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This thesis is conducted as a literature review and presents the use of X-ray computed 

tomography with welded or additively manufactured aluminium alloy parts.  

CT scanning devices utilized in the industrial field being a relatively new way to analyse 

structures and not in wide use, the thesis provides a brief look into different CT scanning 

devices and their working principles as well as how aluminium series are divided into 

groups, what kind of defects are common to occur during welding or AM processes of 

aluminium alloys and how a CT scan is turned into a 3D-model to be used in finite element 

analysis simulations.  
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tutkimisessa. 

Teollisuudessa käytettävät tomografialaitteet ovat suhteellisen uusi tapa analysoida 

rakenteita, eivätkä ne ole vielä laajasti käytössä. Tämän vuoksi opinnäytetyö tarjoaa lyhyen 

katsauksen erilaisiin tomografialaitteisiin ja niiden toimintaperiaatteisiin sekä siihen, miten 

alumiinisarjat jaetaan ryhmiin, millaisia vikoja alumiiniseosten hitsaus- tai lisäävän 

valmistuksen prosesseissa tyypillisesti esiintyy ja miten tietokonetomografiakuvauksesta 
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1  INTRODUCTION 

This thesis aims to explain X-ray computed tomography (CT) as a technology, how to utilize 

it as a tool to detect defects with aluminium parts that have been welded or done with additive 

manufacturing (AM), and the possibility of using the data to create a 3D-model to use in 

finite element analysis (FEA). 

Defects in welded structures include for example cracking and insufficient penetration, 

things the naked eye couldn’t see inside the structure. In additive manufacturing an example 

of a defect only found with x-ray imaging could be porosity inside the structure that could 

impact its structural integrity (Chen et al. 2021).  

As this thesis is a literature review the goal is to have relevant information on using CT in 

defect detection in additive manufacturing and welding as well as modification of welding 

parameters based on CT scans. Data gathering will be focused on using the technology on 

aluminium alloys. 

1.1  Background of the study 

CT is a relatively new way of analysing structures in an industrial setting, but it has been 

used in medicine for decades as a CT scan. Research on using CT in structure analysis of 

metals is plentiful but is scattered under multiple research which dive deep into a niche of 

the topic. Review papers which have gathered related information on the whole topic of  

using CT on metals (García-Moreno et al. 2023) and on failure prevention and prediction 

based on CT scans (Sun et al. 2025) do exist but neither of these papers give the complete 

picture of the use cases of CT this thesis aims to collect and describe. 

1.2  Research problem 

X-ray tomography being a relatively new technology to analyse structures in a non-invasive 

way, there is a need to have the general overview of its basic working principles explained 

in one research including possible different defects seen in welding and additive 
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manufacturing specifically on aluminium. The reason for choosing aluminium is its 

versatility in different industries and its ability to get desired properties through alloying for 

different purposes (Langelandsvik et al. 2021). 

CT devices are quite small compared to the usual structures that are scanned with it. What 

kind of solutions are implemented for these cases and what are the drawbacks? 

1.3  Research objectives 

The scope of this research includes using CT to find defects in parts made by additive 

manufacturing or by welding and how to improve manufacturing quality on both fronts by 

for example comparing the model of the part and the final manufactured piece. The 

penultimate goal is to explain how a 3D-model is produced from an CT scan. 

1.3.1  Research questions 

This bachelor’s thesis aims to examine the use of CT in defect detection on parts 

manufactured by welding and additive manufacturing. When using these manufacturing 

methods, defects can form inside the structure and a non-invasive way to inspect these is 

ideal to minimize material waste and provide insight into these manufacturing methods. In 

what ways an CT scan can help detect defects and are there other advantages than it being a 

non-invasive method. 

1.3.2  Hypotheses 

Keeping in mind the objectives of the research and the previous research into defect detection 

in AM parts where it was found by Sun et al. (2025) that with different image processing 

done to the CT scans, a different amount of pores in the structure could be seen, the first 

hypotheses of this thesis is: real and fake defects can be distinguished by doing an CT scan.  

In the same research by Sun et al. (2025) it was already mentioned, that optimizing the 

process for manufacturing with real-time monitoring and studying the scans the process can 
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be improved. The second hypotheses for this thesis is: welding and AM final part quality 

can be improved by using CT scan results. 

