
 

19th World Conference on Non-Destructive Testing 2016 
 

 

 1 
License: http://creativecommons.org/licenses/by/3.0/ 

 
Monitoring of Fatigue and Stress-Strain State 

of Structures and Equipment with New Magnetic 
Transducer 

 
 

Vladimir ZAKHAROV  1, Gennadiy BEZLYUDKO 2, Roman SOLOMAKHA 2, 
Alexander AMAN 3 

1 Physical-Technical Institute,  Ural Branch of Russian Academy 
of Sciences, Izhevsk, Russia 

2 Special Scientific Engineering, Ltd, Kharkiv, Ukraine 
3 Brandenburg University of Applied Sciences, Brandenburg, Germany 

 

Contact e-mail: mail@snr-ndt.com; zva@ftiudm.ru 
 
 
Abstract. A  new  magnetic  transducer  for  monitoring  fatigue  and  stress  state  of  
ferromagnetic metal in the process of accumulation of fatigue-type damage at micro 
level and with fatigue-type structure-phase changes over the service life time of the 
monitored object, as well as in the case of deformations of the crystal lattice of the 
metal is proposed. The transducer is of attached type, using permanent magnets and 
the applied field mode, the measured value is intensity (induction) of the magnetic 
field above the tested item. The device is compact, economical, self-contained, 
operates in continuous or "sleep" threshold mode. The system of transducers in areas 
of concentration of metal degradation provides monitoring of the state of complete 
structures, installations or vital areas.  
 Such monitoring allows to determine the weakest link in the structure, as well 
as to evaluate the rate of  degradation of  the metal.  Management  of  such a system 
and its data monitoring can be carried out through modern electronic 
communications networks. The transducer provides a qualitative and quantitative 
assessment of the current state within the limits of performance specific to each steel 
grade. Initially the limits are defined during bench cyclic and static destructive 
mechanical testing of samples of each brand of metal. According to the known 
current and limits values and known rate of degradation is predicted residual life of 
metal judging on the weakest link of tested structure or equipment. 

 
 
A new magnetic transducer for monitoring fatigue and stress state of the 

ferromagnetic metal in the process of accumulation of fatigue micro-damage and fatigue-
type structural-and-phase changes over the service life of the controlled object, as well as 
under deformation of the crystal lattice of metal, is proposed. The double-pole transducer of 
attached type on permanent magnets and the applied field mode, while the measured value 
is magnetic field strength (induction) over the surface of the controlled product is used. 
Number of measured magnetic characteristics will be increased without any notable 
increase of energy consumption, but with a noticeable improvement in the quality of the 
received information on fatigue. The device is compact, economical, energy-independent, 
operates in continuous or "sleep" threshold mode. System of such transducers in areas of 
concentration of metal degradation will provide monitoring of the state of entire structures, 
facilities or their vital areas. Such monitoring allows to reveal the weakest link structure, 
and to assess the rate of degradation of the metal. Managing such a system and its data 
monitoring can be carried out remotely via modern electronic communications network. 

More info about this article: http://ndt.net/?id=19628



2 

The transducer provides a qualitative and quantitative assessment of the current state within 
the magnetometric boundaries of metal performance inherent to each grade of steel. 
Primarily, these boundaries are defined at bench cyclic and static destructive mechanical 
testing of samples of each brand of metal. According to the known current and the 
boundary values of the measured magnetic characteristic and known from monitoring rate 
of degradation, will be made forecast of remaining service life of the metal of the weakest 
link of diagnosed structure or equipment. 

When setting objectives we were guided by the following general considerations. 
Diagnostics of current state of objects may be performed periodically manually through 
measurements in areas of stress concentration and other operating factors contributing to 
metal fatigue degradation. Another diagnostic option is a system of transducers, carrying an 
object's state monitoring in the areas of concentration. Here it is important to ensure, 
besides the absolute efficiency of control information, the lowest possible power 
consumption, ease of installation of the transducer on the control surface, in combination 
with protection from weathering and various types of interference. Such a monitoring 
system should operate in standalone mode for many years, including the absence of 
electrical networks and properly interact with modern electronic data transmission 
networks. In this initial set of problems the primary one is transducer. Everything else is 
implemented like trivial technical problems, although not at all simple. When choosing a 
transducer concept, the version of its construction based on magnetometric approach, 
premised on the objective and subjective experience, is definitely a priority. Namely 
method of magnetic coercive force today is the most effective one for practical non-
destructive testing of metal fatigue state.  

