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Abstract 
Mechanical components can fail for application of cyclic loading, even when subjected to low levels of 
stress. The applied cyclic stresses cause fatigue damage. The damage accumulation can attain a critical level; 
consequently, there will occur a component failure. This article seeks to develop a technique that makes possible 
the detection and assessment of damage that occur in components under fatigue. 
Specimens of steel ABNT / SAE 8620 are tested in different stress levels of fatigue to evaluate or measure the 
damage. In this work intends to measure the damage accumulation of steel using non-destructive methods. 
Thanks FAPEMIG for support, complementary to develop this project.  
 
Keywords: fatigue, damage, damage accumulation, steels, cyclic loading, Barkhausen noise, 
stress. 
 
Objective 
Purpose of this paper is to study and develop techniques for measuring damages in SAE 8620 
steel, caused by fatigue, using the method of magnetic Barkhausen noise. 
 
1.  Introduction . 

Studies on the phenomenon of fatigue in structural or mechanical components have broad 
objectives. It is estimated that fatigue is the principal responsible of in-service failures of 
mechanical or structural components, causing economic, environmental and social losses. 
Fatigue is a phenomenon that causes the failure of a material under cyclic loading, even at 
low applied stresses. It is a problem that affects any part that moves or supports loads (forces, 
temperature, etc.) and that vary with time.  
The fatigue damage can be defined as a degradation process localized, progressive and 
permanent, which is subject to variations in stress and strain of material. The fatigue produces 
the nucleation of cracks or complete fracture after a specified number of cycles [ASTM E 
1823-96]. 
An important concept in studies of fatigue is the damage. In the context of continuum 
mechanics, material damage is defined as a property that reduces the resistance of the 
component, and may even cause its failure.  
Mechanical components, in general, suffer damage during its lifetime, where the external 
stresses exceed the allowable stress. In applications where the problem of fatigue is crucial, 
the measure of damage is of fundamental importance. In this case, every time that the external 
cyclic stress exceeds the limit of resistance of fatigue will occur damage accumulation in the 
material, which is unrecoverable and cumulative.  
The material is virgin of any damage [Chaboche, 1988] if it is lacking of cracks and porosities 
microscopic scale, 10-3 – 10-2 mm [Lemaitre, 1985]. The material is considered virgin if their 
mechanical deformation behavior is of a material prepared from the best conditions.  
The final state of damage is the rupture of the volume element.  
The definition of a variable that characterizes the damage is a complex problem.  
Macroscopically, nothing or almost nothing distinguishes a volume of an undamaged element 
of another heavily damaged. It is necessary to imagine a representative variable of the state of 
deterioration of the material. As examples of these variables, they have microcracks and 
porosities in the microstructure of the material, as well as the global physical properties such 
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as density and electrical resistivity of the material, and, mechanical quantities elasticity, 
plasticity, and viscoplasticity [Mansur, 2003].  
The dimensional measurements of porosity and microcracks, the variations of the physical 
and mechanical properties cited are ways to quantify damage.  
Quantify the evaluation of the damage is a complex task, since it involves microscopic and 
macroscopic characteristics of the material. 

Damage Accumulation  
The process of creating damage consists of the nucleation of surface discontinuities by 
microcracks or volume discontinuities by pores [Lemaitre and Chaboche, 1985]. The final 
state of damage is the rupture of the volume element.  
The damage of fatigue called microplasticity damages that occur due to cyclic stress and, are 
function of the number of cycles. The damage is caused by monotonic stresses without 
appreciable irreversible deformation. 

Variables That Characterize The Damage  
By definition, the damage D  is represented by: 

A

A
D D= , [Lemaitre, 1985] 

Where: 

DA - total area of all defects 
A  - cross-sectional area of the volume element 
If 0=DA , the material is not damaged, 0=D ; and if AAD = and consequently 

1=D indicating the volume element is fractured into two parts.  
 
Measurement Of Damage  
We can classify the methods of assessment of damage in direct and indirect. The direct 
methods are those which could evaluate the damaged area, DA , in relation to those areas are 
not damaged, A . The indirect methods are those that use measures of the effect of damage to 
physical or mechanical properties of materials. They can be divided into destructive and 
nondestructive methods.  
 

