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Abstract:  

Welding is a technique in which two or more metal or non-metals can be joined together with or 
without application of heat, with or without application of pressure, with or without application 
of filler material. But because of residual stresses and distortions the mechanical properties of the 
joint is effecting, to reduce these distortions and residual stress post weld heat treatment process 
were introduced, with that the mechanical properties of the joint is improved. Heat treatment and 
mechanical processing are the most commonly used stress relieving techniques, but these are 
both costly and time consuming and also involve a lot of hard work. So, there is a dire need for 
alternate methods to be employed to relieve stresses from the welded joints. Here, a new concept 
of avoiding the stresses rather than relieving them after the weld bead has cooled. One of the 
attempts to such methods is to induce vibrations into the welding through mechanically vibrating 
the weld pool by vibrating the work pieces. In this present research article, effect of introducing 
vibrations during welding process to the weld pool has been studied and concentrated to 
understand the main role of vibration in enhancing the mechanical properties and microstructure 
of the weld pool. 
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INTRODUCTION  

Welding process is largely applied in most of the fabrication areas they are very much crucial in 
engineering fields like ship building, structural constructions, automotive, aerospace etc.,[1] In 
welding, a joint can be performed with lesser weight than the bolted or riveted joint. Welding 
parameters in welding decides quality of the weld and the life span of that weld joint. The 
parameters like welding current, electrode size, arc length, welding current, welding voltage and 
weld travel speed have lot of effect on weld bead quality. As we know that each process will 
have its pros and cons, besides being widely used and effective joints, welding has a large heat 
affected zone. Due to the concentration of large amount of heat over a small area, there will be 
generation of residual stresses in the joints. As residual stresses being a major problem during 
welding, much research work happening in this particular area.    
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Mechanical Properties of weldments are highly influenced by grain size and microstructure. 
When compared with coarse grained structure of materials fine grained structure of materials 
generally have high ductile and higher strength [2],[3]. To achieve fine grained structure different 
mechanisms are there some of those weld pool oscillation, welding torch vibrations and work 
piece vibrations [4],[5],[6]. Vibrations modify the solidification process of weld pool during welding 
which gives fine grained structures. Vibratory techniques are introduced from so many decades 
to enhance the welded joints solidification behavior. The different vibratory welding setups are 
introduced by various researchers to reduce residual stresses and to improve the mechanical 
properties of weldments. The schematic representation of vibratory weld setup is shown in    
figure 1.   

 

Figure 1: vibratory set-up during welding[20]. 

Effect of Mechanical Properties of Weldments  

Some of the researchers are clearly explained about various vibratory techniques along with their 
effect on mechanical properties of weldments are explained below. 

Munsi, A. S. M. Y et.al[7] investigated the effect of vibratory stress on the welding microstructure 
and residual stress distribution and hardness. During welding the residual stresses perpendicular 
and parallel to the weld line were measured. The levels of stress were observed that they 
decreased about 75MPa during the initial 5 sec of vibration. And further increase in excitation 
time did not observed any decrease in residual stress. The vibrations with high amplitude (at 
224MPa stress) causes an improvement of hardness, maximum 25% when compared with the 
post weld heat treatment process. Along with that a comparison is done between influence of 
welding with vibrations and post weld heat treatment process for the amount residual stresses 
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reduced. Here the fatigue of weldments is reduced by 43% in post weld process but in vibratory 
assisted welding it is reduced by 17% - 30%. Similarly Aoki, S et.al[8] Introduced a novel 
technique to diminish residual stress during welded process by the introduction of harmonic 
vibrations. Residual stresses for single side welding and along the weld bead direction with 
vibration welding and without vibrations were observed.  Here the specimens excited with a 
vibrational frequency of 20, 30 and 40 Hz. From the below figure:2, it is identified that residual 
stress at the weld bead ie., at point C, is remarkably decreased when the work pieces are vibrated 
during welding.  

 

Figure:2  Residual stress at weld bead of specimen: (a) 1st welded side and (b) 2nd welded side[8]. 
 

 Aoki, S et.al[9] identified that decreased residual stresses and tensile stresses at weld bead for 
both the harmonic and natural frequencies. The same processes are conducted for both side 
welding, here also stress levels are decreased. When compared these techniques with the other 
techniques, it is suggested to be a best method for reduction of residual stresses. And to validate 
the results finally the current method is examined with analytical method. In the next stage 
random vibrations are introduced to reduce the residual vibrations. With this technique also the 
residual and tensile stresses near the weld bead is decreased by 14% when compared with the 
without vibrations welding process. 

