
 

19th World Conference on Non-Destructive Testing 2016 
 

 

 1 
License: http://creativecommons.org/licenses/by-nd/3.0/ 

Inline Production Monitoring by Cascading 
Radiographic and Computed Tomography Techniques 

Thomas STOCKER 1, Steven OECKL 1, Markus EBERHORN 1 
1 Fraunhofer-Entwicklungszentrum Röntgentechnik EZRT, 

Flugplatzstr. 75, 90762 Fürth, Germany 

Contact e-mail: thomas.stocker@iis.fraunhofer.de 

Abstract. The application of inline computed tomography (CT) systems for 
production monitoring, e.g. for inspecting cast automotive chassis parts or light 
alloy wheels, is still not common although there are many benefits compared to 
standard two dimensional (2D) radiographic inspection methods. The complete three 
dimensional (3D) volume of a part provides information whether a defect is in a 3D 
quality region which is usually represented as a CAD model. Defects in regions that 
are machined in a subsequent production stage can be ignored and overall rejects 
can be decreased. Exact information about location and dimension of defects in parts 
can be used for statistical evaluation and feedback to optimize the production 
process. Additional tasks like 3D measurement of inner structures can also be 
processed.  
 The main reason why inline CT systems still do not replace 2D systems is the 
comparatively long inspection time for one part. Fraunhofer EZRT therefore 
developed a cascading approach and combines 2D and 3D inspection methods so 
that not all parts have to be examined with inline CT. With this approach the 
additional 3D volume information is acquired only when necessary to optimize 
production processes and to reduce rejections. The advantages of both techniques 
take effect: fast inspection of parts with 2D radiography and complete 3D volume 
information with CT. 
 The performance of the approach is shown by means of real data of light alloy 
parts and is compared with established standard methods. 

1. Introduction 

Computed tomography (CT) systems are increasingly applied in casting industry [1]. The 
main applications of those systems are examination of prototypes and sample inspection. 
The usage of CT systems for 100 % inline inspection is still rare. The reason for this is that 
at the moment the major suppliers for CT systems have no product that meets the 
challenging requirements for inline inspection. To understand the challenge we have to 
define what is meant by inline inspection. 

Table 1. Characteristics of laboratory and inline CT systems 

 Laboratory Inline 
Speed low high 
Variety of objects large small 
Manual data analysis yes no 
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1.1. Definition Automatic Inline Inspection 

A real inline inspection of a part requires the inspection of all produced parts. From this it 
follows that the inspection output must be at least as high as the production output. The 
typical required cycle time for machines inspecting large casting parts, such as light alloy 
wheels, cylinder heads or engine blocks is 20 to 60 seconds. Smaller parts like pistons or 
knuckles must be inspected within 5 to 20 seconds. 
The second main requirement is a fully automatic evaluation that results in a good-bad 
decision without any user interaction. The main challenge for this requirement is a very low 
false rejection rate. 

1.2. Definition Production Monitoring 

The term production monitoring is going beyond the task of making a simple good or bad 
decision for parts. It means additionally analyzing the inspection data for more tasks. This 
includes statistical evaluation and identification of trends, reporting variation of quality to 
production and at most an automated feedback control of production to prevent rejects. The 
aim of production monitoring is to provide a constant high production quality that leads to a 
significant reduction of rejects. 
 

 
Fig. 1. Feedback loop to production 

 

1.3. Comparison of Digital Radiographic (DR) and CT Inspection 

The inspection of a part with 2D radiography is usually performed with few projections. A 
CT scan is made with far more projections, typically by rotating the part 360°. Therefore a 
CT scan is much more time consuming. Due to the fact that for a normal CT scan the parts 
width has to fit in the size of the detector, the size of the object is an important limitation 
using CT technology for inline inspection. There are options like region of interest CT or 
measuring field extension to solve this, but these methods have other limitations. Beside of 
this, analyzing CT data has a lot of advantages compared to 2D data. Automatic defect 
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recognition (ADR) can be done in a 3D space which results in better characterization of the 
defects and 3D quality zones that derive from CAD data are possible. Also dimensional 
measurement tasks can be processed. 

