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ABSTRACT 

Fatigue crack is one of the world oldest failure which has been studied by various researcher. 

Through those researcher, the humanity becomes more aware of fatigue failure which alway 

occurs on humans daily life. In this study, the fatigue crack in the welding has been studied 

throughly and the evaluation of the effectiveness of portable eddy current testing (ECT) 

method on welding has been inspect. However, before inspecting the weldment on the 

specimen, the material of the specimen must also be investigate first. The specimen selected 

is a pipeline removed by an industry because of it defect. The specimen material used in this 

study is a ferromagnetic material which has a good machinability with lower costing usage 

than any other materials and a conductive material in line with the use of Non-Destructive 

Tool (NDT) that will be used in this study. After that, the inspection on detecting the fatigue 

crack in the welding pipeline were inspected by using the ECT through two type of probe 

movement on three places on the weldment. These three place and type are right toe 

inspection, left toe inspection and cap inspection. The defect crack found in the welding will 

be recorded and analyze in three graph. Then, the next NDT inspection is Ultrasonic Testing 

(UT) will be used on inspecting the welding so that both of the NDT data can be comparised 

in order to deepen the understanding of using the portable ECT in inspecting the welding 

pipeline. After that, the effectiveness of portable ECT in inspecting the weldment can be 

evaluate. 
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ABSTRAK 

Keretakan lesu adalah salah satu kegagalan tertua di dunia yang telah dikaji oleh pelbagai 

penyelidik. Melalui pengkaji tersebut, manusia lebih sedar tentang kegagalan keletihan yang 

selalu berlaku dalam kehidupan seharian manusia. Dalam kajian ini, keretakan lesu pada 

kimpalan telah dikaji secara menyeluruh dan penilaian keberkesanan kaedah ujian arus pusar 

mudah alih (ECT) terhadap kimpalan telah diperiksa. Walau bagaimanapun, sebelum 

memeriksa kimpalan pada spesimen tersebut, bahan spesimen juga mesti disiasat terlebih 

dahulu. Spesimen yang dipilih ialah saluran paip yang dibuang oleh industri kerana ia telah 

rosak.Bahan spesimen yang digunakan dalam kajian ini adalah bahan feromagnetik yang 

mempunyai kebolehmesinan yang baik dengan penggunaan kos yang lebih rendah 

berbanding bahan lain dan bahan konduktif selaras dengan penggunaan ujian tanpa musnah 

(NDT) yang akan digunakan dalam kajian ini. Selepas itu, pemeriksaan pengesanan retakan 

kelesuan pada saluran paip kimpalan diperiksa dengan menggunakan ujian arus pusar (ECT) 

melalui dua jenis pergerakan pengesan pada tiga tempat pada kimpalan.Tiga tempat dan jenis 

ini ialah pemeriksaan kanan kaki kimpalan, pemeriksaan kiri kaki kimpalan dan pemeriksaan 

atas kimpalan. Keretakan kecacatan yang terdapat dalam kimpalan akan direkodkan dan 

dianalisis di dalam tiga graf. Kemudian, pemeriksaan ujian tanpa musnah (NDT) seterusnya 

ialah ujian ultrasonik (UT) akan digunakan pada pemeriksaan kimpalan supaya kedua-dua 

data ujian tanpa musnah (NDT) dapat dibuat perbandingan bagi mendalami pemahaman 

penggunaan ujian arus pusar mudah alih (ECT) dalam pemeriksaan saluran paip kimpalan. 

Selepas itu, keberkesanan ujian arus pusar mudah alih (ECT) dalam memeriksa kimpalan 

boleh dinilai. 
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INTRODUCTION 

1.1 Background 

In the beginning of 19th century, the assessments of structure and material fatigue 

failures have been started to thrive in engineering. There are various failures on engineering 

components and structures such as fracture, creep, rusting, fatigue failure and others. Failure 

process which occurs due to repetitive stress or strain loads are known as a cracking 

phenomenon caused by a number of repetitive load cycles (Leuders et al., 2017). The 

unexpected cracking and sudden breakdown of components will occur due to the fact that 

tensile stresses, which can originate from various manufacture processes at different 

production stages, added to the in‐service stress reduce the component life (Han & Yang, 

2021). 

Generally, fatigue cracking consists of three main stages namely (i) crack initiation, 

(ii) crack propagation and (iii) final rupture. This problem of fatigue failure becomes an 

important issue in various fields due to the fatigue failure occurs without signal (Sánchez et 

al., 2021).Thus, the ability of a component that can optimally function will be affected by 

the damage came from those components. Deterioration of component performance can also 

cause by several other factors. If all the damage detected not maintained from the early stage 

then failure can occur more often and the components or machine will become total lost 

which is cannot being used at all again (Jiao et al., 2016). 

 



2 

According to the definition of fatigue stated in the American Society for Testing 

Materials (ASTM), fatigue is the process of permanently changes in the structure of a 

material occurs when the material is subjected to stress and strain repeatedly. This process 

is a progressive process that is focused on the local area where the area cracks or fractures 

occur when the load cycle reaches the limit on certain number of cycles (Sánchez et al., 

2021). Fatigue is the condition where a material cracks or fails because of repeated (cyclic) 

stresses applied below the final strength of the material. The term “Fatigue Cyclic”, for 

instance, is an analogy to cycles which will be counted on mechanisms comprising revolving 

axes, gears and chains, but it becomes a challenge to define what a cycle really means within 

the multiaxial loading context (de Lacerda et al., 2017). 

Crack is a major concern in ensuring the durability, safety and serviceability of 

structures. This is because the presence of crack can cause the reduction in the effective 

loading area which lead to the increase of stress and subsequently failure of the materials or 

structures. Cracking seems unavoidable and appears in wide variety of structures such as 

concrete wall, beam and brick walls. Various types of defects also can be found in pipeline 

applications (Dadfarnia et al., 2019). Slit and crack are the examples of defects that 

commonly found especially in the ferromagnetic materials. The presence of defects will 

affect the reliability, safety and the consistency of materials' quality. Therefore, it is crucial 

to test and evaluate the materials or structure to detect cracking for the safety and health of 

the structure. The presence of such cracks can be detected by using various types of Non-

Destructive Test (NDT). 

The NDT is an engineering evolution of science for engineer to evaluate any 

specimen which being test without causing any destructive and it guarantee the safety, 

reliability and integrity of engineering structure and components. The NDT inspection was 
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first being used for Quality Control NDT (QC-NDT) and then applicated widely because of 

its effectiveness in practice(Trampus et al., 2019). Thus, NDT is the most practicable for 

inspection the fatigue fracture test which really sensitive on any additional impact. 

Combination of different NDT is a good way to inspect the defect and abnormalities of the 

structures. In many cases, more than one NDT method is use in the process of defect 

inspection. To ensure the effectiveness of the inspection process, more understanding on the 

backgrounds, advantages and limitations of each NDT technique is necessary. 

Understanding one non-destructive method alone may not be enough to obtain the accurate 

results from the testing process (Dwivedi et al., 2018). 

 

1.2 Problem Statement 

 

The current NDT methods used for inspection is include ultrasonic testing (UT), 

radiographic testing (RT), infrared thermography testing (IRT), terahertz (THz) imaging 

technology, and eddy-current testing (ECT). A deep understanding on the foundation, 

advantages and limitations of each NDT technique is necessary to ensure the effectiveness 

of the inspection process (Dwivedi et al., 2018). Non-destructive eddy current evaluation 

techniques have been globally used in the inspection of conduction structures for the 

diagnosis of surface and near-surface cracks. The basic eddy current (EC) is a cylindrical 

coil used to generate and sense the electrical current in the metallic part simultaneously. 

However, there are various improvement on traditional eddy current testing in previous 

study. (Ge et al., 2021) state that eddy current inspections are performed using a uniform 

eddy current probe driven with 10 kHz, and all of the fatigue cracks are detected with clear 

signals. (Almeida et al., 2013) propose a new type of eddy current probe with enhanced lift-

off immunity and improved sensitivity and estimates a new NDT system. The inspection of 
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non-destructive monitoring of microstructural changes in austenitic steels under cyclic 

loading as well as the lifetime prediction by combining high-accuracy acoustic monitoring 

of elastic anisotropy and eddy current monitoring of volume fraction of the martensite. This 

combined approach allows estimation of fatigue life as well as the information on the past 

loading history (Mishakin et al., 2020). 

In NDT, the eddy current testing is one of the most inspection which has a high 

sensitivity. Its sensitivity primary on to the surface defects and able to detect defects of 

0.5mm in length under favourable conditions. Eddy current also able to observe through 

several layers. The ability to spot defects in multi-layer structures (up to about 14 layers), 

without meddle from the planar interfaces. Its accuracy on conductivity measurements also 

acceptable and dedicated conductivity measurement instruments operated. Eddy current also 

has a little pre-cleaning required. Only major soils and loose or uneven surface coatings need 

to be removed, reducing preparation time. However, this method is basically used for 

conductive materials and more difficult to determine the defects that embedded in the 

specimen. Theoretically, phase measured signal can be used to characterize the defect depth. 