  Govindarao, P et.al.,[10]  done welding process with and without vibrations to understand the 
improvement of mechanical properties of weldments with vibrations. The hardness value of the 
weld bead is decreased with inclusion of vibrations during welding.  Microstructural analysis 
showed the attainment of fine structure of grains due to vibrational effect. Crack initiation 
occurring due to Increase the hardness level along the bead, so it is not suggestible. Because of 
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manual welding process long dendrites are generating. With the supplement of vibrations along 
the weld pool the long dendrites are breaks down into small dendrites and new nucleation 
formation takes place. Finally it is concluded that with MMA welding process with vibrations 
will increase the parent metal hardness. To generate excitations to the work piece a vibro-motor 
is attached to the setup. Dimmer stat is connected to vary the voltage. Ammeter and voltmeter is 
attached to know the current and voltage. With this setup the work pieces are excited at various 
frequencies during welding process.  Weld pool refinement is takes place due to excitations 
supplied through vibro-motor to the specimens. Because of weld pool refinement grain structure 
refinement takes place due to this enhanced mechanical properties of the weldments is 
obtained[11],[12],[13]. 

 
Figure: 3 microstructure of Mild steel specimens (a) without vibrations (b) with vibrations [11],[12] 

 

The structure of the weldments is studied at micro level which is shown in figure: 3 at 0v and 
230V conditions. Because of fine grain refinement of specimens at weld bead the improved 
mechanical properties are obtained due to vibrations. With this study the oscillations to work 
pieces can substitute process of post weld heat treatment for the reduction of residual stresses.  
Due to the effect of oscillations in Tungsten Inert Gas welding Rao, M. Vet.al.,[14] is observed 
the hardness of 5052 – H32  aluminum  alloy. By keeping speed of welding constant and by 
varying voltage and current hardness is analyzed. At 1035Hz and voltage of 160V improved 
hardness is achieved. Similarly Rao, M. V et.al.,[15],[16] examined tensile strength and identified 
enhancement due to vibrations. Kalpana, J et.al.,[17]  created a GRNN Model to validate the 
vibratory weldments property, such as hardness of weld bead by changing time of vibration and 
voltage to the welding setup. The suggested GRNN model is more accurate for computing 
experimental values with 99% accuracy at ±0.5 error and 97% precision for the un-utilized 
experimental data with ±1.5 error. Hussein, A. R.,et.al.,[18] investigated stress reliving methods 
by introducing oscillations to the welding table setup and the specimens are oscillated at various 
frequencies. By this process applied vibrations to the specimen’s plays major role in diminishing 
the residual stresses and enhancing the weld bead mechanical properties. The level of ductility 
improvement due to vibratory assisted welding also identified. Singh, P. K., Patel, D., and 
Prasad, S. B.[20] given a brief description about the vibratory welding process and the schematic 
representation of the flow chart of vibratory welding process is shown in figure 4.  
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Figure 4: Flow chart of vibratory welding process[20] 

Yajiang, L.,et.al.,[19] investigated the residual stress distribution  in the 
HQ130  grade steel weld joint with finite element analysis (FEA) using ANSYS. By using finite 
element analysis software the heat affected zone is analyzed and compared with experimental 
results. The residual stress on the welded zone is gone up to 800MPa to 1000MPa and it is 
500MPa to 600MPa, below the welded zone. The gradient of the fusion zone is more than the 
any other zone in the welding area. This is one of the major reasons for the cold cracks 
identification at heat affected zone –(HAZ) in high strength steel. These welding cracks are 
avoided by thermal stress revealing processes by controlling heat input during welding. 
Similarly, Stamenković, D., and Vasović, I.[21] investigated residual stresses of similar plates 
through finite element methods (FEM) ANSYS software. This analysis involves a model of finite 
element for mechanical and thermal welding simulation. Along with that involves material 
deposit, heat source, material properties, metal elasticity and plasticity, mechanical analysis and 
transient heat transfer. The welding simulation conducted with thermal and mechanical analysis, 
along with elemental birth and death methods was applied for the simulation of deposition of 
filler metal. The magnitude and distribution of residual stress in axial direction is observed. A 
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fine agreement between the experimental and computation results is identified with finite 
element analysis. 

