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Abstract- In an era of changing consumer needs and high demand for reliable products, companies 

need to improve product quality to be able to maintain their business in a competitive industrial 

world. Including the quality of the boiler as a component of the thermal power plant must be 

maintained at good performance so that the power plant can operate normally. This study aims to 

improve the quality of boiler fabrication through the application of the FMEA method. The results 

showed that the average percentage of weld defects from the results of radiographic testing 

exceeded the target set by the company for tube-tube, header-header and header-end caps welding 

joints. Types of welding defects that often occur are porosity welding defects with a percentage of 

36%. Based on the data analysis, there are four main factors that influence the welding results, 

including the ability of the welder, the conditioning of the welding electrode, the parameters of the 

welding machine, and environmental conditions. Methods: This study aims to determine the factors 

that cause welding defects in the boiler fabrication process in a power plant component company. 

The type and design of the research carried out is quantitative research with case studies. From the 

results of data processing regarding the defect rate, the research focused on the results of 

radiographic testing that exceeded the company's target. The result was that the type of defect with 

the highest percentage was porosity of 35.8% or around 36%. That is, most of the welding defects 

that cause failure in the welding results are the occurrence of weld porosity. Meanwhile, for other 

types of welding defects, the percentage is below 30%. Based on the results of data collection and 

analysis, it can be concluded as follows: the dominant type of weld defect in boiler fabrication from 

radiographic test results is porosity weld defect, the main causes of porosity welding defects 

include the ability of the welder, not conditioning the electrode/welding wire, welding machine 

parameters, and environmental conditioning. Quality improvements include, among others, the 

welder by holding training and testing the WPQ (Welding Performance Qualification) again for 

each project, performing treatment on the welding wire, supervising the setting of the welding 

machine parameters, and covering the welding area with cloth or tarpaulin so that the welding area 

is free from wind. and other environmental conditioning. 
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1. INTRODUCTION 
The growth of the industrial world, including the manufacture of components for power plants, is 

currently growing rapidly. This is related to the increase in world energy demand in 2019-2035 

which is expected to increase along with the development of the industrial and service sectors and 

changes in social life (Global Industry Analysis, 2016). In Indonesia, based on the Decree of the 

Minister of Energy and Mineral Resources (Energy and Mineral Resources) No. 1567 

K/21/MEM/2018, the government plans to increase the target capacity of PLN and IPP as BUMN 

(State Owned Enterprises) engaged in the energy and electricity sector in Indonesia to 106 GW 

with plans to build power plants of 56 GW (ESDM, 2018). The composition of power plants that 

can meet most of the demand for electricity is PLTU of 37% of the total increase in energy 

required. The rest, the need for electric power is obtained from other energy sources. PLTU is a 

type of thermal power plant that is widely used because of its high efficiency so that it produces 



 
 

INTERNATIONAL JOURNAL OF SOCIAL AND MANAGEMENT STUDIES (IJOSMAS)  
          Vol. 2  No. 2 (2021)                                                         e-ISSN: 2775-0809 

   

107  

economical electrical energy. PLTU consists of main components and auxiliary components 

(support systems) as well as other systems. The main components of PLTU consist of four parts, 

namely Boiler (Pressure Parts), Turbine, Condenser, and Generator. Boiler is a power plant 

component that functions to change the supply of water fluid into steam with high pressure and 

temperature. The process of change occurs by heating the water in the tube boiler on an ongoing 

basis. The steam produced will then flow into the turbine to drive the generator so that electrical 

energy is produced. This shows that the performance of the boiler affects the operational 

conditions and efficiency of the power plant. Therefore, this research will discuss further about the 

boiler fabrication process (Khatammi and Wasiur 2022). 

