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Abstract 
Today, advanced technology requires better quality, more reliable and more accurate information on 
the current status of an item and, as much as possible, prognosis and life expectation with demand 

for more advanced NDT techniques. 
Mechanical stresses are not visible to most of conventional NDT methods.  

The new and innovative approach for early detection of condition which cannot be easily detected is 

needed. Not the search for defects but for condition of deterioration to estimate the possible failure. 
Indicator of Mechanical Stresses (IMS) is commercially available to assure the reliability and to 
help in the predicted life and preventive maintenance, to assist evaluate and monitor the stress level 

based on measuring concentration and the gradient of mechanical stress on Ferro-Magnetic parts.   
 

Key words: Indicator Mechanical Stresses (IMS), Mechanical Stress Concentration, Stress Detection and 

Classification. 

1. Introduction 
In order to assure more reliable and early diagnostics (or remain life prediction) of item, more 

innovative techniques are required to measure conditions which cannot be determined by 
conventional NDT methods. Engineers can design structures for certain strength and estimate the 
greatest possible stress in the structure. To estimate “fitness for service”, critical engineering 
decision to be made. Measurements of Mechanical stresses can assist to determine condition and the 
presence or absence signs of deterioration. The new approach is not the search for defects but for the 

causes of failure by measuring mechanical stresses for the critical level of stress.  

Talking about measurement of mechanical stresses, it is important to remember the definition of 
NDT (detection or measurement of the properties, integrity of materials, parts, assemblies or 

structures without impairing their ability to assure safety of operation) as well as advantages and 
limitation of each method or technique and the measurement mechanical stress as complimentary 
technique to basic NDT methods. 

2. Basic principle of Stress-Strain diagram 
In order to understand better the principle of measurement mechanical stresses and application of 
Indicator Mechanical Stresses (IMS) lets refresh basic principle of Stress-Strain diagram. The stress-

strain properties for any processed steel based on measurement of changes of magnetic forces. 
Generally, linear stress–strain relationship up to point 2 (Fig. 1) is the elastic region and the slope is 
return to Zero after removal of stress. After point 2 (yield point), the curve typically decreases but 

the deformation continues. The stress increases on account of strain hardening until it reaches the 
ultimate strength, (area 4). Up to this point, the cross-sectional area decreases uniformly (Poisson 
contraction). The actual rupture point is in the same vertical line as the visual rupture point. 

However, beyond this point a neck forms (area 5) where the local cross-sectional area decreases 
more quickly than the rest of the sample resulting in an increase in the true stress. On a stress–strain 
curve this is seen as a decrease in the stress (area 5) until failure. The neck becomes unstable and the 

specimen ruptures (fractures, point 3). 
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1. Ultimate Strength 
2. Elastic Strength 
3. Rupture 

4. Strain-hardening region 
5. Necking region 
 

 
 

 

Fig 1. A stress–strain typical curve:  

 

3. Principle of Mechanical Stress Measurements and IMS 

The principle of mechanical stress measurement used in design devices from the group of 
electromagnetic stress measurements based on magneto-elastic effect that ferromagnetic materials 

change magnetic properties under the influence of mechanical stress. This principle use to build 
magneto-elastic and magneto-anisotropic indicators. 
High uncertainty of the standard approach to solving challenges and ignoring certain physical 

phenomena has been long time obstacles for implementation of electromagnetic techniques in 
practice. It is known that the upper layer (0.2 mm) of metal is not in typical as designed stress 
condition due to various stress influences like oxidation, mechanical micro-scratches etc. and some 

difficulties accrues in application, for example devices based 

on effect of Barkenhausen. Another reason for low confidence 
of measurement mechanical stresses using electromagnetic 

fields indicators are magneto-mechanical hysteresis and 
attempts to get the result by one of the parameters of 

hysteresis loops (for example, based only on coercive force 
or only on residual induction B). 

Any relationship between B and   has a point inverse 

relationship after which the connection between B and    

become reverse, i.e. the same level of output signal can be 
received for two different mechanical stresses. The 
phenomenon of mechanical hysteresis is observed for 

example, near and the zone of plastic flow (points 2-3, Fig 1). 
When constructions made from steel and which had suffered numerous mechanical changes 
including local plastic deformation in the process of preparing and mounting, conventional “stress-

meters” often provide false results.  
This connection between mechanical stresses and magnetic properties called magneto-elastic 
sensitivity (Λ): where B is the magnetic induction and σ is mechanical stress (load) 

    Λ=əB/əσ               (1) 



Principle of operation magneto-anisotropic converter based on effect of rotating magnetic induction 

vector B in the primary measurement coil. The voltage U at the output of the measuring coil    is 

described by the formula 

    
sin0 Пc fSKBU 

              (2) 

where  cB
- average value of induction;    0S

 - area covered by windings; 

 K- coefficient proportionality;     Пf  - voltage frequency. 

