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Abstract:

In welding and metallic structures industries, the quality and safety of components play a decisive role
in the overall performance of equipment. Non-destructive testing (NDT), as an essential part of the
technical inspection system, provides an effective tool for detecting discontinuities and hidden defects
without causing damage to the component. With the expansion of smart technologies and
implementation of Industry 4.0 principles, traditional inspection methods require systematic risk
assessment and revision to ensure accuracy, repeatability, and compliance with international standards.
In this study, potential risks in NDT processes—including ultrasonic testing, radiographic testing,
liquid penetrant testing, and magnetic particle testing—were identified and analyzed. The assessment
approach was designed based on standards, and the severity, probability, and consequences of each
risk were determined using a risk matrix and the HAZOP model. The results indicated that the highest
risks are associated with human error, environmental conditions, and equipment defects, which can be
controlled through the implementation of a quality management system in accordance with 1ISO 9001
and continuous inspector training. The proposed framework for risk management in NDT processes
can enhance reliability, reduce human errors, and improve safety in the welding industry.

Keywords: Risk, Non-Destructive Testing, Smart Manufacturing, Risk Matrix, HAZOP.
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1-Van den Abeele, F., & Goes, P. (2012). Non-destructive testing techniques for risk-based inspection. International Journal
of Sustainable Construction & Design, 2, 161-171.
https://doi.org/10.21825/scad.v2i2.20512
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(2021). Non-destructive diagnostic methods for fire-side corrosion risk assessment of industrial scale boilers burning low
quality solid biofuels: A mini review. Energies, 14(21), 7132.
https://doi.org/10.3390/en14217132
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8-1SO 17640:2018- Non-destructive testing of welds — Ultrasonic testing — Techniques, testing levels, and assessment.
9-1SO 9712:2021- Non-destructive testing — Qualification and certification of NDT personnel.

10-1SO 22232-1:2020- Non-destructive testing — Characterization and verification of ultrasonic test equipment, Part 1:
Instruments.

11-1SO 23279:2017-Non-destructive testing of welds — Ultrasonic testing — Characterization of discontinuities in welds.
12-1SO 22232-2:2020-Non-destructive testing — Characterization and verification of ultrasonic test equipment, Part 2:
Probes.

13- ISO 17636-1:2022 Non-destructive testing of welds — Radiographic testing, Part 1: X- and gamma-ray techniques
with film.

14- 1SO 3999:2004 Radiation protection — Apparatus for industrial gamma radiography — Specifications for performance,
design and tests.

15-1SO 17636-2:2022 Non-destructive testing of welds — Radiographic testing, Part 2: X- and gamma-ray techniques with
digital detectors.
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16- ASTM E94/E94M-17:2022-Standard Guide for Radiographic Examination Using Industrial Radiographic Film.

17- ASTM EZ2737-10(2018)-Standard Practice for Digital Detector Array Performance Evaluation and Long-Term
Stability.

18-1SO 16371-1:2011 Non-destructive testing — Industrial computed radiography with storage phosphor imaging plates,
Part 1: Classification of systems.

19-1SO 16371-2:2017 Non-destructive testing — Industrial computed radiography with storage phosphor imaging
platesPart 2: General principles for testing of metallic materials using X-rays and gamma rays.

20- ASTM E2698-18e1:2018-Standard Practice for Radiographic Examination Using Digital Detector Arrays.

21-1SO 19232-5:2018 Non-destructive testing — Image quality of radiographs, Part 5: Determination of the image
unsharpness and basic spatial resolution value using duplex wire-type image quality indicators.

22- 1SO 9934-1:2016 Non-destructive testing — Magnetic particle testing, Part 1: General principles.

23-1SO 9934-3:2015 Non-destructive testing — Magnetic particle testing, Part 3: Equipment.

24- 1SO 9934-2:2015 Non-destructive testing — Magnetic particle testing, Part 2: Detection media.

25- ASTM E1444/E1444M-22a:2025-Standard Practice for Magnetic Particle Testing for Aerospace

26- 1SO 3452-1:2021 Non-destructive testing — Penetrant testing, Part 1: General principles

27-1SO 3452-2:2021 Non-destructive testing — Penetrant testing, Part 2: Testing of penetrant materials

28-1S0 3452-5:2008- Non-destructive testing — Penetrant testing, Part 5: Penetrant testing at temperatures higher than 50
degrees C.

29-1S0O 3059:2012 Non-destructive testing — Penetrant testing and magnetic particle testing — Viewing conditions.
30-1SO 3452-6:2008 Non-destructive testing — Penetrant testing, Part 6: Penetrant testing at temperatures lower than 10
degrees C.

31- 1SO 19011:2018 Guidelines for auditing management systems.

32-BS EN 4179:2021 - Aerospace series. Qualification and approval of personnel for non-destructive testing.



