 19 8 3.21 4.17 

11 140 16 8 3.3 177 80
0
 15 10 3.70 3.39 

12 140 16 8 3.3 186 70
0
 17 12 3.21 2.85 

13 140 21 10 2.1 166 75
0
 19 10 3.10 3.15 

14 140 21 10 2.1 177 80
0
 15 12 3.41 2.68 

15 140 21 10 2.1 186 70
0
 17 8 3.10 3.89 

16 140 22 6 2.6 166 75
0
 19 12 3.65 2.80 

17 140 22 6 2.6 177 80
0
 15 8 4.10 4.10 

18 140 22 6 2.6 186 70
0
 17 10 3.65 3.33 

19 164 16 10 2.6 166 80
0
 17 8 4.10 4.02 

20 164 16 10 2.6 177 70
0
 19 10 3.10 3.29 

21 164 16 10 2.6 186 75
0
 15 12 3.51 2.79 

22 164 21 6 3.3 166 80
0
 17 10 4.30 3.42 

23 164 21 6 3.3 177 70
0
 19 12 4.10 2.88 

24 164 21 6 3.3 186 75
0
 15 8 4.53 4.21 

25 164 22 8 2.1 166 80
0
 17 12 3.81 2.70 

26 164 22 8 2.1 177 70
0
 19 8 3.51 4.00 

27 164 22 8 2.1 186 75
0
 15 10 3.91 3.21 
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 Regression Analysis: JP versus C, V, MT, WFR, WS, WA, SO, SH. Gas.  

General regression equation for horizontal welding position of MAG welding parameters. 

 

JP = 2.21464 + 0.0160898 C - 0.0135556 V + 0.0084407 MT + 0.01278 WFR -  

       0.01417745 WS + 0.00198782 WA - 0.00913841SO + 0.0045828 SH.AGS 

In every 1% of current increase the joint penetration also increase by 0.0160898 as show the 

model, 1% of arc voltage increase the joint penetration also increase by 0.0135556, if 1% of  

wire feed rate increase also joint penetration increase by 0. 01278, if 1% of welding angle 

increase as well as joint penetration increase by 0. 00198782, also 1% of shielding gas increase 

and also joint penetration increase by 0. 0.0045828, generally in the model shows the input 

parameters which have positive coefficient are directly proportional to the output or joint 

penetration of mag welding but the rest parameters which have negative coefficient shows 

inversely proportional with the joint penetration (JP). 

 

In every 1% of material thickness increase joint penetration decrease by 0.0084407,if 1% of 

welding speed increase joint penetration also decrease by 0. 01417745, also if stick out length 

increase by 1% at same time joint penetration decrease by 0. 00913841, all this result was got 

from the experiment.  

Table 15 analysis of variance (ANOVA) for horizontal welding positions 

Analysis of Variance 

 

 

Source 

 

DF 

 

Seq SS 

 

Adj SS 

 

Adj MS 

 

p 

 

Regression 

 

8 

 

5.05410 

 

5.05410 

 

0.63176 

 

0.000000 

 

  C 

 

1 

 

1.33423 

 

1.33423 

 

1.33423 

 

0.000000 

 

  MT 

 

1 

 

0.41102 

 

0.41102 

 

0.41102 

 

0.000369 

 

  V 

 

1 

 

0.62899 

 

0.62899 

 

0.62899 

 

0.000040 

 

  WFR 

 

1 

 

0.66747 

 

0.66470 

 

0.66470 

 

0.000028 

 

  WS 

 

1 

 

0.82996 

 

0.82996 

 

0.82996 

 

0.023660 

 

  WA 

 

1 

 

0.31229 

 

0.21229 

 

0.21229 

 

0.010083 

 

  SO 

 

1 

 

0.53977 

 

0.53977 

 

0.53977 

 

0.000019 
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  SH.GAS 

 

1 

 

0.04035 

 

0.04035 

 

0.04035 

 

0.187712 

 

ERROR 

 

18 

 

0.18730 

 

