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CHAPTER ONE 

INTRODUCTION 

This chapter presents the overall context of the study by providing the background and 

justification for its importance, describing the major theoretical foundations together with 

the conceptual framework, and outlining the main variables examined, namely leadership, 

organizational culture, organizational citizenship behavior, and learning organization as a 

mediating factor. It further discusses the research problem in relation to Ethiopian higher 

education, states the purpose of the study, and emphasizes its significance for policy, 

practice, and theory. Finally, the chapter clarifies the scope of the research and identifies the 

key questions that guided the investigation. 

 

1.1. Background of the Study  
 

Organizational Citizenship Behavior (OCB) continues to draw significant scholarly attention 

as it is a key construct for explaining employee behavior and organizational performance 

(Dinc, 2017). In this regard, Alkahtani (2015) and Ali et al. (2023) pinpointed the proven 

significance of OCB towards organizational effectiveness as a primary rationale for why it 

has attracted the attention of many scholars. Likewise, a substantial body of literature has 

documented OCB as one of the most crucial factors in the effectiveness of employees and 

their organizations (Chahal & Mehta, 2010; Chelagat et al., 2015; Desta, 2018; Maharani et 

al., 2013). Moreover, Organ (1988) suggested that organizations should consider OCB as an 

important factor for increasing spontaneous, innovative, and cooperative attitudes in a way 

to respond to the constantly changing demands aiming to promote efficiency.  

According to Organ et al. (2006), employee extra-role behavior that goes beyond limited 

lists of job duties has become crucial for their success. Moreover, Sajid and Akhtar (2020) 

expounded that employees who demonstrate OCB are highly essential in the current 

competitive and complex environment where tasks increasingly require communication, 

teamwork, and flexibility. Likewise, OCB helps to create a harmonious atmosphere within 

the organization, encouraging coworkers to be more coherent and cooperative (Podsakoff et 

al., 2000), which in turn induces employee enhancement and organizational performance 
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Furthermore, it examined university teachers' views on OC, focusing on four traits: 

involvement, adaptability, consistency, and mission. Similarly, the study delved into 

teachers' perceptions of LO practices across five disciplines: personal mastery, shared 

vision, mental models, team learning, and systems thinking. Demographic characteristics of 

the participants such as sex, university generation, years of work experience, and 

educational qualification were included in this study. These demographic factors will offer 

valuable insights into how various groups of teachers perceive and interact with the outcome 

variable under examination, thereby enhancing the overall understanding of the research 

outcomes. 

However, this study excluded other groups within the university, including administrative 

and support staff as well as students, even though their roles may also influence or reflect 

OCB. It also excluded private universities and public universities outside the Amhara 

Regional State, limiting the generalizability of the findings to those contexts. Additionally, 

the study did not include other possible factors that could influence OCB, such as job 

satisfaction, motivation, or organizational commitment, even though these variables are 

conceptually relevant. Finally, the study used a cross sectional design, which limits its 

capacity to determine cause and effect relationships between variables over time. 

1.8.  Operational Definition of Key Terms 
 

Academic units: refer to colleges, faculties, institutes, schools, and academies within public 

universities. 

Immediate leader: refers to the direct supervisor who provides guidance and oversight to 

the teacher participating in the study. 

Leaders: refers to the department heads, vice deans, deans, directors, and vice presidents.  

Leadership: refers to transformational, transactional, and laissez-faire leadership styles as 

outlined in the Full-Range Leadership Theory. 

University generation: refers to Ethiopian public universities in the Amhara region, 

categorized based on the order of their establishment duration, ranging from 1st generation 

to 4th generation. 
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   training   

Q.14 How to select electrode type A based on the types of 

material to be welded 

46 92% 

Q.15 How to evaluate welding quality B by simple observation 

by eye 

47 94% 

Q.16 How to select welding current B according to the 

diameter of electrode 

41 82% 

Q.17 Main challenge of welded product A welding quality 

problems 

46 92% 

Q.18 Common welding defect happen E All type of defects 45 90% 

Q.19 Which profile of metal is difficult to 

weld 

A RHS 34 72% 

Q.20 The welding position that is difficult 

to use 

C Overhead welding 

position 

48 96% 

Q.21 General comment about welding 

defect causes 

---- ---- ---- ---- 

From the above questionnaire, the researcher analyses the following important points 

�ƒ According to the respondent question numbers 7 and 8, most of they choose letter B 

which is No answer about 96% and 94% responded respectively. So they said that, there 

were no available �J�R�R�G���T�X�D�O�L�W�\���V�W�D�Q�G�D�U�G���U�D�Z���P�D�W�H�U�L�D�O�V���L�Q���W�K�H���P�D�U�N�H�W���D�Q�G���W�K�H�\���G�L�G�Q�µ�W���D�V�V�X�U�H��

the quality or raw materials when purchasing from the marketplace.��

�ƒ Almost all enterprises 100% uses electricity for the source of welding process but some 

enterprises additionally use O2 and C2H2 gases for welding purposes because these oxy- 

acetylene welding process are used when electricity was unavailable.��

�ƒ Most of the respondent almost 80% said that, even if the raw materials are available in the 

market but not deliver on time to manufacture the desired products.��

�ƒ About 92% of respondent mentioned that, the space of material storage were not 

organized and narrow in size and also insufficient for placed finished and semi-finished 

products and raw materials.��
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�ƒ Nearly 80% of respondent were improve or got welding skills from experience and 

informal welding training but the rest of about 20% were acquire the skills from TVET 

institutions.��

�ƒ More or less around 94% respondents supposed that in order to evaluate welding qualities, 

�W�K�H�\�� �Z�H�U�H�� �X�V�H�G�� �V�L�P�S�O�H�� �R�E�V�H�U�Y�D�W�L�R�Q�� �E�\�� �X�V�L�Q�J�� �Q�H�F�N�H�G�� �H�\�H�V�� �E�H�F�D�X�V�H�� �W�K�H�\�� �G�L�G�Q�µ�W�� �K�D�Y�H�� �D�Q�\��

quality control centers or methods in the workshops. So quality of welding parts or 

components could assessed by visual inspection methods and also some enterprises there 

were used liquid penetration method.��

�ƒ Practically most of enterprise workers have awareness of the effect of poor quality 

�V�W�D�Q�G�D�U�G���R�I���U�D�Z���P�D�W�H�U�L�D�O�V���R�Q���W�K�H���S�U�R�G�X�F�W���W�K�H�\���S�U�R�G�X�F�H�G���E�X�W���V�R�P�H���G�L�G�Q�µ�W���K�D�Y�H���F�R�Q�V�L�G�H�U�H�G����

As table below show that almost 14% of workers have low level of awareness of the effect 

of poor quality materials.��

      Table 4.2 level awareness of the effect of poor quality material 

Knowledge level The effect of poor quality standard of 
raw materials on the product 

Frequency Percent (%) 

High level 43 86% 

Low level 7 14% 

Total 50 100% 

 
�ƒ From the total 50(100%) respondent of 43(86%) of the workers have high level of 

awareness of the effect of poor quality standard of raw materials on the product they 

manufactured.��

�ƒ For question number 21 questionnaires, the respondents were answered in different ways. 

Even though their responses were unlike, the majorities denoted the following important 

points based on general comment about the causes of welding defect.��

- Low level of qualified and certified welders, 

- Inaccessibility of quality machines, materials, equipment and electrodes, 

- Welding workshop ergonomics have received less attention, 

- Welding quality is less attended to since it is compromised with cost, 
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Figure 4.5 �7�\�S�H�V���S�U�R�G�X�F�W���L�Q���7�V�L�R�Q�µ�V���P�H�W�D�O���D�Q�G���$�O�X�P�L�Q�X�P���S�U�R�G�X�F�W�V 

The common hand tools such as hammer, chisel, grinding tool, and drilling tool are used in the 

manufacturing process. A few welding machines are used in the manufacturing Products. There 

are local ones. Cutting of sheet metals or metallic plates are mostly done by chop saw or circular 

saw machine. On the other hand, cutting metallic plates of thickness above 5mm are mostly done 

with an oxyacetylene flame. 

With the issue of welding processes, most of the enterprises use shielded metal arc welding 

(SMAW). These welding machines are locally manufactured, termed as �Šhomemade machines�Å��

are used in welding operations of this enterprise. The imported welding machines price is 

expensive than homemade machines, so most of the enterprises prefer the locally made welding 

machines even though the quality output of both machine types varies. The price of a locally 

made welding machine is about 7000Birr while the made in China imported welding machine is 

about 20,000-25000Birr. 