Methods Indirect of Measurements Damages 
The concept of effective stress associated with the principle of equivalent strain gives origin 
to many methods of damages measuring. The damages are not measured directly but through 
their effects on the properties of deformations. 
 

Methods Non-Destructive of Measurement Damage  
The methods of non-destructive of measurements damage are those for which, in principle, 
there is no need of specimens or sample. They can be applied in the component itself. More 
accurate results can be obtained if it is a good preparation in the region to be tested. 
Generally, they are not as accurate as the destructive methods applied in the component itself, 
but if applied to specific samples, the accuracy is approximately 10%, the same of destructive. 
 

Measurement of Fatigue Damage in Steel Using Magnetic Barkhausen Noise Signal 
Analysis 
Recently, there has been a great development in methods for magnetic characterization of 
ferromagnetic materials. It can be applied in the evaluation of the characteristics of most 



steels used in industry. Among the magnetic methods emphasizes the test based on analysis of 
magnetic Barkhausen noise, emitted by a ferromagnetic material when excited by a variable 
magnetic field. The noise comes from the interaction that occurs between magnetic domains 
and the existing structural inhomogeneities within the material during the process of 
magnetization. It is sensitive to microstructural changes and the stress state present in the 
material and may be correlated with the grain size, chemical composition, content of 
precipitates and dislocation density [Silva Jr., 1998].  
During magnetization, the magnetization vector of magnetic domains in the material tends to 
align with the direction of the applied magnetic field. This process occurs in two steps: 
growth of magnetic fields and rotation of the magnetization vector fields. The presence of 
structural discontinuities within the material hinders this process. They act as barriers to the 
movement of walls of magnetic domains. Thus, when the wall of a domain finds one of these 
obstacles, there must be an increase in the value of the magnetic field H applied, in order to 
allow this obstacle is overcome and the process continues. When this occurs, the direct 
consequence is a small change in magnetic flux density B, causing the magnetization of the 
material occurs discontinuously.  
The magnetic Barkhausen noise arises from these interactions that occur between the 
magnetic domains or structural heterogeneities and stress fields existing inside the material 
during magnetization. Every obstacle overcome produces a variation in magnetic flux and can 
be detected by a coil positioned on the surface of the material. The sum of all signals induced 
in the coil is given the name of magnetic Barkhausen noise. Its maximum intensity usually 
occurs in the region of the curve steeper, corresponding to the point of coercivity Hc, as 
shown in the curve representing the RMS (Root - Mean - Square) magnetic Barkhausen noise 
as a function of applied magnetic field. The peak height of the curve, corresponding to point 
P, can be correlated with the microstructure of the material [Bhattacharya, 1993].  
The magnetic Barkhausen noise characteristics are associated with variations that occur in the 
magnetic flux during magnetization, indicated by:   
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where 
dt

dB
 is the change in magnetic flux, λ is a coefficient related to the atomic. magnetic 

moment, βn is a coefficient related to the shape of the nuclear field, Nn is the density of 
domain walls nucleated, s is the average displacement domains during its growth, wδ is the 

wall thickness of the domains and Ng is the density of propagation of domain walls.  
The behavior of the magnetic Barkhausen noise is markedly influenced by the characteristics 
of the microstructure and the internal state of tension existing in the material. Thus enabling 
its use for the investigation of features such as grain size, chemical composition, content of 
precipitates, dislocation density, residual stresses [Silva Jr., 1998] and applied stress [Silva Jr. 
and Cruz, 2001].  
The fatigue failure is a cumulative process that involves the movement and redistribution of 
dislocations and, the initiation and propagation of microcracks in the material structure 
[Harris, 1976]. Like other structural heterogeneities, the dislocations generated and the 
microcracks initiated during the fatigue process act as barriers to the movement of magnetic 
domain walls during magnetization of the material. They influence the properties such as 
coercivity and remanence, changing the behavior of the magnetic Barkhausen noise generated 
in the material. Thus, the microstructural changes that occur with growth in cyclic loading 
applied and the number of cycles of these loads can be evaluated using this test method. 
The magnetic Barkhausen noise is detected when the magnetic domains move 
discontinuously in a ferromagnetic material. This movement non-uniform is sensitive to 



microstructure of the material, which varies continually with the growth of the applied cyclic 
loading [Tomita et al., 1994].  
The magnetic Barkhausen noise can be recorded as RMS, and from these record, you may 
remove the peak value of the signal.  
 