0.38730 

 

0.02152 

 

 

 

TOTAL 

 

26 

 

6.24140 

 

 

 

 

 

 

S = 0.133993      R-Sq = 94.06%        R-Sq(adj) = 91.42% 

Source [table-14 and appendix-2 

The experiment of each welding parameters of the selection is determines the appropriateness of 

rejecting the alternative hypothesis in a hypothesis test based on the p-value. Based on this 

principle as the result shows in the above table -  most of the parameters their value are less than 

the alpha value this means each parameters have their own significance effect on the joint 

penetration special the parameters which have 0.000000, p-value. This represent for horizontal 

welding position in mag welding similar result like flat welding position.  

Table 16 each MAG welding parameters their effects for lack of joint penetration in 

the horizontal welding position 

 

s/n 

 

MAG welding parameters 

Percentage contribution for horizontal welding 

position OF JP (%) 

1 Amperage 33.3991 

2 Arc voltage 12.8526  

3 Material thickens 1.4013 

4 Wire feed rate 10.6942  

5 Welding speed 13.2977 

6 Stick out length 5.6465   

7 Welding angle 3.6854   

8 Shielding gas 1.5465 

9 Other error  3.2814 

Source [table-15] 

As the table 16 indicated that each MAG welding parameter has their own effects for the joint 

penetration similar to the flat welding position the only differ based on the degree of factors.  
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This table represent for horizontal welding position as the result shows in table 16 range of the 

parameter factors for the joint penetration from 1.55% of shielding gas up to 33.4% of welding 

currents .This range similar to the flat welding positions. 
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Source [table-14 and appendix-3] 

Figure 19  main effects for JP of horizontal welding position 

As the figure 19 indicated that direction of the line represents relationship between input 

parameters and the response variable or joint penetration of MAG welding. As indicated this 

figure 19 each line has direction but not has the same direction.  

Influential of each parameter for the response is similar to the flat welding position but has little 

bit difference on their degree of influential. 
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General Regression Analysis: D% versus SH.GAS, SO, WA, WS, WFR, MT, V, C    

General regression equation for the horizontal welding position of welding porosity. 

D% = 0.438438 - 0.0316667 SH.GAS + 0.000972222 SO + 5.66667e-005 WA + 0.000257291 

WS + 0.0189653 WFR - 0.000333333 MT + 0.000732975 V +   0.000319902 C 

This model shows that in every 1% (of shielding gas, wire feed rate) increase, porosity of the 

MAG welding also decrease by 0. 0316667,0. 0189653  respectively however, the rest 

coefficient positive are shows as these parameter increase porosity also at the same time increase 

but some of the parameters are none-directional influence for the porosity as indicated in the 

figure 20. 

Coefficients for porosity of horizontal welding position 

Term Coef SE Coef T P 

Constant 0.438438 0.0569593 7.6974 0.000 

SH.GAS 0.031667 0.0010420 30.3893 0.000 

SO 0.000972 0.0010420 0.9330 0.363 

WA 0.000057 0.0000417 1.3595 0.191 

WS 0.000257 0.0002081 1.2366 0.232 

WFR 0.018965 0.0034575 5.4853 0.000 

MT 0.000333 0.0010420 0.3199 0.753 

V 0.000733 0.0006483 1.1306 0.273 

C 0.000320 0.0000946 3.3816 0.003 

S = 0.00884193      R-Sq = 98.18%        R-Sq(adj) = 97.37% 

Source [table-14 and appendix-2] 

Table 17 analysis of variance (ANOVA) of porosity in the horizontal welding 

position 

Analysis of Variance 

Source DF Seq SS Adj SS Adj MS F P 

Regression 8 0.0758864 0.0758864 0.0094858 121.333 0.000000 

  SH.GAS 1 0.0722000 0.0722000 0.0722000 923.512 0.000000 

  SO 1 0.0000681 0.0000681 0.0000681 0.871 0.363164 

  WA 1 0.0001445 0.0001445 0.0001445 1.848 0.190770 
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  WS 1 0.0001196 0.0001196 0.0001196 1.529 0.232122 