3D-CAD models that can be used for FEA have already been done with microCT scans as 

the research by Rodrigues et al. (2009) shows. In 2009 when this research was conducted 

there was a lot of modifying the model with different programs, but today that should not be 

as big of a task. The third hypotheses for this thesis is: a 3D-model for FEA use can be made 

from CT scans. 

1.4  Research methods and limitations 

Research methods in this thesis are limited to literature review. No experimental work will 

be done. The thesis research will be limited to include using CT for fusion welding and 

additive manufacturing as the processes as well as only aluminium alloys as the target 

material.  

1.5  Scientific contribution 

This thesis provides focused research on using X-ray computed tomography for quality 

control of welding and additive manufacturing purposes on aluminium. This thesis also aims 

to provide information on the possibility to modify parameters based on results from the CT 

scan. 
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2  LITERATURE REVIEW 

A literature review will be conducted to develop a comprehensive understanding of X-ray 

computed tomography technology, relevant manufacturing methods for this thesis and their 

defects, the material properties, and the overall process. This literature review includes 

scientific articles that have been peer-reviewed and deemed reliable.  

2.1  X-ray computed tomography 

X-ray computed tomography might sound like something a normal person would never be 

in contact with, but it is in principle the same technology as what CT-machines use in the 

medical field and is a more known use for it. CT is used in the medical field as well as in the 

industrial field for the same reason; it is non-invasive. Biggest differences when comparing 

the two come from how the scanning is done to the subject: in the medical field a CT-

scanner’s detector part moves around the patient and in the industrial field it is usually the 

subject being scanned that is rotating which leads to systems in industrial use to have higher 

accuracy and stability. Another difference are the input parameters which in the medical 

field are geared towards softer tissue and in the industrial field are geared towards harder 

materials and smaller subjects. (Thompson & Leach 2018, 16–17)  

The imaging process includes a lot more than just scanning the subject as can be seen in 

Figure 1. This thesis will not go in-depth with all the parts of the workflow, but a general 

overview of relevant parts of the process will be explained. 

 

Figure 1. Schematic representation of a typical X-ray CT scanning workflow. (Thompson 

& Leach 2018, 26) 
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The general principles behind the workings of a CT scan are explained by Wither et al. 

(2021) “It exploits the penetrating power of X-rays to obtain a series of two-dimensional 

(2D) radiographs of the object viewed from many different directions. -- A computed 

reconstruction algorithm is then used to create a stack of cross-sectional slices from these 

2D projections (radiographs) of the object.”.  

X-rays for CT scans are produced by acceleration of electrons in one way or another (Withers 

et al. 2021). There are a few ways to complete a CT scan in an industrial setting, from which 

the most common is a lab-CT. A lab-CT works in the way described earlier, by scanning a 

rotating subject. For this kind of CTs the source of the X-rays is an X-ray tube, which emits 

a large spectrum of X-ray energies. For these X-rays the maximum energy is determined by 

the accelerating voltage (Withers et al. 2021). To perform a 2D scan, an X-ray fan beam is 

used in a setup together with an X-ray detector panel. This way data can be acquired as a 

plane from the object with less imaging artefacts than when performing a similar scan as 3D 

with a cone beam. A basic illustration of the setup for fan beam imaging can be seen in 

Figure 2. (Thompson & Leach 2018, 17–18) 

 

Figure 2. Illustration of a fan beam setup for 2D X-ray imaging with the object rotating and 

the scanner being stationary. (Thompson & Leach 2018, 17) 

The scanning for a 3D result is done by using a cone beam setup with an X-ray detector 

panel. An illustration of the setup can be seen in Figure 3. When utilizing a cone beam for a 

3D result you get the entire volumetric data quickly, but with lower accuracy and more 

imaging artefacts than with a fan beam. (Thompson & Leach 2018, 17–18) To control the 

magnification of the scan, the object being scanned can be moved closer or further from the 

X-ray source (Withers et al. 2021) 
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Figure 3. Illustration of a cone beam setup for 3D X-ray imaging with the object rotating 

and the scanner being stationary. (Thompson & Leach 2018, 18) 

Imaging artefacts regarding CT-scans are described by Thompson and Leach (2018, p.163) 

as follows: “In CT, the term “artefact” is applied to any systematic discrepancy causing 

streaking, shading, rings and bands in reconstructed volume that are not present in the 

original object”. What this means, is that the occurring artefacts make the results more 

difficult to analyse accurately. By recognizing different artefacts and their types the real 

structure of the scanned part can be analysed properly. 