�0�R�V�W���R�I�� �W�K�H�V�H�� �O�R�F�D�O�� �P�D�G�H�� �Z�H�O�G�L�Q�J�� �P�D�F�K�L�Q�H�V�� �K�D�Y�H�Q�µ�W�� �D�Q�\�� �F�X�U�U�H�Q�W�� �D�G�M�X�V�W�P�H�Q�W�V���� �7�K�H�\�� �Z�H�O�G�H�G���W�K�H��

metals by using trial and error current setting methods. Due to this, improper setting of current 

was happened and wrong technique of welding process was produced. If the current is too low 

and too high the porosity defect of welding continuously happened. As shown the figure below, 

mainly porosity undercut and spatters were problems in this enterprise. 
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Figure 4.6 porosity undercut and spatters welding defects in door and window products 

Porosity is the type of defect in which the welded area has small groups of voids or gas bubbles 

trapped inside. They may appear spherical shape like small cavities. The causes of these 

problems are as the above mentioned, when the electrodes during the arc welding 

process are contaminated with impurities, accumulation of dirt on the surface of the welded zone, 

presence of excess moisture content, grease, and oil, and also used poor technique of welding. 

The electrodes imported from China are well-known to be cheaper and have low quality. The 

�Z�H�O�G�H�U�V�� �S�O�D�F�H�G�� �W�K�H�� �H�O�H�F�W�U�R�Q�V�� �L�Q�� �D�Q�\�� �G�D�P�S�H�G�� �D�Q�G�� �P�R�L�V�W�X�U�L�]�H�G�� �D�U�H�D�V���� �W�K�H�\�� �G�L�G�Q�µ�W�� �N�Q�R�Z�� �Z�K�D�W�� �W�K�H��

consequence of this. The presences of excess moisture contain, grease and oil would the causes 

of welding defects. When using the damped electrode excessive spatter frequently happened. 

Spatters are caused due to dropping of the molten metallic beads during welding that stick to the 

welding surfaces. The causes of spatter problems are happened due to excessive arc current used, 

use of longer arc and damp electrodes. If electrode being coated with improper flux ingredients 

also the causes of the defect. 

The raw materials were placed in that fashion, as shown in the diagram below, and this was one 

of the causes of the difficulties that arose. This is the enterprise's mini-store. Welding faults can 

arise for a variety of reasons; therefore this is one of the reasons for welding issues. Additionally, 

welding workshop environment and safety issues are less regarded in this enterprise. Welding 

operations are mostly carried out along the road side and sometimes welding is done under the 

floor. Figure below depicts a typical example where a welder is welding under a floor and 

without using welding shields, but he was not covered his mouse and noses to protect COVID- 
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19. The consequence of these shows that due to the carelessness any workshop activities; various 

welding defects could be occurred. 

 

Figure 4.7 Inappropriate safety used in welding operation and mini-store of the raw materials 

Welding operations are therefore stopped when there are rain storms. Welding helmet and eye 

�S�U�R�W�H�F�W�L�Y�H���J�O�D�V�V�H�V���X�V�H�G���G�X�U�L�Q�J���Z�H�O�G�L�Q�J���D�U�H���R�X�W�P�R�G�H�G�����6�R�P�H���Z�H�O�G�H�U�V���G�R�Q�µ�W���X�V�H���S�U�R�W�H�F�W�L�Y�H���V�K�D�G�H�V��

at all even though they are aware of the dangers associated with this kind of practice. Goggles for 

grinding purposes are sometime used as welding shades. This is incorrect safety precautions. 

Also, most of the welding jobs are carried on the floor and this process normally involves that 

welders have to squat during the welding process since welding benches are seldom or rarely 

used. All these activities were the causes of problems and leads to various welding defects like 

spatter, undercut and distortion. 

Undercut during welding, the material has to go through high temperatures and residual stresses 

due to which it has a tendency to undergo a structural damage. Undercuts are those defects that 

develop at the welding zone when the base metal melts away forming a depression like groove or 

a notch. These defects reduce the strength of the welding joint. It is mainly an arc welding defect. 

Wrong manipulation and inclination of an electrode and excessive weaving are the causes of 

undercut problems. Faster arc travel speed and higher current used also the reasons. 

Generally from Tsion metal and Aluminum workshop enterprise the researcher perceive the 

following important things to analysis the causes of the welding defects based on such 

main situations are as follows. 
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Re me mb er: -  The key p oin ts of this Enterp rise  
 

�ƒ The numbers of workers were 24 peoples but a few welding machines we reused, 

�ƒ The workshop areas are around300m2, 

�ƒ 4 mm mild steel (low carbon steel) plate used, 

�ƒ Utilizing a SMAW process and a Ø2.5 or Ø 3.2x300mm mild steel electrode commonly 

used, 

�ƒ Most welding jobs were done on the bare floor instead of welding on bench, 

�ƒ The level of trained working in this enterprise is low, 

�ƒ Most of the enterprises use shielded metal arc welding(SMAW), 

�ƒ The welding machines were locally manufactured ,or �Šhomemade machines�Å 

�ƒ �:�H�O�G�L�Q�J���P�D�F�K�L�Q�H�V���K�D�Y�H�Q�µ�W���D�Q�\���F�X�U�U�H�Q�W���D�G�M�X�V�W�P�H�Q�W�V���D�Q�G���X�V�L�Q�J���W�U�L�D�O���D�Q�G���H�U�U�R�U���F�X�U�U�H�Q�W���V�H�W�W�L�Q�J��

methods, 

�ƒ Improper setting of current was occurred and wrong technique of welding process used. 

�ƒ Mainly porosity, undercut and spatters were problems in this enterprise. 

�ƒ In this enterprise used arc welding processes were contaminated with impurities, 

�ƒ Accumulation of dirt on the surface of the welded zone, 

�ƒ Presence of excess moisture content, grease, and oil on the surfaces of the materials 

�ƒ The electrodes imported from China are well-known to be cheaper and have low quality, 

�ƒ The electrodes were placed in any damped and moisturized areas, 

�ƒ The electrode being coated with improper flux ingredients, 

�ƒ Welding workshop environment and safety issues are less regarded, 

�ƒ Welding operations are mostly carried out along the roadside, 

�ƒ The carelessness of the workers at any workshop activities, 

�ƒ �6�R�P�H���Z�H�O�G�H�U�V���G�L�G�Q�µ�W���X�V�H��protective shades 

�ƒ incorrect safety precautions 

�ƒ Welders have to squat during the welding process 

�ƒ Wrong manipulation and inclination of an electrode used, 

�ƒ Faster arc travel speed and higher current used, etc. 





 

�ƒ Sets the priorities for many practical applications. 

�ƒ Shows where to focus the efforts. 

�ƒ Allows better use of limited resources. 

According to the Tsion metal and aluminum work shop over all activities, the researcher were 

detected and identified the above main causes of welding defects and experimentally analysis 

based on each welding parameters on behaves of one of the welder of that enterprises. 

In order to analysis experimentally, the researcher were used every tools, materials and 

machineries similar to this enterprises. So the researcher collected 180 samples to check the 

problems of each external welding defect. The table below shows that the total defects detected 

by the researchers. Each samples categorized in to 15 groups and each groups contained 12pcs of 

samples. 

In each case applied the same welding machine and thickness of material, but, the amount of 

current setting, the electrode diameter and types of electrode, welding speed and arc length were 

varied because the researcher experimented and identified which types of defect frequently 

happed and in what conditions or parameters it could be occurred in this enterprise. 

