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Abstract 

During the manufacturing of steel pipes for Oil and Gas industry, hardness checking may be required for each 

piece at different phases of the process. That needs the use of hand-held systems for mechanical hardness 

measurements. Knowing the limitations of classical devices, the possibility to replace these measurements by the 
Magnetic Barkhausen Noise method is developing by the research center of the Vallourec group. A lab study has 

been performed on Jominy testing samples. From these lab results, the most adapted settings of the equipment 

and the signal components which permit to evaluate the hardness of the material from Barkhausen Noise signals 

have been both determined in order to use them for automatic hardness checking on production line. 
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1.  Introduction 
 
During production of steel pipes for Oil & Gas industry, it is used to make hardness 

measurement for verifying material conformity after heat treatment, because hardness value 

depends on material microstructure. Classical methods for hardness checking consist into 

inducing a mechanical indentation under a certain load and with a specific indent shape 
(Brinell, Vickers, ...). The size of the printed mark on the piece is measured; value of hardness 

is estimated from charts. An illustration of this process measurement is given in Figure 1. 

 

 
Figure 1: Hardness classical measurement and pictures of testing in a mill 
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Those hardness tests are not completely non-destructive and require manual operation to print 
a mark and do measurements. Moreover, in some cases, sampling is done and pieces are cut 

for performing hardness testing in laboratory. Knowing the limitations of classical devices, 

the French Research Center of the Vallourec group is mandated to investigate and develop a 

fully non-destructive method to replace the conventional methods for hardness checking. The 
objective is also to reach an automatic checking which should so permit to reduce inspection 

time and improve the reproductivity of the results. The proposed method, described in this 

paper, is based on the Magnetic Barkhausen Noise principle. This innovative method is an 

electro-magnetic and fully non-destructive technology. 
 

 

2.  Presentation of Barkhausen Noise method 
 

2.1  Physical principle 

Ferromagnetic materials present a non-linear relationship between magnetic induction and B 

magnetic field H. The relation between magnetic induction and magnetic field: B=µ(H).H, 

where µ the magnetic permeability of the material, is a hysteresis cycle. This cycle, 
conventionally represent as smooth in global view, is in reality discontinuous as it consists 

into an addition of a multitude of small steps (see Figure 2). 

 

Each of these steps results from changes of the magnetic orientation of the Weiss domains. 
These domains are linked to the material microstructure of the tested piece. The successive 

changes of the orientation of the Weiss domains and the corresponding steps in hysteresis 

curve are at the origin of Barkhausen noise. This phenomenon was discovered by the 

professor Heinrich Georg Barkhausen in 1919. The effect of Weiss domains movements was 
observed by placing a coil of conducting wire near the sample. It has been observed that 

changes in magnetic field B are induced by Weiss domains movements which produce also 

induce electrical pulses in the coil. Therefore, Barkhausen noise phenomenon can be 

measured through the variation of the alternative magnetic field which is induced in the steel 
piece. 

 

Figure 2: Abrupt steps in hysteresis cycle revealed by Pr. Barkhausen in 1919 

 
2.2  Data acquisition and signal processing 
 

For measuring the Barkhausen noise effect in steel pieces, the Microscan 600 system has been 

used (see Figure 3). This system is produced by the Finnish company, Stresstech, and 

distributed in France by Meliad. The sensor is composed of excitation and reception ferrites 
each surrounded by a coil. The excitation ferrites are used to produce a magnetic field in the 



tested product. The coil surrounding these ferrites is under an imposed alternative current at 
low frequency (of the order of hundreds of Hertz). On the other hand, a reception ferrite is 

used to acquire the magnetic field response. It is also surrounded by a coil. Current of this 

second coil is monitored for few cycles of magnetization. Figure 4 illustrates an example of 

magnetic Barkhausen noise signal acquired in a sample. 
 

 

 

 

 
 

 

 
Figure 3 : Magnetic Barkhausen noise acquisition system 

 

For processing Barkhausen noise signal (see Figure 4), the analysis is done on following 

parameters: 

- Root mean square (RMS) of the signal 

- Full width at half maximum (FWHM) 
- Peak voltage, or peak amplitude 

- Peak position, i.e. phasing between magnetic excitation signal and received signal 

- Spectrum area, from frequency analysis of the signal 

- Pulse count: number of pulses in the received signal 

 
Figure 4: Magnetic Barkhausen noise signal and the associated parameters 



A first study has permitted to highlight the parameters the more sensitive to material change. 
Those parameters are: RMS, FWHM and peak position. Other parameters are either correlated 

to previous ones or do not show any link to material variations in case of our products. 

Therefore it has been chosen to experimentally study the relation between the 3 selected 

parameters and hardness between the materials and grades considered. 
 

 

3.  Experimentation and results 
 

In order to evaluate sensitivity of each of the 3 selected parameters, the Barkhausen Noise 

method was assessed on a sample submitted before to a standardized Jominy test. The sample 

was machined from a steel pipe, composed of a ferromagnetic API carbon steel grade. The 
sample was annealed and quenched at one of its extremity. Therefore, different cooling was 

applied along the sample by water jet. This standardized metallurgical test allows the 

apparition of a gradient of hardness in the sample (See Figure 1). 
 
 

 

 

 

 

 

 

Figure 1 : Pictures of samples and typical hardness gradient obtained by a Jominy test 

 
 

Mechanical Hardness measurements and Magnetic Barkhausen Noise acquisitions were 

performed along two generator lines on the sample. Most interesting correlation was observed 

on the peak position parameters. The relationship between peak position parameter and 
hardness value is reported on Figure 2. 

 

As shown by Figure 4, the peak position parameter is increasing when hardness on the Jominy 

sample is increasing. The correlation between this Barkhausen Noise signal parameter and the 
hardness value is quite linear with very interesting correlation coefficients (R2 > 0.9). 

 

These experimental results proved so that Barkhausen Noise method is sensitive to hardness 

value of steel piece, and correlations found are encouraging to develop non-destructive 
evaluation of hardness data. 
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Figure 2 : Barkhausen Noise results in function of hardness and linear regression 

 

 

4.  Conclusions and outlooks 
 

Correlation between hardness and magnetic Barkhausen Noise signal have been established 
from experiments done on a Jominy test sample by both conventional hardness mechanical 

measurements and acquisitions with a Barkhausen Noise testing system. Now, the target of 

our development is to expand and validate the Barkhausen Noise method in production line 

conditions. For that, robustness of the measurement on as rolled surface state of pipe to be 
inspected must be challenged first. Then, some statistical investigations will be led to evaluate 

the possibility of hardness evaluation in the material range produced, because many different 

microstructural parameters may impact the results. In addition to the linear correlation, non 

linear correlation should be also investigated. 
 

As a conclusion, the Barkhausen Noise method appears as an interesting alternative method 

for non-destructive evaluation of hardness on steel pipe. This method can be easily automated 

for allowing fast and complete inspection in production line. Moreover, over the evaluation of 
hardness, several applications of this method for checking of different material properties 

linked to steel microstructure are also feasible. Barkhausen Noise method is so a very 

promising method to ensure wide and fast process checking in order to ensure production of 

premium quality steel pipes for Oil and Gas market. 
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