In addition to lab-CTs there are more advanced and resource heavy options to use; linear 

accelerators (LINAC) and synchrotron CTs. LINAC scans are effective when the object 

under investigation is made of thick and/or highly absorbent material. This is thanks to its 

high energy from increasing particle velocity by subjecting them to oscillating electric 

potentials in a linear beamline. (De Chiffre et al. 2014) Synchrotrons on the other hand are 

a special type of particle accelerator that are situated in large facilities. In Figure 4 you can 

see the relative size of these facilities. 
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Figure 4. A synchrotron facility in Grenoble, France. (Fraunhofer Institute for Integrated 

Circuits IIS n.d.) 

In a synchrotron the electrons’ path is bent and accelerated radially with magnets or by 

insertion devices (Withers et al. 2021). The appeal to use synchrotron CTs comes from the 

synchrotron’s radiation properties as it emits a monochromatic, highly coherent, bright and 

intense wavelength that has a wide tunability as well as having fast scan times ranging from 

sub-seconds to minutes (De Chiffre et al. 2014; Withers et al. 2021). “Synchrotron CT 

devices are available at nearly all synchrotron facilities” per De Chiffre et al. (2014), but the 

booking list for these is long with a high cost to use them as Thompson & Leach (2018, 20) 

describe it. 

2.2  Aluminium alloys 

Aluminium is one of the most abundant materials in the earth’s crust and the 2nd most widely 

used structural alloy with the ability to have wanted properties through further alloying, 

making it an ideal material to focus on in this thesis. (Langelandsvik et al. 2021; Zhu et al. 

2023). The use of aluminium has been and still is researched widely for different purposes, 

as there are many different series of aluminium ranging from 1xxx to 8xxx series and a 

multitude of different manufacturing methods in the AM category as well as in welding. The 

main way aluminium alloys are divided into groups comes from them being either wrought 

alloys or cast alloys, and depending on the major grouping the series marking will be 

different; wrought alloys having a 3-digit series number with a decimal following and cast 

alloys having a 4-digit series number. (Davis 1993, 3; Zhu et al. 2023) In Figure 5 a general 
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overview of different classification of aluminium alloys can be seen with some of their 

inherent properties, wrought aluminium alloys in general having more flexibility in terms of 

ultimate tensile strength across the board. 

 

Figure 5. a) Aluminium alloys and hardening methods, b) and c) ultimate tensile strengths 

of cast and wrought aluminium alloys. (Zhu et al. 2023) 

Aluminium is used in the medical, aerospace, automotive and naval sectors for its great 

weight to strength ratio and corrosion resistance along with other properties paired with the 

earlier mentioned possibility to get other wanted properties through alloying. All these 

mentioned pros can be utilized through AM with aluminium to create shapes and geometries 

that are not possible with other metals which are not suited for use in AM. (Dada & Popoola 

2024; Frazier 2014; Liu et al. 2020; Yan et al. 2015) 

2.3  Aluminium welding 

Joining aluminium works best when using a more thorough joining method than fastening 

pieces together with a nut and a bolt. Welding aluminium has its differences when compared 

to welding ferrous materials such as common steels with traditional fusion welding methods 

such as metal inert gas (MIG) welding and tungsten inert gas (TIG) welding. (Dada & 

Popoola 2024; Kah et al. 2015)  
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When joining aluminium using TIG welding, hydrogen porosity needs to be kept in mind as 

it is a common issue when welding aluminium (Dada & Popoola 2024). The effect of 

hydrogen porosity can be decreased as Dada & Poopola (2024) mention in their research: 

“Hydrogen porosity is an issue when welding aluminum, because of the high stability of 

aluminum oxide, which forms an oxide film on the surface of the wire and base metal, 

however, porosity can be decreased with clean consumables and longer weld freezing times 

and higher travel speeds are made possible by stabilizing the aluminum weld puddle in argon 

and argon-helium mixtures by adding oxygen.”. Putting this porosity issue aside, arc welding 

is a good method for aluminium welding as it has better thermal conductivity than gas 

welding and at the same time it has a smaller thermal area, so the heat output from the 

welding doesn’t have such a large effect on the surrounding material (Lambiase et al. 2021). 