T ab le 4 .5  Samp les that coll ected fro m Tsion Alu min u m and Me tal Work sh op Enterp ri s e  

Key: - Symbols and their descriptions 
 

S amp le  PO  UC  ES  OL  SC  IP  AWB  WB  BT  DI  Sum  
1 - 12 2 3 1 0 0 0 0 0 0 0 6 

13 �± 24 4 2 1 2 1 1 1 1 0 0 13 
25- 36 2 1 0 0 0 0 0 0 0 0 3 
37 �± 48 3 1 2 1 0 0 0 0 1 0 8 
49 - 60 1 2 1 0 0 0 0 0 0 0 4 
61 �± 72 2 2 1 0 0 0 0 0 0 0 5 
73 �± 84 3 1 2 1 1 1 0 0 0 0 9 
85 �± 96 1 2 0 0 0 0 0 0 0 0 3 
97 �± 108 2 1 2 0 0 0 0 0 0 0 5 
109 - 120 4 2 2 2 1 1 1 1 1 0 15 
121- 132 1 1 0 0 0 0 0 0 0 0 2 
133- 144 2 1 1 0 0 1 0 0 0 0 5 
145- 156 6 2 3 2 1 1 2 2 1 1 21 
157- 168 3 1 2 0 1 52 0 0 0 0 0 7 
169- 180 2 1 0 0 1 0 0 0 0 0 4 

Total 
Sum 

38  23  18  8  6  5  4  4  3  1  110  
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Symbol 
Description 

Types of External defects 
Defect 
Frequency 

PO Porosity 38 
ES Excessive Spatter 23 
UC Undercut 18 
OL Overlap 8 
SC Surface Crack 6 
IP Incomplete penetration 5 

AWB Appearance of weld bead 4 
WB Waviness of Bead 4 
BT Burn-Through 3 
DI Distortion 1 

�7�R�W�D�O�G�H�I�H�F�W�V�R�F�F�X�U�U�H�G�L�Q�(�Q�W�H�U�S�U�L�V�H�Ä���Æ 110  
 

Due to the above table 4.5 sample of defects were identified and collected from Tsion steel and 

Aluminum Metal Workshop enterprise, the researcher analysis those defects by using Pareto 

analysis because in order to arrange the data according to priority or importance and also to 

determine which problems are most important causes of welding defects. From these reasons 

separate the few major defects of welding from the many possible problems of welding. 

Table 4.6 Defects analysis of Enter�S�U�L�V�H���4���µ 

R. 
No. 

 
Type of defects 

Defects 
/Frequency 
of the error/ 

Percentage 
of welding 

defect 

Cumulative 
Percent 

1. Porosity 38 34.5 34.5 
2. Undercut 23 20.9 55.5 
3. Excessive Spatter 18 16.4 71.9 
4. Overlap 8 7.3 79.2 
5. Surface Crack 6 5.5 84.7 
6. Incomplete penetration 5 4.5 89.2 
7. Appearance of weld bead 4 3.6 92.8 
8. Waviness of Bead 4 3.6 96.4 
9 Burn through 3 2.7 99.1 
10 Distortion 1 0.9 100 

Total sum 110 100  
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In order to plot Pareto diagrams, first calculate the defect percentage and cumulative 

percentages. Calculate the percentage of the total that each category represents. The sum of the 

total defect frequency of the error is 110 and then the percentage of each welding defect will be 

calculated that is 100/110 = 0.909.., then multiply for each defects frequency, we got the above 

values. To find the percent of cumulative, first given 100 for minimum value of the percentage of 

welding defect which is 0.9 and then the next descending value is 100 minus the minimum value 

which is 100 �± 0.9 = 99.1 etc. After calculating the cumulative percentage of each defect value 

then plots a Pareto Chart. 

Draw and label the left vertical axis with the unit of comparison of percentage of defect or the 

�ŠNumberofOccurrencesofError���Åfrom0tothegrandtotal.Drawandlabelthehorizontalaxiswiththecateg

oriesofthetypesofdefectorthe�ŠTypeofError�Å,largesttosmallestfromleftto right. Draw and label the 

right vertical axis �ŠCumulative Percentage, from 0 to 100 percent, with the 100 percent value at 

the same height as the grand total mark on the left vertical axis. And then, draw a line graph of 

the cumulative percentage, beginning with the lower left corner of the largest category. 

Before plotting the Pareto chart, the Researcher considers the percentage of welding defects. 

These percentages of defects detect that which defects have high/low values as compare to the 

others existing problems occurred in this enterprise. 

Almost all external defects was obviously detected and given their values in percentages. Among 

those defects the three most common types of defects were identified those were porosity, 

undercut, and excessive spatter. Together, those three types of problems accounted for nearly 

80% of all defects. 

A Pareto diagram is special types of bar chart. It can be used in many situations. It can be used to 

determine which causes of a problem occurs most frequently, the figure below show that the type 

of defects on welding problem for enterprise-1. 

The problems or the defects of welding are placed on the X (Horizontal) axis. The frequency of 

those defects is plotted on the Y (Vertical) axis. This frequency is how often each defects 
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occurred. The line on the Pareto of the Pareto diagram is called the cumulative percentage line. It 

gives an idea of how much improvement there could be is a defect was eliminated. 

The Pareto chart is similar to the histogram or bar chart, except that the bars are arranged in 

decreasing order from left to right along the abscissa. Each bar represents only a category of 

faults, arranged in a decreasing way, from left to the right, according to their importance. 

If we analyze the figure below, we would observe what are the major causes of defects in the 

Enterprise-1. The defect types have been sorted from most frequent to least frequent. Among the 

various factors porosity, undercut, and excessive spatter have the most significant problems in 

this enterprises. They have largest values as compare to the others. 

 Pareto Analysis for Enterprise'1'  
100 

90 
80 
70 

 
 
 

71.9 

 
79.2 84.7 89.2 92.8 96.4 99.1 100 

60 55.5   
50 
40 

3384.5   

30 
20 

23 
18 

  

10 
0 

 8 6 
5 4 4

 
3 1 

    
 

Types of Defect 

 Defects (Fre.OfErr.) CumulativePercent 
 

Figure 4.8 Pareto Analysis of Enterprise-1 
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The welding speed is difficult to adjust as mention in the above then and there 

welding speed depend on skill of the welder because its manually, however guide line 

is necessary for the welder. Fast travel speed, too long or too short arc length, wrong 

technique of welding and poor setup parameters problems were the foremost causes of 

porosity. 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 fish bone diagram shows, those mostly carelessness of the welder, 

unskilled or low level of skilled welders, lack of experience and incorrect surface 

treatment, liquids on lap joint, low temperature on the base metal, also the main causes 

and effects for porosity problems. In SMAW before starting welding always check the 

correct current settings, the polarity, the diameter of electrode, etc. are also important 

factors but in practical the experiment of the researcher were the welding machines 

haven't any current adjustments so using trial and error to adjustment of current setting, 

these indications to produce the porosity. 

After gone through the fishbone diagram of porosity defects, accomplish the 

following proposed solution and implement those solutions in further production of 

products. 

T ab le 4 .7  Remedies or Suggestion for porosity based on Fish b on e Diagram  

No Fish b on e 
Typ es  

Remed ies or Suggestion for porosity prob lems  

1. Method - Improve welding techniques ,Preheating of the weld area, 

Maintaining the arc length, An increase in the rate of heat input. 

2. Man-Power - Reducing welding speed, Occupy skilled workers, 

Hire experience workers 

3. Machine - Appropriate welding Machine, Prepare maintenance schedule, 

Check the setup of current/voltage 

4. Material - Proper selection of electrode, Proper selection of filler materials, 

Proper cleaning of the surface of materials. 

5. Environment - Employed proper working environment 
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According to the experimental data and some literatures in SMAW welding process, the 

causes of undercut are usually associated with incorrect electrode angles, electrode size, 

incorrect weaving technique, excessive current and faster arc travel speed, however 

welding speed is more affected for this welding defects. 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 someway. 

This welding defect occurs when the base of the metal melts away from the weld zone, 

consequently forming a groove in the form of a notch at the toe of the weld. Undercut 

reduces the cross-sectional thickness of the base metal, which results in the weakness of the 

work piece and weld. When more than one passes are welded on the joint, chances of 

undercutting increase. If you do a pass & notice undercutting, you should remove the 

undercut before making the next pass. Otherwise, there is a risk of trapping slag onto the 

welded joint. Undercutting can ruin the quality of the weld. Also, undercutting can be 

easily spotted after weld. When the diameter of electrode is larger than the metal to be 

welded and also accumulation of rust at the surface of the welding joint also the main 

causes of undercut defects. 

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. The other notable and the most significant problems in this 

enterprise is excessive spatter. They have largest values as compare to the other defects 

next to undercuts. 
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shows that, spatters is generated by inappropriate feed rate and arc length as well as other heat in 

put sources like current and arc voltage from the data shows as electrode feed rate increase 

spatters also increase in SMAW welding. Standard acceptability of spatters is not accepted in 

welded products as spatters are easier to remove as well. 

