
                                              Volume XI, No.1, Januari 2026        Hal 16844 - 16853   

 

16844 
 

p-ISSN : 2528-3561 

e-ISSN : 2541-1934 

Implementation of Non-Destructive Radiographic Testing  

for Welding Defect Inspection on Heat Exchanger  

Project DXXXX at PT XYZ 
 

Marizka Putri Ismawaty*, Dene Herwanto, Naufal Rabbani Sumitra, Benyamine Sulaeman 

 
Industrial Engineering Department, Universitas Singaperbangsa Karawang, Jawa Barat 

*Corresponding author: marizkaputri01@gmail.com 

 
Received: December 8, 2025         Approved: December 15, 2025 

 
Abstract  

Welding in the heat exchanger fabrication process is a critical stage that determines structural integrity and 

operational safety, but internal defects are still often found that cannot be detected visually. This study was 

conducted to identify the type of welding defect in the Heat Exchanger Project DXXXX and analyze the 

causative factors based on ASME Section V and VIII standards. The research approach uses a descriptive 

qualitative method through direct observation of the welding process, Radiography Test documentation, 

and interviews with Quality Control personnel during field work practice activities. The results showed that 

out of 279 radiographic films examined at 29 connection points, 31 defects were found consisting of two 

main types, namely slag inclusion and porosity. Slag inclusion defects are the most dominant finding and 

are influenced by human factors and work methods, while porosity defects are mainly caused by 

inaccuracies in methods related to the regulation and use of shielding gas. These findings indicate that 

inconsistencies in welding procedures, suboptimal material preparation, and inconsistent process control 

contribute significantly to the occurrence of defects. This study concludes that the Radiography Test is able 

to provide a comprehensive picture of the quality of weld joints and the defect patterns that occur in heat 

exchanger fabrication. 
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Abstrak 

Pengelasan pada proses fabrikasi heat exchanger merupakan tahapan kritis yang menentukan integritas 

struktur dan keselamatan operasi, namun masih sering ditemukan cacat internal yang tidak dapat terdeteksi 

secara visual. Penelitian ini dilakukan untuk mengidentifikasi jenis welding defect pada Heat Exchanger 

Project DXXXX serta menganalisis faktor penyebabnya berdasarkan standar ASME Section V dan VIII. 

Pendekatan penelitian menggunakan metode kualitatif deskriptif melalui observasi langsung pada proses 

pengelasan, dokumentasi radiography test, serta wawancara dengan personel Quality Control selama 

kegiatan praktik kerja lapangan. Hasil penelitian menunjukkan bahwa dari 279 film radiografi yang 

diperiksa pada 29 titik sambungan, ditemukan 31 cacat yang terdiri dari dua jenis utama, yaitu slag 

inclusion dan porosity. Cacat slag inclusion merupakan temuan paling dominan dan dipengaruhi oleh faktor 

manusia dan metode kerja, sedangkan cacat porosity terutama disebabkan oleh ketidaktepatan metode 

terkait pengaturan dan penggunaan shielding gas. Temuan ini mengindikasikan bahwa ketidaksesuaian 

prosedur pengelasan, persiapan material yang kurang optimal, serta kontrol proses yang tidak konsisten 

berkontribusi signifikan terhadap munculnya defect. Penelitian ini menyimpulkan bahwa Radiography Test 

mampu memberikan gambaran komprehensif mengenai kualitas sambungan las serta pola cacat yang terjadi 

pada fabrikasi heat exchanger. 

Kata Kunci: welding defect, radiography test, heat exchanger 

 

1. Introduction  

The welding process is one of the most crucial stages in the metal fabrication industry, especially in 

pressurized products such as heat exchangers that require very high connection quality to ensure safety and 

operational performance [1]. PT XYZ as a company with a Make to Order (MTO) production system relies 

on various welding techniques such as gas tungsten arc welding, plasma arc welding, to submerged arc 

welding that is tailored to material characteristics and project specifications [2]. The main challenge in the 

process is the emergence of welding defects that have the potential to reduce the strength of the joints, cause 

leaks, and pose a risk of pressure failure [3]. Therefore, quality control through Non-Destructive Testing 

(NDT) methods, especially Radiography Test (RT), is an important step in ensuring that weld joints meet 
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the safety standards set by ASME Section V and Section VIII [4]. However, in practice, various factors 

such as the connection procedure, operator condition, material preparation, and welding parameters still 

often lead to the discovery of internal defects that cannot be detected visually [5]. 

