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Abstract 
The magnetic Barkhausen noise (MBN) is emitted from few micrometres up to several 

millimetres below the surface of the sample depending on the frequency of the 

magnetisation waveform and on the acquisition frequency band of the MBN. 

Additionally, the envelope of the MBN signal can present several peaks when several 

layers of ferromagnetic materials with different magnetic properties are present in the 

analysed region. 

 

In this work, samples with an induction hardened layer and a final grinding process are 

studied. During the grinding, a superficial defect called grinding burn can happen and 

produce a three-layer structure. The upper layer contains the hardened layer affected by 

the grinding burn (which can present softer or harder hardness or more tensile residual 

stresses than samples without grinding burns), the second layer presents the hardened 

layer not affected by the grinding burn and the third layer or core, corresponds to the soft 

material. 

 

MBN envelopes obtained from induction hardened samples with and without grinding 

burns using different magnetisations and acquisition configurations, are analysed. 

Different magnetisation frequencies are applied and the MBN signal is analysed in several 

frequency bands. With these configurations, more knowledge of the relation between the 

magnetisation and acquisition configurations and the layers present in the material can be 

obtained. As a result, an improvement of both the grinding burn detection and the 

characterisation of the induction hardened layer is obtained. 

 

1. Introduction 
 

Magnetic Barkhausen noise (MBN) is industrially used as a non-destructive testing 

(NDT) technique for quality control due to its high sensitivity to changes in 

microstructure and residual stresses on the surface of ferromagnetic parts (1-7). It is an 

electromagnetic technique consisting on the study of the signal produced by the 

movement of the magnetic domain walls inside ferromagnetic materials when a time-

varying magnetic field is applied. In general terms, a decrease in hardness increases the 

MBN signal amplitude and shifts the peak position of the envelope of MBN to lower 

levels of the applied field; while an increase in the hardness decreases the peak amplitude 

and moves the position of the peak towards higher levels of the applied field (1,2,6). 

Similarly, tensile stresses in direction of applied field in samples with positive 
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magnetostriction induce an increase in the amplitude of the MBN, while compressive 

stresses decrease it (3,7).  

 

Moreover, if the material comprises more than one different phase, the MBN signal’s 

envelope can present a shape with more than one peak (1-6). In correctly manufactured 

surface hardened components, where two layers of different phases are present, the MBN 

envelope can present two peaks. The first peak, at lower applied voltage, is attributed to 

the magnetization of the softer core (1-3,6) or to the transition zone between the hardened 

surface and the softer core (4), and the second peak occurring at higher applied voltage is 

attributed to the magnetization in the harder near-surface layers. In this sense, the 

amplitude of the first peak of the MBN envelope decreases gradually with the increase in 

the depth of the hardened layer. This variation happens because the MBN is attenuated 

due to eddy current damping as it travel across a ferromagnetic material (1,2,4-7) and it 

is represented with the following equation: 
 

 ∗ e (1)
 

where MBNsensor is the MBN signal measured at the sensor, MBNemitted is the MBN signal 

emitted at the layer where the signal is originated, x is the distance from the sensor to the 

layer where the MBN is emitted, and δ is the skin depth, which is the distance where the 

MBN is attenuated 1/e (70% of the original signal) and is given by the following equation: 
 

 
 (2)

 

where ρ and µ are the electrical resistivity and magnetic permeability of the material, 

respectively, and f is the emission frequency of the MBN signal. The attenuation of the 

MBN signal is dependent on the emission frequency. Hence, the MBN signal acquired by 

the sensor presents low frequency MBN signal from deeper layers of the material, while 

high frequency MBN signals are limited to shallower depths. Therefore, for applications 

where only magnetic information from very superficial layers is required, the MBN is 

filtered with high frequency band pass filters and when magnetic information from deeper 

layers is required the MBN is filtered with lower frequency band pass filters (4). 

 

The applied magnetic field is also attenuated as it travels through a ferromagnetic material 

(3,6,7). Due to this fact, when magnetic information from only a very superficial layer is 

required high magnetisation frequencies are applied and when magnetic information from 

deeper layers is needed lower magnetisation frequencies are applied (4). 