Table 4.9 Remedies or suggestion for Spatter defect based on fishbone diagram 

No Fishbone Types Remedies or Suggestion for Spatter problems 

1. Method - Reduce the arc length ,Improve welding techniques, 
Increase the electrode angle. 

2. Man-Power - Proper arc and electrode settings ,Employ skilled workers 

- Hire experience workers ,Train the welders 

3. Machine - Adjust the weld current ,Use proper polarity 

- Prepare maintenance schedule , Check the setup of 
current/voltage 

4. Material - Use proper electrode material ,Clean surfaces prior to welding 

5. Environment - Employed proper working environment , Avoiding exposure to 
moisture 

 

4.4. ���‡�Ž�†�‹�•�‰�����‡�ˆ�‡�…�–�•�����•�ƒ�Ž�›�•�‹�•���‘�ˆ�����•�–�‡�”�’�”�‹�•�‡�÷�t�| 
 

4.4.1.  �(�Q�W�H�U�S�U�L�V�H���Æ���Æ�F�D�V�H���������+�D�L�O�H�V�L�O�D�V�H���Z�R�R�G���D�Q�G���P�H�W�D�O���(�Q�W�H�U�S�U�L�V�H���Z�R�U�N�V�K�R�S 

The main services of Hailesilase wood and metal Enterprise workshop are a 250m2 workshops 

size, it is a small in size, materials storage center, welding machines (SMAW), bending machine, 

drilling machine, shearing machine, and rolling machine, wood lath ,hot press machine s. A 

typical product manufactured by Hailesilase is art metal doors and windows and different design 

of frames of grilles. 

Hailesilase wood and metal Enterprise workshop is a medium sized engineering enterprise which 

belongs to the industrial sector. It has been performing welding operations over twelve years and 

it products and operations include corn mill, block making machine, household appliance, and 

general maintenance and repair works of metallic products. As figure 4.12 show that some 

product of the enterprise. 
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and semi-finished components dispersed in floors. This is so because such products are left 

openly to the environment where they probably come into contact with water and other 

environmental impurities. Supposing it rains for days, these products are left to stand in therain. 

 

Figure 4.14 Semi-products are left openly to the environment 

In figure 4.14 shows a typical situation of this occurrence. This practice however could affect the 

quality of the product and productivity of welding operations. Similarly, the working culture and 

values in Hailesilase wood and metal Enterprise workshop is the same as that of Tsion 

Aluminum and Metal workshop this is because welding quality and productivity are less 

regarded, thus the quality of end products with reference to preparations before, during and after 

welding is not the best as observed. 

Due to the above detailed cases, different types of welding problems occurred in this enterprise. 

These discontinuities and defects can be caused by many factors such that, poor welding 

techniques procedures and applications they used, wrong travel velocities of the arc, 

inappropriately prepared or contaminated base metal, dirty or contaminated electrode wire used 

and improper angle of electrode applied. 

All the above factors of welding problems can be inspected by using visual inspection. It is the 

simplest, fastest, economical and most commonly used testing method for detecting defects on 

the surfaces of welded objects. The weld surface and joint are examined visually. Visual weld 

inspection has the benefit of being able to be done in-house; it causes minimal production delays 

and provides immediate feedback to welders and designers. The most common problems 

encountered in this enterprise are porosity, excessive spatter, overlapping, undercut, crack etc. 
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Figure 4.15 Different kinds of welding defects 

As we have seen in figure 4.15 if there are a lot of spatters resulting from a weld, other problems 

could be occurring, possibly causing a weld defect. Low voltage or high electrode wire feed 

speeds, could also be the cause of a weld defect such as incomplete fusion. Many electrode 

manufacturers prepare their electrode wires with various alloys and coatings to help provide 

fewer spatters. Dirt or rust on the electrode wire can also be a cause for excess weld spatter, as 

well as dirt or rust on the base metal. Too fast of a travel speed can also cause spatter because the 

molten metal deposited is not given enough time to properly wet out. 

Porosity also one of the main defect in this enterprise, this is gas pockets or voids in the weld 

metal which are free of any solid materials, such as slag. It is formed as a result of gases driven 

from the weld metal; excessive currents, excessive arc lengths, and improper preparation of the 

joint are the reasons to create these problems. The consequences of these weld porosities are 

cracks both visible and internal and also weakened weld joints. 

Sometimes weld defects occur less because of welder error or poor instruction and more because 

the design itself makes the welder's job difficult. Designers experienced in structural welding 

know to avoid certain elements when they can, but problems can arise from less experienced 

welders. Although all welders in this enterprise were non-�S�U�R�I�H�V�V�L�R�Q�D�O�V�µ�� �Z �H�O�G�H�U�V���� �W�K�H�\�� �K�D�Y�H�� �P�R�U�H��

than three years working experienced. 
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Figure 4.16  Overlapping and undercut welding defect 

The main operations performed by Hailesilase wood and metal Enterprise workshop include 

fabrication and welding, structural steel and plate works. Due to the absence of sizable welding 

benches and small size of the workshop, most welding jobs are done on the floor for convenience 

as already mentioned in the above various defect of welding frequently occurred. Overlapping 

and undercut are other problems of welding in this enterprise. 

Overlap welding is the bulge of weld metal beyond the root. The overlap is a flange that occurs 

�E�H�\�R�Q�G�� �W�K�H�� �Z �H�O�G�� �W�R�H���� �$�O�W�K�R�X�J�K�� �R�Y�H�U�O�D�S�� �L�V�� �P�R�U�H�� �R�I�� �D�� �Z�H�O�G�� �G�L�V�F�R�Q�W�L�Q�X�L�W�\���� �L�W�µ�V�� �V�W�L�O�O�� �F�O�D�V�V�L�I�L�H�G�� �D�V�� �D��

defect. Mostly, overlap occurs in butt and fillet welds. Various factors may cause the occurrence 

of an overlap. It occurs after the overflow of the weld pool on the weld metal surface. When the 

molten metal does not fuse with the base of the metal, it results in an overlap. Using too much 

electric current causes an overlap. Too much current leads to over-melting of the weld material 

and a consequential overflow above the metal. Using excess current during welding might cause 

instances of overlap. Having excess weld metal supplied is another cause of overlap. Excess 

weldmetaloccursduetoalowweldspeed.Thegravityonthemoltenmaterialcauses 

overlapping in fillet welds. Also, using an electrode at the wrong angle contributes to an 

overlapping. The electrode is highly porous and using it in the incorrect angle results in nothing 

else rather than overlap. Also, large electrodes result in the occurrence of overlaps. The 

consequences of weld overlaps are little to no fusion of the pieces and concentrated stress under 

load. 

Generally from Hailesilase wood and metal Enterprise workshop the researcher remarks the 

following important things to investigate the causes of the shielded metal arc welding defects 

based on such essential situations are as follows. 

Remember: - The key points of this Enterprise 

�ƒ Workshops size is 250m2, it is a small in size and the limitation of the working area, 

�ƒ Due to the small size of the workshop, most welding jobs are done on the floor, 
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Table 4.10 Welding parameters used by the researcher in Hailesilase Enterprise 
 

No Welding 
Parameters 

The researcher used Remark 

1. Material type 1mmthick Mild Steel 
sheet metal and1.25mm 
thick RHS 

Accumulated of dirt on the surface 
of weld or 
Not 

2. Electrode type and 
diameter 
in mm 

Rutile type 
E6013,Ø2.5x350mm 
Length 

Independent variables. 

3. Arc Length in mm Less than 3 or 4mm,b/n and 
greater than 3 or 4mm gap 

Independent variables 

4. Welding Speed in 
mm/min. 

Various travel speed applied Independent variables. 

5. Welding position Only flat position Constant variable 

6 Electrode Angle Various angle applied Independent variables. 

7 Welding Current approximately 80-110A 
range 

Variable amperage 

 

Before constructed the Pareto table the researcher collected 180 samples from Hailesilase 

enterprise to find the problems of each external welding defect. The table below shows that the 

total defects detected by the researchers. Each samples categorized in to 15 groups and each 

groups contained 12pcs of samples. 