  WFR 1 0.0023523 0.0023523 0.0023523 30.089 0.000033 

  MT 1 0.0000080 0.0000080 0.0000080 0.102 0.752737 

  V 1 0.0000999 0.0000999 0.0000999 1.278 0.273075 

  C 1 0.0008940 0.0008940 0.0008940 11.435 0.003324 

Error 18 0.0014072 0.0014072 0.0000782   

Total 26 0.0772936     

Source [table -14 and appendix-2] 

This table shows ANOVA about porosity of horizontal welding position with respected to the 

welding parameters selected in this design of experiment (DOE) as the table indicated that the 

null hypothesis is completely not rejected because p-value are greater than 0.05except the 

parameters of shielding gas, arc length, welding speed as the table indicated these parameters 

have their p-value less than the alpha value used in the experiments. 

Table 18 welding parameters their percentage contribution for porosity 

 

s/n 

 

Mag welding parameters 

Each parameter percentage contribution for porosity 

in horizontal welding position 

1   Shielding gas(l/min) 93.4100624 

2   Stick out length (mm) 0.0881056 

3   Welding angle (
0
) 0.1869495 

4   Welding speed (m/min) 0.1547347 

5   Wire feed rate (m/min) 3.0433309 

6   Material thickness (mm) 0.0103501 

7   Arc voltage (v) 0.1292474 

8   Welding amperage (a) 1.1566288 

9 Error 1.8205906 

Source [table-17] 

As indicated this table 18 both shielding gas and wire feed rate are more dominant affected for 

porosity as indicated in the table about 93.41% of the output affected by shielding gas based on 

the design of experiment this means that as shielding gas decrease porosity increase due to 

contamination with the environment gas like nitrogen, oxygen and hydrogen and as welding 

speed increase porosity also increase.so that porosity can control by using appropriate shielding 
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gas additionally Check for proper gas flow rate remove spatter from gun nozzle. This DOE 

indicated that as varies MAG welding parameters use for testing welding defects porosity almost 

constant except for shielding gas and wire feed rate as well as welding speed even if in different 

types of welding position constant so that what conclude that porosity more or less connected 

with shielding gas and wire feed rate than the rest welding parameters. 
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Figure 20  main effects for porosity in the horizontal welding position 

As the figure 20 indicated that most of the line direction in each welding parameter is horizontal 

means around the mean and this indicated that most of the parameter are not consistency affected 

for the welding porosity but they are conditional, however like shielding gas ,wire feed rate and 

current have vertical direction mean that these variable are more influential for prevent welding 
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porosity than the rest .this concept is similar for the three welding position no more difference as 

each diagram indicated in the porosity. 

 
 

 
Figure 21  the optimize parameters for horizontal welding position 

From this optimization figure 21 can concluded that for best fitness of maximum joint 

penetration and low welding porosity of horizontal welding position is done on (164, 22, 6, 

3.3,166,80, 16 and 12) this value represent for amperage, arc voltage, material thickness, wire 

feed rate, welding speed, welding angle, stick out length and shielding gas respectively. 
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Table 19 DOE for MAG welding parameters in the vertical welding position 

