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I. INTRODUCTION 

Welding process is one of the widely used joining 

and fabrication process used in industrial and structural 

applications. Welding residual stresses are formed in a 

structure as a result of differential contractions which 

occur as the weld metal solidifies and cools to ambient 

temperature. Welding processes inevitably induce a state 

of residual stress into materials and products. This poses a 

series of problems in terms of dimensional stability  

corrosion cracking  reduced fatigue life and structural 

integrity. The conventional way to relieve the residual 

stresses is by post-weld heat treatment (PWHT) which is 

an effective process but it suffers from several 

disadvantages  the cost of treatment in terms of 

equipment and energy is high the growth of oxide scale 

on the surface implies the need for subsequent . Finishing 

processes to remove the scale in many metals  annealing 

relieves residual stresses at the cost of important 

mechanical properties and  in some metals  PWHT is 

unable to relieve the residual stresses. The use of 

vibration to modify welding residual stress has been 

reported  but as yet the process has not received a detailed 

investigation. Residual stress remains as a single largest 

unknown factor in industrial damage situations. Residual  

 

 

 

 

 

 

 

 

 

 

stresses have a significant effect on corrosion  fracture 

resistance creep and corrosion/fatigue performance and 

reduction of these stresses are normally desirable. 

Welding process induces high residual stress field which 

combines with stresses resulting from in-service loads  

strongly influencing in-service behavior of welded 

components. When compared to stresses due to service 

load tensile residual stress reduces crack initiation life  

accelerates growth rate of pre-existing or service-induced 

defects  and increases the susceptibility of structure to 

failure by fracture. Residual stress in weld elements can 

be reduced by applying heat treatment and peening 

techniques. However these methods need special 

equipment and are time consuming. In the present project 

work a novel method for reducing the residual stresses 

using vibration during welding is proposed. For this 

mechanical vibrations will be used as vibration load. The 

plates to be welded will be held fixed and excited by an 

external source such as motor at lower frequencies which 

are closer to the natural frequency of the specimen plates. 

In the proposed work  Residual stresses in the direction of 
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bead is measured by using Multi channel strain indicator 

strain values are obtained. This method is used for

assessment of welding residual stresses It is observed that  

when the  excited frequency is closer to the natural 

frequency of the specimen plates  the residual stresses are 

minimized compared to the specimen plates which are 

welded without any vibration. 

 

II. PREORDINATION 
 
1. Earlier times heat treatment and shot peening are 

practically used for reduction of residual 

Howeverthose methods need special tools and time 

consuming. 

2. In this paper a new method for reduction of residual 

stresses using vibrational load during welding.

3. Estimation of residual stresses nearer to weld bead in 

two directions (i.e. Longitudinal and Transverse direction 

and on the bead) as shown in figure 1. 

4. Two thin plates are supported to supporting device and 

are butt welded by using Arc welding machine.

5. Residual stresses in the direction of bead is measured 

by using Multi channel strain indicator strain values are 

obtained. 

6. These results are converted to stress values by 

drilling method later.  

 
Fig 1. Weld Directions on Bed for Estimation of residual stress

 

III. EXPERIMENTAL PROCEDURE

 

A. Test Specimen 

 
Figure2. shows a typical specimen used in the 

currentstudyof mild steel material. 
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Fig.2Specimen piece

B. Experimental Setup 

 
Figure 3(a) shows the experimental setup of the vibrator 

machine and welding process used for laying down the 

vibratory welding bead Reduction of residual stress on both 

sides of the specimen using vibrational load is examined 

experimentally. 

 
 
 

 

 

 

 

 

 

 

 

Fig. 3 Supporting device for welding

 

 

 
Fig. 3(b)   Schematic Dia. of Welding test plate
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Figure3(b) shows the Schematic Dia. of Welding test 

specimen used in this experiment. Material of specimen is 

Mild steel(Is2062) Two thin plates are supported on to 

supporting devices by bolts as shown in figure 3(a) Specimens 

are vibrated by a vibromotor during welding specimens are 

butt welded using an arc welding machine. In order to 

examine the effect on excitation frequency on reduction 

residual stress amplitudes of excitation frequencies are chosen 

as 30, 35, 40 and 45Hz. The frequencies are measured by the 

FFT analyzer. Size and shape of specimen made of mild steel 

for general structure (mm) in fig 2. With an aim of improving 

the mechanical properties of weld joints through inducing of 

favourable changes in the residual stress an auxiliary vibratory 

set up capable of inducing mechanical vibrations into the weld 

pool during manual metal arc welding is designed and 

developed. Different frequencies and with different amplitude 

are applied along the weld length just trailing behind the 

welding arc so that weld pool could be mechanically stirred in 

order to induce favourable reduction of residual stress effects. 

This setup produces the required frequency with the amplitude 

by varing the voltage of vibromotor. 

 

 
 

Fig.4(a).During welding4(b).After welding 

After completion of welding the specimens are taken to the 

multi channel strain indicator for measuring strains. In this 

method  therefore  strain gauges in the form of a three element 

are placed in the area under consideration. A through-

thickness hole is drilled in the centre of the strain gauge. In 

this way the residual stresses in the area surrounding the 

drilled hole are relaxed and the relieved radial strains can be 

measured with a suitable multi channel strain gauge as shown 

in figure 5(a) and figure 5(b). 
 

 
 

Fig.5(a). The strain gauges5 (b). Strains are measured by Multi 

Channel Strain Indicator                are bonded to the specimen 
 

C. The hole drilling strain gage method 
There are many situations where X-ray diffraction is not 

useful for measuring residual stresses. These include non-

crystalline materials  large grained materials  nano-materials  

textured  or heavily deformed metals. In these cases  other 

mechanical methods such as the hole-drilling method is used. 

