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QASS crack detection with Optimizer4D

What is Optimizer4D?
Optimizer4D is a Measuring computer which automatically detects cracks that 
can occur inside of work pieces or components during mechanical transforming 
processes like bending and straightening. 

One of the biggest strengths of Optimizer4D is crack detection during bending 
and straightening of steel shafts, like gear shafts. Exceptions and features of 
many production processes have been taken into account while designing and 
building this measuring system. Optimizer4D detects cracks in the very moment 
they occur. Subsequent crack detection, after completion of production process, 
is not possible by now.

Thousands of steel shafts or gear shafts have to be scrapped every day in the 
automotive industry, because they didn’t withstand the high strain during 
bending and straightening. On the other hand, there is a risk of missing a cracked 
shaft while rejecting faulty shafts – and installing this shaft into a gearbox. Just 
because a crack or a fault wasn’t recognized. Optimizer4D reliably detects these 
cracks.

Advantages of Optimizer4D
Optimizer delivers improvements on four sectors:

•	 Reliable rejection of faulty components.
•	 Delivery of information which helps to optimize the production process 
and to minimize rejection rate.
•	 Substantial increase of crack detection reliability, compared to conventio-
nal crack detection systems.
•	 Considerably reduction of false reject rate (components that are okay after 
production process but got mistakenly marked as faulty).

Contrary to conventional process monitoring systems, Optimizer4D comes with 
new and exclusive features:

•	 Measuring data is depicted on three axes – time, amplitude and frequency, 
rather than only time and amplitude.

Image 1: Optimizer4D in its version for control 
cabinets. 

Image 2: Steel shaft loaded into a bending and 
straightening machine. 



QASS crack detection with Optimizer4D

2 / 3

1 2

3

•	 Measuring itself is adapted to respective type of component and machine.
•	 Complex self-test routines check availability.
•	 Storing of complete measuring data for subsequent analysis.  
•	 Possibility to store measuring data in a compressed format. 
•	 Statistical evaluation.
•	 Ease of use by automatically adjustment of many preferences.  

How does Optimizer4D detect the cracks?
During bending and straightening, a considerable amount of energy gets deli-
vered on- and into the component. During this procedure, cracks can occur, which 
arise suddenly. In most cases, they emit impulse-like energy while they open up. 
If a crack occurs, there is a crackling sound, usually inaudible. Sound waves travel 
through steel, like pressure waves. Actually, steel transfers acoustic emission 
much better than air.  
Optimizer4D detects these impulses with it’s tailor-made piezo-ceramic sensors. 
The measuring device depicts these high frequency impulse measuring data on 
a three-dimensional diagram on the axes time, frequency and amplitude. 
Cracks emit characteristic signals which are, after filtering and editing by Opti-
mizer4D, easily distinguishable from background or machine noises, due to their 
form: Crack signals expand over a broadband frequency range, ranging from 
lower and audible signals of about 20 kHz up to extremely high frequency ranges 
of about 1,5 MHz. The length of a crack signal seldom exceeds 20 ms.

Where are the sensors mounted?
Directly to the straightening rams. As close as possible to the component. For 
every straightening ram one sensor is needed. Most bending and straightening 
machines operate with a single ram.

Does a independent evaluation of Optimizer4D exist?
Since many years, QASS crack detection is used by all european gearbox produ-
cing companies to detect cracks during bending and straightening of steel shafts. 
The same is true for nearly all considerabla european and american automobile 
companies and suppliers. Besides, many universities, institutes for scientific re-
searches and universities of applied sciences use Optimizer4D for scientific pur-
poses. For example: Karlsruhe Institute of Technology (KIT), University of applied 
Sciences Suedwestfalen, Institute of machining technology (ISF) Dortmund and 
the Faculty of Mechanical Engineering, department of Materials Test Engineering 
(WPT), of Technical University Dortmund. 

Image 3: Schematic depiction of a bending and 
straightening process. Loaded gear shaft that is 
not getting bent.
(1) Straightening ram
(2) Steel shaft
(3) Cradle that holds the steel shaft

Image 4: Steel shaft while getting bent. Cracks 
occur at the side of the shaft that lies on the 
opposite of the straightening ram. 

Image 5: Optimizer4D acoustic emission sensor 
with an M5 thread. 
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What is the difference between Optimizer4D and other 
crack detection systems?
Many conventional crack detection systems look for cracks by analyzing acoustic 
emission. They depict the measuring data on only two axes – time and amplitu-
de. Optimizer4D expands this by adding a third axis: frequency. By this, Optimi-
zer4D is able to detect cracks that otherwise would be hidden in machine noise. 
Optimizer4D, in it’s implementation as CiS.02, is the ideal follow-up for the QASS 
CiS.01 crack detection system, which is very successful all over the world, since 
years. 

Which signals show real cracks? How does Optimizer4D 
separate good components from faulty ones?
Depiction of measuring data by Optimizer4D is many-faceted and complex. Actu-
ally, crack detection is much easier as it appears. Either the component is cracked 
due to bending and straightening or not. If a crack occurred, Optimizer4D has to 
make sure to detect and report the crack. If there was no crack at all, Optimizer4D 
must not detect a false crack signal and must not report a crack. The measuring 
device must be adjusted to each and every bending and straightening process. 
Thresholds for crack signals and noise suppression may vary from machine to 
machine or from type of component to type of component. 

Detect real reject
Cracks deliver a characteristic signal. Their start is most abrupt and sudden, they 
are broadband, gentle decreasing in the lower frequencies while fast decreasing 
at the higher frequencies. Optimizer4D is able to automatically detect these spe-
cific kind of signals, due to a highly sophisticated analysis software. With its high 
sensitivity, even smallest cracks are detected. It makes no difference whether the 
cracks are visible at the surface of the component or not.  

Avoid false reject
There are signals which look like crack signals but are actually no real crack 
signals. They origin from work noises of the machine. Optimizer4D makes it easy 
to suppress background and machine noise. Signals that emit at the wrong point 
of time, inside of a wrong frequency range or that come in a wrong shape are 
identified as noise and not mistakenly identified as cracks. 

Image 6: Signals of a bending and straightening 
process without cracks. At the lower frequency 
range, work noises of the machine are depicted, 
like the touchdown of the straightening ram. 
Without frequency analysis, these signals easily 
could get misinterpreted as crack signals. 

Image 7: Signals of another bending and straigh-
tening process from the same machine as in 
Image 6. The yellow marked area shows a crack 
signal, which is visible at the higher frequency 
ranges. Without frequency analysis, this crack 
signal would hide behind the work noises of the 
machine.

Image 8: Axes of Optimizer4D-Diagram. 