However, it is complicated to evaluate the phase of signals in reality (Tong et al., 2020). 

Eddy current also will not detect defects parallel to surface. Without exception the flow of 

eddy currents will always be parallel to the surface. If a planar defect does not intercept or 

interfere with the current then the defect will not be easily spotted. Then, eddy current is not 

suitable for large areas and/or complex geometries. Although the large area scanning can be 

accomplished, but it needs the aid of some type of area scanning device which is usually 

supported by a computer it is not inexpensive. The more complex the geometry becomes, 

the more difficult it is to differentiate defect signals from geometry effect signals. 
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The simplified version of eddy current method is the portable ECT equipment that 

has been widely used in a lot of industry. However, the appearance of other NDT equipment 

significantly made the usage of eddy current method become declining depends on the 

advantages and the disadvantages of these NDT. Therefore, this study will be conduct on 

investigation the effectiveness of eddy current method in the aspect of detecting the fatigue 

crack in the welding pipeline compared with the UT method. The results of previous 

researchers found that, ECT is a popular approach for inspecting conductive materials but 

its complexity necessitates a strong processing unit. Remote access is an unique move in the 

field, since research in this area has shown to improve ECT efficiency (Rosado, 2020). 

Therefore, analysis on portable ECT will be expected to be less efficient. 

 

1.3 Research Objective  

The main objectives for this research are as follows: 

a) To conduct fatigue crack test for weldment of ferromagnetic materials. 

b) To collect eddy current signals in detecting crack in a welding of 

ferromagnetic pipeline. 

c) To confirm the crack detection of eddy current testing using ultrasonic 

testing. 
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1.4 Scope of Research 

The scope of this research are as follows: 

• This experiment will only be conduct in laboratory scales. 

• In this experiment, the specimen that need to be observed as a sample is 

limited only for ferrous metal because of the inspection method that was used 

is magnetic flux eddy current method. 

• The inspection is only using the portable or conventional eddy current testing. 

• The comparison data is only by using the portable ultrasonic test. 
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LITERATURE REVIEW 

2.1 Introduction 

Essentially, this chapter will describe the literature review of the history of previous 

studies that have been conducted, which have a correlation between work done in this study. 

The samples history which are applications and advantages the use of ferromagnetic 

materials is discussed to reinforce the importance of the study run. Ferromagnetic materials 

have already infiltrated our lives with applications from the magnets in people's refrigerator 

to the hard drives of our computers. Ferromagnetic material beginning with their earliest 

usage as compass needles in China since 12th century. They were historically even more 

researched, but the crucial elements for Maxwell's theory of electromagnetic and quantum 

mechanics was not found until the last two centuries (Enya Vermeyen, 2019). 

Focus on literature review and basic concepts in the approach fatigue failure is also 

discussed. The fatigue life approach is divided into three commonly used approaches are 

life-stress, life-strain and mechanical methods linear elastic fracture. Although failures 

related to structural integrity are not a new problem in the field of engineering, studies in 

this field are still very active especially involving fatigue failures on metal and alloy 

materials (da Costa Mattos, 2017). In addition, fatigue failure occurs in local areas where it 

occurs only in areas that experience high stresses or strains as a result of actions such as 

external loads, temperature changes and residual stresses. This process does not apply to 

entire components or structures (Guimaraes et al., 2016). 
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Germany's Julius Albert mine administrator (1829) is the first one to disclose errors 

because of repeated tiny loads. He is being the first one to design the equipment to test the 

existance of fatigue failure. As shows in (Figure 2.1), the equipment had a crank fixed to a 

water wheel and a chain linked the crank to a weight which was raised up and down until 

the chain broke (Giovanni M & Teixeira, 2017). 

 

Figure 2.1  Simple mechanism of fatigue test 

Source: (Giovanni M & Teixeira, 2017) 

 

Around 1850-1870, August Wӧhler conducted a fatigue test using cyclic loads to 

study the fatigue failure experienced by railway axles. The test conducted in a fatigue 

laboratory has been considered the first systematic fatigue study. Accordingly, August 

Wӧhler was called the father of systematic fatigue testing. His research (Mlikota et al., 2018) 

has led to the introduction of (S-N) curves, however he does not organise the data into S-N 
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curves as currently seeing in fatigue textbooks nowadays until the end of the 19th century 

which constant amplitude schemes were introduced (Giovanni M & Teixeira, 2017). 

 

 

Figure 2.2  S-N curve 

Source: (Mlikota et al., 2018) 

 

The next main approach of literature review in this paper is eddy current testing 

(ECT). ECT is a technique which globally used as non-destructive testing (NDT) on various 

type on industries. ECT is also applied on material as a quality control equipment in a lot of 

industries. Commonly, eddy current method is applicated on 2 type of detection. First, ECT 

is being used to detect and inspect the condition of sample. The sample mentioned which 

have flaws related to degradation, near surface crack and sub-surface flaws. Eddy current 

method also being used to calculate the thickness of substance on the sample which are 

coating or paint with a sensitivity range from the level of micrometres to millimetres. ECT 
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also able to detect corrosion on the sample because corrosion is a mechanism which change 

the thickness of coatings. The discovered of ECT methods can be related to Hans Christian 

Ørsted who was a Danish physicist and alchemist in 1820, which introduced that a magnetic 

field is created when an electric current flow through a wire as shown in figure 2.3 and 

discovered Oersted’s Law (Ali et al., 2017a). 

 

Figure 2.3  Magnetic field created through electric current flow 

Source: (CK-12 Foundation, 2019), Christopher Auyeung, CC BY-NC 3.0 
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Although the electric current used was direct current from a dry cell (figure 2.3), this 

contribution has led the Michael Faraday (1831) to discover electromagnetic induction 

which is operating the principle of eddy current testing (Ali et al., 2017a). After three years, 

in 1834, Heinrich Lenz is introducing the theoretical foundation for ECT from another 

important principle that is Lenz’s Law which explain the relationship between the direction 

of an induced current and the change in the magnetic flux. Although foundation of ECT has 

exist long ago, eddy currents were still not discovered until 1864, when James Maxwell 

derived the famous equations for electromagnetic fields. The development of ECT is 

progressing slowly until 1950 when Dr Friedrich Förster conduct an experiment on the eddy 

current phenomenon which leading to a detail research on ECT. Late 1960, the institute 

Förster founded made a cooperation with manufacturers to create a production by using the 

applications of ECT(S. Liu et al., 2017). 

 

2.2 Ferromagnetic material  

Ferromagnetic materials are the materials which exhibit a spontaneous net 

magnetization at the atomic level (Donati et al., 2016), even in the absence of an external 

magnetic field. When there is a presence of external magnetic field, ferromagnetic materials 

will strongly magnetize in the direction of the exposed field. Ferromagnetic materials are 

strongly attracted to a magnet and can become a permanent magnet (Mikhailov et al., 2020). 

These because the materials will retain their magnetization for some time even after the 

external magnetizing field is removed. This property is called hysteresis (Zou et al., 2018). 

A ferromagnetic material mechanical properties is made up of areas known as the magnetic 

domain. Magnetic domain is in reality a small region which is based upon quantum 

mechanical effect and has its own particular overall spin orientation (Lux et al., 2018). In his 

research, it describes that fresh spark of interest in the Berry Phase and the effects of transport 
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originating in non-collinear magnetism and spinal chirality has been seen in the field of 

magnetism. 

The characteristic of ferromagnetic materials is that their small group of atoms which 

the electrons have the same magnetic orientation will band together to form an area called 

domains. Electrons are tiny particle of magnets (Holzmann & Moroni, 2020) which has a 

north and a south pole (Hernández‐Pajares et al., 2020) and it generally spin around an axis. 

This rotation produces a very small but extremely significant magnetic field. Each electron 

has one of two possible direction for its axis. For most materials, the atoms are arranged in 

that way because the magnetic orientation of an electron will cancel out the orientation of 

the other. Figure 2.4 below is that shows the respond of magnetic domains to an outside 

magnetic field. 
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Figure 2.4  Respond of magnetic domains to an outside magnetic field 

Source: 2020, April. https://nationalmaglab.org/education/magnet-academy/watch-

play/interactive/magnetic-domains 

 

In the ferromagnetic material on figure 2.4 above, the domains are randomly aligned 

(the illustration not the actual size or shape of domains). Normally invisible magnetic field 

lines which depicted in red are seen emanating from the poles of the bar magnet. The magnet 

position then slide to move the magnet closer to the ferromagnetic material so that it interacts 

with the field lines. As the processes repeat, it shows that the domains gradually aligning 

with the field of the bar magnet and with each other. By the time the magnetism process 

complete, the ferromagnetic material has become a permanent magnet itself which a dipole 

having oppositional north-south poles. A permanent magnet is just a ferromagnetic material 

in which all domains are aligned with each other (Shukrinov et al., 2019). There are 

commonly only four elements in the world which are ferromagnetic can become 

permanently magnetized at room temperature such as iron, nickel, cobalt and gadolinium 

(Na et al., 2018). 

https://nationalmaglab.org/education/magnet-academy/watch-play/interactive/magnetic-domains
https://nationalmaglab.org/education/magnet-academy/watch-play/interactive/magnetic-domains
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Ferromagnetic material has a behaviour named ferromagnetism. This behavior 

explained that when an external magnet is exposed to the ferromagnetic material, a 

magnetizm cause and it will become a lifelong magnet. Ferromagnetism, which is important 

for many electromechanical and electrical systems in the many automotive, electronic and 

even spatial exploration industries (Guo et al., 2017). This is because of the Ferromagnetic 

materials are often magnetized and it properties is made of the daily used ferrous types which 

are cobalt, iron, and nickel (Na et al., 2018). Ferromagnetic materials can be divided into 

magnetically soft materials like annealed iron, which can be magnetized but do not tend to 

stay magnetized, and magnetically hard materials, which are made from hard ferromagnetic 

materials such as alnico. 