2.  Background 
  
The determination of damage in components and/or structures subject to fatigue is usually 
done using empirical, numerical or probabilistic models, and there is not yet none widely 
accepted methodology to do that determination. Some of these theories are widely used, but 
its results are reliable only when one takes into account a 50% probability of failure, and, 
moreover, in most models, the medium is not taken into consideration.  
As fatigue is the main mechanism of failure of components or structures and, endangering 
lives and causing huge economic losses, it is intended this work to continue the search for a 
method that is reliable, economical and easy to apply in measuring damage caused by fatigue. 
Another important consideration: the fatigue life of a specimen is estimated from 
experimental results, which usually have very large dispersions.  
In the structural integrity assessment takes into account factors such as resistance to fatigue, 
corrosion and fracture mechanics, and they all are somehow related to damage accumulation. 
The results of damages accumulation are always related to tested specimen. From the moment 
that we can quantify the damage on the structure would be probably better to estimate the life 
of this structure and calculation of remaining life, linked to structural integrity. It should be 
noted that the damages are not always visible in the structure, and the visibility occurries only 
when is already near of collapse of the structure. 
 

3.  Methodology Experimental. 
 
In all experimental tests, is used ABNT 8620 steel, widely used in mechanical components 
such as mechanical gears, shafts, etc. In addition to its wide commercial use, this material was 
selected to be exactly the same material that has been used for years on research projects to 
determine damage [Mansur, 2003]. 
To achieve the objectives proposed in this project were performed the following steps: 
 
Design and Manufacturing of Specimens and Test Devices  
Specimens of the test are designed and manufactured with steel ABNT 8620.  
A device was designed and built for the measurement of damage in the same position, by 
Barkhausen Method.  
The damage is caused in the bodies of the test piece subjected to fatigue flexorotative.  
All samples were analyzed non-destructively. 
 

Fatigue Tests 

The fatigue tests were performed at applied stresses of 297, 258, 217 and 198 MPa. The 
numbers of cycles were 10,000 to 2,000,000 cycles, depending on the applied stress level. 
 
Determination of Damage  
The measurement of damages shall be made:  
• using the magnetic Barkhausen noise.  
For measurements of damage were built templates for setting the test specimens. 



These templates enable uniformity in the positioning of the test specimens for the points to be 
measured. 
 
Work Performed.  
• Preparation of all specimens-of-fatigue-testing.  
• Fatigue tests in flexion-rotating loads (flexorotative test) of 2050.0 gf, 2248.0 gf, 2672.6 gf, 
3075.8 gf, which produce tensions equivalent of 198, 217, 258 and 297 MPa in the each 
specimen. 
• Tests on each specimen of Barkhausen-sample tested in fatigue.  
 
4.  Results. 
 
Mechanical tests were performed to determine the properties of ABNT 8620 steel used for 
fatigue testing flexorotative. 
The results of mechanical tensile tests of the material are presented in Table below: 
 

Steel 
ABNT 
8620 

Yield Str 
(MPa) 

Tensile Str 
(MPa) 

Reduction 
(%) 

Elongation 
(%) 

Fracture Str 
(MPa) 

Average 467.9 649.9 25.5 67.5 452.3 
St.Dev 12.0 12.8 0.6 1.9 27.3 

 
 

Flexorotative Fatigue. 

Fatigue tests were performed flexorotative conditions: 
• Stress 198 MPa - ranging from 700,000 to 2,000,000 cycles. 
• Stress 217 MPa - ranging from 750,000 to 1,200,000 cycles. 
• Stress 258 MPa - ranging from 130,000 to 300,000 cycles. 
• Stress 297 MPa - ranging from 40,000 to 86,000 cycles. 

