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Abstract 

 
Computed Tomography (CT) is becoming an increasingly important technique for 

quality control of additive manufactured (3D printed) parts. Complex AM parts with 

a variety of inner structures, require additional, more precise testing methods to 

detect smallest defects in µm scales and to ensure the reproducibility of the part. 

This paper will demonstrate how CT contributes to the quality control of additive 

manufactured parts and how it improves the entire processing chain. 

Additive manufacturing (AM) is one of the most revolutionary processes in 

recent years, making a dramatic impact on the industrial market. Also known as 3D 

printing, AM is a manufacturing technique that builds objects layer by layer. The 

materials range from polymers and metals to composites and multi-materials. This 

fast-evolving technology is increasingly adopted by many industries and allows 

completely new product designs and functionalities. However, the more complex 

the design, the more challenging the quality control will become.  

Many additive manufacturers and designers have relied on industrial 

computed tomography (CT) as non-destructive testing (NDT) method for quality 

assurance throughout the R&D and production processes. The 3D volumetric 

density map that is produced from a high number of 2D X-ray projections, allows 

insight into the type and location of defects in an AM part and thus assesses the 

quality of the part. In addition, R&D engineers also use CT as tool for the 

optimization of the production process, i.e. to ensure the stability of the process 

parameters and the consistency of the part quality. CT provides valuable 

information about the design, the raw materials, critical defects and the verification 

of geometric parameters.  

In this paper several application examples from different industries will be 

discussed to show challenges, problems and typical defects throughout the AM 

production. It will demonstrate how industrial CT can contribute to the 

improvement of the AM processes with regard to analysis and inspection for quality 

assurance, metrology and process optimization. 
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The Future of Manufacturing: Industry 4.0 

 

Additive Manufacturing (AM) is one of the key technologies with the potential of 

revolutionizing the current manufacturing processes as it allows individualization and 

customization of products. This will bring a shift from mass production to single-item 

production, and from centralized production to local on-the-spot production. AM allows 

new designs and additional functionality of products which are currently not possible with 

existing constructions and manufacturing techniques. 

 

1. Additive Manufacturing – A Growing Industry 
 

Starting out mainly as a prototyping technology, additive manufacturing has gained 

tremendous momentum for use in industrial applications during the last 5 years. 

Conventional manufacturing techniques can produce a great variety of shapes and designs, 

however, designers are bound to predetermined patterns by production constraints, 

moulding forms and/or material behaviour. Additive Manufacturing can overcome this and 

take design and production to the next level.  

 One of the greatest benefits is of AM is the combination of different methods, 

materials, forms, shapes and properties resulting in parts with higher complexity and new 

product features. For example, shapes with a scooped out or hollow center can be produced 

as a single piece, without the need to weld or bond individual components together. Also, 

weight can be reduced by internal structural design changes with the advantage of being 

stronger. The hip cup as in Fig.1 is an example from the medical field and shows a novel 

design of an implant that is impossible to produce when using conventional precision 

casting. AM allows the exact fit of such cups in the size and shape to a person’s individual 
hip and thus generates the most precise match prior to an operation. The rough surface with 

specific grid structures serve for better in-growth results and to avoid rejection reactions. 

 
 

Fig.1 Additive manufacturing offers new levels of individualization and complexity. Here: hip  

cup implant (medicine) and possible surface grid structures, © AMPower GmbH & Co. KG 
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2. CT Technology as quality inspection tool in the AM Process Chain 

 

While AM has opened up more freedom to product designers, the inspection methods have 

to be adapted to the new constructions as well. Little is yet understood what defects can 

occur in an AM manufactured parts and about the root cause of such effects. NDT 

techniques, and among them particularly CT, seems to be an efficient tool to uncover them, 

thus providing an indication on what went wrong in the manufacturing process. The easy 

insight into the inner structures of a part makes it a particularly useful method.  

 

 

2.1 Powder Analysis 

 

Like in any other production process the individual steps along the AM process include 

upstream, in-situ and downstream processes and have to be closely monitored. Various 

techniques are already applied for in-situ monitoring, mainly as integral or optional part of 

commercially available 3D printers. For upstream and downstream processes CT is a 

beneficial tool which provides valuable insights. Prior to the actual printing the analysis of 

the base AM materials (i.e. powder, granulate, filament) is essential as little variances in 

properties can have a huge effects or even ruin the printed results. CT, for example, 

provides information on metal powder, i.e. internal porosity (open or closed), particle 

morphology (volume, surface area, sphericity) and the presence of impurities. 