In daily life, ferromagnetic material is one of the most commonly used because all 

of these materials were used in may modern devices. These devices giving humanity a lot of 

benefit. The ferromagnetic materials have properties which can be easily magnetized and it 

is ideal to be a permanent magnet. However, once the temperature reaches a threshold termed 

the Curie temperature named curie point, ferromagnetic materials are unable to retain their 

spontaneous magnetization (L.-Z. Zhang et al., 2020). At the curie temperature, 

ferromagnetic materials transform into paramagnetic materials, which lose their magnetic 

characteristics (Pasquale, 2020). Although the materials' compatibility to be magnetized is 

lost, they still keep their ability to react paramagnetically to external magnetic fields. 

This happens because the increase of temperature will unconditionally supplies the 

material with sufficient thermal energy to counterpart the material’s internal aligning forces. 

Paramagnetic materials do not maintain their magnetic characteristics after being exposed to 

an external magnetic field and instead are somewhat attracted to the magnetic field when 

exposed to it. This means that paramagnetic materials can only become magnetised when 

they are exposed to magnetic fields from outside the body. Otherwise, there will be no 
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magnetic moment in the substance (Khandy & Gupta, 2016). The Curie temperature of 

various materials is given in the table 2.1 below. 

Table 2.1 Curie temperature of ferum, nickel and cobalt 

Materials Curie temperature (K) 

Nickel, Ni 631 

Iron, Fe 1043 

Cobalt, Co 1395 

 

Source: (Chaturvedi & Goyal, 2020) 

2.3 Introduction to fatigue failure 

Fatigue is arguably the most significant and investigated mechanism of failure since 

start the days of the industrial revolution. The mining and railway industries long ago has 

greatly change the current fatigue research and are the most responsible for the terminology 

and methodology that currently used. Fatigue phenomenon happened solely because of a 

material cracks or fails because of repeated load exerted under the ultimate strength of the 

material. The term of fatigue cyclic is related to the cycle of load that can count on systems 

consist of rotating axes, gears and chains and it becomes more challenging when to define 

the cycle really means in context of the multi-axial loading (Giovanni M & Teixeira, 2017). 

Fatigue failures are the development and propagation of cracks caused by repeated or cyclic 

loads. Cyclic loads are usually and significantly below the load, which is leading the material 

to yeild produced by most fatigue failures (Charalambidi et al., 2016). 

Fatigue failure has a habit to occurs suddenly with major catastrophic result (Nguyen 

et al., 2018). When a specimen is loaded, a crack will form a nucleus on a microscopically. 

This crack then grows until finally complete the failure of the specimen. The entire process 
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is the fatigue life of the component concerned. Fatigue prediction for an analysis can only 

be done when fatigue is not only seen as an engineering problem but also a material 

phenomenon that is involving an invisible micro scale crack initiation until a macro scale 

fatigue failure (Chowdhury & Sehitoglu, 2016). The fatigue failure which is causing the 

material or component malfunction will not have a sudden failure or unexpected breakdown 

if the component has been investigate earlier. The fatigue failure will take a lot of time to 

slowly deteriorate the particle of the metal or any other material until the sudden breakdown 

occurs. 

Since the failure occurs due to the cyclic nature of the load, it causing the microscopic 

material imperfections to grow into a macroscopic crack (Chowdhury & Sehitoglu, 2016). 

This stage is the most complex stage of failure because the initial stage shows a very small 

sign and never extending for more than two to five grain around the nucleus or origin. Then, 

the crack can reach the propagation which is propagate to a critical size that results in 

structural or pressure boundary failure of the component. Fatigue cracks usually initiate at a 

place with concentration of load and structural discontinuities. The existing macroscopic 

crack such as weld defect also has a potential for the fatigue cracks to propagate (Niazi et 

al., 2021). Fatigue cracking can be overlaid with the corrosion process and the combination 

of stress and corrosion comprises the cracking of stress corrosion (SCC) (RAO et al., 2016). 

In this stage, the fatigue analysis has reach and ready to be identify it area of the occurrence 

of fatigue failure. Then, in the final rupture stage, there will be a sign of reducing the cross-

sectional area of the material or specimen and eventually making the part become worst 

which produced a complete fatigue failure. Figure 2.5 shows a summary of fatigue failure 

stages. 
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Figure 2.5  Summary of fatigue failure stages 

Source: (Beden et al., 2009) 

2.3.1 Cyclic loading 

In engineering components, it consists of loads which used on every mechanical part 

such as simple mechanism, machine components and vehicles. The structures can be divided 

into four categories namely static loads, workloads, vibration loads and accidental loads. 

Static loads are unchanging and continuous loads. A workload is a load that changes and 

occurs as a result of the functions performed by a component. Vibration loads are cyclic 

loads at high frequencies resulting from the environment or secondary effects of component 

function. This is often due to turbulent movement of fluids or rough solid surfaces. 

Accidental loads are usually loads imposed suddenly. The combined effect of workload and 

vibration load produces a cyclic load that can cause fatigue failure. The damage caused by 

cyclic loads is greater when the components also experience static loads and accidental loads. 

The presence of these two types of additional loads can add damage to the component and 

result in the component being more prone to failure (Dowling, 2013). 

The fatigue life of a particular structure or component depends on the amplitude, load 

ratio, load regulation and frequency of load. Due to the actual nature of the load which is 

always changing randomly, it is difficult to take a cyclic load model for the fatigue process 

accurately. The fatigue life (𝑁𝑓) can be count by the total number of cyclic loads needed to 

cause failure or by using the value of crack growth as shown at (2.1) below: 
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(2.1) 

 

where, 𝑁𝑖 is the crack initiation and 𝑁𝑝 is the crack growth 

 

By calculating the fatigue life through crack initiation and crack growth, it can be 

calculated with more accuracy which the value can be obtained directly. However, this 

situation of made the prediction of fatigue life using variable amplitude loads is more 

complex which using constant amplitude loads during the analysis of fatigue problems 

(Gates & Fatemi, 2016). The cyclic load is constant when it cycles between the same 

maximum and minimum load values. The basic definition of a constant amplitude cyclic 

load is shown in a formula expression such as eq. (2.2) and eq. (2.3) (Bandara et al., 2016). 

In these equations, the loads are count as stress which shown a certain amount of load 

pressured to a material. The stress range, ∆𝜎 is the difference between the maximum stress 

value, 𝜎𝑚𝑎𝑥 and the minimum stress value, 𝜎𝑚𝑖𝑛. The average values of the maximum stress 

and minimum stress are named as the average stress, 𝜎𝑚. The value of the stress amplitude, 

𝜎𝑎 is equal to half the value of the maximum and minimum stress ranges. 

 

𝜎𝑎 =
∆𝜎

2
=
𝜎𝑚𝑎𝑥 − 𝜎𝑚𝑖𝑛

2
 

(2.2) 

 

𝜎𝑚 =
𝜎𝑚𝑎𝑥 + 𝜎𝑚𝑖𝑛

2
 

(2.3) 

 

Stress ratio or also called load ratio, R is the ratio between minimum stress and 

maximum stress or the ratio between maximum load, 𝑃𝑚𝑎𝑥 and minimum load, 𝑃𝑚𝑖𝑛. 

 

𝑅 =
𝜎𝑚𝑖𝑛

𝜎𝑚𝑎𝑥
=
𝑃𝑚𝑖𝑛

𝑃𝑚𝑎𝑥
 

(2.4) 

𝑁𝑓= 𝑁𝑖 +𝑁𝑝 
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2.3.2 Fatigue failure analysis approach 

Structural or engineering components consisting of various materials usually 

undergo cyclic or variable stress in their operations. Mainly, metallic material is widely used 

in the manufacture of engineering structures. Thus, failure analysis and fatigue life 

evaluation of these materials are important especially for structures exposed to cyclic loads 

(Bandara et al., 2016). Most of the vehicle engine running components are at the same time 

subject to fatigue and excessive temperature. At high temperatures, the material behavior 

differs considerably from that in ambient temperatures under cyclic loading (Hussain et al., 

2016). There are three main methods used to analyze the fatigue failure and fatigue life of 

metallic materials which are the stress-life method, the strain-life method and the fracture 

mechanics method. In general, stress-life method and the strain-life method are commonly 

used in determining the total fatigue life of a material (Bandara et al., 2016). 