Key: - Symbols and their descriptions 
 

S ymb ol  Descrip tion  
Typ es of Extern al def ects  

Def ect  
Fr eq u en cy  

PO  Porosity 41 
E S  Excessive Spatter 24 
O L  Overlap/Excessive weld height 18 
UC  Undercut 9 
S C  Surface Crack 8 
I P  Incomplete penetration 6 

AWB  Appearance of weld bead 5 
WB  Waviness of Bead 3 
B T  Burn-Through 2 
DI  Distortion 1 



70  

�7�R�W�D�O���G�H�I�H�F�W�V���R�F�F�X�U�U�H�G���L�Q���(�Q�W�H�U�S�U�L�V�H���4���µ 117  

Table 4.11 Samples that collected from Hailesilase wood and metal Enterprise 

S amp le  PO  ES  OL  UC  SC  IP  AWB  WB  BT  DI  Sum  
1 - 12 3 1 2 1 1 1 0 0 0 0 9  

13 �±  24 4 2 2 2 1 1 1 0 1 0 14  
25- 36 2 1 0 0 0 0 0 0 1 0 4  
37 �±  48 2 1 1 0 1 0 0 0 0 0 5  
49 - 60 3 1 0 1 0 0 0 0 0 0 5  
61 �±  72 2 1 2 0 0 0 0 0 0 0 5  
73 �±  84 5 2 3 2 1 1 2 1 0 1 18  
85 �±  96 1 2 0 0 0 0 0 0 0 0 3  
97 �±  108 4 2 1 1 0 1 1 0 0 0 10  
109 - 120 2 3 1 0 0 0 0 0 0 0 6  
121- 132 2 1 1 0 1 1 0 0 0 0 6  
133- 144 4 2 1 2 1 1 1 1 0 0 13  
145- 156 2 2 1 0 0 0 0 1 0 0 6  
157- 168 3 1 2 0 1 0 0 0 0 0 7  
169- 180 2 2 1 0 1 0 0 0 0 0 6  

Total 
Sum 41   

24  
 

18  
 

9  
 

8  
 

6  
 

5  
 

3  
 

2  
 

1  
 

117  
 

Due to the above table4.11 sample of defects were identified and collected from Hailesilase 

wood and metal Enterprise workshop , the researcher analysis those defects by using Pareto 

analysis because in order to arrange the data according to priority or importance and also to 

determine which problems are most important causes of welding flaws. From these reasons 

separate the few major defects of welding from the many possible problems of welding. 
 

Table 4.12 Defects analysis of �(�Q�W�H�U�S�U�L�V�H���4���µ 

R. 
No. 

 
Type of defects 

Defects 
/Frequency 
of the error/ 

Percentage 
of welding 

defect 

Cumulative 
Percent 

1.  Porosity  
41  

 
35  

 
35  

2.  Excessive Spatter  
24  

 
20.5  

 
55.5  

3.  Overlap/Excessive weld height  
18  

 
15.4  

 
70.9  

4.  Undercut  
9  

 
7.7  

 
78.6  
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spatters that need to be minimized which has the defect percentage of 24% and overlap has also 

the defect percentage of 18%. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4.17 Pareto �(�Q�W�H�U�S�U�L�V�H���µ���& �K�D�U�W���I�R�U���µ 
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�ƒ Inappropriately prepared and contaminated base metal used, 

�ƒ Dirty or contaminated electrode used, 

�ƒ Improper angle of electrode applied, 

�ƒ Problems can arise from less experienced welders, 

�ƒ Excessive currents, excessive arc lengths, and improper preparation of the 

joint are the reasons to create problems. 

�ƒ Using too much electric current this leads to over-melting of the weld material, 

�ƒ large electrodes and electrode at the wrong angle result in the occurrence of overlaps, 

�ƒ Having excess weld metal applied. 

The researcher compare and contrast those problems with relate to the welding 

parameters. As the researcher mentioned in the above the main causes of overlapping 

for this enterprise were using wrong welding technique and they also used an 

electrode of large size and mostly applied high welding currents. Due to the above 

situations and carried out tests, prepare the fish bone diagram of overlap faults. 

When we make fish bone diagrams of overlapping, the researcher uses and applies 

���0���� �7�K�H�V�H�� ���0�µ�V�� �D�U�H�� �0�H�W�K�R�G���� �0�D�Q�S�R�Z�H�U���� �0 �D�W�H�U�L�D�O���� �0�D�F�K�L�Q�H���� �D�Q�G�� �0�H�D�V�X�U�H�P�H�Q�W��

(environment), should be explained and discussed in detail with relate to those 

welding parameters. 

 

 
Figure 4.18 Fish bone diagram for Overlap defect 
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ES Excessive Spatter 10  
OL Overlap 8  
IP Incomplete penetration 6  

AWB Appearance of weld bead 5  
WB Waviness of Bead 4  
BT Burn-Through 2  
�7�R�W�D�O���G�H�I�H�F�W�V���R�F�F�X�U�U�H�G���L�Q���(�Q�W�H�U�S�U�L�V�H���4���µ 123  

Table 4.15 Samples that collected from DDT Metal Workshop Enterprise 

S amp le  PO  UC  SC  ES  OL  IP  AWB  WB  BT  S u m  
1 - 12 4 2 1 1 0 1 1 1 0 11 

13 �±  24 2 2 1 0 1 0 0 0 0 6 
25- 36 4 2 2 2 1 1 1 0 1 14 
37 �±  48 2 1 1 0 0 0 0 0 1 5 
49 - 60 5 3 1 2 1 1 1 1 0 15 
61 �±  72 3 1 0 1 0 0 0 0 0 5 
73 �±  84 2 2 2 0 0 0 0 0 0 6 
85 �±  96 3 2 2 1 1 1 0 0 0 10 
97 �±  108 2 1 1 0 1 1 0 0 0 6 
109 -120 3 3 1 0 0 0 0 0 0 7 
121- 132 3 2 2 1 1 0 0 0 0 9 
133- 144 2 2 1 0 0 0 0 1 0 6 
145- 156 3 2 2 1 1 1 2 1 0 13 
157- 168 3 1 1 0 1 0 0 0 0 6 
169- 180 1 1 1 1 0 0 0 0 0 4 

Total 
Sum 

42  27  19  10  8  6  5  4  2  123  

 
Due to the above table 4.15, sample of defects were identified and collected from DDT metal 

workshop enterprise, the researcher analysis those defects by using Pareto analysis because in 

order to arrange the data according to priority or importance and also to determine which 

problems are most important causes of welding defects. From these reasons separate the few 

major defects of welding from the many possible problems of welding. 

Table 4.16 �'�H�I�H�F�W�V���D�Q�D�O�\�V�L�V���R�I���(�Q�W�H�U�S�U�L�V�H���4���µ 

R.  
No.  

 
T yp e of def ects  

Def ects  
/Fr eq u en cy 
of the error/  

Pe rc en tage 
of weld in g  

def ect  

Cumu lative 
Pe rc en t  

1. Porosity 42  34.1  34.1  
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2. Undercut 27  22  56.1  

3. Surface Crack 19  15.4  71.5  

4. Excessive Spatter 10  8.1  79.6  

5. Overlap 8  6.5  86.1  

6. Incomplete penetration 6  4.9  91  

7. Appearance of weld bead 5  4.1  95.1  

8. Waviness of Bead 4  3.3  98.4  

9. Burn-Through 2  1.6  100  

Total Sum  123  100   
 

In order to construct the Pareto diagram for Enterprise-3, the researcher applied the same 

methods and procedure as mentioned in the Enterprise �± 1 and Enterprise �± 2.The defect or the 

frequency error for the Enterprise �± 3 was identified by the researcher date but the percentage and 

the cumulative percent were calculated similar to done with in Enterprise �±  1 &2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.23 �3 �D�U�H�W�R���&�K�D�U�W���I�R�U���(�Q�W�H�U�S�U�L�V�H���µ���µ 
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occur: hot cracks, cold cracks, and crater cracks. All types can occur in the weld or base metal. 

However, there are a few ways you can keep it to a minimum. Before making the fish bone 

diagram for crack types of welding defects, lets us grasp the conditions of the DDT Enterprises. 

�ƒ Welding quality issues have been of less concern, 

�ƒ The welding machines used by this enterprise are somewhat outdated, 

�ƒ The number of welding jobs done outside the workshop buildings, 

�ƒ Mostly welding is done under the floor, 

�ƒ These local welding machines welding current selection are limited, 

�ƒ Over-head and vertical position of welding is very difficult, 

�ƒ Poor design of the machine setting, 

�ƒ Welding workshop environment and safety issues also are less regarded. 
 

