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Abstract 

The demand of metallic parts produced by Additive 

Manufacturing (AM) is continuously growing in aerospace 

industry. X-Ray Computed Tomography (CT) has been 

established as preferable Non Destructive Testing (NDT) 

method for validating flight components. This technique 

shows as the most reliable solution for the inspection of 

complex geometries (e.g. topology optimized parts, lattice 

structures, etc.) for both the analysis of dimensional 

accuracy and verifying the internal condition of the fuse 

material and its indications/defects (voids, cracks, lack of 

fusion, inclusions, etc.). 

On the other hand, validation of flight components by 

Computed Tomography use to be performed in the final 

stage of the manufacturing route which involve different 

sub-processes such as part extraction of the building plate, 

heat treatments, interface machining, surface post-

processing, etc. In this context, Non-destructive testing 

based on Digital Radiography just after part fabrication 

could help to detect not acceptable indications in an early 

stage, avoiding costs related with post processing in a not 

valid component. 

This work presents results of detection of non-acceptable 

indications on an early stage of the manufacturing route 

using industrial radiography. Tests are performed in both, 

control samples and components with different geometries. 

Even more, inspection results of samples with induced 

defects (typical from metal additive manufacturing 

processes) are presented for helping in the evaluation of the 

indications. Also, CT results are studied as input of the 

process regarding raw material inclusions analysis, settings 

of the manufacturing parameters, development of controlled 

porosity and dimensional deviation analysis related with 

thermal shrinking during the manufacturing stage. 

1. Introduction

CT has become the most suitable technique for the detection 

of inner flaws in AM metallic parts where cracks and voids 

are the most common defectology. Moreover, AM allows 

the use of methodologies such as topology optimization to 

design more efficient components (functional and mass 

[1, 2]). X-Ray Computed Tomography is positioned as one 

of the most effective and flexible method [3] to validate the 

quality of the material but also to evaluate the dimensions of 

AM components. In this context, this work presents how CT 

dimensional analysis could also help in an early stage of the 

manufacturing process in both dimensional (thermal 

shrinking) and material quality (raw material, manufacturing 

parameters definition, etc.). 

On the other hand, digital radiography (DR) could be more 

competitive than CT inspections in processes with 

Pass/NoPass criteria [4]. In this context, this work shows the 

importance of this method not only in an early stage of the 

manufacturing root by using batch control samples, but also 

as a NDI of a component by using an Image Quality 

Indicator (IQI) manufactured with the same characteristic 

(density and thicknesses) that the element under study. 

2. Experimental Method

DR and CT inspections have been performed with a X-ray 

computed tomography system model “VJT-225 μ-CT” 

manufactured by VJ Technologies, with the following 

technical characteristics: X-Ray tube 225KV @ 3 mA, 

320W, GE 2,048x2,048pixels, shielded vault of 

4,000x3,032x2,827mm
3
 (lwh), VGStudio software for 

reconstruction. Manufacturing of the samples have been 

carried out with 2 different RENISHAW platforms (AM250 

and RenAM 500M). 5 different tests have been performed in 

this work: 

2.1. Test A 

3 cubes (10x10x10mm
3
) were manufactured in Ti6Al4V 

with controlled manufacturing parameter related with energy 

density (Figure 1: laser power, laser exposure time, laser 

hatch distance, point distance, etc). Although, 4 rectangular 

section bars (5x5x50mm
3
) were manufactured in Ti64 with 

different border parameters (Figure 1). The objective of 

these tests is to reach high density sample during the set-up 

of the manufacturing parameters. 
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Figure 1: Schematic view of AM laser parameters 

 

2.2. Test B 

3 Rectangular section bars (5x5x150mm
3
) were 

manufactured in Ti6Al4V (Figure 2). Some manufacturing 

anomalies were induced during the construction of the 

samples, such as oxygen exceed, saturation of the filter 

system, powder with high percent of humidity, pause of the 

manufacturing built, etc. 