The hole-drilling method (ASTM Standard E837) relies on 

stress relaxation when a hole is drilled into the canter of a 

strain gage such as that shown in figure 5(a). When the 

material is removed by drilling  the extent of the strain relief is 

monitored by the gages and the direction and magnitude of the 

principal stresses can be calculated.  A drill (shown above) is 

used to first locate the drill at center and then to remove 

material to a controlled depth. At each depth increment  the 

strain relief on each of the gages is measured and converted 

into stress. As subsequent material removals occur  the stress 

distribution as a function of depth can be estimated. The hole 

drilling method is used in those situations where the residual 

stress is relatively uniform over the drilling depth. Thus  it is 

not intended for situations where the residual stress is 

superficial. The accuracy of the hole drilling method is 

directly related to the ability of locating the hole accurately in 

the center. In practice  the location accuracy is better than this  

so the overall accuracy in residual stress measurements is 

quite good. The hole drilling strain gage procedure is 

 

1. Install a special three to six strain gage  at the point where 

stresses are to be  measured. 

2. Wire the strain gages to a static strain indicator. 

3. Attach and accurately position a drilling device over the 

target at centre. 

4. Balance the gage circuits. 

5. Drill hole in increments  being careful not to generate heat 

that would induce residual stresses. 

6. Record strains after the strain indicator has stabilized. 

7. Calculate stresses using strain data. Manual calculation of 

residual stresses from the measured relaxed strains can be quite 

burdensome, but there is available a specialized computer 

program H-DRILL that helps to measure the residual stress. 

From the above experimental procedure through the 

multiZchannel strain indicator the following are the 

observations of residual stresses values are shown in tables. 

 
TABLE 1 

RESIDUAL STRESS VALUES AT DIFFERENT FREQUENCIES 

AT FIRST SIDE PERPENDICULAR TO THE BEAD 

First Side Perpendicular to bed (MPa ) 

    Distance  Without 30Hz 35Hz 40Hz 45Hz 

+20 92 42 61 17 76 

+10 120 72 89 31 87 

0 250 151 225 43 212 

-10 120 72 89 31 87 

-20 92 42 61 17 76 

 

TABLE 2 
RESIDUAL STRESS VALUES AT DIFFERENT REQUENCIES 

AT FIRST SIDE ALONG THE BEAD. 

First Side Perpendicular to bed (MPa ) 

    Distance  Without 30Hz 35Hz 40Hz 45Hz 

+20 43 39 57 22 95 

+10 52 43 62 35 122 

0 89 96 67 49 175 

-10 52 43 62 35 122 

-20 43 39 57 22 95 
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TABLE 3 

RESIDUAL STRESS VALUES AT DIFFERENT FREQUENCIES 

AT SECOND SIDE PERPENDICULAR TO THE BEAD

 

First Side Perpendicular to bed (MPa )

    Distance  Without 30Hz 35Hz 40Hz

+20 130 89 115 

+10 208 105 199 

0 283 262 190 

-10 208 105 199 

-20 130 89 115 

 

TABLE 4 
RESIDUAL STRESS VALUES AT DIFFERENT 

FREQUENCIESAT SECOND SIDE ALONG TO THE BEAD

 
First Side Perpendicular to bed (MPa )

    Distance  Without 30Hz 35Hz 40Hz

+20 415 255 264 

+10 430 262 275 

0 485 288 295 

-10 430 262 275 

-20 415 255 264 

 

IV. GRAPH 

 
 

Graph 1.residual stress values at different frequencies at first side 

perpendicular to the bead 

Graph 2.residual stress values at different requencies at first side along the 

bead 
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FREQUENCIES 

AT SECOND SIDE PERPENDICULAR TO THE BEAD 

First Side Perpendicular to bed (MPa ) 

40Hz 45Hz 

65 145 

95 205 

142 309 

95 205 

65 145 

RESIDUAL STRESS VALUES AT DIFFERENT 

FREQUENCIESAT SECOND SIDE ALONG TO THE BEAD 

First Side Perpendicular to bed (MPa ) 

40Hz 45Hz 

156 298 

163 378 

180 402 

163 378 

156 298 

residual stress values at different frequencies at first side 

residual stress values at different requencies at first side along the 

 
Graph 3.residual stress values at different frequencies at second side 

perpendicular to the bead

 

 
Graph 4.residual stress values at different frequencies at second side along to 

the bead 

 

 

V. CONCLUSION
 

A new method for reduction of residual stresses 

vibrational load during welding is proposed. The proposed 

method is examined experimently for some conditions. Two 

thin plates are supported on the supporting device and butt 

welded. For the frequencies betw

experimentation was performed and it is found that residual 

stresses are greatly reduced at frequency of 40Hz.It is 

observed that weld bead quality of the specimen welded 

nearer to natural frequency was good compared to other 

specimen plates. Hence it can be concluded that the residual 

stress can be greatly reduced by maintaining frequency of 

forced vibration nearer to the natural frequency of the 

specimen and increasing the welding speed. 
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A new method for reduction of residual stresses 

vibrational load during welding is proposed. The proposed 

method is examined experimently for some conditions. Two 

thin plates are supported on the supporting device and butt  

welded. For the frequencies between 30Hz to 45Hz 

experimentation was performed and it is found that residual 

stresses are greatly reduced at frequency of 40Hz.It is 

observed that weld bead quality of the specimen welded 

nearer to natural frequency was good compared to other 
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