Due to the above situations, the researcher compare and contrast those problems with relate to 

the welding parameters. The main causes of cracks are poor ductility of base metal, high arc 

travel speed, high hydrogen contents in the weld metal while welding ferrous material and fast 

cooling rate and also irregular size & shape of weld bead produced by welding parameters results 

into cracks. So the researcher investigate the causes and effect or fish bone analysis for welding 

defects of cracks. When we create fish bone diagrams of cracks, the researcher uses and applies 

���0���� �7�K�H�V�H�� ���0�µ�V�� �D�U�H�� �0�H�W�K�R�G���� �0�D�Q�S�R�Z�H�U���� �0�D�W�H�U�L�D�O���� �0�D�F�K�L�Q�H���� �D�Q�G�� �0�H�D�V�X�U�H�P�H�Q�W�� ���H�Q�Y�L�U�R�Q�P�H�Q�W������

should be clarified and discussed in detail with relate to those welding parameters. 

The most important factors to determine the causes of those the above defects were the  

properties and the conditions of the base material, the amount of current flow, the arc travels or 

the speed of welding, the arc length, and the electrode angle. Construct the fish bone diagram for 

the causes of surface crack problems 
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Figure 4.24 Fish bone diagram for Crack defect 

From the fish bone diagram perceive that poor joint design methods, poor welding techniques 

and �Z�L�W�K�R�X�W�� �W�U�H�D�W�P�H�Q�W�� �R�I�� �W�K�H�� �Z�H�O�G�H�G�� �V�X�U�I�D�F�H�V�� �Z�H�U�H�� �W�K�H�� �F�D�X�V�H�µ�V�� �Z�H�O�G�L�Q�J�� �F�U�D�F�N�V���� �+�L�J�K�� �D�U�F�� �W�U�D�Y�H�O��

speed, wrong manipulation of electrode, and too high current used also improper preparation of 

the base metal were the main reasons to create surface crack defects. If the base metal was 

contaminated by a high content of sulfur and carbon in the welded areas, crack types of welding 

problems also occurred. 

Weld Cracks occur due to the intense heat of welding i.e. when localized stress exceeds the limit 

of tensile strength. During solidification of weld metal process shrinkage occurs and these 

stresses are developed. Cracks may occur in various directions and in various locations in the 

weld area. Due to poor design and inappropriate procedure of joining high residual stresses, 

cracking is observed. A stage-wise pre-heating process and stage-wise slow cooling will prevent 

such type of cracks. This can greatly increase the cost of welded joints. Cracks are classified as 

hot cracking, cold crack and hydrogen induced cracking or crater cracks. Most of the time 

external type of welding defect or surface imperfection of crack was a crater crack. Cracks may 

occur in either the parent metal, usually as fusion or heat affected zone cracks, or in the weld 

metal. Hot crack is a crack in the weld that occurs during solidification but cold crack that occurs 

after the metal has completely solidified. 
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According the above discussions crater type of crack was typically occurred for surface 

imperfections of welding. If the arc is broken before the crater is filled, it will cause the outer 

edges to cool faster than the crater & will cause crater cracks. Crack is formed as a result of 

produced stresses. When the weld pools start cooling down and solidification occurs, it must 

contain adequate volume to overcome weld metal shrinkage, if not then crater cracks will be 

formed. Crater cracks occur at the ending point of a weld. Worst disadvantage of crater cracks is 

that they can cause more cracks. 

Table 4.17 Remedies or suggestion for surface crack 

No Fish b on e 
Typ es  

Remed ies or Suggestion for crack prob le ms  

1. Method - Control the joint design of the material ,Apply correct Welding 
procedure 

- Preheat the material before weld the material ,Using proper and 
correct welding techniques 

2. Man-Power - Proper arc and electrode settings. ,Adjust normal welding speed 

- Employ skilled workers ,Hire experience workers 

- Train the welders 

3. Machine - Adjust the weld current., 

- Prepare maintenance schedule ,Check the setup of 
current/voltage 

4. Material - Use proper welding material, cleaning and 
- Adequate surfaces clean prior toweling 

5. Environment - Employed proper working environment , Avoiding exposure to 
Moisture 
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compared to other enterprises like Tsion metal Engineering enterprise. Welding personnel is 

needed extensive training and education despite the experiences some welders have acquired 

through their working lives. 

In view of the nature of work performed by Maru metal Engineering enterprise, ergonomic 

factors such as the layout of the welding center, arrangement of materials and equipment, 

accessibility to safety devices and the nature of work have received some attention as observed. 

Of course, there are delays in welding operations on site due to improper some condition of 

works and time management, thus decreasing welding productivity. In some cases equipment, 

machines and materials are rented which in a way attracts extra cost. 

 

Figure 4.26 Maru metal Engineering enterprise 

Machines, equipment and welding benches in the welding workshop are orderly arranged and the 

environment is suitable for welding jobs. Work flow in this workshop is recommendable, thus 

delays in production are slight. Moreover, while some companies dry welding electrodes in the 

sun before welding, this company has electrode ovens for storing and drying electrodes to 

eliminate moisture in the electrodes before welding. This is one of the methods to defend 

welding defects. 

The welding quality mindset in this enterprise is however high and also products are 

manufactured under the standards or requirements, thus products manufactured from this 

enterprise can be termed to good in innovative. Mostly they were manufactured similar products; 

�W�K�H�\���G�L�G�Q�µ�W���S�U�R�G�X�F�H���W�K�D�W much updated technologies. Quality is highly prioritized followed by the 

cost of manufactured products. 

The quality of work done by this enterprise has been commendable and showed by its 

competitors. Welders in this company are enforced to follow welding quality and safety 

requirements. The end products of this company are medium in quality but better from the rest of 

the enterprises. That anyhow, quality thinking of welders and the welding jobs done are also 
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well. The working culture and the quality levels in welding of this enterprise are better than  

most of the case studied enterprises. 

Like in other classes of enterprises, in this enterprise also produce different types of welding 

defects are occurred. Mostly porosity, spatter, incomplete penetration, undercut, crack and 

overlap welding problems could be happened. In incomplete penetration the welding operation 

welding processes and joint design can minimize this condition. 

The defects in the weld can be defined as irregularities in the weld metal produced due to 

incorrect welding parameters or wrong welding procedures or wrong combination of filler metal 

and parent metal. Weld defect may be in the form of variations from the intended weld bead 

shape, size and desired quality. So like other workshops, all types of welding defects especially 

incomplete penetration problems are happen in this mechanical workshop. 

Generally from Maru metal Engineering enterprise the researcher perceive the following 

important things to analysis the causes of the welding defects based on such main situations are 

as follows. 

Remember: - The key points of this Enterprise 
 

�ƒ The workshop size include a 500m2 areas cover, 

�ƒ This practice could lead to weld quality problems, 

�ƒ Time is absolutely wasted in the process of doing things in the welding workshop. 

�ƒ The actual welding quality practices are not fully matched. 

�ƒ Welding personnel is needed extensive training and education 

�ƒ Ergonomic factors such as the layout of the welding center, arrangement of materials and 

equipment, 

�ƒ There are delays in welding operations on site due to improper some condition of works, 

�ƒ Machines, equipment and welding benches in the welding workshop are orderly arranged 

and the environment is suitable for welding jobs. 

�ƒ Work flow in this workshop is recommendable, thus delays in production, 

�ƒ This company has electrode ovens for storing and drying electrodes to eliminate moisture in 

the electrodes before welding. 

