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Abstract 

In this paper using a broadband acoustic emission sensor and 

digital signal processing was investigated the spectrum of the 

magnetoacoustic emission in iron-based alloys. For number of 

alloys with different magnetic and magnetostrictive properties 

found that the amplitude of the harmonic frequency equal to twice 

the frequency of remagnetization field, correlates with 

magnetostrictive sensitivity of materials. Show that the main 

frequency of magnetoacoustic emission may be control parameter 

of high-temperature annealing steels with different chemical 

compositions. Found that the amplitude and frequency parameters 

MAE of investigated steels correlate with their residual magnetic 

induction. The obtain results may be useful in the development of 

magnetic and magneto-acoustic methods for monitoring and 

diagnostics. 
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1. Introduction 

  

Magnetoacoustic emission (MAE) is increasingly used for 

nondestructive testing of structures and stress-strain state of 

ferromagnetic materials [1-4]. Magnetoacoustic  emission gives 

information about local magnetostrictive interactions associated 

with irreversible shifts of 90-degree domain walls and the 

resulting magnetostrictive change in the size of ferromagnetic. 

The use of an averaged envelop of elastic vibrations gives no way 

of selectively estimating the sources of magnetoacoustic emission 

and assessing how they are linked with material structure. Since 

the processes of restructuring the domain structure have different 

dimensional and temporary charasteristics, they is corresponded 

various parts of a MAE spectrum. 

In the work [5], we investigated the magnetoacoustic emission 

spectrum in Fe-based alloys with the use of a wideband acoustic-

emission sensor and digital signal processing. 

Investigation of the amplitude-frequency characteristics of the 

MAE made on a number of iron-based alloys that have 

significantly different values of magnetic and magnetostrictive 

properties (Tab. 1 and Fig. 1). Alternating magnetization of the 

samples was performed by harmonic current at the frequencies of 

5 and 10 Hz and maximum amplitude of magnetic field reached 

160 A/sm. Acoustic vibrations were recorded broadband sensor of 

acoustic emission (9 ALTEST) and after analog-to-digital 

conversion (ADC E-440 L-Card) was analyzed using program 

LGraph2. As one of the parameters recorded the main frequency 

of the periodic signal (the frequency of harmonica with maximum 

amplitude and power). 

  

2. About the connection of magnetoacoustic emission with 

magnetostrictive sensitivity of ferromagnets 
 

Increasing carbon content in the alloys Fe-C entails more than 20-

fold increase in their coercivity      (Tab. 1). The initial magnetic 

permeability (    )   and measured near demagnetized state 

Rayleigh coefficient (    )  decreases by about 7 and 700 times 

respectively. These changes in the magnetic properties due to the 

increasing number and size of carbide inclusions, which are 

obstacles to the displacement of the domain boundaries. 

Fig. 1 shows the initial parts of the field dependences of 

longitudinal magnetostriction defined on magnetization curves of 

alloys. The height of the positive maximum magnetostriction   Fe-

C alloys decreases as the amount of carbon therein (Tab. 1). Since 

the positive peak magnetostriction (      ) of iron alloys due 

magnetostriction along the [100], the decrease in the value (     ) 

may be due to the fragmentation of the structure and the 

crystallographic axes disorientation. Magnetostriction of 

saturation (    ) is the result of averaging the magnetostriction 

along all crystallographic directions and with a carbon content in 

the studied alloys are not correlated. 

 
 

Figure 1. The initial areas of field dependencies of magnetostriction annealed Fe-C alloys  

Table 1. Chemical composition and magnetic properties Fe-C alloys 

Comparing the data of figures 3 and 4 we can see that the main 

frequency of MAE signal quenched and tempered steels behave 

like their residual magnetic induction of substances. 

 

4. Conclusions 

 

1. Shown that at low magnetic fields the amplitude of MAE 

harmonica with a frequency equal to doubled frequency of 

alternating field is proportional to the linear magnetostrictive 

sensitivity.  

2. MAE main frequency varies slightly with increasing tempering 

temperature up to 350-400 0C  for investigated steels 09G2, 35 

and 60S2A and intensively increases with further growth of 

temperature. Thus, the main frequency can be a new parameter 

control medium and high temperature tempering of steels with 

different chemical composition.  

3. Shown that the amplitude and frequency MAE parameters of 

heat treatment steels 09G2, 35 and 60S2A correlate with their 

residual magnetic induction. 

The obtain results may be used for development of magnetic and 

magneto-acoustic methods of monitoring and diagnostics. 
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Figure 2. The dependencies of the amplitude of the        harmonica from 

magnetostrictive sensitivity of alloys 

It is experimentally obtain that value      actually monotonously 

grows with increasing for all studied alloys and nature of this 

dependence doesn't change at change with frequency of magnetic 

reversal. For the Fe-C alloys dependence is close to linear. 

  
3. About the MAE control of heat treatment steels  

  

The high frequency components of magnetoacoustic emission 

which associated with irreversible shifts of 90-degree domain 

walls have a great sensitivity to the structure of heat treatment 

steels. Figure 3 shows the dependencies of the average over all 

frequencies amplitude (    ) and main frequency (     ) of MAE 

signal for tempering steels 09G2 and 35 (0.35 % C). The 

dependencies were determined at different frequencies of the 

alternating field. 

The 09G2 steel specimens which were annealed at low 

temperatures have high level of acoustic noise and the spectral 

analysis of the MAE signal is impossible. The frequency of 

harmonica with maximum of amplitude (main frequency    ) 

increases monotonically in the range of 80-100 kHz with 

increasing annealing temperature from 400 0C to 600 0C of 

quenched and tempered 09G2 steel. For steel 35 amplitude (   )     

increases monotonically with increasing     in range (250-700) 
0C. The frequency      increases up to 500 0C, while at higher 

temperatures      changes slightly. Similar results we obtained for 

steel 60S2A (0.62 % C, 2 % Si). Thus values     and      can be 

parameters of medium and high temperature tempering of steels 

with different chemical composition. 
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Alloys Chemical 

composition, % 
cH , 

A/sm 
SM , 

A/sm 

max , 

10
-6

 

S , 

10
-6 

a  max  0b , 

m/A 

Fe-A 99.9 Fe 85 17300 4,1 -12 270 2500 14,0 

09G2 0.11C, 1.7Mn, 

0.34Si + Fe 

280 16300 2,7 -4,5 110 1300 3,3 

30HGSA 0.34C, 1.03Cr, 

1.15Si, 1Mn + Fe 

750 15860 2,1 -1,2 92 490 0,39 

75G 0.73C, 0.08Cr, 

0.21Si, 0.81Mn + 

Fe 

780 15700 0,8 -6,6 66 460 0,14 

9HF 0.81C, 1.21Cr, 

0.47Mn, 0,49 Ni, 

0.23V + Fe 

1980 13800 0,4 -1,8 37 210 0,022 

 

Since the magnetostriction is even effect then the amplitude of 

the harmonica with frequency                 (      -  frequency of 

alternating field) should be proportional to the change of the 

sample length along the applied field and amplitude  should 

correlate with the magnetostrictive sensitivity to the ascending 

branch of dependence of a magnetostriction from a field in 

region of small and medium fields. Really analysis of a series 

differing Fe-based alloys reveals that the amplitude        of 

harmonica with a frequency equal to doubled frequency of the 

switching field correlates with magnetostrictive sensitivity of the 

materials (Fig. 2). 
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Figure 3. The dependences average amplitude (a) and the main frequency (b) of MAE 

signal from annealing temperature of 09G2 steel (on the left) and 35 steel (on the right) 
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Figure 4. The dependences 