 

Many industrial processes demand specific surface structures to fulfil the designers’ 

requirements and the characterisation of each of the layers forming the structure is very 

important. In the present study, ball screw shafts produced to work under fatigue 

conditions that need a hard surface and a soft core are studied. To obtain this structure the 

material is induction hardened. After the surface hardening, a grinding process is used to 

obtain the final dimensions. Depending on the temperature reached at this process a defect 

called grinding burn can be generated at the surface of the sample, which can produce an 

increase of tensile stresses, a hardness reduction or even an untempered martensite. As 

grinding burns are superficial defects, their effect on induction hardened samples can 

produce a three layer structure: the upper layer is the hardened layer affected by the 
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grinding burn, the second one is the hardened layer not affected by the grinding burn and 

the third layer is the core, the soft material.  

 

In the present work, the effect of the magnetisation frequency and the analysis of the 

MBN signal with band pass filters of different frequency ranges is studied to gather more 

knowledge about their effect when studying materials with several layers. As a result of 

the study, the resolution of MBN for each of these layers is improved, providing a better 

grinding burn detection and induction hardened layer characterization.  

 

2. Experimental setup 
 

Three different ball screw shafts were selected to perform the non-destructive MBN 

measurements and the microhardness measurements. The ball screw shafts were 

manufactured starting from the same induction hardened bar. Two of the ball screw shafts 

were manufactured with wrong grinding conditions to produce grinding burns. 

 

The MBN measurements were performed using a system built in the laboratories of  

Ceit-IK4 Technology Center in collaboration with the company Korta S.A (6). The 

system consisted of an electromagnetic yoke made of a ferromagnetic U core and a 

winding designed specifically to be adapted to the geometry of the ball screw shaft. The 

MBN signal and magnetic field signals were measured by a pick-up coil and a Honeywell 

SS495A1 solid state Hall effect sensor placed 1 mm from the bottom of the thread, 

respectively. The obtained MBN signals were filtered using low frequency (centred at 30 

kHz) and high frequency (centred at 470 kHz) band pass filters and then the envelopes of 

those filtered MBN signals were obtained. Two frequencies were used for magnetising 

the sample, 2 Hz and 10 Hz. 

 

After the MBN measurements, Vickers microhardness (load of 1 kg) destructive 

measurements were done along the depth (from 150 µm from the bottom of the thread 

every 200 µm up to 2000 µm depth). 

 

3. Results  
 

For the sake of clarity, first in Figure 1 the Vickers microhardness measurements 

converted to Rockwell C hardness (8) are presented, despite having been taken after the 

MBN measurements were performed. The conversion is required because the effective 

induction hardened layer depth is defined as the depth at which hardness falls below 50 

HRC (9).  

 
Figure 1. Microhardness profile values along the depth converted to Rockwell C hardness. Blue line 

represents the threshold for induction hardened layer depth definition. 
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Table 1 shows the induction hardened layer depth, the surface hardness and the grinding 

process. Samples M1, MQ1 and MQ2 present almost the same induction hardened layer 

depth, but the samples with an incorrect grinding present a hardness reduction at the 

surface, being the reduction of sample MQ1 intense and of sample MQ2 slight. 

 
Table 1. Induction hardened layer depth, surface hardness and grinding process of each sample. 

Sample Induction hardened 
layer depth [µm] 

Surface hardness 
[HRC] 

Grinding 

M1 1252 60 Correct (OK) 
MQ1 1197 54 Incorrect (NOT OK) 
MQ2 1209 59 Incorrect (NOT OK) 

 

 

3.1. Effect on the MBN envelope of the band pass filter used 

 

The effect on the MBN envelope obtained from the MBN signal measured and filtered 

by band pass filters of different frequency ranges is presented in this section. 

 

Figure 2 a) shows the MBN envelope in terms of tangential magnetic field (Ht) of samples 

M1, MQ1 and MQ2 applying low frequency magnetisation and after filtering the MBN 

signal with a low frequency band pass filter. The MBN envelopes are divided in 3 regions 

depending of the Ht value. Region 1 goes from 0 to 0.9 V. The three samples present a 

similar peak on the MBN envelope in this region. Region 2 goes from 0.9 to  

1.6 V and only the samples with grinding burns (MQ1 and MQ2) present a peak (MQ1) 

or a bulge (MQ2) on the MBN envelope in this region. Region 3 goes from 1.6 to 2.5 V. 