�ƒ The welding quality mindset in this enterprise is however high and also products are 

manufactured under the standards or requirements, 
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S amp le  PO  ES  IP  UC  SC  OL  DI  AWB  WB  BT  Sum  
1 - 12 2 2 1 0 0 0 0 1 0 0 6 

13 �± 24 4 2 3 2 0 1 1 1 0 1 15 
25- 36 2 3 1 0 0 0 0 0 0 0 6 
37 �± 48 2 1 1 0 1 0 0 0 0 0 5 
49 - 60 3 1 0 1 0 0 0 0 0 0 5 
61 �± 72 1 2 0 0 0 1 0 0 0 0 4 
73 �± 84 2 1 0 0 0 0 0 0 1 0 4 
85 �± 96 2 2 1 0 1 0 0 0 0 0 6 
97 �± 108 4 2 1 1 0 1 1 0 0 0 10 
109 -120 2 1 2 0 0 0 0 0 0 0 5 
121- 132 2 1 1 0 1 1 1 0 0 0 7 
133- 144 3 0 2 0 0 1 0 0 0 1 6 
145- 156 4 2 1 2 1 0 1 1 0 0 12 
157- 168 3 1 2 0 1 0 0 0 0 0 7 
169- 180 3 1 2 1 1 1 0 0 1 0 10 

Total 
Sum 

 
39  

 
22  

 
18  

 
7  

 
6  

 
6  

 
4  

 
3  

 
2  

 
2  
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Table 4.19 �'�H�I�H�F�W�V���D�Q�D�O�\�V�L�V���R�I���(�Q�W�H�U�S�U�L�V�H���4���µ�����0�D�U�X���P�H�W�D�O���(�Q�J�L�Q�H�H�U�L�Q�J���H�Q�W�H�U�S�U�L�V�H 

R.No. Type of defects Defects 
/Frequency of 

the error/ 

Percentage of 
welding defect 

Cumulative 
Percent 

1. Porosity 39  35.8  35.8  
2. Excessive Spatter  

22  
 

20.2  
56  

3. Incomplete penetration  
18  

 
16.5  

72.5  

4. Undercut  
7  

 
6.4  

78.9  

5. Crack  
6  

 
5.5  

84.4  

6. Overlap  
6  

 
5.5  

89.9  

7. Distortion  
4  

 
3.7  

93.6  

8. Appearance of weld 
Bead 

 
3  

 
2.8  

96.4  

9. Waviness of Bead  
2  

 
1.8  

98.2  

10. Burn-Through  
2  

 
1.8  

100  

TotalSum   
109  

 
100.0  
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In order to build the Pareto diagram for Enterprise�±4, the researcher practical the same methods 

and procedure as mentioned in the Enterprise�±1, 2, &3.The defect or the frequency error for the 

Enterprise�±4 was specified by the researcher date but the percentage and the cumulative percent 

were calculated similar to done with in Enterprise�±1. 

Then finally plot the Pareto Chart. This Pareto diagram is a data based approach to determine 

what the main problems or causes are occurred. This enterprise has lots and lots of problems on 

which to weld parts. There is not enough time in our day to check or find on everything 

problems. The Pareto diagram gives us a way to determine which problem of welding on first 

where this enterprise will get the most return for their investment. 

If we observe the Pareto diagram, the researcher would supposed that the major causes of defects 

in the Enterprise�±4 were various factors such as porosity, excessive spatters and incomplete 

penetration. Those flaws were the most significant effect in this enterprise. 

Porosity has the total defect of 39% and after the porosity there is excessive spatters that need to 

be minimized which has the defect percentage of 22% and incomplete penetration has the defect 

percentage of 18%. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.27 Pareto Analysis of Enterprise-�4���µ 
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In order to build the Pareto diagram for Enterprise�±5, the researcher practical the same methods 

and procedure as mentioned in the Enterprise�±1, 2, 3&4.The defect or the frequency error for the 

Enterprise�±5 was specified by the researcher date but the percentage and the cumulative percent 

were calculated similar to done with in Enterprise�±1. 

Then finally plot the Pareto Chart. This Pareto diagram is a data based approach to determine 

what the main problems or causes are occurred. This enterprise has lots and lots of problems on 

which to weld parts. There is not enough time in our day to check or find on everything 

problems. The Pareto diagram gives us a way to determine which problem of welding on first 

where this enterprise will get the most return for their investment. 

If we observe the Pareto diagram, the researcher would supposed that the major causes of defects 

in the Enterprise�±5 were various factors such as porosity, excessive spatters and distortion those 

flaws were the most significant effect in this enterprise. 

Porosity has the total defect of 39% and after the porosity there is excessive spatters that need to 

be minimized which has the defect percentage of 24% and distortion has the defect percentage of 

19%. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.32 Pareto Analysis of Enterprise-�4���µ 
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�¾ Then actionl in e � p�r3�V� 0.62�r��3�u0.04����

UCL � 0.74 

LCL � 0.5 
�¾ Warn in gli n e � p�r2�V� 0.62�r��2�u0.04����

UWL �  0.7 

LWL �  0.54 

Where: UCL- Upper 

control line 

LCL - Lower 

control line 

UWL- Upper 

warning line 

LWL- Lower 

warning line 

Where: p -Average proportion defective 

n -Number of inspected in the subgroup 

 
Table 5.4 Fractional defectives with control lines for the Enterprises sample 

Enterprises
 Qu an tity  Control lin e  

Number of 

inspected(ni) 

Accepted 

number 

Fractional 

Rework/ 

RejectXi 

pi Average 
 ��p����

UCL LCL UWL LWL 

1  180 70 110 0.61 0.62 0.74 0.5 0.7 0.54 

2  180 63 117 0.65 0.62 0.74 0.5 0.7 0.54 

3  180 57 123 0.68 0.62 0.74 0.5 0.7 0.54 

4  180 71 109 0.60 0.62 0.74 0.5 0.7 0.54 

5  180 69 111 0.62 0.62 0.74 0.5 0.7 0.54 

T otal  900 330 570       

 
All control charts have three basic components: 
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relevant information to the aims of this thesis study. Furthermore, conclusions from the 

theoretical portion of the study are combined with findings from the empirical study. The 

researcher should present the major conclusions of their findings, as well as the root reasons of 

those welding parameter difficulties, as well as which welding parameters were the most 

important causes of those top three faults. As we well know, the percentage division of welding 

faults those, according to the American Society of Mechanical Engineering, welding flaws 

causes are as follows: 

Poor Process conditions - 41% 

�¾ Percent Operator error -32% 

�¾ Wrong Technique-12% 

�¾ Incorrect consumables -10% 

�¾ Bad weld grooves-5% 
 

We believe that inadequate process conditions, operator errors, and incorrect welding technique 

are the primary causes of welding problems. All of these circumstances arose as a result of a 

variety of factors, including 5M. (Method, Manpower, Material, Machine, and Measurement).All 

of these incidents occurred as a result of welding parameter issues such as incorrect polarity 

selection, poor current setting, inappropriate electrode diameter and material selection, incorrect 

welding speed, too long or too short arc length, incorrect electrode angle, poor welding positions, 

and so on. 

These par�D�P�H�W�H�U�V���4 �D�U�H���W�K�H���P�R�V�W���G�H�W�H�U�P�L�Q�D�W�H���I�D�F�W�R�U�V���R�I���W�K�H���S�R�R�U���S�U�R�F�H�V�V���F�R�Q�G�L�W�L�R�Q�����R�S�H�U�D�W�R�U���H�U�U�R�U�V��

and wrong technique of welding that motive the welding defects. In order to discuss the welding 

defects in details, these welding parameters must be discoursed. 

As the �U�H�V�H�D�U�F�K�H�U���I�L�Q�G�L�Q�J�� �W�K�D�W���� �P�R�V�W���R�I���6 �0�(�4�V���T�X�D�O�L�W�L�H�V���R�I���Z�H�O�G�L�Q�J�� �S�U�R�E�O�H�P�V���D�U�H���I�R�U�P�H�G���E�\�� �W�K�U�H�H��

outmost defects such as surface porosity, excessive spatter and undercut. Of course the chances 

of occurring of welding defects cannot be 100% monitored, but as much as possible could be 

minimized by controlling the most imperative causes of the welding parameters �4��  

Weld defect may be in the form of variations from the intended weld bead shape, size and 

desired quality. Defects may be on the surface or inside the weld metal. This thesis paper focuses 

or finding on the problems of external types of faults or surface imperfections. So in order to 
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Table 5.6 Electrode core diameters to work piece thickness 

E lectrod e  
Diamete r  

Average  thick n ess  
of section or plate  

Weld in g Curren t(I)  
I = Dx40[In itial valu e]  

Ø2.5x300mm 1.5 - 2.0mm 100A 

Ø3.2x300mm 2.0 - 5.0mm 128A 
Ø4.0x400mm 5.0 - 8.0mm 160A 
Ø5x450mm > 8.0mm 200A 

 
But the researcher perceived that, the enterprise welders to select the correct current 

setting for different electrode types, they selected by trial and error methods but it is better to 

use and apply calculation or formulas to get some initial value. Example: for Enterprise-1 Rutile 

type electrode to select the recommended current settings, applying this formula. 