MIG and TIG welding are examples of fusion welding in which a shielding gas, often argon 

or argon/helium mixture, is used to help with preventing the molten weld from oxidation or 

contaminating in other ways. Pure argon is used most in MIG and TIG welding as it has the 

better characteristics to start with: better cleaning and better arc stability. By adding helium 

to pure argon, better penetration and a stronger arc can be achieved. (Dada & Popoola 2024; 

Xia et al. 2020) 

TIG welding as a method is very versatile as it can be used to weld non-ferrous materials, 

precious steels and common steels. Thanks to this versatility of TIG welding it is used in 

many sectors such as transportation, aerospace, automotive and naval industries (Dada & 

Popoola 2024). In Figure 6 a basic schematic of a TIG welding setup can be seen. 

 

Figure 6. A schematic of a TIG welding setup. (Sharma et al. 2020) 

TIG welding also has great process outcomes with some drawbacks as listed by Dada & 

Poopola (2024) “Excellent weld root control, flawless joints, no spattering, accurate welding 

parameter control, and good heat source and material introduction control -- drawbacks 
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include low welding productivity and speed, high welder training costs, exorbitant inert gas 

costs, defects brought on by subpar welding techniques, high equipment costs, and elevated 

UV radiation.”. 

MIG welding has a higher penetration capability compared to TIG welding, with material 

thicknesses most commonly being between 3-20mm. Advantages of using MIG welding 

over TIG welding are its higher welding speed, higher melting rate and ease of automation 

comparatively and lower initial investment required. It has similar drawbacks with welder 

training costs and time especially with high-alloy steels and non-ferrous materials (Dada & 

Popoola 2024). MIG welding has better automation capabilities and welding speeds because 

it uses a filler wire feed through the welding torch instead of a filler rod used in TIG welding. 

2.4  Additive manufacturing of aluminium 

AM processes for aluminium are largely based on the same principles as its welding 

processes, but instead of joining different pieces together with the added material, you begin 

to form subsequent layers to form something new. There are two types of AM processes for 

aluminium: melt-based AM and solid-state AM, for which the difference is if the molten 

material undergoes a melting process when adding layers or not. Solid-state AM uses 

mechanical bonding or sintering to join layers together instead. (Zhu et al. 2023)  

Aluminium alloys haven’t been as popular for AM as one might think and Zhu et al. (2023) 

reasoning on their study: “As for the melt-based AM technology, the adoption of Al alloys 

is relatively slow due to the following perspectives: (1) Al alloys are easy to cast into 

complex-shaped components via conventional casting or produced using wrought methods 

- - (2) the inherent disadvantages of Al powders, such as the formation of surface oxide, poor 

spreadability, and moisture absorption make them ill-matched for melt-based AM; (3) the 

poor weldability for some high-strength Al alloys makes them not ideally suited for melt-

based AM, as hot cracks form during AM .”. 

Melt-based AM and solid-state AM technologies can be divided under two groups for each 

technology type: Powder Bed Fusion (PBF) and Direct Energy Deposition (DED) for melt-

based processes, and sinter-based and mechanical-deformation-based processes for solid-

state AM. Further grouping can be seen in Figure 7. (Zhu et al. 2023) 
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Figure 7. AM process grouping of most common methods. (Zhu et al. 2023) 

This thesis won’t go in-depth with the different AM methods but will explain the principles 

for the methods most relevant to the topic. Solid-state-based AM is not widely used with 

aluminium as the requirements for an extremely low oxygen content and water vapor partial 

pressure are hard to match with a metal as reactive as aluminium (Zhu et al. 2023). 

2.4.1  PBF & DED 

Melt-based AM processes work as the name suggests, by adding layers of molten material 

on top of existing material. The molten material then bonds with its base as it cools down 

and solidifies. From the different melt-based AM methods sub-categories of PBF are widely 

used as well as wire-arc additive manufacturing (WAAM) and laser powder direct energy 

deposition (LP-DED) when producing aluminium parts. (Kotadia et al. 2021; Zhu et al. 

2023) 

In PBF an intense heat source is used to be able to precisely melt and form the layers with 

powder. This is achieved with a laser, a plasma-arc or with an electron beam. A simplified 

schematic of this can be seen in Figure 8. 
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Figure 8. Simplified laser-PBF setup. (DebRoy et al. 2018) 

One of the large obstacles to tackle with aluminium when using PBF is the reality that all 

four states of matter (solid, liquid, gas and plasma) are present at the same time, which 

doesn’t occur during conventional manufacturing. This tells of the large thermal shifts 

happening during the manufacturing process, and it leads to sharp thermal gradients that can 

create internal and external defects in the part. (Kotadia et al. 2021) PBF is a great method 

for manufacturing complex and intricate parts, especially those that are not possible to be 

machined. 