Only the M1 sample presents a clear peak on the MBN envelope in this region, while 

samples with grinding burns (MQ1 and MQ2) present a bulge of smaller amplitude at a 

similar Ht value.  

 

The MBN envelope obtained from these samples when the MBN is band pass filtered at 

high frequency (see Figure 2 b)) is quite different. The three samples present a similar 

peak on the MBN envelope at the region 1. The decrease in the peak amplitude in this 

 

 

 
a) low frequency band pass filter

 
b) high frequency band pass filter 

Figure 2. MBN envelope in terms of tangential magnetic field (Ht) of samples M1, MQ1 and MQ2 

with low frequency magnetisation and after filtering the MBN signal with a) a low frequency band 

pass filter and b) a high frequency band pass filter. 
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region with respect to the low frequency band pass filter (Figure 2a) is greater than the 

decrease of the peak amplitudes of the MBN envelope at regions 2 and 3. At region 2, the 

MBN envelopes of samples MQ1 and MQ2 present a clear peak (Figure 2b), while sample 

M1 does not have a peak or a bulge in this region. The decrease of the amplitudes of these 

peaks is smaller than the decrease of the amplitudes of the peaks of the MBN envelope in 

the other two regions. These peaks become then the largest peaks of the MBN envelope. 

Finally, at region 3 the MBN envelope of sample M1 presents a clear peak while for 

samples MQ1 and MQ2 the bulge present at low frequency band pass filter has nearly 

disappeared. Moreover, the increase in the frequency of the band pass filter produces a 

larger decrease of the amplitude of the bulges that samples MQ1 and MQ2 present at 

region 3, than the decrease in the amplitude of the peak of sample M1 at this region. 

 

3.2. Effect on the MBN envelope of the magnetisation frequency 

 

The effect on the MBN envelope of using different magnetisation frequency is presented 

here. To compare the MBN envelope signals obtained in the different configurations 

normalized MBN envelopes are used. These envelopes are obtained by dividing each 

MBN envelope by the amplitude of the first peak of the MBN envelope of sample MQ1 

at each magnetisation frequency and at each band pass filter. 

 

Figure 3 a) shows the normalized MBN envelope in terms of Ht of samples M1 and MQ1 

with low and high frequency magnetisation and after filtering the MBN signal with a low 

frequency band pass filter. In sample M1 (without grinding burns) the increase in the 

magnetisation frequency produces a broader peak in the MBN envelope at region 1. This 

peak is moved towards region 2 while the increase in the magnetisation frequency has 

negligible effect in the peak at region 3. Sample MQ1 presents a different behaviour at 

regions 1 and 2. It can be seen that at low frequency magnetisation the MBN envelope 

presents a peak at region 1 and another at region 2, but when high magnetisation 

frequency is applied these two peaks merge due to the broadening and the movement 

towards larger Ht values of the peak at region 1, making the identification of both peaks 

difficult. 
 

a) low frequency band pass filter b) high frequency band pass filter 

Figure 3. Normalized MBN envelope (MBN envelope divided by the amplitude of the first peak of 

sample MQ1 at each magnetisation frequency and band pass filter) in terms of tangential magnetic 

field (Ht) with low (low f magn.) and high frequency magnetisations (high f magn.) and after filtering 

the MBN signal with a) a low frequency band pass filter and b) a high frequency band pass filter 

(same legend for colours in Figure 3 a) apply for Figure 3 b)) 
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Figure 3 b) shows the normalized MBN envelope in terms of (Ht) of samples M1 and 

MQ1 with low and high frequency magnetisation and after filtering the MBN signals 

with a high frequency band pass filter. In this frequency band, the effect of the increase 

in the magnetisation frequency is smaller than when low frequency band pass filter is 

used. In this case, the increase in the magnetisation frequency only produces a 

movement of the peak at region 1 towards the region 2. 