Doe for mag welding of vertical welding  position  

S/N C V MT WFR WS WA SO SH.GAS JP D% 

1 100 13 6 2 170 70
0
 15 8 2.30 3.73 

2 100 13 6 2 180 75
0
 17 10 2.10 3.10 

3 100 13 6 2 191 80
0
 19 12 1.95 2.60 

4 100 15 8 2.2 170 70
0
 15 10 2.41 3.20 

5 100 15 8 2.2 180 75
0
 17 12 2.21 2.75 

6 100 15 8 2.2 191 80
0
 19 8 2.10 4.03 

7 100 17 10 3 170 70
0
 15 12 2.61 2.80 

8 100 17 10 3 180 75
0
 17 8 2.41 4.11 

9 100 17 10 3 191 80
0
 19 10 2.30 3.40 

10 120 13 8 3 170 75
0
 19 8 2.41 4.24 

11 120 13 8 3 180 80
0
 15 10 2.71 3.44 

12 120 13 8 3 191 70
0
 17 12 2.41 2.94 

13 120 15 10 2 170 75
0
 19 10 2.13 3.22 

14 120 15 10 2 180 80
0
 15 12 2.41 2.73 

15 120 15 10 2 191 70
0
 17 8 2.13 3.95 

16 120 17 6 2.2 170 75
0
 19 12 2.71 2.10 

17 120 17 6 2.2 180 80
0
 15 8 3.11 4.10 

18 120 17 6 2.2 191 70
0
 17 10 2.71 3.40 

19 140 13 10 2.2 170 80
0
 17 8 2.51 4.02 

20 140 13 10 2.2 180 70
0
 19 10 2.41 3.35 

21 140 13 10 2.2 191 75
0
 15 12 2.61 2.86 

22 140 15 6 3 170 80
0
 17 10 3.15 3.42 

23 140 15 6 3 180 70
0
 19 12 2.91 2.88 

24 140 15 6 3 191 75
0
 15 8 3.31 4.21 

25 140 17 8 2 170 80
0
 17 12 2.71 2.70 

26 140 17 8 2 180 70
0
 19 8 2.51 4.00 

27 140 17 8 2 191 750 15 10 2.81 3.21 
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General regression Analysis: Jp versus C, V, MT, WFR, WS, WA, SO, SH.gas  

 

The regression equation for the developed model for the vertical welding position is 

Jp = 2.04 + 0.252 C + 0.137 V - 0.102 MT + 0.126 WFR - 0.1439 WS + 0.0306 WA 

     - 0.108 SO - 0.0144 SH. gas  

 

In every 1% of current increase the joint penetration also increase by 0. 0.252 as show the model, 

1% of arc voltage increase the joint penetration also increase by 0.137, if 1% of wire feed rate 

increase also joint penetration increase by 0. 126, if 1% of welding angle increase as well as joint 

penetration increase by 0.0306, also 1% of shielding gas increase and also joint penetration 

increase by 0. 0144, generally in the model shows the input parameters which have positive 

coefficient are directly proportional to the output or joint penetration of mag welding but the rest 

parameters which have negative coefficient shows inversely proportional with the joint 

penetration (JP). 

In every 1% of material thickness increase joint penetration decrease by 0.0144, if 1% of 

welding speed increase joint penetration also decrease by 0.1439, also if stick out length increase 

by 1% at same time joint penetration decrease by 0. 108. All this result was got from the 

experiment.   

Table 20 analysis of variance (ANOVA) of the model for lack of joint penetration in 

the vertical welding position 

Analysis of Variance  

Source DF Seq SS Adj SS Adj MS P 

Regression 8 2.94883 2.94883 0.36860 0.000000 

C 1 1.14509 1.14509 1.14509 0.000000 

V 1 0.53894 0.53894 0.53894 0.000000 

MT 1 0.3405 0.3405 0.3405 0.000000 

WFR 1 0.50827 0.50827 0.50827 0.000000 

WS 1 0.6067 0.6067 0.6067 0.027492 

WA 1 0.01681 0.01681 0.01681 0.044254 

SO 1 0.45125 0.45125 0.45125 0.000000 

SH.GAS 1 0.01376 0.01376 0.01376 0.320110 

Error 18 0.07466 0.07466 0.07466  
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Total 26 3.81350    

S = 0.0888987     R-Sq = 95.28%        R-Sq(adj) = 93.18% 

Source [table-19 and appendix-2] 

The experiment of each welding parameters of the selection is determines the appropriateness of 

rejecting the alternative hypothesis in a hypothesis test based on the p-value. Based on this 

principle as the result shows in the above table 20 most of the parameters their value are less than 

the alpha value this means each parameters have their own effect on the joint penetration special 

the parameters which have 0.000000 p-value. This represent for vertical welding position in mag 

welding.  

