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When grinding steel parts, the 
surface of the part can "burn" 
if too much heat is applied in 
a short time. Grinding burn 
refers to all those structural 
changes in edge zones of steel 
parts that are caused by grind-
ing processes in steels due to 
the thermal energy introduced. 
Grinding burn can mainly occur 
in the form of tempering zones 
or new hardening zones.

In the meantime, it has become gen-
erally accepted that under economical 
production conditions, the risk of grind-
ing burns may be reduced, but not com-
pletely eliminated. Furthermore, not only 
“severe grinding burn,” in which large 
surface areas are affected, can cause the 
premature failure of components, but 
even small local grinding burn phenom-
ena can have the same consequence. 

The manifestations and conditions for 
the occurrence of grinding burn as well as 
the procedures that can be used for grind-
ing burn testing are detailed and discussed 
in Grinding Burn and Its Testing (Ref. 1). 

Industrial Methods for Grinding 
Burn Testing
Various test methods can be considered 
for grinding burn testing. Industrial pro-
cedures are test methods which, due to 
short test times, allow larger numbers of 
manufactured parts to be tested in a short 
time without destroying them. These 
include the Nital etching method (also 
known as Surface Temper Etching STE), 
eddy current testing (ET), the Barkhausen 
noise method (BHN). The micromagnetic 

3MA method combines several electro-
magnetic procedures as eddy current test-
ing and BHN.

Nital etching (NE) exploits resistance 
to acids, especially dilute nitric acid. 
According to ISO 14 104 and AMS 2649D, 
the testing process is divided into a num-
ber of individual sub-steps: cleaning of 
the parts, the actual etching in aqueous or 
alcoholic nitric acid, and the evaluation of 
the part surface on grinding burn indica-
tors. To enable the grinding burn test to 
be carried out directly on the grinding 
machine, a mobile etching table (Fig. 1) 
was developed.

Up to now, the STE is the only standard-
ized process for grinding burn testing (see 
an overview of the currently applicable 
standards in Ref. 1). STE can be used for a 
wide range of parts made of unalloyed or 
low-alloyed steel. However, strict environ-
mental and health-and-safety regulations 
must be observed because of the use of 
acids. It is also problematic that the evalu-
ation of the etch indications on the part 
surface is currently still carried out exclu-
sively by an inspector. To ensure the reli-
ability and reproducibility of the process, 
reference bodies were developed in which 
artificial grinding burn was generated by 
means of a laser (Fig. 2) (Ref. 2). 

These reference blocks are used very 
successfully by many companies, includ-
ing a number of global acting corpora-
tions, to monitor the NE process.

The electromagnetic test meth-
ods include the Eddy Current (ET) and 
Barkhausen Noise (BNR). They rely on 
the different electrical and magnetic prop-
erties of tempering and re-hardening 

zones and belong to the nondestructive 
testing methods. However, they require 
calibration on parts with defined temper-
ing or re-hardening zones. For this pur-
pose, reference bodies with an artificially 
generated grinding burn can also be used 
(Ref. 1).

For grinding burn testing by means of 
the ET method, surface probes are usu-
ally used. Their magnetic field detects 
only smaller surface areas of the parts 
and thus enables the scanning of surfaces 
and thus also the localization of grinding 
burn. At present, therefore, the differen-
tial probes known for crack detection are 
mainly used for grinding burn testing.

Figures 3 and 4 show examples of the 
inspection of bearing rings applying ET.

Here, by means of a robot, the test 
probe is contactless guided over all func-
tional surfaces of the ring.

The testing machine is CNC-controlled 
so the testing process is automated. The 
test can be performed without contact, 
although the distance between the probe 
and the surface must be kept as constant 
as possible.

The BNR method is based on the gen-
eration of the so-called Barkhausen noise 
during the alternating field magnetiza-
tion of a ferromagnetic material. It is 
generated and registered by means of 
special BHN probes. 

Decisive for the reproducibility of BHN 
measurements is the contact between 
the test probe and the part surface. The 
BHN method is also suitable for testing 
gears (Figure 5). However, the test speed 
is significantly lower than the test speeds 
achievable with eddy current testing.
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Figure 1—Mobile etching table for the Nital etching process. (Source: imq GmbH)
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is increasing demand for mobile test-
ing equipment that  a l lows test-
ing directly on grinding or honing 
machines. Secondly, testing systems will 
be integrated into grinding and honing 
machines. The aim is to carry out the 
grinding burn test immediately after 
grinding in a further work cycle. This 
will allow a faster response to any devia-
tions from the normal process. Finally, 
another development is to apply arti-
ficial intelligence (AI) to evaluate test 
results (Ref. 3).
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Summary and Outlook
At present, STE is still frequently used 
as a laboratory test for random sample 
inspection and in (partially) automated 
systems for 100 percent inspection of 
entire production batches. Particularly 
because of occupational safety and envi-
ronmental issues, there is a trend toward 
using electromagnetic methods in its 
place. However, STE will continue to 
be needed as a reference method for 
electromagnetic methods in the future. 
Mobile test systems are particularly suit-
able for this purpose, with which STE 
can be carried out directly on a grinding 
machine, for example, after a new batch 
has been started up. 

The ET method is currently being 
used very successfully for the grinding 
burn test of rotationally symmetrical or 
similar parts. A particular advantage is 
that high test speeds may be achieved, 
and noncontact testing is possible. The 
BHN method is available for parts with 
gear teeth. 

There are currently three trends in 
electromagnetic methods: First, there 

Figure 2—Comparison body NE Test Set. (Source: 
imq GmbH)

Figure 3—ET testing of a rolling bearing ring. 
(Source: ibg GmbH)

Figure 4—QuaSor E automatic testing machine 
for grinding burn testing of rolling bearing rings: 
General view with feed belt. (Source: imq GmbH)

Figure 5—BHN-Testing of gears. (Source: Stresstech 
GmbH)
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