 

4. Discussion 
 

The MBN envelope peaks taking place at regions 1 and 3 are emitted in the core material 

and in the surface hardened layer respectively in samples without grinding burns (6). The 

peak of the MBN envelope located at region 2 is interpreted as coming from the layer 

affected by the grinding burn by two reasons:  

 This peak is located at lower Ht values than the peak from the hardened layer, 

which indicates a lower hardness of the layer emitting this MBN signal (1,2,6). 

This hardness reduction is observed in Figure 1.  This peak always appears in samples with grinding burns and never in samples 

without grinding burns. 

 

The same conclusions can be achieved with the analysis of band pass filters of several 

frequency ranges when low magnetisation frequency is applied (see Figure 2). When the 

frequency of the band pass is increased, the MBN signal emitted at higher frequencies is 

analysed. As the MBN signal travels across the material, the signal is attenuated. Taking 

equations 1 and 2 into account the MBN envelope at the regions related to deeper layers 

become more attenuated than the regions of the MBN envelope corresponding to layers 

located at the surface. Then, as increasing the frequency of the band pass filter produces 

the largest decrease of the amplitude of the peak of the MBN envelope at region 1, smaller 

decrease at region 3 and the smallest decrease at region 2, the peaks or bulges at region 1 

can be referred as originating from the MBN emitted at the core material, and the peaks 

or bulges at region 2 and at region 3, as coming from the layer affected by the grinding 

burn and from the hardened layer not affected by the grinding burn, respectively.  

 

Moreover, the amplitude of the bulges of the MBN envelope in samples with grinding 

burns (MQ1 and MQ2) at region 3 are smaller than the amplitude of the peak of the 

sample without grinding burns (M1) at this region (see Figure 2 a)). This smaller 

amplitude happens because the hardened layer not affected by the grinding burn, this is, 

the layer emitting the MBN signal of this region, is located deeper inside the material in 

samples MQ1 and MQ2 than in sample M1 (see Figure 1). And therefore, the MBN signal 

measured by the sensor at this region is more attenuated in samples MQ1 and MQ2 as the 

MBN signals emitted from these layers have to travel a longer distance to arrive the 

surface sensor. Due to the location deeper in the sample of this layer in samples MQ1 and 

MQ2, when the MBN signal is analysed with a high frequency band pass filter (see Figure 

2b)), the MBN envelope does not present a bulge in this region as the attenuation of the 

MBN signal emitted at higher frequencies reaching from deeper layers is larger. 
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Once the different layers are related with the various peaks/bulges of the MBN envelopes 

at different regions, it is possible to study the effect on the MBN envelope of changing 

the frequency range of the band pass filters and magnetisation frequencies used. 

 

The increase in the frequency of the band pass filter (comparing Figure 2b) to 2a)) 

produces a larger attenuation of the MBN signal reaching the sensor from inner layers 

than the attenuation of MBN signal coming from layers located nearer the surface. As a 

result, the increase in the frequency of the band pass filter produces a larger decrease of 

the amplitude of the peak coming from the core material (region 1), comparing to the 

decrease of the amplitude of the peak/bulge coming from the other two layers (regions 2 

and 3). Therefore, the relative significance of the peak at region 1 of the MBN envelope 

diminishes. In the same way, a larger reduction of the amplitude of the bulge coming from 

the hardened layer not affected by the grinding burn (region 3) takes place with respect 

to the layer affected by the grinding burn (region 2). Hence, the relative significance of 

the peaks related with the grinding burns at region 2 of samples MQ1 and MQ2 increases, 

and these peaks become the main peaks of the MBN envelope when using high frequency 

band pass filters. Likewise, the bulges of MQ1 and MQ2 samples at region 3, visible 

when using low frequency band pass filters, disappear when using high frequency band 

pass filters. Then, three main aspects can be deduced from this behaviour:  

 Detection of the peak from the core becomes more difficult as the frequency of 

the band pass filter increases. The amplitude and position of the peak can be 

modified by the peak of the layer affected by the grinding burn if the grinding 

burn is very severe. Therefore as an estimation of the induction hardened layer 

depth can be obtained from the position of the peak at region 1 (6), this estimation 

is better if the MBN envelope is obtained using low frequency band pass filters.   The peak from the layer affected by the grinding burn can be more easily detected 

using high frequency band pass filters.  The hardened layer not affected by grinding burns present below the layer affected 

by the grinding burn can be detected using low frequency band pass filters. 

