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Problem

Components manufactured by the Powder Metallurgy (PM) 
and Metal Injection Moulding (MIM) processes are employed 
in several industry sectors.

The powder metallurgy process, by nature, is suited to high 
volume production. Therefore, any flaws/defects (hidden 
cracks or voids near the part’s surface) in the parts can have 
a significant impact on the production output. Depending 
on the component’s critical function, for some applications, 
this can have drastic consequences such as accidents and 
entire equipment failure.

Therefore, there is a need for an inspection technology that 
is adaptable to the higher production volume environment 
for in-line real time quality monitoring, in order to reduce 
production’s costs and downtime and for replacing the need 
of end-of-line destructive testing.

Solution
 
AutoInspect is an R&D project where a consortium of 
European companies and institutes have developed a 
digital radiographic system for online inspection of powder 
metallurgy and metal injection moulding parts, both in the 
sintered and green state. This technique allows fast inspection 
and application of image processing technique for detection 
of small cracks, flaws and density variations in-line, at the 
speed of parts production. The proposed system detects 
single good/bad part, which is much more economically 
demanding solution than to separate good/bad batches.

Features

• A digital radiography inspection technique which is 
able to inspect powder metallurgy parts in seconds. 
This is considerably faster than any current manual 
part inspection process. 

• Embedded time delay integration (TDI) linear X-ray 
detectors that allow the supply conveyor to run 
continuously, while a row of parts is simultaneously 
scanned. The TDI technique creates very low noise 
X-ray images with resolution up to 10μm pixel size, 
depending on X-ray set-up magnification.

• Dedicated image analysis algorithm for the automatic 
detection of defects recognition with pre/post 
processing and an enhancement algorithm is used to 
sentence good/bad components.

40-60μm thin crack X-ray 
image scanned by the TDI 
detector and a minifocus 
X-ray source at 90kV/2mA

A specially designed reference sample cracked before 
being sintered is presented in the figure where a very 
thin crack of around 40-60μm is clearly visible. 

• Crack Inspection 1

The figure ‘a’ shows a sintered part X-ray image 
acquired in a different set-up, based on using an 
X-ray flat panel detector at 90kV/150µA X-ray source 
parameters. Images ‘b’ and ‘c’ show the lateral 
and front magnified images obtained with a visual 
microscope. It can be seen that the X-ray image 
reveals the crack details that can be also seen with 
the microscope. It should be noted that some smaller 
flaws are not visible in the magnified visual image.

• Crack Inspection 2

 

                               

   

a) Lateral X-ray b) Lateral Visual c) Front Visual 

Sintered part X-ray lateral view compared with magnified visual 
microscope images

• Density Inspection
The figures below show the acquired X-ray images 
with the TDI detector for two different density 
samples and demonstrate that the pixels intensity 
values vary according to the material density. This 
shows that the PM part densities could be measured 
in-line by calibrating the system with many samples 
having known densities (reference samples). Thus, 
is possible to compute the exact function between 
radiation intensity and density and so to measure 
the local density (for example, in wheel teeth 
only) of the parts with an accuracy of around 1%.

AutoInspect concept

The AutoInspect radiography setup 

The system contains a component feeding 
stage, an X-ray collimator control mechanism for 
minimising the X-ray beam, and a radiation shielding 
cabinet for safe use in an industrial environment.
Two TDI linear X-ray detectors are used for acquiring 
two orthogonal images of the parts, equally visualizing 
parts sides for discovering normally hidden or 
overlapped defects. TDI is a method of inspection 
in which a detector produces a continuous video 
image of a moving object by means of a stack of 
linear arrays. By synchronising the data transfer 
timing with the movement of the object, the signal 
is integrated without image smear. As a result, TDI 
provides higher sensitivity and less noisy images 
compared to standard line scan detectors. It is an 
ideal technology for high throughput X-ray applications 
that require high sensitivity and high resolution.

 
 

a) Sample PC 2-136.18g/cm3 

 
b) Sample PC 8-13 7.33g/cm3 

  
Density variations on one of the samples scanned by the TDI X-ray 
detector