The experience of its application adjoins in one way or another other approximate in 
information efficiency solutions. They may not be as comprehensive as coercimetry, but 
represent a set of individual very specific solutions when based on some parameter of the 
magnetic hysteresis loop, the most appropriate for that particular monitoring problem. It is 
exactly the content of this study which was performed within the scope of present work. 
Already here was realized unconditional use of permanent magnets in the transducer 
assembly to provide a working point on the hysteresis loop without resort to 
electromagnets, as it is the most energy consuming option. As magnetosensitive element 
for the same reason we use Hall transducers, which besides their inherent economy can 
operate even in sleep mode, turn on at specified intervals or when a preset threshold is 
overstepped. Based on these preliminary and logically understandable axiomatic 
provisions, it is necessary to produce a working transducer, the most satisfying one under a 
variety of practical conditions, and at the same time providing an unconditional 
requirement of information efficiency. Results of this research are set forth in this report. 

Magnetic structurescopy has come to technical diagnostics from technological and 
delivery control of metal products in metallurgy and machine-building industries. Here it 
has become as an independent variety of magnetic non-destructive testing in terms of its 
content, methodology and instrumental support. As a result, informational basis makes use 
all characteristic points of magnetization curve and all varieties of magnetic hysteresis loop. 
They are: initial µinit and maximum µmax magnetic permeability, magnetization ぜs 
(magnetic induction Вs) of saturation, residual magnetization ぜr (magnetic flux density Вr), 
magnetic permeability on the back of the hysteresis loop µï, coercive force at major 
hysteresis loop ぞï, relaxation coercive force ぞë, as well as these parameters in the 
aggregate, including the set of parameters characterizing subloops of magnetic hysteresis, 
and others. In so doing measurement of each of these characteristics of the ferromagnetic 
material was associated, as a rule, with large energy consumption associated with the 
necessity of magnetization (magnetization reversal) of the material, which is fundamental 
in physical implementation of structuroscopy. 
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For purposes of operational diagnostic all this set in usual realization is simply not 
applicable due to physical and practical inefficiency. For example, the residual 
magnetization method can not be applied (measurement of residual magnetic induction Вr 
after magnetization of an article with a single- or double-pole magnetizing device – MD) as 
the residual magnetization field is destroyed or changed in unpredictable ways with 
increasing stress in the object, the more so for a sufficiently long time intervals . A suitable 
mode of formation of the magnetic parameter as part of the problem set can only be 
magnetizing mode (applied field) with constant magnetic field, i.e., without using electric 
power.  All  the  more  so  now,  thanks  to  modern  permanent  magnets  with  high  
magnetization, in an object can be created, if necessary, sufficiently strong magnetic fields. 
In general, in the applied field mode can be measured most simply two parameters that 
characterize the controlled metal: magnetic induction Вi and "internal field" ぞi. In 
particular, as is well known, when magnetizing the product with attachable bipolar 
magnetizing device can be measured magnetic induction Вp at  the  pole  MD,  which  is  
proportional to the magnetic induction Вi inside the product, and in the interpolar space a 
tangent (tangential) component of the magnetic field ぞτ at different distances from the 
surface of the product. And by extrapolation ぞτ stress onto the product surface may be 
obtained the value of "internal field" ぞi. If both parameters (Вi and ぞi) are measured, then 
for diagnostic purposes, one can also use magnetic permeability µi = Вi/ぞi. 

Simultaneous measurement of two or more parameters, although resulting in some 
complication of attached transducer design and of overall diagnostic equipment, is of 
undoubted interest. But this can only be successful as a development of one-parameter 
meter of one magnetic parameter: В or ぞ.  In  this  case,  the  following  locations  of  the  
primary converters are possible: 

I. With unipolar MD: Вp meter in MD pole; ぞ meter above the surface of the product 
near the permanent magnet. 

II. With bipolar MD: Вp meter in one or both poles of the MD; ぞ meter in interpolar 
space of MD above the surface of the product. 