 
Barkhausen Test Samples Before and after Fatigue Testing Flexorotative.  
Measurements were made of magnetic Barkhausen noise in the defined positions of the 0o, 
45o, 90o, 135o, 180o, 225o, 270o, 315o, in each body-sample to be tested in fatigue 
flexorotative. Each measurement was repeated five times in the same position of the 
specimen. The same procedure was repeated after performing the fatigue flexorotative 
test. The 0 deg. point is random with respect to the circle and has been defined through a 
small hole guide. So before and after the fatigue flexorotative test the situation is the same. 
To standardize the measurement of magnetic Barkhausen noise was developed and built a 
template. This test is strongly dependent on the positioning of the specimen to be tested and 
the probe. We also tested various types of probes, for the kind of fatigue specimen used with 
small diameter cylindrical. It was selected the most appropriate probe.  
Table below presents the results obtained in each of the five tests for repeated measurement in 
each of eight angular positions of the specimen after 50,000 cycles of fatigue flexorotative. 
The results for a set of four half cycles of excitation are:  

• RMS - Root Mean Square • PEAK - Peak Envelope • PEAK POSITION - Position of the 
peak in time. • FWHM - Full Width at Half Maximum.  
We also calculated the mean, standard deviation and the corresponding errors for the 
estimated average true range of values with a coefficient of 95%.  
For each number of fatigue cycles were performed three specimens: 



 
Table– As an example, results of Magnetic Barkhausen Noise sample 1A after applying 