For the calculation of the number of cycles in which the material failures to a specific 

amount of applied stress, the stress-life curve is helpful. For constant loading of amplitude, 

the stress-life curve is shown on the semi-log or log-log scale. The S-N curves have been 

created to fit the tabular data by using the Basquin equation (Hussain et al., 2016) which is 

the equation (2.5) shows: 

 

𝜎𝑎 = 𝐴(𝑁𝑓)
𝐵 (2.5) 

 

where, 𝜎𝑎 is the stress amplitude, A is the fatigue strength coefficient, 𝑁𝑓 is the number of 

fatigue cycles, and B is the Basquin exponent. 
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The Basquin equation was used to obtain a general mathematical relationship to study the 

stress-life behaviour at elevated temperatures (Hussain et al., 2016). The equation (2.6) can 

be stated as follows: 

𝜎𝑎 = 𝐴(𝑁𝑓)
𝐵𝑇𝑐 (2.6) 

 

where, T is the absolute temperature in kelvin, and c is the temperature sensitivity parameter 

 

The next method is a strain-based approach called strain-life (𝜀-N) which is approach 

while considering plastic deformations that occur in local areas that undergo stress 

concentration during applied cyclic loads (Dowling, 2013). The strain-life analysis method 

provides better fatigue behaviour analysis at low cycles compared to analysis using the stress 

control test method. In this method, the life of a component is related to the number of cycles 

that cause the onset of cracks in small structures of the same component. Through the strain-

life method, it may be described by the Coffin-Manson relationship (2.7), based on the 

compilation of Morrow's proposal and Basquin eeuation (Gu & Ma, 2018) that determination 

of the fatigue-life cycle for crack start for most metallic materials: 

 

𝜀𝑎 = 𝜀𝑒𝑎 + 𝜀𝑝𝑎 =
𝜎 ,𝑓

𝐸
(2𝑁𝑓)

𝑏 + 𝜀′𝑓(2𝑁𝑓)
𝑐 

(2.7) 

 

where, 𝜀𝑒𝑎 is the elastic strain amplitude, 𝜀𝑝𝑎 is the plastic strain amplitude, 𝜎′𝑓 is the fatigue 

strength coefficient, E is the young modulus, 𝑁𝑓 is the number of cycles to failure (2𝑁𝑓 

reversals), b is an empirical constant known as the fatigue strength exponent, 𝜀′𝑓 is the 

fatigue ductility coefficient, c is also an empirical constant of the fatigue ductility exponent 

of the material. 
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This is the fundamental equation of the fatigue life analysis strain-based approach. 

At the intersection of the elastic line and the plastic lines a transition point can be located. 

The point of crossing known as 2𝑁𝑡, is the transition fatigue life that marks the cut-off point 

of the low cycle fatigue (LCF) and high cycle fatigue (HCF). In other words, with the rise 

fatigue life the proportion of elastic strain and plastic strain changes in total strain. 

Specifically, the plastic lines are above the elastic lines meaning that in the assessment of 

fatigue life, plastic strain is of more significance when fatigue life is less than transition life. 

Thus, the elastic line is above the plastic line. Which means, the elastic strain is playing a 

major role in evaluating fatigue life when fatigue life is higher than transition fatigue life 

(Gu & Ma, 2018). Figure 2.6 below shows a schematic total strain-life curve. 

 

Figure 2.6  The schematic total strain-life curve 

Source: (Gu & Ma, 2018) 

  

Fatigue Life 

(2𝑁𝑓) 
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The last method is the fatigue life evaluation method based on linear elastic fracture 

mechanics in which the concept of fracture mechanics is used to evaluate the strength of the 

structures or components that have cracks. This method is used to evaluate the growth of 

fatigue cracks on a material with the assumption that the material is always in an elastic state 

along the fatigue process occurs. Through this method, the fatigue crack growth behavior is 

shown through the log plot of the fatigue crack growth rate, da/dN against the log of the 

stress intensity factor range, ∆K whose behavior can be divided into three parts namely crack 

onset (region I), stable crack growth (region II) and final failure (region III). The plot of 

region II, which is generally a line or gradient of steady crack development, is represented a 

termed of the equation Paris law (2.8). This Paris law equation can be used to predict the 

fatigue life of specimens undergoing a fatigue crack growth process (Ancona et al., 2016). 

 

𝑑𝑎

𝑑𝑁
= 𝐶Δ𝐾𝑚 

(2.8) 

 

where, a is the crack length and 
𝑑𝑎

𝑑𝑁
 is the fatigue crack growth for a load cycle N. C is the 

material coefficients, Δ𝐾 is the stress intensity range seen in a load cycle and m are acquired 

experimentally through the gradient of the straight line in region II. These two constants are 

constants for materials whose values change on different materials. The value of the constant 

m is important because this value indicates the sensitivity to the crack growth rate (Ancona 

et al., 2016). 

  



23 

2.4 Crack parameter 

Crack is a term that refers to a material failure that may be readily defined as the 

breakdown of a material or component without full separation of its actual size body of the 

components. Therefore, it is critical for the safety such like a building that fractures. If it is 

detected early, prevention will succesfully able to avoid or eradicate different kinds of cracks 

and effectively provide effective information for structural disaster (L. Zhang et al., 2018). 

Without any action is taken to curb the spread of cracks, it will eventually resulting worsting 

the fracture and may ultimately end in system collapse. Flexural fractures are often seen in 

areas with low shear and strong bending loads These bending and shear stresses are the 

primary drivers of fracture propagation, which ultimately resulting in material failure 

(Eisenhut et al., 2017). 

Cracks are usually considered to be faults or flaws that occur as a result of material 

deformation. External pressures exerted on the material produce deformation, which may 

result in cracking. Parallel to the applied force is the compressive crack, whereas the tensile 

crack is perpendicular to it(Ronevich et al., 2016). Cracks in welding are caused by a variety 

of reasons, including the material being welded, the welding environment, and the welding 

process itself. This kind of fracture occurs as a result of the thermal strains generated during 

the welding process. It is because when any material which under thermal stresses, this 

simple insolation will unconditionally lead it to cause the growth of crack propagation 

(Eppes et al., 2016). The longitudinal fracture that is often present in the welding material is 

seen in Figure 2.7.  
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Figure 2.7  The longitudinal crack occurred in weld material 

Source: (Q. Liu et al., 2021) 

 

The existence of flaws, as shown in Figure 2.7, has a negative influence on the 

material and directly causing the material's or system's effectiveness. Additionally, material 

flaws may be more hazardous, resulting in loss of life, economic damage and also affecting 

the loss of goods or services. As a result, it is critical to use a systematic method to fracture 

detection in order to reduce and eradicate the occurrence of cracks in the material. Cracks 

may also develop in industries during production, testing, or usage since it is difficult to 

create a crack-proof product. Which is why a systematic maintenance should be done in 

according to the building through time. Figure 2.8 below shows a simple flow of periodic 

inspection on any building or product from the day it created. 
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Figure 2.8  A simple flow of periodic inspection on any building or product 

Target/critical limit is set in advance using performance index or deterioration state, 

depending on the performance requirement. 

The ability to detect cracks that are caused by fatigue, thermal shocks and stress 

corrosion is important to ensure safety of materials and components. For example, many 

incidents that occur in nuclear fuel road in nuclear reactor which is the main safety barrier 

of the system are due to the cracks and ruptures in these parts (Hoseyni et al., 2019). In 

addition, crack can lead to the early initiation of corrosion in steel because it provides easy 

access to the ingress of chlorides that can cause corrosion. Apart from that, the width, length 

and cracking frequency of the crack are all can influence the corrosion of the steel. The 

formation of cracks will adversely affect its durability properties (Shaikh et al., 2018). 

The cyclic load is also related to pressure changing during the pipeline operations. 

The details of this type of crack is called corrosion fatigue which were found to be 

responsible for the cracking in near-neutral pH environments (Yu et al., 2016). Figure 2.9 

Initial inspection (1 year after 

production of construction) 

Deterioration diagnosis / performance 

evaluation 
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shows the external crack in pipeline detected by Magnetic Particle Inspection and figure 2.10 

shows a crack initiation at the tip of the main crack. 

 

Figure 2.9  External crack on the surface of the pipe detected by Magnetic Particle 

Inspection (MPI) 

Source: (Niazi et al., 2021) 

 

Figure 2.10  Crack initiation near the large tips 

Source: (Niazi et al., 2021)  
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2.5 Non-Destructive Testing 

Non-destructive testing (NDT) is examining or inspecting objects without destroying 

them, in order to detect local adverse imperfections generated in a device that belong to the 

objects. These adverse imperfections are thus referred as defects. The main objectives of 

conducting NDT techniques are to make sure the quality of a surface or a part according to 

criteria and specifications depends on each type of NDT. Many types of NDT techniques are 

effective in testing surface components. Radiography, eddy current testing, ultrasonic 

testing, acoustic emission, dry penetrant testing, and magnetic particle testing are widely 

used and standardized. Each of these techniques is needed to be used based on the physical 

principles, which can detect any defects on the surface of a part or a whole body more 

effectively. This is because the NDT technique with various types will have more 

performance and applicability if it being used through the advantages on NDT types based 

on the physical, geometry, and material properties (Chauveau, 2018). 