 

A. FMEA method 

FMEA (Failure Mode and Effect Analysis) is a structured procedure to identify and prevent as 

many failure modes as possible (Ford Motor Company 2011). FMEA is used to identify the 

sources and root causes of a quality problem. FMEA is a systematic approach to risk analysis, 

definition, budgeting and assessment that includes identification and analysis of: (1) all failure 

modes of different parts of the system, (2) the effect of these failure modes on the system (3) how 

to avoid failure and/or moderate the effects of a failed system (Putra and Purba, 2018). FMEA has 

a measurement method that is reviewed from three perspectives, namely: Severity (S), Occurrence 

(O), Detection (D) (Chin et al., 2008). The FMEA evaluation system gives a score between 1 and 

10 where 1 is the best score and 10 is the worst score for each of the three perspectives. By 

multiplying the values for the Severity (S) Occurence (O) and detection (D) levels the decision 

making team calculates the Risk Prioriry Number (RPN), RPN = S × O × D, higher RPN values 

are considered more important and will be given higher priority for improvement. Not all RPN 

values must be corrected, but by looking at the critical values it will be known which RPN needs 

corrective action, the determination of critical RPN is as follows, CRITICAL RPN = =∑RPN / ∑ 

Risk (Suryani, 2018). RPN helps the decision-making team detect parts or processes, which require 

priority actions for proper improvement, but the final decision depends entirely on company policy 

(Shariati, 2014). 

 
B. Welding Process 

Welding is the joining of two or more materials based on the principles of the diffusion process, 

resulting in the joining of the parts of the materials being joined (Fariya, 2014). The advantages of 

welded joints are lightweight construction, can withstand high strength, easy to implement, and 

quite economical. However, the main weakness is the change in the microstructure of the material 

being welded, resulting in a change in the physical and mechanical properties of the material being 

welded. The common method used to heat the metal being welded is an electric current (Stamatis 

2015). Electric current is generated by a generator and flowed through a cable to a device that 

clamps an electrode at the end, which is a metal bar that conducts electricity well. When an electric 

current is applied, the electrode is touched to the workpiece and then pulled back a little, the 

electric current continues to flow through the narrow gap between the tip of the electrode and the 

workpiece. This flowing current is called an arc that can melt metal. Based on the classification of 

how it works, welding is divided into three main classes, namely liquid, compressive, and soldering 

welding (Heri, 2008). Liquid welding is a method of welding in which the joint is heated to a point 

with a heat source from an electric arc or some kind of burning gas flame. In press welding, a 

method of welding in which the joint is heated and then pressed together (Khatammi and Wasiur 

2022). While soldering means a method of welding in which the joints are bonded and put together 

using a metal alloy that has a low melting point.  

a) Shielded Metal Arc Welding 

SMAW/Stick Welding is an electric arc welding process in which the connection is produced 

by heating with an electric arc between the covered electrode and the work piece. The shield is 

obtained from the decomposition of the wrapped electrodes. Pressure is not applied and filler 
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metal comes from the electrodes. Normally the method for implementing SMAW is manually. 

The percentage of this method in its use reaches 99%. Semi-automatic and machine methods 

are not used. An automated method is used and is also called gravity welding but has very 

limited use. 

b) Gas Metal Arc Welding (GMAW) 

GMAW is an electric arc welding process that produces a metal joint by heating the metal 

using an electric arc between the filler metal of the consumed electrode and the work piece. 

Arc protection and metal welding using gas or gas mixtures. This process is also known as 

MIG welding. The electrode wire in the GMAW process is fed continuously to the electric arc 

so that weld metal deposits are formed. 

c) Flux Cored Arc Welding 

FCAW is an electric arc welding process that produces a metal joint by heating the metal 

using an electric arc between the filler metal of the consumed electrode and the work piece. 