 

Figure 2: Schematic view of AM batch control sample 

 

2.3. Test C 

Sample manufactured in Ti6Al4V with 36 narrow notches 

representative of cracks and 3 different thicknesses (5, 5.8 

and 6.2mm; same thicknesses than component under study). 

The objective of this study is to obtain an approximation for 

detecting cracks in a real component. 

 

Figure 3: Schematic view of IQI for DR 

2.4. Test D 

30 grams of Aluminum (Scalmalloy®) metallic powder was 

analyzed in this test (Figure 4). Several CT inspections were 

performed looking for inclusion in other to establish powder 

reception acceptance criteria. 

 
Figure 4: Image of studied metallic powder 

 

2.5. Test E 

Connector HRM (Hold Down & Release Mechanism) 

redesigned with lattice structure and manufactured in 

Scalmalloy® (Figure 5). Iterative process between NDI and 

manufacturing process was carried out in this test in order to 

solve geometrical deviation related with manufacturing 

shrinking factor. 

 
Figure 5: View of HRM connector 

 

3. Results 

3.1. Test A 

Figure 6 (top) shows the tomographic results obtained after 

an iteration process by changing the processing laser 

parameters for Ti64, achieving in this way different alloy 

densities. Porosity values from 0.2% are observable by using 

CT in alloy system with optimized parameters. 

Figure 6 (down) shows different cross section by changing 

the border distance (BD). It can be observed the influence of 

this parameter on the void content close to the surface. The 

results of this study show that no big differences appear 

between 0.04 and 0.02mm. 
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Figure 6: CT results obtained by improving (top) density 

energy AM parameters and (down) border distance. 

 

3.2. Test B 

Figure 7 present DR results of test samples with some 

manufacturing anomalies. It can be observed how porosity 

content increases while the filter system is saturated (Figure 

7, right). Also, in the middle sample, a system pause of 6 

hours in the manufacturing process causes a lack of fusion. 

Finally, on the right sample, inclusions (white) and 

unexpected porosity (dark gray) are detected while using 

bad powder quality. 

 

Figure 7: DR results obtained when inducing (left) 

obstruction of the filter system, (middle) pause of the 

manufacturing process and (right) bad powder quality 

3.3. Test C 

Three different thicknesses can be observed in the 

radiography below (Figure 8: E1, E2 E3). Comparing both 

images, the crack detected in real component (Figure 8 

right) has 0.20 mm wide (T indication in Figure 8 left). 

 

Figure 8: DR results obtained in (left) IQI and (right) 

component with real crack 

 

3.4. Test D 

In the image below it can be observed an inclusion analysis 

performed in metallic powder (AM raw material). The 

results show that 80% of the inclusions are below 100µm in 

diameter and also that the total inclusion volume is 0.075 

mm
3
. 

 
Figure 9: (top) 3D representation and (down) cross section 

of the inclusion analysis. 
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3.5. Test E 

Figure 10 left presents the deviation between de 

manufacturing component and the nominal CAD (red line) 

caused by the thermal shrinking. Figure 10 (right) shows 

how this deviation is absorbed after applying a 1.035 

shrinking factor. 

 

Figure 10: CT cross section (left) before and (right) after 

shrinking correction. 

 

4. Conclusion 

Thanks to the possibilities that computed tomography 

offered and its flexibility, it has been possible to analyzed 

different steps of Additive Manufacturing process. This 

technique has contributed to define AM raw material 

acceptance criteria in terms of inclusion detectability, to set 

geometrical deviation correction factor, but also can be used 

as input of the AM parameter definition. 

On the other hand, Digital Radiography is capable of 

detecting anomalies coming for the manufacturing process. 

For instance it would be possible to locate along the height 

of the sample (and therefore in the manufacturing batch) 

void concentration lines related with manufacturing issues 

(e.g. poor filtering system capability) and correlate with the 

affected component. This inspection is performed directly 

after part fabrication and therefore the impact on the time 

schedule can be minimized. Although DR is a qualitative 

technique, it can be used as an approximation of crack 

dimensioning when using an IQI with similar characteristic 

of the component under study. 
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