 


 - angle between the vector measuring winding 2  and magnetic induction B; 

The formula obtained for similar direction vectors 

 and B


. By rotating vector B


 it is possible to 

characterize changes of its orthogonal components. 

A more detailed analysis shows that the output of "cross" magneto-anisotropic converter at once 
(i.e., before any processing) produces a signal proportional to the difference of Principal 

(Mechanical) Stresses (DPMS): 

     2
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                (3) 

Achieved result is important, because according to the stress-strength criteria (Yield) deformation of 

material occurs when τ tension strength 
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Location of stress concentration appearance there is anomalous change of magnetic properties of 

metal.  

A detailed consideration of this physical nature and the fact that all useful information is contained 

in several parameters of hysteresis loop was resulted in development of the Indicator of Mechanical 

Stress (IMS) model "StressVision" and an algorithm to process information. Information processing 
algorithm used in Indicator of Mechanical Stresses (“StressVision”) equipment, in particular, makes 
it possible to resolve the problem of magneto-mechanical hysteresis and provide accurate results. 

Magneto-anisotropic ("cross") transducers used in IMS are two mutually-perpendicular U-shaped 
coils one is an activation coil and the other coil is a measuring coil. Transducers measure anisotropy 
of magnetic properties in ferromagnetic metals under external load using Magneto-elastic converters 

within the limitations of equipment. IMS measures Electromotive Force (EMF) by inducing 
magnetic field which generated by excitation coil and picked up by receiving coil, 2 perpendicular 
magnetic circuits in the probe (transducer). If material has isotropic magnetic properties, EMF 

induced in measuring coils mutually compensated and the output signal is Zero (well balanced 
magnetic field). If there is anisotropy of magnetic properties, unbalance of EMF occurs which 
results in appearance of output signal with values depends on the value and orientation of main 

mechanical stresses upon the surface of metal being tested by detecting Mechanical Stress 
Concentration (MSC) and the difference of Principal Mechanical Stresses (DPMS).  
IMS results as dimensionless, i.e. qualitative comparison (less-than-equal). 

To assess the conditions and operational risk, it is not-so-important find stresses but their 

concentration and rate of change of stress (gradients). Normally, in the centers (peaks) mechanical 

stress concentration (MSC) defects are formed. They are dislocation-generators. With sufficiently 
high gradients, these locations begin to move. Eventually, cracks are developed. If in the area under 
inspection there are no stress concentrations or gradients, there will be no metal destruction. 



IMS allows identification of MSC and gradients to show the exact coordinates and quantify their 
development without any additional measurements. This allows, on the one hand, making 

conclusions about the current condition of the surveyed site and helping assessing the remaining life. 
On the other hand, to make 
conclusive decisions about 

location of the gradients and 
concentration in precisely 
location on the maps and how 

to deal with concentrators and 
gradients, i.e. to prevent these 

sources from occurrence and 
formation of defects 
To evaluate the criticality of 

the metal condition the 

concentrations of the stresses 
and the gradient are more 

important parameters than the 
stresses themselves 
 

 

Fig 2. Indicator of Mechanical Stresses (IMS) consist of data collector, probe (transducer) and 
Laptop for results processing and storage  

 
The equipment is suitable for testing all Fe steels and can be used on painted and/or coated surfaces 

with a maximum gap of 4 mm. Scanning programme requires to collect minimum of 25 readings 
(grid of 5x5 readings minimum) and recommended thickness up to ½ inch.  

Some of the benefits applications of IMS are: 
• - simplicity of the data collection (1-2 sec); 
• -; high sensitivity of measurements;   

• - rapid analysis of the results;  
• - visual presentation of results (2D or 3D diagrams);  

• - surface cleaning not required (paint/mud/rust gap up to 4 mm) 
• - low cost of inspection;  
• - portable (2.5 kg);  

• - no need for qualified NDT level 2 or 1 personnel 

4. Some of case studies by Indicator of Mechanical Stresses 

General acceptable criteria as recommended by manufacturer (for non-nuclear applications and 

strongly depends on metal’s conditions, without external/internal stresses) 
1- Stress gradient up to 350 (difference between top and bottom highest points) is conceder as 

acceptable working condition 
2- Stress gradient from 350 to 400 is considered as high working stress level but still can be 
accepted but it is recommended that the equipment be monitored for increase of gradient. 