50,000 cycles of fatigue flexorotative 
50000 Ciclos 1A 

Pos 01 

 1 2 3 4 5 Ave. St.dev Confid 95% 

RMS 138.79 148.34 144.13 142.02 144.07 143.47 3.48 4.32 

Peak 189.55 215.55 208.39 210.81 206.06 206.07 9.88 12.27 

PeakPos 7.496 12.770 11.016 4.304 10.752 9.27 3.37 4.18 

FWHM 79.62 77.17 76.38 72.38 75.90 76.29 2.61 3.24 

Pos 02 

 1 2 3 4 5 Ave. St.dev Confid 95% 

RMS 140.77 148.34 144.13 142.02 144.07 143.87 2.88 3.57 

Peak 203.67 215.55 208.39 210.81 206.06 208.90 4.57 5.67 

PeakPos 12.112 12.77 11.016 4.304 10.752 10.191 3.39 4.21 

FWHM 73.54 77.17 76.38 72.38 75.90 75.07 2.02 2.51 

Pos 03 

 1 2 3 4 5 Ave. St.dev Confid 95% 

RMS 135.23 137.79 134.27 136.34 138.20 136.37 1.66 2.07 

Peak 191.77 198.58 193.25 196.90 202.69 196.64 4.35 5.40 

PeakPos 14.42 5.208 1.688 11.32 14.75 9.477 5.80 7.20 

FWHM 78.79 75.34 78.14 76.11 72.90 76.26 2.35 2.92 

Pos 04 

 1 2 3 4 5 Ave. St.dev Confid 95% 

RMS 125.38 132.17 129.72 132.76 132.09 130.42 3.05 3.79 

Peak 179.08 188.00 187.83 188.89 191.01 186.96 4.58 5.69 

PeakPos 4.288 3.192 2.448 6.12 10.768 5.363 3.32 4.13 

FWHM 77.73 78.77 75.46 75.37 76.22 76.71 1.49 1.85 

Pos 05 

 1 2 3 4 5 Ave. St.dev Confid 95% 

RMS 153.88 139.52 139.60 128.85 131.66 138.70 9.73 12.08 

Peak 221.78 200.86 192.99 184.52 186.08 197.25 15.16 18.83 

PeakPos 5.512 5.752 11.816 3.024 5.048 6.230 3.30 4.10 

FWHM 74.94 77.34 79.14 76.61 78.10 77.23 1.58 1.97 

Pos 06 

 1 2 3 4 5 Ave. St.dev Confid 95% 

RMS 146.00 144.26 145.54 145.31 137.82 143.79 3.40 4.22 

Peak 207.72 210.09 212.85 209.53 196.74 207.39 6.23 7.73 

PeakPos 18.31 12.984 16.42 10.68 9.104 13.500 3.85 4.78 

FWHM 77.24 72.79 71.93 72.02 76.32 74.06 2.53 3.14 

Pos 07 

 1 2 3 4 5 Ave. St.dev Confid 95% 

RMS 155.90 155.88 160.31 145.14 155.45 154.54 5.62 6.97 

Peak 224.27 230.11 230.90 203.17 225.61 222.81 11.34 14.08 

PeakPos 0.672 6.232 14.5 0.832 15.76 7.599 7.24 8.99 

FWHM 77.25 73.01 76.50 81.23 74.31 76.46 3.16 3.92 

Pos 08 

 1 2 3 4 5 Ave. St.dev Confid 95% 
RMS 160.90 150.12 157.20 160.49 155.70 156.88 4.37 5.43 

Peak 232.96 215.42 226.30 236.99 223.97 227.13 8.35 10.37 

PeakPos 10.128 1.376 7.856 10.688 7.224 7.454 3.70 4.59 

FWHM 74.64 78.74 77.34 72.90 76.66 76.06 2.30 2.86 

 

These measurements were performed in all conditions of the fatigue test, always in the 
situation 0 cycle and end of cycles, without failure.  



Table– As an example, results of Magnetic Barkhausen Noise sample 1A after applying 0 
cycle of fatigue flexorotative 

 

