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Abstract 
Magnetic Barkhausen emission is sensitive to changes in ferromagnetic materials like steels.  MBE signal 
parameters like peak height, profile area, peak position, and profile width half maximum could provide a 
valuable, quick non-destructive testing tool for steel characterisation and evaluation after various manufacturing 
and maintenance processes. MBE measurements on a welded marine steel plate show a clear variation in MBE 
profile parameters between the heat affected zone (HAZ) material and that of the parent metal. MBE features 
show sensitivity to residual stress variation along a line that crosses the weld bead for longitudinal and transverse 
to the weld direction measurements.  At the HAZ area, the magnetic emission intensity is higher than that of 
transverse direction of magnetisation for the same location.  It is concluded that the heat affected zone extends to 
the line of transition of residual stresses sign and is not limited to the structurally affected material only. 
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1.  Introduction 
 
Residual stresses distribution is altered by welding process. This is an issue in the 
shipbuilding and maintenance industry where welding is the main assembling process.  In 
welding, residual stress variation along a line that crosses the weld is caused by the 
compressive yielding that occurs around the molten zone as the material heats and expands 
during welding. When the weld metal cools, it contracts which causes a tensile residual stress, 
particularly in the longitudinal direction.  Residual tensile stress remains across the weld 
centreline and causes a balancing compressive stress further from the weld [1]. 
 
It is known that MBE increase under the influence of tensile stresses and decrease with 
compressive stresses [2]. In the stress concentration region caused by welding, the process of 
stress corrosion cracking and fatigue develop in welded structures and ships bodies while in 
service and can lead to catastrophic failure.  Therefore, the heat affected zone determination is 
an important basis for evaluating structural strength and the reliability of the welded structures 
[3].   
 
Residual stresses can be measured by destructive methods such as hole-drilling, saw cutting, 
sectioning, and layer removal; or by non-destructive methods like X-ray diffraction, neutron 
diffraction, ultrasonic, magnetic and a relatively new technique Raman spectrum method.  As 
a non-destructive method, magnetic Barkhausen emission (MBE) technique is applicable to 
characterize various treatments and forming applied to steels [4].  It is the object of this paper 
to describe the use of the Barkhausen emission technique for the evaluation of residual stress 
in a welded marine steel plate. The paper is organized as follows: Section 2 describes the 
experimental setup. Section 3 demonstrates the technique used. Section 4 introduces results of 
the investigation. Section 5 presents discussions. Section 6 summarizes conclusions. 
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2. Test Material and Arrangement 
 
Low carbon steel used for ships construction and maintenance, was selected for the 
experimental study.  The chemical composition and mechanical properties of this steel is 
given in Table1.   
 

Table 1. Composition of stock material 

Element C Mn Cr Ni Si S P Al  Cu 

Wt % 0.146 0.686 0.024 0.02 0.03 0.016 0.016 0.089 0.019 

 
One steel plate was cut from the stock material with dimensions of 300×200 of 8 mm3 

thickness.  After surface cleaning, a V-grove of 6 mm width and 4 mm depth was created at 
one surface to accommodate the weld metal.  A weld bead was placed in the groove along the 
width of the test plate transverse to the rolling direction.  The gas metal arc welding (GMAW) 
equipment was used to make weld bead of 10 mm width with GSi1 electrodes using the 
optimum welding parameters usually used by the technicians in the port’s dry dock. The plate 
was tack welded to a table to eliminate any distortion during cooling.  The back surface of the 
weld bead was untouched to make the MBE measurements.  A measurement line was 
identified prior to testing to perform the MBE measurements at the back of the plate 
transverse to the weld bead.  The magnetic field was applied parallel to the weld (H // weld) 
and transverse to it (H ├ weld) and the corresponding MBE signals were recorded.  The test 
arrangement is shown in Fig. 1. The optical micrographs form the back weld center line 
surface and the parent metal are shown in Fig. 2. 
 

 

Figure 1  Representation of MBE measurement’s arrangement on a welded plate 

 

 

Figure 2  Optical micrographs: Back of the weld center line(a), Parent metal (b). 



 
The first MBE measurement point was taken at the back of the weld center line and 
consequently, a series of MBE measurements were taken at 5 mm spaces from the first point 
in both directions away from the weld for 50 mm in each side.   
 