Apart from being obtained from gas, the shield also comes from the flux contained in the 

electrode core. Therefore shielding gas can be used or not. This process is used in steel 

welding and is normally carried out semi-automatically (automatically feeding the welding 

wire). 

d) Gas Tungsten Arc Welding (TIG Welding) 

GTAW is an electric arc welding process that produces metal joints by applying heat from an 

electric arc between a tungsten electrode and the workpiece. GTAW is also known as 

Tungsten Inert Gas (TIG) welding. GTAW is used to perform high quality welding in various 

fields such as nuclear, aviation, and food industry. 

e) Submerged Arc Welding (SAW) 

SAW is an electric arc welding process that produces a metal joint by heating the metal using 

an electric arc between the electrode metal and the workpiece. The electric arc is protected by 

flux material covering the arc. SAW is used automatically and is limited to hand-down and 

horizontal positions. A popular method is to use a machine where the operator monitors the 

operation of the weld. The second popular method is the automatic method where welding is 

done by pressing a button on the machine. This process can also be used with semi-automatic 

machines, but this use is not very popular. This process cannot be used manually because it is 

impossible for the welder to control flames which cannot be seen. 

C. Welding Defect Test Method 

Welding defects can be interpreted as a defect in the welding due to the absence of 

continuity at the welding joint. The discontinuity of the welds at the welded joint can be due to a 

reason in the welding process, such as the lack of homogeneity of the mechanical, metallurgical 

and physical properties of the material. There are several standards that provide a definition of a 

weld defect. By referring to existing standards, welding defects can be divided into 2, namely 

defects in the weld area including the HAZ (Heat Affective Zone) and defects outside the area 

of the weld material. To find out and detect the presence of various forms of these defects, there 

are 5 of the most commonly used methods, such as VT (Visual Test), MT (Magnetic Test), PT 

(Penetran Test), RT (Radiographic Test), and Ultrasonic test (UT). 
 

2. METHOD 

A. Type of Research 

This study aims to determine the factors that cause welding defects in the boiler fabrication 

process in a power plant component company. The type and design of the research carried out 

is quantitative research with case studies. 
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3. RESULTS AND DISCUSSION 

 

Picture 1. Rejection Rate Material Identifikation  Boiler 2017/2018 

 

 
 

Picture 2. Rejection Rate PMI Boiler Testing 2017/2018 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Picture 3. Rejection Rate MTPT Boiler 2017/2018 
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Picture 4. Rejection Rate UT Boiler 2017/2018 

 

Picture 5. Rejection Rate Dimention Boiler 2017/2018 

 

 
 

 

 

 

 

 

 

 

Picture 6. Rejection Rate RT Boiler 2017/2018 
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Picture 7. Rejection Rate RT Autotig Boiler 2017/2018 

 
 

 

 

Based on Figures 4.1 – 4.7, the percentage rejection rate has a different value each month. 

Rejection Rate (RR) data consists of RR Material, RR PMI (Positive Material Inspection), RR 

Endoscope, RR MT (Magnetic Test) & PT (Penetrant Test), RR UT (Ultrasonic Test), RR RT 

(Radiography Test) Manual, and RR RT (Radiography Test) Autotig. Each type of test/inspection has 

a different target rejection rate. Target rejection rate Identification Material 1.14%, PMI 0%, MTPT 

4%, UT 0.3%, Dimensional 2%, RT Manual 2% and Autotig 0.5%. In Figure 4.1, RR Material 

Identification with a percentage exceeding the company's target occurred in October 2017 and May 

2018. Material identification was carried out before and during the fabrication process. Material 

identification inspections include specification and size identification errors, material order list errors, 

identification transfer errors, hard-stamp errors, and incomplete hard-stamps. Based on inspections in 

the field, the errors that occurred in that period were identification transfer errors (Kusmayadi and 

Vikaliana 2021). 

For PMI and UT testing inspections (Figures 4.2 and 4.4), for 1 year no errors were found that 

exceeded the predetermined target rejection rate. Meanwhile, for the inspection of other welding 

results by means of MT-PT, dimensions, and radiography (Figures 4.3, 4.5, 4.6, 4.7) it can be seen that 

in certain months the percentage of rejection rates obtained exceeds the company's target. 