Table 2. Comparison of DR and CT inspection (++ very good, + good, O okay, - bad, -- very bad) 

 DR CT 
Inspection speed ++ O 
Automatic defect recognition + + 
Variation of objects + - 
Defect features - + 
False rejection rate + ++ 
Quality zones O + 
Dimensional measurement - + 

2. Examples for Current Solutions 

2.1. Wheel Inspection with 2D Radiography (HeiDetect Wheel Robot) 

The HeiDetect Wheel Robot machine of Erhardt + Abt is one of the latest developed 
solutions for fully automatic light alloy wheel inspection with 2D radiography. The parts 
are manipulated in the X-ray beam by a robot which provides a high flexibility for 
inspection positions. The detector is a XEye 4020 which was developed by Fraunhofer 
EZRT. Long lifetime and stable image quality are the key features of the XEye detector. 
These features provide a great benefit especially for inline inspection. Also the Fraunhofer 
EZRT automatic defect recognition software ISAR is included. 
In a typical wheel production plant several wheel inspection systems are needed to process 
the whole production output. Other wheel inspection systems require the adaption of 
inspection programs for each single machine. With the combination of the stable image 
quality, calibrated manipulation system and the software solution ISAR only one single 
inspection program per wheel is used in all machines of one customer for inspection. This 
saves a lot of time to set up the programs and enables the customer to focus on the 
optimization of the programs to reduce the false rejection rate. 
 

 
Fig. 2. Wheel inspection system HeiDetect Wheel Robot 
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2.2. Piston Inspection with Inline CT 

Fraunhofer EZRT and Zeiss realized an inline CT system for 100 % inspection of pistons 
[2]. The system is able to inspect pistons in 25 seconds. One advantage of this system 
compared to a 2D system is the use of 3D quality zones. Defects that are detected in areas 
that are machined in a subsequent production stage are not relevant. This is shown in fig. 4. 
Additionally some measurement tasks like location of the cooling gallery and the iron ring 
can be done. These measurements are normally done with other test equipment (e.g. ultra-
sonic).  

 

 
Fig. 4. Cross section of a piston with two defects of the same size. One is not critical because it lies in a 

region that is machined in a subsequent production stage. 

 

Fig. 3. Inline CT system for piston inspection of Zeiss 
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2.3. Chassis Parts Inspection with Inline CT (HeiDetect Inline CT Compact R) 

The HeiDetect Inline CT Compact R is an example for a 3D system that can compete with 
2D systems in any characteristic. The inspection time for smaller chassis parts like shown 
in fig. 4 is about 10 s. The use of the Siemens Megalix Cat Plus X-ray tube with a constant 
output of 2.9 kW combined with new reconstruction algorithms of Fraunhofer EZRT allow 
this short inspection time. A detailed description of the handling concept can be found in 
[3]. 

3. Benefits of Cascading Radiographic and CT Technologies 

3.1. Example 1: Wheel inspection 

The main advantage in testing wheels with 2D radiography is the short inspection time of 
round about 20 seconds per wheel. Also a large variation of parts can easily be handled. 
Anyhow there are some tasks that cannot be processed with a 2D inspection. Usually wheel 
manufacturers have different quality levels in spoke and rim of the wheels. In the junction 
area it is not possible with 2D techniques to distinguish weather defects are in the spoke or 
rim zone. With CT an exact localization of the defects is possible and wheels that comply 
with the quality specification, which is not visible with 2D radiography, can be forwarded 
to next production steps. Another task is to determine the location of small porosities in the 
spoke zone. These anomalies are not relevant in terms of product safety but may have a 
significant effect on the aesthetic appeal of the product when laid open after machining. 
Also this task can only be solved with CT. 

Fig. 5. HeiDetect Inline CT Compact R (left), Example of a 3D analysis of a chassis part (right) 
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To inspect the complete production with inline CT systems would imply a very high 
investment. Scanning a complete wheel with CT is still very time-consuming and therefore 
expensive compared to fast 2D inspection. Our approach is to inspect only wheels with 
inline CT that have certain abnormalities that can be detected with 2D radiography. In 
detail it is even not necessary to scan the whole wheel. A higher resolution scan of the 
region of interest is sufficient. 

3.2. Example 2: Piston inspection 

Although an inspection of pistons with CT has many advantages compared to 2D 
radiography many manufacturers frighten the high costs of the investment in a complete 
new technology for the complete production output. Some of the main benefits of CT can 
also be used with a cascading approach: The reduction of rejects and gaining detailed 
information about defects to optimize the production process. 

Conclusion and outlook 

Inline CT is becoming a good supplement to 2D inspection. For some applications it is 
already established and profitable. Since the change of the inspection method from 2D to 
3D for the complete production is a major investment, a cascading approach combining the 
technologies can be a good way to take benefit out of the 3D technology with a 
comparatively small investment. It is also an option where a complete change to inline CT 
is not efficient like for the wheel inspection. So the advantages of both technologies take 
effect. With 2D radiography all parts are inspected fast and cost effective. The 2D 
rejections are analyzed in detail with CT. The additional information is used to reduce 
rejects and to give the production a better feedback and statistics about the anomalies. The 

Fig. 6. High resolution CT slide of a spoke with porosity on the surface 
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feedback then is used to optimize the production process. Further developments address the 
automatization of the feedback control to get a stable product quality and heading to a 
reject free production. 
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