3. MBE device and setup 
The MBE measurements were conducted using equipment developed in the authors’ 
laboratory [5]. The testing procedure was developed to give a high degree of reproducibility, 
i.e., to produce minimum variations in a run of tests on the same specimen. Since the MBE rig 
is relocated every 5 mm increments away from the weld bead for each measurement, it is 
essential that the process of relocation did not itself produce significant variations in the 
recorded MBE profile.  A schematic illustration of the equipment and the MBE profile's 
parameters are shown in Fig 3 (a) and (b) respectively.  
 

 

Figure 3 Schematic layout of the MBE measurement apparatus and MBE profile's 
parameters. 

 
To produce a constant rate of magnetic induction in the specimen, the U-shape 
electromagnetic yoke is fed by a triangular waveform from a bipolar amplifier to take the 
specimen to near saturation at maximum current. A driving current, amplitude1 A at a 
frequency of 1 Hz was used to produce a maximum magnetic field strength of 4.5 kA m–1. A 
relatively low excitation frequency is used to minimize eddy current opposition to the applied 
magnetic field and to ensure a relatively slow magnetisation rate in the sample.  Barkhausen 
emission is detected by a search coil with 1000 turns of fine, insulated copper wire wound 
around a narrow plastic cylinder. The signal is amplified to 40 dB in two stages. The 
amplified signal is filtered using a 1–50 kHz band pass filter.  
 



The MBE signal is then acquired using a 20 Ms/s Pico Tech 12-bit DAC oscilloscope and 
stored in a PC. It is convenient to smooth emissions to produce a measure of the amplitude of 
the profile enclosing the signal. This is done numerically using a Matlab script. The signal is 
rectified by calculating the local root mean square for 100 successive points then smoothened 
using a digital filter for fifteen points.  The data is processed and smoothened using a Matlab 
script to generate the rms profiles characteristic of the captured signal.  Characteristics of the 
profiles, peak height Vp, peak position Ip , profile area A and profile half width half maximum 
PWHM) were recorded by using Peakfit software and then plotted as a function of distance 
from the back weld centre line.  Example of generated data by Peakfit is shown in Fig. 4. 
 

 

Figure 4  Example of data generation by Peakfit compared with the observed data.   

 
4. Results 
Barkhausen measurements were taken both with the applied field parallel to the weld bead (H 
// weld) and transverse to it (H ├ weld).  MBE profiles is plotted as a function of magnetizing 
current as shown in Fig. 5 for some points.  

 

Figure 5  MBE half cycle profiles for H // weld.  

 



The analysis shows that, for H // weld at the near weld material MBE peaks at low field and 
tends to be tall, narrow and symmetrical.  This is an indication of the heat affected zone.  
However, after some distance from the back weld center line, those observations are changed 
where MBE peaks at higher field, of wide profile, asymmetrical.  This is an indication of a 
transition from the HAZ to parent metal.  A similar pattern was seen for H ├ to weld direction 
but of a lower scale.  Example of the variation of MBE activities for H // weld and H ├ to it is 
shown in Fig. 6.   
 

 

Figure 6  Half cycle MBE profiles: (a) at the HAZ and (b) at the parent metal. 

 
The MBE activity from the back weld center line (HAZ) for H // weld is higher than that for 
H ├ weld at the same location (Fig. 6 (a)).  However, the situation is different at the parent 
metal (50 mm from the back weld center line) where both activities are almost similar (Fig. 6 
(b)).  In order to extract MBE parameters correctly, MBE profiles are loaded one at a time in 
the Peakfit program and the parameters are recorded for each profile and presented as a 
function of distance from the back weld center line as shown in Fig. 7.  

 
The peak height of MBE (Vp) is higher for H // weld than that for H ├ weld although both 
show a distinctive change in MBE behaviour between HAZ and the parent metal as shown in 
Fig. 7 (a).  However, for H ├ weld, the pattern of (Vp) as a function of distance is broader than 
that for H // weld which showed a sharp change from the HAZ to the parent metal indicating 
the limits of the HAZ.  Peak position (Ip) in Figure 7 (b) for H // weld and ├ to it, show a 
decrease in the HAZ then change to increase as the test rig is moved away to the parent metal.  
As with (Vp), the pattern of change is broader for H ├ weld. MBE profile's area (A) in Figure 
7 (c) shows a similar pattern of Vp for H // weld indicating difference in the number of MBE 
events between the HAZ and the parent metal.   
 
The pattern of A as a function of distance for H├ weld is different where it shows a decrease 
to lower values at certain distance from the weld in the HAZ then starts to increase when 



approaching the parent metal material.  Profile width half maximum (PWHM) shows a similar 
trend for H // weld and H ├ to it, although the half width of H // weld is higher than that of H 
├ weld in the HAZ as shown in Fig. 7 (d). 
 