To simplify the analysis, Figure 4.8 shows the average rejection rate for 1 year. In Figure 4.8, it is 

found that the average rejection rate that exceeds the target rejection rate includes RR Material 

Identification, RR RT (Manual), and RR RT Autotig. This study focuses on RR RT (Manual). This is 

because material identification does not involve the welding process and each material that is welded 
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is already in identified condition according to the procedure and for RR RT Autotig an average 

percentage is still close to the target. The definition of manual is used to show that the joint tube 

process is carried out using an automatic machine/autotig machine. It's different with RR RT 

(Manual), where the joint tube process is done manually by the welder. 

 

4. DISCUSSION 

By knowing the research focus, the next step is to analyze and process data using the FMEA 

method to reduce welding defects from the results of radiographic testing and improvement plans to 

reduce welding defects in the boiler fabrication process. By knowing the types of welding defects 

produced by the production department, the company can focus on identifying the types of welding 

defects that occur the most or have the greatest contribution to the problem. What customers want will 

be easily achieved and right on target (Ford Motor Company 2011). 

From the results of data processing regarding the defect rate, the research focuses on radiographic 

test results that exceed the company's target. The types of defects identified using radiographic testing 

include porosity, internal concavity, debris, slag inclusion, incomplete fusion, incomplete penetration, 

crack, root undercut, tungsten inclusion, and excess. The types of defects that become CTQ (Critical to 

Quality) in this study are depicted using a Pareto diagram. Figure 4.9 shows a pareto diagram of the 

average percentage of each type of defect produced in radiographic testing. The result shows that the 

type of defect with the highest percentage is porosity of 35.8% or around 36%. That is, most of the 

welding defects that cause failure in the welding results are the occurrence of weld porosity . 

Meanwhile, for other types of welding defects, the percentage is below 30%.  

The next stage is the stage using the FMEA method. FMEA (Failure Mode and Effect Analysis) is 

a structured procedure to identify and prevent as many failure modes as possible. FMEA is used to 

identify the sources and root causes of a quality problem (Ismawati Khotimah, Hagni Wijayanti, and 

Sri Setyaningsih 2021). 

Making FMEA is done with the aim of analyzing potential process failures and evaluating these 

failures. Every time a defect or damage occurs, the RPN value is sought, then the RPN value is 

arranged from the largest value. This is the main cause of the problems encountered. The RPN value is 

obtained by multiplying the severity, occurrence, and detection values of each problem. RPN is a 

criticality indicator for determining appropriate failure-mode corrective actions. RPN is used to 

estimate risk using the following three criteria: 

1. Severity of effect (severity) S- how serious is the final effect? 

2. Occurrence O – how the cause occurred and the result in the failure mode 

3. Detection of causes (detection) D – how can failures or causes be detected before they reach the 

customer 

Filling in the FMEA Table is carried out by way of discussion by the production manager, 

Technology Group (TG) supervisor, QC manager, QA manager, and Third Party Inspector/Qualified 

Inspector to determine severity, occurrence, and detection values. Assessment of the FMEA indicators 

and recapitulation of the FMEA results can be seen in the table below with an explanation of the 

various failure modes, consequences of failure, causes of failure and corrective corrective actions that 

need to be taken. 

  
5. CONCLUSION 

Based on the results of data collection and analysis, it can be concluded as follows: the 
dominant type of welding defects in boiler fabrication from the results of radiographic testing 

is porosity welding defects, the main causes of porosity welding defects include the ability of 

the welder, not conditioning the electrode/welding wire, machine parameters welding, and 

environmental conditioning. Quality improvements include, among others, the welder by 

holding training and testing the WPQ (Welding Performance Qualification) again for each 

project, performing treatment on the welding wire, supervising the setting of the welding 



 
 

INTERNATIONAL JOURNAL OF SOCIAL AND MANAGEMENT STUDIES (IJOSMAS)  
          Vol. 2  No. 2 (2021)                                                         e-ISSN: 2775-0809 

   

113  

machine parameters, and covering the welding area with cloth or tarpaulin so that the welding 

area is free from wind. and other environmental conditioning. 
 