Theoretical and experimental studies to find the scheme of construction of MD and 
the location of the magnetic field parameter meter providing the greatest sensitivity to 
changes in the magnetic properties of the monitored metal were conducted. In contrast to 
the measurement scheme based on the study of the parameters of the magnetic field in a 
constant  flux  in  the  magnetic  circuit  of  bipolar  MD,  was  chosen  a  mode  of  constant  
magnetomotive force (magnetizing force or magnetizing ampere-turns). This enabled 
getting rid of the magnetic flux meters (magnetic induction) and in case of permanent 
magnets, of an electromagnet with respective power sources. 

This paper presents the results of the study of structuroscope with bipolar MD as a 
U-shaped attachable device consisting of two permanent magnets, closed with a bridge 
(the yoke) of soft magnetic material and a magnetic field transducer positioned in the 
interpolar space of MD.  

Due to the presence in the magnetic circuit of structuroscope of magnetic resistances: 
controlled metal, Rm, the magnetic transducer system Rpm and the air gap Rδ, change in the 
magnetic resistance of the metal due to change in its magnetic permeability µi, leads to 
change in the magnetic potential on it. On the other hand, as is well known, the magnetic 
potential drop U on the ferromagnetic portion of length l is defined by expression U = ぞil. 
Thus, changes in the magnetic permeability µi of the product, at constant parameters of the 
MD and geometric parameters of the product, lead to a change in the "internal field" ぞi. 

This opens the possibility to monitor the change in magnetic permeability of the 
product by measuring the "internal field" in it. 
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Moreover, for controlling changes of the magnetic permeability of the product can be 
used magnetic field strength ぞτ measured at a certain distance from its surface, since it 
appears proportional to ぞi. 

For experimental verification of the above provisions were conducted using studies 
structurescope transducer circuit based on permanent magnets of NdFeB material 
(neodymium-iron-boron) with the following dimensions: height 12 mm, width (dimension 
in the direction perpendicular to the plane of the drawing) 35 mm, thickness 12 mm. The 
distance between the inner edges of the magnet poles is 30 mm. Bridge between magnets 
has a thickness of 16 mm. As a meter of the tangential component of the magnetic field ぞτ 
over the surface of the sample was used Hall transducer located in the neutral plane of the 
MD. 

To simulate changes in the magnetic properties of the product were manufactured  
4  samples  of  the  same  size  (58  ×  28  ×  8  mm)  with  significantly  different  properties:   
1 – annealed armco iron (coercive force Hc ≈ 1.5 A/cm); 2 – mild steel without heat 
treatment (Hc ≈ 2.1 A/cm); 3 – medium-carbon steel, without heat treatment (Hc ≈ 4.3 
A/cm); 4 – high carbon alloy steel, without heat treatment (Hc ≈ 17.2 A/cm). 

Possibility to use ぞτ parameter instead of the "internal field" ぞi greatly simplifies the 
device because it is not needed to use two or more ぞτ transducers for further extrapolation 
of data onto the surface of the controlled product. 

Measurements on the samples indicate that, due to the unique relation between the 
tangential component of the magnetic field strength measured in the interpolar space 
magnetizing device of structuroscope with magnetic permeability of controlled products, it 
appears feasible of continuous, with little energy consumption, determination of the 
structural  condition  of  products,  in  particular,  of  stress  strain  or  fatigue  condition  of  the  
objects in use. This approach allows creation of a system of continuous monitoring and 
prediction of residual life of critical articles in permanent operation and having a critical 
impact on technogenic safety.  

The concept of the proposed two-pole permanent magnet transducer with one-
parameter magneto-sensitive element on the surface of the controlled metal in the interpolar 
space to monitor the current stress-strain and fatigue state of the metal in service was found 
operational, informationally effective and practical. The full service electronic and software 
set  is  being  developed  for  it.  After  that  it  is  necessary  to  increase  the  number  of  
informational parameters to improve sensitivity with respect to the parameters of metal 
degradation, to bring it closer to the capabilities of classical coercimetry in this field of 
technical diagnostics. In the transducer parameters system, these redundant characteristics 
are available, one must only use them and process as necessary. 

The report is accompanied by the results of operation of experimental transducer on 
samples with different variants of mechanical loading on the test bench, as well as on 
samples with different values of the coercive force, adequate to varying degrees of fatigue 
type metal degradation. 