0 Cycles 1A 

Pos 01 

 1 2 3 4 5 Ave. St.dev Confid 95% 

RMS 100.52 101.45 103.58 105.76 106.46 103.55 2.60 3.22 

Peak 145.70 145.96 148.91 156.14 155.77 150.50 5.14 6.38 

PeakPos 3.160 2.840 4.808 2.280 1.432 2.90 1.25 1.55 

FWHM 74.42 75.17 73.69 72.63 72.14 73.61 1.25 1.55 

Pos 02 

 1 2 3 4 5 Ave. St.dev Confid 95% 

RMS 115.91 114.04 115.95 115.98 111.77 114.73 1.85 2.30 

Peak 172.26 166.03 170.47 171.73 164.65 169.03 3.46 4.30 

PeakPos 13.28 7.616 15 6.968 4.328 9.438 4.51 5.60 

FWHM 69.74 73.38 70.36 71.49 72.44 71.48 1.48 1.84 

Pos 03 

 1 2 3 4 5 Ave. St.dev Confid 95% 

RMS 103.58 106.98 105.59 105.34 108.12 105.92 1.72 2.14 

Peak 148.91 159.93 151.45 154.83 158.60 154.74 4.65 5.78 

PeakPos 4.808 8.48 12.84 6.648 9.192 8.394 3.01 3.74 

FWHM 73.69 69.19 74.74 72.83 72.89 72.67 2.09 2.60 

Pos 04 

 1 2 3 4 5 Ave. St.dev Confid 95% 

RMS 88.77 89.97 91.28 88.69 92.20 90.18 1.54 1.92 

Peak 127.08 129.76 132.36 126.55 135.73 130.30 3.82 4.75 

PeakPos 10.6 1.824 0.048 12.056 3.592 5.624 5.38 6.68 

FWHM 74.49 75.26 72.98 75.46 71.78 73.99 1.58 1.96 

Pos 05 

 1 2 3 4 5 Ave. St.dev Confid 95% 

RMS 76.19 76.55 73.61 78.54 77.71 76.52 1.88 2.33 

Peak 109.95 108.57 103.17 107.69 112.99 108.47 3.58 4.45 

PeakPos 8.968 0.92 1.904 12.096 2.632 5.304 4.94 6.13 

FWHM 73.19 73.71 80.50 80.26 73.65 76.26 3.77 4.68 

Pos 06 

 1 2 3 4 5 Ave. St.dev Confid 95% 

RMS 67.86 69.45 69.97 68.55 64.93 68.15 1.98 2.45 

Peak 93.90 99.62 99.73 97.76 90.05 96.21 4.17 5.18 

PeakPos 4.688 4.376 6.6 3.992 4.232 4.778 1.05 1.30 

FWHM 77.83 73.89 74.34 75.39 79.22 76.13 2.30 2.86 

Pos 07 

 1 2 3 4 5 Ave. St.dev Confid 95% 

RMS 75.47 78.49 77.63 74.40 76.08 76.41 1.65 2.04 

Peak 107.71 110.82 111.63 101.73 108.16 108.01 3.89 4.83 

PeakPos 7.592 1.712 2.448 3.84 11.688 5.456 4.16 5.16 

FWHM 74.75 76.01 74.19 82.18 74.30 76.29 3.37 4.19 

Pos 08 

 1 2 3 4 5 Ave. St.dev Confid 95% 

RMS 92.48 90.16 88.86 90.38 88.72 90.12 1.52 1.88 

Peak 133.12 133.51 125.55 130.65 129.20 130.41 3.24 4.03 

PeakPos 12.744 7.536 4.248 1 5.616 6.229 4.35 5.41 

FWHM 74.11 69.78 75.70 74.90 72.37 73.37 2.36 2.93 

 

In next figures are presented the graphs Magnetic Barkhausen Noise - the RMS value for each of the 
three samples tested in fatigue at 50,000 cycles, while the next figures are those tested in fatigue at 
2,000,000 cycles.  
 



 
Figure - Noise Magnetic Barkhausen on the same 

sample before and after 50,000 cycles of fatigue. 

RMS - Specimen 1A 

 
Figure - Noise Magnetic Barkhausen on the same 

sample before and after 2 million cycles of 

fatigue - RMS. Specimen 25A 

 
Figure - Noise Magnetic Barkhausen on the same 

sample before and after 50,000 cycles of fatigue 

RMS. Specimen 2A 

 
Figure - Noise Magnetic Barkhausen on the same 

sample before and after 2 million cycles of 

fatigue - RMS. Specimen 26A 

 
Figure - Noise Magnetic Barkhausen on the same 

sample before and after 50,000 cycles of fatigue 

- RMS. Specimen 3A  

 
Figure - Noise Magnetic Barkhausen on the same 

sample before and after 2 million cycles of 

fatigue - RMS. Specimen 27A 

 

 

With the analysis of the results presented above shows that there is no clear rule to identify a 
relationship between the numbers of fatigue flexorotative cycles. The RMS dispersion of 
results, even in a single specimen, varying the position, is very high.  
Only in very similar environments and specimens identical, the RMB seems to be a good test, 
and this only occurs in fully controlled laboratory conditions. This is not a condition of a real 
structure. 
The results achieved so far in RMB of Magnetic Barkhausen noise method cannot be 
considered, based on the tests, here, performed, good technique to characterize the damage 
accumulation in a real structure subjected to fatigue. 



5.  Conclusions. 
 
Fatigue is a reason of a large number of structural failures of mechanical components during 
its lifetime. This failure or collapse occurs after the damage accumulation reaches a critical 
value, with external stresses exceeding the allowable stresses.  
The damage is characteristic of structures under fatigue (or cyclic loading), and it is 
cumulative and unrecoverable. The applied load is below the yield strength of the material, 
yet can cause a collapse of the structure.  
The fatigue resistance is a property that has a large statistical fluctuation in their results. For 
example, in determining the limit of fatigue strength of a material can or not occur of fractures 
from 700,000 cycles to 2,000,000 cycles under the same test condition / stress and 
material. That is, to say that for each stress level, the exact time of fatigue failure follow a 
probability distribution, which can be quite large. This, therefore, can lead to large 
fluctuations of the damage, which are to be determined, a priori, motivated to prevent a 
catastrophic failure.  
The objective of this study was seeking a property or feature that detects the evolution of 
damage accumulation, vg, increase of damaged area or change of any property before the 
failure or collapse total of the structure. With that would prevent the collapse occur, and that 
could recover or replace the component or structure preventively.  
Magnetic Barkhausen Noise was not considered good technique for identification of 
accumulation of fatigue damage in steel ABNT 8620.  
Until this development, this work has not obtained any good answer to have a feature that 
could be known and used reliably before the fatigue failure of a specimen or structure 
mechanical. 
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