Through the development of the NDT method, this test method is currently used in 

several applications covering a range of industrial activities. These methods are being 

utilised for various applications such as production, piping and inspection of products, and 

maintaining a uniform material quality standard (Usarek & Warnke, 2017). Furthermore, it 

can reduce the risk of any failure particularly in the construction of structures and piping, 

that would cause significant risks. There most common types of NDT techniques being used 

for the inspection or testing are eddy current testing, magnetic flux leakage, ultrasonic test, 

and dye penetrant test. 
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Despite NDT, there is a test that has destructive in nature which is applied on the 

finite number of samples rather than applied directly to the materials. Destructive testing is 

commonly used to evaluate the physical properties of materials, for example, testing the 

toughness, fracture toughness, and fatigue strength. Destructive testing is usually easier and 

produces more information when analyzing than NDT. However, when comparing with the 

NDT, NDT seem to be more efficient and accurate if it see from the other aspect such as the 

limitation on the multiple time the specimen can be inspected and other characteristic. The 

destructive test is thus not feasible enough in applying it on the machine which still in 

running because it needs to interrupt the service or system operation, and the parts are 

needing to disamble from the service (Aire & Chimezie, 2016). The differences between 

destructive testing and non-destructive testing are as shown in Table 2.2. 

Table 2.2 Differences of destructive testing and NDT 

Destructive Testing Non-Destructive Testing 

To measure the material properties To measure defects found in the material 

Apply load to the material Does not apply load to the specimen 

The load cause damage onto the material  No load to cause damage to the material 

Not convenient to be apply on parts while 

in-service 

Usually apply to parts in-service without 

interruption 

Examples: Eddy current testing, ultrasonic 

testing, magnetic flux leakage 

Examples: Hardness test, compression test, 

tensile test 

 

Source: (Aire & Chimezie, 2016) 
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2.5.1 Magnetic-based NDT 

Magnetic-based NDT is an inspection of materials by using a magnetic field through 

external or electrical methods. The inspection is a test on material and observing the distorted 

magnetic field response when there are presences of defects on the test materials. This 

inspection method can be performed without applying damage to the test materials. Because 

of magnetic-based NDT is a direct and contact-free inspection method for recognizing 

defects, it is suitable for automated inspection and then used for the inspection of metallic 

materials. Magnetic NDT serves a role for safety and production quality that is increasingly 

significant. Nowadays, there are various types of magnetic-based NDT methods, including 

eddy current testing (ECT), magnetic flux leakage (MFL), permanent magnetic perturbation 

(PMP), pulsed eddy current testing (PEC), and else (S. Liu et al., 2017). 

ECT is commonly used to detect surface cracks and corrosion in metallic objects, 

such as surface pipes and aircraft, and building structures. MFL is commonly used for the 

NDT of steel pipes and tubes. PMP is a method that commonly used to test ferrous materials. 

PEC testing is used on detection of metal loss in metallic pipes from a considerable distance 

which allowing the pipes to be tested without removing insulation (S. Liu et al., 2017). 

Through all the various type of magnetic-based NDT mention above, there are three 

main types of inspection which have been through major discussion among other researcher 

and become the most dominant magnetic-based NDT (Meng et al., 2021). Although these 

three representative NDT methods are the inspection operate on magnetic-based principles, 

their core principles and application differ. A comparison of these magnetic-based methods, 

including their core principles, advantages, and disadvantages, is clearly explained in Table 

2.3. 
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Table 2.3 Comparison of MFL, ECT and PMP 

                 Method 

Comparison 

MFL method ECT method PMP method 

Principles Magnetic refraction Eddying effect Perturbations in the 

magnetic field 

Advantages Powerful penetrant, 

valid for external and 

internal defect, not 

disturbed by non-

ferromagnetic 

material 

Suitable for 

automatic detection, 

applicable in 

installation and 

carrying, light 

sensor weight 

applicable in 

installation and 

carrying, light 

sensor weigh, not 

limited to insulator 

Disadvantages Limited to 

ferromagnetic 

material, heavy 

detection device 

Only for surfaces 

and subsurface 

detection, sensitive 

to sensor liff-off 

Limited to 

ferromagnetic 

material, sensitive 

to sensor lift-off 

 

Source: (S. Liu et al., 2017) 

 

MFL is majorly based on an increase in leakage from magnetic refraction, which is 

a peak on test signal appear. Next, ECT is then based on a disturbance in the secondary 

magnetic field of an eddy current signal when the fault is detected. PMP working principle 

is operated by a permanent magnet and if the presence of flaws in the specimen is detectable, 

it will produces a distorted test signal if the testing material has defective elements. 

Therefore, when these NDT methods thoroughly analyzed from a new perspective, it can 

explain the differences in development, physical mechanisms, defect features, testing 

procedures, and test equipment test, signal features (S. Liu et al., 2017).  
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2.5.2 Eddy Current Method 

ECT is an NDT method that works based on the electromagnetic principle whenever 

it is performing inspections. On the other hand, the term electromagnetic testing is often 

referred to as eddy current method inspection. ECT is one of the oldest NDT methods which 

its principle is based on the eddy current effect. The real importance of ECT has not been 

completely realized until later, which theory of ECT has been more understood and 

implemented in the NDT community. However, with the development of electromagnetic 

and magnetic testing methods that are increasing over time which made the electromagnetic 

testing is classified as one that called electromagnetic NDT methods, and ECT is one of 

these classification types (S. Liu et al., 2017). 

Remote field testing and magnetic flux leakage are also methods based on 

electromagnetic theory. ECT is a foundation from Faraday's law principle of electromagnetic 

induction. The ECT application is widely used for an inspection to the material that involved 

in deficiency measurement. Furthermore, the most priority when using the eddy current 

method is for defect detection, especially on the surface flaws. It is also a technique with 

advantages in inspecting the tiny spaces. Therefore, before using the ECT as an NDT for an 

inspection, the probe style, parameter, spacing, and type of defect need to be deeply studied 

and understood since ECT advantages are majorly only being used onto the material surface. 

So, the detection of defects is mostly discovered only along the surfaces of the material (Ali 

et al., 2017a). 

 

Surface defect detection of NDT methods for ECT is when the high electrical 

conductivity supply to the probe then to the material. These working principles is a step to 

measure the decrease in the magnetic field created by eddy current distortion in the test 
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material caused by faults. The presence of fault or defect on the material will be detected by 

the magnetic permeability, which caused an eddy current flow shift and a corresponding 

phase change, and the measured current amplitude. This mechanical principle is the basis of 

the flat coil used in the eddy current inspection method, which is ECT's main working 

principle. For further detail of ECT, as shown in the figure 2.11, a circular coil carrying an 

AC current is placed near a ferromagnetic material which generates an eddy current on the 

material (S. Liu et al., 2017). 

 

 

Figure 2.11  Principle of ECT method 

Source: (S. Liu et al., 2017) 
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2.6 Summary 

Overall, this chapter explained briefly the ferromagnetic material, the fatigue failure, 

and the ECT. The history and theory of fatigue failure and eddy current testing ECT are 

described as an introduction. Meanwhile, the mechanism of ferromagnetic material is also 

explained in this chapter. Other than that, there are three stages of fatigue failure which cause 

by cyclic loading that influence the growth of fatigue cracks. Then, the three method of 

predicting fatigue life by numerical integration is described. The equations required when 

predicting fatigue life based on the concept stress-life, strain-life and mechanic fracture. 

Next, the ECT is one of the magnetic-based NDT which being discussed. 

In the next section, the discussion of the experimental work will start from identifying 

the material of the specimen. Then, the portable ECT inspection equipment and probe which 

has been used in this study and the type of probe movement. Then, the portable UT 

inspection will be used and the data of both NDT will be compared in order to study the ECT 

inspection effectiveness on weldment. 
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METHODOLOGY 

3.1 Introduction 

This chapter will explain the methodology that is being used to ensure this project is 

well completed. It compasses tools and techniques to conduct a particular research or finding. 

While conducting this project, it is vital to select an accurate and proper method that suits the 

project objective to collect all the necessary information. In order to identify all the information 

and data, planning must be done in the proper manner. 

The project started from planning where flow chart and Gantt chart are created. Then, 

it follows the methods that being used to achieve the target of the study are shown in Figure 

3.1. The study methodology begins with the selection of appropriate test materials to be used 

as test specimens. The material of the specimen used is ferromagnetic material. The NDT of 

this inspection need this type of material in order to fully function in detecting the crack. The 

specimen which is weldment of pipeline is obtain from an actual source from a company from 

Johor. This pipeline has been cut out because of crack form in the welding. The specimen will 

be clean before the study will be conduct. The starting point is a point where the inspection 

will be started circularly the weldment pipeline. 