 

 

 

 
  

Fig.2. Powder analysis with CT for particle morphology, porosity and  

presence of impurities.© Stellenbosch University 

 
 

 

2.2 CT as Quality Assurance Tool 

 

More widely CT is used as part of the AM downstream processes where it helps to ensure 

the quality of printed parts. Typical defects include porosity, lack of fusion, balling, 

excessive surface roughness or micro-structural issues that can be easily detected with CT. 

Other challenges such as density variation, embedded features, organic part design, 

dissimilar metals or materials and surface finishes are also addressed with CT within a 
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relatively short amount of time. Detecting errors inside an object without destroying it (i.e. 

in a metallographical analysis) is an essential benefit of this technique.  

Fig.3 shows an AM demonstrator that was produced to uncover typical quality 

issues and this way allows conclusions on the printing process. In this part inside channels 

were printed and their shape was inspected with CT. In this example, cracks have formed 

between the channels due to residual stress during the 3D printing process. These cracks 

might lead to part failure when exposed to high pressure fluid or gas. Another defect is the 

residue powder in the inner channels of this part resulting in congestions (grey areas) and 

could be a reason for reduced flow capacity or complete blockage. 

 

 

 
 

Fig.3 AM-demonstrator. CT detected cracks in the channels that formed due to  

residual stress during 3D printing. © Fraunhofer IWS / AGENT – 3D e.V. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 AM-demonstrator. CT detected powder residue inside the channel that might prevent  

continuous liquid or gas flow. © Fraunhofer IWS / AGENT – 3D e.V. 

 

 

 

2.3 CT as tool for measurements 

 

Based on the CT reconstruction images it is possible to conduct precise measurements of 

internal structures which is an additional benefit for quality assurance in additive 

manufacturing. The helicopter bell crank, for example, was designed based on bionic 

principles with the goal to reduce the weight of the original part while increasing torsional 

and bending stiffness. X-ray and CT helped to investigate the coaxiality and symmetry of 

this part thus ensuring the reproducibility. CT was used to look for typical defects that can 

occur during the printing process. A comparison of a CAD model with CT data allows 

additional information, such as the location of possible deviations. Due to the new bionic 

design, the weight of the bell crank was reduced by 35% and answers the requirements of 

the aerospace industry for stronger, but lighter materials. 
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Fig.5. and Fig.6. Conventional and additively manufactured helicopter bell crank 

(optimized by bionic design) - 35% saving in weight, © Fraunhofer IAPT 

 

 

2.4 CT and optimization of the AM process 

 

Not all aspects of additive manufacturing are fully understood yet, therefore researchers are 

trying to identify critical factors in the printing process and their effects on the printed 

parts. Industrial CT helps to determine such relationship and allows conclusions on the 

manufacturing process. In this example CT detected the accumulation of porosities at a 

constant distance from the rim of the printed structures (around the channels and close to 

the part borders). Researchers are investigating these effects and trying to correlate them 

with the printing parameters. Limiting or avoiding such errors will optimize the printing 

process resulting in reduced risk, cost, and manufacturing time. The CT scan data help to 

predict specific effects based on their images and allow a fast and easy feedback to increase 

productivity. 

 

 

 

 

 

 

 

 

 
Fig. 7 AM-demonstrator. CT detected porosities at constant distances around channels and  

close to  part borders. © Fraunhofer IWS / AGENT – 3D e.V. 

 

 

 

 

 

 

 

  

Fig.5. Bell Crank:  

conventional design 

Fig. 6. Bell Crank:  

bionic design 



6 

3. Conclusion 

 

Computed Tomography (CT) is a useful NDT method for the investigation of additive 

manufactured parts. Complex inner structures resulting from new design possibilities can 

be easily detected and measured with CT. Typical errors in the printing process include 

porosities, lack of fusion and balling effects. CT also allows conclusion on the 

manufacturing process by identifying critical factors in the printing process. 

X-ray CT offers many benefits for quality control of 3D printed parts, among them 

routines of defect recognition, CAD (target-actual) comparisons and analyses of raw 

materials. It also provides feedback on possible erroneous printing parameters and 

contributes to faster development processes for new AM parts and their properties. 

 

 