DED as a process has evolved from welding processes with it having a wire or powder as 

the added material per layer and a direct energy source to melt the material (DebRoy et al. 

2018). A simplified setup for two different DED processes can be seen in Figure 9. 

 

Figure 9. a) Simplified LP-DED setup b) Simplified electron beam-DED setup. (DebRoy et 

al. 2018)  

DED is not as good with complex parts as PBF, but it has a high deposition rate and 

comparatively low cost as well as it allows for parts to have internal shapes that are not 

possible to be completed through machining (Horgar et al. 2018). 
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2.4.2  AM parameters 

The quality of a part which has been additively manufactured is dependent on a multitude of 

parameters, which are mostly different for each manufacturing technique. These parameters 

dictate the microstructural behaviour of the manufactured part and are often difficult to get 

right as there is no one right combination. The parameter sets for PBF and DED are referred 

to as scan pattern and deposition strategy respectively, as the processes for these are different 

with PBF techniques scanning the powder bed with a laser and DED techniques having a 

tool that needs to move on a predetermined path. PBF parameters to consider are listed in 

Figure 10. 

 

Figure 10. PBF process parameters and possible effects on final part. (Dar et al. 2025) 

The different possible defects from not having the correct parameter combination include, 

but are not limited to, cracking, porosity and surface roughness. (Dar et al. 2025; Wang et 

al. 2026) These different defects and their effects on the manufactured part will be delved 

into more under subtopic 2.5 Defects in manufacturing.  

In AM of metals in general the heat source and its power can have big effect on the defects 

of the manufactured part. Laser parameters listed in Figure 10 (power, wavelength, spot size) 

are used to control the melting and solidification of layers. Too low of a power laser can 

cause the manufactured part to have layers that suffer from a lack of fusion and a too 

powerful of a laser can lead to swelling, denting and the formation of more pores. The 

wavelength of the laser has more of an impact on the melting and cooling of the metal, and 
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when adjusted poorly can result in the microstructure of the metal to start having an impact 

on the structural integrity of the whole part. (Dar et al. 2025) 

Hatch spacing is another parameter to consider and is not mentioned in Figure 10. Hatch 

spacing simply put means the distance of the centre of the molten beads that form a layer in 

an AM part. An illustrative schematic can be seen in Figure 11. 

 

Figure 11. Simple schematic on hatch spacing 

Hatch spacing is an important parameter, as per Dejene et al. (2025) the amount of overlap 

directly affects the “density, surface texture, and mechanical performance of the printed 

part.” 

Deposition strategy with DED processes has less and different parameters to focus on, but 

the possible defects on the final part are mostly the same as with PBF techniques. The main 

parameters to focus on DED are deposition speed, deposition geometry and heat treatment 

(Arana et al. 2022; Wang et al. 2026).  

2.5  Defects in welding and AM 

Welding and AM of aluminium parts is difficult as aluminium itself has inherent properties 

that make it hard to work with in some cases. The most common defects that are not obvious 

to the eye are porosity, hot-cracking, balling, and lack of fusion. As these defects are hard or 

impossible to see during manufacturing, it is a challenge to reach a point of defect-free 

manufacturing. Other more obvious defects are deviations in the geometry that occur during 

or after manufacturing and a rough surface finish. (Chen et al. 2021; Dada & Popoola 2024; 
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Liu et al. 2020; du Plessis et al. 2020; Sun et al. 2025) This thesis is focused more on internal 

defects and the reasoning for them will be explained briefly. 

2.5.1  Pores 

Porosity inside a part can form in many ways, and the pores themselves have different forms 

in which they occur. Porosity has the potential to weaken the structural strength of the part 

as it can influence its hardness, tensile strength, stiffness and fatigue resistance. (Liu et al. 

2020) During welding processes pores can formulate from hydrogen gases which vaporize 

during the process and escape during the solidification of the weld, as well as from the 

alloying materials themselves vaporizing (Dada & Popoola 2024; Verma et al. 2023). An 

example of pores occurring during welding given in Figure 12. 