Table 21 each MAG welding parameters their effects for lack of joint penetration for 

vertical welding position 

Mag welding parameters Each parameter effect for lack of JP (%) of vertical 

welding position. 

 

  Amperage (A) 

 

30.9986726 

 

  Arc voltage (V) 

 

14.9742824 

 

  Material thickens 

 

5.2473868    

 

  Wire feed rate 

 

13.7398374   

 

 Welding speed(mm/min) 

 

16.5256346 

 

 Welding angle 

 

4.5578231 

Stick out length 

 

 

9.6859134 

 

Shielding gas 

 

1.1247719 

 

Error 

 

3.1456778 

Source [table-20] 
As the table 21 indicted that similarly the other welding position welding current, arc voltage, 

welding speed, wire feed rate are more dominant than the rest of MAG welding parameters for 

MAG welding joint penetration and as the table 21 show shielding gas has constant effects for 

the three types of welding position however, the welding angle has few variance related to the 

other welding position and their degree of influential to the joint penetration is similar to 

horizontal and flat welding positons . 
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  Figure 22  main effects for JP of vertical welding position. 

As figure 22 indicated that vertical welding position also has similar effect of welding 

parameters for joint penetration like flat and horizontal welding position. Only size of the input 

parameters are different from the other welding position but their effect for the response are 

similar. 
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 Also shielding gas is almost constant effect for joint penetration not significantly differ in the 

three welding position mean that shielding gas not depend on the welding positions as the result 

show. 

General Regression Analysis: D% versus SH.GAS, SO, WA, WS, WFR, MT, V, C  
 

Regression Equation 
 

D% = 0.475738 - 0.0334167 SH.GAS - 0.00127778 SO + 2.11111e-005 WA +   0.000611111 

WS + 0.0239286 WFR + 0.0025 MT - 0.00127778 V + 0.000258333 C 

 

This model shows that in every 1% (of shielding gas, wire feed rate) increase, porosity of the 

MAG welding also decrease by, 0.0334167,0. 0239286  respectively however, the rest 

coefficient positive are shows as these parameter increase porosity also at the same time increase 

but some of the parameters are none-directional influence for the porosity as indicated in the 

figure 24. 

Table 22 coefficient analysis of porosity in vertical welding position 

Coefficients 

Term Coef SE Coef T P 

Constant 0.475738 0.0900010 5.2859 0.000 

SH.GAS -0.033417 0.0016471 -20.2888 0.000 

SO -0.001278 0.0016471 -0.7758 0.448 

WA 0.000021 0.0000659 0.3204 0.752 

WS 0.000611 0.0003136 1.9487 0.067 

WFR 0.023929 0.0062253 3.8438 0.001 

MT 0.002500 0.0016471 1.5179 0.146 

V -0.001278 0.0016471 -0.7758 0.448 

C 0.000258 0.0001647 1.5685 0.134 

S = 0.0139757       R-Sq = 96.04%        R-Sq(adj) = 94.28% 

Source [table-19 and appendix-2] 

This model shows that in every 1% (of shielding gas, stick out, and material thickness) increase, 

porosity of the MAG welding also decrease by, 0.444, 0.083 and 0.056 respectively however, the 

rest coefficient positive are shows as these parameter increase porosity also at the same time 

increase but some of the parameters are none-directional influence for the porosity as indicated 

in the figure 24. 
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Table 23  analysis of variance for MAG welding parameters of porosity 

Source DF Seq SS Adj SS Adj MS F P 

Regression 8 0.0852136 0.0852136 0.0106517 54.534 0.000000 

  SH.GAS 1 0.0804005 0.0804005 0.0804005 411.634 0.000000 

  SO 1 0.0001176 0.0001176 0.0001176 0.602 0.447943 

  WA 1 0.0000201 0.0000201 0.0000201 0.103 0.752327 

  WS 1 0.0007417 0.0007417 0.0007417 3.797 0.067098 

  WFR 1 0.0028858 0.0028858 0.0028858 14.775 0.001189 

  MT 1 0.0004500 0.0004500 0.0004500 2.304 0.146417 

  V 1 0.0001176 0.0001176 0.0001176 0.602 0.447943 

  C 1 0.0004805 0.0004805 0.0004805 2.460 0.034186 

Error 18 0.0035158 0.0035158 0.0001953   

Total 26 0.0887294     

Source [table -19 and appendix-2] 