 

 

Figure 7  MBE profiles parameters: (a) Peak height (Vp), (b) peak position (Ip), (c) area (A) 
and peak width half maximum (PWHM).  

 
The result indicates that the HAZ consists of two distinctive zones; (a) structurally affected 
zone (SAZ) and mechanically affected zone (MAZ).  The structurally affected zone extends to 
about 3 mm from the fusion boundary toward the parent metal.  The heat input changes the 
microstructure in this region starting from fusion at the fusion boundary and continue as a 
function of temperature gradient from the fusion boundary to the rest of the plate.  The 
structurally affected zone experiences metallurgical changes such as austentization, grain 
refinement and annealing.  The microstructure at the measurement location is very similar to 
that of the parent metal (Figure. 2).  The higher MBE output at this location is attributed to 
residual tensile stresses.  The residual tensile stresses width transverse to the weld center line 
extends to about 27 mm from the back weld center line.  This observation is shown 
schematically in Fig. 8. 
 



 

Figure 8 Schematic representation of the heat affected zone constituents 

 
5. Discussion 
 
It is well known that tensile stress is characterised by high MBE amplitude, lower peak 
position, smaller half width whereas the opposite with is known with compressive stresses.  
Before welding, the stresses on the surface are almost compressive in nature. After welding 
the stresses in the near weld material (HAZ) are converted to tensile stresses which are 
equilibrated by compressive residual stresses, present at locations away from the 
mechanically affected zone [6]. The residual tensile stresses, at the mechanically affected 
zone in the heat affected zone (HAZ) result from shrinkage of highly heated areas near the 
weld zone, being restrained by the surrounding colder zone during the rapid heating and 
subsequent cooling during welding. Nevertheless, away from the weld zone the obtained 
stress values are nearly equal to the values before welding.  Since the compressed outer area is 
larger than the stretched welded area the compressive stresses in the outer region are likely to 
be more moderate [7].  This is clearly revealed by MBE parameters where MBE profile's 
parameters outside the HAZ stabilize.  . 
 
When a polycrystalline ferromagnetic specimen is subjected to a tensile stress, because of the 
positive magnetostriction, the magnetic domains having their magnetic moments parallel to 
the axis of the applied stress become energetically favourable.  Hence, they grow at the 
expense of the others until the specimen becomes magnetically saturated.  In contrast, under a 
compressive stress, the domains having their magnetic moments perpendicular to the axis of 
the applied stress become energetically favourable.  Thus, when a magnetic field is applied 
parallel to the stress axis during MBE measurements, the magnetic microstructure 
reorganisation occurs simply by means of the displacement of the existing 180o domain walls, 
while in the latter one the creation and motion of 90o domain walls is also required to reach 
the completely magnetised state [8].   
 
Under the influence of residual tensile stress, domains with magnetisations most closely 
aligned with the direction of residual tensile stress increase in size at the expense of 
neighbouring domains with less favourable orientations. Furthermore, magnetic domains 
experiencing similar increases in volume are likely to become simultaneously active under an 
applied field.  This increases the MBE response. In addition, there is an increased number of 
180o domain walls in the tensile stress direction [9] which contribute to an enhanced signal.   
The change in the trend MBE intensity for H // weld and H   weld along the measurement 
line clearly shows the effect of residual tensile stresses near the weld line.  The residual 
tensile stresses induced by welding are conjugated with transverse compressive strain due to 
the Poisson effect [10, 11]. Consequently, magnetic domains with magnetizations closely 
aligned with the transverse direction undergo a reduction in volume and hence, MBE signal 
decreases in the direction   to the induced residual tensile stresses. 



 
6. Conclusion 
Barkhausen Emission is suitable for investigation of surface integrity for analysis of the 
thermally induced damage.  It is more convenient to use a statistical program like Peakfit to 
extract all parameters of the Barkhausen emission, namely, peaks height, peak current, profile 
half width maximum and profile area.  To conclude: -  The heat affected zone consists broadly of two distinctive zones: the structurally 

affected zone and the mechanically affected zone.  The former is characterized by 
metallurgical changes and the later is characterized by residual tensile stresses.  MBE parameters clearly show the residual stress pattern along a line transverse to the 
weld bead.  Non-destructive characterization of the heat affected zone using MBE technique could 
be performed reliably on site during ship construction and/or maintenance.   
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