6. REFERENCE 
Abdul, F. W., & Iridiastadi, H. (2018). Service Quality Improvement and Improvement Using Define, 

Measurement, Analyze, Improvement, Control. Journal of Office Administration, 6(1), 1–10. 

Caesaron, D., & Simatupang, S. Y. (2015). Implementation of DMAIC Approach to Improve PVC 

Pipe Production Process (Case Study of PT. Rusli Vinilon). Metrics, 91–98. 

Dabhole, S., Raje, A., Khandave, S., Shinde, A., & Ghule, P. (2018). Implementation of Six Sigma 

Technique for Welding Defect Rejection. International Conference on Recent Development in 

Engineering Science, Humanities, and Management, 183–193. 

Dang, V.H. (2015), The Use of Nominal Group Technique: Case Study in Vietnam, World Journal of 

Education, Namdinh Vocational College, Vietnam, Vol. 5, No. 4; 2015. 

Desai, T.N., & Shrivasatava, R. L. (2008). Six Sigma – A New Direction to Quality and Productivity 

Management. Engineering and Computer Science. 

Deshmukh, S., & Chavan, A. (2012). Six Sigma and SMEs: a critical review of literature. International 

Journal of Lean Six Sigma, 3(2), 157–167. 

Devina, L., & Aritonang, Y. K. (2013). Integration of the Zone of Tolerance, Kano, and Lean Six 

Sigma Methods to Improve the Quality of Online Shop Services. Journal of Industrial Systems 

Engineering, 2(1). 

ESDM. (2018). RUPTL PT PLN (PERSERO) 2018-2027 Electricity Policy. Retrieved from 

www.esdm.go.id 

Fariya, S., & T. (2014). Technical and Economic Analysis of Welding Training Using a Computer 

Programming-Based Welding Simulator As a Substitute for Conventional Electrodes. POMITS 

Technical Journal, 2(1). 

Flifel, A. F., Zakić, N., & Tornjanski, A. (2017). Identification and selection of six sigma projects. 

Journal of Process Management – New Technologies, 5(2). 

Gandhi, S., Sachdeva, A., & Gupta, A. (2019). Reduction of Rejection of Cylinder Blocks in a Casting 

Unit: A Six Sigma DMAIC Perspective. Journal of Project Management, 81–96. 

Gaspersz, V. (2001). ISO 9001:2000 and Continual Quality Improvement. Jakarta: PT Gramedia 

Pustaka Utama. 

Global Industry Analysis. (2016). Global Electricity Demand. Retrieved from 

https://www.strategyr.com/market-report-power-boilers-forecasts-global-industry-analysts-

inc.asp%0A 

Hani, S. E. (2017). Quality Control Using the Six Sigma Method (Case Study at PT. Diras Concept 

Sukoharjo). AJIE - Asian Journal of Innovation and Entrepreneurship, 02. 

Haryono, A., Purba, H.H., Arthama, E., & Soplanit, F. M. (2016). Innovation and technology 

improvement of hydrant pillar welding process to decrease defect ratio approach to DMAIC 

methodology, case in small and medium industries (SMIs) in Indonesia. Journal of Scientific and 

Engineering Research, 3(3), 194–202. Retrieved from www.jsaer.com 

Heri, S. (2008). Welding Techniques Volume 2. Surabaya: Ministry of National Education. 

Huda, A., & Widiyanesti, S. (2018). Analysis of Quality Control of the Welding Process (Welding) 

With the Six Sigma Approach in the Pt. Xyz. Journal of Economic Discourse, (2016), 1–12. 

John, B., & Areshankar, A. (2018). Reduction of Rework in End Plate Bearings Using Six Sigma 

Methodology: A Case Study. Journal of Applied Research on Industrial Engineering, 5(1), 10–26. 

https://doi.org/10.22105/jarie.2018.120059.1033 

Junus, S. (2011). The Effect of Large Gas Flow on Porosity Defects and Microstructure of MIG 

Welding Results in 5083 Aluminum Alloy. Journal of ROTOR, 4(11), 22–31. 