A number of previous studies have examined the different types of welding defects and the 

effectiveness of the NDT method in detecting joint imperfections [6]. These results show that defects such 

as porosity, incomplete fusion, and slag inclusion are common findings in pressure vessel fabrication [7]. 

However, previous studies have tended to focus on one specific type of material, specific welding methods, 

or simply discuss the characteristics of defects without conducting a comprehensive analysis of the causes 

of defects based on the interpretation of radiographic results [8]. In addition, some studies have not 

systematically linked defect findings to ASME standard procedures, so further research is still needed to 

provide a more holistic picture of welding quality in the context of the large-scale fabrication industry [9]. 

The novelty of this research lies in the integration between radiographic analysis, defect classification, and 

tracing of the root cause of defects in Heat Exchanger Project DXXXX, a real research object that has 

stricter technical standards than common fabrication products. This research also stands out in its 

application to the direct industrial environment, thus providing a higher practical value than research based 

on laboratory experiments. 

Based on this description, this study aims to (1) identify the types of welding defects in the Heat 

Exchanger Project DXXXX as a result of the Radiography Test, and (2) analyze the main factors that cause 

the occurrence of each defect by referring to ASME standards and the actual conditions of the welding 

process at PT XYZ. The contribution of this research is expected in the form of an in-depth understanding 

of the defect patterns that appear in pressure vessels, recommendations for continuous improvement for the 

Quality Control department, and academic contributions related to the application of Radiography Test in 

the modern fabrication industry. In addition, this study provides a reference for practitioners in designing 

welding defect mitigation strategies and ensuring that fabricated pressure vessel products can meet 

international safety standards.  

 

2. Material and Methods 

This study uses a descriptive qualitative research design that aims to provide a factual picture of the 

application of Radiography Test in detecting welding defects in the fabrication process of Heat Exchanger 

Project DXXXX [10]. The qualitative approach was chosen because the research was carried out directly 

in an industrial environment through field work practice activities, so that the researcher could observe 

phenomena naturally without manipulating variables [11]. The research data sources include primary data 

obtained through direct observation of the welding process and the implementation of the Radiography 

Test, interviews with Quality Control personnel, and documentation of testing activities available at the 

company [12]. Data collection techniques are carried out through systematic observation of the workflow 

in the Quality Control department, recording of radiography processes in the field, informal interviews with 

operators and inspection officers, and collection of company technical documents such as work procedures, 

inspection standards, and radiography film interpretation results [13]. 

The types of data analyzed include qualitative data in the form of weld defect findings, description 

of joint conditions, and the results of interpretation of radiographic images obtained during field practice 

[14]. All data were analyzed using descriptive analysis techniques, namely by organizing field data, 

identifying the categories of defects that appeared, comparing the findings with the requirements of ASME 

Section V and Section VIII standards, and tracing the causative factors based on the suitability of the 

procedures and conditions of the welding process in the field [15]. This analysis resulted in a comprehensive 

understanding of the defect patterns and the root of the problems that occur during heat exchanger 

fabrication, so that this research method is able to objectively describe the quality of the welding process 

according to the actual conditions at PT XYZ. The following is also attached the flow of this research. 
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Fig. 1: Research Flow 

3. Results and Discussion 

Analysis 

The results of the radiographic examination on the Heat Exchanger Project DXXXX showed that of 

the 29 weld connection points with a total of 279 films tested, there were 31 weld defects that required 

repair and 248 films were declared to be up to standard. These findings provide an overview of the existence 

of various types of defects in weld joints and form the basis for further analysis regarding the characteristics 

of defects and their causative factors. 