This table 23 shows that ANOVA about porosity in vertical welding position with respected to 

the welding parameters selected in this design of experiment (DOE). As  table 23 indicated that 

the null hypothesis is completely not rejected because most of the welding parameters their p-

value are greater than 0.05 except the parameters of shielding gas, arc length, welding speed.  

As the table 23 indicated these parameters have their p-value less than the alpha value used in the 

experiments. Generally as the result of design experiment indicated the welding porosity in the 

three welding position has similar result and each input parameter has similar influential factors 

for the response in the three welding positions. Like the other welding positions F- value for 

shielding gas is greatest and the P-value for this parameter is 0.0000 as indicated in the table 23. 

Since P- value is used to know level of significance of each MAG welding parameters for the 

output variable and F- value is similar function but if the F- value is great mean that the welding 

parameter is significantly affected for the response. Due to this reason shielding gas has greatest 

F-value of the rest welding parameters.  
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Table 24 each MAG welding parameters their effects for porosity in vertical welding 

position. 

 

s/n 

Mag Welding parameters Percentage contribution for porosity control vertical 

welding position (D %) 

1  Shielding gas 90.6131451 

2 Stick out length (mm) 0.1325378 

3 Welding angle(
0
) 0.0226531 

4 Welding speed (m/min) 0.4359123 

5 Wire feed rate (m/min) 3.4623845 

6 Material thickness (mm) 0.50716 

7 Arc voltage (V) 0.1325378 

8 Welding amperage (A) 1.5415341 

9 Other Error 0.22523605 

 

Source [table-23] 

As indicated this table 24 both shielding gas and wire feed rate are more dominant affected for 

porosity as indicated in the table about 90.61% of the output affected by shielding gas based on 

the design of experiment this means that as shielding gas decrease porosity increase due to 

contamination with the environment gases.  

As table 24 indicated that most of MAG welding parameters are insignificant for control or to 

regulate welding porosity except shielding gas, wire feed rate and current. Because of as this 

table shows their percentage contribution for porosity is less than one. Only the three parameters 

are bottle neck for control welding porosity as indicated this thesis results.   
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Figure 23  main effects for porosity in the vertical welding position. 

As the figure 23 indicated that most of the line direction in each welding parameter is horizontal 

means around the mean and this indicated that most of the parameter are not consistency affected 

for the welding porosity but they are conditional, however like shielding gas ,wire feed rate and 

current have vertical direction mean that these variable are more influential for prevent welding 

porosity than the rest .this concept is similar for the three welding position no more difference as 

each diagram indicated in the porosity. 
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Figure 24 the optimized welding parameters for vertical welding position. 

From this optimization figure 24 can concluded that for best fitness of maximum joint 

penetration and low welding porosity of vertical welding position is done on (140, 17, 6, 

3,170,78, 16 and 12) this value represent for amperage, arc voltage, material thickness, wire feed 

rate, welding speed, welding angle, stick out length and shielding gas respectively. 
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4. 3. Analysis of test results of the three types of welding positions. 

Lack of joint penetration in experiments performed with different level of the selected 

parameters in the design of experiment of MAG welding and their level of contribution for the 

lack of joint penetration are different in the three welding position, as the result indicated 

welding amperage is more dominant compare to the rest selected parameters.  