 

Figure 12. Pores from hydrogen gas formation at hydrogen content of 20 micrograms/g. 

(Verma et al. 2023) 

When using aluminium in AM processes, in addition to the same type of gases seen in 

welding applications, pores can form from the rapid thermal shifts happening in the PBF 

methods as well as from a lack of fusion between the powder and the base material. The pore 

formation is heavily tied to the process parameters and can be minimized by adjusting them 

(Chen et al. 2021; Liu et al. 2020). 
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2.5.2  Hot-cracking 

Hot-cracking, seen in Figure 13, just as porosity can be found both in welds and in AM parts, 

as it is a consequence from the thermal shifts happening inside the material during the 

processes. In welding applications this happens inside the metal’s microstructure as 

columnar grains which are found in the fusion zone and are formed during the solidification 

of the weld. How the columnar grain differs can be seen in Figure 14. (Chen et al. 2021; 

Verma et al. 2023) 

 

Figure 13. A hot crack that has occurred during welding. (admin 2025) 

 

Figure 14. Equal granulation in the base metal (BM), columnar granulation in the fusion 

zone / weld beam (WB). (Verma et al. 2023) 

As Verma et al. (2023) describe the columnar grains “The coarse columnar grains in the 

fusion zone are responsible for poor resistance to hot cracking, inferior weld bead, and poor 

mechanical properties.”.  

In AM processes the cracking originates from the thermal stresses which in turn originate 

from the manufacturing process. Chen et al. (2021) summarize the formation of cracks as 
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follows: “Studies have shown that the cracks typically generate when continuous and semi-

continuous liquid films form on the grain boundaries of the heat-affected zone and when 

tensile stresses form within parts. -- Additionally, the direction of the grains determines the 

growth direction of the crack.”. Crack formation can be attempted to be controlled by 

adjusting the AM parameters, but there is not yet a one clear consensus on how to do it. 

(Chen et al. 2021) 

2.5.3  Balling 

Balling, or melt ball formation, occurs during PBF AM processes as the molten material 

forms spherical clumps instead of a solid flat layer. This is due to the manufacturing 

environment not letting some of the powder particles to melt completely which then mix 

with the molten powder. This compromises the layer adhesion in the part and leads to a 

weakened structural integrity with lower quality and density. (Chen et al. 2021) Example of 

balling can be seen in Figure 15. 

 

Figure 15. Balling occurring with different particle sizes and hatch spacing: (a) 0.15 mm; 

(b) 0.10 mm; (c) 0.05 mm; (d) 0.15 mm; (d) 0.10 mm; (e) 0.05 mm. (Qiu et al. 2020) 

2.6  Using CT to find defects 

There are different methods to perform a CT scan on an object. These are mainly divided 

into an ex-situ and an in-situ scan, the naming reflecting the style in which scans are taken. 
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In an ex-situ method, scans are taken as a series with interruptions between scans and this 

leads to possible missed evolutions stages inside object. An in-situ scan is a continuous scan, 

which includes the evolution of the object as it’s being scanned. (García-Moreno et al. 2023) 

Different ways to perform these methods can be seen as a diagram in Figure 16. 

 

Figure 16. Different methods of performing an ex- & in-situ CT scan with the size 

difference of the cylinder depicting evolution of the part. M stands for measurement and 

dashed lines as interruptions during a scan. (García-Moreno et al. 2023) 

When scanning an object with CT to get a better resolution in the final reconstructed scan, a 

large number of pictures is needed which will take a longer time on a lab-CT compared to a 

synchrotron CT. To decide if you want to use an ex-situ or an in-situ method depend on what 

data you are looking for. For example an ex-situ method will work fine for studying fatigue 

strain on a part, as you can plan to inspect the effects after a certain amount of stress cycles, 

but for studying yield-strength an in-situ method would be more ideal as you might need to 

know exactly at what point signs of yielding start to show themselves. (García-Moreno et al. 

2023; Withers et al. 2021) 

The final post-processed image that is gotten after a CT scan won’t be as crisp as Figure 12 

and will portray the defects differently. There is an example of a post processed scan given 

in Figure 17. 
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Figure 17. Example of a post processed scan with different defects. (Wu et al. 2025) 

The defects seen in Figure 17 represent the possible variance between their types, such as 

size and shape. As Wu et al. (2025) found in their study “It is evident that 99 % of the defects 

have an equivalent diameter (ED) [Equivalent diameter] below 50 µm while the larger ones 

tend to be less spherical.” 