 
Table 1. Radiography Examination Results of Heat Exchanger Project DXXXX 
No Joint No Qty Film Repair Acc 

1 WL.A-1 3 0 3 
2 WL.A-2 3 0 3 

3 WL.A-3 2 0 2 

4 WL.A-4 10 0 10 

5 WL.A-5 10 0 10 
6 WL.A-6 10 1 9 

7 WL.A-7 10 1 9 

8 WL.A-8 10 0 10 

9 WL.A-12 2 0 2 
10 WL.A-13 3 0 3 

11 WL.A-14 2 0 2 

12 WL.A-17 1 0 1 

13 WL.B-1 16 0 16 
14 WL.B-2 14 0 14 

15 WL.B-3 14 0 14 

16 WL.B-4 14 1 13 

17 WL.B-5 14 0 14 
18 WL.B-6 14 1 13 

19 WL.B-7 14 0 14 

20 WL.B-8 7 7 0 

21 WL.B-11 16 0 16 
22 WL.B-12 16 0 16 

23 WL.C-1 14 1 13 

24 WL.C-2 14 3 11 

25 WL.C-3 - - - 
26 WL.C-4 16 2 14 

27 WL.C-5 16 11 5 

28 WL.C-6 7 0 7 
29 WL.C-7 7 3 4 

Total 279 31 248 

Source: Author’s Processing Results, 2025 

 

Welding Defect 

The results of radiography testing on the Heat Exchanger Project DXXXX weld joint showed 31 

welding defects out of a total of 279 films examined. Based on Table 2, the most dominant type of defect 

is Slag Inclusion, found in WL joints. A-6, WL. A-7, WL. B-4, WL. B-6, WL. C-1, WL. C-2, WL. C-4, 
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and WL. C-5, while the Porosity defect type is detected in WL. B-8 and WL. C-7. The radiographic film 

sample shows the details of each defect, as shown in Figure 2 (WL. A-6) and Figure 3 (WL. A-7) showing 

the Slag Inclusion on the longitudinal shell joint, as well as Figure 4 (WL. B-4) and Figure 5 (WL. B-6) 

which shows a similar defect in the circum shell connection. 

 
Table 2. Welding Defect 

Welding Defect 

Joint No QTY Film Jenis 

WL.A-6 1 Slag Inclusion 

WL.A-7 1 Slag Inclusion 

WL.B-4 1 Slag Inclusion 

WL.B-6 1 Slag Inclusion 

WL.B-8 7 Porosity 

WL.C-1 1 Slag Inclusion 

WL.C-2 3 Slag Inclusion 

WL.C-4 2 Slag Inclusion 

WL.C-5 11 Slag Inclusion 

WL.C-7 3 Porosity 

Source: Author’s Processing Results, 2025 

 

The porosity defect is clearly visible in Figure 6 (WL. B-8) and Figure 11 (WL. C-7), are located at 

the circum shell and flange to pipe joints, respectively. Meanwhile, the Slag Inclusion defect in the other 

section is shown in Figure 7 (WL. C-1), Figure 8 (WL. C-2), Figure 9 (WL. C-4), and Figure 10 (WL. C-

5), which includes flange to channel, channel to tubesheet, and flange to shell connections. Overall, the 

radiography film data clarifies the distribution and type of weld defects that occur in some critical areas of 

the Heat Exchanger components. 

 

 
Fig. 2: WL.A-6 

Source: PT XYZ, 2025 

 

 
. Fig. 3: WL.A-7 

Source: PT XYZ, 2025 
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Fig. 4: WL.B-4 

Source: PT XYZ, 2025 

 

 
Fig. 5: WL.B-6 

Source: PT XYZ, 2025 
 

 
Fig. 6: WL.B-8 

Source: PT XYZ, 2025 
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Fig. 7: WL.C-1 

Source: PT XYZ, 2025 

 

 
Fig. 8: WL.C-2 

Source: PT XYZ, 2025 

 

 
Fig. 9: WL.C-4 

Source: PT XYZ, 2025 
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Fig. 10: WL.C-5 