The study of the portable ECT inspection was conduct through two type of probe 

movement which are toe inspection and cap inspection. Both of these methods are carried out 

on specimens designed according to set standards. The data crack detected from the inspection 

will be study and analysed in a form of graph. Then, the UT inspection has been conducted in 
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order to compare both portable ECT and UT data and the evaluate the effectiveness of portable 

ECT on welding inspection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 3.1  Flow chart of methodology 

Objective 1: To conduct fatigue crack test for weldment of ferromagnetic materials 

Objective 2: To collect eddy current signals in detecting crack in a welding of 

ferromagnetic pipeline 

Objective 3: To confirm the crack detection of eddy current testing using 

ultrasonic testing 

Analysis of fatigue crack in the weldment 

Analysis on the data collected from eddy current flaw detector 

Analysis the fatigue crack using the ultrasonic 

testing 

Comparing the eddy current analysis with the ultrasonic testing 

Lab Test 
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Gantt Chart for PSM 1 

Table 3.1 Gantt Chart for PSM 1 

Task W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13 W14 

Discussion with the supervisor               

Determination of the topic and 

objectives of the project 

              

Literature review               

Report chapter 1               

Preparation on progress report               

Report chapter 2               

Selection of material and specimen 

preparation 

              

Report chapter 3               

Submission of draft final report               

PSM 1 seminar               
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Gantt Chart for PSM 2 

Table 3.2 Gantt Chart for PSM 2 

Task W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13 W14 

Discussion with the supervisor               

Laboratory session                

Data analysis               

Comparative study               

Preparation on progress report               

Results and discussion                

Report chapter 4 and chapter 5               

Final report writing               

Submission of final report               

PSM 2 seminar               
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3.2 Material and specimen 

Ferromagnetic materials are the materials which exhibit a spontaneous net 

magnetization at the atomic level (Donati et al., 2016), even in the absence of an external 

magnetic field. When there is a presence of external magnetic field, ferromagnetic materials 

will strongly magnetize in the direction of the exposed field. Ferromagnetism is avital in 

modern industry and technology as it is fundamental for many electromechanical and 

electrical system which used on various industries automobiles, collaborative robots, and 

even space exploration (Guo et al., 2017). Therefore, these electromechanical and electrical 

system need a proper maintenance in order to elongate the materials life expectancy. One of 

the most preferable maintenance inspections on ferromagnetic material is ECT which is it 

using the electromagnetic field in the material selected. Thus, the defect and crack detected 

in the materials can be analysis and make a proper guess of time for the material or the 

equipment will be totally broken. 

In this thesis, the material which will be inspect is ferromagnetic material pipes that 

has been discarded for a certain factory because of the leakage form from it. This leakage 

happened because of the crack form in the weldment from this ferromagnetic pipe. Figure 

3.2 below shows the specimen which has been obtain from a factory because of it defect. 

 

Figure 3.2  Ferromagnetic pipeline with weldment 
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The specimen is made of a ferromagnetic material which is suitable for the inspection 

by using the ECT inspection and later will be inspect again by using the UT inspection. This 

pipe has 3 weldments and each weldment contain 1 layer of welding. In this thesis, the 

inspection will only investigate one weldment which is a weldment on the straight lines pipe. 

This is because the inspection on the join of pipe will be a bit complex and hard to inspect 

by UT inspection later. The UT inspection need a bigger flat surface in order to inspect the 

welding properly. Figure 3.3 below is the weldment that will be inspect by both ECT and 

UT inspection.  

 

Figure 3.3  Weldment with labeled starting point 

The inspection of the weld on this pipe will be begin on the starting point as shown 

in figure 3.3. The inspection process will continue incircle the specimen pipe by follow the 

arrow until it reaches the starting point again. The inspection processes will also be the same 

on the other side of the weldment that is start from starting line until it fully incircle the pipe.  
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3.3 ECT device 

ECT is an NDT method that works based on the electromagnetic principle whenever 

it is performing inspections (S. Liu et al., 2017). The Eddy Current Weld Probes are 

specifically intended for non-ferrous weld examination on a ferromagnetic material 

inspection. They can detect surface cracks on a weld with a non-conductive surface layer up 

to 2mm. The Weld Probe's application specific design allows it to check welds with uneven 

surfaces and coatings, which can make inspection more difficult when using protable ECT 

methods. So, the detection of defects is mostly disturbed along the surfaces of the material 

if the method of inspection is by using the portable ECT methods (Ali et al., 2017). Figure 

3.4 (a) is the ECT probe and kit that has been used in order to inspect the welding on the 

pipe for this thesis. The figure 3.4 (b) is a detail of the ECT equipment and the Eddy Current 

Mentor EM that display the crack defect in the welding. 

        
                        (a)                                                                       (b) 

Figure 3.4  (a) ECT equipment, (b) Eddy Current Mentor EM detail 

Before the inspection of the ECT begin, the ECT probe and setting must be set in 

order to gain a more accurate reading while inspecting the welding. Then, the welding of the 

pipe will need to do a coating calibration so that the effectiveness of the reading will not 

inaccurately inspect. The coating inspection is important to determine the thickness of the 
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coating layer on the welding before the examination in order to compensate for it. If this is 

not done, wrong sensitivity levels may be chosen, and potential problems may be ignored. 

The probe used to check the coating thick is as shown in figure 3.5 

 

Figure 3.5  Broadband Probe 632-134-000 (130P3) 

 

Broadband Probe 632-134-000 (130P3) figure 3.5 will detect the thickness layer of 

the non-ferrous on the weldment and the thickness will be recoded for further analysis. After 

that, the probe and the mode of the ECT can be change into the welding inspection which 

then start the inspection processes. Figure 3.6 is the display and the settings of the welding 

inspection mode. 

 

Figure 3.6  ECT display 
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3.3.1 ECT inspection method 

The ECT inspection method can be divided into two types which are the toe welding 

inspection and the cap welding inspection. For both of the method, their pattern in moving 

the probe is like producing a ‘Z’ shape continuously on the toe of the welding and the cap of 

the welding. Figure 3.7 below shows scanning and inspecting pattern for the toe welding 

inspection and figure 3.8 is the scanning and inspecting pattern for the cap welding 

inspection. 

 
Figure 3.7  Toe welding inspection 

Right Toe 

Left Toe 
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Figure 3.8  Cap welding inspection 

 

3.4 UT device 

The UT method is an NDT that employs mechanical vibrations that are similar to 

sound waves but have a greater frequency. Ultrasonic testing inspects objects by using high-

frequency sound waves that are above the human hearing range (Sharma & Sinha, 2018). 

An ultrasonic energy beam is focused towards the thing which is weldment to be evaluated. 

The UT method capable of detecting faults on the surface and subsurface of discontinuities 

created during welding activity (Abd. Rahman et al., 2015). Except when intercepted and 

reflected by a discontinuity, this beam goes through the object with no loss. After that, the 

technique of ultrasonic contact pulse reflection is applied. A transducer is used in this system 

to convert electrical energy into mechanical energy. A high-frequency voltage excites the 

transducer, causing a crystal to vibrate mechanically. The figure 3.9 is the UT equipment 

that has been used in this comparative data. 
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Figure 3.9  UT equipment 

     

(a)                                                                   (b) 

Figure 3.10  (a) UT crystal probe, (b) UT crystal probe label 
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The crystal probe figure 3.10 (a) becomes a source of ultrasonic mechanical 

vibration. These vibrations are conveyed into the welded pipe via a couplant figure 3.11, 

which is typically a thin film of oil. When an ultrasonic wave pulse strikes a discontinuity in 

the test piece, it is reflected back to its place of origin. As a result, the energy returns to the 

transducer. The transducer now acts as a receiver for the reflected energy. 

 

Figure 3.11  UT couplant 

A trace on the screen of a cathode-ray oscilloscope displays the initial signal or main 

bang which is the returning echoes from the discontinuities, and the echo of the test piece's 

rear surface. Because the velocity of sound through a particular material is virtually constant, 

distance measurement is achievable, and discontinuities can be technically detected, located, 

and evaluated. Figure 3.12 is the sample of test specimen which is has been undergoing the 

UT inspection according to the method follows. 
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Figure 3.12  Sample of test specimen 

3.4.1 UT inspection method 

Crack can be detected at various angles of orientation using probes with variable 

beam angles. A defect aligned normal to a beam angle will provide a strong detector signal, 

however with a beam angle 20 or 30 degrees away from the normal, the reflected signal may 

be very modest, or non-existent. Only when the defect and crack surface area in the welding 

equals the weld area does the deflected signal reach its maximum amplitude. As a result, the 

magnitude of the reflected signal can only provide a poor indicator of the defect's true size. 

In this thesis the crystal probe that has been used is 60 degree as shown in figure 3.10 (b). 

The expected succession of crystal probes as a 60 degree is passed across a specimen block 

with a defect or crack is shown in Figure 3.13. As the signal reach the crack in the welding, 
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the return signal will be disturbed while then display on the screen as defect signal. The 

defect signal becomes evident as the probe goes over the defect's edge. 