 

Lack of joint penetration is largely influenced by amperage in three of the welding position, flat, 

horizontal and vertical welding position has an influence of about (22.31%, 35.40%, 31%) 

respectively; the second parameters also welding speed affected by (19.31%, 13.30, 16.53) 

respectively for the list welding position in the above, third one is arc voltage this parameter 

also affected by the amount of (18.65, 11.85, 14.97) respectively, the fourth one is stick out 

influenced by ( 17.24, 10.69, 13.74) respectively , the fifth one also wire feed rate and 

influenced by ( 15.78, 6.95, 9.69) respectively these are the main parameters which affected for 

the joint penetration however rest parameters are more or less affected for the joint penetration. 

 

The experiments as indicated in the above with low shielding gas and high wire feed rate have 

increased the % of welding defect (welding porosity) in MAG welding as the result show when 

the wire feed rate increase at the same time welding spatter also increase this welding spatter 

also root cause for porosity and for fume also as the shielding gas decrease cannot protect the 

welding pool from the environmental air like oxygen, nitrogen, hydrogen; their level are as 

follow. 

MAG welding porosity is largely influenced by shielding gas in three of the welding position, 

flat, horizontal and vertical welding position has an influence of about (93.3%, 93.41%, 90.61) 

respectively and the second one also wire feed rate influenced the porosity of welding by 

(3.44%, 3.04%, 3.96%) respectively for the above listed welding position however, the rest 

welding parameter have but not more significant effect for the porosity.  
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Table 25 optimized of melding parameters of the three welding positions. 

Optimized MAG welding parameters for 

flat welding position 

 

The output for joint penetration of 

6, 8, 10 material thickness is 

4.454, 4.31, 4.10 respectively are 

the maximum value of the joint 

penetration. 

 

Porosity at the 

optimize 

parameter is  

2.4 %. 

Welding  current =159.986A 

Arc voltage = 25.981V 

Wire feed rate =3.49 m/min 

Welding speed= 165.125 mm/min  

Stick- out length = 15.11 mm 

Welding angle = 79.718
0
 

Shielding gas = 11.982 l/min 

   

Optimized MAG welding parameters for 

horizontal welding position 

 

The output for joint penetration of 

6, 8, 10 material thickness is 

3.6037, 3.50, 3.41 respectively are 

the maximum value of the joint 

penetration. 

 

Porosity at the 

optimize 

parameter is  

2.1 %. 

Welding  current =163.999A 

Arc voltage = 22V 

Wire feed rate =3.296m/min 

Welding speed= 166.14 mm/min  

Stick- out length = 15.342 mm 

Welding angle = 79.579
0
 

Shielding gas = 11.982 l/min 

  

Optimized MAG welding parameters for 

vertical welding position 

 

The output for joint penetration of 

6, 8, 10 material thickness is 

3.033, 2.81, 2.61 respectively are 

the maximum value of the joint 

penetration. 

 

Porosity at the 

optimize 

parameter is  

2.3 %. 

Welding  current =139.667A 

Arc voltage = 16.998V 

Wire feed rate =2.997m/min 

Welding speed= 170.495 mm/min  

Stick- out length = 15.007 mm 

Welding angle = 79.718
0
 

Shielding gas = 11.982 l/min 
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4.4. Validation of the design experiment and optimization 

In this stage, the data collection must be through data validation process ensuring that the study 

collect a clean, correct and useful data. Once joint penetration and porosity of a welding beads 

experiments been completed results are analyzed by comparing the optimize result with the 

actual measuring for each factor and each level in these experiments also as table 9,15,20 

indicated most of the parameters their p-value less than 0.05 in the three welding position. 

Table 26 Validation of DOE 

MT for flat welding position Actual joint penetration 

(mm) 

Perspective Joint 

penetration(mm) 

 

variance 

6 mm 4.61 4.454 0.156 

8 mm 4.50 4.31 0.19 

10 mm 4.29 4.34 -0.05 

MT for horizontal welding 

position. 

Actual joint penetration 

(mm) 

Perspective joint 

penetration(mm)  

 

variance 

6 mm 3.71 3.605 0.105 

8 mm 3.55 3.50 0.5 

10 mm 3.4 3.41 -0.01 

MT for vertical welding 

position.  

