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Introduction 

The root cause of White Etching Crack (WEC) formation dominant in SAE 52100 and SAE 
4320 bearing steel is unknown by now. Despite the ongoing debate, there is a great interest 
to detect WEC in an early state of formation in order to install predictive and reactive 
maintenance particularly for remote locations, e.g. offshore wind energy plants. Magnetic 
Barkhausen noise (MBN) and high-frequency impulse measurements (HFIM) show a great 
potential to detect WEC at an early state [1][2]. 

WEC is created on test rigs, such as FE8 (DIN 51819) under special conditions concerning 
load, speed and by use of special lubricants and axial cylindrical roller bearings. By changing 
the lubricant, WEC is either provoked (low reference condition) or suppressed (high reference 
condition). Low reference test conditions are created by use of a poly-a-olefine based oil, with 
additives based on corrosion preservatives and zinc alkyl dithiophosphates as anti-wear 
additives. The high reference oil does not contain such additives. Standard condition 
monitoring uses an acceleration sensor to detect pittings, and thermocouples to detect friction. 
However WEC formation is detected too late in this case and hence not suitable for a predictive 
reactive maintenance. Due to this fact, the need for WEC detection ends up in the demand for 
installing other detection techniques. In this study, MBN was used to detect WEC formation 
after several hours test rig run as a post-process method. HFIM was used as an in-process 
measurement while test rig runs. 

Main Body 

MBN´s indicators correlate with mechanical properties. MBN can be described as the 
movement of Bloch walls in an outer magnetic field. Bloch walls are also known as the frontiers 
of a magnetic domain (Weiss domain) and separates two magnetic domains from each other. 
At lattice defects, e.g. non-metallic inclusions, segregations or cracks, Bloch walls are pinned 
and tear itself away at higher outer magnetic field strength. The magnetic moment of a 
magnetic domain flips abruptly. The mechanical hardness correlates with the coercive force 
and residual stress state with the root mean square (RMS) of the Barkhausen noise amplitude. 
Figure 1 shows the correlation between mechanical properties and magnetic indicators on the 
basis of the magnetic hysteresis. 

  

Fig. 1: Magnetic hysteresis for different hard materials (left) and tensile-compression residual 
stresses (right) 



HFIM measurement is an ultrafast data recording system based on detecting acoustic 
emissions. Structural changes, e.g. cracks, lead to a solid state body ultrasonic wave which 
can be detected via piezo sensor. The signals are calculated using a short time Fourier 
transformation to fragment the signal into spectra and visualize them as a cascade diagram. 
On the x- and y-axes the time (µs) and the frequency (kHz) are shown respectively. Z-axis 
represents the amplitude level of the acoustic pressure or acoustic energy. With the adjustable 
monitoring tool, it is possible to monitor specific frequency ranges for limited signal increases, 
so that dynamic processes can be reliably detected and visualized. Figure 2 shows a cascade 
diagram of a high reference test. 

 

 

Fig. 2: Cascade diagram of high frequency impulse measurement of a high reference test 

The material behavior in the low reference test with WEC formation is very different from the 
high reference test. These differences can be seen in figure 3. In the low reference test, the 
coercive force decreases from about 2.30 V to 2.10 V after 36 hours for the position 180° 
upwards. The RMS value remains at a nearly constant level between 1.50 Vs and 2.00 Vs. In 
the high reference test, the coercive force decreases after 36 hours from about 2.35 V to 2.15 
V for the position 0° to 135° with an increase of the RMS value for this position range. 
Otherwise the RMS value remains under the values of new condition between 1.50 Vs to 0.90 
Vs. 

WEC formation leads to transformation from martensite to ferrite. Ferrite is easier to magnetize, 
so that the coercive force decreases strongly after 36 hours. The stress of the bearing causes 
build-up of subsurface residual stresses. These residual stresses influence the elastic strain 
of carbides, and the carbides collapse at the core of WEC formation as a consequence. That 
seems to be the reason why the RMS value remains on the same level and the coercive force 
decreases. The high reference test describes material behavior under fatigue loading. 

 

  



  

Fig. 3:Comparsion of the Barkhausen noise measurement between low reference test (left) 
and high reference test (right) 

Figure 4 illustrates the results of the energy monitoring for individual frequency bands of HFIM. 
For the first 1,700 min (28 h), the bearing runs with no anomalous signal. After 1,800 min (30 
h) the energy intensity of the signal increases in the observed energy bands. The signal 
reaches a maximum and breaks down immediately. The measurement of the HFIM sensor 
signals are 10 h earlier compared to acceleration sensor of the test rig. 

 

 

Fig. 4: Diagram of the energy observing module of the high frequency impulse 
measurement 

 

In the signals maxima, the cascade diagram reveals a subsurface defect as a bulge of the 
surface caused by WEC, as seen in figure 5. The signal shows a typical periodic behavior 
when roller bearing elements overrun a surface damage. In this case, no surface damage 
could be detected by optical inspection, and also the acceleration sensor detects no surface 
damage. The signal vanished at the same time when the signal of the energy monitoring broke 
down. 



 

Fig. 5: Cascade diagram of subsurface damage as a WEC caused bulk 
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