Kartika, H., Norita, D., Triana, N. E., Roswandi, I., Rahim, A., Naro, A., ... & Bakti, C. S. (2020). Six 

sigma benefit for indonesian pharmaceutical industries performance: a quantitative methods 

approach. Systematic Reviews in Pharmacy, 11(9), 466-473. 



 
 

INTERNATIONAL JOURNAL OF SOCIAL AND MANAGEMENT STUDIES (IJOSMAS)  
          Vol. 2  No. 2 (2021)                                                         e-ISSN: 2775-0809 

   

114  

Kadry, S. (2018). Understanding Six Sigma Concepts, Applications, and Challenges. New York: Nova 

Science Publishers, Inc. 

Ford Motor Company. 2011. “Failure Mode and Effects Analysis, FMEA Handbook (with Robustness 

Linkages).” Ford Motor Company 13(5): 286. 

Ismawati Khotimah, Hagni Wijayanti, and Sri Setyaningsih. 2021. “Penjadwalan Integer Linear 

Programming Pada Penjadwalan Produksi Tipe Flowshop Dan Program Optimasi Waktu Dengan 

Metode Branch and Bound.” JMT : Jurnal Matematika dan Terapan 3(1): 44–51. 

Khatammi, Achmad, and Akhmad Rizqi Wasiur. 2022. “Analisis Kecacatan Produk Pada Hasil 

Pengelasan Dengan Menggunakan Metode FMEA (Failure Mode Effect Analysis).” Jurnal 

Serambi Engineering 7(2): 2922–28. 

Kusmayadi, Benny, and Resista Vikaliana. 2021. “Pendekatan Konsep Lean Untuk Mengurangi Waste 

Transportasi Dengan Optimasi Truk (Studi Kasus Di Perusahaan Distributor PT. XYZ).” Jurnal 

Manajemen Logistik 1(1): 20–28. http://ojs.stiami.ac.id. 

Purwanto, A., Asbari, M., & Santoso, P. B. (2020). Effect of integrated management system of ISO 

9001: 2015 and ISO 22000: 2018 implementation to packaging industries quality performance at 

Banten Indonesia. Jurnal Ilmiah MEA (Manajemen, Ekonomi, & Akuntansi), 4(1), 17-29. 

Purwanto, A., & Sudargini, Y. (2021). Partial least squares structural squation modeling (PLS-SEM) 

analysis for social and management research: a literature review. Journal of Industrial 

Engineering & Management Research, 2(4), 114-123. 

Sutia, S., Riadi, R., Fahlevi, M., Istan, M., Juhara, S., Pramono, R., ... & Munthe, A. P. (2020). 

BENEFIT OF BENCHMARKING METHODS IN SEVERAL INDUSTRIES: A 

SYSTEMATIC LITERATURE REVIEW. Systematic Reviews in Pharmacy, 11(8). 

Stamatis, D. H. 2015. American Society for Quality The ASQ Pocket Guide to Failure Mode and 

Effect Analysis ( FMEA ). http://www.asq.org/quality-press. 

Setiawati, N. P. A., Sunarsi, D., Nurjaya, S., Manan, A., Nurhadi, A., Erlangga, H., ... & Purwanto, A. 

(2021). Effect of Technology Acceptance Factors, Website Service Quality and Specific Holdup 

Cost on Customer Loyalty: A Study in Marketing Departement of Packaging Industry. Annals of 

the Romanian Society for Cell Biology, 12685-12697. 

Yousaf, F., & Butt, D. S. I. (2014). Reduction in Repair rate of Welding Processes by Determination 

& Controlling of Critical KPIVs. International Journal of Production Management and 

Engineering, 2(1), 23. https://doi.org/10.4995/ijpme.2014.1609 

 

https://doi.org/10.4995/ijpme.2014.1609