Source: PT XYZ, 2025 
 

 
Fig. 11: WL.C-7 

Source: PT XYZ, 2025 

 

Causative Factors of Welding Defect Heat Exchanger Project DXXXX 

Based on the results of the analysis using the fishbone diagram on slag inclusion defects, as shown 

in Figure 12 Fishbone Diagram Slag Inclusion, it is known that this defect can be caused by several main 

factors. From the Man aspect, the operator is not thorough in cleaning the weld layer so that the remaining 

slag is left behind and trapped in the weld. From the Machine side, the current instability and the absence 

of periodic calibration of the welding machine cause the welding quality to be inconsistent. In the Method 

factor, incorrect adjustment of welding angles also triggers the formation of slag inclusion. From the 

material factor, flux heating that is not in accordance with the provisions on the manufacturing data sheet 

makes the flux not work optimally so that residual particles can be left at the joint. Meanwhile, 

environmental factors such as unclean work areas and the presence of dust or light contaminants also have 

the potential to enter the welding area and cause these defects. 
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Fig. 12: Fishbone Diagram Slag Inclusion 

Source: PT XYZ, 2025 
 

Based on the analysis using fishbone diagrams for porosity defects, as shown in Figure 13 of the 

Fishbone Porosity Diagram, it is known that these defects are influenced by several main factors. From the 

Man aspect, the operator is not meticulous in preparing the surface of the material so that the contaminants 

left behind can release gases when exposed to the welding heat and trapped before the metal freezes. In the 

Machine factor, unstable gas pressure due to suboptimal regulator settings and inadequate gas cooling 

systems can increase the temperature and encourage the formation of gases. In terms of method, the use of 

gas shielding in the GTAW method that is not suitable also triggers the formation of porosity. In the 

Material aspect, moisture in the base material or electrode and the use of damaged electrodes can produce 

hydrogen gas during the welding process. Meanwhile, environmental factors such as high air humidity and 

moisture in the work area can also enter the welding zone, causing small gas cavities to form in the metal 

that freeze too quickly. 
 

 
Fig. 13: Fishbone Diagram Porosity 

Source: PT XYZ, 2025 

 

After analysis using fishbone diagrams, it was found that the appearance of welding defects that 

occurred in Heat Exchanger Project DXXXX for slag inclusion defects, and porosity defects are presented 

in the following table: 
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Table 3. Causes of the Slag Inclusion Project DXXXX 
Slag Inclusion 

No Factor Actual Condition 

1 Man Yes 

2 Machine No 

3 Method Yes 

4 Material No 

5 Environment No 

Source: Author’s Processing Results, 2025 
 

Table 4. Causes Porosity Project DXXXX 
Porosity 

No Factor Actual Condition 

1 Man No 

2 Machine No 

3 Method Yes 

4 Material No 

5 Environment Yes 

Source: Author’s Processing Results, 2025 

 

4. Conclusion  

The results showed that the quality of the weld joints in the Heat Exchanger Project DXXXX was 

still affected by the emergence of two main types of defects, namely slag inclusion and porosity, with a 

total of 31 defects from 279 radiographic films examined. This finding answers the purpose of the study 

that welding defects can be clearly identified through Radiography Test with defect classification referring 

to ASME Section V and VIII standards. Fishbone analysis revealed that slag inclusion was mainly triggered 

by human factors and improper working methods, while porosity was more predominantly caused by 

method errors related to the use and regulation of gas shielding. Overall, this study confirms that 

inconsistencies in welding procedures, suboptimal material preparation, and instability of process control 

contribute significantly to potential defects in heat exchanger connections. To minimize the recurrence of 

similar defects, it is recommended to improve operator competence through regular training, review of 

welding procedures according to ASME standards, increased QC supervision at the material preparation 

stage and welding execution, and the application of periodic calibration to welding equipment. Further 

research can consider quantitative approaches to measure the relationship between causative factors in a 

more structured manner and extend the test object to other types of connections to enrich the mapping of 

defect risk in the fabrication industry. 
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