 
E lectr ic curren t =40 x diame te r  cor ed  wire  ............ (Eqa 1)  

 
So mostly of welders in this enterprises did not know how to adjust the approximate current 

amounts to weld different thickness of metals. They try on by guessing. But when applying this 

formula they might be reduce or minimize those welding defects. For example: when they 

selecting Ø2.5mm electrodes, the approximate amount of current to be carefully chosen by 

calculating the initial values. Which is Ø2.5mm x 40 it gives 100, this means that, if the welder 

desired to weld by using Ø2.5mm electrodes, it needs under 100A electric current at the initial 

ranges. 

Due to the above formulas, the researcher presents the recommended initial current setting for 

various electrode diameters. 
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Table 5.7 The recommended Current Setting 
 

E lectrod e Ø  
Ø 2.5  Ø3.2  Ø4.0  Ø5.0  Ø6.0  

Curren t Set ting  100A  128 A  160 A  200 A  240 A  

Most of problems of welding for those enterprises were occurred by inappropriate selection of 

the welding currents. So the result of this wrong choice of current settings were leads to creating 

various welding defects like porosity, undercut, spatter, overlap etc. 

For Enterprise �±1 the researcher for experimental purposes used 0.8mm thicker LTZ and mild 

steel sheet metals. These thicknesses of metal are not recommended welded by using Ø2.5mm 

electrode diameters. This diameter of electrode is preferable to weld greater than 1.5mm 

thickness of metals, so large amount current arisen in the work piece, then this is affecting the 

weld beads qualities. When using Ø3.2x350mm electrode, excess amount of current or high 

current produced so easily damaged or formation of hole on the work piece materials. 

Evaluating and the experimental findings, welding current span depending on the work piece, 

and the obtained welding performance are summarized in table5.8. 

Table 5.8 Welding current (I) values depending on thickness of work piece. 
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overlap flaws. 

Various factors may cause the occurrence of an overlap. It occurs after the overflow of the weld 

pool on the weld metal surface. When the molten metal does not fuse with the base of the metal, 

it results in an overlap. 

The reason of creating those defects were caused by different factors like electrode diameter, 

welding speed, welding current and arc length were the important determinant factors to 

producing those defects so let discuss the effect of each parameters for this enterprises. 

Mostly the current values are determined by the electrode size, as well as the welding position. 

Electrode size is governed by the thickness of the metal and the joint preparation. The electrode 

type is determined by the welding position. Manufactures specify the polarity to be used with 

each electrode. Overlap is the opposite extreme from undercutting. Here, the weld metal flows 

across the base metal at the toe without producing any fusion between the two. This may be 

caused by insufficient heat to melt the base metal, and/or improper manipulation of the electrode. 

Make sure your torch work angle is correct when pausing on each side; otherwise the heat won't 

be directed at the toes. 

This kind of defect usually occurs due to poor welding procedures and parameters. Overlapping 

or the over flow of the welded metal takes place beyond its welded joint or toe of weld. Mostly 

the welding current too low, the molten electrode not completely fused with the base metal, this 

was one of the causes of overlapping. 

This problem were usually happened when the metal that is used for welding material rolls out 

and does not form a flat contact, leading to excess or overlap material that goes beyond the 

intended point. Proper level of direct or alternative current should be set based on the specific of 

each job. If electrode looks too bright, the usual means too much current is going to reach the 

weld point. Amperage should be set at one amp for about every one thousandth of an inch of 

electrode diameter. 

In experience or a technique that does not correspond correctly to the task at hand will cause of 

overlap. Keeping in mind that welding techniques can vary greatly depending on the type of 

metal is used and the welder using the type of machine. All these required different preparation 

and cleaning or specific materials such as shielded gas, along with techniques must be used 

properly to get a good quality weld without overlap. 

When using E6013 electrode diameter Ø2.5x350mm length, the welder applying improper 
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Table 5.14 Recommended Arc Length 

E lectrod e Dia mete r  Ø2.5  Ø3.2  Ø4.0  Ø5.0  Ø6.0  
Arc 

Length
 

For Normal Ele. 2.5mm 3.2mm 4mm 5mm 6mm 

For Basic (Ok) 1.25mm 1.6mm 2mm 2.5mm 3mm 

To establish the optimal travel speed, first establish a weld puddle of the desired diameter, and 

then move at a speed that keeps you in the leading one-third of the puddle. If you travel too 

slowly, the heat will be directed into the puddle and not into the weld, leading to cold lap or poor 

fusion. 

Most of enterprises used local made or homemade welding machines haven't any current 

adjustments. They welded the metals by using trial and error current setting methods. Due to this, 

improper setting of current was happened and also wrong technique of welding process was 

�S�U�R�G�X�F�H�G�����7�K�H�\���F�D�Q�4�W���D�G�M�X�V�W���W�K�H���S�R�O�D�U�L�W�L�H�V���D�Q�G���W�K�H�U�H���Z�D�V���Q�R�W���D�Q�\���D�G�M�X�V�W�P�H�Q�W���R�I���'�&�6�3���R�U���'�&�5�3��

of the welding machine so the welder of the enterprises didn't�4 know how the amount of heat 

generated at the electrode and work piece deposition rate, bead geometry and mechanical 

properties. If the electrode is positive or negative they didn't know the impact or the effects of all 

these conditions. 

Generally the researcher identify that those welding parameters were the most significant effects 

on the quality of welding for the entire small and medium enterprises. Due to these reasons the 

researcher compare and contrast those effects of each parameter and then recognize the type 

parameters were the higher influences on those welding quality faults. So either too high or too 

low amounts of the welding parameters, the higher impacts on the welding quality of those 

enterprises were welding speeds, welding current and arc length. These were acquired the major 

responsibility for the problems of welding products. 
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�¾ Competence level of most welding personnel is low level of qualified 

and certified welders due to inadequate education and practical training 

in welding areas. 

Three major faults, such as surface porosity, excessive spatter, and undercut, account for the 

majority of SME welding difficulties. Of course, the chances of welding defects cannot be 

completely avoided, but they may be reduced as much as possible by managing the most critical 

�V�R�X�U�F�H�V�� �R�I�� �Z�H�O�G�L�Q�J�� �S�D�U�D�P�H�W�H�U�V�4���� �6 �X�U�I�D�F�H�� �S�R�U�R�V�L�W�\�� �� �H�[�F�H�V�V�L�Y�H�� �V�S�D�W�W�H�U�� �D�Q�G��undercut were the main 

�G�H�I�H�F�W�V�� �R�F�F�X�U�U�H�G�� �L�Q�� �W�K�H�� �6�0�(�4�V�� �D�Q�G�� �Z�K�H�U�H�� �P�D�[�L�P�X�P�� �G�H�I�H�F�W�V�� �Z �H�U�H�� �K�D�S�S�H�Q�� �D�O�P�R�V�W�� �J�U�H�D�W�H�U�� �W�K�D�Q��

65% of the problems of welding engaged in those defects. Therefore, the researcher was analyze 

all the possible root causes of the welding parameters problems and give suggestions to eliminate 

all the possible cause to reduce the quality of welding defects. When we perceived the welding 

problems in each enterprise, the researcher examine the root causes of those defects and give 

judgment which defects mostly or frequently happened and how to minimize or reduce those 

faults should be stated clearly. 

Generally surface porosity, excessive spatter, and undercuts are the three major defects for the 

entire enterprises. The major rate of defects were occurred due to low skilled worker and using 

improper quality standards materials, equipments, tools and machineries used in production of 

welding components. 

The welding parameters were playing a great role in the detection of those welding defects. The 

effect �V�� �R�I�� �Z�H�O�G�L�Q�J�� �S�D�U�D�P�H�W�H�U�V�� �K�L�J�K�O�\�� �L�Q�I�O�X�H�Q�F�H�G�� �R�Q�� �W�K�H�� �S�U�R�G�X�F�W�� �R�I�� �W�K�H�� �6�0�(�4�V�� �R�X�W�S�X�W�V���� �7�K�X�V��

parameters such as welding current, welding speeds, and arc length were the predominate factors 

for the formation of those welding defects. Almost greater than 50% of welding problems were 

confined by these imperfections or faults of welding such as surface porosity, excessive spatter 

and undercuts. So the responsible persons must focus those defects to produces the good result of 

the Enterprises product. 
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