Deng, D., and Murakawa, H.[22] studied the thermal, elasticity and plasticity nature of materials 
by FEM to simulate the distortions, residual stresses and welding temperature field on a butt joint 
of thin plate. The inherent strain theory is also used to simulate deformations during welding in 
the same welded butt joint by FEM method and figure 5 shows the Distribution of Deflections 
predicted by using elastic FEM. According to computational and experimental results, the 
subsequent conclusions are identified. 

 Based on FEM simulation results, it is observed that there is no temperature gradient 
through plate thickness butt joint during welding process. 

 It is clear that results of numerical calculations of thermal, elasticity and plasticity using 
FEM is a good agreement with the measurement. 

 For industrial application such as automotive, the on the inherent strain theory of elastic 
FEM based is a best technique to forecast welding deformation. 

 

Figure: 5 Distribution of Deflections predicted by using elastic FEM[22]. 

Leggatt, R. H[23]. is normally assumed that of yield strength magnitude of parent metal or weld 
material is same to maximum tensile stresses and residual stress. Tensile stresses and residual 
stresses have been occurred at the region of weld bead and at HAZ due to weld-metal contraction 
cooling along with welding process. Samardžić, I.,et.al.,[24] identified the weldments residual 
stresses through vibrations by META – LAX 2700-CC (it is device for vibratory stress relief 
designed as portable, adaptable and user-friendly). By using this device residual stresses are 
diminished by 7.89% when compared with the specimens of without vibrations. Here with 
vibrations the positive effect of impact toughness is identified. And also there is an enhancement 
in weld quality, diminished in weld distortion, weld porosity and cold cracks. In comparison with 
initial state, post weld heat treatment results is lowered 37% value of mean residual stresses in 
overall construction. The comparison of various stages is explained in figure 6 and with this it is 
identified with vibrations the residual stress are drastically diminishing. 
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Figure 6:  Comparative results of residual stress relief 
 

 RESIDUAL STRESSES AFTER WELDING 

After completion of welding, so many factors may affect residual stresses during the 
manufacturing stages or   service of welded structure. Some of these factors taken into 
consideration when the residual stresses in weldments are being identified. Operations of 
manufacturing processes may remarkably modify the weldments residual stresses along with 
weld repairs or defects identified during NDE tests. 

 Release of the short-term fixtures. 

 Surface treatments- Like case hardening and peening. 

 Machining operations causes residual stresses redistribution due to surface stresses and 
material removal on machined faces. 

 Plastic deformation distortion correction or straightening of flame. 

 Mechanical loading operations- Like vibrations or proof testing during transportation. 

 Thermal treatments processes- Like post-weld heat treatment conducted in furnace or by 
normal heating. 

 Mechanical treatments- Like auto-frontage or vibrational stress relief.  
 
Processes and Operational techniques of residual stresses further modified as: 
 

 Plastic straining in the areas of high residual stress. 

 At working temperatures within the range of creep. 

 Exposed to radiation. 

 Contact stresses. 

 Repairs during In-service. 

 Material loss due to effect of corrosion. 
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CONCLUSION 
In this current paper, the researchers have been taken so many examples to explain the crucial 
factors which impact the residual stresses during welding in combination of vibrations and 
without vibration. The residual stresses may be affected before or after welding process, because 
of part geometry to be mated and restraint because of welded parts fixing in fixtures, jigs etc.,. 
Since, computer integrated manufacturing (CIM) process becomes crucial in producing good 
quality products. So, analysis (By using ANSYS software) of entire process (welding of joints) 
and its material component will remain approximate science for residual stresses determination 
in real world welded structures. Post weld fusion treatment is does not identified any prominent 
variation in crystal structure. With assistance of vibrations during welding process for the 
weldments, the refinement of grain structures is enhancing along with that the mechanical 
properties also improving. With this it is concluded that Vibration during welding process 
enhances the weld joint mechanical properties, reduces the distortions and residual stresses.   
 
  
Future Scope: 
 
Most of the research is done to improve the mechanical properties and reduce the residual 
stresses and distortions by vibrating specimens and it is suitable for only some working areas, but 
there is chance to improve the properties of the weldments by transferring vibrations through 
electrode. Electrode vibration welding is the next level of vibratory welding process to diminish 
residual stresses of weldments and to enhance the properties. The entire setup can be transfer to 
any location 
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