Actual joint 

penetration(mm)  

Perspective  joint 

penetration(mm) 

 

variance 

6mm 3.21 3.033 0.177 

8mm 3.0 2.81 0.19 

10mm 2.80 2.61 0.19 

 

The second one is welding porosity almost porosity depends on shielding gas and wire feed rate 

as the result indicated low porosity existed at the 12 l/min shielding there is no difference for the 

three types of welding position however wire feed rate is as the above listed 2.2%, 2%, 2.1% for 

flat, horizontal and vertical respectively. This result was got from the optimized parameters. As 

the final optimization result table 26 indicated maximum errors was about 0.19 while the other 

less than this value and this indicated that the proposed models are good estimation of MAG 

welding processes.  
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Chapter- five 

 5. Conclusion and recommendation  

Based on what has been discussed in this DOE, it was concluded that  ANOVA result denote that 

linear equation is best representative for actual set model of MAG welding parameters and the 

selection of parameters is a key factor in producing the optimal welding quality and joint 

penetration. From the experimental and ANOVA conclude that the welding speed, wire feed rate, 

welding voltage and welding current are the most significant parameters for MAG welding joint 

penetration.  

However, for control porosity shielding gas, wire feed rate are more dominant compare the rest 

parameters selecting in this DOE and almost porosity constant in the three welding position. An 

effective method for deciding the optimal parameters in the MAG welding process using a 

genetic algorithm was proposed. The comparison of the predicted penetration with actual 

penetration using the optimal parameters were conducted, however the result was similar 

between the predicted and actual penetration being observed which is shown in the Table 26. 

Lastly based on the optimize tool GA conclude the following result by use of GA optimization 

technique the optimal parameter combination is meeting at experiment.  

The output for joint penetration of 6, 8, 10 material thickness are 4.61, 4.50 and 4.29 respectively 

is the maximum value of the joint penetration of flat welding position. These results are getting 

based on the optimized parameters. And the porosity at this welding position was 

2.2%.However, the existed data in this welding position was about 6.12% but with this optimize 

parameters minimize to 2.2%. 

The combinations of MAG welding of vertical welding position of optimized value are as 

follow: output for joint penetration of 6, 8, and 10 material thickness is 3.21, 3.0, and 2.80 

respectively are the maximum value of the joint penetration and porosity at this position 2.1% 

mean that decrease from 5.1% to 2.1%. 

The combinations for MAG welding of horizontal welding position of optimized value are as 

follow. The output for joint penetration of 6, 8, 10 material thickness is 3.71, 3.55, 3.4 

respectively are the maximum value of the joint penetration and porosity at this stage was 2% in 

this welding position porosity decrease from 5.34% to 2%. 
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5.1. Recommendation 

The following recommendations are made based on the study that has been conducted: 

In the present work eight core MAG welding parameters selected for this design of experiment 

based on the selection criteria were done. Based on the optimize parameters result it’s better to 

the company will use welding Speed less than 165,166, and 170 mm/min for flat, horizontal and 

vertical welding position respectively.  

Also based on the DOE results to have minimum welding porosity it’s better to use 12 L/min for 

1.2 wire diameters and never use greater than 3.5 m/min wire feed rate for material thickness 6 

mm of mild steel. If use greater than 3.5 m/min for 6 mm its increase welding spatters this also 

leading for narrowing the orifice of the shielding gas during this time shielding gas turbulence 

will created if regularly not flow the shielding gas porosity will increase due to the 

environmental gas and as spatter increase fume also increase.  

5.1.1. Suggestions for further research  

  my suggestion to the case company is in order to be produce well welded products it’s better to 

analysis and investigated their MAG welding parameters and should set guidance each welding 

parameters their levels for different welded materials thickness. Also fume is one of the problem 

in MAG welding since MAG welding use CO2 gas this gas also create more spatter and fumes 

because in nature CO2 has volatile characteristics due to this reason it’s better any researcher 

focus on this to minimize fume and spatter in the MAG welding.  
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