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ABSTRACT: Residual stresses can play a significant role in explaining of deformation and crack in weld 

joints. There are many methods of residual stress measurement. Most commonly methods used in industry and 

academia are considered: x-ray and neutron diffraction, hole drilling, Barkhausen, eddy current and ultrasonic 

methods. This paper introduces a new method for stress measurement, which is based on magneto-elastic 

effect, is a nondestructive method, available to assist evaluate and monitor the stress level, concentration and 

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

components and preventive care. The paper also reports on research which involved diagnostics and 

assessment of stressed state in butt weld plate before and after heat treatment 

Keywords:  Residual stress, nondestructive method, magneto-elastic effect. 

 

1. INTRODUCTION  

Residual stresses are stresses that remain in a solid material after the original cause of the 

stresses has been removed. Virtually all manufacturing and fabricating processes such as casting, 

welding, machining, molding, heat treatment, plastic deformation during bending, rolling or forging 

introduce residual stresses into the manufactured object. 

Welding process is one of the most significant causes of residual stress and typically 

produces large tensile stress in the weld balanced by lower compressive residual stress elsewhere in 

the component. The heat generated during welding causes a high temperature gradient in and 

around the welded area. This leads to non-uniform expansion and contraction of the material 

causing buildup of stresses. 

 

Figure 1: Causes of residual stress: a) heat source from the sun,                                                                                          

b) heat generated during welding process, c) grinding process. 
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2. PRINCIPLE OF RESIDUAL STRESS MONITOR (StressVision) 

The principle of magneto-elastic effect in materials (ferromagnetic materials change 

magnetic properties under the influence of mechanical stress) can be used to design inspection 

devices. Magneto-anisotropic ("cross") transducers used in series "StressVision" 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. 

Relationship between mechanical stress σ and magnetic environment B characterized by 

magneto-elastic sensitivity S:  S =dB/dσ 

Principle of operation of magneto-anisotropic converter is based on the effect of rotating 

magnetic induction vector B, in the primary measurement coil. The voltage U at the output of the 

measuring coil ω is described by the formula: 

U = K.(ω2/ω1).Bc.So.f.sin β 

    where: Bc - average value of induction; So - area covered by windings; K- coefficient 

proportionality; f - voltage frequency, β - the angle between the vector measuring winding ω2 and 

magnetic induction B; ω1, ω2- the number of turns in activation coil and measuring coil. 

3. EVALUATION 

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

and strongly depends on metal’s conditions, without external/internal stresses): 

 Stress gradient up to 350 (difference between top and bottom highest points) is consider 

as acceptable working condition 

 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. 

 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 to 420  could  be accepted but with frequent monitoring) 

 Any stress gradient 450 to 500  and above  should be recommended for immediate care 

(even if there are no detectable defects) 

4. RESULTS AND DISCUSSION 

4.1. Examination steps 

The plates with thickness 10mm were welded with low quality. The tested samples are 

marked and tested for stress concentration and gradient before the heat treatment 600ºC for 30, 60 

and 120 minutes. After the heat treatment process, the plates were measured again using same 

mapping grid. 

For holding testing with help StressVision to grind a surface of metal it is not required. It is 

possible to execute measuring through a nonmetallic, antimagnetic insulating cover width up to 4 

mm. Examination steps are as follows:  

- A stencil and preparation of a construction in a zone of the testing 

- Stacking a stencil (mask) on a zone of the testing 

- Checking of Block of measurements.  

- Preparation of a file with parameters of a zone in the Block of measurements 
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- Holding measurements 

- Copy file to the PC and analysis 

4.2. Results 

 Sample 1: Butt weld, 150x150x10mm, 600
o
C, 30 minutes, cooling in air 

a)   b)  

Figure 2: Residual stress DPMS a) before HT and b) after HT. 

 Sample 2: Butt weld, 150x150x10mm, 600
o
C, 60 minutes, cooling in air 

c)   d)  

Figure 3: Residual stress DPMS c) before HT and d) after HT. 

 Sample 3: Butt weld, 150x150x10mm, 600
o
C, 120 minutes, cooling in air 

e)           f)  

Figure 4: Residual stress DPMS e) before HT and f) after HT. 

 Sample 4: Butt weld, 150x100x10mm, ultrasonic standard sample 

              

Figure 5: Residual stress DPMS of ultrasonic standard sample. 

 

Defect 
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Table 1. Results of residual stress monitor (DPMS). 

Sample Heat treatment-HT 
Before HT After HT 

DPMS MSC DPMS MSC 

No.1 600
o
C, 30 minutes 400 8.0 200 3.0 

No.2 600
o
C, 60 minutes 220 3.25 170 2.4 

No.3 600
o
C, 120 minutes 300 2.8 180 2.8 

No.4 No HT 360 5.5 - - 

4.3. Discussions 

- The results of the difference of Principal Stresses-DPMS (sample 1 to 3) show that 

applying heat treatment only reduces a part of stress in welds. After heat treatment, the stress level 

in welds remains about 170 to 200 units and stress distribution is uniform in weld zone. According 

to manufacturer recommendation, stress gradient up to 350 is consider as acceptable working 

condition. 

- Sample 4 (ultrasonic standard steel plate), 10 mm thickness were welded with low 

quality. Location of defects are known by ultrasonic test, then measured by StressVision. Values of 

DPMS and stress concentration (MSC) of defect were about 360 units (difference between top and 

bottom highest points) and 5.5, means the plate showed high levels of residual stress, but is consider 

as acceptable working condition and it is recommended that the equipment be monitored every 6-12 

months for increase of gradient . 

4.4. Verified testing by using hole drilling method 

Purpose of testing the residual stresses by the hole drilling method is to verify the value 

measured by StressVision method. Because hole drilling method is acceptable by ASTM standard, 

but StressVision is new technique and is not covered yet by international standards 

 

Figure 6: Residual stress бmax and бmax measured by hole drilling at location (4,4)                                                              

in the weld zone. 

Hole drilling test were carried at location (4,4) in the weld zone. Absolute value of stress 

(бmax - бmin) is -62.9MPa. Relative value of StressVision is about -69.6 units. Comparison between 

two values, we found that:  

Depth (z/D) 

Stress (MPa) 
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- Two methods have the similar value (error 6.7MPa). 

- The result of hole drilling test is absolute value of residual stress, but StressVision value 

is only relative. Therefore, we have to do more experiment in various location to correct the 

compatibility of the two methods. 

5. EXAMINATION APPLICATION IN CIRCUMFERENTIAL WELD OF GAS 

CYLINDER 

 

 

 Figure 7: Residual stress distribution in circumferential weld of gas cylinder. 

6. CONCLUSION 

We have completed the research subject “Research and application of residual stress 

monitor based on magneto-elastic effect” on times with support from Centre for Nondestructive 

Evaluation.  

Additional studies and research could be conducted to extend applications or limitations of 

the Stress Indicator for each specific case (or condition). 

This technique based magnetic anisotropy «StressVision-2» can be used for instant 

information and low-cost inspection on the stress level and be used as complimentary with 

conventional NDT. 

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

process for accreditation. 
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