2.7   FEA model from a CT scan 

Getting to see inside the structure of a part is an excellent tool while studying different 

manufacturing methods, but to get an idea of what kind of effect structural differences have 

on the part is also important. For this to happen without damaging the manufactured part, a 

FEA model is needed to run simulations to estimate the effects. 

A FEA model to be created from CT scans requires a volumetric mesh for the reconstructed 

3D-image. The mesh is derived from voxels that have a volumetric value, conforming to 

internal geometries such as pores and can be directly used in FEA simulations. (Teichmann 

et al. 2020) The starting point before creating a mesh can look like the example cube in 

Figure 17, with visible pores in the reconstructed 3D-image. Examples of multiple different 

specimens after meshing and FEA simulation can be seen in Figure 18. 
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Figure 18. CT-scanned specimens after FEA simulation. (Teichmann et al. 2020) 

In Figure 18 the pores inside the structure can be seen with red outlines. These red outlines 

can be interpreted as stress concentrations utilizing the legend on the right in the figure. 

In their study Teichmann et al. (2020) found that FEA simulations do correlate with 

experimental data from tensile testing and are a promising way to analyse weld quality and 

parts affected by porosity, but more studies need to be conducted on other defects under 

different type of stresses. 
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3  RESEARCH METHODS 

The research method for this thesis was limited to a literature review. The literature review 

was conducted as a mixture of systematic and narrative style. All used academic research 

was accessed through LUT University academic library, LUT Primo, using a provided 

university account.  

At the start different keywords were used to find articles from LUT Primo but later finding 

academic papers that included relevant topics was shifted to be done through AI. This sped 

up the process of finding relevant information as the AI-tool could find multiple papers 

discussing the same topic with vastly different naming schemes in the research title as well 

as relevant research topics discussed inside papers that aren’t mentioned in the research title. 

More recent papers were preferred, when possible, but for topics such as the basic principles 

of CT technology this was disregarded as the principles do not suddenly switch. To be 

included in this literature review the paper had to be peer-reviewed, if possible. 
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4  RESULTS 

The results of this thesis are based on reaching its research objective and goals in addition 

to answering the hypotheses presented in the beginning. This thesis briefly covers the basic 

working principles of different CT techniques, the differences of aluminium series, the main 

ways of welding and AM of aluminium including the most common defects and their causes 

as well as how a 3D-image is turned into a 3D-model for FEA through academic research 

done before. These meet the objectives and goals of the thesis. 

The first hypothesis was that a fake and a real defect can be distinguished from the 3D-

image. This is true if the fake defect is thought as an imaging artefact, as pointed out by 

Thompson & Leach (2018) they are a systematically occurring phenomena which can take 

different forms in the image (e.g. rings or streaking). 

The second hypothesis was that the quality of a welded or AM part can be improved using 

the CT scan results. This is also true, as the defects in both manufacturing methods stem 

often from process parameters used. These parameters can be adjusted based on analysing 

the 3D-images of the parts. 

The third hypothesis was that a 3D-model for FEA can be made from the 3D-image of a CT 

scan in a better way than in 2009 by Rodrigues et al. (2009). This is true as the model mesh 

for FEA can be derived straight from the voxel data of the 3D-image as Teichmann et al. 

(2020) point out in their study of utilizing FEA. 
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5  CONCLUSIONS 

Previous research on the main- and sub-topics was not hard to find, but as some of it is still 

relatively new it isn’t plentiful for every topic. Research on FEA for example was limited 

but of good quality and research on the welding processes was easy to find, but it made it 

harder to find more recent publication on current findings about the more basic principles on 

it. 

The objective of this thesis was to research the current state of utilizing CT scanning with 

aluminium in welding and AM with the goal of being able to have the whole process 

concisely explained in one research. On top of this the possibility to conduct a FEA 

simulation utilizing a 3D-model based on the 3D-image of a CT scan was researched. The 

research was limited to a literature review with no new experimental work or research. These 

limitations combined with the outline of the structure as a bachelor’s thesis led to a 

requirement to not dive too deep in the topics at hand. This leaves room for future research 

to be more comprehensive and the option to give a more profound explanation on some 

topics, as this thesis is meant to give a basic understanding on them.  
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