 

Figure 3.13  Expected signal shown on UT display 

Source: (G. Giller & V. Khomenko, 2000) 

3.5 Summary 

Overall, the research methods described in this chapter are implemented to achieve 

the objectives that have been outlined and the results required to lead to the contribution of 

knowledge. The fatigue crack behavior in the welding has been detected on NDT inspection. 

The selected NDT method, ECT will used to detect the eddy current signal released from the 

specimen during the fatigue crack inspection. Then, the UT inspection will be made so that 

the observations of the fatigue crack is determined and compared for both ECT and UT. 

The results obtained through the research method are described and analyzed in the 

next chapter. The data collected from eddy current signal and ultrasonic signal will be 

compared to evaluate the effectiveness of portable ECT on weldment inspection. 
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RESULTS AND DISCUSSION 

4.1 Results and discussion 

This chapter will be discussing the results of the eddy current testing which contain 

the defect detected in the weldment of the steel pipe. The results of the defect detected by 

using the eddy current testing is collect in form of eddy current display. The picture then has 

been simplified into visual diagram, specific length and depth which contain the rough 

assumption of the defect in the weldment. The data then tabulated into a scatter line graph 

in order to further understand the detection in the weldment of the steel pipe. 

This chapter is divided into three parts and sub-section. The first section is explaining 

about the specific ECT settings for the weld inspection and the rough data collected from the 

ECT. Then, the result of the ECT will be further describe into an analysis which tabulated 

and graphically presented in the next section. Lastly, the section 4.3 will be discussing the 

comparative data collected which is conducted by using the Ultrasonic Testing based on the 

defect found and display in a form of graph. 

 

4.2 Results of ECT weld inspection 

Eddy current reading is a method of inspection using the electromagnetic wave which 

being conduct through the ferromagnetic material. In this case, the inspection of the ECT is 

done on the weldment of an actual steel pipe which has been dispose because of a lot of 

defect detected in the weldment. By using the ECT instrument, there are various type of 

setting that need to be done and in order to get a more specific and fixed calibration, the 

setting of the ECT mode has been finalize which are as has shown in the table 4.1 below. 
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Table 4.1 Setting of the ECT mode 

Settings Value of the settings 

Gain 40.0|40.0dB 

Phase 75 deg 

Persistence 0.5sec 

Scan Time 10.0sec 

LP Filter 100.0Hz 

Drive voltage 8.0V 

Drive percentage 100% 

Receiver Gain 22dB 

HP Filter 0.0Hz 

 

ECT inspection on the weldment has been divided into three type which are 

inspection on the both side of toe and the cap of the weldment. Therefore, the data collected 

from the ECT inspection is being divided into three as according to the methods mentioned 

above. The figure 4.1 below shows the weldment of pipe labeled with the position of the 

inspection of the ECT. Since the weldment on the steel pipe is in circular form, the figure 

4.1 below is a simplified picture of the weldment that has been categorized into a straight 

line with the labeled on it which specify the location of the ECT inspection. 

 

 

 

 

 

Figure 4.1  Welded Pipe diagram (circular) 
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The figure 4.2 (a), (b), (c), (d), (e), (f), (g) below is presenting about the location 

which is right toe of the weldment inspection that will be further elaborate in form of the 

display reading that has been scanned by using the ECT. There are seven defects located on 

the right toe of the weld. The figures below show the ECT reading of the defect. 

    

(a)                                                        (b) 

    

(c)                                                      (d) 

    

(e)                                                       (f) 
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(g) 

Figure 4.2  (a), (b), (c), (d), (e), (f), (g) ECT crack reading for right toe inspection 

The figure 4.2 above is presenting about the location of the weldment inspection that 

will be further explain in the table 4.2 below which describing the position and the depth of 

the defect detected on ECT reading based on the location of the weldment inspection. 

 

Table 4.2 Right toe weldment inspection 

Depth (mm) Position (cm) 

0.3 10-11.5 

1.5 17.7-18.3 

0.3 28-28.15 

0.3 29.8-32.8 

0.25 39.7-41 

0.2 48.9-49.1 

0.35 50.6-52.8 

 

The next ECT reading is which been scanned is the left toe of the weldment. In the 

scanned operation of ECT on the left toe, there are eight defect which has been detected. The 

figures 4.3 (a), (b), (c), (d), (e), (f), (g), (h) below show all the displays of ECT reading. 
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(a)                                                    (b) 

    

(c)                                                   (d) 

    

(e)                                                    (f) 

    

(g)                                                   (h) 

Figure 4.3  (a), (b), (c), (d), (e), (f), (g), (h) ECT crack reading for left toe inspection 
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The figure 4.3 above is presenting about the defect of the weldment inspection on the 

left toe that will be further explain in the table 4.3 below. It is also describing about the 

position and the depth of the defect detected on ECT reading based on the location of the 

weldment inspection. 

 

Table 4.3 Left toe weldment inspection 

Depth (mm) Position (cm) 

1.0 0-3.25 

0.5 7.4-11.5-12.2 

0.35 14.6-15.2 

0.6 19.1-25.4 

0.3 28-28.15 

0.2 38.95-39.05 

0.1 52.8-53.55 

2.0 54.5-55.5 

 

Lastly is the figure 4.4 (a), (b), (c), (d) below is presenting about weldment inspection 

on the cap of the weldment that will be further elaborate in form of the display reading that 

has been scanned by using the ECT. There are four defects located on the cap of the weld. 

The figures below show the ECT reading of the defect. 
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(a)                                                      (b) 

    

(c)                                                    (d) 

Figure 4.4  (a), (b), (c), (d) ECT crack reading for cap inspection 

 

The table 4.4 below shows a data which has been recorded into a table that describing 

the defect detected by scanning the cap of the weldment. 

 

Table 4.4 Cap weldment inspection 

Depth (mm) Position (cm) 

1.5 17.7-18.3 

0.3 28-28.15 

0.25 39.7-41 

2.0 54.5-55.5 
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4.3 Analysis of the ECT reading 

 

 
Figure 4.5 Eddy current reading on welded pipe (Right Toe)   



58 

 

 
Figure 4.6  Eddy current reading on welded pipe (Left Toe) 
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Figure 4.7  Eddy Current reading on welded pipe (Weld Cap) 
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In the ECT reading on the pipe weldment, the effectiveness of the ECT is very 

sensitive because the defect and crack found in the weldment are very fast. The signals are 

indicating from the center of the display viewing the point moving relatively to any direction 

which depends on the type of the crack in the welding. While there is a crack found, the 

point will move to the edge of the ECT display causing the red line viewed on it. This length 

of the red line can be used as an estimation of the crack length found in the welding. Based 

on the figure 4.5 shows above, the graph has been indicated that there are 7 defects and 

cracks which has been detected through the right toe inspection using the ECT. The highest 

length of the crack found is at the position 29.8cm until 32.8cm with a 0.3mm depth. On the 

other hand, at the position 17.7cm until 18.3cm the highest crack depth is 1.5mm was found 

on this right toe ECT inspection. 

The graph on the figure 4.6 shows above has been indicated that there are 8 defects 

and cracks which has been detected through the left toe inspection using the ECT. The 

longest crack found is from the position 19.1cm until 25.4cm while the highest depth crack 

found in the welding is 2.0mm which is from the position 54.5cm until 55.5cm that is the 

end of the pipe circle. Next, based on the figure 4.7 shows above, the graph has been 

indicated that there are 4 defects and cracks which has been detected through the cap 

weldment inspection using the ECT. The crack found by the cap weldment inspection is 

overlapping with the right toe and left toe inspection. The right toe inspection which are 

overlapping on the cap weldment inspection are position 17.7cm until 18.3 and 39.7cm until 

41cm. For the left toe inspection which is overlapping on the cap weldment inspection is on 

the position 54.5cm until 55.5cm. On the position of 28cm until 28.15cm, this case shows 

that the crack reading is shown on both right toe and left toe inspection. So, it shows that the 

crack found on this position proved that the crack is formed perpendicularly to the weldment.  
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4.4 Comparative data with the UT 

 

Ultrasonic testing is an NDT method that testing by employs mechanical vibrations 

that are similar to sound waves but have a greater frequency. An ultrasonic energy beam is 

focused towards the thing to be evaluated. Based on the actual pipe, the inspection of the 

pipe using the UT is quite challenging because the surfaces of the pipe on one side is large 

and on the other side is narrow which complexing the inspection processes. However, the 

inspection is successfully recorded through multiple times of test conducted. The following 

are all the defect or crack that has been detected by using the UT testing. The UT a-scan 

display recorded then has been classified based on the toe side inspection of ECT so that the 

comparison of the data can be tabulated and compared easier. 

The figure 4.7 (a), (b), (c), (d), (e), (f), (g) below shows the UT display of the pipe 

which has been classified based on the right toe reading from the ECT display reading. For 

the right toe data collected, it shows that there 7 defect or crack that has been detected same 

as ECT reading. 