3- Stress gradient from 400 to 450 is considered as critical (defects could have developed already) 

and can be recommended for replacement as soon as possible (Stress gradient 400-420 could be 
accepted but with frequent monitoring) 

4- Any stress gradient 450 to 500 and above should be recommended for immediate care (even if 
there are no detectable defects) 

 

 



4.1 Standard test pipe 6” diameter, 6 mm thick with known defect (for UT/RT testing) 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2D result of Stress mapping and  Gradient               3D result of Stress mapping and Gradient 

 

Defect No.1 start-stop approx. 5mm (UT result). Confirmed by IMS results are at X=3.8-4.8 and 
Y=4.5, Gradient 450 is considered as critical (defects could have already developed) 

Defect No.2: pin hole with 1mm diameter (UT result) IMS results at X=3.8 and Y=4.5). Gradient of 
450 is considered as critical 

IMS results confirm exact location of high stress areas and with much better accuracy 



4.2 Conformity of the quality Heat Treatment (HT) process. 

Two steel plates 10 mm thicknesses 

were welded with low quality of welds. 
The tested are was marked and tested 
for stress concentration and gradient 

before the Heat Treatment  520ºC for 
8.5 hours 

After the Heat Treatment process, 

the plate was measured again using 

same mapping grid. 

 
 

 

 

 
 

 

Fig. 3 Welded plate  

 

 

 

 

Fig. 4  3D image of welded plate before  HT                        and Fig. 5 after HT 

 
The gradient of Mechanical Stresses before HT and after has clearly shown that the stress level after 
HT was considerably reduced (the HT process was done properly!). However, the strong local stress 
concentration (Fig 5) top pick of 300 was a new concern (due to sharp edge of one of supporting 

polls holding the plate during the heat treatment process). After repair of sharp edge, the problem 
was gone, improving the quality of the process. 

 

4.3 Partial Heat Treatment (incomplete) process 

Similar to the previous case, plates were welded and measured for stress concentration and gradient 

before and after but by incomplete Heat Treatment ( 520ºC for 3.5 hours instead of 8 hours). After 
the Heat Treatment process the plate was measured again using same mapping grid. Results of the 



gradient of Mechanical Stresses before HT was about 450 and after was only 400 ( minor 
improvement of stress level). 

 
 

 
Fig. 7  3D image of welded plate before  HT   Fig. 8, 3D image after partial HT 

 
4.4 Bended plate 

 

The plate 200 x 250 mm and 10 mm thicknesses was randomly selected and  was measured for 
residual stresses before and after been bended (along the central line, X4) . 

 

 

Fig. 9 Plate for bending   and the stress conditions (residual stress) before bending 



 

Fig. 10 and 11  3D image     and 2D after bending 

 
Results are self-explanatory. The maximum gradient before bending was 200, after the bending was 
360 the area X4 (not critical but clearly detected by IMS) 

 

4. 5 LPG Storage for pressure of 15 atm 

 
 

 

 

 
Stress measurements of LPG tank under 

internal pressure (15 atm.)  

The zone selected for inspection was 

joining of circumferential (vertical) and 
horizontal welds. 
 

 
 

 

 
 
 

Fig. 13 LPG tank 
 



 
 
 

Fig. 14 and 15, images of 2D and    3D with peak in the area of welds junction 
 
 

4.6 Bridge Crane, 20 tons 
 
Technical information: Lift max 20 tons, length 22m,  age over 20 years 
Purpose: To investigate the present condition for mechanical stresses and to 

evaluate crane’s life extension prior to de-commission (cost of a new crane is 
about 3 Million USD). 
Selected areas (one area near the driving wheel and another area at the center 

of the crane frame) were measured before the load test then load of 10t, 20t, 
immediately after removal the max load and the next day (residual stress) 
 

 

 
  

Results of Crane center– before load       and with 10 tons load 

 



 
Results of Crane center with 20 tons load          and after removal of load (residual stress) 
 
Conclusions were to extend operation life of Crane for another 9 months with limiting the working 

load to 10 tons and to monitor stress conditions after 9 months (at same areas). 

5 Conclusions  
5.1 The Indicator of Mechanical Stresses is now commercially available in order to assist in 

information on safety and early detection of condition though measure gradient of stress in 

welds, heat treatment and to predict item condition.  
5.2 IMS can assist to evaluate and to monitor the stress level, concentration and the gradient 

which are very important parameters for the evaluation and assessment of predicted life of 

the item and for preventive care. This technique can be used for instant and low-cost 

information on the stress level and be used as complimentary with conventional NDT. 
5.3 The stress levels should be maintained not higher than the Yield Point of the material. 

Any changes of metallurgical composition (paramagnetic metals) or thickness above 12-15 

mm needs to be further investigated to determine accepted stress gradient levels. 

5.4 Additional studies and research could be conducted to extend applications or limitations 
of the Stress Indicator for each specific case (or condition). 

5.5 As a relatively new technique, is not covered yet by International standards but is in the 

process for accreditation.  
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