 

The increase in the magnetisation frequency has mainly a unique effect. The peak from 

the core material becomes broader and moves to larger Ht values. As a result, in samples 

with grinding burns this peak gets very close to the peak from the layer affected by the 

grinding burn and these peaks merge (see Figure 3 a)). Consequently, two main results 

can be emphasized: 

 The estimation of the hardened layer depth can be affected by the layer affected 

by the grinding burn (even at low frequency range band pass filters). 

 The layer affected by the grinding burn would be more difficult to detect with a 

low frequency band pass filter.  

 

5. Conclusions 
 

A better knowledge of the layer structure can be obtained analysing the MBN signal using 

band pass filters of several frequency ranges. Different layers can be detected and their 

relative location can be estimated using low frequency magnetisation and band pass filters 

of several frequency ranges. High frequency magnetisation produces the merge of some 
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of the peaks on the MBN envelope coming from different layers and therefore the 

identification and characterisation of these layers is more difficult. 

 

Using low frequency band pass filters with low or high frequency magnetisations 

optimises the resolution to study the core material and consequently to estimate the 

induction hardened layer depth in samples without grinding burns. However, only low 

frequency magnetisation should be used for samples with grinding burns because at high 

frequency magnetisation the peak from the core material is merged with the peak from 

the layer affected by the grinding burn layer. 

 

Detection of grinding burns is improved using high frequency band pass filters with low 

or high frequency magnetisations, but detection of the hardened layer located below the 

layer affected by the grinding burn is only possible using low frequency band pass filters. 

 

Acknowledgments 

 

The authors thank Korta S.A. for funding the development of this research. 

 

References 

1.  G Bach, K Goebbels, WA Theiner, “Characterization of hardening depth by 

Barkhausen noise measurement”, Mater. Eval. 46, pp 1576–1580, 1988. 

2.  O. Saquet, D Tapuleasa, J Chicois, “Use of Barkhausen noise for determination -

of surface hardened depth”, Nondestr. Test. Eval. 14, pp 277–292 1998. 

3.  M. Blaow, JT Evans, BA Shaw, “Effect of hardness and composition gradients 

on Barkhausen emission in case hardened steel”, J.Magn. Magn. Mater. 303, pp 

153–159, 2006.  

4.  V Moorthy, BA Shaw, “Magnetic Barkhausen emission measurements for 

evaluation of material properties in gears”, J. Test. Eval. 23, pp 317–347, 2008.  

5.  A Stupakov, M Neslusan, O Perevertov, “Detection of a milling induced surface 

damage by the magnetic Barkhausen noise”, J. Magn. Magn. Mater. 410, pp 

198–209, 2016. 

6.  A Lasaosa, K Gurruchaga, F Arizti, A Martínez-de-Guerenu, "Induction Hardened 

Layer Characterization and Grinding Burn Detection by Magnetic Barkhausen 

Noise Analysis", J. Nondestruct. Eval., 36, 2017 

7.  A Lasaosa, K Gurruchaga, F Arizti, A Martínez-de-Guerenu, “Quantitative 

estimation of nonmonotonic residual stress depth-profiles using an extended 

Kypris-Jiles model of the magnetic Barkhausen noise spectrum”, J. Appl. Phys., 

123(3), pp 033904, 2018. 

8.  ASTM E 140: Standard Hardness Conversion Tables for Metal Relationship 

among Brinell Hardness,Vickers Hardness, Rockwell Hardness, Superficial 

Hardness, Knoop Hardness, Scleroscope Hardness, and Leeb Hardness, 2007. 

9  Haimbaugh, R.E.: Induction heat treating process analysis. In:Haimbaugh, R.E. 

(ed.) Practical Induction Heat Treating, 2nd edn,p. 225. ASM International, New 

York (2015) 

                                                 