      

(a)                                                         (b) 

      

(c)                                                      (d) 
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(e)                                                           (f) 

 

(g) 

Figure 4.8  (a), (b), (c), (d), (e), (f), (g) UT crack reading based on the ECT right toe 

inspection 

 

The figure 4.8 above is presenting about the location of the weldment inspection that 

will be further explain in the table 4.5 below which describing the position and the depth of 

the defect detected on UT reading based on the location of the weldment inspection for the 

right toe defect. 

Table 4.5 UT inspection reading based on the ECT right toe inspection 

Depth (mm) Position (cm) 

0.3 10-11.5 

1.5 17.7-18.3 

1 28-28.15 

5 32.7-33.3 

0.5 39.7-41 

0.5 48.9-49.1 

1 50.6-51.4 
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Lastly, the figure 4.9 (a), (b), (c), (d), (e), (f) below is presenting about weldment 

inspection on the left toe inspection that will be further elaborate in form of the display 

reading that has been scanned by using the UT. There are six defects located on the welding 

that is different compared to the ECT reading.  

 

      

(a)                                                            (b) 

     

(c)                                                            (d) 

      

(e)                                                           (f) 

Figure 4.9  (a), (b), (c), (d), (e), (f) UT crack reading based on the ECT left toe inspection 
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The figure 4.9 above is presenting about the location of the weldment inspection that 

will be further explain in the table 4.6 below which describing the position and the depth of 

the defect detected on UT reading based on the location of the weldment inspection for the 

left toe defect. 

Table 4.6 UT inspection reading based on the ECT left toe inspection 

Depth (mm) Position (cm) 

1.0 0-2.5 

0.5 11.5-12.2 

1 28-28.15 

2 38.95-39.05 

1 52.8-53.55 

2.5 54.5-55.5 
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Figure 4.10  UT Reading on Welded Pipe (Right Toe)  
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Figure 4.11  UT Reading on Welded Pipe (Left Toe)
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In the UT reading on the pipe weldment, the effectiveness of the UT is not as 

sensitive ECT reading because the defect and crack found in the weldment are need higher 

concentration while the inspection process is running. The signals frequency is indicating 

any crack form in the welding based on the display showed. While there is a crack found, 

the frequency on the display will fluctuated which cause of the disturbance of the frequency 

going back to the detector. Every fluctuated frequency show that there are cracks form in the 

welding. Based on the figure 4.10 shows above, the graph has been indicated that there are 

7 defects and cracks which has been detected through the UT inspection based on the right 

toe inspection using the ECT. The highest length of the crack found is at the position 10cm 

until 11.5cm with a 0.3mm depth. On the other hand, at the position 32.7cm until 33.3cm 

the highest crack depth is 5mm was found on this UT inspection. Because of the depth of 

crack is exactly 5mm which is same as the thickness of the welded pipe, it proved that the 

pipe has a leakage on this position. 

The graph on the figure 4.11 shows above has been indicated that there are 6 defects 

and cracks which has been detected through the UT inspection based on the left toe 

inspection using the ECT. The longest crack found in the welding pipe based on the left toe 

ECT inspection is 2.5 cm long from the position 0cm until 2.5cm. While the highest depth 

crack found in the welding is 2.5mm which is from the position 54.5cm until 55.5cm that is 

the end of the pipe circle. 

 



68 

 

Figure 4.12  Comparison of UT and ECT based on the ECT right toe inspection 
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Figure 4.13 Comparison of UT and ECT based on the ECT left toe inspection 
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The tabulated graph of ECT and UT will then be combined based on the ECT 

inspection types that are right toe inspection and left toe inspection. The differences of the 

line graph will indicate the effectiveness of the ECT compared to the UT data. Based on the 

combination of the data for the ECT right toe inspection on figure 4.12, it shows that the 

number of defect and crack detected are same for both of them. However, there are 2 cracks 

on ECT reading detected that has a different position compared to the UT reading that are 

from the position 29.8cm until 32.8cm and 50.6cm until 52.8cm. the depth found for both of 

these cracks was also different which are 5mm and 1mm. there are three more defects and 

crack which has been detected that has a different depth of crack, however the position on 

the defect and crack detected are same on both ECT and UT reading.  

On the figure 4.13, the graph is presenting about the comparison of the data 

summarized on both of ECT and UT reading based on the ECT left toe inspection method. 

It can be observed that there are six defect and crack are match for both ECT and UT 

inspection. For the position 0cm until 3.25cm and 7.4cm until 12.2cm crack both have the 

same depth of cracks. However, the length of these two cracks are not same that UT reading 

shows a shorter reading compared to the ECT reading. There are four other detected cracks 

which has the same length detected for both ECT and UT inspection but the depth of ECT 

reading is lower compared to UT reading. Other than that, there are two defect and crack 

that has not been detected by using the UT inspection compared to the ECT inspection. This 

issue happened most likely because of the uneven surfaces of the pipe which is cause the 

ECT display detecting the gap of the uneven surfaces as a crack detected.  
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It shows that the sensitivity of the ECT is really good which help the inexperience 

inspector to learn the differences of the crack in welding and the uneven surfaces. Although 

by using the UT is very accurate, the preparation to begin the inspection will take a couple 

more times compare to the ECT inspection. Furthermore, UT inspection also need a lot more 

focus which the movement while the inspection in processes. However, the portable 

inspection for both NDT are troublesome which because of the defect and crack that has 

been detected will need to be recorded and marked manually on the specimen. 

ECT excels in inspecting welds subjected to cyclical loading, which can cause 

cracks. This description includes many of the welds used in infrastructure and aircraft where 

a rapid expansion of cracks would almost certainly result in catastrophic failure, loss of life, 

and environmental damage. One of the best approaches for verifying the integrity and safety 

of these high-value and highly important assets is eddy current array testing for weld 

inspection (Ali et al., 2017). These inspections are best carried out with a tough and portable 

eddy current device that can be conveniently employed in the outdoor situations where many 

of these welds are found. 

The flexibility and speed of portable and conventional eddy current equipment for 

weld inspection are advantages. Complex geometries certainly provide a difficulty when 

utilizing eddy current for weld inspection, however producing a flexible eddy current array 

probe that encompasses all of these zones is quite straightforward. This enables for a more 

thorough examination of the weld and defects in the uneven surface. Eddy current array for 

weld inspection can also be used to inspect welds in a wide range of surface conditions, but 

sufficient training is required. The signals caused by defects and the signals caused by 

uneven surface are jumbled together, especially when the magnitudes of the two signals are 
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extremely similar in value, therefore identification of such surface defects on ECT is very 

likely hard to differentiate (Gao et al., 2015). 

4.5 Summary 

Overall, this chapter presenting the steps to conduct this study. First, conducting the 

ECT inspection on weldment of the cut industrial pipeline which been made of ferromagnetic 

material. Through this data, the presence of crack in the welding detected and the sensitivity 

of crack detection got calculated and the characteristic of the crack has been investigated. 

In the next session, the study is presenting the conclusion for the whole observastion 

of this thesis and explain the effectiveness of portable ECT being used to evaluate the crack 

in welding pipeline. Then, the recommendation for improvement in the study on this topic 

in the future. 
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CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

Through all the observed and proven results, it is proved that the weldment inspection 

can be made by using the ECT on ferromagnetic materials. The pipeline that made of 

ferromagnetic has been give good responds on inspection by using the ECT. The weldment 

inspections that has been conduct were also successfully study when the inspection by using 

the ECT. The portable ECT despite its small cost, the development of ECT systems are 

capable of detecting fatigue and crack faults form in welding. However, the deficiency of 

the equipment will always occur when the simplified version of equipment has been 

constructed. Through this study, it shows that the sensitivity of portable ECT when detecting 

the flaws in welding is really high which because of the main function of the ECT inspection 

is specialize in detecting the surface flaws and crack. The ECT inspection on welding able 

to detect the presence of crack more easily and efficiently compare to the UT that need a 

high focus on every stroke of detection probe. The portable ECT has high detection rate but 

it cannot accurately inspect the real depth of crack in the welding and its data is also mixed 

between the irregular surface on welding and cracks in the welding. So, portable ECT need 

an inspector which has a lot of experiences of managing the portable ECT equipment in 

order to familiarize them to differentiate the crack in welding or the welding surfaces flaws. 
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5.2 Recommendation 

Through this study, the effectiveness of ECT inspection on the crack in the weldment 

is partially same as the UT inspection. Therefore, there is a lot of room that can still be 

improved to ensure that the crack inspection on the pipeline welding by using the ECT. With 

this, some suggestions are listed as follows as further study in the future: 

1. In this study, the inspection specimen which is the ferromagnetic pipeline does not 

have a welding with a continuous flat and clean surface. So, in the next study, the 

specimen which obtain from any industry must have a better condition so that the 

data obtain will be more accurate. 

2. It is recommended that the next study will do an analysis on multiple more software 

which that elaborate more on the data collected from portable ECT. 

3. Through this study, the comparison data has been made only with the portable UT 

equipment. For further improve this study, it is suggested that the comparison data 

will be made with another type of portable inspection which is Radiographic Testing 

(RT) 
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